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ENCYCLOPJIDIA BEITANNICA.

LOO
LOO (formerly called Lanterloo), a round game of

cards. Loo may be played by any nttmber of persons

;

from five to seven makes the best game. " Three-card

Icd" 13 the game usually played. A pack of fifty-two

cards is required. The players being seated, the pack is

shuffled and a card dealt face upwards to each. The player

to whom a knave falls has the first deal, the player to his

left deals next, and so on in rotation. Each player is

entitled to a deal, i.e., the game should not be abandoned

till it returns to the original dealer; but, if there is a loo

in the last deal of a round, the game continues till there is

a hand without a loo. The pack is cut to the dealer, who
deals three cards to each player and an extra hand called

miss. , The dealer turns up the top of the undealt cards

for trumps. The dealer is sometimes permitted to deal the

cards in any order he pleases ; but the best rule is to

require that the cards be dealt one at a time in rotation,

as at whist. During the deal each player contributes to the

;)0£)i a sum previously agreed upon, the dealer contributing

double. The unit for a single stake should be divisible by
three without a remainder, e.g., three counters or three

pence. The players are bound to put in the stake before

the deal Is ccfmpleted ; sometimes a penalty is enforced for

neglect. The deal being completed and the pool formed,

each player in rotation, beginning from the dealer's left,

looks at his cards, and declares whether he will play,

resign, or take miss. If the former, be says "I play. If

he takes miss he places his cards face downwards in the

middle of the table, and takes up the extra hand. If he
resigns, he similarly places his cards face downwards in the

middle of the table. If miss is taken, the subsequeut

players only have the option of playing or resigning. A
player who takes miss must play. Those who have
declared to play, and the one—if there is one—who has

taken miss, then play one card each in rotation, beginning

from the dealer's left, the cards thus played constituting a

triclc. The trick is won by the highest card of tbe suit

led, or, if trumped, by the highest trump, the cards ranking

as at whist. The winner of the trick leads to the next,

and so on, until the hand is played out. The cards remain

.'ace upwards in front of the persons playing them.

Rules of Play.—If the leader holds ace of trumps he must lead

.tt (or Jdng, if ace is turned uji). If the leader Ujs two trumps

1 1

he must lead one of them, and if one is ace (or king, ace being

turned up) be must lead it. With this exeeptiou the leader is not

bound to lead bis highest trump if more than two declaro to play
;

hni if thire are only two declared players the leader with more ilian

one trump must lead the highest. E.\cept with trumps as .above

stated he may lend any card he chooses. Tbe subsequent players

must head the trick if able, and must follow suit if able. Holding

none of the suit led, they must head the trick with a trump, i(

able. Otherwise they may play any card they please. The winner

of the first trick is subject to the rules already stated respecting

tlie lead, and in addition he must lead a trump if able (called (noiip

after trick).

When the liaiad has been played out, the winners of the tricks

divide the pool, each receiving one-third of the amount for each

trick. If only one declared to play, the dealer plays miss either for

himself or for the pool. If he plays for the pool he must declare

before seeing miss that he does not play for himself. Any tricka

he may win, wlien pLiyingfor the pool, remain there as on addition

to the next pool.

If each declared player wins at least one trick it is a single, i.e.,

a fresh pool is made as already described ; but if one of the declared

players fails to make a trick he is looed. Then, only the player who
is looed contributes to the next pool, together witb the dealer, who
puts in a single stake. If more than one player is looed, each has to

contribute. At unlimited loo each player looed has to put in the

amount there was in the pool. But it is generally agreed to limit

the loo, so that it shall not exceed a certain fixed sn:n. Thus, at

eighteen-penny loo, the loo is generally limited to half a guinea.

If there is less than the limit in the pool the payment is

regulated as before ; but if there is more than the limit, tlie loo

is the fixed sum agreed on.

The game is sometimes varied by forces, i.e., by compelling

every one to play, either whenever there is no loo the previous

deal (a single), or whenever clubs are trumpx {club Ixw). Wlicn

there is a force no miss is dealt. Irish loo is played by allowing

declared players to exchange some or all of their carils for cards dealt

from the top of the pack. There is no miss, and it is not com-

pulsory to lead a trump with two trumps, unless there are only

two declared players. At five-card loo each player has five cajds

instead of three, and a single stake sliould be divisible by five.

Pam (knave of clubs) ranks as the highest trump, whatever suit is

turned up. There is no miss, and cards may be exchanged as at

Irish loo. If ace of trumps is led, the leader says " Pam be civil,"

when the holder of that card must pass the tiick if he can do so

without revoking. A flush (fire cards of the same suit, or four

with Him) toos the board, i.e., the holder receives the apiount of a

loo from every one, and the hand is not played. A trump

flush takes precedence of flushes in other suitJ. 'If more than one

flush is held, or if Pam is held, the holder is exempted from

payment. As between two flushes which do not take prccedener,
'

' the elder hand wins.

Dcclarinn to Plan, and Playing (three-card loo).—Play on twn

trun^pe. The first "to declare should play on an honour i» "-umps
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anil an ace in plain suits. Play also on liing of trumps ;

but some

jiluyers throw up king of trumps single unless with it another king

or a guarded (jueen is held. Also play on one trump with two other

cards as high as q^ueous ; some players throw up this hand. Holding

a trump and two aces, lead the trump if three others declare to

play ; but othcrivise lead an ace. Do not play on a hand without

a trump ; except, play on any cards that give a reasonable chance

of a tiici;, or take miss, if the amount in the pool is considerable,

and the loo is limited. If the number of players is less than five,

or it several throw up, weaker hands may be played ; on tlie other

side, if several have declared to play, only a very strong hand

should be risked. If there are only tliree left in, all others

havin" thrown up, miss should be taken, but not when there are

more than two to follow the player whose turn it is to declare.

Lmos of Loo.—These vary greatly, and should be agreed on

before commencing to play. The ordinary rules, which loo the

player for nearly every error, are very bad. The following are

based OB the laws of the late Blenheim Club. 1. First knave deals.

2. Each player has a right to shuffle. 3. The player to the dealer's

right cuts the pack. 4. The dealer must deliver the cards, one by

one, in rotation, as at whist, and must deal one card for miss at the

end of each round; he must turn up the top card of the undealt cards

for trumps. 5. If the dealer deals without having the pack cut,

or shuffles after it is cut, or deals except as provided in law 4, or

deals two cards together and then deals a third without rectifying

the error, or exposes a card, or deals too many cards, he forfeits a

single to the pool, and deals again.' 6. The player to the left of

the dealer deals next. If a player deals out of turn, he may be

stopped before the trump card is turned, otherwise the deal stands

good, and the player to his left deals next. 7. Players must declare

to play in rotation, beginning to the dealer's left. A player looking

at nis eards before his turn forfeits a single to the pool. 8. A
-player who declares before his turn, or wlio exposes a card, forfeits

a single to the pool, and must throw up his hand." 9. If a declared

player exposes a card before his turn to play, or plays out of turn,

or before all have declared, or detaches a card so that it can be

named by any other declared player, or revokes, he must leave in

the pool any tricks he may make, and forfeit four times the amount
of a single. If he makes no trick he is looed, and there is no further

penalty. 10. If the leader holds ace of trumps and does not lead

it (or king, ace being turned up), or if he holds two trumps and

does not lead one, or the highest of two or more trumps when there

are only two declared players (unless his cards are sequence cards

or cards of equal value), or if a player does not head the trick

when able, or if he does not lead trump after trick (if he holds a

trump), he is liable to the same penalty as in law 9.' 11. In case

of revokes or errors in play the hand must be replayed if so desired

by any one except the olfender. lii. The place of an aftercomer is

decided by- dealing a card between every two of the player's. The
aftercomer sits where the first knave falls. (H. J.)

LOOCHOO. Sse Lew-chew Islands.

LOOM. See Weaving.
LOOM, or Loon (Icelandic, Lomr), a name applied to

water-birds of tliree distinct Families, all remarkable for

their clumsy gait on land.* The first of them is the

ColymUdx, to which the term Diver (q.v.) is nowadays

usually restricted in books ; the second the Podicipedidse,

or Grebes (see voL xi. p. 30) ; and the third the Alcidm.

The form Loo» is most commonly used both in the British

Islands and in North America for all the species of the

genus C9li/mhus, or Eudytes according to some ornitho-

locists, frequently with the prefix Sprat, indicating the

kind of fish on which they are supposed to prey ; though

it is the local name of the Great Crested Grebe {Podiceps

cristalus) wherever that bird is sufficiently well known to

have one; and, as appears from Grew {Mus. Reg. Soc.,}^. 69),

it was formerly given to the Little Grebe or Dabchick (P.

fluviatilis or minor) as well. The other form Loom seems

1 The law which loos a player for misdealing is atrocious, and

should always be opposed.
' Forfeits of a single go to increase the pool already formed, and

see note to law 5.

* Tricks left in the pooJ and fines under laws 9 and 10 go to the

next pool and not to the pool already formed. Many players inflict

the penalty of a loo for the offences named in laws 9 and 10 ; but the

rule above, as played at the Blenheim, is-tbe best.

* The word also takes the form " Lumme " {fide Moutaf^), and, as

Professor Skeat observes, is probably connected with lame. Tlie

signification of loon, a clumsy fellow, and metaphorically a simpleton,

is obvious 10 any one who has seen the attempt of the birds to which

th? naitj is given to walk.

more confined in its application to the north, and is said

by Mr T. Edmonston {Etym. Gloss. Shell, and Orhi
Dialect, p. 67) to be the proper name in Shetland of

Colymbus septentrionalis^ ; but it has come into common
use among Arctic seamen as the name of the species of

Guillemot (Alca arra or Iruennidd) which in thousands

throngs the cliffs of far northern lands, from whose (hence

called) " loomeries " they obtain a considerable stock of

wholesome food, while the writer believes he has heard the

word locally applied to the Razorbill (q.v.). (a. n.)

LOPE DE VEGA. See Vega Carpio.

LOPEZ, Carlos Antonio (1790-1862), a Paraguayan

ruler of great ability, born at Asuncion, November 4, 1790,

was educated in the ecclesiastical seminary of that citv,

and by his ability attracted the hostility of the dictati.r,

Francia, in consequence of which he was forced to keep in

hiding for several years. He acquired, however, by study,

so unusual a knowledge of law and governmental affairs

that, on Francia's death in 1840, he soon acquired ac

almost undisputed control of the Paraguayan state, wliichj

he maintained uninterruptedly until his own death in 1862.

He was successively secretary of the ruling military yun/a

(1840-41), one of the two consuls (1841-44), and

president with dictatorial powers (1844-1862) by succes-

sive elections for ten and three years, and in 1857 again

for ten years, with power to nominate his own successdr.

Though nominally a president acting under a republican

constitution, he ruled despotically, the congress assembling

only rarely and on his call, and then only to ratify his

decrees. His government was in general directed with

wise energy towards developing the material resources

and strengthening the military power of the country. Hi?

jealousy of foreign approach several times involved him ic

diplomatic disputes with Brazil, England, and the United

States, which nearly resulted in war, but each time he

extricated himself by skilful evasions. Paraguay rapidly

advanced under his firm and, on the whole, patriotic

administration. He died September 10, 18G2.

LOPEZ, Francisco Solano (1826-1870), eldest son

of Carlos Antonio Lopez above noticed, was bo-'n near

Asuncion, Paraguay, July 24, 1826. During his boyhood

his father was in hiding, and in consequence his ec" ^ation

was wholly neglected. Soon after his father's acctosion to

the presidency, Francisco, then in his nineteenth year, was
made commander-in-chief of the Paraguayan army, duriug

the spasmodic hostilities then prevailing with the Argen-

tine Bepublic. After receiving successively the highest

offices of the state, he was sent in 1853 as minister to

England, France, and Italy, to ratify formally treaties

made with these powers the previous year. He spent a
year and a half in Europe, and succeeded in purchasing

large quantities of arms and military supplies, togt-ther

with several steamers, and organized a project for building

a railroad and establishing a French colony in Paraguay.

He also formed the accuaintanco of Madame Lynch, an
Irish adventuress of maiy talents and popular qualities,

who became his mistress, and strongly influenced his later

ambitious schemes. Resuming to Paraguay, he became
in 1855 minister of war, and on his father's death in 1862
at once assumed the reins of government as vice-president,

in accordance with a provition of his father's will, and
called a congress.by which he was chosen president for ten

years. He had long cherished ambitious designs, and now
set himself to enlarge the army, and purchase in Europe
large quantities of military stores. In 1864 he began
open aggression on Brazil by demanding, in his self-styled

capacity of " protector of the equilibrium of the La Plata,"

that Brazil should abandon her armed interference in a

^ Dunn and Saxhy, however, a^e in giving *' Rain-Goose" as tha

name of this species in Shetland,
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revolutionary struggle then in progress in Uruguay. No
attention being paid to Lis demand, lie treacherously seized

a Brazilian merchant steamer in the harbour of Asuncion,

aiul threw into prison the Brazilian governor of the pro-

vince of Matto Grosso who was on board. In the follow-

ing month (December 1864) he despatched a force to

invade Matto Grosso, which seized and sacked its capital

CuyabA, and took possession of the province and its

diamond mines. Lopez next sought to send an army to

the relief of the Uruguayan president Aguirro against the

revolutionary aspirant Flores, who was supported by
Brazilian troops. The refusal of the Argentine president,

Mitre, to allow this force to cross the intervening province

af Gorrientes, was seized upon by Lopez as an occasion for

^ar with the Ajgentine Republic

A congress, hastily summoned and composed of his own
nominee.s, bestowed upon Lopez the title of marshal, with

extraordinary war powers, and on April 13, 18G5, he

declared war, at the same time seizing two Argentine war-

vessels in the bay ot Gorrientes, and on the next day
occupied the town of Gorrientes, instituted a provisional

government of his Argentine partisans, and summarily
announced the annexation to Paraguay of the provinces of

Gorrientes and Entre Rios. Meantime the party ot Flores

had been successful in Uruguay, and that state on April

18 unfited with the Argentine Republic in a declaration

of war on Paraguay, the news of the treacherous proceed-

ings of Lopez having then but just reached Buenos Ay res.

On May 1st Brazil joined these two states in a secret

alliance, which stipulated that they should unitedly

prosecute the war "until the existing government of

Paraguay should be overthrown," and " until no arms or

elements of war should be left to it." This agreement

was literally carried out.

The war which ensued, lasting until April 1, 1870, was
on the largest scale of any that South America had
experienced, and was carried on with great stubbornness

and with alternating fortunes, though with a steadily

increasing tide of disasters to Lopez (see Paraguay). In
1858,' when the allies were pressing him hard before the

various strongholds still remaining to him in Paraguay, his

mir. ' naturally suspicious and revengeful, led him to

concfciVe that a conspiracy had been formed against his

life ill his own capital and by his chief adherents.

His bloodthirsty rage knew no bounds. In a short time
several hundred of the chief Paraguayan citizens were
seized and executed by hia order, including his brothers

and brothers-in-law, cabinet ministers, judges, prefects,

military officers of the highest grade, the bishops and
priests, and nine-tenths of the eivil officers, together with

more than two hundred foreigners, among them several

members of the different diplomatic legations.

Lopez was at last driven with a. mere handful of troops

to the northern frontier ot Paraguay, where on April 1,

1870, he was surprised by a Brazilian force and killed as

he was endeavouring to escape by swimming the river

Aquidaban. His ill-starred ambition had in a few years

reduced Paraguay from the prosperity which it had enjoyed

under his father to a condition of hopeless weakness, and
it has since remained a virtual dependency of BraziL

LOBCA, a town of Spain, in the province of Murcia, on
the right side of the Sangonera (here called the Guada-
lentin), by which it is separated from the suburb or quarter

of San Cristobal. It is situated about 38 miles west from
Car^gena, and 37 south-west from Murcia, at the foot of

the Sierra del Caiio. The principal buildings are the col-

legiate church of San Patricio, with a Gorinthian facade,

and the pariah church of Santa Maria, in the Gothic style.

The principal manufactures are soda, saltpetre, gunpowder,

and cloth ; the trade, apart from that which these articles

involve, is insignificant. The population of the munioi-
pality was 52,934 in 1877.

Lorca (Arab. Lurkn) h the Eliocroca ot the Ttiii. Ant., nnd pro-
bably also the' /torci of Pli-uy (iii. 3). It was tlio key of Uuivix.
during the Jloorish wars, and waJi frequently taken and retaken.
On April 30, 1802, it snfl'eied severely by the bnrstijig of Iho
reservoir known as the Pautano do Pucntcs, in which the waters ot
the Guadalentiu were stored for purposes of irrigation ; tile Ilairio

de San Cristobal was completely ruined, and more than six luindvt d
persons perished in the disaster. In 1810 it suiroicd greatly froni
Ihe Flench.

LORENZO MARQUES, or Loueenco Marques, the
chief place, and indeed the only European settlement,* in

the district of its own name in the Portuguese province

of Mozambique in south-eastern Africa, is sitiuted on
Belagoa Bay, at the mouth of the Lorenzo Marques or

English River, in 25° 58' S. lat. and 32° 30' E. long. At
the time of Mr Erskine's visit in 1871 it was a poor place,

with narrow streets, fairly good flat-roofed houses, grass

huts, decayed forts, and rusty cannon, enclosed by a wall

C feet high recently erected and protected by bastions at

intervals. In 1878 Governor Gastclho returned the white

fiopulation of all tha district (whose area is estimated at

210,000 square miles) as 458, and the natives as from

50,000 to 80,000. A commission sent by the Government
in 187G to drain the marshy land near the settlement, to

plant the blue gum tree, and to build a hospital and church,

only partly accomplished its task, and other commissions

have succeeded it. In 1878-79 a survey was taken for a

railway from Lorenzo Marques to the Transvaal (see Bui.

da Soc. de Geogr. de Lisboa, 1880), and the completion of

this enterprise will make the settlement (which already

possesses the best harbour en the African coast between

the Gape and Zanzibar) a place of considerable importance.

It became a regular port of call for the steamers of the

British India Steam Navigation Gompany in 1879, and for

those of the Donald Gurrie line in 1880. Since 1879 it is

also a station on the telegrajjh line between Aden and South

Africa. Both Germany and England maintain consular

agents in the settlement.

See Delaooa Bat, vol. vii. p. 40 ; and Lobo do Bulhacs, Ld
Colonics port ugaiscs (Lisbon, 1878).

LORETO, a city in the province and circondario ot

Ancona, Italy, is situated some 15 miles by rail south-west

from Ancona oa the Ancona-Foggia railway, 16 miles

north-east from Macerata, and 3 from the sea. It

lies upon the right bank of the Musone, at some distance

from the railway station, on a hill-side commanding

splendid views from the Apennines to the Adriatic. The

city itself consists of little more than one long narrow

street, lined with booths for the sale of rosaries, medals,

crucifixes, and similar objects, the manufacture of which is

the sole industry of the place. The population in 1871

was only 1241 ; but, when the suburbs Montereale, Porta

Marina, and Casette are included, the population is given

as 4755, that of the commune being 8083. The number

of pilgrims is said to amount to about 500,000 annually.

The principal buildings, occupying the four sides of the

piazza, are the college of the Jesuits, the Palazzo Apostolico

(designed by Bramante), and the architecturally insig-

nificant cathedral church of the Holy House (Ghiesa della

Gasa Santa). The hahdsome facade of the church was

erected under Sixtus V., who fortified Loreto and g.ave it

the privileges of a town (158G) ; his colossal statue stands

in the middle of the flight of steps in front Over the

principal doorway is a life-size bronze statue of the Virgin

and Child by Girolamo Lombardo ; the three superb bronze

doors executed under Paul V. (1005-21) are also by

Lombardo, his sons, and his pupils. The richly decorated

campanile, by Vanvitelli, is of great height; the principal

bell, presented by Leo X. in 1516, weighs 11 tons. The,
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interior of tlie church has mosaics by Domenichino and

Guido Reni, a beautiful bronze font and other works of

art ; but the chief object of interest is the Holy House itself,

which occujiies a central place. It is a plain brick build-

ing, measuring 28 feet by 12J, and 13^ feet in height; it

ha3 a door on the north side and a window on the west

;

and a niche contains a small black image of the Virgin

and Child, in Lebanon cedar, and richly adorned with

jewels. St Luke is alleged to have been the sculptor ; its

workmanship suggests the latter half of the 15th century.

Around the Santa Casa is a lofty marble screen, designed

l:/Bramante, and executed under Popes Leo X., Clement

VII., and Paul IIL, by Andrea Sansovino, Girolamo

Lombardo, Bandinelli, Guglielmo della Porta, and others.

The four sides represent the Annunciation, the Nativity, the

Arrival of the Santa Casa at Loreto, and the Nativity of the

Virgin respectively. The treasury of the church contains

a large variety of rich and curious votive offerings.

The legend of the Holy House, by which Loreto became what
has been not inappropi lately called the Christian Mecca, seems to

have sprung up, how is not exactly known, at the close of the crusad-

ing pel ioJ. It is briefly referred to in the Italia Illiistraia of Flavins

itlondus, secretary to Popes Eugeiiius IV., Nicholas V.,Calixtus III.,

end Pius II. {ob. 1464) ; it is to be read in all its fulness in Jhe
'Redcmptoris mundi Matris Ecclesiie Lauretana historia," by a

certain Tereniannus, contained in the Ojjcra Omnia (1576) of Bap-

tista llantuunus. According to this narrative the house at Nazaretli

in which Mary had been born and brought up, had received the

annunciation, and had lived during the childhood of Jesus and after

Kis ascension, was converted into a church by the apostles, and
worship continued to be held in it until the fall of the kingdom
cf Jerusalem. Threatened with destruction by the Turks, it w?s
carried by angels through the air and deposited (1291) in the first

instance on a hill at Tersato in Dalmatia (some miles inland from
Sengg), where an appearance of the Virgin and numerous
niraculous cures attested its sacredness, which was confirmed by
investigations made at Nazareth by messengers from the governor
t}i Dalmatia. In 1294 the angels carried it across the Adriatic to

h wood near Recauati ; from this wood (lauretum), or from the name
r;' its proprietrix (Laureta), the chapel derived the name which
Jt still retains ("sacellum gloriosze Virginis in Laureto ").

Jroni this spot it was afterwards (1295) removed to the present

jfcill, one other slight adjustment being required to fix it in its

actual site. Bulls in favour of the shrine at Loreto were issued

by Sixtus IV. in 1491 and by Julius II. in 1507, the last

alluding to the translation of the house with some caution ( " ut pie

creditur et fania est "). The recognition of the sanctuary by
subsequent pontiffs has already been alluded to. In the end of the

17th century Iimocent XII. appointed a "missa cum officio proprio"
for the feast of the Translation of the Holy House, and the Festum
TVanslationis Almaj Domus Lauretana; B. M. V. is still enjoined

in the Spanish Breviary as a '* duplex majus '* (December 10). In
the sixth lesson it is stated that " the house in which the Virgin was
bom, having been consecrated to the divine mysteries, was by the
ministry of ar^f^els removed from the power of the infidels first to

Dalmatia and afterwards to the Lauretan field during the pontificate

of Celestine V. That it is the identical houso in which the Word
was made flesh and dwelt among men is attebted by papal docu-

ments, by the veneration of all the world, by continued miracles,

and by the grace of heavenly blessings."

LORIENT, capital of an arrondissement in the depart-

ment of Morbihan, and of one of the five maritime

prefectures of France, a military port and fortified place,

stands on the right bank of the Scorff, at its confluence with

the Blavet, in 47° 45' N. lat. and 3° 31' W. long., on the

railway line from Nantes to Brest, at a distance of 117

miles from the former and 111 from the latter. The town,

which is modern and regularly built, contains no buildings

of special architectural or antiquarian interest ; it derives

all its importance from its naval establishments lining the

right bank of the river, which include sail-making works,

cooperages, and shops for all kinds of ship carpentry.

The rope-work forms a parallelogram more than 1000 feet

in length by 100 broad. The foundries, fitting shops, and
smiths' shops are on an equally extensive scale, the forges

nutiibering eighty-four. Of the graving docks the largest

is 50D feet in length, about 98 in breadth, and more than

26 feet in depth bolow low-water mark. The Pr^e, an

area of 40 acres reclaimed from the sea, contains boatbuild-

ing yards, steam' saw-mills, and wood stores ; a floating

bridge 900 feet long connects it with the shipbuilding

establishments of Caudan, which occupy the peninsula

formed by the confluence of the Scorff and the Blavet.

Apart from its naval constructions, in which Lorient holds

the first rank in France, it has an important place in the

manufacture of marine artillery. Private industry is also

engaged in engine making. The trade in fresh fish and
sardines within the arrondissement reaches an annual value

of 35 millions of francs. South from the town, also on

the Scorff, is the harbour, which comprises a dry dock and
a wet dock, measuring about 1650 feet by 200. The road-

stead, formed by the estuary of the Blavet, is accessible to

vessels of the largest size ; the entrance, 3 or 4 miles

south from Lorient, which is defended by numerous forts,

is marked on the east by the peninsula of Gavre (an

artillery practising ground) and the fortified town of Port

Louis ; on the west are the fort of Loqueltas, and, higher

up, the battery of Kernevel. In the middle of the

channel is the granite rock of St Jlichel, occupied by a
powder magazine. Opposite it, on the right bank of the

Blavet, is the mouth of the river Ter, with fish and oyster

breeding establishments, from which 10 millions of oysters

are annually obtained. Above Lorient on the Scorff, here

spanned by a suspension bridge, is Kerantrech, a pretty

village surrounded by numerous country houses. The
population of Lorient in 1876 was 35,165, including

6360 of the military and official class.

LoiicBt has taken the place of Port Louis as the port of the

Blavet. The latter stands on the site of an ancient hamlet which
u-as fortified during the wars of the League and handed over by
Mercceur to the Spaniards. After the treaty of Vcrvins it was
restored to France, and it received its name of Port Jjouis under
Richelieu. Some Breton merchants trading with the Indies hail

established themselves first at Port Louis, but in 1628 they built

their warehouses on the other bank. The Compngnie des Indes,

created in 1664, took possession of these, giving them the name of

Lorient. In 1745 the company, then at the acme of its prosperity,

owned thirty-five ships of the largest class and many others of con-

siderable size. The failure of the attempt of the English under
Lestock against Lorient is still commemorated by tho inhabitants

by an annual procession on the first Sunday of October. The
decadence of the company dates from 1763. In 1782 the town was
acquired by purchase by Louis XVI., on the bankruptcy of ita former

owners, tlie Kohan-Guemene family.

LORRAINE (LoTHAEiNGiA, Lothringen) is geogra-

phically the extensive Austrasian portion of the realm

allotted by the partition treaty of Verdun in August 843

to the emperor Lothair I., and inherited by his second

son, King Lothair II., 855-869, from whose days the

• name Regnum Lotharii first arose. This border-land

between the realms of the Eastern and Western Franks in

its original extent took in most of the Frisian lowlands

between the mouths of the Rhine and the Ems, and a strip

of the right shore of the Rhine to within a few miles of

Bonn. In the neighbourhood of Bingen it receded from

the left shore of the river so as to exclude the dioceses of

Worms and Spires, but to admit a certain connexion with

Alsace. Towards the west it included nearly the whole ter-

ritory which is watered by the rivers Moselle and Meuse,

and spread over the dioceses of Cologne, Treves, Metz, Toul,

Verdun, LitSge, and Cambrai. Hence this artificial realm

embraced, broadly speaking, almost all modern Holland

and Belgium (with the exception of Flanders), part of the

Prussian Rhine provinces, and what is still called Lorraine,

partly French and partly German, divided, however, from

Alsace and the Palatinate by the natural frontier line of

the Vosges and the Haardt mountains. Its inhabitants

were soon called Hlotharii, Lotharienses, Lotharingi. Lo-

tharingia, as the designation of the country, hardly appears

before the middle of the 10th century.

Up to this time Lorraine had belonperl alternately to
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ihe eastern and the western kingdom ever since Louis

the (Jerman and Charles the Bald divided the realm of

Lothair II. more ethnographically by the treaty of Meersen,

August 8, 870. After the deposition in 887 of the em-

peror Charles III., who for a short time appeared at the

head of the three reunited realms, the country still

remained distinct, though the invasions of the Northmen
and feudal disintegration creeping in from the west vied to

tear it to pieces. Yet the emperor Arnulf, after his success

against the Scandinavians, restored some order, and made
his son Zwentebulch king over that part of the empire in

894. But he never overcame the diffi-culties inherent in a

country peopled by Franks, Burgundians, Almaius, Frisians,

and Scandinavians, speaking various Romance and Teutonic

dialects, the western group being evidently attracted by
the growth of a French, the eastern by that of a German
nationality. King Zwentebulch quarrelled with certain

powerful lords, offended mortally the bishops, especially

that of Treves, and finally lost his life in battle on the 13th

August 900. In the days of Louis the Child, the last of

the eastern Carolings, there rose to ducal dignity Reginar

Long-neck, count of Haspengau, Hennegau, or Hainault,

who owned a number of fiefs and monasteries in the diocese

of Liege. He found it profitable to adhere to Charles,

king of the Western Franks, especially after Louis's death

in 911. His son Gisilbert from 915 began to rule the

Lotharingians likewise in opposition to Conrad I. and
Henry I., who were the successors of Louis the Child,

with the exception, however, of Alsace and the Frisian

districts, which now separated, definitively to remain with

the German kingdom. By the treaty of Bonn (921) the

Lotharingian duchy wa.s ceded formally to France, until

Henry I., profiting by the disunion bet-ween Charles the

Simple and his rivals, subdued Gisilbert and his dominion

(925), and about 928 returned it to him with the hand of

his daughter as a member of the German kingdom, though
rather more independent than other duchies. Its western

frontier now appears to have extended up to the Dutch
Zealandsi

Henry's son, the great Otto I., when his brother rebelled

in conjunction with Eberhard and Gisilbert, the dukes of

Franconia and Lotharingia, beat and annihilated these two
vassals (939), and secured the latter country by a treaty

with the French king Louis IV., who married Gisilbert's

widow, entrusting it consecutively to his brother Henry,
to a Duke Otto, and from QH to Conrad the Red, his

son-in-law. Chiefiy with the help of the Lotharingians he
invaded France in order to reinstate the king, who had
been dethroned by his proud vassals. But a few years

later, when Liudulf, the son of King Otto and the English

Edith, and Duke Conrad, discontented with certain

measures, rose against their father and lord, the ever-

restless spirit of the Lotharingians broke out into new
commotions. The stern king, however, suppressed them,

removed both his son and his son-in-law from their offices,

and appointed his youngest brother, the learned and
statesmanlike Brun, archbishop of Cologne and chancellor of

the realm, to be also duke or, as he is called, archduke of

Lotharingia. Brun snatched what was still left of demesne
lands and some wealthy abbeys like St Maximine near

Treves from the rapacious nobles, who had entirely converted

the offices of counts and other functionaries into hereditary

property. He presided over their diets, enforced the

public peace, and defended with their assistance the frontier

lands of Germany against the pernicious influence of the

death struggle fought between the last Carolings of Laon
and the dukes of Paris. Quelling the insurrections of a
younger Reginar in the lower or ripuarian regions, he
admitted a faithful Count Frederick, who .possessed much
land in the Ardennes, at Verdun, and at Bar, to ducal

dignity. Although the emperor, after Bnin'o early death,
October 10, 9G5, took the border-land into his own hands,
he connived,^ as it appears, at the beginning of a final

division between an ujiper and a lower duchy,—leaving the
first to Frederick and his descendants, while the other,
administered by a Duke Gottfrid, was again disturbed by
a third Reginar and his brother Lambert of Louvain.
When Otto IL actually restored their fiefs to them in 976,
he nevertheless granted the lower duchy to Charles, a son
of the Caroling Louis IV., and his own aunt Gerherga.
Henceforth there are two duchies of Lorraine, the ofificial

name applying originally only to the first, but the two
dignitaries being distinguished as Dux Mosellanorum and
Dux Ripuariqrum, or later on Dux Metensis or Barrensis
and Dux Lovaniensis, de Brahantia, Btdlioms,OT de Livihurg.
Botli territories now swarmed with ecclesiastical and
temporal lords, who struggled to be independent, and,
though nominally the subjects of the German kings and
emperors, frequently held fiefs from the kings and the
grand seigneurs of France.

Between powerful vassals and encroaching neighbours the
imperial delegate in the lower duchy could only be a still

more powerful seigneur. But Duke Charles became the

captive of the bishop of Laon, and died in 994. His son,

Duke Otto, dying childless (1004), left two sisters married
to the counts of Louvain and Namur. Between 1012 and
1023 appears Duke Gottfrid I., son of a count of VerdunJ
and supporter of the emperor Henry II., who, fighting his

way against the counts of Louvain, Namur, Luxemburg,
and Holland, is succeeded by his brother Gozelo I., hitherto

margrave of Antwerp, who since 1033, with the emperor's
permission, ruled also Upper Lorraine, and defended the

frontier bravelyagainstthe incursions of CountOdo of Blois,

the adversary of Conrad II. At his death (1046) the upper
duchy went to his second son Gottfrid, while the eldest,

Gozelo IL, succeeded in the lower, until he died childless

(1046). But Gottfrid IT. (the Bearded), an energetic but
untrustworthy vassal, rebelled twice in alliance with
King Henry I. of France and Count Baldwin V. of Flanders

against the emperor Henry V., who opposed' a union of

the duchies in such hands. Lower Lorraine therefore was
given (1046) to Count Frederick of Luxemburg, after whoso
death (1065) it was nevertheless held by Gottfrid, who in

the mean time, being banished the country, had married

Beatrice, the widow of Boniface of Tuscany, and acted a
prominent part in the aflfairs of Italy. As duke of Spoleto

and champion of the Holy See he rose to great importance

during the turbulent minority of Henry IV. When he
died December 21, 1069, his son Gottfrid m.,the Hunch-
backed, succeeded in the lower duchy, who for a short time

was the husband to Matilda of Canossa, the daughter of

Boniface and Beatrice. Soon, however, he turned his

back on Italy and the pope, joined Henry TV., fought with

the Saxon rebels and Robert of Flanders, and in the end

was miserably murdered by an emissary of the count of

Holland, February 26, 1076. Conrad, the emperor's young
son, now held the duchy nominally till it was granted 1088

to Gottfrid IV., count of Bouillon, and son of Ida, a sister

of Gottfrid III., and Count Eustace of Boulogne, the hero

of the first crusade, who died king of Jerusalem in 1100.

After him Henry, count of Limburg, obtained the country;

but, adhering to the old emperor in his last struggles, he was

removed by the son in May 1106 to make room for Gottfrid

v., the great-grandson to Lambert I., count' of Lorraine, a

descendant of the first ducal house, which had been expelled

by Otto the Great. Nevertheless he joined his predecessor

in rebellion against the emperor (1114), but returned to his

side in the war about the see of Li<Sge. Later on ha

opposed King Lothair III., who in turn supported Walram,

8oa of Henry of Limburg, but died in peace with Conrad
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III., January 15, 1139. His son Gottfrid vi. was the

last duke of Lower Lorraine, and second duke of Brabant.

Ilencefortti the duchy split definitely into that of Limburg,

the inheritance of the counts of Verdun, and that of

Louvain or Brabant, the dominion of the ancient line of

the counts of Haspengau. Varioug fragments remained in

the hands of the counts of Luxemburg, Namur, Flanders,

Holland, Juliers, &.c.

Upper Lorraine, a hilly table-land, is bordered on the

east by the ridge of the Vosges, on the north by the

Ardennes, and on the south by the table-land of Langres.

Towards the west the open country stretches on into

Champagne. The Meuse and the Moselle, the latter with

its tributaries Meurthe and Saar, run through it from

S.E. to N.W. in a direction parallel to the ridge of the

Argonnes. In this country Duke Frederick was succeeded

by his son and grandson till 103.3. Afterwards Gozelo I.

and Gottfrid the Bearded, Count Albert of Alsace and hia

brother or nephew GeraM, held the duchy successively

under very insecure circuctistances. The ducal territories

were even tten on all sides surrounded and broken in upon,

not only by those of the three bishops, but also by the

powerful counts of Bar. Moreover, when in 1070 a new
dynasty was established in Theodoric, son of Count Gerard

of Alsace, his. brother Gerard of Vaudemont became the

founder of a separate line. The former political and feudal

ties still connected the duchy with the empire. The bishops

were the suffragans of the archbishop of Treves, wbo rose

to be one of the prince-electors. The dukes, however, de-

scending from Tlaeodoric in the male line, though much
weakened by the incessant dilapidation of their property,

for two centuries adhered generally to the emperor. Duke
Simon I. was step-brother of the emperor Lothair III.; his

son Matthew I. intermarried with the Hohenstaufen family.

His son and grandsons appear traditionally on the side of

Henry VI., Philip, Frederick II., and but rarely prefer the

Welfish opponent. Later on Theobald II. and Frederick IV.

supported Albert and Frederick of Austria against Louis the

Bavarian. Yet during the same age French feudalism and

chivalry, French custom and language, advanced steadily to

the disadvantage of German policy and German idioms

amongst knights and citizens. King Philip Augustus

already promoted Frenchmen to the sees of Cambrai,

Verdun, and Toul. Though remaining a fief of the empire,

the duchy of Lorraine itself, a loose accumulation of

centrifugal elements, was irresistibly attracted by its

western neighbour, although the progress of French

monarchy for a time was violently checked by the English

invasion. Duke Rudolf, a great grandson of Rudolf of

Hapsburg, died at Cr^cy among the French chivalry, like

his brother-in-law the count of Bar. To his son John, who
was poisoned at Paris (1391), Charles, called the Bold,

succeeded, while his brother Frederick, who was slain at

Agincourt, had annexed the county of Vaudemont by right

of his wife. Charles, who died in 1431 without male

issue, had bestowed his daughter Isabella in marriage on

Ren(5, count of Anjou, and titular king of Naples, Sicily,

and Jerusalem, and also a French vassal for fragments of

the duchy of Bar, and the fiefs of Pont k Jlousson and
Guise. However, when he obtained by right of .his wife'

the duchy of Lorraine, he was defeated by Anthony, the

son of Frederick of Vaudemont. But by his daughter

lolanthe marrying Frederick II., Count Anthony's son and
heir, the duchies of Lorraine and Bar were in the end
united by Reni II. with the county of Vaudemont and its

dependencies Aumale, Mayenne, and Elbreuf. In the mean-
time all these prospects were nearly annihilated by the

conquests of Charles of Burgundy, who evidently had chosen

Lorraine to be the keystone of a vast realm stretching from
' the North Sea to the Mediterranean- This new border

empire, separating Germany from France, fell almost in-

stantly to pieces, however, when the bold Burgundian lost

his conquests and his life in the battle of Noncy, January i,

1477. After this the duchy tottered on, merging ever more
into the stream of French history, though its bishops were
princes of the empire and resided in imperial cities. At
the death of Ren6 IL (1508), his eldest son Anthony, who
had been educated in the court of France, inherited

Lorraine with its dependencies. The second, Claude, was
first duke of Guise, and the third, John, alternately or

conjointly with his nephew Nicolaus, bishop of Metz. Toul,

and Verdun, better known as the cardinal of Lorraine.

Still the old connexion reappeared occasionally during the

French wars of the emperor Charles V. In 1525 the

country was invaded by German insurgents, and Lutheran-
ism began to spread in the towns. When Maurice, elector

of Saxony, and the German princes rose against the
emperor (1552), they sold the three bishoprics and the

cities of Toul, Metz, and Verdun, as well as Cambrai, to

King Henry II., and hailed him as imperial vicar and
vindex libertatis Germanise. In vain did Charles V. lay

siege to Metz for nearly three months ; the town, already

entirely French, was successfully defended by the duke of

Guise. German heresy also lost its hold in these territories

owing to the Catholic influence of the house of Guise,

which ruled the court of France during an eventful period.

Charles II., the grandson of Duke Anthony, who as a

descendant of Charles the Caroling even ventured to claim

the French crown against the house of Bourbon, had by
his wife, a daughter of King Henry II., two sons. But
Henry, the eldest, brother-in-law to Henry of Navarre,

leaving no sons, the duchy at his death, July 31, 1C24,

reverted to his brother Francis, who, on November 26,

1625, resigned it in favour of his son Charles III., the

husband of Duke Henry's eldest daughter. Siding against

Richelieu with the house of Austria and Duke Gaston of

Orleans, Charles, after being driven out by the French and
the Swedes, resigned the duchy, January 19, 1634 ; and
like the three bishoprics it was actually allotted to France

by the peace of Westphalia. The duke, however, after

fighting with the Fronde, and with Condi and Spain against

Turenne and Mazarin, andquarrelling in turn with Spain, was
nevertheless reinstated by the treaty of the Pyrenees (1659)

under hard condition.s. He had to cede the duchy of Bar, to

raze the fortifications of Nancy, and to yield the French free

passage to the bishoprics and Alsace. But, restless as ever,

after trying to be raised among the princes of the blood

royal in return for a promise to cede the duchy, he broke

again with Louis XIV., and was expelled once more together

with his nephew and heir Charles IV. Leopold. Both

fought in the Dutch war on the German side in the vain

hope of reconquering their country. When Charics IV.

after his uncle's death refused to yield the towns of Longwy
and Nancy according to the peace of Nimeguen, Louis

XIV. retained the duchy, while its proprietor acted as

governor of Tyrol, and fought the Turks for the emperor

Leopold I., whoso sister he had married. In the next

French war he commanded thj imperial troops. Hence

his son Leopold Joseph, at the cost of Saarlouis, regained

the duchy once more by the treaty of Ryswick (1697). This

prince carefully held the balance between the contending

parties, when Europe struggled for and against tlie Bourbon

succession in Spain, so that his court became a sanctuary

for pretenders and persecuted partisans. His second son

Francis Stephen, by a daughter of Duke Philip of Orleans,

and his heir since 1729, surrendered the duchy ultimately,

owing to the defeat of Austria in the war for the Polish

crown (1735). This being lost by Stanislaus Leszczynski,

the father-in-law of Louis XV., the usufruct of Lorraine

and a comfortable residence at Nancy were granted to the
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Polish prince till his death (1766). And now for more than

a century all Lorraine and Alsace up to the llhine were

French. Meanwhile Francis Stephen, since 173G the

husband of Archduchess Maria Theresa, had obtained in

compensation the grand-duchy of Tuscany, where the last

of the Medici died in 1737. He became his wife's coregent

in the Austrian provinces (1740), and was elected king of

the Romans and crowned emperor 1745, the ancestor of

the present rulers of Austria. When in the recent Franco-

German war both Strasburg and Metz were taken by the

German troops after a gallant defence, the French had to

submit in the peace of Frankfort, May 10, 1871, to the

political and strategical decisions of the conquerors. Old
German territory, all Alsace, and a portion of Lorraine,

the upper valley of the Saar, the strong fortresses of

Diedenhofen (Thionville) and Metz on the Moselle, with

the surrounding districts, viz., the greater part of the

Moselle and the Meurthe departments, where here and there

German is still the language of the inhabitants, were the

spoils of victory. They are now united and administered

in all civil and military matters as an imperial province of

the new German empire.

Sea Calmet, Uistoire Ecclcsiastiqiie el civile de la Lorraine^

3 vols. ; Mascov, Disscrtatio de tiexti LotharingisB regni cum
im^icrio Romano Qertnanico ; 17singer, "Das deutsche Staatsgebiet

bis gegen Endc des eilften Jahrhunderts," Hist. Zeitschrift,

xxvii. 374 ; Waitz, DcxUscJie Verfassungsgeschichte^ vols, v.-vii.

;

Giescbrecht, Gcschichte dcr Deutschcn Kaiserzeit, vols. i.-v. ; Henri
JIartin, Histoire de Fratice, 17 vols.; Eanke, Deutsche Geschichte

im Zcitalter der Hcformation, 6 vols. ; Ranke, l^^anzosische

Gcschic/Ue, 5 vols. ; A. Schmidt, Msass und Loihringcn, Nachwcis
ivie dicje Provinzcn deiti dc2ttsclten Hciche vcrlorcn gingcii,

1859. (E. P.)

LORY, a word of Malayan origin signifying Parrot,^ in

general use with but slight variation of form in many
European languages, is the name of certain birds of the

order Psiitaci, mostly from the Moluccas and New Guinea,

whi,ch are remarkable for their bright scarlet or crimson

colouring, though also, and perhaps subsequently, applied

to some others in which the plumage is chiefly green. The
" Lories " have been referred to a considerable number of

genera, of which Eclecius, Lorius (the Domicella of some
authors), Eos, and Chalcopsiltacits maybe here particularized,

while under the equally vague name of " Lorikeets " may
be comprehended the genera Charmosyna, Lorictdus, and
Coriphilus. By most systematists some of these forms
have been placed far apart, even in different families of

Psiitaci, but Garrod has shown (Proc. Zool. Society, 1874,

pp. 586-598, and 1876, p. 692) the many common
characters they possess, which thus goes some way to justify

the relationship implied by their popular designation. The
latest and perhaps the most complete account of these birds

is to be found in the first part of Count T. Salvadori's

1 The anonymous author of a Vocabulary of the English and Malay
Languages, published at Batavia in 1879, in which the words are

professedly spelt according to their pronunciation, gives it " loorce."

Eutfon {Hist. Nat. Oiseaux, vi. p. 125) states that it comes from the
bird's cry, which is likely enough in the case of captive e.>:amples

taught to utter a sound resembling tJiat of the name by which they
are commonly called. NieuhoflF

(
Voyages par mer et par terre d

differenis Uenx des Indes, Amsterdam, 1682-92) seems to have first

made the word "Lory" known (c/. Ray, Sifnops. Aviiim, p. 151).
Crawfurd {Diet. Engl, and Malay Languages, p. 127) spells it

" nori " or " nuri "
; and in the first of these forms it is used, says

Dr Finsch {Die Papngeicn, ii. p. 732), by Pigafetta, Aldrovandus
{Ornithologia, lib. xi. cap. 1) noticed a Parrot called in Java "nor,"
and Clusius {Exotica, p. 364) has the same word. This will account
for the name " noyra " or " noira " applied by the Portuguese, accord-
ing to Buffon {ut supra, -pp. 125-127); but the modern Portuguese
seem to call a Parrot gener.illy " Louro," and in the same language
that word is used as an adjective, signifying bright in colour. The
French \vrite the wcv-d " Loury " (</. Littre, sub voce). The Lory of
colonists it South Africa is a Tociracoo (y.u.) ; and King Lory is a
name applied by dealers in bij-Js to the Australian Pariota of the
genus .AprosiiiictUii.

Ornitologia deUa Papuasia e chile Mohicche, ptiblishcd at
Turin in 1880, though he does not entirely accept Garrod's
arrangement. Of the genus Ectectus the Italian naturalist

admits five species, namely, E. pectm-alis and E. roralnt,

(which are respectively the polyc/Uonis and r/randisol most
authors), E. cardhmlis (otherwise intermedius), E. wester-

mani, and E. Cornelia—the last two from an unknown
habitat, though doubtless within the limits of his labour,

while the first seems to range from Waigiou and Mysul
through New Guinea, including the Kei and Aru groups,

to the Solomon Islands, and the second is peculiar to the

Moluccas and the third to Bouru, Amboyna, and Ceram.
Still more recently Dr A. B. Meyer has described (Proc.

Zool. Society, 1881, p. 917) what he considers to be
another species, E. riedeli, from Cera or Seirah, one of the

Teniniber group, of which Timor Laut is the chief, to the

south-west of New Guinea.^ Much interest has been
excited of late by the discovery in 1873, by the traveller

and naturalist last named, that the birds of this genus
possessing a red plumage were the females of those wearing
green feathers. So unexpected a discovery, wluch was
announced by Dr Meyer on the 4th of March 1874, to

the Zoological and Botanical Society of Vienna,^ naturally

provoked not a little controversy, for the diiference of

coloration is so marked that it had even been proposed to

separate the Green from the Red Lories generically ^; but
now the truth of his assertion is generally admitted, and
the story is very fully told by him in a note contributed

to Ga\\\i.'& Birds of Nevj Guinea (par*- viii., 1st October

1878), though several interesting matters therewith con-

nected arestill.undetermined. Among these is the question

of the colour of the first plumage of the young, a point not

without important signification to the student of phylo-

geny.5

Though the name Lory has long been used for the species

of Eclectus, and some other genera related thereto, some
writers would restrict its application to the birds of the

genera Lorius, Eos, Chalcopsittacus, and their near allies,

which are often placed in a subfamily, Loriina:, belonging

to the so-called Family of Trichoglossidee, or " Erush-

tongued " Parrots. Garrod in the course of his investiga-

tions on the anatomy of Psiitaci was led not to attach

much importance to the structure indicated by the epithet

" brUsh-tongued," stating (Proc. Zool. Society, 1S74,

p. 597) that it " is only an excessive development of the

papillaj which are always found on the lingual surface."

The birds of this group are very characteristic of the New-
Guinea Subregion," in which occur, according to Count

Salvadori, ten species of Lorius, eight of Eos, and four of

Chalcopsittacus ; but none seem here to require any further

notice,' though among them, and particularly in the genus

Eos, are included some of the most richly-coloured birds

to be found in the whole world ; nor does it appear that

more need be said of the so-called Lorikeets. (a. n.)

LOS ANGELES, a city of the United States, the capital

of Los Angeles county, California, is situated in the low-

land between the Sierra Madre and the Pacific, about 17

miles from the coast, on the west bank of a stream of its

- There seems just a possibility of this, however, proving identical

with either E. icestffrmani or E. Cornelia—hotti of which are very rare

in collections.

3 Verhandl. z.-b. Gesellsch. Wicn, 1874, p. 179 ; and Zool. Garten,

1874, p. 161.
* Proc. Zool. Society, 1857, p. 226.
' The chemical constitution of t)ie colouring matter of the featliers

in Eclectus has been treated by Dr Krukenberg of Heidelberg {Vergl.

physiol. Studien, Reihe ii. Abth. i. p. 161, reprinted in Mitlhcil.

Om. Vereinesin Wien, 1881, p. 83).
' They extend, however, to Fiji, Tahiti, and Fanning Island.

' Unless it be Orcopsiltacus arfaki, of New Guinea, remarkable as

the only Parrot kno^ii as jet tO have fourteen instead of twelvo

rearices.
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own name. It lies 483 miles by rail south-south-east of

San Francisco on the Southern Pacific Railroad, and is

connected by branch lines with Wilmington, Saata Monica

(both. on the coast), and Santa Ana. As the centre of a

fine orange and grape growing country, and a resort for

invalids, Los Angeles is a place of some importance ; and
since the opening of the railways it has been in full

prosperity, the old adobe buildings rapidly giving place to

more substantial structures. Founded in 1781 by the

Spaniards, it received the name "Town of the Queen of

the Angels" (Pueblo de la lieina de los Angeles) as a

tribute to the beauty arhd pleasantness of the spot. It

was the capital of the Mexican state of California from
183G to 1846, in which latter year it was captured by
United States forces. The population has increased from

5728 in 1870 to 11,311 in 1880.

LOT, the ancestor of Moab and Ammon, was the son of

Haran and grandson of Terah, and accompanied his uncle

Abraham in his migration from Haran to Canaan. At
Bethel' Lot separated froiii Abraham, and, while the uncle

went on to Hebron, the nephew settled in tlie district of

Sodom. When Jehovah was about to destroy Sodom and
tlie other cities of the plain two divine messengers appeared,

sp^nt the night in Lot's house, and next morning led Lot,

his wife, and his two unmarried daughters out of the city.

His wife looked back and was changed to a pillar of salt,^

but Lot with his two daughters escaped first to Zoar and
then to the mountains east of the Dead Sea, where the

daughters, supposing themselve^s the only survivors of the

catastrophe that bad destroyed their home, planned and
executed an incest by which they became mothers. The
sons were the ancestors of Ammon and Moab. Such is

the outline of the Jahvistic history of Lot, which the

priestly narrator epitomizes in a few words, the ouly

statement peculiar to his gwrative being that in Gen. xi.

27-32. The account of Chedorlaomer's invasion and of

Lot's rescue by Abraham belongs to an independent source,

the age and historical value of which has been much
disputed. See on the one hand Ewald, Geschichte, vol. i., and
Tuch in his Genesis, aud in an essay originally published

in Z.D.M.G., vol i., and reprinted in the second edition of

his Genesis, and on the other hand the essay in Niildeke,

Uittersuchunffen, and Wellhausen, ut supra, p. 414.

The name Lot (Dl?) signiBes "a veil," which has led Goldzieher,
Mijthologic, p. 216 sq., to the arbitrary hypothesis that the story of
Lot and his daughters is a myth about the night. Lot and his

danghtere passed into Arabic tradition from tlie Jews. Tlie

ilaughtors are named Zahy and Ra'wa by Miis'udy, it 139 ; but
other Arabian writers give other foi-ms.

LOT, a south-westerly department of central France,

corresponding to what was formerly kuown as Quercy
(tlie country of the Cadurci), a district of the old

province of Guyenne, is situated between 44° 12' and 45° 5'

K. lat., and between 1° and 2° 12' E. long., and is

bounded on the N. by Correze, on the W. by Dordogne
aud Lotct-Garonne, on the S. by Tarn-et-Garonne, and on
the E. by Aveyron and Cantab its extreme length, from,
north-east to south-west, is about 52 miles, and its breadth
from nortli-west to south-east 31 miles, with an area of

2013 square miles. It slopes towards the south-west, from
a maximum altitude of 2560 feet on the borders of Cantal
to a minimum of 213 feet at the point where the river Lot
quits the department, through a wide geological range
beginning with primary rocks (granite, gneiss, mica-schists),

^ In Gen. xii. 10 sq., whore Abraham's visit to Egypt is recorded,
there is no mention of Lot, and Wellhausen {Jahrb. f. D. Theol.,

1S76, p. 413) has made it probable that this episode is no part of the
J.ilivistic narrative, to which the history of Lot mainly belongs.

- Snch a pillar in the neighbourhood of Usdiim is desciibed by
Lynch, Narraiitic, p. 307. See also Kobiuson, Bib. Res., 2d ed.,

which are succeeded by lias, oolitic limestone (c<;cnpyiug

the greater portion of the area), chalks, and finally by
Tertiary formations. The Lot, which traverses it from east

to west, is navigable for the whole distance (78 miles) with
the help •f locks ; its principal tributary within the
department is the C^l^ (on the right). In the north of the

department the Dordogne has a course of 37 miles; among
its tributaries are the Cere, which has its rise in Cantal,

and the Ouysse, a river of bo great length, but remarkable
for the abundance of its waters. The streams in the south

of Lot all flow into the Tarn. By the Dordogne and Lot
the surface is divided into a number of limestone plateaus

known by the name of " causses " ; that to the north of

the Dordogne is called the Causse de Martel ; between tlie

Dordogne and the Lot is the Causse de Gramat or de
Rocamadour ; south of the Lot is the Causse de Cahors,

These "causses," owing to the rapid disappearance of the

rain through the faults in the limestone, liave for the most
part an arid appearance, and their rivulets are generally

mere dry beds; but their altitude (from 700 to 1300 feet,

much lower therefore than that of the similar plateaus in

Lozdre, H^rault, and Aveyron) admits of the cultivation of

the vine; they also yield a small quantity of maize, wheat,

oats, rye, and potatoes, and some wood. The deep interven-

ing valleys are full of verdure, being well watered by abund-

ant springs supplied by drainage from the plateaux above.

The climate is on the whole that of the Girondine region
;

the valleys are warm, and the rainfall is somewhat above the.

average for France. The difference of temperature between

the higher parts of the department belonging to the central

plateau ajjd the sheltered valleys of the south-west is con-

siderable. Of the entire area of the department 691,920
acres are arable, 222,402 are forest land, 168,038 are

occupied by vineyards, 64,250 are heath, and 61,778 are

meadow. Sheep are the most abundant kind of live stock
;

but pigs, horned cattle, horses, asses, and mules, and goats

are also reared, as well as poultry in large quantities, and

baes. Wine is the principal product of the department,

the most valued being that of Cahors or Cote du Lot. It

is useij partly for blending with other wines and partly for

local consumption. The north-east cantons supply lar3?

quantities of chestnuts ; apples, cherries, and peaches are

common, and the department also grows tobacco and
supplies truffles. The iron, lead, and zinc deposits are

unimportant. Marble, millstones, limestone, -and clay are

obtained to some extent, but phosphate of lime is the most

valuable mineral product of Lot. The manufactures are

inconsiderable ; but there are numerous mills, and wool

spinning and carding as well as cloth making, tanning,

currying, brewing, and agricultural implement making are

carried on to some extent. The exports consist of grain,

flour, wine, brandy, live stock, nuts, truffles, prunes, tobacco,

wood, phosphate of lime, leather, and wool. The popu-

lation in 1876 was 276,512. The three arrondissements

are Cahors, Figeac, and Gourdon ; there are twenty-nine

cantons and three hundred and twenty-three communes.
LOT-ET-GARONNE, a department of soutli-western

France, made up of Agenais and Bazadais, two districts of

the former province of Guyenne, and Condomois and
Lomagne, formerly portions of Gascohy, lies between
43° 50' and 44° 45' N. lat., and 1° 7'E. andS'W. long., and

is bounded on the W. by Gironde, on the N. by Dordogno,

on the E. by Lot and Tarn-et-Garonne, on the S. by Gers,

and on the S.W. by Landes ; its extreme length from

south-west to north-east is 62 miles, and it has an area of

2067 square miles. The Garonne, which traverses the

department from south-east to north-west, divides it into

two unequal parts ; in that to the north the slope is from

east to west, while in that to the sonth it is directly from

south to nor.'h. A small portion in the south-west belongs
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to the sterile region of the Landoa; the valleys of the

Garonne and of the Lot (its greatest affluent here) on the

other hand are proverbial for their fertility. The wildest

part is in. the borders of Dordogne, where oak, chestnut,

and beeth forests are numerous ; the highest point is also

here (896 feet). The Garonne, where it quits the depart-

ment, is only some 33 or 36 feet above the sea-level ; it is

navigable throughout, with the help of its lateral canal,

as alio are the Lot and Bayse with the help of locks. The
Dropt, a right affluent of the Garonne in the north of the

department, is also navigable in the lower part of its

course. ' The climate is that of the Girondine region, the

mean temperature of Agen being 56°'6 Fahr., or 5° above

that of Paris; the rainfall (31 '5 inches) is also above

the average of Franco. Of the entire area 741,342 acres

are arable, 210,047 are vineyard, 172,980 under wood,

85,254 natural meadow, and 56,836 waste. Horned cattle

are tbe chief live stock; next in order come pigs, sheep,

horses, asses, and mules, and a small number of goats.

Poultry and bees are also reared. Its wines and its cereals

are a great source of wealth to the department; in 1875

488,000 quarters of grain and 14,000,000 gallons of

wine were produced. Potatoes, beetroot, pulse, and maize

are also largely grown ; next come rye, barley, ^jeslin, and
buckwheat. In 1877 7759 acres produced 0,838,849 lb

of tobacco, worth upwards of two million francs. Colza,

hemp, and flax are also extensively cultivated. The fruit

harvest (nuts, chestnuts, apricots) is large and valuable, the

prunes which take their name from Agen being especially

in demand. The forests in the south-west supply pine

wood and cork. The forges, high furnaces, and foundries

cf the department are important; brazier's ware is also

produced ; and there are workshops for the manufacture of

agricultural implements and other machines. The making
cf plaster, lime, and hydraulic cement, of tfles, bricks, and
pottery, of confectionery and other eatables, and brewing
and distilling, occupy many of the inhabitants. At
Tonneins there is a national tobacco manufactory, and the

list of industries is completed by the mention of boatbuild-

ing, cork cutting, hat and candle making, wool spinning,

weaving of woollen and cotton stiiffs, tanning, paper
making, oil making, and flour and saw milling. In 1876
the population was 316,920 (1100 Protestants). The
inhabitants speak a patois iu which elegant and graceful

works have been written, such as the poems of Jasmin
(7.f.). '-The arrondissements are four,—Agen, Marmande,
N^rac, and Villeneuve ; and there are thirty-five cantons
and three hundred and twenty-five communes.
LOTHAIR I., Roman emperor, eldest son of Louis the

Pious, was born in 795. At a diet held at Aix-la-Chapelle

in 817 he received Austrasia with the greater part of

Germany, and was associated with his father in the empire,

while separate territories were granted to his brothers

Louis and Pippin. This arrangement being modified in

favour of Louis's youngest son Charles (afterwards Charles
the Bald), the three brothers repeatedly rebelled, and for

a time Lothair usurped supreme power. After the death
of Louis i^ 840, Lothair, as his successor, claimed the

right to govern the whole empire. His brothers Louis
and Charles (Pippin being dead) united against him, and
in 841 he was defeated in the great battle of Fontenay.
On the 11th of August 843 the war was brought to an
end by the treaty of Verdun, by which Lothair was con-

firmed in the imperial title, but received as his immediate
territory only Italy (which he had raled from 822) with

a long narrow district reaching past the Rhone and the

'Rhine to the Nort-h Sea. His subsequent reign was full

of trouble, for many of his vassals had become virtually

independent, and he was unable to contend successfully

,with the Norsemen and the Saracens, in 855, vfeary of

the cares of government, he divided his kingdom among
his sons, and retired to the monastery of Priim, where he
died on the 28th of September of the same year. As
emperor he was succeeded by his son Louis II.

LOTHAIR THE Saxon, German king and ' Pioman
emperor, was originally count of Suplinburg. In 1106 he
was mado duke of Saxony by the emperor Henry V.,

against whom he afterwards repeatedly rebelled. After
the death of Henry V. in 1125, the party which supported
imperial in opposition to papal claims wished to grant the

crown to Duke Frederick of Swabia, grandson of Henry
IV. The papal party, however, headed by Archbishop
Adalbert of Mainz, managed to secure the election of

Lothair, who obtained their favour by making large con-

cessions by which he was afterwards seriously hampered.
In 1133 he was crowned emperor in Rome by Innocent

II., whom he had supported in a disputed papal election.

In later times the church pretended that he had done
homage to the pope for the empire, but what he really

received in fief was the hereditary territory of the Countess

Matilda. Meanwhile he had been engaged in bitter strife

with the Hohenstaufen family, from whom he had
demanded the allodial lands which they had inherited from
the emperor Henry V. Duke Frederick of Swabia, and

his brother Conrad, had resisted these pretensions ; and

Conrad had even been crowned king in Milan. The quarrel

was ultimately settled by the lands iu dispute being

granted in fief to the house of Hohenstaufen. In order

to strengthen his position, Lothair had given his daughtei

Gertrude (a child of eleven) in marriage to Henry the

Proud, duke of Bavaria, whom he made also duke of

Saxony. Henry was further enriched by receiving the

hereditary and imperial territories of the Countess Matilda,

so that the Guelphs became by far the most powerful

family iu the empire. Lothair secured other important

adherents bygiving North Saxony (afterwards Brandenburg)

to Albert the Bear, and Thuringia (which he took from

Landgrave Hermann) to Count Louis. I» his relations, to

the neighbouring populations Lothair acted with great

vigour. The duke of Bohemia and the duke of Poland were

compelled to do homage, and the margraviate of Meissen

and the county of Burgundy he gave to two of his

supporters, the former to Count Conrad of Wettin, the

latter to Duke Conrad of Zahringen. The kingdom of

the Abotrites he granted to the Danish king Cnut; and

Cnut's successor Magnus was forced to accept it as a fief

of the empire. In 1136 Lothair undertook a second

expedition to Italy for the defence of Pope Innocent II.

against Roger of Sicily, and after accomplishing his object

he died on the 3d of December 1137, in an Alpine hut

near Trent, on his way back to Germany. During his

reign the papacy gained ground in its rivalry with the

empire, but he displayed courage and resource in maintain-

ing the rights of the crown against all his secular opponents.

See Gervais, Polilischc Gcschichlc DcutscMands tmlcr der Rcgientvg

dcr Kaiser Heinrich V. mid Lothar III., 1841-42 ; JalK,

GcschichU des dctUschen Edchs milcr Lothar dem Sa'Juen,' ISiS.

LOTHIAN, LoTHENE, Laodonta, a name whose origin

is unknown,' now preserved in the three Scottish counties of

East, West, and Mid Lothian— Haddington, Linlithgow,

and Edinbukgh (q.v.)—originally extended from the Forth

to the Tweed. The Forth separated it from Celtic Alba, and

the Tweed from the southern part of Bryneich (Bernicia).

Its western boundaries appear to have been the Cheviots

and the Lowthers. After the Anglo-Saxon migration it

formed part of the Anglian kingdom of Northumberland,

founded by Ida the Flame-bearer in 547, which in its

' Loth, son of Anna, the sister of Artliuv, a Scottish Qoasul and

lord cf L.-iudonia (Fordun, iii. 24), the Llew of the Arthurian legenJ

ISke^e, Four Books of Wales, ch.ap. iv.), is, of coarse, an eponyraus.

XV. — 2.
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wiJojt e?;lcnt, under the powerful Northumbriaa kings of

tile Tth century, reached from the Huraber to the Forth.

A different but allied branch of the Angles settled along

the tributaries of the Tweed, and the Cberiot, Lowther,

J.Ioorfoot, and Pentlaud (Pictish) hills separated the colon-

ists of southern Scotland from the British isingdom of

Strath Clyde or Cumbria. The victories of Catrseth (596)

and Diegsastan (G03) in the reign of Ethelfrith represent

the close°of the strugglS which drove the British orCumbrian

Celts (Cymry) into the western hill country, afterwards

known as Westmoreland and Cumberland, and the Pict3_

to the north of the Forth and Clyde, so that Anglian

Nortliumberland secured the former river as its northern

boundary, and even for a time threatened to pass

it. Edwin of Deira (617-33), the chief king of England

in his time, probably founded Edinburgh, although its

Celtic name Dun Eden has been thought by some to suggest

a different derivation. Egfrid at the close of the 7th

century established an Anglian bishop at Abercom on the

Forth, but was defeated and slain at Nechtansmere, or

Dunnichen, in Forfarshire by the Pictish king Brude (685),

and Tiumwins the bishop at Abercorn was forced to retire

to Whitby. In the 8th century the Northumbrian kings

were ertgaged in a conflict with Mercia, and in 827 the

supremacy of Egbert, the founder of the West Saxon

monarchy, was acknowledged, although on the part of the

Northumbrians the recognition miist have been at first

almost nominal, for it w-as not until more than a century

later that Athelstan, by the victory of Brunauburg (937)

over the allied Welsh, Scots, and Northumbrian Danes,

really extended the boundaries of the Wessex kingdom

over the greater part of Northumbria, which was reduced

to an earldom by Edred in 954. Athelstan had in 93i

ravaged Scotland north of the Forth, and must for a time

have reduced Lothian, the northern district of Northumber-

land, but it does not appear that either he or any of his

successors had real sovereignty over Lothian, which was

left to the rule of Northumbrian earls, sometimes of

Anglian and at other times of Danish race. Its population

continued Anglian, as is proved by the fact that there ars

1X0 Danish monuments and few Danish place names

between the Tweed and the Forth. The Scottish Celts,

like the English Anglo-Saxons, were during this period

occupied with warding off the Danes and Norsemen, but

about the middle of the 9th century Kenneth Macalpine

united the Scottish and Pictish kingdoms, and fixed the

capital at) Scone. This monarch is said by the Pictish

chronicle to have six times invaded Saxony (the name
given by the Celts to the Anglo-Saxon territory), and to

have burnt Dunbar and Melrose. The Anglians of

Northumbria had been converted to Christianity by

Paulinus in 627, and i-econverted by a Celtic mission from

iona between 635 and 651 under Aidan, who planted a

mission station— a southern Iona—on the Holy Island, and

became first bishop of Lindisfarne. Cuthbert, one of his

successors in this bishopric, which had become Anglian and

conformed to the lloman ritual and discipline after the

council of Whitby (664), has the credit of spreading the

gospel in Lothian, where he iiad been first monk and then

prior of the recently founded monastery of Melrose.

About the middle of the 10th century (954-G2)

Edinburgh was abandoned by the Northumbrian Angles

and occupied by Indulph, son of Constantine, king of the

Scots. According to John of Wallingford and Roger of

Wendover, Edgar the. West Saxon king ceded in 966

Lothian to Kenneth lit, son of Malcolm I., on condition

that he should do homage for it and give pledges not to

deprive the people of that region of their ancient customs,

and that they should still retain the name and language

of the Analea. This cession, which is not in the older

chronicles, has been matter of controversy between Freeman

(JVorman Conqued, i., note B, p. 610), who accepts the

statement, and E. W. Robertson {Scotland uncbr her Early

Khifjs, i. 390) and Skene {Celtic Scotland, i 370), who
reject it upon what appear better grounds. But the

dispute is of small importance, as it is admitted on the

authority of Simeon of Durham that, whether or not it was

then ceded on condition of homage, it was annexed to

Scotland by conquest in 1018 in consequence of the victory

at Carham by Malcolm the son of Kenneth over the

Northumbrian earl Eadulf Ciudel,—" Hoc modo," says

Simeon writing before 1129, " Lodonium idjectum est

regno Scotije." Canute and William the Conqueror made
temporary conquests of Scotland including Lothian, and
homage of various kinds was rendered to them and other

Norman monarchs, but there is no trace of any special

homage for Lothian except in two dubious charters by

Edgar to William Rufus, so that it seems certain that from

the beginning of the 11th century it was an integral part

of Scotland. Freeman, in his Historical Geography, styles

it an English earldom, but it is never so called in any

authentic record. While it was an integral part of

Scotland its population was recognized as a distinct

branch of the Scottish nation, and the men of Lothian are

frequently separately named, as in the contemporary

account of the Battle of the Standard (1138). It also

retained its language, customs, and laws, which were those

of the Angles of Northumbria. Although united in civil

government to Scotland, Lothian, or at least many places

in it, continued ecclesiastically subject to the see of

Durham, which had succeeded that of Lindisfarne, until

the beginning of the 12th century (Stubbs and Haddan,

Concilia, ii. p. 161), but it then came under the bishop of

St Andrews, and was divided into three rural deaneries,

the Merse, Haddington, and Linlithgow, with an arch-

deacon of Lothian, who first distinctly appears under that

name at the commencement of the 13th century.

The division of Scotland into shires was probably made
by David I., and Lothian included the shires of Berwick or

the Merse (the march or borderland, as English Mercia

and Spanish Murcia), Roxburgh, and Edinburgh, which

included the constabularies of Haddington and Linlithgow,

afterwards erected into separate counties. Its principal

burghs — Berwick, Roxburgh, and Edinburgh— formed

along with Stirling the court of the four burghs, whose

laws were collected by David I. ("Leges Quatuor Burg-

orum," Act. Pari. Scot., i. 327), and whose meeting-place

was Haddington, but the frequent occupation of Berwick

and Roxburgh by the English caused Lanark and Linlithgow

to be substituted, and the place of meeting to bo changed

to Stirling in 1368. The convention of royal burghs may
be traced back to this court.

The independence of Scotland, including Lothian, though

frequently disputed by the English sovereigns, was always

maintained by the Scotch, except when surrendered by
William the Lion as a prisoner by the treaty of Falaise

1174, cancelled by Richard I. in 1189. It was final!/

acknowledged by Edward I. in the treaty of Brigham, but

after the death of the Maid of Norway this acknowledg-

ment was repudiated, and it was only finally established

by the war of independence, and definitely recognized in

tlie treaty of Northampton in 1328.

By a singular but fortunate series of events, of w^ich

the first was the marriage of Malcolm Canmore with the

Saxon princess Margaret, Lothian, the Anglian part of the

Scottish kingdom, though its borderland, became its centre.

Edinburgh, its chief town, was from that time a favourite

residence of the court, and under the Stuart kings becanle

the capital of the kingdom. Its language, the dialect oi

northern England, became the basis of the Lowland Scots.



L O T — L O T II

at first called Inglys or English, but afterwards Scotcn,

when Celtic, Erse, or Gaelic had ceased to be spoken in

the lowland districts, in distinction from southern English.

Its customary law, with additions prior to the war of in-

depondeuco of Nornian feudal institutions from England,

is the basis of those parts of the common law of Scot-

land which are not taken from Roman jurisprudence.

And it was from Lothian that Anglo-Saxon and Anglo-

Norraan civilization radiated to the remotest parts of the

Highlands and Islands. (m, m.)

LOTTERIES. The word lottery has no very definite

signification. It may bo applied to any process of

determining prizes by lot, whether the object be amuse-

ment, or gambling, or public profit. In the Roman Satur-

nalia and in the banquets of aristocratic Romans the object

was amusement ; the guests received apophoreta. The
same plan was followed on a magnificent scale by some of

the emperors. Nero excited the people by giving such

prizes as a house or a slave. Heliogabalus introduced an
element of absurdity,—one ticket for a golden vase,

another for- six flies. This amusing custom descended to

the festivals given by the feudal and merchant princes

of Europe, especially of Italy ; and it afterwards

formed a prominent feature of the splendid court hos-

pitality of Louis XIV. In the Italian republics of the

1 6th century the lottery principle was applied to encourage

the sale of merchandise. The lotto of Florence and the

seminario of Genoa are well known, and Venice estab-

lished a monopoly and drew a considerable revenue for

the state. The first letters patent for a lottery in

France were granted by Francis I., and in 1656 the

Italian Touti (the originator of " Tontines ") opened
another for the building of a stone bridge between the

Louvre and the Faubourg St Germain. The institution

became very popular in France, and gradually assumed
an important place in the Government finance. The par-

liaments frequently protested against it, but it had the

support of Mazarin, and Pontchartrain by this means
raised the expenses of the Spanish Succession War.
Necker, in his Adminisiration des Fhiances, estimates the

public charge for lotteries at 4,000,000 livres per annum.
There were also lotteries for the benefit of religions com-

munities and charitable purposes. Two of the largest were

the Loterics de Piete and des Enfans Trouves. These and
also the great Loterie de VjEcole miiitaire were practically

merged in the Loterie Royale by the famous decree of 1776,
suppressing all private lotteries in France. The financial

basis of these larger lotteries was to take J^ths for

expenses and benefit, and return -j-fths to the public who
subscribed. The calculation of chances had become a
familiar science. It is explained in detail by ?.I. Caminade
de Castres in Eiic. Meik. Firuinces, ii., s. v. " Loterie."

The names of the winning numbers in the first drawing
were (1) extrai', (2) ambe, (3) terne, {i:) qiiaterne, (5) quine.

After this there were four drawings csMkCl primes (/ratuites.

The extrait gave fifteen times the price of the ticket ; the
quine gave ope million times the price. These are said to

be much more favourable terms than were given in Vienna,
Frankfort, and other leading European cities at the end
of the 18th century. There is no doubt that lotteries had
a demoralizing efi'ect on French society. They were de-
nounced by the eloquent bishop of Autun as no better
than the popular games of belle and biribi; they were
c.i'idemned on financial grounds by Turgot ; and Con-
diUac compared them to the debasement of money which
was at one time practised by the kings of France. The
Loterie koyaU' was ultimately suppressed in 1836. Under
the law of 29th May 1844 lotteries may be held for the
assistance of charity and the fine arts. The Socitti5 du
Credit Foncier, and many of the largo towns, are per-

mitted to contract loans, the periodical repayinunts ot which
are determined by lot. This practice, which is prohibited

in Germany and England, resembles the older system of

giving higher and lower rates of interest for money
according to lot. Lotteries were suppressed in Belgium
in 1830, but they still figure largely in the State budgets
of Germany, Holland, Spain, and Italy.

In England the earliest lotteries sanctioned by Goveni-
ment were for such purposes as the repair of harbours in

1569, and the Virginia Company in 1612. In 1096 by tlie

Act 10 & 11 Will. IIL c. 17 lotteries, with the exception of

the Royal Oak lottery, were prohibited as common nuis-

ances, by which children, servant.s, and other unwary
persons had been ruined. This prohibition was in the ISth

century gradually extended to illegal insurances on
marriages and other events, and to a great many games
with dice, such as faro, basset, hazard, except back-

gammon and games played in the royal palace. In spite

of these prohibitions, the Government from 1709 down to

1824 showed a bad example to the nation by annually

raising considerable sums in lotteries authorized by Act
of Parliament. The prizes were in the form of terminable

or perpetual annuities. The £10 tickets were sold at a
premium of say 40 per cent, to contractors who resold

them in retail (sometimes in one-sixteenth parts) by
"jnorooco men," or men with red leather books w;ho

travelled through the country. As the drawing extended

over forty days, a very peruicioua system arose of insuring

the fate of tickets during the drawing for a small premium
of 4d. or 6d. This was partly cured by the Little Go Act
of 1802, 42 Geo. III. c. 119, directed against the itinerant

wheels which plied between the state lotteries, and partly

by Perceval's Act in 1806, which confined the drawing of

each lottery to one day. From 1793 to 1824 the Govern-

ment made an average yearly profit of X346,765. Cope,

one ot the largest contractors, is said to have spent

£36,000 in advertisements in a single year. The English

lotteries were used to raise loans for general purposes, but

latterly they were confined to particular objects, such as

the improvement of London, the disposal of Cox's museum,

the purchase of Tomkin's picture gallery, itc. Through

the efforts of Lyttleton and others a strong public opinion

was formed against them, and in 1826 they were finally

prohibited. An energetic proposal to revive the system

was made before the select committee on metropolitan im-

provements in 1830, but it was not listened to. By a

unique blunder in legislation, authority was given to hold

a lottery under ihe Act 1 & 2 Will. IV. c. 8, which pro-

vides a scheme for the improvement of the city of Glasgow.

These " Glasgow lotteries " were suppressed by 4 ik 5

Will. IV. c. 37. The statute law in Scotland is the same

as. in England. At common law in Scotland it is probable

that all k)tteries and raffles, for whatever purpose held,

may be indicted as nuisances. The art unions are sup-

posed to be protected by a special statute.

The American Congress of 1776 instituted a national

lottery. The scheme was warmly advocated by Jefferson

and other statesmen, and before 1820 at least seventy Acts

were passed by Congress authorizing lotteries for various

public purposes, such as schools, roads, (tc.,—about 85 per

cent, of the subscriptions being returned in prizes.^ a.

sounder opinion now prevails on this subject in America.

The only systematic work on this subject is the CrUij^tc !iift.

pol mor. ccon. ct comvi. sur Ics letcrics am. cl. mod. ^iritvcllcs

a taiiforcllcs des Etais ct d':s :6glises, Amsterdam, 1697, 3 vols.,

by the Boloenese historian Grcgorio Leti. The subject is also dealt

with by J. DessauLx in his work Sc la passion du jcu drpiib Ics

aticicns temps jusqiC d, nos jo\trs, Paris, 1779. (W. C. S.)

LOTUS-EATERS (Greek Awn^xLyoi) were a Libyan

tribe known to the Greeks as early as the time of Homer.

Herodotus (iv. 177) describes their country as in the
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Syrtic dLstrict, and says that a caravan route led from it

to Egypt. The lotus still grows there in great abundance.

It is a prickly shrub, the jujube tree, bearing a fruit of a

sweet taste, compared by Herodotus to that of the date
;

it is still eaten by the natives, and a kind of wine is made
from the juice (see Jujube). Marvellous tales were

current among the early Greeks of the virtues of the lotus,

as we see in Odys., ix. 8-1. When Ulysses comes to the

coast many of his sailors eat the lotus and lose all wish to

return home. The idea has been worked up by Tennyson

in a very fine poem. This lotus must not be confounded

with the Egyptian plant, a kind of water-lily that grows in

the Nile. See Rittcr, Erdkunde, i. ; and Heeren, Ideen,

ii., or in Historical Researches, &.C.

LOTZE, Rudolph Hekmann, one of the most eminent

philosophers of our age, was born May 21, 1817, in

Bautzen, in the kingdom of Saxony, and died at Berlin

1st July 1881. The incidents of the life of a philosopher,

especially if his career has been exclusively an academic

one, are usually passed over as unimportant. In external

events no life could be less striking than that of Lotze,

who, moreover, was of a retiring disposition, and was forced

through delicate health to seclude himself from even such

external excitement and dissipation as the quiet university

town of Gottingen, where he passed nearly forty years of

his life, might afford. His interests on the contrary, as

exhibited in his various writings, are most universal ; and

in a surprising degree he possessed the power of appreciat-

ing the wants of practical life, and the demands of a civili-

zation so complicated as that of our age, so full of elements

which have not yet yielded to scientific treatment. But,

although in his teachings he rose more than most thinkers

beyond the temporary and casual influences which sur-

rounded him, it was significant for the development of his

ideas that the same country produced him which gave to

Germany Lessing and Fichte, that he received his education

in the gymnasium of Zittau under the guidance of eminent

and energetic teachers, who nursed in him a love and

tasteful appreciation of the classical authors, of which in

much later years he gave a unique example in his masterly

translation of the Antigone of Sophocles into Latin, and

that, himself the son of a physician, he went to the

university of Leipsic as a student of philosophy and

natural sciences, but enlisted officially as a student of

medicine. He was then only seventeen. It appears that

thus early Lotze's studies were governed by two distinct

interests and emanated from two centres. The first was

his scientific interest and culture, based upon mathematical

a«d physical studies, under the guidance of such eminent

representatives of modern exact research as E. H. Weber,

W. Volckmann, and G. T. Fechner. The others were his

Ksthetical and artistic predilections, which were developed

under the care of C. H. Weisse. To the former he owes

his appreciation of exact investigation and a complete

knowledge of the aims of science, to the latter an equal

admiration (for the great circle of ideas which had been

cultivated and diffused through the teachings of Fichte,

Schelling, and Hegel. But each of these aspects, which

early in life must have been familiar to him, exerted on

the other a tempering and modifying influence. The true

method of science which he possessed forced him to con-

demn as useless the entire form which Schelling's and
Hegel's expositions had adopted, especially the dialectic

method of the latter, whilst his love of art and beauty, and

his appreciation of moral purposes, revealed to him the

existence beyond the phenomenal world of a world of

values or worths into which no exact science could pene-

trate. It is evident how this initial position at once defined

to him a variety of tasks which philosophy had to perform.

First there were the natural sciences themselves only just

emerging from an unclear conception of their true method,

—

especially those which studied the borderland of physical

and mental phenomena, the medical sciences, pre-eminently

that science which has since become so popular, the science

of biology. Lotze's first essay was his dissertation De
fnturx biologix principibus philosophicis, with which he
gained {1838) the degree of doctor of medicine, after having
only four months previously got the degree of doctor of

philosophy. Then, secondly, there arose the question

whether the methods of exact science sufficed to explain

the connexion of phenomena, or whether for the explana-

tion of this the thinking mind was forced to resort to some
hypothesis not immediately verifiable by observation, but
dictated by our higher aspirations and interests. And, if

to satisfy these we were forced to maintain the existence

of a world of moral standards, it was, thirdly, necessary to

form some opinion as to the relation of these moral

standards of value to the forms and facts of phenomenal
existence. These different tasks, which philosophy had to

fulfil, mark pretty accurately the aims of Lotze's writings,

and the order in which they were published. But, though

he laid the foundation of his philosophical system very early,

in his Metaphysik (Leipsic, 1841) and his Logik (1843), and
commenced lecturing when only twenty-two years old on

philosophical subjects, in Leipsic, though he accepted in

1 844 a call to Gottingen to fill the chair of philosophy which

had become vacant through the death of Herbart, he did not

proceed to an exhaustive development of his peculiar views

till very much later, and only during the last decade of his

life, after having matured them in his eminently popular

lectures, did he with much hesitation venture to present

his ideas in something like a systematic form. The two

small publications just referred to remained unnoticed by
the reading public, and Lotze became first known to a larger

circle through a series of works which had the object of

establishing in the study of the physical and mental

phenomena of the human organism in its normal and

diseased states the same general principles which had

been adopted in the investigation of inorganic phenomena.

These works were his Allgemeine Patliologie mid Therapie

ah mechanische Naixmoissenschaften (Leipsic, 1842, 2d ed.

1848), the articles " Lebenskraft " (1843) and " Seele und

Seelenleben" (1846) in Eud. Wagner's Handwbrterlxich

der Physiologic, his Allgemeine Physiologic des Kiirpcrlicheii

Ze6e«s (Leipsic; 1851), and his 2fediiinisclie Psychologic oder

Physiologie der Seele (Leipik, 1852). When Lotze came

out with these works, medical science was still much,

under the influence of Schelling's philosophy of nature.

The mechanical laws, to which external ihings were subject,

were conceived as being valid only in the inorganic world
;

in the organic and mental worlds these mechanical laws

were conceived as being disturbed or overridden by other

powers, such as the influence of final causes, the existence

of types, the work of vital and mental forces. This

confusion Lotze, who had bee« trained in the school of

mathematical reasoning, tried to dispel The laws which

govern particles of matter in the inorganic world govern

them likewise if they are joined into an organism. A
phenomenon a, if followed by 6 in the one case, is followed

by the same 6 also in the other case. Final causes, vital

and mental forces, the soul itself can, if they act at all,

only act through the inexorable mechanism of natural laws.

If a is to be followed by d and not by b, this can only be

effected by the additional existence of a third something c,

which again by purely mechanical laws would change b

into d. As we therefore have only to do with the study

of existing complexes of material and spiritual phenomena,

the changes in these must be explained, in science by the

rule of mechanical laws, such as obtain everywhere in the

world, and only by such. One of the results of these
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investigations was to extend the meaning of the word
mechaaistn, and comprise under it all laws which obtain in

the phenomenal world, rot excepting the phenomena of

life and mind. Mechrnism was the unalterable connexion

of every phenomenon a with other phenomena b, e, d, either

as following or preceding it ; mechanism was the inexorable

form into which the events of this world are cast, and by
wuiuh they are connected. The object of those writings

was to establish the all-pervading rule of mechanism. But
the mechanical view of nature is not identical with the

materialistic. In the last of the above-mentioned works

the question is discussed at great length how we havB to

consider mind, and the relation between mind and body
;

the answer is—we have to consider mind as an immaterial

principle, its action, however, on the body and vice versa

as purely mechanical, indicated by the fixed laws of a
psycho-physical mechanism. These doctrines of Lotze—

•

though pronounced with the distinct and reiterated reserve

that they did not contain a solution of the philosophical

question regarding the nature, origin, or deeper meaning
of this all-pervading mechanism, neither an explanation

how the action of external things on each other takes place

nor yet of the relation of mind and body, that they were
merely a preliminary formula of practical scientific value,

itself requiring a deeper interpretation'—these doctrines

were nevertheless by many considered to be the last word
of the philosopher who, denouncing the reveries of

Schelling or the idealistic theories of Hegel, established the

science of life and mind on the same basis as that of

material things. Published as they were during the years

when the modern school of German materialism was at its

height,! these works of Lotze were Counted among the

opposition literature which destroyed the phantom of

Hegelian wisdom and vindicated the independent and self-

sufficing position of empirical philosophy. Even philo-

sophers of the eminence of J. H. Fichte (the younger) did

not escape this misinterpretation of Lotze's true meaning,

though they had his Metaphysik and Logik to refer to,

though he promised in his Allgemeine Physiologie (1851) to

enter in a subsequent work upon the " bounding province

between aesthetics and physiology," and though in his

MidicinischcPfychologie he had distinctly stated that his

po.sition was neither the idealism of Hegel nor the realism

of Herbart, nor materialism, but that it was the conviction

that the essence of everything is the part it plays in the

realization of some idea which is in itself valuable, that the

sense of an all-pervading mechanism is to be sought in this

that it denotes the ways and means by which the highest

idea, which we may cmI! the idea of the good, has volun-

tarily chosen to realize itself.

The misinterpretations which he had suffered induced
Lotze to publish a small pamphlet of a polemical character

(Streitscliriflen, Leipsic, 1857), in which he corrected two
mistakes. The opposition which he had made to Hegel's

formalism had induced some to associate him with the

materialistic school, others to count him among the

followers of Herbart, the principal philosopher of eminence
who had maintained a lifelong protest against the

development which Kant's doctrines had met with at the

hands of Fichte, Schelling, and HegeL Lotze publicly

and formally denied that he belonged to the school of

Herbart, though he admitted that historically the same
doctrine which might be considered the forerunnet of

Herbart's teachings might lead to his own views, viz., the

monadology of Leibnitz,

When Lotze wrote these explanations, lie had already

given to the world the first volume of his great work,

' See Vogt, Physidogische Briefe, 1845-47 ; jrolescliott, Dcr
ICreislau/ des Zebens, 1852 ; Buchner, Kra/t und Stoff, 1855.

MikroTcotmui (vol. i 1856, vol. iL 1858, vol. iiL 1864

;

3d ed., 183*6-1880). In many passages of his works on
pathology, physiology, and psychology Lotze had distinctly

stated that the method of research which ho advocated
there did not give an explanation of the phenomena of life

and mind, but only the means of observing and connecting
them together ; that the meaning of all phenomena, and
the reason of their peculiar connexions, was a philosophical
problem which required to be attacked from a different

point of view ; and that the significance especially which
lay in the phenomena of life and mind would only unfold
itself if by an exhaustive survey of the entire life of man,
individually, socially, and historically, we gain the necessary
data for deciding what meaning attaches to the existence

of this microcosm, or small world of human life, in the

macrocosm of the universe. This review, which extends,

in three volumes, over the wide field of anthropology,

beginning with the human frame, the soul, and their union
in life, advancing to man, his mind, and the course of the

world, and concluding with history, progress, and the
connexion of things, ends with the same idea which was
expressed in Lotze's earliest work,

—

iletaphysik. The view
peculiar to him is reached in the end as the crowning con-

ception towards which all separate channels of thought
have tended, and in the light of which the life of man in

nature and mind, in the individual and in society, had
been surveyed. This view can be briefly stated as follows.

Everywhere in the wide realm of observation we find three

distinct regions,—the region of facts, the region of laws,

and the region of standards of value and wortL These
three regions are separate only in our thoughts, not in

reality. To comprehend the real position we are forced

to the conviction that the world of facts is the field in

which, and that laws are the means by which, those higher

standards of moral and jesthetical value are being realized ;

and such a union can again only become intelligible through

the idea of a personal Deity, who in the creation and
preservation of a world has voluntarily chosen certain forms

and laws, through the natural operation of which the ends

of His work are gained.

Whilst Lotze had thus in his published works closed the

circle of his thought, beginning with a conception meta-

physically gained, proceeding to an exhaustive contempla-

tion of things in the light it afforded, and ending with

the stronger conviction of its truth which observation,

experience, and life could afford, he had all the time been

lecturing on the various branches of philosophy according

to the scheme of academical lectures transmitted from his

predecessors. Nor can it be considered anything but a

gain that he was thus induced to expound his views with

regard to those topics, and in connexion with those

problems, which were the traditional forms of philosophical

utterance. His lectures ranged over a wide field : he

delivered annually lectures on psychology and on logic (the

latter including a survey of the entirety of pmlosophical

research under the title Encyclopddie der Philosophie), then

at longer intervals lectures on metaphysics, philosophy of

nature, philosophy of art, philosophy of l-eligion, rarely on

history of philosophy and ethics. In these lectures he

expounded his peculiar views in a stricter form, and during

the last decade of his life he embodied the substance of

those courses in )ix\s, System der Philosophie, of which only

two volumes have appeared (vol i. Logik, 1st ed., Leipsic,

1874, 2d ed., 1880 ; vol iL Metaphysik, 1879). The third

and concluding volume, which was to treat in a more

condensed form the principal problems of practical philo-

sophy, of philosophy of art and religion, did not appear.

A small pamphlet on psychology, containing the last form

in which he had begun to treat the subject in his lectures

(abruptlv terminated through his death) during the sum-
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mer session of 1881, has been pubhshed by bis son.

Appended to this volume is a complete bst of i^otze s

writings, compiled by Professor Eehnisch of Gottmgen.

To understand this series of Lotze^s writings, it is °^':"^"y to

start witii lUs definition of philosophy. Tnis is siven after Ins

'exposition of logic has established two points, viz.,

*y-f
-«

-

ou- mmd of certain laws and forms according to »,1^"=1' ;^'%^°™,
='

the m:deiial supplied to us by our senses, and, secondly, the fact that

lo"iTal thought cannot be usefully employed without the assump-

tion of rx fuithei- set of connexions, not logically necessary, but

assumed to ctist between the data of experience and observation,

"tec connexions of a real not formal character are
^f^fj^^^

by the separate sciences .and by the usage and culture ot ever} day

life Lai'-rua^e has crystaUized them mto certain definite notions

and expressions, without which we cannot proceed a single step,

but which we have accepted without knowing their exact meaning,

much less tlieir origin. In consequence the special sciences and the

wisdom ot common life entangle themselves easily
''f 3™ 'y

in contradictions. A problem of a purely formal character thus

presents itself, viz., this-to try to bring »°it>' ^"^ IX^^j;"'"
the scattered thoughts of our general culture, to trace them to their

primary assumptions and foTlosv them into t^e.r idt.mate con-

sZeuces, to connect them all together, to remodel curtail or

amplify them, so as to remove their apparent contradictions, and to

combine them in the unity of an harmonious view of things, and

especially to make those conceptions from which the single seiences

^tart as assumptions the object of research, and fix the limits ot

their app icab&ty. This h the formal definition of philosophy

Whether an harmonious conception thus gained will represent

more than an agreement among our thoughts, whether it wUl re-

present the real connexion of things, and thus possess objective

not merely subjective value, cannot be decided at the outset It
1^

also unwarranted to start with the expectation that everything m
the world should be explained by one principle, and it is a needless

restriction of our means to expect unity of method. Nor ^ro wo able

to start oiu- philosophical investigations by an mciuiry into the nature

ot human thought and its capacity to attain an objective knowledge,

as in this case we would be actually using that instrument the use--

fulness of which we were trying to determine. The mam proo

of the obiective value of the view we may gam will rather Jie 111

the decree in which it succeeds in assigning to every element ot

culture" its due position, or in which it is ab e-to appreciate and

combine different and apparently opposite tendencies and interests

in the sort of justice with which it weighs our manifoU desires and

aspirations, balancing them in due proportions, nor sacnficmg to

a one-sided principle any truth or conviction which experience

has proven to be useful and necessary. The investigations will

then naturally diride themselves into three parts, the first of

which deals with those to our mind inevitable forms m which we

are obli.'ed to think about things, if we think at all (metaphysics),

the second being devoted to the great region of facts, trying to

E->nlv the results of metaphysics to these, specially the two great

rmons of external and mental phenomena (cosmology and

i,svcholor'v) the third dealing with those standards of value from

which Ve pronounce our sestlietical or ethical approval or disap-

proval. In each department we shall have to aim firet of ail at

Views clear and consistent within themselves, but, secondly, we shall

in the end wish to form some general idea or to risk an oiunion bow

laws facts, and standards of value may be combined in one compre-

hensive view. Considerations of this kind wiU natirrally turn up

in the two "^reat departments of cosmology and psychology, or they

maybe deregntcd to an independent research under the name ot

reli-ious philosophy. We have already mentioned the final con-

ception in which Lotze's speculation cnlminates, that of a personal

Deity Himself the essence of all that merits existence for its own

sake 'who in the creation and government of a world has voluntarily

chosen certain laws and forms through which His ends are to bo

realized. We may add that according to this view nothing is real

but the living spirit of God and the world of living spirits which

Ho has created ; the things of this world have only reality in so

far as they are the appearance of spiritual substance, which un-

derlies everything. It is natural that Lotze, having this great,

mid final conception always before him. works under its influence

from the very beginning of his speculations, permitting us—as

we progress—to gain every now and then a glimpse of that into-

pretation of things which to him contains the solution of our dith-

culties. ,,.... XV'
Tlic key to Lotze's theoretical philosophy lies in his metaphysics

to the exposition of whicli important subject the first and last of

his larger pnblic&Hons have been devoted. To understand Lotze s

philosophy, a careful and repeated perusal of these works is abso-

lutely necessary. The object of his metaphysics is so to reniortel

the current notions regarding the existence of things and their

connexions with which the nsage of language supplies us .is to

make th-m consistent and thinkalde. Tlie further assumption,

ti'1 tl-o i-oiUhci' notions thus gaiiK'd have an objective meaniug,

and that ttey somehow correspond to the real order of the exishug

world which ot course they 'can never actually describe, depends

upon a general confidence which we must have in our reasoning

nowers, and in the significance of a world in which we ourselves

mth all the-necessary courses of our thoughts have a place assimcd

to them in harmony with the whole. The object therefore of these

investigations is opposed to two attempts frequently repeated m
the history of phUosophy, viz. :-(l) the attempt fo establish geiieral

laws or forms, which the development of things must have obeyed, or

which a Creator must have followed in the creation. of a world

(Hegel) and (2) the attempt to trace the genesis of our notions,, an'

.

decide as to their meaning and value (modern theories of know-

ledge). Neither of these attempts is practicable. The world of many

thin.'S surronnds us ; our notions, by whicli we manage correctly or

incomctly to describe it,' are also ready made. What remains to be

done is not to explain how such a world manages to be what it is nor

how we came to form these notions, but merely this-to expel from

the circle and totality of our conceptions those abstract notions

which are inconsistent and jarring, or to remodel ! Jid define thein so

that they may constitute a consistent and harmonious view. In tnis

endeavour Lotze discards as useless and untenable many favourite

conceptions of the school, many crude notions of everyday lite

The course of things and their connexion is only thinkable by the

assumption of many things the reality of which (as distinguished

from their existence ih our thoughts) can be conceived only as a

multitude of relations. This, standing in relation to other things,

g ves to a thing its reality. And the nature of this reality again

fan neither be consistently represented as a fi='^<» and hard substance

nor as an unalterable something, but only as a fixed order of recur-

rence of continuaUy changing events or impressions. But, ta'-t'i«n

every attempt to think clearly what those relations are, what i.o

really mean, if we talk of a fixed order of events, forces upon us

the necessity of thinking also that the different things which

stand rrelations or tie different phases which foUow each

otlier cannot be merely externally strung together or moved

about by some indefinable external power in tTie form of some

predestination or inexorable fate. The things themselves which

exist and their changing phages must stand m some internat

connexion ; they themselves must be active or passive, capable of

do™' or skering. This would lead to the vie>v of Leibnitz, that

the world consists of monads, self-sufficient beings, leading an

inner life. But this idea involves the further conception of

Leibnitz, that of a pre-established harmony, by which the Creator

has cared to arrange the life of each monad, so that itiigrees with

that of all others. This conception, according to Lotze, is neitber

necessary nor thoroughly inteUigible. Why not interpret at once

and render intelligible the conception of everyday life originating

in natural science, viz., that of a system of laws which governs tho

many thin<TS? But, in attempting to make this conception quite

clear and thinkable, we are forced to represent the connexion of

things as a universal substance, the essence of which we conceive as

a system of laws which underlies everything and in its own self

connects everything, but imperceptible, and kno^m to us rnerely

thiough the impressions it produces on us, which we call things.

A fiufl reflexion then teaches us that the nature of this universal

and all-pervading substance can only be imagined by us as some-

thing analogous to our own mental life, where alone we experience

the unity of a substance (which we call self) preserved in the

multitude of its (mental) states. It also becomes clear that only

where such mental life really appears need we ass.gn an mde^

pendent existence, but that the purposes of everyday li e as well as

[hose of science aie equally served if we deprive the material things

outside of us of an independence, and assign to them merely a

connected existence through the universal subsUnce by the action

of which alone they can appear to us. „ ,, v i i ;.

The universal substance, which we "^''T f'^U.^e absolute, is

at this stage of our investigations not endowed with the attributes

of a personal Deity, and it will remain to be seen by further

analysis in how far we are able-without ''.''""^'i'f'""rrf 'f

?"''f>

it with the object of religious veneration, in how far that ^vh'ch t»

metaphysics is merely a postulate can be gradually brought nearer

Z JJi become a liVing power. Much m this >'>^«^°° ^-''i

by Lotze in various passages of his writings ;
^"y^^ing complete

however, on the subject is wanting. Nor would it seem as if it

could be the intention-of the author to do much more than pont

out the lines on which the further treatment of the subject should

advance The actual result of his personal inquines, the great idea

which lies at the foundation of his philosophy, we know. It may

bo Kifely stated that Lotze would allow much latitude to individual

convictkms, as indeed it is evident that the empty notion of an

absolute can only become living and significant to us >n the same

degree as experienceand thought have taught us
^^-'l^f ^^j"'";?'

nefs of life, the significan<.e of creation the value oftbe beautiful

and the good, and the supreme worth of personal holiness. 10

endow the universal substance mth moral .attributes, to maintain
endow the universal suosianci; >yiii' . ..«.». ...... ' ;. , 000

I that it is more than the metaphysical gr<>und °f ."">*'"?' *° "^Z

1
it is tho perfect realization of the holy, the beautiful, and the good.
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can only have a meaning for Iiim who fcela within himself what
real not imaginary values are clothed in those expressions.

We have still to mention that lesthetics formed a principal and
favourite study of Lotze's, and that he has treated this subject ulso

in the light of the leading ideas of his philosophy. See his

eHHays Ucber den, Begriff dcr Sc/wnkcit, Gottingen, 1845, and Uctier

lietlingungen der Kunsischonhcit, ibid., 1847 ; and especially his

ae.vhtchte dcr Jisthetik in Dcutschland, Munich, 1868.

Lotze's historical position is of much interest. Though he-

disclaims being a follower of Herbart, his formal delinition of

philosophy and his conception of tlie object of metaphysics arc

similar to those of Herbart, who defines philosophy as an attempt
to remodel the notions given by experience, ^n this endeavour he
forms with Herbart an opposition to the philosophies of Fichte,

Schelling, and Hegel, which aimed at objective and absolute

knowledge, and also to the criticism of Kant, whicli aimed at I

determining the validity of all human knowledge. But this for-

mal agreement involves material differences, and the spirit which
breathes in Lotze's writings is more akin to the objects and
aspirations of the idealistic school than to the cold formalism of

Herbart? "What, however, with the idealists was an object of thought
alone, the absolute, is to Lotze only inadequately definable in

rigorous pliilosophical language ; the aspirations of the human
heart, the contents of our feelings and desires, the aims of art, and
the tenets of religious faith must be grasi)ed in order to fill the

empty idea of the absolute with meaning. These manifestations

of the divine spirit again cannot be traced and understood by
reducing (as Hegel did) the growth of the human mind in the
individual, in society, and in history to the monotonous rliythm of a
speculative schematism ; the essence and worth which is in them
reveals itself only to the student of detail, for reality is larger and
wider than philosophy ; the problem, *' how the one can be many,"
is only solved for us in the numberless examples in life and experi-

ence which surround us, for which we must retain a lifelong

interest, and which constitute the true field of all useful human
work. This conviction of the emptiness of teums and abstract

notions, and of the fulness of individual life, has enabled Lotze to

combine in his writings the two courses into which German
philosophical thought had been moving since, the death of its great

founder, Leibnitz. We may define these courses by the teinis

esoteric and exoteric,—the former the philosophy of the school,

cultivated principally at the universities, trying to systematize every-

thing and reduce all our knowledge to an intelligible principle,

losing in this attempt the deeper meaning of Leibnitz's philosophy

;

the latter the philosophy of general culture, contained in the
literatiirft of the classical period, in the unsystematic writings of

Lessing, Winkelmann, Goethe, Schiller, and Herder, who more
or less expressed their indebtedness to Leibnitz. Lotze can be said

to have brought philosophy out of the schoolroom into the market
of life. By understanding and combining what was great and
valuable in those divided and scattered endeavours, he has become the
true successor of Leibnitz, and his philosophy will no doubt attain

that universal celebrity which was attained by the monadology and
the system of pre-established harmony.
The age in which Lotze lived and wrote in Germany was not

one peculiarly fitted to appreciate the position he took up. Fre-
quently misunderstood, yet rarely criticized, he was nevertheless
greatly admired, listened to by devoted hearers, and read by an
increa^ng circle. But no watchword of easy currency, no ready
Shibboleth, attracts or helps to combine this increasing circle to

the unity of a philosophical school. The real meaning of Lotze's

teaching is reached only by patient study, and those who in a larger

or narrower sense call themselves his followers will probably feel

themselves indebted to him more for the general direction he has
given to their thoughts, for the tone he has imparted to their

inner life, for the seriousness with which he has taught them to

consider even small jffairs and practical duties, and for the inde-
structible confidence with which his philosophy permits them to

disregard the materialism of science, the scepticism of shallow
culture, the disquieting results of philosophical and historical

criticism. It is not unlikely that the present phase of English
thought will more easily assimilate the valuable elements of Lotze's

philosophy, as indeed fragments and beginnings of a similar view
exist already in English literature. Wherever his writings aro

widely read and appreciated, it will be on account of the great

moral influence which his pnilosophy exerts in common with
some systems of the past, but almost alone among the svstems of

the day. (J.'T. M.)

LOUD UN, capital of an arrondissement in the depart-

ment of Vienne, France, stands on an eminence of 320
feet, overlooking a fertile plain, 45 miles (by rail) south-

west from Tours, It was formerly surrounded by walls,

of which only two towers and a single gateway now
remain. Of the old castle which was destroyed under

Richelieu, aud of which the site is v<iw turned into a public

promenade, a fine old rectangular doujc.n of the 12tli
century has been preserved ; at its buso traces of Iiooiaii
constructions have been found, with fragments of porphyry
pavement, mosaics, and mural paintings. The Carmelite
convent, now occupied by the Brethren of Christian
Doctrine, was the scone of the trial of Urban Grandier,
who was burnt alive for witchcraft in 1634 (see Bayle's
Didionnaire)

; the old Byzantine church of Sainte Croix,
of which he was curi5, is now used as a market. There are
several curious old houses in the town. Lace making and
candle making are the chief industries, and there is a con-
siderable trade in grain and flour. Before the revocation
of the edict of Nantes the inhabitants numbered, it is baid,
more than 12,000 ; in 1876 the population was 4.522.

LOUGHBOROUGH, the second town in Leicestershire,

England, on the Midland Railway, 11 miles from Leicester
and 14 from Nottingham. In 1881 its three parishes had
a population of 14,733. A large tract of meadow land lies

between the town and the river Soar, which is connected
with the town by two canals,—the Loughborongh oknal,

formed in 17f 6, and the Leicester canal, opened in 1791.
On the Charnwood Forest side of the town there were once
extensive parks. The open fields in the lordship were
enclosed in 1762. The town has an excellent market-place,
and is in the centje of a rich agricultural district. Its malt
was once of special note. The old parish church of All

Saints stands on rising ground, and is a conspicuous object

for many miles round ; the church itself (restored in 18G2)
is of the Decorated style, and dates from the 14th century

;

the tower is Perpendiculat. . Emmanuel church was com-
pleted in 1837, and Holy Trinity in 1878. The Roman
Catholi.- chapel was buUt in 1833, and the extensive Early
English convent, since enlarged, in 1850. The town-hall

and corn exchange, in the market-place, were erected in

1855, and the cemetery and its elegant church date from
1857. The grammar school is a Tudor structure, standing

in some 15 acres of ornamental grounds and walks ; it owes
its origin to Thomas Burton's charity, in 1495. The pre-

sent buildings were erected in 1852, and the new scheme
was devised under the Grammar School Act of 3 & 4 Vict.

The girls' grammar school, in the Early English- style, was
erected in 1879. The other public buildings comi)rise a

dispensary and infirmary (built at the cost of Mr and Miss
Herrick in 1862), local board offices, police station, schools,

and nonconformist chapels. There are several large ho.siery

factories. Lace was a staple trade until 1816 (see Heath-
coat). Bell-founding was introduced in 1840, and Messrs

Taylor cast here in 1881 the great bell for St Paul's,

London (17i tons). Iron-foundries, dye-works,' and horti-

cultural glass-works also provide employment.
The town is mentioned under the name-of Lu^tebunie in Domes-

day Book. William the Conqueror gave the town and manor la

Hugh Lupus, from whom they passed to the more fanions

Despensers. They were held by the Beaumonts from 1326 tn 1464,

when they passed into the Hastings family, returning to them, after

several changes of ownership, in 1554. Lord Jloira sold the manor
in 1818, and the major ])art of the manorial lights have now been
purchased by the local board. The title of Baron Hastings
of Loughborough was given to Sir Edward Hastings in 1558, and
to Colonel Henry Hastings in 1643. Alexander Wcdderburn, when
made lord chancellor, assumed the title of Lord Loughborough, in

1780.' John Cleaveland, the royalist poet, wasborn here in 1613

;

John Howe, the Puritan divine, in 1630 ; and Richard Pulteney,

the botanist, in 1730.

See Thomns Pocliin'a Sisforieil Defcriptioft, 1770 fvni. vili. of Biblioth^a Topo-
grapMca Brilannica) : PottT's Wafis Hound louffhborovoh; Wood's Plan 0/
Loughborough, 1857 ; W. G. Dimock Fletcher's Parish Registers, 1S73, Hectors of
Loughborough, and Historical Handbook, 18S1.

LOUIS I., Roman emperor (called "der Fromme," also

" le D^bonnaire "), was born in 778. He succeeded hia

father Charlemagne in 814, having in the previous year

* The "present courtesy title borne by the eldest son of the earl of

Bosslynwas taken from Loughborough in SuiTt-y, in 17->5.
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been declared co-regont. At the beginning of Lis reign he

excited high anticipations by the earnestness with whir.h

he attacked the abuses that had accumulated during the

later years of Charlemagne's sovereignty. The licentious-

ness -(vhich prevailed at court he sternly suppressed ; he

punished counts who were proved to have misused their

authority ; and he sought to reform the manners both of

the secular and of the regular clergy. The Sasons and

the Frisians, who, although conquered, had never cordially

accepted Frankish rule, were conciliated by mild and

generous treatment. A period of trouble and confusion,

however, was opened in 817, when Louis, anxious to

establish the order of succession, declared his eldest son

Lothair his successor, and made him co-regent, granting

him Austrasia wirh the greater part of Germany. The

younger sons. of Louis, Pippin and Louis, received, the

"former Aquitania, the latter Bavaria, Bohemia, Carinthia,

and the subject Slavonic and Avar territories. This

arrangement was resented by Bernard, king of Italy, the

emperor's nephew, who forthwith rebelled. He was soon

captured, and condemned to the loss of his sight, while his

kingdom was transferred to Lothair. After the death of

Bernard, the emperor, who was a man of a gentle and

sensitive temper, bitterly repented the harsh punishment

which he had sanctioned, and, being further depressed by

the death of his first wife, he proposed to resign the crown

and retire to a monastery. He was induced to abandon

this intention, and (in 819) to marry Judith, the beautiful

daughter of Count Welf of Bavaria. In 829 he made a

new division of the empire in favour of Charles (afterwards

Charles the Bald), his son by his second wife. The three

brothers, deeply dissatisfied, combined U declare war

against him, and at Compiigne he was taken prisoner.

The empress Judith was condemned to the cloister for

alleged infidelity to her husband, and Louis was virtually

deposed. Pippin and the younger Louis, suspecting that

Lothair meant to usurp exclusive authority, changed their

policy, and at a diet in Nimeguen the emperor was

restored. Soon afterwards he provoked fresh disturbance

by granting Aquitania, the territory of Pippin, to Charles,

and in 833 the army of the three brothers confronted that

of their father near Colmar. When Louis was negotiating

^th Pope Gregory IV., who had crossed tlie Alps in the

hope of restoring peace, his troops were persuaded to desert

liim, and on the Liigenfeld (" the field of lies") he was

obliged to surrender to his sons. The empress was sent to

Italy, her son to the monastery of Prlim, and at ^oissons

Louis not only abdicated, but made public confession of

his sins, a long list of which he read aloud. Again the

arrogance of Lothair awoke the distrust of his brothers,

and they succeeded in reasserting the rights of the emperor,

whoso sufferings had excited general sympathy. He went

through the ceremony of coronation a second time, and

Lothair found'.it' necessary, to confine himself to Italy.

After the death of Pippin in 838 Louis proposed a scheme

by which the whole empire, with the exception of Bavaria,

would have been divided between Charles and Lothair, to

whom tho empress had been reconciled. The younger Louis

prepared to oppose this injustice, and he was supported

by the people of Aquitania in the interest of Pippin's sons.

A diet was summoned at Worms to settle the dispute, but

before it met the emperor died on an island in the Rhino

near Mainz, on the 20th of June 840. He had capacities

which might have made him a great churchman, but as a

secular ruler ho lacked prudence and vigour, and his mis-

management prepared the way for tho destruction of the

empire established by his father. His son Lothair L suc-

ceeded to the imperial title.

.1i>c Fimck, Ludwlg dcr Frommc, 1832 ; and Simson, Jahrliuhcr

•ia Fiankischcn Scklus nnlcr Ludwig dcm Pronmcn, 1871-76.

LOUIS II., Eom Ji emperor, grandson of the preceding,

was born about 82 2 and crowned king of Lombardy in

841 From 849 he shared tho imperial title with his

father, Lothair I., being crowned at Rome by Leo IV. in

850. H« succeeded to the undivided but almost entirely

nominal dignity in 855. On the death of his childless

brother, Lothair of Lorraine, in 869, the inheritance was
seized and shared by his uncles Charles the Bald and Louis

the German ; the pope, however, espoused the cause of

the emperor, crowning him king of Lorraine in 872.

Louis II. died in 875, and the imperial crown was forth-

with bestowed on Charles the Bald.

LOUIS III., Roman emperor, surnamed "Tlio Elinrr,"

was the son of Boso, king of Provence, and, through his

mother, grandson of the emperor Louis II. He was born

about 880, called to the throne of Provence in 890, and

crowned emperor in succession to Berengar I. at Rome in

901. In 905, while residing at Verona, he was surprised

by his discrowned rival, blinded, and ultimately sent back

to Provence, where he lived in inactivity and comparative

obscurity until 929.

LOUIS THE Child, though he never actually received

the imperial crown, is usually reckoned as tho emperor

Louis III. or Louis IV. He was the son of the emperor

Arnulf, was born in 893, and succeeded to the throne of

East Francia or Germany in 900, when he was six years of

age. During his brief rwgn Germany was desolated by

the Hungarians, who invaded the country year after year,

defeating every force that ventured to oppose them. At

the same time the kingdom was weakened by internal strife.

The result of the prevailing anarchy was that the imperial

constitution established by Charlemagne broke down, and

Germany was gradually divided into several great duchies,

the rulers of which,, while acknowledging the supremacy of

the king, sought to become virtually independent.' .jLouis,

the last -of tho Carolingian race in Germany, died in 91L*
LOUIS IV. (or v.), "the Bavarian," German king and

Roman emperor, was born in 12S6. He was tho son of

the duke of Bavaria, and in 1314, after the death of-tlia

emperor Henry VII., was elected to the throne by five of

the electors, the Others giving their votes' for. FrederickJ*

duke of Austria. This double election led to a civ^l war,

in which Frederick' was supported by the church and by

many nobles, while the inhabitants of the great cities rallied

round Louis. 'In 1322 Louis gained the battle of JUihldorf,'

taking Frederick prisoner; but the war still went on.^^ Topp

John XXII. excommunicated Louis in 1324 ; whereupon,

wishing to bring the conflict to an end,, Louis ofl"ered,to

liberate Frederick on condition that he would withdraw

his claim to the throne, and restore the cities and imperial

lands seized by his party in Swabia. Frederick, .finding

that the obstinacy of his brother, Duke Leopold,, would

render it impossible to fulfil these terms, returned to cap-

tivity ; and Lcruis was so touched by his magnanimity that

he proposed that they should share the responsibilities of

government. The plan was tried but did not succeed,

and was virtually abandoned before Frederick's death in

1330. In 1327 Louis had gone to defend his rights in

Italy, where he was crowned emperor by Pope Nicholas V.,

whom he supported in opposition to Pope Johii|pXXI[.

Returning to Germany in the year of Frederick's death,

he made peace with the house of Austria, but John XXII.

refused to be conciliated, and his successor Benedict XII.,

acting in part under the' influence of France, continued

the struggle. Irritated by the revival of papal pretensions

which no longer commanded respect in Germany, the elec-

tors met at Rhense, and on the 15th of July 1338, issued

an important declaration to the efl^ect that the emperor

derived his right to the German and imperial crowns, not

from the pope, but from tho electors by whom he- was
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nppolntccl. As tUo roprssentative of national independence,

Louis might have macly himself one of tho most popular

of tho emperors, but ho excited bitter jealousies by hi.s

grasping and unscrupulous disposition. By his marriage

with Margaret, the sister of Count William of Holland, ho

Bocurod Holland, Zealand, Friesland, and Hainault ; and

he obtained tho mastery of Tyrol by separating tho heiress,

Margaret Maultasch, from her husband, a son of John,

tup powe'-'ful king of Bohemia, and making her the wife of

his own son Louis, to whom (in 1322) he had granted tho

march of Brandenburg. Tho enemies he thus created were

reinforced by Pope Clement VI., who not only excom-

aiunicated him again, but (in 1346) persuaded a party of

the electors to appoint a new king. Their choice fell on

Charles, margrave of Moravia, the son of King John of

Bohemia, who at once made an unsuccessful attempt to

recover Tyrol. The outbreak of a nevr civil war. was
prevented by the sudden death of Louis at a bear hunt
near Municli, on the 11th of October 1347. The conflict

between the papacy and the empire was practically clcsed

during the reign of Louis, and he marked an epoch by his

encouragement of the cities in opposition to the princes

and nobles.

See Mannett, Kaiser Ludwig IK, 1812 ; Fr. von Weech, Kaiser
tudivig dcr Baicr und Konig Johann von Bohmen, 1860 ; and
Diibner, Die Auseinanderschung zioischen Lvdwig 7K. dem Baicr
and Fnedrick dem Schoncn von Oestcrrcich, 1875.

LOUIS THE Gekman, son of the emperor Louis I., wus
born in 801. In the first partition of the empire in 817
he received Bavaria, Bohemia, Carinthia, and tho subject

territories on his eastern frontier. Displeased by later

schemes of partition in favour of his half-brother Charles,

lie associated himself with his brothers Lothair and Pippin

against the emperor, and he was in the field in defence of

his rights when his father died. After the emperor's death

in 840, Louis and Charles united against Lothair, whom
they defeated in the battle of FontenJiy, and in 843 Louis

received by the treaty of Verdun the whole of Germany to

the east of the Rhine, with Mainz, Spires, and Worms on

the left bank. He was a wise and vigorous ruler, but his

forces were inadequate to protect the northern part of his

kingdom against the Norsemen, and he was not always

successful in his wars with Slavonic tribes. In 858 he

invaded West Francia, which he hoped to unite with East

Francia, his own state ; but Charles the Bald proved to be

stronger than Louis had supposed, and he was obliged to

rntreat. When Lothair of Lorraine died iu 869, his king-

dom was seized by Charles, who caused himself to be
crowned at Metz ; but in tho following year, by the treaty

ni Mersen, the eastern half of the country was ceded to

Louis. Louis expected to receive the imperial crown after

the death of the emperor Louis II. Charles, however,

outwitted him, and Louis was attempting to avenge this

supposed wrong when he died at Frankfort on August 28,

876. East Francia and West Francia were again united

under Charles the Fat; but, as Louis was the first sovereign

who ruled over the Germans, and over no other Western
people, he is generaDy considered the founder of the

German kingdom.

See Diimmler, GcschicUe da Ostfrdnkisclien, Reichs, 1862.

LOUIS I., king of France, snrnamed Le D^bonnaire or

the Pious. See FRiNOE, vol. ix. p. 533 ; Germany, vol.

X. p. 480 ; and Louis I., emperor, supra.

LOUIS II., surnained Le Bfcgue or the Stammerer, the

son of Charles I. ("The Bald") by Irmentrud of Orleans,

and the grandson of Louis the Pious, was born on
November 1, 846, On the death of his elder brother

Charles, the second son of Charles the Bald, he was con-

secrated king of Ajuitania in 867, and ten years afterwards

ie succeeded Lis father, being crowned by Hincmar of

Rhcims under the title of "king of the French, by tho
i.ier"y of God and the election of tho people" (December
8, 877). In the following year (September 7) he availed

h::ii::elf of the presence of Pope John VIII. at Troyes to

obtain a fresh consecration. Ho died at Compi6gnc, after

a feeble and ineffeciual reign of eighteen month.'!, on
April 10, 879.

LOUIS III., son of the preceding by Ansgarde, dauglitor

of Count Hardonin of Brittany, was born about tho year
863, and in 879 w.as designated by his father sole heir to

the French throne. It was decided among the nobles,

however, that the inheritance should bo divided between
Louis and his younger brother Carloman, the former
receiving Neustria, or all France north of the Loire, an(J

the latter Aquitania and Burgundy. On the Loire and
elsewhere the two brothers inflicted several defeats on tho

Northmen (879-881) ; but in 882 Louis succumbed to tlio

fatigues of war, leaving his inheritance to Carloman.
LOUIS IV., surnamed D'Outremer (Transmarinus), son

of Charles III ("The Simple") and grandson of Louis II.,

was born in 921. In consequence of the disasters which
befell his father in 922, Louis was taken by his mother
Odgiva, sister of Athelstan, f;0 England, where his boy-

hood was spent,—a circumstance to which he owes Jiis

surname. On the death of Raoul or Eodolph of Burgundy,
who had been elected king in place of Charles, the choice

of Hugh tho Great, count of Paris, and the other nobles,

fell upon Louis, who was accordingly brought over tho

Channel and consecrated in 936. His rf(?/(«rfo sovereignty,

liowever, was confined to the countship of Laon. In 939
he became involved in a struggle with Otto I. ("Tho
Great") of Germany about Lorraine, which had transferred

its allegiance to him ; the victory remained at last with

the emperor, who married his sister Gerberga to Louis.

After the death of William Longsword, duke of Normandy,
Louis endeavoured to strengthen his influence in the duchy
by obtaining possession of the person of Richard the infant

heir, but a seiies of intrigues resulted only in his own
captivity at Rouen in 944, from which he was not released

in the following year until he had agreed to surrender

Laon to his powerful vassal Hugh the Great. By the

interposition of Otto, the brother-in-law of Louis, Hugh,
who for some years had effectually resisted both the carnal

resources of the empire and the spiritual weapons of the

church, was at last persuaded to restore Laon. The last

years of this reign were marked by repeated Hungarian
invasions of France. Louis died in 954, and was succeeded

by his son Lothaire.

LOUIS v., Le Faineant, son of Lothaire and grandson

of Louis IV., the last of the Carolingian dynasty, was

born in 966, succeeded Lothaire in March 986, and died

in May 987. He was succeeded by Hugh Capet.

LOUIS VI., surnamed Le Gros, L'liveille, and Lo
Eatailleur, tho son of Philip I. of France and Bertha of

Holland, was born about 1078, was associated with his

father in the government in 1100, and succeeded him in

1108. For some account of his character, and of the

events of his reign, see FEiNCE, vol. ix. pp. 538, 539. He
died on August 1, 1137.

LOUIS VII, Le Jeuneand Le Pieux, eon of Louis VI.,

was born in 1120, and was associated with hLi father on

the death of his elder brother Philip in 1131, being crowned

at Rheims on October 25 by Pope Innocent IL He
succeeded to the undivided sovereignty in 1137, the new.s

of his father's death reaching him as he was engaged at

Poitiers in the festivities connected with his unlucky

marriage to Eleanor of Aquitania. In 1141 he made an

unsuccessful attempt to assert his rights as 'duke of

Aquitania over the countship of Tovdouse, and in 1142 ho

fell into a vehement quarrel with Pope Innocent II., who
XV. — ^
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Iiad presumed too much on the piety of the well brought-

up young prince by appointing a nephew of his own to

the archbishopric ot Bourges. In the course of the contest

Louis, who had been excommunicated, pursued the new
archbishop into the territory of the count ot Champagne,
and stormed Vitry, in the sack of which the cathedral was
burned, causing the death of three hundred persons who
had taken refuge within its walls (1143). Louis, horror-

struck, made peace with the pope and his secular adversary,

but found that nothing less than a pilgrimage to the Holy
Land would suffice to expiate his offence. The capture of

Edessa and the massacre of the Christians in 1144 led to

the preaching of the second crusade by St Bernard, and in

1147 the king, leaving the regency in the hands of the

Abb(5 iSuger and Raoul, count of Vermandois, set out for

the Kast, accompanied by his queen, a large company of

nobles, and twenty-four thousand men. The disastrous

results of the expedition, personal, domestic, and public,

have already been recorded in the article France (voL

ix. p. 540), where also his long struggle with Henry IL
of England, which terminated only in 1178, is briefly

described. In 1178 he made a pilgrimage to the tomb of

St Thomas of Canterbury on behalf of his eldest son Philip

Augustus, then dangerously ill, and in the following year

he associated him with himself in the sovereignty. Louis
died on September 18, 1180.

LOUIS VIII., surnamed Le Lion, born on September

5, 1187, was the son of Philip Augustus, whom he suc-

ceeded in July 1223. In 1200 he had married Blanche
of Castile, the granddaughter of Henry II. of England,

and in virtue of this connexion he received from the

English barons in 1216 an offer of the crown, which
he accepted. Landing in England in May, he achieved

several military successes, but retired early in 1217 ; later

in the same year he renewed the attempt to make good his

flaims, but finally quitted English soil in September. He
next took charge of the war against the Albigenses with

varying success; it continued after his accession to the

throne, and ultimately proved fatal to him. He died, most
probably of pestilence, shortly after the capture of Avignon,

at Montpensier in Auvergne on November 8, 1226, and
was succeeded by his son Louis IX.

LOUIS IX., Saint (1215-1270). See Feance, vol.

ix. pp. 542, 543, He was canonized by Boniface VIII. in

1297, aud is commemorated in the Roman Catholic

Church on August 25 or 26. He was succeeded by his

son Philip IIL

LOUIS X., Le Hutin, was the eldest son of Philip IV.

(the Fair) and Joan of Navarre, and was born in 1289.

llo succeeded his mother in the kingdom of Navarre and
couutships of Champagne aud Brie in 1305. Historians

arc not agreed as to the origin of the surname ("The
Qiinrrcller") by which he is known in France, but it seems
with most probability to commemorate the wild and
boisterous character of his youth. He succeeded his

father in 1314, and died, after a short and unimportant
reign of less than two years, in June 1316. He was
succeeded by his brother Philip V.

LOUIS XL, son of Charles VIL and Mary of Anjou,
was born at Bourges on July 3, 1423. His jealous,

ambitious, and restless character early manifested itself in

Eho attitude of opposition he assumed to his father's mistress

Agues Sorcl, and in the part he took (1439) as leader of

the " IVaguerie," as the league formed by the nobles

.i^iiinst tiio introduction of a standing army was called.

Though jiardoned by his father in 1440 after the failure of

Iho nt|puq)t, he never thenceforward enjoyed any of his

conlidence. lie ilistinguiahed himself in the years

Iniuii'dlaluly I'ulliiwiiig in several military expeditions, but
I u.illy ..ctlleJ (1110) m his ajjauago of Uaupkiuc, where

, he acted with great independence, until in 1456 Charles,

I

irritated by the intrigues of his son, intimated his intention

I

of himself resuming the government of that province. Not
waiting the arrival of the army which had been sent to

take possession, Louis iled for protection to his uncle the

duke of Burgundy, who assigned him a pension and a
residence at Nieppe near Brussels. Tlie death of Charles

on July 22, 1401, permitted his return to France, where he
was crowned at Rheims as Louis XI. in the following

month. For the leading events of the three periods of his

reign the reader is referred to France, vol. ix. pp. 552, 553.

He died at Plessis-lis-Tours on August 30. il483. and was
succeeded by his son Charles VIII.

LOUIS XIL was born at Blois in 1462. His father

was Charles, duke of Orleans, the grandson of Charles V.

and the cousin of Charles VII, who spent tweuty-five years

of captivity in England, and who still holds an honourable

place on the roll of French poets. Louis himself was for

three years (1487-90) the prisoner of his second cousin,

Charles VIII., in the castle of Bourges, but afterwards

seconded his ambitious schemes faithfully and well, and on

his death (1498) succeeded him, taking the titles of king

of France, Jerusalem, and the Two Sicilies, and duke of

Milan. For the events of his reign see France, vol. ix. pp.

554, 555. He died on January 1, 1515, and was succeeded

by Francis I.

LOUIS XIIL, the son of Henry IV. and Mary de' Medici,

was born at Fontainebleau on September 27, ICOl, and
succeeded his father on May 14, 1610, his mother mean-
while availing herself of the confusion caused by the

assassination to seize the regency. For some yedrs the

affairs of the kingdom were directed by the council of

regency in which the Florentine Concini, created Marquis

d'Ancre and a marshal of France, was the most promineut

figure. After the assassination of D'Ancre in 1617,

Marshal Luynes, the favourite of the weak young king,

held the reins of power for about four years ; his death oi

camp fever in the end of 1621, in the course of the

Huguenot campaign, left Louis free to assert his own
independence, which he did by carrying on the war with

some vigour until its termination in the peace of

Montpellier (1622). In 1624 Richelieu entered the council

of state, and guided the affairs of Louis and of France foi

the next eighteen years (see France, vol ix. pp. 5C8-571).

Louis, who died at St Germaiu-en-Laye on May 14, 1643,

was married at the age of fourteen (December 1615) to

Anne of Austria, daughter of Philip III. of Spain ; but his

eldest son, who succeeded him as Louis XIV., was not borrx

until twenty-three years afterwards.

LOUIS XIV., surnamed Le Grand, the elder son of the

preceding, was born at Saint-Germain-en-Laye on September

10, 1638, succeeded to the throne of France in his fifth

year, was declared of age in September 1651, and was

crowned on June 7, 1654. His marriage with the infanta

Maria Theresa of Austria, daughter of the Spanish Philip

IV., was solemnized at St Jean-de-Luz on June 9, 1660.

On the death of Mazarin in 1661 Louis XIV. began his

true reign, the leading events of which will be found

recorded in the article France (vol. ix. p. 574-584). He
died at Versailles on September 1, 1715. Of hislegitimat>.

children by Maria Theresa, only one, Louis the Dauphin

(1661-1711), reiched manhood; he was married to a

Bavarian princess by whom he had three sons—Louis the

Dauphin, duke of Burgundy, who was the father of Louis

XV. ; Philip, duke of Anjou, afterwards Philip V. of Spain :

and Charles, duke of Borri.

LOUIS XV., great-grandson and successor of the jire-

ceding, born at Versailles on February 15, 1710, was
the third son of Louis, duke of Burgundy. His father

became dauphin in 1711, and died in 1712, an 1 he him-.
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self succeeded to Iho throne of France on Septcmbei' 1,

1715. His iiiajority was declared iu February 1723, and

ou September 0, 172D (liis cousin, to whom he had been

engaged since 1721, having been sent back to Spain),

his marriage to Maria Leczinski of Poland, his senior by

seven years, was solemnized at Fontainebleau. This union

continued to subsist after a fashion until the queen's

death in 17C8; but the successive relations of the king

with De Chateauroux, De Pompadour, and Du Barry are

elements of much greater interest and importance to the

student of his reign. His surname of " Le Bieu-aim(5 " is

said to date from August 1744, when he was seized with

a dangerous illness at Metz ; the people of Paris rushed in

crowds to the churches to pray for his recovery, nor could

they sleep, eat, or enjoy any amusement until the " well-

beloved king " was out of danger. He died of small -pox

on May 10, 1774, havmg been predeceased for some years

by his only son Louis. His successor was his grandson

Louis XVI. FJr his reign see France (vol. ix. pp. 584-

593).

LOUIS XVI., third son of Louis the Dauphin, and
grandson of Louis XV., was born at Versailles on August

23, 1754, was married to Marie Antoinette, archduchess

of Austria, at Versailles, on May 16, 1770, succeeded his

grandfather on May 10, 1774, and was beheaded on

January 21, 1793. See France (vol. ix. pp. 693-G04).

LOUIS XVII., titular king of France, the third son of

Louis XVI. and Marie Antoinette, was born at Versailles

on March 27, 1785, became dauphin in June 1789, was
proclaimed king after the execution of his father, was
recognized as such by the Governments of England and
Russia, but died in captivity in the Temple, Paris, June 8,

1795.

LOUIS XVIIL, brother of Louis XVL, was the fourth

grandson of Louis XV., and was born at Versailles on
November 17, 1755;" receiving at his birth the title of

count of Provence. During the earlier stages of the

revolutionary struggle he showed considerable sympathy
with the popular party, but in June 1791 he found it

necessary to withdraw to Coblentz, and subsequently he
took some part in the operations of the army of Conde. He
was at Hamm iu Westphalia when tidings of his brother's

murder arrived, and lost no time in proclaiming the

succession of his nephew Louis XVII,, himself being

recognized as regent. In June 1795 he succeeded to the

regal title ; after several years of involuntary wandering he

found an asylum in England from October 1807 till April

1814, when he re-entered France. He only once left it

again, during the " Hundred Days " (March to June 1815);
his death took place at faris on September 18, 1824. For
his reign, see France (vol. ix. pp. G17-619). He was
succeeded by his brother Charles X.

LOUIS-PHILIPPE, king of the French, was oorn at

the Palais Pioyal, Paris, on October 6, 1773. His father

was Louis-Philippe-Joseph, duke of Orleans, a descoudaut

( f the younger brother of Louis XIV., and by his mother
he derived his origin from the Comte de Toulouse, the

legitimized son of Louis XIV. and Madame de Montespan.

At his birth he received the title of duke of Valois ; and
after 1785, wheu his father succeeded to the Orleans title,

he himself bore that of duke of Chartres. In 1781 Madame
de Genlis was appointed his "gouverneur." From 1789
onwards he manifested sincere sympathy with the new
ideas then gaining currency, and in June 1791 ho joined

at Vendome the regiment of dragoons of which he had been

colonel since 1785. In 1792 he took part in the battles

of Valmy and Jemmapes, holding high military rank under

Kellermann and Dumouriez ; in the following year he was

present at the bombardment of Venloo and of Maestricht,

and showed remarkable courage at Neerwinden. Proscribed

along with Uuiuuuriez, lie entered upon a periuil >i| Iwcnty-
one years of exile from France, .spent pauly in Switzerland
and other European countries, partly in the United States
and in the Spanish American colonies. By the execution
of his father ho became duke of Orleans in 1793; and he
was married to Marie Amcjlie, daughter of Ferdinand IV.
of Naples, at Palermo, on November 25, 1809. In April

1814 he returned to Paris, where his old military rank and
the property of his father were restored to him ; the

''Hundred Days" in 1815 condemned him to a renewed
but much briefer exile; during the reign of Louis XVIIL
he was regarded with some jealousy by the court on account
of his liberal opinions, but enjoyed greater favour under
Charles X.; immediately after the three days of July 1830
he was called to exercise the functions of " lieutenant-

general of the kingdom," and on August 9 he accepted the
title of king of the French. For his reign see Feancb
(vol. is. p. G20-622). Escaping in disguise from Paris at

the Revolution of 1848, he on March 3 reached England,
where Claremont was his home until his death on August
26, 1850.

LOUISA (1776-1810), queen of Prussia, was bom
March 10, 1776, in Hanover, where her father, Duke
Charles of Jlecklenburg-Strelitz, was commandant. After

the death of her mother, who was by birth a princess of

Hesse-Darmstadt, she was entrusted to the care of a Fr;iuleiu

von Wolzogen, and afterwards to that of her grandmother,
the landgravine of Hesse-Darmstadt. During the period

of the revolutionary wars, she lived for some time with

her sister Charlotte, the wife of Duke Frederick of Saxe-
Hildburghausen. In 1793 she met at Frankfort the crown
prince of Prussia, afterwards King Frederick William ILL,
who was so fascinated by her beauty, and by the nobleness

of her character, that ho asked her to become his wife.

On April 24 of the same year they were betrothed, and on
the 24th of December they were married. As queen of

Prussia she commanded universal respect and affection,

and nothing in Prussian history is more pathetic than the

patience and dignity with which she bore the sufferings

inflicted on her and her family during the war between
Prussia and France. After the battle of Jena she went
with her husband to Konigsberg, and when the battles of

Eylau and Friedland had placed Prussia absolutely at the

mercy of France, she made a personal appeal to Napoleon
at his headquarters in Tilsit, but without success. Early

in 1808 she accompanied the king from Memel to Kiinigs-

berg, whence, towards the end of the year, she visited

St I'ctersburg, returning to Berlin on the 23d of Deci'mber

1809. During the war Napoleon, with incredible bru-

tality, attempted to destroy the queen's reputation, but the

only effect of his charges in Prussia was to make her more

deeply beloved. On the I9th of July 1810 she died in

her husband's arms, while visiting her father in Strelitz.

No other queen in modern times has been more sincerely

mourned. She was buried in the garden of the palace at

Charlotteuburg, where a beautiful mausoleum, containing a

fine recumbent statue by Rauch, was built over her grave.

In 1840 her husband was buried by her side. The Louisa

Foundation (Luisenstift) for the education of girls was

established in her honour, and in 1814 Frederick William

III. instituted the Order of Louisa (Luisenorden). On
the 10th of March 1876 the Prussian people celebrated

the hundredth anniversary of her birth, and it was then

decided to erect a statue of Queen Louisa in the Thiergarten

at Berlin.

Seo Adami, Luise, Konigin von Prcussen^ 7th ed., 1375 ; Engel,

Kdnitjin Luise, 1876 ; Kluckhohn, Luist, Soiiigin ton Praisscn,

1876; Mommsea and Treitschke, A'mu^n 'Ltiisc, 1876; in

English, Hudson, Lifs ami Tunes of Lmisa, Qucm qf Pntssia,

1874.
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LOUISIANA.

LOUISIANA, one of the soiitbernmost states of the
American Union, wiis admitted into the United
States of America ou the thirtieth of April, 1812.

It is bounded ou the north by Arkansas, on the east by
Mississippi, on the soulti by the gulf of Mexico, on the
west by Texas. The western line begins on the gulf
at the mouth of the Saliine river, and follows a line

drawn along the middle of that stream, so as to include
all islands, to the thirty-second degree, north latitude
and thence due north to the thirty-third degree. The
northern line follows this parallel of latitude to a point
in the middle of the Mississippi river. From this point
the eastern line follows the middle of the river to the
thirty-first degree, and runs on the parallel to the east-

ern branch of Pearl river; the line then follows the
middle of this stream to its mouth in the estuary, which
connects Lake Pontchartraiu with the gulf. The state

is 290 miles from east to west and 200 from north to
south. The area is a superflce of about 48,000 square
miles. Louisiana being in extent about equal to North
Carolina. There are 1,060 square miles of land-locked
bays, l.TOO of inland lakes and 540 of river surface,
which leaves, according to the last census, 45,430 square
miles of land area for the state.

Climate.—The climate of the state is semi-tropical.
The mean annual temperature is between 60° and 75°

Fahr. The mean temperature for the hottest month is

85° and for the coldest month about 45°. Summer is

the longest season; it continues for five months, and
besides there are many hot days in March and April,

October and November. The thermometer sometimes
reaches 105° in the summer, and in winter it has fallen

to 17°. Vlloa relates that he has seen the Mississippi
frozen, before New Orleans, for several yards from the
shore. The variations in the thermometer are frequent
and sudden; it falls and rises, within a few hours, from
ten to twenty-four degrees.

The fall of the year is the most pleasant season in

Louisiana, and when the wind is northerly the sky is

remarkably serene. The transition from winter to sum-
mer is by an extremely short spring. The winds are

generally erratic and changeable, blowing within a short
space of time, from every point of the compass.

Surface.—By a singularity of which Louisiana offers

perhaps the only instance, the more elevated ground in

the state is found on the banks of its rivers. The aver-

age elevation of the whole state is only 75 feet, and
no part is much over 400 feet above sea level. Back
from the rivers, especially from the Mississippi, are

found swamps, which drain the arable land. These
give to some parts of the state in the vicinity of this

great stream a disagreeable aspect. They also obstruct
communication and insulate the planters. Each of the

larger rivers flows through a belt of alluvial soil. In
the case of the Mississippi, it varies in width from 10
to 50 miles. The Mississippi rises at its flood higher
than the neighboring land and inundates it, where it is

not protected by an artificial bank or levee. Thus this

river flows on a ridge formed by its own deposits. The
declivity of the land on the east side of the river toward
Lake Pontchartraiu shows that the earth which the

water of the Mississippi deposited, formed, in course of

time, the island on which the city of New Orleans now
stands. All the maritime coast of Louisiana is low
and marshy; that from the mouth of the Pearl river to

the Perdido is faced by low and sandy islands of which
the principal ones are those of Chandeleur; besides

those there is a large number of islets.

The swamps extend inland from ten to sixty miles,

and the water courses afford the only means of ap-

proaching the coast, except where the ridges which con-

tain the rivers approach the gulf. Here and there may
b*> seen a live-oak ridge or a small extent of slightly-

elevated prairie. This coast region, where at all cul
tivated, is devoted to raising rice and sugar-cane. These
low basins, comprising marsh and alluvial lands, take
up about one-half of the land area of the state; the rest
is forest prairie or upland country.

Sivers and Lakes.—The largest river of the state is

the Mississippi, which has 600 miles on the border of
and through the state. This river discharges itself into
thegulf, at the southern extremity of Lou'siana, through
several mouths. The east pass, which is largely used,
is the shortest, being twenty miles in length; the south
pass is twenty-two and the southwest twenty-five. The
bars which obstruct these passes are subject to change,
but immediately on entering the river there are from
three to thirty fathoms of water. The channel of the
river ia very deep, which helps to preserve its course at
flood limes, when it overflows its banks. It is evident
that the levees will not serve much longer as a safe-
guard against overflow. As fast as the levees are built
up the bed of the river itself rises, and the only result
is that the river itself is raised still higher above the
surrounding c^iuntry. It will require more thought and
engineering skill to contain this mighty stream, which
has a perceptible ebb and flow of tide even at St. Louis,
than has yet been expended upon it, if the rich alluvial
lands along its course are to be made useful.
Red river empties its waters into the Mississippi.

This juncttire of the two rivers is memorable as being
the spot on which the army of Charles I., of Spain,
under De Soto, towards the middle of the sixteenth cen-
tury, committed the boily of their chief to the water in
order to prevent its falling into the hands of the In-
dians. The Ouachita or Washita. Sabine and Pearl are
among the other large rivers of the state. All are navi-
gable exc'jpt the Pearl. The southern part of the state
is much cut up by rivers, which have received the local
appellation of bayous. They are secondary outlets often
for the larger rivers or lakes, and furnish a means of
.draining the swamps. In flood time this net work of
bayous is almost indispensable for carrying oflf the sur-
plus of water. Some are useful in navigation, as the
Achafalaya bayou. Bayou la Fourche and Bayou Boeuf.
The name bayou has come to be a common one, and is

now applied to almost any sluggish or half stagnant
stream.
Considering the low level of the land, it is not strange

to find the state, especially the southern part, inter-

locked with lakes. Along the coast there are Puiit-

chartrain, Borgue, Maurepas and Sabine lakes. These,
with others situated along the gulf coast, are properly
lagoons. Along the river, lakes are formed by a change
of channel—the deposit of silt gradually cutting oil

portions of the river and forming little lakes. This hap-
pens frequently on the Mississippi and sometimes on
the Red river. A third class of lakes is that which the
"raft" in the river, at flood times, forms by causing a
"set-back" in the water. This is the case in the river
above Shreveport.

Vegetation.—The alluvial lands furnish a soil of re-
markable permanance and fertility. Louisiana, like Flor-
ida, is aJand of flowers, and the flowers yield the rich-
est perfume. About one-fifth of the state is wet,
swampy and unfit for any sort of cultivation, and the
greater part of this covered with lofty cypress trees or
wide spreading live-oaks, from which hangs the Span-
ish moss in long festoons, giving the forests a most
weird appearance. The trees that flourish in the allu-

vial regions are the ash, hickory, sweet gum, walnut,
magnolia and the Spanish, black, white, post, water
and chestnut, oak, also Florida anise, tulip tree, linden,
lance-leaved buckthorn, acacia, cherry, holly, pome-
granate, arbor vitae. lime, pecan, tillandsia. white
cedar, red cedar, sycamore and yellow pine, besides the
willow, cottonwoods, basket oaks and other similar
species. On the uplands, or tertiary formations, are
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found piplar, elm. maple, honey locust, prickly ash
persimmon, box-elder, dogwood, backberry, mulberry,
sabsafras, tupelo and black lucuai. The principal fruit

trees are the orange, pawpaw, peach, quince, plum, fjg

and olive. The tertiary region has not so good a soil

as the alluvial, but Indian corn yields a better crop in

that soil. Cotton is grown here as well as on the rich

alluvium. The coast lands are unsurpassed for the pro-

duction of rice and sugar cane, while the deltas raise

sweet potatoes, buckwheat, barley and figs. On the
islands ofE the coast is produced the famous sea-island

calton to a limited extent. Oranges grow abundantly
in the southern part of the state, and their blossoms,
together with the jessamines, camellias, oleanders and
roses, as well as the other flowers native to a semi-
tropical climate, make the air redolent with perfume
through nearly the entire year. Almost every kind of
fruit, common to a similar climate, is to be found here.

Zoology.—The hot, moist climate is favorable to cer-

tuin animals. Every lake and bayou contains alligators,

while lizards, turtles, horned toads, rattlesnakes and
moccasins are quite abundant.
In the forests black bears are sometimes met with,

also the panther, wild cat, raccoon, opossum, otter and
.squirrel. The bald and gray eagle, vulture, hawk, owl,
pelican, crane, turkey, goose, partridge, duck, gull,

heron and turkey-buzzard are among the more common
species of birds. There are many varieties of smaller
birds, some of which are of brilliant plumage. The
tish are of many varieties and excellent quality. The
species are those common to the gulf.

Oeoiogy.—The geological formations, so far as can be
seen, are in no wise complex. The Mississippi and
Red river basins, covering three-fifths of the area of
state, are alluvial and diluvial formations. Some of
these deposits are sixty feet deep. These "made lands,"
especially about the deltas, are constantly growing and
pushing out into the gulf. The rest of the state, which
comprises the region west of the Ouachita and Calcasieu
rivers is terliarj-. A few islands in the northwestern
part of the state are cretaceous. The alluvial region
belongs to the quarternary formation. The cretaceous
rocks are mostly limestone, gypsum and salt-bearing
strata. In the Tertiary region is found lignite or brown
coal, of an inferior quality, iron and salt deposits. The
sal ta strata on Petit Ause island have been extensively
worked. In the southern part of the state there are
^ulphur deposits, 113 feet in thickness, which yield from
60 to 96 per cent, of pure sulphur. Copper, jasper,

agates, sardonyx and onyx have been found in the ter-

tiary regions.

Oovernment.—The present constitution of Louisiana
was adopted and ratified by the people April, 1868. The
government consists of an executive, legislative and judi-
cial department. The executive department is made up
of a governor, lieutenant governor, secretary of state,

auditor, treasurer, superintendent of education and at-

torney general. These otKcers are all elected by the
people, and hold their otflces for a term of four years.
The legislative department consists of a senate and
house of representatives. The representatives are
elected every two years, and, by law, the number must
never be less than 90 or more than 120. There are 36
senators, and the senatorial districts are arranged ac-

cording to population. Senators hold oflice for four
years. The sessi.ons are limited to 60 days, except by
a two-thirds vote of the members of both houses. The
judicial power is vested in a supreme court, district

courts, parish courts and justices of the peace. The
supreme court has appellate jurisdiction only, except in

special cases provided for by law. It consists of one
chief justice and four associate justices, appointed by
the governor, with the advice and consent of the senate,

for the terra of eight years. They must be citizens of
the United Slates, have practiced law eight years, and

for the last three years in Louisiana. There a'e 18
judicial districts, with a judge elected by popular vote,
for each district. These courts have original jurisdic-
tion in all criminal cases, and in civil cases of over $500
and appellate jurisdiction in cases of over $100. The
parish judges are chosen by the people for a term of
two years, as are also the justices of the peace. The
state has fifty-eight parishes or counties. Each parish
is divided into a certain number of police wards, which
are designated by numbers. Every male person of the
age of 21 years or upwards, born or naturalized in the
United States, who has resided in the state for one year,
next preceding an election, and in the parish where he
votes, for ten days—except an insane or idiotic person
or one convicted of felony—is deemed a voter. Louisi-
ana has two senators in the national congress. They
are chosen by the members of the legislature of the
state, and bold office for six years. The state sends six
representatives to congress, who are chosen by the peo-
ple from the several representative districts.

Mechanical and Manufacturing Industries.—Louieiana has begun
to realize the advantage of home industries, and in the last (ew
years has mad% great advancement along these lines. The follow-
ing table shows the extent of her leading manufactories;

Industry.

Sugar and molasses, refined.
Lumber, sawed
Foundry and machine shops.
Oil. cottonseed and cokt . .

.

Men's clothing
Rice cleaning and polishing,

Total of all industries..

Value of Value of
No Capital. Materials. Products.

1,553

I 383,000
00.?, 950
910,685

l,557,.=i00

190,373

B 1,341,000
1,187,059

777,000
2,a8il,910

7-13,907

1,338,387
14,442,fi06

$ 1,483,000
1,7M,640
1,554.485

3,739,4B6

3,079,559

ISSO, was
1 ''!!, 162,439.
-. ;n 0,573;

Finances.—The assi-ssiid viiliiMtion ..r r'.-il c

J123,:Wa.S97; of perwirnl |,!,,|i,i;v ';:--ir)n'
The taxation for th.' 'I'll. , - ,: " '

• • n
for the cities, towns n; : : , 'i i .. ,

..

The total bonded dfli[ :..ii!i' ,a:i,i i uai v, ,-

debt, J4,226,47:^; gross debt, *^12, S6'J, 935 ; siukii
debt, 343,565,9.53.

There were 7 national banks in the state in 1880, with a capital of
?2,875,000; 3 state banks, with a capital of $2,723,698 ; 8 private banks,
with a capital of $53,333.
The population in 1880 was 939,948; divided as follows:

White 454,9,541 Colored 4&3,655
Male 468,7.'>1 Female 471,193
Native 885,8001 Foreign 54,146
Indians 848| Chinese 489

The fol.owing shows the growth of the state since 1810:

YEAB.
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Sagar 171,706 hhds

Oatr 8S9,M0 bushels.

Rve r..".......!.. 1,013 bushels.

Wheat""".. .^^^'""'"'i"-
Tobacco SS'l';.*''"''"'''-
Hay 37.0-,i9 tons.

Bailroada and Steam, Craft—The state ts better supplied with

means ot transportation by water than by rail. There were but

1 660 miles ot road in Louisiana in 1886, and 980 miles were oper-

tt'ted The capital stock was W2,837,6O0, and the cost of the roads

and 'equipments was $85,816 828. The earnings f^m passengers

amounted to $1,133,005. and those from freight, to to,399, ,88, while

the net earnings were }l,a56,7»l. The railroads of importance are

the Chicago, St. Louis & New Orleans, the Louisiana & Texas, the

Louisiana Western, and the New Orleans & Pacific.

The following table shows the number, tonnage, value and capital

invested in steam craft

:

Number of steamers.... 1951 Capital invested
ff'^^'2??

Tonnaee 53,673.39 Gross earnings *4,09b.8l6

Value ;..'.' H383,700| Freight traffic 979,877 tons.

£ifi«roi:ion.—Louisiana is not very well provided for in regard to

schools The school age is from 6 to 18. For 1886 the estimated number

ot children in the stale, between 6 and 14. was 318,60.5, and ot these

only 103 416 were enrolled, while the average daily attendance was

73 091 There were 318,380perBons, over ten years of age, whocould

not read, of these 259,429 were co'ored, Indians or Chinese. There

were eleven colleges and universities in the state, employing 148 in-

structors in the preparatory and collegiate departments, with l,i>W

students in the preparatory and 701 in the collegiate department.

Eistory —The annals ot Louisiana will always he an interesting

chapter in the history of the world. It does not concern merely the

area which is now included within the boundaries ot the present

state ; it embraces the story of the repeated and persi stent attempts

of France to found an empire In the new world, which should ex-

tend from the mouth of the St. Lawrence across the great lalies to

the mouth of the Mississippi. The Louisiana of the seventeenth

century extended from the AUeghanies to the Eocky mountains and

from the Rio Grande and the gulf to the dim regions which now
constitute British America. It was first visited by EnropcaQS in

1541. Ue Soto, of the Spanish government service, with his follow-

ers exploring the coast west of Florida, came to the Mississippi

river. He erplored the country on both sides of the river, where

now stands the city of New Orleans. In 1543 he was taken sick and

died His followers buried him in the Mississippi river, at the

point where It ts met by the Red river. In 1673 Father Marquette

and his Canadians, starting from Canada, descended the great river

from Illinois to the mouth of the Arkansas. The river was again

descended by Ln Salle, in 1682, who took possession ot the country

In the name of Louis XIV., and for him named the country Louisi-

ana. He explored the river to its mouth, and returning to France,

organized plans for establishing a colony. The ship failed to reach

the mouth ot the Mississippi and the colony landed m Texas. It is

doubtful whether any colony was established in Louisiana before

1699, when Iberville with a company attempted a settlemciit at

Biloxi. This was the chief town till 1703 when Bienville inmca the

headquarters to the west bank of the Mobile river. Ttie soil of

Biloxi is very sterile, and the settlers seem to tave depended main-

ly on supplies from France or St. Domingo. OntheSfithof Sep-

tember, 1712, the entire commerce of Louisiana, with a considerable

control in its government, was granted to Anthony Crozat, nn emi-

nent French merchant. The grint to Crozat, somi m' ii* on pa-

per, proved of but little use to him and ot no I" 1 : (
..iiy,

and m 1718 he surrendered the privilege. In th n ihe

1th ot September, the charter ot the Western or M -
,

i-i ( ..lu-

pany was registered in the parliament ot Paris. '1 Ik- eii iu-n e com-

merce of Louisiana was granted to it for twenty-uye years, and a

monopoly ot the beaver trade of Canada, together with other extra-

ordinary privileges, and it entered at once on its new domains.

Bienville was appointed governor of the colony for the second time.

He had become sartsfled that the chief city of the colony should be

situated on the Mississippi river, and therefore, in 1718, New Or-

leans was founded. It was about this time that the engineer, Pan-

eer, reported a plan for removing the bar at the mouth of one of the

passes by a system very much the same as that so successfully ex-

ecuted recently by Captain Eads. It was a mooted question, how-

ever tor some time, whether New Orleans, Manchac or Natchez

should be the colonial capital; but Bienville had bi8 own way^nd
removed the seat of government to New Orleans m 1738. The Wes-

tern Company possessed and controlled Louisiana some fourteen

years, when finding the principality of little value, it surrendered it

in January, 1732. In 1763 occurred an event which left a deep im-

pression on the history of Louisiana. On the third of November of

that year France, by a secret treaty, ceded to Spain all that portion or

Louisiana which lay west of the Mississippi, together with the city

of New Orleans, and the island on which it stands. The war be-

tween England, France and Spain was terminated by the treaty of

Paris in February, 17&4. By the terms of this treaty, the boundary

between the French and English possessions in North America was

fixed by a line drawn along the middle of the Mississippi, from its

(ource to the river Iberville, and from thence by a line in the middle

ot that stream and lakes Manrepas and Pontchartrain to the sea.

The French inhabitants were astonished when they found them-

selves transferred to Spanish domination. Some of them were even

BO rash as to organize in resistance to the cession and finally in 1 ,65

ordered away the Spanish governor, Antonio de Vlloa In 1,69 Al-

eiande- O'Reilly, the commandant of a large Spanish force, arrn ed

and reduced the province to actual possession. The colony grew

Blowlv from this time until the administration of Baron de Caron-

delet, but under his management, from 1793 to 1797. marked im-

provements were made. ?n 1794 the first newspapsr was estab"

fished—the Monitevi. On the 1st of October, 1800, a treaty was con-

cluded between France and Spain by which the latter promised to

restore to France the province of Louisiana. France, however, did

not receive formal possession till November 30, 1803. But Franci

did not remain long in possession. The cession to her had been

procured by Napoleon, and he did not deem it politic to retain such

a province. In April, ".803, it was ceded to the United States, and

on the 20th of December of that year the United States took posses-

sion The price paid was 60,000,010 francs, besides $,'i, 750,000 tor

French spoliation claims. In 1804 the territory of Orleans was es-

tablished by order ot Congress. The rest of the immense purchase

was at first erected into the district of Louisiana; then, in 1805, into-

the territory of Lou!-laua, and, in 1812, into the territory of Mis-

souri At the time of the American possession, in MiVi, Laussat,

the Frenrh colonial prefect, declares that justice was then adminis-

tered "worse than m Turkey." With the American domination

came new ideas. In iai8 a civil code of law was for the first tiiue

adopted by legislature In Louisiana. It was based, to a large ei

tent, on a draft ot the code Napoleon. By act of Conirr ss, in 1811,

the inhabitants of the territory were authorized to fiirii. a constitu-

tion, with a view to the establishment of a state government. The
debates in the national house ot representatives on this bill were
long and interesting. The bill having been passed, however, the

constitution of 1818 was framed and adopted, and in April, 1813,

Congress passed an act for the admission of Louisiana mtj the

Three months after this, war waa declared against England by the

United States. The contest continued until the treaty of Ghent,

December 24, 1814. However, before the news of peace could cross

the ocean a force ot 12,000 English soidiers, under Sir John Pack-

enham, landed in Louisiana and attaciied New Orleans, which was
successfully resisted by General Jackson with only 5,000 men, most

of whom were militia from Tennessee and Kentucky.

The progress of the state from this time until the outbreak of the

civil war was very rapid. Louisiana had a large interest in slavery.

On account of the extensive cultivation ot cotton.rice and sugar cane,

and the consequent demand for labor, her slave population almost

equaled the white. At the outbreak ot the war tor the Union Louis-

iana promptly took aposition infavorof secession. Its ordinance

of secessionfrom the Union was passed December 23, ISoO, by avote

of 117 to 113. On March 21, 1861, the same convention adopted the

Confederate constitution, without submitting it to the people, and

in order to conform it to their state constitution passed amendments
for that purpose. From this time nntil tne close of the war, the

state government was nominally in the hands of the Confederates,

thou<'h for the last two years ot civil strife, its t,-rntory for the

most'part was in the hands of the Federals. Some ot tlie earliest as

well as the latest scenes of the war were enacted in this state.
_

In Ap'-il, 1863, Farragut's command entered the Mississippi river.

He succeeded in passing and silencing Forts Jackson and St.

Philip which defended the approaches to New Orleans, and cap-

tured the city on the 2oth of April, 1863. It was afterwards handed
over to the land forces under General Butler and General Banks.

By July, 1863, all the Confederate strongholds on the Mississippi

were reduced, the towns captured and the river opened to naviga-

tion In 1863 General Banks brought the Attakapas country into

subjection to the United States, and in 1864 other excursions into

the region of the Red river were made by him, with but partial

In April, 1864, a new constitution was drawn up, preparatory to

the act of readmission of the state into the Union. This constitu-

tion was ratified by the people in September, 1864. Under this con-

stitution officers ot the state were elected, but the general govern-

ment refused to recognize the constitution. In December, 186,,

another convention was called, and its constitution was submitted

to the people to be voted upon according to the provisions ot that

act This constitution was adopted March 6, 1868. Louisiana was
a^ain admitted to the Union on condition of her ratilication of the

fourteenth amendment. This was done on July i), 1868, and on the

13th of that same month the government was transterred from the

military to the civil powers. B- C. H.

LOUISVILLE, the sixteenth city of the United

States in population, and the most important part in

the State of Kentuclcy, is situated on the south bank

of the Ohio river, in 38° 3' N. lat., 85° 30' W. long.

The river is here interrupted by a series of rapids

which, except at high water, olilige the steamboat traf-

fic to make use of the Louisville and Portland canal

(2i miles long, constructed in 1833). The city, which

has an area of 13 square miles, and a water front of 8

miles, occupies an almost level site about 70 feet above

low-water mark. Its plan is regular and spacious, and,

in the residential portions the houses, for the most

part, have lawns and gardens in front. Among the

public buildihgs of importance may be mentioned the

city-hall, the court-house, the public library, the female

high school, the industrial exhibition building, the

Roman Catholic cathedral, and the State school for the

blind.

From the time of the introduction of steam navigation

upon the Ohio by Fulton in 1«12 Louisville rapidly gained

iu imnortance as a centre of river trade. Owing to its
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position at the "falls of the Ohio," which obstruction long

made necessary the transfer of goods at this point, the city

became an important depot of supplies for the cotton-grow-

ing States lying immediately to the south. The owners

<)f plantations in those States devoted themselves wholly

to the culture of cotton, and relied upon Kentucky for

supplies of wheat, Indian corn, oats, and the like cereals,

for the henipen bagging and rope used in baling the cotton,

and for mules and horses, large droves of which were,

annually driven south from Louisville. The city was also

for mcay years one of the principal points in' the United
States for pork-packing.

After the close of the civil war, the development of

Kentucky, as of the South generally, entered new channels.

Largely increased facilities of railway transportation, while

bringing Louisville into more direct competition with

Cincinnati, St Louis, and Chicago, resulted iu a marked
increase of both its commercial and manufacturing interests,

notwithstanding the decline of the river trade. The ex-

tensive tobiicco crop iif Kentucky, with much of that grown

in neighbouring States, now finds a market at Louisville,

instead of at New Orleans as formerly ; and it has become
probably the largest market in the world for leaf tobacco,

(58,300 hogsheads of which, of an aggregate value exceed-

ing .$5,000,000, were sold here during 1881. The manu-
facture of whisky is also important, this, with thai

of tobacco, paying to the Federal Government nearly

$3,000,000 annually in revenue taxes, iu the Louisville

district. Pork-packing employs a capital of $2,520,000,
and the tanning of leather .$1,704,000, this industry

being twenty times larger than before the war, and tha

product, especially of sole-leather, being in high demand.
The manufacture of agricultural and mechanical imple
ments employs $1,915,000 capital, the plough factories,

which produce 125,000 ploughs annually, being among
the largest in the United States. Steam-power is chiefly

employed, the available water-power of the rapids having
been neglected. The greater part of the coal consumed by
the factories is brought down the Ohio from Pittsburg.

The mountainous eastern portion of the State, rich in vast

deposits of both coal and iron, is now penetrated by several

railroads, and others are being constructed, whose influence

in developing this mineral wealth will add largely to the

prosperity of the city.

The reports of the United States census of 1880 give the

following summary of the industries of the city :

—

ISGO. 1 1S70.
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and in 1880 it was 123,75S. This last total includes

20,905 persons of colour and 23,15G foreigners, the larger

proportion of the latter being Germans.

It -was in 1778 tliat Colonel Goorgo Kogcrs Clarke, on liis Y>-ny

down tlio Ohio, loft a company of settlers wlio took possession o"f

Corn Islund (no longer existing), near the Kentucky shore above

the falls ; anil in the following year the lirst rmle cluster of cabins

ii]i|icarcil on tho site of the |iresent city. An Act of the Virginian

legislature in 1780 gave tlie little .set'tleiiicnt the rank of a town,

ami callcil it Louisville in honour of Louis XVI. of France, then

assisting the American colonies in their struggle for independence.

The rank of city was conferred by the Kentucky legislature in 1828.

LGULfi, an old town of Portugal, in the district of Faro

and province of Algarre, is beautifully situated in an inland

liilly district about miles to the north-west of the port of

I'"aro. It is surrounded by walls and towers dating from

tlio Jloorish period, and the principal church is large and

fine. The special industry of the place is basket-making.

The population in 1878 v.-as 14,862. The neighbouring

church of Nuestra Senhora da Pietade is a favourite resort

of pilgrims.

LOURDES, ca[)ital of a canton, and seat of the civil

court of the arrondissement of Argeles, in tho department

<if Hautes-ryrcnces, France, lies 12 miles by rail south-

south-west of Tarbcs, on tho right bank of the Gave do

I'au, and at the mouth of the valley of Argelis. It has

grown up around what was originally a Roman castellum,

and subsequently a feudal castle, picturesquely situated

on the summit of a bare scarped rock. Near tho town arc

marble quarries employing six hundred workpeople ; and

forty slate quarries give occupation to two hundred and
sixty more. The pastures of the highly picturesque

neighbourhood support the race of milch cov.'S which is

most highly valued in south-western France. The present

fame of Lourdes is entirely associated with ths grotto of

MassavicUe, where tho Virgin Mary is believed in the

Catholic world to have revealed herself repeatedly to a

peasant girl in 1858; the spot, which is resorted to by

multitudes of pilgrims from all quarters of the world, is

now marked by a large church above the grotto, consecrated

in 187G in presence of thirty-five cardinals and other high

ecclesiastical dignitaries. There is a considerable trade in

rosaries and other "objets de pietc," as well as in the

wonder-working water of the fountain, for which a

miraculous origin is claimed. Not far from the grotto of

l\Iassayielle are several other caves where prehistoric

remains, going b...,i£ to the Stone Age and the period of

the reindeer, have been found. The population of Lourdes

in 1S7G was 5470.

LOUSE, a term applied indiscriminately in its broad

s:;n5e to all epizoic parasites on the bodies of other animah.

From a more particular point of view, however, it is strictly

applicable only to certain of these creatures that afiTect the

bodies of mammals 'and birds. The former may be con-

sidered as lice proper, the latter are commonly known as

bird-lico (although a few of their number infest mammalia).
Scientifically they are now generally separated into Anoplura
and Malloph(if;a, although some authors would include all

under the former term. In the article Insects it has been

shown that modern ideas tend towards placing the Anophira
as degraded members of the order Ilemrptera, and jlfallo-

jiharja as equally degraded Pseiido-Neuroptera, according to'

tho difi"ercnt formation of the mouth parts. Both agree in

having nothing that can be termed a metamorphosis ; they
are active from tho time of their exit from the egg to their

death, gradually increasing in size, and undergoing several

moults or changes of skin ; but it should bo remembered
that many insects of the hcminietabolic division would
scarcely present any stronger indications of metamor-
phoses were it not for the usual outgrowth of wing?,

which are totally wanting in tho lice.

The true lice (or Ai!0}iliira) arc found on the bodies of

many mammalia, and, as is too well known, occasion by
their presence intolerable irritation. The number of gensfa
is few. Two species of Perliculus are found on the human
body, and are known ordinarily as the head-louse {P.
cnpilis) and the body-louse (P. vestlinmti) ; some appear
to recognize a third (P. tahem-nthon), particularly ati'ect-

ing per.sons suffering from disease, burrowing (at any rate

when young) beneath the skin, and setting up what is

termed " phthiriasis " in such a terrible form that the
unhappy victims at length succumb to its attacks ; to this

several historical personages both ancient and modern are
said to have fallen victims, but it is open to very grave
doubts whether this frightfid condition of things was duo
to other than the attacks of myriads of the ordinary body-
louse. P. capitis is found on the head, especially of

children. The eggs, laid on tho hairs, hatch in about eight

days, and the lice are full grown in about a month. Such
is tho fecundity of lice that it is asserted by Leeuwenhoek
that orie female (probably of P. vestimenii) may in the

course of eight weeks witness the birth of five thousand
descendants. Want of cleanliness undoubtedly favours

their multiplication in a high degree, but it is scarcely

necessary here to allude to the idea once existing, and
probably still held by the very ignorant, to the effect that

they are direttly engendered from dirt. The irritation ia

caused by the rostrum of the insect being inserted into

the skin, from which the blood is rapidly pumped up.

Attempts have been made to prove that the head-louse

(and, in a smaller degree, the bod3--louse) is liable to slight

variation in structure, and also in colour, according to tho

races of men infested. This was probably first enunciated

by Pouchet in 1841, and the subject received more ex-

tended examination by Andrew JIurray in a paper published

in the Tyansactions of the Poj/al Society nf Edinhnryk in

1861 (vol. xxii. pp. 567-577), who apparently shows that

some amount of variation does exist, but there is yet need
for further investigation. That lice are considered bonnes

hoitches by certain imcivilized tribes is well known. It

would bo out of place to discuss here the possible interpre-

tation of tho Liblical reference to " lice "
{cf. Exodus viii.

16, 17). A third human louse is known as the crab-louse

{Phlhirius jmhis) ; this disgusting creature is found amongst
the hairs on other parts of tho body, particularly those of

the pubic region, but probably never on the head ; although

its presence may generally be looked upon as indicating

dissolute association, it should not be regarded as always

resulting therefrom, as it may be accidentally acquired by
the most innocent. The louse of monkeys is now generally

considered as forming a separate genus (Pcdicinus), but tho

greater part of those infesting domestic and wild quadi'upeds

are mostly grouped in the large genus Hscmatopimis, and
very rarely is the same species found en different kinds of

animals ; one species is found on the seal, and even tho

walrus does not escape, a new species {11. irichecUi) having

been recently discovered affecting the axilhf (and other

parts where the skin is comparatively soft) of that animal.

The bird-lico (or Mcdlopharjci) are far more numerous

in species, although the number of genera is comparatively

small. With tho exception of the genus Trichodecles, the

various species of which are fourel on mammalia, all

infest birds (as their English name implies). As the mouth
parts of these crgatures are not capable of being extended

into a sucking tube, but are clcaj-Iy mandibulate, it appears

probable that they feed more particularly on the scurf of

tlio skin and feathers ; nevertheless great irritation must be

caused by their jiresencc, for it is notorious that cage-birds,

much infested, will peck themselves to such an extent as to

cause deatli in their endeavours to gci,rid of tho parasUes.

Several hundred species are alrealy known. Somotrmee
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two 01' tliree species (ordinarily of diilcrcKt genera) infest

the same species of bird, and the same species of louse is

not often found in different birds, unless those latter

happen to be closely allied. But in aviaries and zoological

gardens such cases do occasionally occur, as is natural

under the circumstances. These are analogous to the

occasional presence of the flea of the cat, dog, domestic

fowl, &c., on man ; temporary annoyance is caused thereby,

but the conditions are not favourable for the permanent
location of the parasites. Notwithstanding the marked
preference shown by a special kind of bird-lice for a
special host, there is also a marked preference shown by the

individual species of certain genera or groups of lice for

allied species of birds, which bears upon the question of

the possible variation of human lice according to the race

infested.

LUcrati^rc.—The following works nrti the most important;

—

Denny, Monographia Anojiltirorum i*'r(7'""".*'. LoiiUon, 1843

;

Giebel, hisccta Epizoa (which contains tlie working^up Qi Xit^^sch's

jiosthuraous materials), Leipsic, 1874 ; Van Bencden, Animal
Parasites, London, 1876; Piaget, Les PMiculincs, Leyden, 1880;
j\Iegnin, Lcs Parasites ct Us Maladies Pttrasitaires, Paris, ISSO.

LOUTH, a maritime county 'in the province of Leinster,

Ireland, is bounded on the N.E. by Carlingford Bay and
the county of Down, E. by the Irish Sea, S.W. by Meath,
and N.W. by Monaghan and Armagh. It is the smallest

county in Ireland, the area comprising 202,124 acres, or

316 square miles.

The greater part of the surface is undulating, with
occasionally lofty hills ; and in the north-east, on the

borders of Carlingford Bay, there is a range of mountains
approaching 2000 feet in height. Many of the hills are

finel}' wooded, and towards the sea-coast the scenery, in

the more elevated districts, is strikingly picturesque. The
northern mountains are composed of felspathio and
pyro.xenic rocks. The lower districts rest chiefly on clay-

slate and limestone. With the exception of the promontory
of Clogher Head, which rises abruptly to a height of 180
feet, the sea-coiist is for the most part low and sandy.

The narrow and picturesque bay of Carlingford is navigable

beyond the limits of the county, and the bay of Dundalk
stretches to the town of that name and affords convenient

shelter for a harbour. The principal rivers are the Fane,

the Lagan, the Clyde, and the Dee, which alt flow east-

wards. None of these are navigable, but the Boyne, which
forms the southern boundary of the county, is navigable for

large vessels as far as Drogheda.
Agriculture.-—In the lower regions the soil is a very rich

deep mould, admirably adapted both for cereals and green
crops. The higher mountain regions are covered principally

with heath. Agriculture generally is in an advanced con-

dition, and the farms are for the most part well drained.

hi 1880 there were 97,954 acres, or'ncarly one-half of the total

area, under tillage, while 74,944 were pasture, 4.')85 plantations,

.-ind 24,135 waste. The total number of holdings in 1880 was 8216,
of which 1294 were less than 1 acre in extent. No less than 5340
were below 15 acres in extent, and of these 2486 were between 5
and 15 acres. The following table shows the areas under the priu-
••pal crops in 1855 and 1881 :-

1

1
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The population, which in 1851 was 10,467, had increased

in 1871 to 10,500, and in 1881 to 10,690.

Louth is a con'uption of Ludil, the ancient name of tlie river Lud.

It received a charter of incorporation from Edward VI. In 1636
the town took part in the " Pilgrimage of Grace," on which account

the. vicar was executed at Tyburn. Alfred and Charles Tennyson
were educated at the grammar schoo], and their little volume en-

titled Poems by Two Brothers \vas published by a Louth bookseller,

whose shop still exists.

LOUVAIN, a town of Belgium in the province of

Brabant, 18 miles east of Brussels, on the Li^ge and
Cologne Railway, and on the river Dyle. The population

in 1880 was 34,700. Louvain possesses some fine

specimens of Gothic art,—the town-hall, which displays a
wealth of decorative architecture almost unequalled on the

Continent, and the collegiate church of St Pierre, with

some fine sculptures and panels by Quentin Matsys. The
general aspect of the town to the casual observer is dull

and cheerless ; the newer portions, extending between the

town-hall and station, consist of broad streets of monotonous
regularity, while the old medieval quarter, despite its

historic interest, is somewhat dingy and lifeless. Louvain
has a market for corn and cattle as well as for cloth wares

;

wood carving is also carried on ; but the chief industry of

the locality is brewing, the Louvain beer, a lemon-coloured

frothy beverage, being held in high repute in the country.

In the world of science Louvain holds honourable rank,

having a celebrated university, an academy of painting,

a school of music, extensive bibliographic collections, a
museum of natural history, and a botanical garden. The
university, a stronghold of the Roman Catholic faith, was
first instituted in 1425, and soon grew famous among the

learned of all nations. In the 15th and 16th centuries not
less than six thousand students flocked thither yearly, and
it became the nursery of many illustrious men. Swept
away for a time, by the first French Revolution, it was re-

established in 1835 ; and, though less conspicuous than in

bygone ages, and more generally confined to the instruction

of the youth of Belgium, it is yet of considerable importance
in the country as the only Catholic university, and one of

the main supports of the Conservative party.

Like Bruges and many other Flemish towns, Louvam was'at one
time a great and flourishing city, with a population of 200,000 souls,

and one of the principal markets of the Continent. The turbulent
spirit of the people, their frequent outbreaks against their rulers,

and in particular the massacre of the patricians in 1378, were the
chief causes of its decline. Duke Wenceslaus of Brabant, in a spirit
of revenge after the Last-mentioned rising, imposed so heavy ta.xcs

upon the people that they emigrated in large numbers. A bundled
thousand weavers left the country, carrying abroad, mainly to Eng-
land, the secrets of their trade ; and from that period the material
jirosperity of Louvain has steadily diminished.

LOUVIEES, capital of an arrondissement in the de-

partment of Eure, France, is pleasantly situated, in a green
valley surrounded by wooded hills, on the Eure (here
divided into many branches), 71 miles west-north-west
from Paris, and some 13 miles from Rouen and Evreux.
The old part of the town, built of wood, stands on the left

bank of the river ; the more modern portions, in brick and
hewn stone, on the right. There are several good squares,
and the place is surrounded by boulevards. The Gothic
church of Notre Dame has a fine square tower, recently
restored, and a portal which ranks among the richest and.
most beautiful works of the kind produced in the 15th
century

; it contains several interesting works of art. The
chief industry of Louviers is the cloth and flannel manu-
facture. There are also nineteen wool-spinning mills, five

fulling mills, and important thread factories ; and paper-
making, tanning, currying and tawing, dyeing, and bleach-
ing are also carried on. The town has a court of first

instance, a tribunal of commerce, chambers of manufactures
and agriculture, and a council of prudhommes. The
populatif^n in 1876 w.xs 10,973

Louviers was originally a villa of the dukes of Normandy ; itj

cloth-making industry first arose in the beginning of the 13th ceD'

tury. It changed hands once and again during the Hundred Years'
War, and from Charles VII. it received extensive privileges, and tho
title of Louviers le Franc for the bravery of its inhabitants in
driving the English from Pont de I'Arche, Verneuil, and Harcourt.
It passed through various troubles successively at the period of the
" ligue du bien public" under Louis XL, in tho religious wars
{when the parliament of Rouen sat for a time at Louviers), and in

the wars of tho Fronde. Its industries nevertheless developed
steadily ; before the Revolution its production of cloth amounted to
3000 pieces annually, in 1837 the number had risen to 15,000, and
it is still gi'eater now.

LOUVOIS, FKANgois Michel le Telliee, Marquis de
(1641-1691), the great war minister of Louis XIV., was
born at Paris on January 18, 1641. His father, Michel Is

Tellier, sprung from a bourgeois family of Paris, but had
attached himself to the parlejnent of Paris, and married
the niece of the chancellor Aligre. He won the favour of

De Bullion, the superintendent of finances, and through
him obtained the intendancy of Piedmont, where he made
the acquaintance of Mazarin. He was Mazarin's right hand
through the troublous times of the Fronde, and was the

medium of communication between him and the queen,

when the cardinal was in nominal disgrace at Briihl. He
iad been made secretary of state in 1643, and on the death

of Mazarin was continued in his office. Like Colbert and
unlike Fouquet he recognized the fact that Louis intended

to govern, and by humouring his master's passion for

knowing every detail of personnel and administration he
gained great favour with him. He married his sun. to a
rich heiress, the" Marquise de Courtenvaux, and soon began
to instruct him in the management of state business. 'The

young man speedily won the king's confidence, and in 1666
was made secretary of state for war in his father's room.

His talents were perceived by the great Turenne in the

short war of the Devolution (1667-68), who gave him
instruction not so much in the art of war as in the art of

providing armies. The peace of Aix-la-Chapelle signed,

Louvois devoted himself to the great work of organizing

the French army. The years between 1668 and 1672,
says Camille Rousset, " were years of preparation, when
Lionne was labouring with all his might to find allies,

Colbert to find money, and Louvois soldiers for Louis/"

Louvois's work was not the least important of the three.

Till then armies were either bodies of free lances collected

round a particular general and looking to him for pay, or

a sort of armed militia, who looked on soldiering as an
interlude, not a profession. Louvois understood the new
condition of things, and organized a national standing

army. In his organization, which lasted almost without a

change till the period of the French Revolution, the leading

points must be noted. First among them was the almost

forcible enrolment of the nobility and gentry of France,

which St Simon so bitterly complains of, and in which
Louvois carried out part of Louis's measures for curbing

the spirit of independence by service in the army or at court.

Then must be mentioned his elaborate hierrrchy of ofiicers,

the grades of which with their respective duties he estab-

lished for the first time, and his new system of drill, per-

fected by Martinet. Besides the army itself, he organized

for its support a system of payment and commissariat, and
a hospital system, which made it more like a machine, less

dependent on the weather, and far superior to the old

German system. Further, with the help of Vauban he
formed a corps of engineers, and lastly, to provide the

deserving with suitable reward, and encourage the daring,

he reorganized the military orders of merit, and founded the

Hotel des Invalides at Paris. The success of his measures

is to be seen in the victories of the great war of 1672-
1678, in which his old instructor Turenne was killed.

After the peace of Niroeguen in 1678, Louvois was high
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in favour, his father Michel lo T-ollisr had been made
chaacellor, and his only opponent Colbert was in growing

disfavour. The ten years of peace between 1G78 and 168^

were distinguished in French history by the rise of Madame
do Mainteuon, the capture ot Strasburg, and the revocation

of the edict of Nantes, in all of which Louvois bore a pro-

minent part. The surprise of Strasburg in 1681 in time

ot peace, in pursuance of an order of the chamber of

reunion, was not only planned but executed by Louvois

and-Monclar, and after tlie revocation of the Edict of

Nantes ho claims the credit of inventing the dragonnades.

Colbert died in 1683, and had been replaced by Le Pelletier,

an adherent of Louvois, in the controller-generalship of

finances, and by Louvois himself in his ministry for public

buildings, which he took that he might be the minister able

to gratify the king's two favourite pastimes, war and build-

ings. Louvois was able to superintend the successes of the

first years of the war of 1688, but died suddenly ot

apoplexy after leaving the king's cabinet on July 16, 1691.

His sudden death caused a suspicion of poison, and struck

er«rybody with surprise. " He is dead," writes Madame
de SevigniS, " that great minister, that important man, who
held so grand a position, and whose 3foi spread so far, who
was the centre of so much." " Tell the king of England,"

said Louis the next day, " that I have lost a good minister,

but that his affairs and mine will go none the worse for

that." He was very wrong ; with Louvois the organizer of

victory was gone. Great war ministers are far rarer than

great generals. French history can only point to Carnot

as his equal, English history only to the elder Pitt. The
comparison with Carnot is an instructive one : both had to

organize armies out of old material on a new system, both

had to reform the principle of appointing officers, both

wexe admirable contrivers of campaigns, and both devoted

themselves to the material well-being of the soldiers. But
in private life the comparison will not hold ; Carnot was a

good husband, an upriglit man, and a broad minded thinker

and politician, while Louvois married for money and lived

openly with various mistresses, most notoriously with the

beautiful Madame de Courcelles, used all means to over-

throw his rivals, and boasted of having revived persecution

in his horrible system of the dragonnades.
The principal authority for Louvois's life and times is Camille

Roiiasei's Bistoire de Louvois, 4 vols., 1862-63, agriat work fouudeii

on tlie 900 volumes of his despatches at the Dep6t de la Guerre.
Saint Simon from his class prejudices is hardly bo be trusted, but
Madame de Sevi^ne throws majiy bright side-lights on his times.

Testament Politique de Louvois (1695) is spurious.

LOVAT, Simon Fr.iser, Baron, a famous Jacobito

intriguer, executed for the part which he took in the

rebellion of 1745, was born about the year 1676, and was
the second eon of Thomas, afterwards twelfth Lord Lovat.

He was educated at King's College, Aberdeen, and there

seems reason to believe that he was there no negligent

student, as his correspondence afterwards gives abundant
proof, not only of a thorough command of good English

and idiomatic French, but of such an acquaintance with
the Latin classics as to leave him never at a loss for an api

quotation from Virgil or Horace. Whether Lovat ever felt

any real principle of loyalty to the Stuarts or was actuated

throughout merely by what he supposed to be self-interest

it is difficult to determine, but that he was a born traitor

and deceiver there can be no doubt. One of his first acts on
leaving college was to recruit three hundred men from his

clan to form part of a regiment in the service of William

and Mary, in which he himself was to hold a command,

—

hia object being, as he unhesitatingly avows, to have a
body of well-trained soldiers under his influence, whom .at a

moment's notice he might carry over to the ''nterest of King
James. Among other wild outrages in which he was engaged
;vbout this time was a rape and forced marriage committed on

the widow of a previ(ui8 Lord Lovat with the view appar-
ently of securing his own succession to the estates ; and it in

a curious instance of his plausibility and power of influenc-

ing others that, after being subjected by him to the most
horrible ill-usage^ the woman is said to have ultimately
become seriously attached to him. A prosecution for hie
violence, however, having been instituted against him by
Lady Lovat's family, Simon found it prudent to retire first

to his native strongholds in the Highlands, and afterwards
to France, where he at length found his way in July 1702
to the court of St Germaius. One of his first steps towards
gaining influence there seems to have been to announce
his conversion to the Catholic faith. He then proceeded
to put the great project of restoring the exiled family into
a practical shape. Hitherto nothing seems to have been
known among the Jacobite esiles of the efiiciency of the
Highlanders as a military force. But Lovat, who was of
course well acquainted with their capabilities, saw that, aa
they were the only part of the British population accus-

tofned to the independent use of arms, they could be at once
put in action against the reigning power. Hi-; plan there-

fore was to land five thousand French troops at Dundee, where
they might reach the north-eastern passes of the Highlands
in a day's march, and be in a position to divert the British

troops till the Highlands should have time to rise. Immedi-
ately afterwards five hundred men were to land on the west
coast, seize Fort William or luverlochy, and thus prevent

the access of any military force from the south to the ciintral

Highlands. The whole scheme aS'ords strong indication of

Lovat's sagacity as a military strategist, and it is observable

that his plan is that which was continuously kept in view in

all the future attempts of the Jacobites, and finally acted on

in the last outbreak of 1745. The advisers of the Pretender

seem to have been either slow to trust their astute coad-

jutor or slow to comprehend his jjroject. At last, however,

he was de.spatched on a secret mission to the Highlands to

sound those of the chiefs who were likely to rise, and to

ascertain what forces they could bring into the field. He
verj' soon found, however, that there was little disposition

to join the rebellion, and he then made up his mind to

secure his own safety by revealing all that he knew lo t!m

Government of Queen Anne. Having by this means ob-

tained a pardon for all his previous crimes, he was sent

back to France to act as a spy on the Jacobite^. On
returning to Paris suspicions soon got afloat as to his pro-

ceedings, and iu tb? f nd he was committed close [irisoner in

the castle of Argouleme, where he remained for 'nearly ten

years, or till November 1714, when he made bis escape to

England. For some twenty-five years after this he was
chiefly occupied in lawsuits for the recovery of his estates

and the re-estabUshment of his fortune, in both of which
objects he was successful. The intervals of his lei.suro were

filled up by Jacobite and Anti-Jacobite intrigues, in which
he seems to have alternately, as suited his ii)terests, acted

the traitor to both parties. But he so far obtained the

confidence of the Government as to have secured tlie

appointments of sheriff of Inverness and of colonel of an

independent company. His disloyal practices, however,

soon led to his being suspected ; and he was deprived of

both his appointments. When the rebellion of 1745 broke
out, Lovat acted with his characteristic duplicity. He re-

presented to the Jacobites—what was probably in the main
true—that though eager for their success his weak hr altlt

and advanced years prevented him from joining the standard

of the prince in person, while to the Lord President Forbes

he professed his cordial attachment to the existing stats

of things, but lamented that his headstrong son, in spite

of all his remonstrances, had insisted on joining th''^ Pre-

tender, and succeeded in takincj with him a strong foito

from the clan of the Frasers. The truth was that the poor
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lad was most unwilling to go oUL, but wan compelled by his

father to do so. Lovat's false professions of fidelity did

not of course long deceive the Government, and after the

battle of Culloden he was obliged to retreat to some of the

wildest recesses of the Highlands, after seeing from a distant

height his proud castle of Dounie delivered to the flames

by the royal army. Even then, however, broken down by
disease and old age, carried about on a litter and unable to

move without assistance, his meutal resources did not fail

him ; and in a conference with several of the Jacobite

leaders ho proposed that they should raise a body of three

thousand men, which would be enough to make their moun-
tains impregnable, and at length force the Government to

give them advantageous terms. The project, though by no

means a chimerical one, was not carried out, and Lovat,

after enduring incredible hardships in his wandering.', was

at last arrested on an island in Loch Morar close upon tlie

west coast. He was conveyed in a litter to London, and

after a trial of five days sentence of death in " the ordinary

brutal form peculiar to England " was pronounced upon him
on the 19th of March 1747. His execution took place on

the 0th of April following. His conduct to the last was

dignified and even cheerful,—his humour, his power of

sircasm, and his calm defiance of fate never deserting him.

Just before svibmittjng his head to the block he repeated

the line from Horace—
*' Diilcc et decorum est pro patria mori."

LOVE-BIRD, a name somewhat indefinitely bestowed,

chiefly by dealers in live animals and their customers, on

some of the smaller short-tailed Parrots, from the remark-

able affection which examples o-f opposite sexes exhibit

towards each other, an affection popularly believed to be

so great that of a pair that have been kept together in

captivity neither can long survive the loss of its partner.

By many systematic ornithologists the little birds thus

named, brought almost entirely from Africa and South

America, have been retained in a single genus, Psitiaculci,

tliough those belonging to the former country were by

others separated as Arjapomis. This separation, however,

A'as by no means generally approved, and indeed it was

not easily justified, until Garrod (Proc. Zool. Society,

1874, p. 59i?) assigned good anatomical ground, afl'orded

by the structure of the carotid artery, for regarding the

two groups as distinct, and thus removed what had seemed

to be the almost unintelligible puzzle presented by tlu

geographical distribution of the species of Psittacula in a

Urge sense, though Professor Huxley {op. cit., 18G8, p. 319)
had indeed already suggested one way of meeting the

difficulty. As the genus is now restricted, only one of the

six species of Psittacula enumerated in the Nomenclator

Avium of Messrs Sclater and Salvin is known to be found

outside of the Neotropical Region, the exceptional instance

being the Mexican P. cyanopygia, and not one of the

seven recognized by the same authors as forming the very

nearly allied genus Urochroma. On the other hand, of

Af/apornis, from which the so-called genus Poliopsitta can

scarcely be separated, five if not six species are known,

all belon'ging to the Ethiopian Region, and all but one,

A: cnna (which is indigenous to Madagascar, and thence

has been widely disseminated), are natives of Africa. In

this group probably comes also Psittimis, with a single

si>Bcios from the Malayan Subregion. These Old-World
forms are the " Love-birds " proper ; the others scarcely

deserve that designation, and still less do certain even

smaller Parrots, the very smallest indeed of the Order

Psiltaei, included in the genera Cydopsitta and Nasiterna,

wliich are peculiar to the Australian Region, though on

account of tlieir diminutive size they may here be just

mentioned by name, but their real affinity remains to be

determined. (a. n.)

LOVELACE, RiCHAED (1618-1G58), English poet, was

born in 161S. On the father's side he was a scion of a

Kentish family, and inherited a tradition of military

distinction, maintained by successive generations from the

time of Edward IIL His mother's family was legal ; her

grandfather had been chief baron of the exchequer.

Lovelace's fame has been kept alive by a few songs and
the romance of his career, and his poems are commonly
spokea of as careless improvisations, and merely the

amusements of an active soldier. But the unhappy course

of his life gave him more leisure U>v verse-making than

opportunity of soldiering. Before the outbreak of the

civil war in 1642 his only active service was in the

bloodless expedition which ended in the Pacification of

Berwick in 1640. By that time he was one of the most
distinguished of the company of courtly poets gathered

round Queen Henrietta, and influenced as a school by
contemporary French writers of vers dc societe. Lovelace

had probably a more serious and sustained poetical ambi-

tion than any of them. He wrote a comedy, 'Phe Scholar,

when he was sixteen, and a tragedy, The Soldier, when he

was one and twenty. From what he says of Fletcher, it

would seem that this dramatist was his model, but only

the spirited prologue and epilogue to his comedy have been

preserved. When the rupture between king and parlia-

ment took place, Lovelace was committed to the Gatehouse

at Westminster for presenting to the Commons a petition

from Kentish royalists in the king's favour. It was then

that he wrote his most famous song, "To Althjea from

Prison." He was liberated on bail of £40,000,—a sign

of his importance in the eyes of the parliament,—and

throughout the civil war was a prisoner on parole, with

this security in the hands of his enemies. His only active

service was after 1G46, when he raised a regiment for the

French king, and took part in the siege of Dunkirk.

Returning to England in 1018, he was again thrown into

prison. During this second imprisonment, he collected

and revised for the press a volume of occasional poems,

many if not most of which had previously appeared in

various publications. The volume was published in 1649

under the title of Lucasta, his poetical name—contracted

from Lux Casta—for Lucy Sacheverell, a lady who married

another during his absence in France, on a report that he

had died of his wounds at Dunkirk. The last ten years

of Lovelace's life were passed in obscurity. His fortune

had been exhausted in the king's interest, and he is said

to have been supported by the generosity of more fortunate

friends. He died, according to Aubrey, "in a cellar in

Longacre." A volume of Lovelace's Posthmne Poems was

published in 1C59 by one of his brothers. They are of

very inferior merit to his own collection.

Tlie world has done no injustice to Lovelace in neglecting all but

a few of his modest offerings to literature. But critics often do him
injustice in dismissing him as a gay cavalier, who dashed off his

verses hastily and cared little what became of thera. It is a

mistake to class him with Suckling ; he has neither Suckling's

easy grace nor his reckless spontaneity. "We have only to compare

the, version of any of his poems in Lucasta with the form in whicli

it originallv appeared to see how fastidious was his revision. In

many places it takes time to decipher his meaning. The expression

is often elliptical, the syntax inverted and tortuous, the train cl

thought intricate and discontinuous. These faults—they are not

of course to be found in his two or three popular lyrics, " Going to

the AVars," "To Althma from Prison," "The Scrutiny "—are,

however, .as in the case of his poetical master, Donne, the faults

not of ha-sto but of over-elaboration. His thoughts are not tlie

first thoughts of an improvisatore, but thoughts ten or twenty

stages removed from the first, and they are generally as closely

packed as they are far-fetched. Lovelace is not "amed by Johnson

among the "metaphysical poets," but in elaboration of workman-
ship its well as in intellectual force he comes nearer than any other

disciple to the founder of t-he school. His most far-fetched c.in-

ceits are worth tlie carri.nge, and there is genuine wnrnith in then?.

The wine of his poetry is a dry wine, but it is- wine, and not an
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artificial Imitation. His cnroor as ft 'iramotlst was clicckccl by tho

Bunpression of tho stage ; if lie had been born thirty years earlier or

ihirty years later, Fletcher or Congrevo would have had in him a

powerful rival. The most recent edition of his poems is that by
V. C. Hazlitt, in 1864.

LOVER, Samuel (1797-1868), novalist, artist, song-

writer, and musician, was born in Dublin in 1797. His

father was a member o^the stock exchange. Lover began

life as an artist, and was elected an academician of tho

Koyal Hibernian Society of Arts—a body of which he

afterwards became secretary. He acquired repute as a

miniature painter ; and a number of the local aristocracy

dat to him for their portraits. His love for music showed
itself at a very early age. At a dinner given to the poet

Moore in 1818 Lover sang one of his own songs, which

elicited special praise from Moore. One of his best known
portraits was that of Paganini, which was exhibited at tho

Royal Academy. Ha attracted attention as an author by
Liis Legends and Stories of Ireland (1832), and was one of

the first writers for the Dublin Uuiversity Magazine. He
went to London about 1835, where, among others, he

painted Lord Brougham in his robes as lord chancellor.

His varied gifts rendered him very popular in society;

and he appeared often at Lady Blessington's evening

receptions. There he sang several of his songs, which
were so well received that he published them {Songs

and Ballads, 1839). Soma of them illustrated Irish

superstitions, among these being "Eory O'More," "The
Angel's Whisper," " The May Dew," and " The Four-

leaved Shamrock." In 1837 appeared Jiorij (yMore, a
National Romance, which at once made him a great

reputation as a novelist; he afterwards dramatized it for

the Adelphi Theatre, London. In 1842 was published his

best known work, Handy Andy, an Irish Tale. JJean-

while his multifarious pursuits had s;!riously affected his

health; and iu lSi4 lie gave up writing for some time,

substituting instead public entertainments, called by him
"Irish Evenings," illustrative of his own works and his

powers as a musician and composer. These were very

successful both in Great Britain and in America. In
addition to publishing numerous songs of his own. Lover

edited a collection entitled The Lyrics of Ireland, which

appeared in 1858. He died on July 6, 1868. Lover
was remarkable for his versatility ; but his fame rests

mainly on his songs and novels ; the latter are full of

simny Irish humour, and teem with felicitous pictures of

national life. Besides those already mentioned he wrote

Treasure Trove (1844), and Metrical Tales and Other

Poems (1860).

LOWELL, the twenty-seventh city in population of the

United States, in Middlesex county, Massachusetts, at the

junction of the Concord and Merrimack rivers, 26 miles

north-west from Boston. It is often called the " Spindle

City," and tlie "Manchester of America," because of the

extent of its cotton manufacture. The principal source of

its water-power is Pawtucket Falls in the Merrimack, and
steam is employed as an auxiliary to the amount of 19,793
hnrse-powcr. Tho first cotton-mill was started in 1823,
when the place was tke village of East Chelmsford. In
1826 it was made a town, and named Lowell in memory
of Francis Cabot Lowell, from whose plans it had been
developed, but who died in 1817. It was incorporated as

a city in 1836. It originally comprised 2885 acres, but
by annexation from neighbouring towns its area has been
increased to 7615 acres, or 11'8 square miles. The popu-

lation, which in 1836 was 17,633, was 40,928 in 1870, and
59,485 in 1880 (males, 26,855; females, 32,630), and in

1882 was estimated at 64,000.

The following table shows the extent c£ the principal

manufacturing companies in 1882 :

—

Conipany.

Merrimack
Hamilton
Appleton
Lowell
Middlesex
Tremont and Suirolk.

Lawrence
Booth ,

Massachusetts

1823
1825
1828
1828
1830
1832
1833
1830
1840

4,207

1,607
1,223
392
250

2,700
2,.360

3,600

3,658

s,.'.".:

ir.3,552

69,816
45,000

24,750
18,040
94,000
100,000
127,000
119,623

3,300

1,387
820

1,700
836

1,500
2,130

1,875

1,717

IVcii.

047,000
304,000
285,000
48,000

25,000

550,000
425,000
650.000
907,000

The capital invested is §17,300,000; number of mills,

153; spindles, 806,000; looms, 20,521; females envployed,

12,809; males, 9750; yards per year, cotton 209,056,000,
woollen 8,335,000, ca/petings 2,700,000; shawls, 350,000;
hosiery per year, 13,695,520 jjairs ; cotton consumed
annually, 34,087 tons; clean wool, 11,750,000 lb; yards
cotton dyed and printed, 97,240,000; coal consumed,
80,000 tons. There are many secondary industries con-

nected with the cotton manufacture, including tile making
of machinery, elastic and leather goods, tools, boilers, kc,
and also a number of small factories for the production

of cartridges, chemicals, wire cloth, paper, doors, sashes,

blinds, and carriages. The Lowell macliine-shop employs
1400 men in the manufacture of machinery, and consuimcs

9800 tons of iron and steel annually. Lowell has 90
public day schools, 6 evening and 4 technical sciiools, a

reform school, and 2 parochial schools. The princi[)al

public buildings are the city-hall, coMrt-house, Middlesex

county jail. Green school-house, and St John's Hospital.

There are 7 national hofiks with a total capital of

.$2,500,000, and 6 savings banks with depo.sits of

.$11,000,000. The religious congregations number 35, all

but three of which.own their places of worship. The two
largest Roman Catholic churches, St Patrick's and tlie

Church of the Immaculate Conception, are among the

finest in the State. Seven railroads connect Lowell with

the railroad system of the country. The benevolent

institutions include a home for young women and children,

and one for aged women, 2 orphanages, and 3 hospitals.

There are 2 reading-room.s, 5 daily newspapers (one

French), 6 weeklies, and 4 public libraries. Lowell was

early famed for the high character of its operatives, who
for some years published a periodical of considerable

literary merit called The Lou'cll Offering, which was, it

is believed, the only publication of the kind ever sustained

by workpeople. Many of the young women rose to

positions of prominence in American society, and at least

one, Miss Lucy Larcom, is known to readers on both sides

of the Atlantic by her contributions to leading magazines.

In 1843 Charles Dickens visited the place, and devoted

a chapter of his American Notes to its praise. The
manufacturers have from the first provided for the moral

and social as well as the physical wellbeing of their

operatives, so that labour troubles have been exceedingly

raro in Lowell. The corporation boarding-houses are

model dwellings for the workpeople. The first blood

.shed in tho American civil war was that of two Lowell

young mer:, Luther C. Ladd and A. O. Whitney, who were

killed by a mob while their regiment was passing through

the streets of Baltimore, on the way to the defence of

Washington, April 19, 1861. In their honour a granite

monument has been erected in Merrimack Street, and in

the same enclosure is a bronze statue of Victory by the

German sculptor Ranch to commemorate the triumph of

the Northern cause.

The assessed valuation in May 1881 was 542,785,434

an increase of -83,108,035 -since 1879); the net debt

December 31-,1S81, was SI, 992,868, of which 61,56,5,539

was on account of the introduction of water in 18"3.
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Lowell is divided into six wards, and is governea by a
mayor, a board of eight aldermen, and a common council
of twenty-four members.
LOWESTOFT, a watering-place, seaport, and market-

town of Suffolk, England, is pictn'esquely situated on a
lofty declivity, which includes the most easterly point of
land in England, 23.'r'iles south-west of Norwich by rail.

Previous to the opening of a railway, it was only a small
fishing village, but since then it has risen to some
importance as a seaport, -while its picturesque situation,

^id its facilities for sea-batbing, have rendered it a
favourite watering-place. The church of St Margaret, in
the Later English style, witb tower and spire, possesses a
very ancient font. There are a town-ball, a county-hall,
two

.
foundation schools, a large general hospital, and a

number of charities. Along the shore there is a fine

esplanade, and a new park was opened in 1874. Two
piers 1300 feet in length enclose a harbour of 20 acres,

which is much used as a harbour of refugei: For the last

five years the average value of the foreign and colonial

imports has been over £100,000, and the exports have
been valued at about £5000. The fisheries of Lowestoft
are of some importance, and there are shipbuilding yards,
oil and flour mills, and rope-works. The population oLtbe
urban sanitary district in 1871 was 15,246, and in 1881
it had increased to 19,597.

LOWICZ, a town of Russian Poland, on the Bzura river,

in the government of Warsaw, 54 miles by rail west from
the capital, on the line between Skiernewice and Bromberg.
It has latefy become a centre of- manufacture and trade,
and the population (6600 in 1872) is rapidly increasing.
Its fairs are important as regards the trade in horses and
cattle. In. the immediate neighbourhood are situated
the hamlet Liczcowice, which has a beetroot sugar factory,
and the rich estates Nieboron and Villa Arcadia of the
Badziwill family.

LOWTH, Robert (1710-1787), bishop of L,onaon, was
born at Buriton, Hampshire, or, according to other authori-
ties, ;A the Close of Winchester, on November 27, 1710.
He wds the younger son of Dr William Lowth (1661-1732),
rector of Buriton, a man of considerable learning, author
of .4 Vindication of the Divine Attthority and Inspiration

of the Old and Neio Testaments (1692), Directions for the

Profitable heading of the Holy Scriptures (1708-26), and
A' Commentary on the Prophets (4 vols., 1714). Robert
was educated on the foundation of Winchester College, and
in 1730 was elected to a scholarship at New College,
Oxford, where he took his degree of M.A. in 1737. In
1741 he was appointed professor of poetry, and it was- in

this capacity that he delivered the Preelectiones Academics
de Sacra Porsi Ilelrmorum, afterwards published in 1753.
Bishop Hoadly appointed him in 1744 to the rectory of
Ovington, Hampshire, in 1750 to the archdeaconry of
\Tinchester, and in 1753 to the rectory of East Woodhay,
also in Hampshire. In 1754 he received the degree of
doctor of divinity from his university, and in the follow-
ing year he went to Ireland along with the duke of
Devonshire, then lord-lieutenant, as first chaplain. Soon
afterwards be declined a presentation to the see of Limerick,
hat accepted a prebendal stall at Durham and the rectory
of Sedgfield. - In 1758 he published his Life of William
of W//Miam, which was followed in 1762 by A Sliort

Introdnction to English Grammar. In 1765, the year of

his election into the Royal Societies of London and
Guttingen, he engaged in a hot war of pamphlfets with
Warburtoii on' a now obsolete question about the relations

between the book of Job and the Mosaic economy ; and
(Gibbon being judge), "whatsoever might be the merits
of an iusignilicnnt controversy, liis victory was clearly

established by the silent confession- of Warl^urton rnd his

slaves." In June 1766 Lowth was promoted to the see of

St David's, whence about four months afterwards he was
translated to that of Oxford, where he remained till 1777,
when he became bishop of London. This last appoint-

ment he continued to hold until his death, having declined

the archbishopric of Canterbury in 1783. In 1778 ap-

peared his last work, Isaiah, a new Translation, with a
Preliminary Dissertation, and Hq^es, Critical, Philologi-

cal, and Uxplanaiory. He died at Fulham on November
1787.

Tlie PrseUctiones exercised a great influence both in England and
on the Continent. Their cluef importance lay in the idea of look-
ing at the sacred poetry as poetry, and examining it by the stand-
ards applied to profane literature. Lowth's eesthetic criticism -.vas

that of the age, and is now in great part obsolete, a more natural
method haying been soon after introduced by Herder. The prin-
cipal point in which Lowth's influence has been lasting is his
doctrine of poetic parallelism, and even here his somewliat mechani-
cal classification ot the forms of Hebrew sense-rhythm, as it should
rather be called, is open to serious objections. The Prxlcciiov-cs

reached a second edition in 1763, and were republished with notes
by J. D. Michaelis in 1770; both text and notes were titinslated by G.
Gregory (1787 ; 4th ed., 1839). The Oxford edition o£ the original

(1821) contains additions by Rosenmiiller, Kichter, and "\\ eiss.

The editions of Lowth's Isaiah have been numerous {13th ed., 1842),
but the book is now much less read than the Prscltctioncs. A vol-

ume of Sermons and other Hcmains, with memoir by Hall, was
published in 1834, and there is a comparatively recent edition of the
Popular Works of Robert Lowth, 3 vols., 1843.

LOYALTY ISLANDS, a group in the South Pacific,

about 60 miles east of New Caledonia, consisting of Uvea
or Uea (the northmost), Lifu, Toka and several small

islands, and Mare or Nengone. They are coral islands of

comparatively recent elevation, and in no place rise more
than 250 feet above the level of the sea. Lifu, the largest,

is about 50 miles in length by 25 in breadth. Enough of

its rocky surface is covered with a thin coating of soil to

enable the natives to grow yams, taro, bananas, &c., for

their support ; cotton thrives well, and has even been ex-

ported in small quantities, but there is no space available

for its cultivation on any considerable scale. Fresh water,

rising and falling with the tide, is found in certain large

caverns, and, in fact, by .sinking to the sea-level a supply

may be obtained in any part of the island. The popula
tion, about 7000, is on the decrease. The island called

Nengone by the natives and !Mare by the inhabitants of

the isle of Pines is about 80 miles in circumference, and
contains about 6000 souls. Uvea, the most recent part of

the group, consists of a circle of about twenty islets enclos-

ing a legoon 20 miles in width ; the largest is about 30
miles in length, and in some places 3 miles wide, and the

next largest is about 1 2 miles in length. The iuhabitants,

numbering about 2500, export considerable quantities of

cocoa-nut oil.

The Loyalty islanders are classed as Melancsian ; the several

islands have each its separate 'language, and in Uvea the one tribe

uses a Samoan and the other a Kew Hebridean fonu of speech.
Captiiin Cook passed to the east of New Caledonia without observ-
ing the Loyalty group ; but it was discovered soon afterwards^ and
Dumont D'Urville laid dow-n the several islands in his chai-t. For
many years after their- discovery the natives had a bad repute as
dangerous cannibals. Christi.anity was introduced into Jlare by
native teachers from Rarotonga and Samoa ; missionaries were
settled by the London Missionary Society 3«t Mare in 1854, at

Lifu in 1859, and at Uvea in 1865 ; Roman Catholic missionaries
also arrived from New Caledonia; and in 1864 the French, con-
sidering the islands a dependency of that colony, formally insti-

tuted a commandant. An attempt was made by this official to put
a stop to the English missions by violence ; but the report of his
conduct led to .so much indignation in AustraUa and in England
that the emperor Kapoleon, oi^ receipt of a protest from Loril

Shaftesbury and others, caused a commission of inquiry to be aj^

pointed, and free liberty of worship to be secured to tlie Pi-otcslant

mi.ssions. A new persecution of the Christians in Uvea, during
1875, called forth a protest on the' part of the English Government,
and matters appear to have since improved

See W. Gill, Ocms from the Coral Islanas, new eJitioUi 1S"1 ;

S. ilacfaiJ.ine, Story of the I/ifu Mission, 1873.
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LOYOLA, Ignatius de, St. Inigo, the youngest son

of Beltran da Loyola, was born in 1491 at the castle of

Loyola, the family seat, situated on the river Urola, about

a mile from the town of Azpeitia, in the province of

Guipuzcoa, Spain. Ho died at Rome on July 31, 155G,

was beatified by Paul V. in 1009, and canonized along

with Francis Xavier by Gregory XY. on March 13, 1C23,

tUo bull being published by Urban VII [. on August G.

His festival (duplex) is observed on July 31. See Jesuits.

1^ LOZERE, a department of south-eastern France, but

belonging to the great central plateau, is composed of

almost the whole of Guvaudan and of some parishes of the

old dioceses of Alais and Uz^s, districts all formerly

included in the province of Languedoo. It lies between
44° 6' and 44° 58' N. lat., and between 2° 58' and 4° E.

long., and is bouudcd on the N.W. by Cantal, on the N.E.

by Haute-Loire, on the E. by Ard^che, on the S.E. by
Gard, and on the S.W. by Aveyron, having an extreme

length of 65 miles, an extreme breadth of 5(», and an area

of 1996 square miles. Lozi;re is mountainous throughout,

and its average elevation makes it the highest of all the

French departments. It has three distinct regions—the

Cev.;nnes to the south-east, the "causses" to the south-

west, and the mountain tracts which occupy the rest. The
Cevennes, forming the watershed between the Garonne
and Loire basins to the west and that of the Rhone to the

east, begin (within Lozfere) with Mount Aigoual, which

rises to a height of more than 5100 feet
;
parallel to this

are the mountains of Bouges, a range between the rivers

Tarn and Tarnou, bold and bare on its southern face, but

falling gently away with wooded slopes toward the north.

To the north of the Tarn is the range of Loz6re, including

the peak of Finiels, the highest point of the department

(5584 feet). Further on occurs the broad marshy plateau

of Montbel, from which the water drains southward to the

Lot, northwards to the AUier, eastward by the Chassezac to

the Ardfeche. From this plateau extend the mountains of

La Margeride, a long series of undulating granitic table-

lands partly clothed with woods of oak, beech, and fir,

and partly covered with pastures, to which the flocks

are brought up from lower Languedoc in summer. The
highest point (Mount de Randon) is 5098 feet. Adjoin-

ing the Margeride hills on the west is the volcanic range

of Aubrac, an extensive pastoral district where horned
cattle take the place of sheep ; the highest point is

4826 feet. The "causses ''of Lozere, having an area of

about 483 square miles, consist of extensive calcareous

tracts, fissured and arid, but separated from each other

by deep and well-watered gorges, whose freshness and
beauty are in pleasant contrast with the desolate aspect

of the plateaus. The " causse " of Sauveterre, between
the Lot and the Tarn, ranges from 3000 to 3300 feet

in height ; that of M^jean has nearly the same average

altitude, but has peaks some 1000 feet higher. Between
these two "causses" the Tarn flows through a series of

landscapes which are among the most picturesque and
grand in France. The Lot and the Tarn, the two most
important tributaries of the Garonne, both have their

sources in this department, as also have the Allier, the

two Gardens, which unite to form the Grard, the Ctee, and
the Chassezac with its affluent the Altier. The climate

of Lozfere varies greatly with the locality. The mean
temperature of Mende, the capital, is below that of Paris

;

that of the mountains is always low, but in the " causses"

the summer is scorching and the winter severe ; in the

Cevennes the climate becomes mild enough at their base

(656 feet) to permit the growth of the olive. Rain falls

in violent storms, causing disastrous floods. On the

Mediterranean versant there are 78'7 inches, in the Garonne
baain 45'5, and in that of the Loire only 27°96. The

general character of the department is pastoral ; only one-

fourth of the area is occupied by arable land ; 91,500 acres

are meadow, 155,700 wood, and 90,000 chestnut plantation.

The number of sheep (which is doubled in summer) is

300,000 ; there are 50,000 head of cattle ; and pigs, goats,

horses, asse.s, and mules are also reared. Bees are also

kept, and, among the Cevennes, silkworms. The export

of chestnuts from the Cevennes is considerable. Rye is

the chief cereal ; but oats, wheat, meslin, barley, and
many potatoes are also grown. Great care is bestowed on

cultivation in the valleys adjoining the Ardt-che ; fruit

trees and leguminous plants are irrigated by small canals

(" bcSals ") on terraces which have been made or are

maintained with much labour. The department yields

argentiferous lead (Villefort), slates, and mineral watera,

among which thuse of Bagnols are most frequented. The
exportation of its antimony, manganese, marble, and

lithographic stones is undeveloped as yet. The tufa of

Mende is well adapted for building purposes. The manu-

factures are unimportant. The population in 1876 was

138,319, having decreased by 5000 since 1801, and by a

still greater number since the end of the 17th century.

There are about 20,000 Protestants. The arrondissements

are three (Mende, Florae, and Marvejols), the cantons

twenty-four, and the communes one hundred and ninety-

six. ..

LUBECK, a free city of Germany, situated in 53° 32'

N. lat. and 10° 41' E. long., on a gentle ridge between the

rivers Trave and Wakenitz, 10 miles S.W. of the mouth of

the former, and 40 miles by rail N.E. of Hamburg. Old

Liibeck, the chief emporium of the Slav inhabitants of

Wagria (East Holstein), stood on the left bank of the Trave,

where it is joined by the river Sehwartau, and was ulti-

, 'Ctiimborasso"Towe
, Custom House.
. St James's Church.

Plan of Lubeck. '

. Hospital zum HeUigen 12. St Peter's Church.
13. Chuix:h of St £gidiiu.

14. Church of St Anae.
15. Orphanace.

mately destroyed in 1138. Five years later Count Adol-

phus II. of Holstein founded new Liibeck, a few miles

farther up, on the peninsula Buku, where the deep current

of the Trave is joined on the right by the Wakenitz, tho

broad emissary of the Lake of Ratzeburg. A most excel-

lent harbour, well sheltered against pirates, it became

almost at once a successful competitor for the couimerce of
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tie Baltic. Its foundation coincided with the beginning of

the general advance of the Low Gorman tribes of Flanders,

Friesland, and VVestjihalia along the southern shores of the

great inland sea,— the second great emigration of the

colonizing Sason element. In 1140 Wagria, in 1142 the

country of the Polabes (Ratzcburg and Lauenburg), had

been annexed by the Holtsstas (the Transalbingian Saxons).

From 1166 onwards there was a Saxon count at Schwerin.

Frisian and Saxon merchants from Socst, Bardewieck, and

other localities in Lower Germany, who already navigated

the Baltic and had their factory in the distant isle of Goth-

land, settled in the new town, where Wendish speech and

customs never entered. About 1157 Henry the Lion,

duke of Saxony, forced his vassal, the count of Holstcin,

to give up Liibeck; and in 1163 he removed thither the

tottering episcopal see of Oldenburg (Stargard), founding

at the same time the dioceses of Eatzeburg and Schwerin.

He issued the first charter to the citizens, and deliberately

constituted them a free Saxon community having its own
magistrate, an inestimable advantage over all other towns

of his dominions. He invited the traders of the towns

and realms of the north to visit his new market free of toll

and custom, provided his subjects were promised similar

privileges in return. From the very beginning the king

of Denmark granted them a settlement for their herring

fishery on the coast of Schoonen. Adopting the statutes

of Soest in ^Yestphalia as their code, Saxon merchants

exclusively ruled the- city. In concurrence with the duke's

reeve they recognized only one right of judicature within

the town, to which nobles as well as artisans had to submit.

Onder these circumstances the population grew rapidly in

wealth and influence by land and sea, so that, when Henry
was attainted by the emperor, who had come in person to

'oesiege Liibeck, Barbarossa, "in consideration of its re-

venues and its situation on the frontier of the empire," fixed

by charter, dated September 19, 1188, the limits, and en-

larged the liberties, of tlie free town. Evil times, however,

»ere in store when the Hohenstaufen dynasty became more

and more involved in its Italian projects. In the year

1201 Liibeck was conquered by Waldemar II. of Denmark,

who prided himself on the possession of such a city. But

in 1223 it regained its liberty, after the king had been

taken captive by the count of Schwerin. In 1226 it was

incorporated as an independent city of the empire by Fre-

derick II., and took an active part with the enemies of the

Danish king in the victory of Yornhovd, 1227. The citizens,

distinguished by the firmness and wisdom with which they

pursued their objects, and fully conscious that they were

the pioneers of civilization in the barbarian regions of the

north-east, repelled the persistent encroachments of their

dynastic neighbours alike in Holstein and in Mecklenburg.

On the other hand their town, being the principal emporium

of the Baltic by the middle of the 13th century, acted as

the firm ally of the Teutonic knights iu Livonia. Genera-

tion after generation of crusaders embarked to found new
cities and new sees of Low German speech among alien

and pagan races ; and thus ir the course of a century the

commerce of Liibeck had fully supplanted that of West-

phalia. In close connexion with the Germans at WLsby,

the capital of Gothland, and at Riga, where they had a-

house from 1231, the people of Liibeck with their armed

vessels scoured the sea between the Trave and the Keva.

They were encouraged by papal bulls in their brave contest

for the rights of property in wrecks, and for the protection

of shipping against pirates and slave-hunters. Before the

close of the century the statutes of Liibeck were adopted

by most Baltic towns having a German population, and

Wisby raised her protest in vain that the city on the Trave

had become the acknowledged court of appeal for nearly

all these cities, and even for the German settlement in

Russian Novgorod. In course of time more than a hun-

dred places were embraced in this relation, the last vestiges

of which did not disappear until the beginning of the

ISth century. Hitherto only independent merchants,

individual Westphalian and Saxon citizens. Lad flocked

together at so many out-lying posts. From about 1299

Liibeck presided over a league of cities, Wismar, Rostock,

Stralsund, Greifswald, and soine smaller ones, commonly-

called the Wendish towns. A Hansa of towns becama
heir to a Hansa of traders simultaneously on the eastern

and the western sea, after Liibeck and her confederates

had been admitted to the same privileges with Cologne,

Dortmund, and Soest at Bruges and in the Steelyards

of London, Lynn, and Boston. Such progress of civic

liberty and federal union held its own, chiefly along tlie

maritime outskirts of the empire, ratlier against the will

of king and emperor. Nevertheless Rudolf of Hapsburg

and several of his successors issued new charters to Liibeck.

Charles IV., who, like his son after him, deliberately opposei]

all confederacies of the Franconian and Swabian towns in

Upper Germany, surrendered to the municipal governmenl

of Liibeck the little that remained of imperial jurisdictioi

by transferring to them the chief responsibility for preservinj

the public peace within the surrounding territories. Undes

these circumstances the citizens, like independent membon,

of the empire, stood valiantly together with their sI^teL

towns against encroaching princes, or joined the pi.i.TCJj

against the lawless freebooters of the nobility. Ai e.i/'.y

as 1241 Liibeck, Hamburg, and Soest had comlir.fd to

secure their common highways against robber knights.

Solemn treaties to enforce the public peace were concluded

in 1291 and 1338 with the dukes of Brunswick, Mecklen-

burg, and Pomerania, and the counts of Holstein. From
Liibeck families, the descendants of Low German immigrants

with a certain admixture of patrician and even junker blood,

arose a number of wise councillors, keen diplomatists, and

brave warriors to attend almost incessantly the many diets

of the le;igue, to decide squabbles, petty or grave, of its

members, to interfere with shrewd consistency when the

authorities in Flanders, or king and parliament in England,

touched their ancient commercial privileges, to take the

command of a fleet against the kings of Norway or

Denmark. Though the great federal armament against

Waldemar IV., the destroyer of Wisby, was decreed by the

city representatives assembled at Cologne in 1367, Liibeck

was the leading spirit in the war which ended with the

surrender of Copenhagen and the glorious peace concluded

at Stralsund on 24th May 1370. Her burgomaster, Br.'.r.

Warendorp, who commanded in person the combined na'^al

and land forces, died bravely in harness. In 1368 thv .'eal

of the city, a double-headed imperial eagle (which id the

14th century took the place of the more ancient .-hip),

was expressly adopted as the common seal of the con-

federated towns {civiintes maritims.), some seventy of which

had united to bear the brunt of the strife. By and by,

however, towards the end of the 15th century, the power of

the Hanseatic League began slov.ly to decline, owing to the

rise of Burgundy in the west, of Poland and Russia in the

east, and the emancipation of the Scandinu.vian kingdom

from the fetters of the union of Calmar. Still Liibeck,

even when nearly isolated, strove manfully to preserve its

predominance in a war' with Denmark (1501-12), sup-

porting Gustavus Vasa in Sweden, lording it over the

north of Europe during the years 1534 and 1535 in the

person of Jiirgon WuUenwever, the democratic burgomaster,

who professed the most advanced principles of the

Refonnation, and engaging with Sweden in a severe naval

war (15G3-70). Before the end of the century the old

privileges of the London Steelyard were definitely

suppressed by Elizabeth. As early as 1425 the regul&r
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shoals of Leriing, a const;\nt fourco of early wealth, began

to forsake the Baltic waters. Later on, by the discovery

cf a new continent, general commcrco was diverted into

new directions. ^Finally, with the Thirty Years' War, mis-

fortunes and ruin came tliick. The last Hanseatic diet met

at Liibeck in 1630, shortly after Wallenstein's unsuccessful

attack on Stralsund; and from that time merciless sovereign

powers stopped free intercourse on all sides. Danes and

Swedes battled for the possession of the Sound and its

lieavy dues. ' The often changing masters of Holstein and

Lauenburg abstractedmuch of the valuable landed property

of the city and of the chapter of Liibeck. Still, towards the

end of the 18th century, there were signs of improvement.

Though the Danes temporarily occupied the town in 1801,

it preserved its freedom and gained some of the chapter

lands when the imperial constitution of Germany was

broken up by the Act of February 25, 1803. Trade and

commerce prospered marvellously for a few years. But iu

November 180G, when General Bliicher, retiring from tJie

catastrophe of Jena, had to capitulate in the vicinity of

Liibeck, the town was taken and sacked by the enemy.

Napoleon annexed it to the empire in December ISIO.

ijut it rose against the French, March 19, 1813, was

reoccupied by them till the 5th December, and was
ultimately declared a free and Hanse town of the German
Confederation by the Act of Vienna, June 9, 1815. The
Hanseatic League, however, having never been officially

dissolved, Liibeck still enjoyed its traditional c^mnexion

with Bremen and Hamburg. In 1853 they sold their

common property, the London Steelyard. Till 186C they

enlisted by special contract their military contingents for

the German Confederation. Down to the year 1879 they

had their own court of appeal at Liibeck. The town,

however, joined the Prussian Customs Union as well as the

North German LTnion in 18G6, profiting by the final retire-

ment from Holstein and Lauenburg of the Danes, whose
interference had prevented as long as possible a direct

railroad between Liibeck a.!id Hamburg.

Liibeck tlirougli many cliaiigA in tlie course o£ ciglit i-.enturles

. has preserved its republican f^overnineift. At the first rise of

the town, justice was administered to the inhabitants by the vogC

(vcevc) of the count. Simultaneously with the incorporation by
ileflvy the Lion, who presented the citizens with the privileges

of r/iiut, toll, and market of their own, tliere appears a magistracy
of si.L persons, elected probably by the reeve from the schoffcn

[scali^i, probi horaitus). The members of the town council liad

to be freemen, born in lawful wedlock, in the enjoyment of free

jiropeTty, and of unstained repute. Vassals or servants of any
lord ani tradespeople were excluded. A third of the number hail

Annually to retire for a year, so that two-thirds formed the sitting,

Jlie other tliird the reposing council. By the middle of the 13th cen-

tury the;c were two burgoinastei's {magisiri hurgensiuvi^ inafjistri

civiuvi, proconsiiUs). Meanwhile the number of magistrates (coji-

tiiilcs) had largely increased, but was indefinite, ranging from twenty
to forty and upwards. The council appointed its own offieers in

tho various branches of the administration,-—chancellor, chaplain.

Burgeon, stndcsscr-ivcre (recorders), notaries, secretaries, marshal, con-
stable, keeper of the ordnance, messengers, watchmen. In the faco

of so muel. self-government the vor/t by and by vanished completi-Iy.

He is by no means to be confounded with the rector^ a neighbouring
prince, whom the Liibeckers occasionally adopted as their honorary
guardian. There were three classes of inhabitants—full freemen,
half freemen, 'guests or foreigners. People of Slav origin being
considered unfree, all intermarriage with them tainted the blood.
Hencejiearly all surnames point to Saxon, especially Westphalian,
Hiid even Flemish descent. .

*
*.

Since the end of the 13th century the city has been entered by
the same gates and traversed by the same streets as at tho present
day. Stately churches of the Gothic order in glazed brick rose
slowly,—last not least St Mary's or Die Kathskirclu: close to tlie

Mdthhaiis (town-hall) and the spacious market-place with its long
rows of booths aind the pillory. Within its precincts is the
Dojii (cathedral) dedicated to St Nicholas, the patron saint of

navigators ; in Protestant times down to 1803 the secularized
chapter was generally presided over by a prince of the ducal
house of Gottorp. There were magnificent convents of the Domi-
aioans, the franciscaus, and the nuns of St Clara. The population,

15—3

when the city and the Ilansa were in full power about 1400, cait

scarcely have been under 80,000. But such prosperity was not
obtained by fureign commerce alone, though this was the piiucipui
occupation of tlio upper classes :— tlio Jiwkcr or Zirkcl comimiiy,
a sort of patriciate (since 1379) ; 'ho merchant company, also
patricians, out mostly "rentiers"; tho "nations" of the Ilci-

(jni/ahrcr, Schoiienfahrcr, 2\'ovgorodfahrcr, lii(ja/ahrer, Slmkliolm-
fahrcr. From tlie very beginning vaiious tradespeoiilo and liamli-

craflsmen had settled in the tomi, all of tliem freemen, ofGeiniaii
paieiitagc, and with property and houses of their own. Though
not eligible for the council, they shared to a certain extent in
tlio self-government through tho aldermen of each corporation
{amt^ otiici;ini, guild), of which some appear as early :w tlit*

statutes of 1240, and many moro arise and disappear in coui-co of
time ,under authority of the council and the guidance of certain

police magistrates {wcttclurrcn). A number still exist, and owii
their old picturesque gable huu.ses. The rolls of nearly all have been
kept most carefully. Naturally there arose much jealousy between
the guilds and the aristocratic companies, which exclusively ruled
the republic. After an attempt to upset tho merchants had been
suppressed in 1334, the guilds succeeded under more favourable cir-

cumstauces in 1403. The old patrician council lelt tho city to
apjieal to the Hansa and to the imperial authorities, while a new
council, elected chiefly from tho guilds, with democratic tenden-
cies, took their place. In 1416, however, there was a complete
restoration, owing to tlie interference of the confederated cities and
of two kings of the Romans, Rupert and Sigismnnd. The aristo-

cratic government was expelled a second time when democracy and
religious sectarianism got the upper hand under the dietatorshi]* uf
Wullenwever, till the old order of things was once more rc-cstalc

Ushed in 1535. Nevertheless the mediajval church had been finally

supplanted by the Lutheran Reformation, and the tendency to
increase the political privileges of the commonalty appeared again
and again. In the constitution of 1669, under the pressure of a.

great piblic debt, the seven upper companies yielded to (8) tht>

GewandschneidcT (merchant tailors), (9) the grocers, (10) the brewers,

(11) the mariners, and (12) the combined four great guilds, viz.,

the smiths, bakers, tailors, and shoemakers, a specified share in the
financial administration. Nevertheless they continued to choose
the magistrates by co-optation among themselves. Three of tiie

four burgomasters and two of the senators, however, henceforth had
to be graduates in law. Their constitution, set asid^ only during
the French ascendencj', has subsequently been slowly reformed.

From 1813 senatorial and civic deputies joined in the administration
of am annual budget of income, expenditure, and public debt. But
the reform committee of 1814, of which the object was to substitute

for the rule of the old companies a wider participation of tlio

citizens in their common affairs (most of the learned professions,

many proprietors, and the suburban population being without any
representation), had made very little progress, when uudcr tho

pressure of the events of the year 1848 a represeDtative assembly

of one hundred and twenty members, elected by universal suffrage,

obtained a place beside the senatorial government. By the consti-

tution of the 29th December 1851 the senate, for which all citizens

above thirty years of age are eligible, has at present fourteen

members. Eight must be taken from the leanied professions, of

whom six have to be lawyers, while of the rest five ought to be
merchants. Every second year the offices and departments are it3-

distributed, to be in most cases administered conjointly witli

deputies of the assembly. The president of the senate, chosen for

two yenpB, retains the old title of burgomaster. The members or

the assembly, which participates in all public affairs, are elected for

six years, and must be summoned at least six times a year, wdiile a
committee of thirty members meets every fortnight simultaneously

with the periodical sessions of the senate. These tiuly democratic

institutions have been scarcely at all modified by tlie resuscitation

of the German empire under the king of Prussia. But cvidimtly

the ancient republic has lost some important attributes of a
sovereign state by giving up its own military contingent, its rigiit

of levying customs, its coinage, its postal dues, its judicature, to

the new national empire. On the other hand, it has preserved its

municipal self-government and its own territory, the inhabitants

of which now enjoy equal political piiviloges with the citizens.

The territory, of about 54 German square miles (116 Eng. sq. m.),

Eirtly extends towards the mouth of the river Trave, where the

orough of Traveraiinde has been the property of Liibeck since

1329, and partly consists of mimerous villagep manors, faims, and
corn, pasture, and forest lands scattered over the adjoining portions

of the duchies of Holstein and Laiienburg. The manor and borougli

of Bergedorf on the Elbe, Ih German square miles, long held by
Liibeck in common with Hamburg, was ceded to tho latter by
treaty of 1st July 1867. The lands which remain to Liibeck arc

thinly peopled, for, according to the census of 1S75, of t\<ii total

of 56,912 inh.abitants 44,799 lived iu Liibeck itself. The viuit

majority, 65,693, are Lutheran Protestants, whose scrvieo con-

tinues m the magnificent city churches, the cathedral, twe parishes

at Travemuiide, and the four country parishes. A ci-Wbnited liigli

KV. — s
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school (gymnasium) is bituated in the spacious buildings of St

Catharine, lornierly the house of the Franciscans. The charitable

institutions enjoy a large, well-administered property, chieHy the

lands of the monastery of St John and the hospital of the Holy

Ghost. Since 1789 there has existed a " Gesellschaft zur Befor-

dcrung Genieinniitziger Th,-itigkeit," with a branch union for the

history and the antiquities of Lubeck, which has collected a valu-

able museum and promotes important historical publications, the

materials of which are kept in the must unique municipal archives

in existence. The income and expenditure of the Liibeck budget

of 1881 balance with 2,739,382 marks ; the public debt amounts

to 23,804,913 marks.

The manufactures of the town are uumeious, but not large or im-

portant (woollen, liuen, cottou, and silk goods, leather wares, hard-

ware, tobacco, and preserves). The commerce, on the other hand,

is considerable, the chief exports being coin, cattle, wool, timber,

and iron ; while wines, silks, cottons, hardware, colonial products,

and dye-stuffs a«e imported. There is regular steamship cimimuni-

cation with Copenhagen and the Baltic ports, and four lines of

railway converge in Liibeck. Since the deepening of the Trave

<1850-54) se»-going ships can come up to Liibeck itself ; formerly

they required to unload .it Travemiinde. In 1878 the local ship-

ping of Liibeck amounted to 46 vessels of 10,223 aggregate tonnage

(27 steamers, 150-4 horse-power, 6463 tons). In 1877 2302 vessels

(981 steamers) with a tonnage of 301,910 entered, and 2332 vessels

(979 steamers) with a tonnage of 307,567 cleared the poi-t.

See Codtt Diplomalicus Lubecensis, 6 vols., 1S4S-81 ; C. W. Panll, Ldbtckitche

Z'i^tdnile zum Anfang des vierzehnten JahrhuttderU, 1847; Waitz. Lubeck ujiter

Jiirgm Wullmmver, 3 vols.. 1855, 1856 ; W. Manael's " LUbeck," in Bluntschli

und Prater, Deutxches StaatsworterbucK iv. p. 731 ; Wehrmaim, Die dttfren

Liibuk'ichen Zitnftroilen, 1872 : D. Stliafer, Die Bansestddte und Eiinig Walde-

mar con Ddnema'rt, 1879. (K. P.)

LUBLIiSr, a town of Kussian Poland, capital of the

province of same name, 60 miles south-east of Warsaw, on

the Bistrzyca, a tributary of the Wieprz. It is the most

important town of Poland after Warsaw and Lodz. It

has an old citadel, many churches, and several educational

and charitable institutions, and it is the see of a bishop.

Lublin is one of the chief centres of the manufacture of

thread-yarn and of linen and hemp goods (to the value of

more than .£250,000), as well as of woollen stuffs ; there

is also an active trade in corn and cattle. The three

annual fairs have a certain importance for the neighbouring

district. The population in 1873 was 28,900, and is

rapidly increasing.

The date of the foundation of Lublin is unknown, but it was in

existence in the 10th century, and has a church which is said to

have been built in 986. During the time of the JageUons it was

tliu most important city between the Vistula and the Dnieper, hav-

ing 40,000 inhabitants"(70,000 according to other authorities), and

kee|iiiig in its hands all the trade with Podolia, Volhynia, and

Ked Russia. Indeed, the present town is surrounded with heaps of

ruins, which prove that it formerly covered a much larger area.

But it was frequently destroyed by the inroads of Tartars aud

Cossa'cks. In 1568 and 1569 it was the seat of the stormy con-

vention at which the union between Poland and Lithuania was

decided, in 1702 another convention was held in Lublin, in

favour of Augustus II. and against Charles XII., who carried the

town by assault, giving it over to his army to be plundered, and

stayed foF six weeks at Jacobowice, the estate of Prince Lubomirsky,

in the immediate neighbourhood. In 1831 Lublin was taken by

the Russians after a battle. The whole surrounding countiy is

rich in historical remiuiscences of the struggle of Poland for iude-

pendeuce.

LUBRICANTS are fluids which are interposed between

solid machine surfaces that are required to slide on each

other. The object is to lessen the friction, which is

injurious both in wearing away the surfaces, and thus

destroying the fit between them, and in dissipating and

rendering useless part of the energy transmitted through

the machine. The difference between the wear on

unlubricated and that on lubricated surfaces is so serious

that a comparison between the cost of lubrication and the

money saving in avoidance of repairs is superfluous. But

the difference in wear when two different lubricants are

used is not very great, and the proper choice between the

two lubricants depends on a comparison of their cost with

the amount of working power they save from dissipation,

[f the price of oil per gallon, inclusive of wages for its

ajiplicatija to the journals, ic, hi p ; if, in order to

lubricate as well as can oe done with this oil any one

working surface or set of such surfaces, it is necessary to

use the fraction ^ of a gallon of oil per hour ; if, with the

use of this quantity of the oil, there is still wasted in

friction at these surfaces H horse-power ; and if the cost

ill fuel, water, wages, repairs, &c., of the working energy

is P per hour per horse-power ; then the money loss p^r

hour caused by the friction is ;)^-l-PH. By comparin;z

the values of this quantity for two oils, it can be determined

which it is more advantageous to use. Of the commonly
used oils, the higher priced are much more efficient as

lubricants. If two oils of which the same amoi:nt

raquires to ba used have the prices p^ and p.^, and
allow Hj and H„ horse-power to be wasted, then the

money advantage to be gained per hour by using

the first (the higher priced) rather than the second is

P(H„ - H^) - (/Jj - p.^g. This is positive if

If this inequality is found not to be true in any special

comparison, then the cheaper oil should be used. P varies

from |d. to over Hd., according to the class of engine aud

boiler and to the good or bad management of the works,

while Pj — p„, in comparing the extremes of cheap and

expensive commercial lubricants, amounts to 2s. 6d. or

more.

To compare the advantages of using a larger or smaller

amount of the same oil, let .^j aSd g^ be the quantities

used, and the resulting wastes of horse-power be H, and

H.,. Then the use of the larger quantity g^ will be

economical if

P(H„-H,)-^(sri-?~)>0; or?|^>-?i

Considering the meaning of this inequality in the two

cases of a high-priced and of a low-priced oil, in the

former case — has a larger value, while — ^ has also i-

P
.

91-?!
larger value than in the latter case. In both cases this

latter fraction decreases with increase of g-y ; but it de-

creases more rapidly in the case of a high-priced than in

that of a low-priced oil, because the former is a better

lubricator. Thus with the dearer oil the limit beyond

which it is uneconomical to increase the consumptiun of

oil is reached sooner than with the cheaper, and it follows

that of the cheaper oils it is best to use a large quantity,

while of the dearer a smaller amount is what is most use-

fully employed. If the law according to which H varies

with g be found for any oil, by experiment or otherwise,

then the exact most economical quantity can be found by

differentiating pg + PH with respect to g, and equating the

differential coefficient to zero; thus

when — is expressed in terms of g, gives this most econo-

mical value of g. An example of the actual values of the

quantities involved in these for.iiulas is given by an

experiment by Van Cleve on a journal 6 inches in diameter

by 7 inches long, in which the coefficient of friction was

found to be about '077, and there was wasted 34 horse-

power when '023 of a gallon was used per hour.

Of the animal oils and fats suitable for lubrication those

commonly used are sperm, lard, neats-foot, tallow, and

common whale oil. Of vegetable oils olive, cottonseed,

and rape-seed are extensively employed, the first mostly in

those countries where the olive is grown, and generally in

the pure condition, while the last two are more used for

mixing with higher class and more expensive oils. Various

fish oils are also much used, aud mineral oils now form a



LUBlilCANTS 3/

large proportion uf tiie many lubricating compositions that

are in use. For machinery where considerable pressure ia

exerted between the bearing surfaces the mineral oils are

too thin, or, as it is termed, are too wanting in " body " to

be quite suitable without being mixed with an animal or

vegotable oil. Unless a lubricant has considerable " body "

it is quickly pressed oufe of the bearing, and an unnecessarily

rapid supply has to be provided. The sajne oil may be

used several times over, and several ingenious designs of

bearings for rotating shafts, sueh as Player Brothers' or

Taylor & Cballen's, whereby the shaft itself as it runs

round continually pumps up again to the top of the bearing

the oil that has once been used, have been very successful

in practice. If an automatic arrangement of this sort is

not employed, the oil dripping from the bearing should be

collected in a pan and used again to fill the oil-cups. The
oil gets gradually worn out as a lubricant by becoming

filled with dirt, partly the dust of the atmosphere and

partly the minute iron and brass dust that is continually

rubbed off the bearing surfaces. Oils that have been used

two or three times can be to a certain extent repurified by
washing in a solution of carbonate of soda or potash and
chloride of calcium in boiling water. But it must not be

supposed that with repuritication an oil may be used an
indefinite time as a lubricant. A large portion of it is

actually evaporated by the heat caused by the friction at

the journal, and the unevaporated portion seems to undergo

some chemical change injurious to its lubricating properties.

Vegetable oils are peculiarly rich in volatile constituents,

and it is this fact probably, even more than the greater

clioapness of mineral oils, that has led to the largely in-

creased use of the latter in the lubrication of machinery.

The quality of an oil may be tested by chemical analysis ;

by measurement of density and viscosity; by observation

of the temperature necessary for ignition in the atmo-
sphere, or, as it is called, the " flashing " temperature ; by
observation of the succession of figured patterns produced

when a single drop of the oil is let fall upon the surface of

pure water in a clean dish ; by the measurement of the

temperatures to which a journal rises when running at

different speeds and under different pressures, and when
supplied with a given amount of the lubricant per minute

;

and by the measurement of the coefficient of friction at the

same journal with varying speeds of rotation and pressures.

The last two methods of test are the most interesting and
directly useful from a mechanical point of view, t.e.,

considering the oil as a lubricant simply.

The machine designed and used by Professor Thurston of the
Stevens Institute»of technology is the best that has yet been con-
structed to carry out these tests. In, it a spindle is revolved in

horizontal bearings by a belt from the main shaft of the workshop
of the Institute. On the overhanging end of this spindle is formed
a jonrnal from which is hung a heavily-weighted rod. The bear-

ings in this rod by which it hangs on the journal are of brass, and
the two^halves are pressed down upon the journal with any desired

pressure by means of a spiral spring placed in the centre of the rod.

The weight of this pendulum prevents it revolving along with the

spindle, but the friction at the journal deflects the pendulum from
the vertical through an angle whose sine is a measure of the fric-

tional effort. There is also inserted in the bearings a thermometer
by which the effect of the friction in increasing the temperature is

observed. With this machine Professor Thurston has obtained
extremely interesting results regarding the variation of the;* coeffi-

cient of friction with temperature, pressure, and velocity of rubbing.

These are summarized as follows. With great intensity of pressure

and low velocity, the friction increases as the temperature is raised;

but for each low velocity the rate of increase of friction with tem-
perature becomes slower as the pressure diminishes, and becomes
zjro at a certain limit of pressure which is higher the higher the
velocity is. With high velocities the variation of friction with

temperature is in the opposite direction within the limits of pressure

commonly used. Agaiu at a given temperature and a given pres-

sure the friction first decreases very rapidly with increase of velocity,

and then above a certain limit of velocity increases again slowly

with further iwjtease of velocity. The limit of velocity at whi<'.h

the diii'ctidii of variation cliaiigea Iroiu negutive Jo positive do.^8
not appear to depend on the intensity of pressure, but tlie change
occurs at much lower velocity-limits with low than with high tem-

[

poraturos, Tliirdly, with a given temperature and a given velocity
the coetHcicnt of friction, i.e., the ratio of fiiction to normal pres-
Bure, at first decreases rapidly with increase of pressure at low
pressures, and then at higlier pressures increases again with tlie

pressure. This law seems to liold for all temperatures and all

velocities
; but how the limit of pressure at which the variation

changes in direction is altered by alteration of temperature and
velocity is not as yet certainly determined.

It is thus seen that the variation of friction at lubricated joHmnh
is extremely complicated, and has no resemblance to the simple law
of consttint proportionality^between the friction and the nomml
pressure which until lately was commonly believed to hold good foi

unlubricated flat surfaces. This simple law is really true for many
unlubricated surfaces and through a tolerably wide range of con-
ditions, but is not true for all such surfaces, or under all, and
especially extreme, conditions of pressure, velocity', and temperature.

Professor Thurston has endeavoured to represent these results in

algebraic formulae, but the number of his experiments seems hardly
sufficient to establish any general mathematical law which wiU be
true under all circumstances, and the particular formulre which he
has adopted give values differing very considerably from those given
by some of his experiments.
The friction at a lubricated journal depends really much-more on

the viscosity of the lubricant than on tne frictional properties of
either of the solids, which never come in contact when the lubri-

catioh is carefully attended to. The layer of oil immediately in
contact with either solid probably does not move at all relatively to
the s6lid. The rubbing, therefore, in all probability takes place
between two surfaces, or rather between an indefinitely large num-
ber of pairs of surfaces, of oil. The viscosity of the oil, which
hinders this relative motion, is, however, very likely affected by the
adhesive force between the solid and liquid surfaces, because,

especially if the intensity of bearing pressure be great and the film

of lubricant consequently very thin, some at least of tlio liquid

motion will take place within the sphere of action of the cohesive

forces.

It is of the greatest importance in order to secure economy in the
use of lubricants to maintain the supply to each journal at a con-

stant uniform rate. To effect this, numberless "automatic lubri-

cators" have be,en invented. The common syphon oil-cup is very

efficiept so long as the rate of working is steady; but the supply
does not automatically vary with the requirements. The " needle

"

lubricator allows the oil to flow down to the journal through a small
straight tube in which is placed a wire which nearly blocks up the

tube. When the wire is motionless the dimensions of the space

between the wire and the tube are capillary, and no oil flows. When
the shaft runs, however, its surface scraping on the end of the wire

throws it into continual vibration, and this allows a slow stream of

oil to pass downwards which is automatically regulated in accordance

with the speed of revolution. The necessity of very perfect lubrica-

tion of the cylinders of gas engines, which run at a high speed and at

a high temperature, has led to the adoption by Messrs Crossley

Brothers of an extremely neat and perfect arrangement. A small

crank on the end of a spindle, driven at a rate proportional to that of

the engine, has suspended from the crank pin a short wire pendulum.

At the lower part of the revolution this pendulum dips into a basin

of oil and lifts a drop from it. In the upper half of the circular

motion, the wire is dragged over a little scraper e::tending over the

open mouth of a pipe. This scrapes the drop off the pendulum, and

the drop falls from the scraper into the tube, along which it llowo to

the surface to be lubricated. The number of di-ops is thus accu-

rately proportioned to the speed of the engine, and the size of drop

can be varied by using smaller or larger wire for the pendulum.

Tahle of Coefficients of Friction on Cast-iron Journals at Tempera

ture 70° F. and Velocity 750 Feet per Minvie {from Thurston).

Name of OU.
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of oil in the experiments was intermittent, and must have been in-

sufficient for the best lubrication.

I'ahle of Coefficients of Friction hctwcm Steel Journals and Bronxe

Bearings lubricated v:ith Sjierm Oil, and run at different Pres-

sures, Velocities, and Temperatures {from Thurston).

Tcmpora-

1-uhr.
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Lucan, togcl.bcr witli Statins, was preferred even to

Virgil in the Middle Ages. So late as 1493 liis com-

mentator Sulpitius writes :
—" Magnus profecto est Maro,

inagnus Lucanus ; adeoque prope par, ut quis sit major

possis ambigere." Shelley and Southey, in the first trans-

port of admiration, thought Lucan superior to Virgil

;

I'ope, with more judgment, says that the fire which burns

in Vi.'gil with an equable glow breaks forth in Lucan with

sndden, brief, and interrupted flashes. In general, notwith-

standing the enthusiasm of isolated admirers, Lucan has

luicn unduly neglected, but he has exercised an important

influence upon one great department of modern literature

by his effect upon Corneille, and through him upon the

classical French drama.
The most celebrated editions of Lucan are tlioso by Oudendorp

(1728), Barmann (1740), and Weber (1829). Beutley's emendations
arc brilliant, but unsafe. The most- elaborate criticism is that in

Nibard's £tudcs sitr les Poctcs Latins dc la Decadence, stern to the
poet's defects and unkind to bis deserts. Dean Merivale has some
e.xcellent observations in Ills History of Imperial Rome, chaps, liv.

and Ixiv. Brebeuf's French version is celebiatcd. Christopher
jMarlowc, a kindred spirit, translated the first book of the Pltarsalia

into English, and tljere are other old versions by Sir Ferdinand
Gorges and Thomas Sl.ay. The latter's supplement is one of the best

examples of modern Latin versification. Gorges's translation is in

octosyllabic verse, and very curious. The standai'd English version,

by Rowo, is one of tlic most successful translations in our language.

It is somewhat too dilTusc, but as a ^vhole reproduces the vehemence
and animation of the original with a spirit that leaves little to be
desired. (R. G.)

LUCANIA, in ancient geography, was the name given

to a province of Southern Italy, extending from the

'J'yrrhenian Sea on the west to the Gulf of Tarentum on
tlis east, while to the north it adjoined Campaiiia,

Saraniuni, and Apulia, and to the south was separated by
a comparatively narrow isthmus from the province of

Bruttium, which forms the southern extremity of Italy.

It thus comprised the modern province of the Basilicata,

together with the greater part of the Principato Citeriore

and a small portion of Calabria. The precise limits were

the river Silarus on the north-west, which separated it from
Campania, and the Bradanus, which flows into the Gulf
of Tarentum, on the north-east; while the two little rivers

Laus and Crathis, flowing from the ridge of the Apennines
to the sea on the west and east, marked the limits of the

province on the side of Bruttium.

Almost the whole of the province thus limited is occupied

by the rugged masses of the Apennines, which in this part

of Italy can hardly be said to constitute a range of

mountains so much as a group of lofty masses, huddled
together in a very irregular manner. The main ridge,

however (if it be taken as determined by the watershed),

approaches much more nearly to the western sea than to

the Gulf of Tarentum, and is continued from the lofty

knot of mountains immediately on the frontiers of Samnium,
nearly due south, till it approaches within a few miles of

the Gulf of Policastro, and thenceforward is separated from
the sea bj' only a narrow interval till it enters the province

of Bruttium. Just within the frontier of Lucania rises the
very lofty group of Monte PoUino, the highest summit of

which attains to an elevation of above 7000 feet, the

greatest that is found in the southern Apennines. Towards
the east tlie mountains descend by a much more gradual
slope to the Gulf of Tarentum, constituting long ridges of

hills which subside by degrees to the strip of plain -that

immediately adjoins the shores of the gulf. This narrow
strip is somewhat wider from the mouth of the Bradanus
to that of the Siris, and again expands to a considerable

extent at the mouth of the Crathis, tfut between the two a
proup of rugged hills descends quite to the sea, and forms
tlo headland of Roseto. The consequence of this coustitu-

tiuQ is that while the rivers which flow to the Tyrrhenian

Sea are of comparatively little importance, those th,\t

descend towards the Gulf of Tarentum have mucli longer

courses, and attain to a considerable magnitude. Of these

the most important are—the Bradanus (still called Bradano),
which rises near Potentia, and enters the gulf just to the
north of the ruins of Iletapontum; the Casuentus
(Basiento), which has a course almost exactly parallel with
the preceding ; tho Aciris or Agri ; and the Siris or Sinno.

The Crathis, which forms at its mouth the southern limit

of the province, belongs almost wholly to Bruttium, but it

receives a tributary, the Sybaris (Coscile), which flows from
the mountains of Lucania. The only considerable stream

on the western side of Lucania is the Silarus or Sele, which
constitutes its northern boundary, and has two important

tributaries in the Calor or Galore, and the Tanagrus, which
joins it from the south, after flowing through one ot

those trough-like upland valleys bo characteristic of the

Apennines.

The province of Lucania was so called from tho people

of that name, by whom it was conquered about the middle

of the 5th century B.C. Previous to that period it was
included under the general name of ffinotria, which was
applied by the Greeks to the whole of the southernmosi

portion of Italy. The mountainous regions of the interior

were occupied by the tribes known as Qinotrians and

Chones, while the coasts on both sides were occupied hy
Greek colonies, which attained to great power and pro-

sperity, and doubtless exercised a kind of protectorate over

the interior also. (See GKaciA JIagna.) The Lucauians

were a Sabellian-race, an ofi'shoot of the Samnites of Central

Italy, who pressed downwards towards the south unt'.l lli^y

gradually conquered the whole country (with the excep.,ii.n

of the Greek towns on the coast) from the borders of

Samnium and Campania to the southern extremity of

Italy. Subsequently, however, the inhabitants of the

peninsula which forms the extreme south (nov,' known as

Calabria) broke out into insurrection, and under the name
of Bruttians succeeded in establishing their independence,

after which the Lucanians became confined within the

limits already described. After this time we find them
engaged in hostilities with the Tarentines, and with

Alexander, king of Epirus, who was called in by that people

to their assistance, 32G B.C. It was immediately after this

that they first entered into relations with Rome, with

which they were sometimes in alliance, but more frequently

engaged in hostdities, during the long-continued wars of

the Romans with the Samnites. On the landing of

Pyrrhus in Italy (281 B.C.) they were among the first to

declare in his favour, aud in consequence found themselves

exposed to the full brunt cf the rescntmei.t of Rome when

the departure of Pyrrhus left his allies at the mercy of the

victorious Romans. It was not, however, till after several

campaigns that they were reduced to complete subjection

(272 B.C.). Notwithstanding this lesson, the Lucanians

again espoused the cause of Hannibal during the Second

Punic War (216 B.C.), and their territory jecame the

theatre of war during several successive campaigns, and

was ravaged in turn by both contending armies. It is

clear that the country never recovered the eS'ects of these

disasters, and under the Roman government Lucania fell

into a state of complete decay, to which the Social War
(90-SS B.C.) appears to have given the finishing stroke.

In the time of Strabo the Greek cities on the coast, once

so rich and flourishing, bad fallen into utter insignificance,

and the few towns of the interior were poor places of no

importance. A large part of the province was given up to

pasture, and the mountains of the interior were covered

with vast forests, which abounded in wild boars, bears, and

wolves..

The towns on the east coast, adjoininsr the C.u'.f of Tarentum,

,vero—Mctapontum, a few miles south of tiic Brai.-.nus ; Hcraclca,
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.ir tile mouth of ttip Aon? ; and Siiis, on the liver of tte same name.
Close to its southern frontier stood Sybaris, which was destroyed
1:1 510 B.C., but subscrp\cntly rridaeed by Thurii, founded within
a few miles of the same site. Ou the west coast stood Posidonia,
kno\vn under the Roman government as Psstura, immediately
south of the Silarus ; below that came Elea or Velia, Pyxus,
called by the Romans jSuxentum, and Laus, near the frontier of tlie

province towards Bruttium. Of the towns of the interior, none of

which ever attained to any importance, the most considerable was
Potentia, still called Potenza, and now tlie capital of the Basilicata.

To the north, near the frontier- of Apulia, were Acheruntia and
Bantia ; while due south from Potentia was Grnmentum, and still

farther in that direction were Nerulura and Jlurannm. In
the upland valley of the Tanagrus were Atina, Forum Popilii, and
Consilinum ; Eburi (Eboli) and Volceii (Buccino), though to the
north of the Silarus, were also included in Lucania.

For administrativ'e purposes under the Roman empire, Lucania
was always united witii Bruttium. The two together constituted
the third region of Augustus. (E, H. B.

)

LUCARIS, Cyrillus (c. 1572-1638^. See Greek
Church, vol. xi. p. 158.

LUCAS OF Leyden (c. 1494-1533) was bom at Leyden,
where his father Hugh Jacobsz gave him the first lessons

in art. He then entered the painting-room of Cornelis

Engelbrechtszen of Lej'den, and soon became known for

his capacity in making designs for glass, engraving copper-

plates, painting pictures, portraits, and landscapes in oil

and distemper. According to Van Mander ha was bora in

1494, and painted at the age of twelve a Legend of St
Hubert, for which as many florins were paid to him as he
numbered years. He was only fourteen when he finished a

plate representing Mohammed taking the life of a friar, and
at fifteen he produced a series of nine plates for a Passion,

a Temptation of St Anthony, and a Conversion of St Paul.

The list of his engravings in 1510, when, according to Van
Mander, he was only sixteen, includes a celebrated Ecce
Homo, Adam and Eve expelled from Paradise, a herdsman
and a milkmaid with three cows, and a little naked girl

running away from a barking dog. It will be seen to

what a variety of tastes the youthful artist was asked to

cater. Whatever may be thought of the tradition embodied
in Van Mander's pages as to the true age of Lucas of

Leyden, there is no doubt that, as eariy as 1508, he was
a master of name as a copper-plate engraver, and had
launched his l»at in the current which in those days led

to wealth and to fame. Tlie period of the great masters

of etching, which had not yet come for Holland, was being

preceded by the period of the great masters in the use of

the graver. It was the time when art readily found its

patrons amongst the large public that could ill afiford to

buy pictures, yet had enough interest in culture to wish to

educate itself by means of prints. Lucas of Leyden
became the representative man for the great public of

Holland as Diirer became the reprEsentativo man for the

great public of Germany ; and a rivalry grew up between
the two engravers, which came to be so close that on the

neutral market of Italy the products of each were all but

evenly quoted. Vasari devoted almost equal attention to

both, affirming indeed that Diirer surpassed Lucas as a

designer, but that in the use of the graver they were both

unsurpassed, a sentence which has not been reversed by
tlie criticism of our day. But the rivalry of the two artists

was friendly. About the time when Diirer visited the

Netherlands Lucns came to Antwerp, which then flourished

greatly as an intemalio.ial mart for productions of the

pencil and the graver, and it is thought, not without

reason, that he was the master who took the freedom of

the Antwerp guild in 1521 under the name of Lucas the

Hollander. In the diary which Diirer faithfully kept

during his travels in the Low Countries, we find that

at Antwerp he met Lucas, who asked him to dinner, and
that Diirer accepted the invitation, and was much surprised

at the BiuaJlness of the Dutchman's stature. But he valued

the art of Lucas at its true figure, nnd exchanged tli?

Dutchman's prints for eight florins' worth of his own. In
course of time Lucas rose to more than a competence. In
1527 he made a tour of the Netherlands, giving dinners
to the painters of the guilds of Middleburg, Ghent, Malines,
and Antwerp. He was accompanied during the ^rip by
Mabuse, whom he imitated in his style as well as in his

love of rich costume. But festive cheer and banquets
disagreed with Lucas. On his return home he fell sick

and remained ailing till his death in 1533, and when he
died he did so with the firm belief that poison had been
administered to him by some envious comrade.
As an engraver Lucas of Leyden deserves his reputation. He has

not the genius, nor had he the tact, of Diirer; and he displays more
cleverness of expression than skill in distribution or refinement in
details. But his power in handling the graver is very great, and
some of his portraits, especially his own, are equal to auything that
was done by the master of Nuremberg. Much that he accomplished
as a painter has been lost, because he worked a good deal upon cloth
in d^temper. But some pictures have been preserved which fairly
manifest the influences under which he became productive. In
1522 he painted the Virgin and Child with the JIagdalen and
a loieeling donor, now preserved in the gallery of Munich. His
manner was then very much akin to that of Mabuse. The Last
Judgment in the town-hall, now the town-gallery of Leyden, is com-
posed on the traditional lints of Cristus and Jlemling, furnished
with monsters in tho style of Jerome Bosch, and ligures in the
stilted attitudes of tho South German school ; the scale of colours
in yellow, white, and grey is at once pale and gaudy ; the quaintest
contrasts are produced by the juxtaposition of alabaster flesh in
females and bronzed sldn in males, or black hair by the side of
yellow, or rose-coloured drapery set sharply against apple-green
or black, yet some of the heads are painted with great delicacy
and modelled with exquisite feeling. Dr Waagen gave a most
favourable opinion of a triptych now .at the Hermitage at St Peters-
burg, executed, according to Van Mander, in 1531, representing the
blind man of Jericho healed by Jesus Christ in the presence of the
apostles. Here too the great German critic observed the union of

faulty composition with great finish and warm flesh-tints with a
gaudy scale of harmonies. The same defects and qualities will be
found in such specimens of the master's art as are still preserved in

public collections, amongst which may be mentioned the Card Party
at Wiltoa House, the Penitent St Jerome in the gallery of Berlin,
and the hermits Paul and Anthony in the Lichtenstein collection
at Vienna.

A few days before his death Lucas van Leyden was infonned of

the birth of a grandson, firstborn of his only daughter Gretchen.
Gretchen's fourth son Jean de Hoey followed the profession of his

grandfather, and became well known at the Parisian court as painter
and chamberlain to the king of France, H^nry IV.

LUCCA, a city of Northern Italy, the chief town of a

province, an archiepiscopal see, afni the seat of a court of

assize, lies 13 miles by rail north-east of Pisa, in 43° 50'

N. lat. and 10° 28' E. long. Situated 50 feet above the

level of the sea, in the valley of the Serchio, the city looks

out for the most part on a horizon of hills and mountains.

The fortifications—pierced by four gates—were commenced
in 1504 and completed in 1645, and long ranked among
the most remarkable in the peninsula. The city has a

well-built and substantial appearance, its chief attraction

lying in the numerous churches, which belong in the main
to a well-marked basilican type, and present richly decorated

exteriors, fine apsidal ends, and quadrangular campaniles.

The cathedral or church of St Martin was begun in 1063 by
Bishop Anselm ; but the great apse with its tall columnar

arcades is probably the only remnant of the early edifice.

The wast front, " built during the first forty years of the

13th century, consists of a vast portico of three magnificent

arches, and above them three ranges of open galleries

covered with all the devices of an exuberant fancy." The
ground plan is a Latin cross, the nave being 373 feet in

length and 84 feet in widtb, and the transepts 117 feet in

length. In the nave is a little octagonal temple or chapel

built (1484) by Matteo Civitali, which serves as a shrine

for the most precious cf the Lucchese relics, a cedar-wooJ

crucifix, carved, according to the legend, by Nicodemuj,
and miraculously conveyed to Lucca in 7ti2. The Sacred
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Countenance (VoUo Santo), as it is generally called, because

the face of the Saviour is considered a true likeness, ia

only shown thrice a year. The beautiful tomb of Maria

Guinigi is described by Ruskin, Modem Painters, ii. The
church of Saint Michael, founded in the 8th century, and
built of marble within and without, has a lofty and
magnificent western fa(;ade (1188)—an architectural screen

rising much above the roof of the church. St Frediano or

Frigidian dates originally from the 7th century ; the front

(of the 13th century) occupies the site of the ancient apse
;

in one of its chapels is the tomb of Santa Zita, patroness

of servants and of Lucca itself. San Giovanni (originally of

the 12th century), San Romano (rebuilt in the 17th century,

by Vincenzo Buonamici), and Santa Maria Forisportam (of

the 13th century) also deserve to be mentioned. Among
the secular' buildings are the old ducal palace, begun in

1578 by Ammanati, and now the residence of the prefect

and seat of the provincial officers and the public picture

gallery ; the Palazzo Pretorio, or former residence of thff

podesta, now the seat of the civil and correctional courts
;

the palace, erected in the 15th century "by a member
of the great Guinigi family, and now serving as a poor-

house ; and the 16th century palace of the Marquis
Guidiccioni, now used as a depository for the archives.

The principal market-place in the city {^Pia::a del Mercato)

has taken possession of the arena of the ancient amphi-
theatre, the arches of which can still be seen in the

surrounding buildings. Besides the academy of sciences

just mentioned, which dates from 1584, there are several

institutions of the same kind—a royal philomathic aca-

demy, a royal academy of arts, and a public library

of 50,000 volumes. The silk manufacture, which was
inti-oduced at Lucca about the close of the 11th century,

and in the early part of the 16th became for a time the

means of subsistence for 30,000 of its inhabitants, now
gives employment (in reeling and throwing) to only about
1500. The bulk of the population is engaged in agricul-

ture. In 1871 the city had 21,280 inhabitants. The com-
mune has increased from 61,175 in 1834 to 68,063 in 1881.

Lucca (Latin, Luca) is probably a place of Ligurian origin. First

raentioned as the place to wbieh Scmprouius retired (218 B.C.)

before the victorious Hannibal, it pusses out of sight again till 177,
when it became the seat of a Roman colony. In the time of Julius
Cie«ir it is frequently heard of as a town in his province of Cisalpine

Gaul and Lignria, to which lie repaired for cousuUation with his

imlitical associates. By Augustus it. was trajisferred to Etruria.

Though plundered and deprived of part of its territory by Odoacer,
Lucca appeal's as an important city and fortress at the time of

Narscs, and under the Lombards it was the residence of a duke or
marquis and had the privilege of a mint. The dukes gradually
extended Iheir power over all Tuscany, but after the death of the
famous Matilda the city began to constitute itself un independent
community, and ia 1160 it obtained from WelfVL, duke of Davariii
and ma^iuis of Tuscany, the lordship of all the country for 5 miles
round. Internal discord afforded an opportunity to Hguccione della

Faggiola to make himself master of Lucca in 1314; but the
Lucchese expelled him two years afterwards, and handed over their

city to Castruccio, under whose masterly tjTanny it became "for a

moment the leading state of Italy." Occupied by the troops of

Louis of Bavaria, sold to a rich Geuovese Gherardo Spinola, seized

by John, king of Bohemia, pawned to the Rossi of Parraa, sold to
the Florentines, surrendered to the Pisans, nominally liberated by
the emperor Charles 1 V, , and governed by his vicar, Lucca was sub-
jected to endless vicissitudes, but managed, at 6rst as a democracy,
and after 1628 as an oligarchy, to maintain "its independence along-
side of Venice and Genoa, and painted the word Libertas on its

banner till the French Revolution." In the beginning of the 16th
century one of its leading citizens, Francesco Burlamacchi, made a
noble attempt to give political cohesion to Italy, but perished on
ihe scaffold (1548) ; his statue by Ulisse Cambi was erected on the
Pjazza Sau Jlichele in 1863. As a principality formed in 1805 by
Napoleon in favour of his -sister Elisa and her husband Baciocchi,
Lucca was for a few years wonderfully prosperous. It was occupied
by the Neapolitaus in 1814 ; from 1816 to 1847 it was governed as
I duchy by ilaria Luisa, queen of Etruria, and her sou Charlv*
Lonis ; and it afterwards formed one of the divisions of Tuscany.
Ths bishops of Lucca, who can be traced back to 317, gradually

acquired a variety of exceptional marks of distinction, mrli a« tho
pallium in 1120, and the archie^iiscopal cross from Alexamler II. ;

and at length in 1726 Benedict XIII. roisodUicir »cc to the raul of
an archbishopric, without suffragans.

Sic Mcmorit ptr itrri, e <iH,i noriit dtl Jiicitio ill limn. piib1l>lir<1 by llu' Liu-.-a
Actidcrny

; JIn7.?wii08B. I'^tolia ill Zum/, Luccn. ISa."); Hcpctll. Diiiuiiai-to ititUj
Toseana. Vlorencc, Isas ; Frtem»ii, lllil. aiid Arcli. SitUlia, Londou, Uia.

LUCCA, Baths of (Bagni di Lucca, formerly Bagno
A Corsena), a commune of Italy in the province of Lucca,
containing a number of famous watering-places. They
are situated in the valley of the Lima, a tributary of the
Serchio ; and the district is known in the early history of
Lucca as the Vicaria di Val di Lima. Ponte Serraglio (16
miles to the north of Lucca) is the principal village ; but
there are warm springs and baths also at Villa, Docee
Bassi, Bagno Caldo, io. Bagno a Corsena is mentioned iu
1284 by Guidone da Corvaia, a Pisan historian (Milratori,

vol xxii.); and by the l6th century the waters had
attained great celebrity. Fallopius, who gave them credit

for the cure of his own deafness, sounded their praises iu

1569 ; and they have been more or less in fashion since,

The temperature of the water varies from 96° to 133° Fahr.,

in aU cases it gives off carbonic acid gas, and contains lime,

magnesium, and sodium products. In the village of Bagno
Caldo there is a considerable hospital, constructed largely

at the expense of Nicholas Demidotf in 1826, The
population of the commune was 11,000 in 1881.

LUCENA, a town'of Spain, in the province of Cordova,
37 miles south-south-east from that city, and 1 1 miles by
road south-east from the Aguilar station of the Cordova-
Malaga Railway. It is pleasantly situated on the Cascajar,

a minor tributary of the Genii, in a district that produces
oil, wine, and cereals in great abundance, and affords

excellent pasture. The parish church, which is large but
not otherwise remarkable, dates from the beginning of the

16th century. The chief industries are the manufacture
of hardware and pottery, bronze lamps being a specialty of

Lucena, and also the large earthenware jars {tiiittjas) used
throughout Spain for the storage of oil and wine. There
is considerable trade in the produce of the neighbourhood,
and the horse mart is famous throughout Andalusia. Tho
population in 1877 was 19,540. Lucena was taken from
the Moors early in the 14th century ; it was in the attempt
to recapture it that King Abu 'Abdallah (Boabdil) of

Granada was taken prisoner in 1483.

LUCERA, a city of Italy, iu the province of Foggia, on
a hill in the midst of the Apulian plain, lies 10 miles west-

north-west of Foggia. Although a busy and tlourishiug

place, with 14,014 inhabitants in 1871, Lucera is mainly
of historical interest. The cathedral, erected on the ruins

of the magnificent mosque, is a fine Romanesque building

with Gothic features ; and the castle, whose imposing ruins

still crown the hill to the north of the town, was formerly

the grandest of all the Strongholds possessed by the Hohen-
staufen emperors to the south of the Alps.

By a Greek tradition the foundation of Luceria was assigned to
Diomede, and the statue iu its temple of Minerva passed as the
authentic Palladium ; but the place would seem to be really of
Oscan rather than Daunian origin. The Romans were marchiu|r to
the rehef of Luceria when they suffered the defeat at the Caudinw
Forks; they effected its capture in 320 B.C.; and when they re

covered it in 814 they slew a great part of the inhabitants, anJ
introduced a powerful body of colonists. During the Second
Punic War the city was the headquarters of the ApuUan cam-
paigns. It continued to exist as a place of some mark down through
the empire, and is mentioned by Pliny as a colony. Destroyed
(663 A. D.) by tho emperor Constans, who had recovered it from the
Lombards, it Was shortly after restored, and in 1227 it was raised

to more than its former prosperity by Frederick II., who settled

there a great body of his Saracen followers from Sicily, and thus
increased its population to about 77,000. The JlohauimeJau
colony, however, was brought to ruin by the hostility of Charles I.

and II. of Anjou. Previous to 1806 Luccni was tho adininistrativo

centre of tlte two provinces llasilicila and Molix*. Sec W. Lan^
in La Sciicii, r^cidi, 'Dec. liii.
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LUCERNE (German, Luzem), a canton of Switzerland

lying north-west of the central mass of the Swiss Alps,

having the canton of Aargau to the north, Bern to the

west and south, and the small cantons of Zug, Schwyz,

and Unterwalden on the east and south-east sides. Like

most of the Swiss cantons its form is very irregular, and

it includes, besides a part of the Lake of Lucerne, the

Lakes of Sempach and Baldegg, and several smaller sheets

of water. To this circumstance is probably due the dis-

crepancy in the various estimates di the area, which range

from 498 to 585 square miles. The greater part of its

territory lies in the low hilly region of north-western

Switzerland, most of which is under cultivation ; but it

has one considerable valley, the Entlebuch, enclosed by

mountains, several of which exceed 5000 feet in height,

which is devoted to pasturage. The only considerable

mountain in the canton is the Pilatus, a steep jagged ridge

with numerous peaks, the highest of which is 7290 feet

above the sea, forming the boundary between this and

the canton of Unterwalden. The only river is the Eeuss,

which issues from the lake at the town of Lucerne, but

soon turns abruptly to the north-east, and passes, the

boundary of t!ie canton. Of many smaller streams that

•water its surface, the most important is the Little Erame,

which drains the Entlebuch and its tributary valleys.

The soil is moderately fertile, and produces good crops of

cereals, but the vine is grown only in a few exceptionally

favourable situations. Some of the higher valleys, espe-

cially the Entlebuch, are mainly devoted to pasture, and

furnish cheese and butter in considerable quantities, of

which the surplus is exported. The population in Decem-

ber 1880 was 131,806, of whom all but 5634 were Roman
Catholics. The language is exclusively German, and the

people belong to the Teutonic stock. Excepting the

inhabitants of the town of Lucerne, they are mainly

employed in agriculture. The men of the Entlebuch,

leading a pastoral life and little exposed to intercourse with

strangers, have preserved more of the original simplicity of

manners and costume than is now often found elsewhere in

Switzerland. They are famed for their strength and skill

in wrestling and other athletic exercises, as may be seen

at the Schwingfeste, still frequently held in that district.

Like the rest of northern Switzcihiid, Lucerne was subject to

the house of Austri^v until 1332, when its people joined the league

of the forest cant.ons, Uri, Schwyz, ami Unterwalden, thus forming

the fourth in date of the confederation.^ They bore their share in

tlic brilliant victory of Sempach, fought in 1386 near the village of

that name, and in 1402 accpiired the Entlebuch by purchase from

the Austrian duke. The government was until the end of the 18th

century an oligarchy in the hands of a few families, but in 1798 the

Fieneh invasion substituted democratic institutions. These, with

several changes all tending to give more complete power to tho

people, have continued to the present time. The constitution now
in force d/ites from the 17th February 1869, and is hased on tho

principle which prevails throughout the whole of Switzerland, that

the sovereign power is vested exclusively in the people, but may be

exercised cither directly or through delegates elected by universal

sulfrage. Lucerne formerly sent a contingent uf 1734 men to the

federal army, but according to the latest return the number of men
belonging to the canton on the rolls (in 1879) w.as 5176. In 1846

Lucerne took a leading part in the formation of the Sondcrhund,

a league of several of the Catholic cantons to •ppose forcible

resistance to the (J'ecree of the federal government for tho expul-

sion of the Jesuits from Switzerland. In the brief campaign that

ensued in the following year, the forces of the Sonderbund were-

utterly routed, and after a few days the conflict ceased. Since that

date the canton seems tr, have enjoyed complete internal tranquillity.

Lucerne has produced a fair proportion of men who have distin-

guished themselves in scienoe, literature, philosophy, and art.

Among many others whose reputation is confined to their own
country, the names of the naturalists Cappcler and Langc, the

historians Etterlin and nalthasar, nnd the philosopher Troxlcrhave

acquired more permanent reputation.

Lucerne, the chief town of the Swiss canton of that

liame, stands on both bank.^ of tho Reuss, where that

river issues from the north-west end af the chief arm of

the lake of Lucerne. The position of tflo town is singu-

larly beautiful. Beyond the lower hills, rich with plant-

ing and cultivation, which slope towards the shores of

the h^ke and the river, loftier summits of very varied

form rise in the background. Most prominent of these i«

the many-peaked Pilatus, only about 7 miles distant, while

the double summit of the ]\lythen, at the opposite end of

the lake, is flanked by other less imposing summits, amongst
which the Righi draws attention, owing to the fame of its

panoramic view. The picturesque aspect of the town is

much enhanced by the ancient walls, now partly removed,

and the circular or octagonal towers which surround it.

One of these, called the Wasserthurm, rising from the

water's edge, is said to have served as a lighthouse

(liicerna), and to have originated the name of the town
and canton. The town appears to owe its origin to a

Benedictine monast-ery which stood on the site of the

present Hofkirche. The buildings which clustered round
gradually increased, until, early in the 14th century, the

walls were erected for protection, and bridges were carried

across the river. The Rathhaus, which is the seat of the

cantonal Government, is an ancient building adorned with

wood carving and quaint pictures. In a large hall are pre-

served the portraits of the chief magistrates (Schiilt/Kisseu)

from the earliest times to the year 1814. The libraries of

Lucerne are said to possess the most complete and

important collection of documents connected with the

history of Switzerland during the Middle Ages. The
town library, now in the museum, contains about 12,000

volumes, and is especially rich in manuscript chronicles.

The cantonal library, reckoned at over 80,000 volumes, with

many incunabula, w-as chiefly formed from the libraries of

suppressed monasteries. Other curious books are to tje

found in the library of the Capuchins at ^Yesemlin outside

the town.

Besides two modern bridges which span the river, there

are two wooden causeways, roofed over,' and passable only

on foot, which anciently served the wants of the inhabi-

tants; a third, the longest of all, was removed in the prt-

gress of modern improvements. Of those remaining, the

more ancient, called the Miihlbriicke, was adorned with

illustrations of the " Dance of Death," a favourite subject

with German and Swiss medieval artists ; though much
injured by time, they are still visible. The other wooden

bridge—tho Kapellbriickc—is decorated with numerous

paintings representing events in Swiss history and in tho

lives of Saints Leodegar and Mauritius, the patrons of the

city. The principal church, which has little architectural

merit, possesses a fine organ. Along with various religious

and charitable institutions which seem fully adequate to

the Wants of the population, a museum has been opened

of late yeare which, among various other objects, contains

an interesting archajological collection, going back to the

prehistoric period, and including relics of historical interest,

such as trophies taken on the field of Sempach, formerly

preserved in the arsenal. The town contains one object

of genuine artistic interest— the colossal lion designed to

commemorate the men of the Swiss guard who fell in tlie

defence of the Tuileries in Paris on the 10th August 1792.

The idea, which might easily have led an inferior artist

into extravagance and vulgarity, was well suited for the

simple and manly genius of Thorwaldsen, who supplied

the model; and, although the execution is necessarily

somewhat rude, the eS'ect is touching and impressive. In

an architectural point of view tho most notable part of the

town is the wide quay formed on land reclaimed from the

lake in 1852, planted on one side with trees, and on the

other showing a succession of those great hotels which

everywhere in Switzerland have been buili to accommodate

and to tempt the strangers who annually resort to l! f
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couutiy. This constant flow of visitors hxs led to a large

incroaso o( population ; that of Lucerne, which twenty

years before was little over 10,000, was 17,850 at the

ccnaus of 1«80. (j. B.)

LUCEKNE, Lake of, the name ^iven by foreigners to

the Vierwaldstattersee, or lake of the four forest cantons of

Switzerland. Only a small portion of its shores lie within

the canton of Lucerne, but the name has been taken from

the most considerable town which it approaches. Lying

on the northrwe.''t side of the Alps of central Switzerland,

this lake has extraordinary interest for the physical

geographer, for the lover of natural scenery, and for all

who feel sympathy with the story of Swiss independence.

Like most of the other Alpine lakes, it lies altogether among
the Voralpeii, or outer ranges of the Alps, but is remarkable

for the e.\trem(i irregularity of its form, which suggests

problems of much difficulty to the orographer. The great

majority of the Alpine lakes occupy depressions or excava-

tions in a single line of valley ; and, so far as their form is

concerned, the facts appear to be equally reconcilable with

the views of those geologists who believe the lake basins to

have been hollowed out by great glaciers as with those

ri-in of I aki I 1 I

which refei thtu origin to disturbances of rthtive level,

and restrict the action of the ancient ghciero to a secondary

part in the result. The Lake of Lucerne, however, appears
to occupy portions of four different valleys, orographically

distinct, andcunnectedonlyby narrow and tortuous channels.

Commencing at its eastern extremity, we have the portion

called the Bay^f Uri, which at its southern end receives

the considerable stream of the Reuss, bearing down the

drainage of the Alps adjoining the pass of St Gotthard.

This extends from south to north about 8 miles, with an
average breadth of less than 2 miles, enclosed between
steep limestone mountains rising from 4000 to 5000 feet

above its surface. At the north end of the Bay of Uri a
low tract, only a few miles in width, divides the shore of

the lake from the little Lake of Loweiz, and another similar

tract divides the latter from the Lake of Zug, so that it

seems natural to conclude that if the Bay of Uri had been
excavated by ice action it woukl have retained its original

direction and carried the waters o*' the Reuss to the Lake
of Zug. In point of fact tlie channel of the lake is bent
abruptly westward round the promontory of Treib, and
extends in the same direction nearly 10 miles, with the

local designation of Euochsersee. But this channel is

closed at its western end by a low neck of land, and the

passage for navigation is through a narrow strait, less than

half a mile wide, which connects the Buochsersee, lying

south of the Biirgensteiu and the Vitznauerstock, with a

third basin occupying the bottom of the valley which lies

north of those ridges. Proceeding westward along this

latter portion of the lake, we find two deep bays, several

miles in length, opening on cither hand, while a third

extends somewhat north of west to the town of Lucerne.
The bay on the left hand, opening towards the siulhwcst,
is called the Alpnachersoe, while that ou the opposite or

north-east side is the Bay of Kiissnacht. At the central

point where these meet it is seen that they lie in a

continuous lino of valley extending from the Briiiiig V:\.f.i

to the Lake of Zug, as the Bay of Kussnacht i-i ocpinitcd
from the latter only by a low isthmus. Those who refuse

to regard glaciers as the chief agents in the excavation of

lake basins ask how it can be supposed that a glacier from
the valley of the Reuss could have accomplished Ihi;

hollowing out of the middle portions of the lake, and
further inquire whether the glacier from the valley of

Sarnen, which is supposed to have excavated the bays of

Alpnach and Kiissnacht, should not have also cleared away
the isthmus between the latter and the Lake of Zug, leading

the drainage of the lake in that direction. The question

as to the true origin of lake basins iu the Alps cannot be
satisfactorily discussed until their forms have been
determined by numerous and accurate soundings, and this

has as yet been done for the Lake of Como alone. The
greatest depth hitherto measured in the Lake of Lucerne
is lOiO feet, but no connected series of soundings appear
to have as yet been made. The mean height of the surface

above the sea-level is 1437 feet, or 68 feet higher than the

Lake of Zug.

The irregularity of its form is the chief :ause of the

unequalled variety which characterizes the scenery of the

Lake of Lucerne, but the geological structure of the moun-
tains that enclose it much enhances the effect. Its eastern

portion lies amid the Secondary limestone rocks which are

everywhere in the Alps marked by sharp peaks and ridges

and precipitous crags ; the middle part is enclosed by great

masses of Tertiary conglomerate, called in Switzerland

Nagelfluhe, which constitutes such mountains as the Righi

and the Biirgensteiu, showing steep faces with gently

sloping summits ; while the western extremity is surrounded
by swelling hills richly planted and dotted with bright

looking hamlets or solitary farm-houses. The forests which
once covered the greater part of this region, and give the

local designation to the four original cantons of Switzerland,

have been extensively thinned, but enough yet remain to

add another element to the charms of the scenery. Vine-

yards with their formal rows of stakes are scarcely seen on
the shores of the lake, but orchards surround most of the

houses, and the walnut grows to great perf»ction. Lucerne
is the only town on the lake. Altdorf, the chief town of

Uri, stands nearly 2 miles from the head of the Bay of

UK, and Schwyz, capital of the canton of that name, is

more than 3 miles from the shore; but since the introduction

of steam navigation several of the villages on its coast havv

largely increased in population.

Modem scepticism has thrown doubt upon many of the .i.-tnik in

the popular history of the origin of Swiss independence ;
liut it is

certain that the snores of this lake nurtured \\\^ men v.-ho com-
menced the heroic efforts that secured freedom for their country.

Heiv, at the beginning of the 14th century, in au age when newly
all Europe was in the bands of feudal oppressors, a handful of

mountaineers drove out the local tyrants and levelled their strong-

holds, and a few years later, on tbe fields of Morgarten and Sem-
pach, confronted and put to flight the chivalry of Austria. The man
who can visit unmoved the Griitli, the spot, overlooking the liay of

Uri, consecrated by popular tradition aa the scene of tlie first meet-

ing of the confederates on the night of the 7tli October 1307, must
be devoid of all sense of the sublime in natural scenery and of tli':

heroic in human action. (J. B.)

LUCIA, or Lucy, St, waa a noble Christian virgin <•(

Syracuse, who lived in the reign of Diocletian. Il'r

mother, having been miraculomly cured of an illnosB at the

XV. — 6
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sepulchre of St Agatha in Catania, was persuaded by Lucia

to distribute all her wealth to the poor. The youth to

whom the daughter had been betrothed forthwith denounced

her to Paschasius the prefect, who ordered that she should

be taken away and subjected to shameful outrage. But

it was found that no force which could be applied was able

to move her from the spot on which she stood ; even

boiling oil and burning pitch had no power to hurt her,

until at last she was slain with the sword. Such in

substance is the narrative of the appropriate lessons given

in the Roman Breviary for the festival of St Lucia on

December 13 (duplex); a later legend represents her as

having plucked out her eyes when they threatened to

become a snare to her lover, and as having had them after-

wards restored to her more beautiful than before. In art

she IS represented as suffering martyrdom, as bearing her

eyes on a salver, or as carrying a flaming lamp in her hand
;

in the last case she is the typo of celestiil light or wisdom
(comp. Dante, Inf., ii.; Purr/., ix.; Par., xxxii.). She is

invoked in cases of eye-disease, and is also regarded as the

patroness of the labouring poor.

LUCTAN, one of the principal essay-writers {Xoyoypddioi)

and satirists of the post-Christian era, tlie silver age of

Greek literature, was born at Samosata on the Euphrates

in northern Syria.' We have no indication of the precise

date of his birth, but it is probable that he flourished about

or after the middle of the 2d century, as he mentions

Marcus Aurelius and his war with the German ^larco-

manni and Quadi (170-74 a.d.) in his Alexander (§ 43).

He tells as in the Somnium or Vita Luciani, § 1, that

his means being small he was at first apprenticed to his

maternal uncle, a statuary, or rather sculptor of the stone

pillars called Hermaa.- When a schoolboy he had been
in the habit of scraping the wax from his tablets and using

it for moulding or modelling little figures of dogs, horses,

or men.^ Having made an unlucky beginning by breaking
a marble slab, and having been well beaten for it, ho
absconded and returned home. Here he had a dream or

vision of two women, representing Statuary and Literature.

Both plead their cause at length, setting forth the

advantages and the prospects of their respective professions
;

but Ae youth chooses flaiSeia, and decides to pursue
learning. For .some time he seems to have made money
as a p>7Tw/j, following the example of Demosthenes, on
whose merits and patriotism he expatiates in the dialogue

Demosthcnis Encomium. -It is 'dear from his numerous
Writings that he was very familiar with the rival schools of

philosophy, and he must have well studied their teachings
;

but he lashes them all alike, the Cynics, perhaps, being
the chief object of his derision.^ A large number of

philosophers, both ancient and contemporary, are mentioned
by name, nearly always in ridicule or disparagement.
Lucian was nrt 'only a sceptic ; he was a scofifer and a
downright unbeliever. He felt that men's actions and
conduct always fall far short of their professions, and
therefore he concluded that the professions themselves were
worthless, and a mere guise to secure popularity or respect.

Of Christianity he- shows some knowledge, and it must

' He mentions it only once, in tile treatise iris 5ei lo-Topioi- (ny
ypdrffif, wlicie lie spealt.9 of tV ^/ih" irarpfSo Ta ZanS^ara (§ 24).
In Piscatar (§ IS), lie sreaks of Uiraself as 2i/pos tuv 'Eirei/*pa-

'

TlJ-'o.!/.

' Tli6 ,vonIs (cpio-Tec {p/ioyhifot tifai Sokwv (J 3) are probably
satiricnl, nnJ really mem ,paiKos, " second-rate," for it is clear that
lie (lislikcl his lu.cle. s Ibid., § 2.

^

* i.'ciicc Diogenes is made to say in Piscator, § 23, virifi Sirai'Tos

VBpiiTiiai, sc. irpis AovKidfou. In /Slaii/ irpSiris (p. 551) llie same
pliiiosnplicr asserts tliat "any one will be looked up to and get a
rupiitation if only lie lias .impudence and al>iis« " At the auction
Dinijeiics i< vahicd at tim/mce (? 11). That Luciah had practised in
law roiiit-i, and tnined liis eloquence afterwards against the^liilo-
soplicrs, in asserted in Piscat.

, § 25,

have been sa^iewhat largely professed in Syria at the close

of the 2d century.^ In the Philopains, though the

dialogue so called is generally regarded as spurious, there

is a statement of the doctrine of the Trinity,^ and the

"Galilaean who had ascended to the third heaven" (§ 12),

and " renewed " {aviKaivia-cv) by the waters of baptism,

may possibly allude to St Paul. The doctrines of the

Ao'yos and the "Light of the world," and that God is in

heaven making a record of the good and bad actions of

men,' seem to have come from the same source, though the

notion of a written catalogue of human actions to be ustd
in judgment was familiar to .(Eschylus and Euripides.

I

As a satirist and a wit Lucian stands without a rivaL

In these respects he may be said to occupy in prose litera-

ture the unique position which Aristophanes holds in Greek
poetry. But whether he is a mere satirist, who laughs
while he lashes, or a misanthrope, who hates while he

1 derides, is not very clear. In favour of the former view

it may be said that the two main objects of his ridicule

I

are mythology and the sects of philosophy; in favour

of the latter, his bitter exposure of imposture and
chicanery in the Alexander, and the very severe attacks he

I makes on the "humbug" of philosophy,^ which he every-

where assails with the most acrimonious and contemptuous
epithets.

As a writer Lucian is fluent, easy, and unaffected, and a
close follower of the best Attic models, such as Plato and
the orators. His style is simpler than Plutarch's, and
sume of his compositions, especially the Dialogues of the Gods

j

(pp. 204-287) and of the Uirine Deities (288-327), and,

above all, the Dialogues of the Dead (329-454), are models
of witty, polished, and accurate Greek composition. Not
less clever, though rather lax in morality, are the iraipiKoi

: Sia'Aoyoi (pp. 280-325), which remind us somewhat of

the letters of Alciphron. The sarcasms on the popular
mythology, the conversations of Pluto, Hermes, Charon,

I

and others of the powers in Hades, show a positive disbelief

of any future state of existence. The model Lucian

I
followed in these dialogues, as well in the style as in the

' sparkling and playful repartee, was the Platonic conversa-

tions, founded on the drama, of which the dialogue may be
called the prose representative. Aristotle never adopted

I

it, perhaps regarding it as beneath the true dignity of

philosophy. The dialogue, in fact, was revived and
improved by Lucian,^ the old traditions of the Xoyoirotot

I

and Xoyoypdrfioi, and above all, the immense influence of

rhetoric as an art, having thrown some discredit on a style

I
of composition which, as introduced by Plato, had formed
quite a new era in Greek prose composition. For rhetoric

loved to talk, expatiate, and declaim, while dialectic strove

to refute by the employment of question and answer, often

in the briefest form.

In his language, as tested by the best classical models,

Lucian is at once elegant and correct. But he occasionally

indulges in idioms slightly solecistic, as in the use of kui/

" In the Alexandnts (§ 25) we are told that the province of Pontus,

due north of Syiia, was "full of Chiistiaas."
^ g 12, yi^i/ie'Soi'Ta Qfhy fi^yav Hfi^poTov oi>pav(uva, vlhv fTaTpir,

Tlyevfia iK irarpfes iKfropiv^ixivov, iv (k Tptuiv KaX il Ivhs rpta, a

passage which bears on the controverted procession " a Patre Filioque."
' Jbid., § 13. iEsch., Sum., 265, ZfKToypitptp 5J TtivT iiria-ir^ (ppeyt.

® At p. 792 Herniotimus says to Lyeinns (who must be assumed to

represent Lucian himself), iPpiar^s dtl av, ical ouk ofS' 8 ti ifa8i»

luaui (piXoao^lati kdI ii toCs ipiKoaoipovvTai iTocrKtiiTTtt!. In

Icaromenippics (§ 5) he says he alwayi guessed who were the best

physical philosophers "by their sour-faced looks, their paleness of

complexion, and the length of their beards." See also ibid., § 29.
' He s.nys (speaking as Sipo! in J}is accvsutvs, § 34) that he found

dialogue somewhat out of repute from the too numerous questions

{i.e., emidoyed by Plato), and brought it up to a more human and
nahu-al standard, substituting banter and rejiartce for dialectic quibbles

and data logical reasoning.
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(koI a)') with a future or even an imperat--'C, /»^ in placo

of ou, thp particle uv misplaced or \\tiii.gly added, and a

Eulijunctive mood instead of an optative.' Nevertheless,

he evinces a perfect mastery over a language as wonderful

in its inflexions as in its immense and varied vocabulary
;

and it is a well-merited praise of the author to say that to

a good Greek scholar the pages of Lucian are almost as

easy and as entertaining as an English or French noveh

In this respect they form a contrast witli the somewhat
" crabbed " style of Plutarch, many of whose moral treatises

are by no means easy reading.

Of course Greek, like every other language, is progressive,

and the notion of fixing it to any given period as absolutely

the best is quite arbitrary. We shall not be surprised at

finding in Lucian some forms and compounds which were

not in use in the time of Plato or Demosthenes. Thus,

he has vTr(p€&i.t; for iirtpopa; (p. 99), 7rc7r«;ii/ieVo? as the

participle of the perfect passive of tTiixizw (p. 240), fva-iauKi

the perfect of tVo-ctoj (p. 705), to which a purist would
object; and there are occasional tendencies to Latinisra

which can hardly surprise us. From a writer living under

Fioman rule we may expect some Latin words in his

vocabulary, as SaKcpSios for Sace7-dos, and Fioman names
like Mdyvos, KcX(Td9, KeXijp (Celer), 'PouTiXAt'ai'os, A'C. In
the Lexiphanes a long passage is rgad from a treatise

composed in words of the strangest and most out-of-the-way

form and sound, on hearing which Lucian pretends to be

almost driven crazy (p. 3-12). His own sentiments on the

propriety of diction are shown by his reproof to'Lcxiphanes

(§ 24), "if anywhere you have picked up an out-of-the-way

word, or coined one which you think good, you labour to

kdapt the sense of it, and think it a loss if you do not

succeed in dragging it in somewhere, even when it is not

really wanted." The free use of such a vocabulary " even

iu satire shows Lucian's intimate knowledge of the spurious

bombast which had begun to corrupt the classic dialect.

Lucian founded his style, or obtained his Huency, from
the successful study of rhetoric, by v.'hich he appears to

have made a good income from composing speeches which
attracted much attention.^ At a later period in life ho
.,eeins to have held a lucrative office in Egypt. When he
•'all but had one foot in Charon's boat "-(he says in

Apologia, § 1), "he lent his neck to be bound by a golden

collar." This office was to register the actions and verdicts

ci the law courts,—he was a kind of " Master of the Rolls,"

V. ho had th-e custody of the state documents, and received

his salary directly from the king (Hid., § 12). He speaks
of the emoluments as ov o-fiiKpo^ fiiaOo'; aXXa -TroXuToAai'Tos.

We do not know the date of Lucian's death, but he may
have lived till about 200 a.d.

The extant works of this writer are so numerous that of

=nme of the principal only a short sketch can be given.

To understand them aright we must remember that the

whole moral code, the entire "duty of man," was included,

in tie estimation of the pagan Greek, in the various schools

of philosophy. As these were generally rivals, and the

systems they taught were more or less directly antagonistic,

truth presented itself to the inquirer, not as one, but as

manifold. The absurdity and the impossibility of this

forms the burdin of all Lucian's writings. He could only

lUS in p. 591, Trpiii\onevo~i Tij»a ^| tnriuTwt' Hans (.purra Karri-

XI ^v 5oK7?, either oarts tiv ipicrra Sokjj or oaTis &ptffTa ttv

is required by the laws of Attic Greek.
describing a ijanquet Lexiphanes says (§ 7), Troriipia Si ?KfiTo

a ^ttI tjjs S(\<p^i'lSoi rpaTri^T\St S Kpvtptfidrijnros Kal TpyTjAts

tovpy^i fvKa^ri exovcra r^v KfpKov Kal 0onliv\ios Kal SftpoKv-

V Kal yrjyfvTi TToWa oTa 0T)piKA7Js &VTa, ivpvxaSii re Kal &\\a
jia, Ta jutr ^uKaridef, ra 5e KyiSidfv, TravTalxivTot avenoibduVTa
ev6aTpaKa.

is accusal. {§ 27), where Rlietoric declares siie had enriched him,
'. pu fiiKpay i-Kfaivtynan^VT) lTo\\ovi Kol Sav/iaaiovs \uyovs.

form one conclusion, viz., that there is no such a thing as
truth.

One of the best written and most amusing treatises of
antiquity is Lucian's Triie Hislort/, which forms a rathe-
long narrative in two books. It is composed, he says in

a brief introduction, not only as a pastime and a div/irsion

from severer studies, but avowedly as a satire {oIk
uKa)/iaiSyT(u5, p. 71) on the poets and logograpbers who
have written so many marvellous tales, u-oXAa Tcpooria kcI

lj.v0u)Srj. Ho names Ctcsias and Homer ; but HcUanicus
and Herodotus, perhaps other Xoyoiroioi still earlier, appear
to have been in his mind.'' The only true statement in

his History, he wittily says (p. 72), is that it contains
nothing but lies from beginning to end.

The main purport of the story is to describe a voyage to

the moon. He set out, he tells us, with fifty companions,
in a well-provisioned ship, from the " Pillars of Hercules,"

intending to explore the western ocean. After eighty
days rough sailing they came to an island on which they
found a Greek inscription, "This was the limit of thi

expedition of Heracles and Dionysus "; and the visit o:

the wine-god seemed attested by some miraculous vines

which they found there. After leaving the island they
were suddenly carried up, ship and all, by a whirlwind,

into the air, and on the eighth day came in sight of a great

round island shining with a bright light (p. 77), and
lying a little above the moon. In a short time thej' are

arrested by a troop of gigantic " horse-vultures
"

(iTnrdyi'TToi), and brought as captives to the " man in the

moon," who proves to be Endymion. He is engaged in a
war with the inhabitants of the sun, which is ruled by
King Phaethon, the quarrel having arisen from an attempt

to colonize the planet Venus (Lucifer). The voyagers are

enlisted as " Moonites," and a long description follows of

the monsters and flying dragons engaged in the contest.

A fight ensues, in which the slaughter is so great tliat the

very clouds are tinged with red (p. 84). The long descrip-

tion of the inhabitants of the moon is extremely droll and
original, and has often been more or less closely imitated.

After descending safely into the sea, the"ship is swallowed

by a huge "sea serpent" more than 100 miles long. The
adventures during the long confinement in the creature's

belly are most amusing ; but at last they sail out through

the chinks between the monster's teeth, and soon find

themselves at the " Fortunate Islands." Here they meet

with the spirits of heroes and philosophers of antiquity, on

whom the author expatiates at some length.. The tale

comes to an abrupt end with an allusion to Herodotus in

the promise that he "will tell the rest in his next books."

The story throughout is written in easy and elegant Greek,

and shows the most fertile invention.

Another curious and rather long treatise is entitled

Aoi'kios t) ova's. The authorship is regarded as doubtful;

the style, as it seems to us, does not betray another hand.

Parts of the story are coarse enough ; the point turns on

one Lucius visiting iu a Thessalian family, in which the

lady of the house was a sorceress. Having seen her

changed into a bird by anointing herself with some potent

drug, he resolves to try a similar experiment on himself,

but finds that he has become an ass, retaining, however,

his human senses and memory. The mistake arose from

his having filched the wrong ointment ; however, he is

assured by the attendant, PaLTstra, that if he can but

procure roses to eat, his natural form will be restored. In

the night a party of bandits break into the house and

' In p. 127 ke says that he saw punished in Hades, more severely

than any other sinners, writers of false narratives, among whom were

Ctcsias of Cuidus and Herodotus. Yet in the short essay inscribed

Ilcrmlohis, p. 831, he wishes it were possible for him to imitate the

many excellencies of that writer.
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carry off the stolen goods into the mountains on the back

of the unfortunate donkey, who gets well beaten for

stumbling on the rough road. Seeing, as he fancies, some
roses, in a garden, he goes in quest of them, and again gets

beaten as a thief by the gardener (p. 585). After many
adventures with the bandits, he attempts to run away, but

is caught. A council is held, and he is condemned to die

along with a captive girl who had essayed to escape on his

back. Suddenly, however, soldiers appear, and the bandits

are arrested (p. 595). Again the ass escapes " to the great

and populous city of Bercea in Macedonia "
(p. 603). Here

he is sold to a strolling conjurer, afterwards to a market-

gardener; and both experiences are alike painful ' Again

he passes into the possession of a cook, where he gets fat

and sleek on food more suited to his concealed humanity
than the hard fare he has of late lived upon (p. 614). At
last, during an exhibition in the theatre, he sees some roses

being carried past, and, making a successful rush to devour

them, he recovers his former shape. "I am Lucius," he
exclaims to the wondering president of the exhibition,
" and my brother's name is Caius. It was a Thessalian

witch that changed me into a donkey." Thus all ends

well, and he returns safe to his country. Droll and
graphic as many of the adventures are, they but too clearly

show the profligate morals of the age.

The treatise On the Syrian Goddess (Mylitta, the moon-
goddess, the Semitic Venus) is written in the Ionic dialect

in imitation perhaps of the style of Herodotus, though the

resemblance is by no means close. The writer professes to

be an Assyrian (p. 452), and to describe the wonders in

the variovis temples of Palestine and Syria; he descants

on the eunuchs of Syria and the origin of the self-imposed

privation of manhood professed and practised by the Galli,

The account of the temples, altars, and sacrifices is curious,

if really authentic ; after the manner of Pausanias it is

little mo"e than a list, with the reasons in most, cases

added, or the origin of the custom explained.

De Morte Peregrini is a narrative of one Proteus, a

Cynic, who after professing various doctrines, and among
them those of Christianity, ended his own life by
ascending a burning pyre (p. 357).' The founder of the

Christian religion is described (p. 334) as "the man who
hid been crucified (or fixed to a stake, avaa-KoXotrLo-divTa.)

in Palestine," and as one "still worshipped for having
introduced a new code of morals into life." The zeal of

the early converts is shown by their flocking to the prison

when Proteus had been arrested, by the sympathy conveyed
from distant cities of Asia (p. 336), by contributions of

money for his support, and by their total indifference to

life ; for " the poor wretches have persuaded themselves

that they will live for ever." The founder of the religion,

" that first lawgiver of theirs," says Lucian, " made them
believe that they are all brothers when once they have
abjured the gods of Greece and worshipped the crucified

man who is their teacher, and have begun to live 'according

to his laws" (p. 337).

Bis acaisatns is a dialogue commencing with a satire on
the folly of the popular notion that the gods alone are

happy. Zeus is represented as disproving this by enume-
rating the many and heavy duties that fall to their lot in

the government of the world, and Hermes, remarks on the

vast crowds of philosophers of rival sects, by whose
influence the respect and worship formerly paid to the gods
have seriously declined. A trial is supposed to be held

under the presidency of the goddess AUrj, between the

Academy, the Porch, the schools of the Cynics and
Epicureans, and Pleasure, Revelry, Virtue, Luxury, &c., as

variously impugned or defended by them. Then Conversa-

It is open to controversy whether he was not a martyr at the stake.

tion and Ehetori; come before the court, each having an
action for defamation to bring against Syrus the essayist,

who of course is Lucian himself (p. 823). His defence is

heard against the charges of both, and in both cases he is

triumphantly acquitted. This essay is brilliant from its

clever parodies of Plato and Demosthenes, and the satire

on the Socratic method of arguing by short questions and
answers.

The Zover of Lying (*L\oi/fei,'Si)s) discusses the reasou
why some persons seem to take pleasure in falsehood for

its own sake, and w^hen there is nothing to be gained
by it. Under the category of ly,ing all mythology {e.g.,

that of Homer and Hesiod) is included, and the question

is asked, why the hearers of such stories are amused by
them? Quack remedies, charms, and miraculous cures are

included among the most popular kinds of falsehood

;

witchcraft, spiritualism, exorcism, expulsion of devils,

spectres, are discussed in turn, and a good ghost story is

told in p. 57. An anecdote is given of Democritus, who,
to show his disbelief in ghosts, had shut himself up in a
tomb, and when some young men, dressed up with death's

heads, came to frighten him at night, and suddenly appeared
to him while he was engaged in writing, he did not even

look up, but called out to them, "Stop your joking" (p. 59).

This treatise, a very interesting one, concludes with the

reflexion that truth and sound reason are the only remedies
for vain and superstitious terrors.

The dialogue Navigium seu Vota (nXoioi' 17 f^x'") gi^^^

an apparently authentic account of the measurements and
fittings of an Egyptian ship which has arrived with a cargo

of corn at the Piraeus, driven out of its course to Italy by
adverse winds. The full length is 180 feet, the breadth

nearly 50, the depth from deck to the bottom of the hold

43 feet. The " wishes " turn on a party of friends, who
have been to see the ship, declaring what they would most
desire to possess. One would have the ship filled with

gold, another a fine house with gold plate ; a third would
be a " tyrant " with a large force devoted to his interests

;

a fourth would like to make himself invisible, enter any
house that he pleased, and be transported through the air

to the objects of his affection. After hearing them all, the

first speaker, Lycinus (Lucian), says that he is content

with the privilege of laughing heartily at the vanity of

human wishes, especially when they are those of professed

philosophers.

The dialogue between Philo and Lycinus, Convivium seu

Lapithee, is a very amusing description of a banquet, at

which a party of dignified philosophers quarrelled over

their viands at a marriage feast, and came to blows. The
style is a good imitation of Plato, and the scene reminds
one of the "clients' dinner" in the fifth satire of Juvenal.

One of the party is so irritated by taunts that he flings a

goblet half full of wine at the head of another, wio retorts

by spitting in the face of the aggressor (p. 441). Matters

come to a climax by the attempt of one of the guests,

Zenoth^mis, to secure for himself a fatter fowl wjiich had
besn served to his next neighbour Hermon. Each seizes

his bird and hits the other with it in the face, at the same
time pulling his beard. Then a general fight ensues, and
serious wounds are inflicted. The story is, of course, a

satire on philosophy, the favourite topic of a writer who
believed neither in gods nor in men.

The Piscalor, a dialogue between Lucian, Socrates,

Pythagoras, Empedocles, Plato, and others, commences
with a general attack on the author as the enemy of

philosophy. Socrates proposes that the culprit should be

tried, and that Philosophia should assist in the prosecution.

Lucian declares that he does not know wher^such a person

lives, long as he has been looking for her (§ 11). She is

found at last, but declares Lucian has nei'er disparaged
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her, but only impostors and pretenders under her name

(!5 15). Ho makes a long defence (pp. 598-GOC), abusing

the philosopliers in the sort of language in which some

ficliools of theologians abuse the monks of the Jliddlo

Ages (§ 31). The trial is held in the Acropolis of Athens,

and the sham philosophers, dreading a verdict against

tliem, throw themselves from the rock. A Cynic flings

away his scrip in the hurry, and on examination it is

found to contain, not books or loaves of bread, but gold

coins, dice, and fragrant essences (§ ii). The title of

Fislierman is given to this wittj' treatise, because at the

end Lucian baits his hook with a fig and a gold coin, and
catches gluttoiious stroUefs in the city while seated on the

wall of the Acropolis.

The Voyaije Home (KaTUTrXoDs) opens with the com-
plaint that Charon's boat is kept waiting for Hermes,
who soon appears with Jiis troop of ghosts to be ferried

over the infernal river. Among them is a rupawos, one

Jilegapenthes, who, as his name is intended to express,

mourns greatly over the life he has just left. Amusing
appeals are made by other souls for leave to return to life,

and even bribes are offered to the presiding goddess of

destiny, but Clotho is, of course, inexorable. The moral

of the piece is closely like that of the parable of Dives

and Lazarus : the rich and prosperous bewail their fate,

while the poor and afflicted find rest from their troubles,

and have no desire to return to them. The rofiawm here

is the man clothed in purple and fine linen, and Lucian
shows the same bitter dislike of tyrants which Plato and
the tragic writers display. The heavy penalty is adjudged
to ilegapeuthes that he may ever remember in the other

world the misdeeds done in life.

The Sale of Lives is an auction held by Zeus to see what
price the lives of philosophers of the rival sects Will bring.

A Pythagorean, who speaks in the Ionic, first undergoes
an examinatinn as to what he can teach, and this contains

an enumeration of the doctrines usually ascribed to that

sect, including metempsychosis. He is valued at 7s. 6d.,

and is succeeded by Diogenes, who avows himself the

champion of truth, a cosmopolitan (§ 8), and the enemy
of pleasure. Socrates brings two talents, and is purchased
by Dion, tyrant of Syracuse (§ 19). Chrysippus, who
gives some specimens of his clever quibbles,^ is bought for

fifty pounds, Aristotle for nearly a hundred, while Pyrrho
the sceptic (or one of liis school), who professes to " know
nothing," brings four pounds, "because he is dull and
stupid and has no more sense than a grub "

(§ 27). But
the laan raises a doubt, " whether or not he has really

been l<iught," and refuses to go with the purchaser till

he has fully considered the matter.

Timon is a very amusing and wilty dialogue. The
misanthrope, once wealthy, has become a poor farm-
libourer, and reproaches Zeus for his indifference to the

injustice of man. Zeus declares that the noisy disputes

in Attica have so disgusted him that he has not been
there for a long time (§ 9). He tells Hermes to conduct
Plutus to visit Timon, and see what can be done to help
him. • Plutus, who at first refuses to go, is persuaded after

a long conversation with Hermes, and Timon is found by
them digging iii his field (§ 31). Poverty is unwilling to

resign her votary to wealth ; and Timon himself, who has
become a thorough misanthrope, objects to be made rich

again, apd is with difficulty persuaded to turn up with his

mattock a erode of gold coins. Now that he has once
more become rich, his former flatterers, who had long left

' E-ff-, § 25, "A stone is a bo.ly ; a living creature is a body ;

you are a living creature ; therefore you are a stone." Again :
" Is

entry body possessed of life?" "No." "Is a stone possessed of
life?"^ "Nn," " Arc yoK a body ? " " Yt.s." " X livmn body ^

"

" Ves." " Then, if a living body, you are not a stone."

mm, come cringing witli their congratuhitions and rcs-nccts,

but they are all driven oil' with broken heads or pelluil

with stones. Jjetween this dialogue and the Pliili't uf

Aristophanes there are many close resemblances.

Hermotimzis
{i^\>. V39-831) is one of the lunger dialogue's,

Hermotimus, a student of the Stoic philosophy fur twenty-

years (§ 2), and Lucian (Lycinus) being the interlocutor.-:.

The long time—forty years at the least—required for

climbing up to the temple of virtue and happiness, ami
the short span of life, if any, left for the enjoyment ul it,

are discussed. That tlie greatest philosophers do iii>t

always attain perfect indifference, the .Stoic vl/iiuoluiii, h
sliown by the anecdote of one who dragged his pupil iiiti>

court to make him pay his fee (§ 9), and again by a
violent quarrel with another at a banquet (§11). Virtue
is compared to a city with just, and good, and contentcil

inhabitants ; but so many offer themselves as guides to tlic

right road to virtue that the inquirer is bewildered (Sj 2G).

What is truth, and who are the right teachers of it, still

remains undetermined. The question is argued at length,

and illustrated by a peculiar custom of watcliing the pairs

of athletes and setting aside the reserved combatant
(TrapcS/jos) at the Olympian games by the marks on thu

ballots (§§ 40--i3). This, it is argued, cannot be done till

all the ballots have been examined ; so a man cannot selcit

the right way-till he has tried all the ways to virtue. But
to know the doctrines of all the sects is impossible iu the

terra of a life (§ 49). To take a taste of each, like trying

a sample of wine, will no£ do, because the doctrines taught
are not, like the crock of wine, the same throughout, but
vary or advance day by day (S 59). A suggestion is made
(§ GS) that the searcher after truth should begin by taking

lessons ia the science of discrimination, so as to be a good
judge of truth befpre testing the rival claims. But who
is a good teacher of such a science t (§ 70). The general

conclusion of this well-argued inquiry is that philosophy

is not worth the pursuit. "If I ever again," sajs

Hermotimus, " meet a philosopher on the road, I vftU sliuii

him as I would a mad dog."

The Alexmuler or False Projihet is a severe exposure of

a clever rogue who seems to have incurred the personal

enmity of Lucian (pp. 208-2G5). Born at Abonoteichus iu

Bithyuia, a town on the southern shore of the Euxine, he
is denounced as having filled all the Koman province of

Asia with his villainy and plundering. Handsome, clever,

and unprincipled, he had been instructed iu the arts of

imposture by one of the disciples of ApoUonius of Tyana.
Trusting to the natural credulity of Asiatics (§ 9), ho sets

up an oracle in his native town, having buried some brazen

tablets which pretended that ^Esculapius would be wor-

shipped in a temple there. A long account is given of

tlie frauds and deceptions of this preterKled hierophant,

and the narrative ends with hLs treacherous attenrpt to

drown Lucian off the coast of Amastris by a secret order

given to flie pilot,—a design which was frustrated by the

honesty of the man (§ 5G).

The Anacharsis is a dialogue between Solon and the

Scythian philosopher, who has come to Athens on purpose

to learn the nature of the Greek institutions. Seeing the

young men performing athletic exercises in the Lyceum,
he expresses his surprise at such a waste of energy and the

endurance of so much useless pain. This gives Socrates

an opportunity of descanting at length on training as a

discipline, and emulation as a motive fur excelling. Love
of glory, Solon says, is one of the chief goods in life.

The argument is rather ingenious and well put; the style

reminds us of the minor essays of Xenophoa

In all, one hundred and tvvciity-four extant treatises of Luci.in

(excluding about fifty epigrams njul two iambic poems of no givat

merit) arc considered genuine. Wo have given a brief account of
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S'li.io of tilt- longest and best, but many others, e.g., Prmnctluiis,

irntiiipiii, L'l/i- of lle/iwnar, Toxiiris, Zeus Tragaidus, The Dream
or '/i-* oV'/:, lenromcin-pjixis (au amusing satire on the physical

]'!iiloso)iheis), are of cohsiderable literary value. The excellent

t.litiou of C. JacobiU,''in the Teubner series, which is furnished

with a very comitlete index, places the text in the student's hand
in a much more satisfactory state than has yet fallen to the lot of

Plutarch in lii3 Opera Moralia (F. A. P.)

LUCIAN, the martyr, was born, like tlie famous heatlien

writer of the same name, at Saraosata. His parents, who
were Christians, died when he was in his twelfth year.

In his youth he studied under Macarius of Edessa, and
after receiving baptism he adopted a strictly ascetic life,

and devoted himself with zeal to the continual study of

Scripture» Settling at Antioch, he became a presbyter, and,

while supporting himself by his skill as a swift writer,

became celebrated as a teacher, pupils crowding to him
from all quarters, so that he is regarded as the founder of

the famous theological school of Antioch. He did not

escape suspicion of heresy, and is represented as the con-

necting link between Paul of Samosata and Arius. Indeed,

on the deposition of the former, he was excluded from
ecclesiastical fellowship by three successive bishops of

Antioch, while the latter seems to have been among his

pupils (Theodoret, //. E., i. 3, 4). He was, however,

restored before the outbreak of persecution, and the

reputation won by his high character and learning was
confirmed by his courageous martyrdom. He was carried

to Nicomedia before the cruel JIaximin, and persisting in

his faith perished 312 A.D., under torture and hunger,

which he refused to satisfy with food offered to idols. His

remains were conveyed to Drepanura in Bithynia, and
under Constantino the town was founded anew in his

honour with the name of Helenopolis, and exempted from

taxes by the emperor (327 A.D., see Cliron. Pasch., Bonn
ed., p. 527). Here, on the day after Epiphany 387 a.d.

(the day on which his martyrdom was commemorated),

Ch"ysostom delivered the panegyrical homily from which,

"ith notices in Eusebius (H. E., ix. C), Theodoret {loc. cit.),

and the other ecclesiastical historians, the life by Jerome
Vir. Ill, cap. 77), but especially from the accoilnt by S.

Metaphrastes (cited at length in Bernhardy's notes to

Suidas, s.v. vo6(.vei), the facts above given are derived. See

also, for the celebration of his day in the Syriac churches,

Wright, Cat. of Syr. MSS., p. 283.

Jerome says, " Feruntur eius de Fide libelli et breves ad non-
nnllos epistolffi "; but only a short fragment of one epistle remains
{Chron. Pasch., p. 516). The authorship of a confession of faith

ascribed to Luciau and put forth at the semi-Arian synod of

Antioch (341 a.d.) is questioned. Lucian's most important liter-

ary labour was his edition of the Septuagint corrected by the
Hebrew text, which, according to Jerome {Adv. Ruf., ii. 77), was in

current use from Coustantinople to Antioch. That -the edition of

Lucian is represented by the text used by Chrysostom and
Theodoret, as well as by certain extant MSS., such as the Amndelian
of the British Museum, was proved by F. Field {Prol. ad Origcnis
Hcxapla, cap. ix.), who points out that Lucian filled up lacunis of

the Septuagint text as compared with the Hebrew from the other
Greek translations, that his method was harmonistic, and that he
sometimes indulged.in paraphrastic additions and other changes.
Before the publication of Field's Hcxapla, Lagarde had already
directed his attention to the Antiochian text (as that of Lucian may
be called). See his Symmieta (ii. 14*2), Ant\ Ankiindirtung einer n^uen
Aiisg. d. gr. Ufbersctzung dcs A. T. (1882), in which an edition of

this recension is promised, and the means for effecting it described.

The accomplishment of this-task may be looked to as the first

step iu the process of tracing backwards the history of the Scptua-
gint.

From a statement of Jerome in his preface to the gospels it seems
probable that Luciau had also a sharem fixing the Syrian recension
of the New Testament text, but of this it is impossible to speak
with certainty. Compare the introductory volume of West-
cott and Hort's New Testament, p. 138.

LUCIFER, bishop of Cagliari (hencs called Calaritanus

or rather Caralilaniis), an ardent supporter of the cause

of Athauasiua, after the unfavourable result of the synod

of Aries in 353 volunteered to go to the court and
endeavour to obtain a new and impartial council ; he wa^
accordingly Bent by Pope Liberius, along with Pancratiu-

the presbyter and Hilarius the deacon, but did not sue

ceed in preventing the condemnation of Athanasius, whiijli

was renewed at Milan in 355. For his own persist

ent adherence to the orthodox creed he was banished
to Germanicia in Commagene ; he afterwards lived at

Eleutheropolis in Palestine, and finally in the upper
Thebaid. His exile came to an end with the publication

of Julian's edict in 362. From 363 until his death in 371
he lived at Cagliari in a state of voluntary separation from
ecclesiastical fellowship with his former friends Eusebius
of Vercelli, Athanasius, and the rest, on account of their

mild decision at the synod of Alexandria in 3G3 with
reference to tli£ treatment of those who had unwillingly

Arianized untlcr the persecutions of Constantius. The
Luciferian sect thus founded did not continue to subsist

long after the death of its leader. It is doubtful whether
it ever formulated any distinctive doctrine ; certainly it

developed none of any importance. The memory of

Lucifer is still cherished in Sardinia ; but, although popu-

larly regarded there as a saint, he has never been

canonized.

The controversial writings of Lucifer, dating from his exile, are

chiefly remarkable for their passionate zeal and for the boldness and
violence of the language addressed to the reigning emperor, whon;
he did not scruple to call the enemy of Goii and a second Saul,

Ahab, and Jeroboam. Their titles, in the most probable chrono-
logical order, are Dc non parccndis in Deum deliuquentihus, De
^'egibiis apostatieis, Ad Consiantium Axxgnstum pro Athanasio libri

it., De no7i convcniendo cuin,hxreticis, and Moriciidnm esse pro
FUio Dei. Their quotations of Scripture are of considerable value to

tlie critical student of the Latin t^xt before Jerome. They were
first collected and edited by Tilins (Paris, 1586), and afterw.ards re-

pi iuted in the Bibliothecn ratrum (1618) ; the be«t edition is that of

the brothers Colet (Venice, 1778).

LUCILIUS. Among the early Koman poets, of whose
writings only fragments have been preserved, Lucilius w.is

second in importance to Ennius. If he did not, like the epic

poet of the republic, touch the imagination of his country-

men, and give expression to their highest ideal of national

life, he e.xactly hit their ordinary mood, and expressed the

energetic, critical, and combative temper which they carried

into political and social life. He was thus regarded as

tha most geonine literary representative of the pure
Roman spirit. The reputation which he enjoyed in tha

best ages of Roman literature is proved by the terms in

which Cicero and Horace speak of him. Persius, Juvenal,

and Quintilian vouch for the admiration with which ho
was regarded in the first century of the empire. The
popularity, which he enjoyed in his own time is attested

by the fact that at his death in 102 B.C., although he had
filled none of the offices of state, he received the honour of

a public funeral.

His chief claim to distinction is his literary originality.

He alone among Roman writers established a new form of

composition. He may be called the inventor of poetical

satire, as he was the first to impr&ss upon the rude inartistic

medley, known to the Romans by the name of satnra, that

character of aggressive and censorious criticism of persons,

morals, manners, politics, literature, &c., which the word
satire has ever since denoted. In point of form the satire

of Lucilius owed nothing to the Greeks. It was a
legitimate development of an indigenous dramatic enter-

tainment, popular among the Romans before the first

introduction of the forms of Greek art among them ; and
it seems largely also to have employed the form of tha

familiar epistle wliich circumstances had developed among
thern about the time whnn Lucilius flourished. But the

style, substance, and spirit of his writings were apparently

as original as the foriu. He seems to have commenced hia
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poetical career by riiHcaling and parodying the conventional

liuiguaga of epic and tragic poetry, and to have used in his

own writings tlie language commonly employed in the social

intercourse of educated men. Even his frequent use of

Greek words, phrases, and quotations, reprehended by
Horace, was probably taken from the actual practice of

men, powerfully stimulated by the new learning, who
found their own speech as yet inadequate to give free

expression to the new ideas and impressions which thoy

derived from their first contact with Greek philosophy,

rhetoric, and poetry. Further, he not only created a style

of his own, but, instead of taking the substance of his

vritings from Greek poetry, or from a remote past, he
treated of the familiar matters of daily life, of the personal

interests and peculiarities of himself cr his contemporaries,

of the politics, the wars, the government of the provinces,

the administration of justice, the fashions and tastes, the

eating and drinking, the money-making and money-spend-
ing, the scandals and vices, the airs and aflfectations, which
made up the public and private life of Rome in the last

quarter of the second century before our era. This he did

in a singularly frank, independent, and courageous spirit,

with no private ambition to serve, or party cause to advance,

but with an honest desire to expose the iniquity or incom-
petence of the governing body, the sordid aims of the

middle class, and the corruption and venality of the city

mob. There was nothing of stoical austerity or of rhetorical

indignation in the tone in which he' treated the vices and
follies of his time. His character and tastes were much
more akin to those of Horace than of either Persius or

Juvenal. But he was what Horace was not, a thoroughly
good hater ; and he lived at a time when the utmost freedom
of speech and the most unrestrained indulgence of public

and private animosity were the characteristics of men who
took a prominent part in affairs. Although Lucilius took
no active part in the public life of his time, he regarded
it in the spirit, not of a recluse or a mere student of books,
but of a man of the world and of society, as well as a man
of letters. His ideal of public virtue and private worth
had been formed by intimate association with the greatest

and best of the soldiers and statesmen of an older gener-

ation.

The dates assigned by Jerome for his birth and death
are 148 and 103 or 102 b.c. But it is impossible to

reconcile the first of these dates with other tacts recorded
of him. We learn from Velleius that he served under
Scipio at the siege of Numantia in the year 134 B.C. We
learn from Horace that he lived on the most intimate

terms of friendship with Scipio and Lajlius, and that he
celebrated the exploits and virtues of the former in his

satires. Fragments of those books of his satires which
seem to have been first given to the world (books
xxvi.-xxix.) clearly indicate that they were written in the
lifetime of Scipio. Some of these bring the poet before
i!s as either corresponding with, or engaged in controversial

Lonversation with, his great friend. One line

—

" Pcrcrepa pugnam Popilli, facta Corneli cane—'
in which the defeat of M. Popillius Lasnas, in 138 B.C., is

contrasted with the subsequent success of Scipio, bears
the stamp of having been written while the news of the

capture of Numantia was still fresh. It is in the highest
degree improbable that Lucilius served in the army at the

age of fourteen ; it is still more unlikely that he could have
been admitted into the familiar intimacy of Scipio and
La-lius at that age. It seems a moral impossibility that

between the age of fifteen and nineteen

—

i.e., between
133 B.C. and 129 B.C., the year of Scipio's death—he could
have come before the world as the author of an entirely

new kind of composition, and one which, to be at all

successful, demands especially maturity of judgment and

experience. It may further be said that the well-known
words of Horace, in which he characterizes th# vivid
portraiture of his life, character, and thoughts, which
Lucilius bequeathed to the world,

"quo fit ut omnia
Votiva patcat vcluti dtacripta tabcUa
Vita senis,"^

lose much of their force unless senis is to be taken in its

ordinary sense,—which it cannot be if Lucilius died at the
age of forty-six. Two explanations have been given of the
error. One is that, from a similarity in the names of the
consuls for the years 180 and 148 B.C., Jerome had con-
fused the one year with the other, and thus that the date
of the birth of Lucilius must be thrown back thirty-two
years. He would thus have been nearly fifty when he
served at Numantia, and when he first began to write
satire. But the terms which Horace applies to the intimacy
of Lucilius and Scipio, such as "discincti ludere," indicate

thi relations of an older to a much younger man ; and the
verve and tone of his satires are those of a man not so far

advanced in years as he would have been if born in the

year 180 B.C. A simpler explanation of the error is sup-

ported by Mr Munro, in the Journal of Philoloijy, No. xvi.

He supposes that Jerome must have written the wordi
"anno xlvi " for "anno Ixiv" or "Isvi"; which would
make the birth of Lucilius eighteen or twenty years earlier

than that usually assigned. ' Lucilius would thus have
been about thirty-three or thirty-five years of age when
he served at Numantia, and two or three years older when
he gave his first satires to the world As he lived for

about thirty years longer, and as he seems to have con-

tinued the composition of his satires during most of what
remained of his life, and as it was his practice to commit
to them all his private thoughts, the words of Horace
would naturally and truthfully describe the record of his

observation and experience between the age of thirty-five

and his death. His birthplace was Suessa Aurunca in

Campania, from which circumstance Juvenal describes him
as "magnus Auruncte alumnus." He belonged to the

equestrian order, a fact indicated by Horace's jiotice of

himself as "intra Lucili censum." He was granduncle

to Pompey, on the mother's side. Though not himself

belonging to any of the great senatorian families, he was
in a position to associate with them on equal terms, and

to criticize them with independence. And this circum-

stance contributed to the boldness, originality, and
thoroughly national character of his literary work. Hef*

he been a "semi-Grscus," like Ennius and Pacuvius, or

of humble origin, like Plautus, Terence, or Accius, he
would scarcely have ventured, at a time when tho

senatorian power was strongly in the ascendant, to revive

the role which had proved disastrous to Na3vius ; nor

would he have had the intimate knowledge of the political

and social life of his day which fitted him to be its painter.

Another circumstance determining the bent of his mind to

satire was the character of the time in which he began the

work of his life. The origin of Roman political and social

satire is to be traced to the same disturbing and disorganiz-

ing forces which led to the revtlutionary projects and
legislation of the Gracchi.

The remains of Lucilius extend to about eleven hundred lines.

But much tlie largest number of his fragments are unconnected

lines, preserved by late grammarians, as illustrative of peculiar

verbal usages. He was, for his time, a voluminous as well as a vei-y

discursive writer. He left behind him thirty books of satires, and

there is reason to believe that each book, like the books of Horace

and Juvenal, was composed of different pieces. The order in which

they were known to the grammarians was not that in which they

were written. The earliest in order v,f composition were probably

» " And so it happens that the whole life of the old nun stands

clejrrly before us, aa if it were represented on a votive iui tare.**
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lliosc liunihcrcj from xxvi. to xxlx., which were written in the

tiiii-liiiii: ami iiiiiiliie metres tlicit had been cmiiloyeJ by Enuina

ninl I'lieuviu-i in tlnir Htditrtc. In tlicse lie majj iliose criticisms

cic tliu oilier tr:i>;ie ami epic poets of which Horace and other

ii'!c:iiiit writers siiT.-ik. In tlicm too he speaks of the Numantine

War iis reventlv liiiislicil, and of Scipio as still living. Bool; i., on

the iillier hand, in which the philosopher Carneadcs, who died iu

I'Z^S II. i:., is siiokeii of OS Ju.id, must have been written after the

death oIKeipio. With tho c.tccption of books .xxvi.-.\xix., and one

Riliro in which he sci^s to have made an experiment in the

iiii1'Timili:ir elegiac nieiio, all tlio sutirco of Lucihus were written

ill (iexai'joter.s? So far as an opinion can be formed from a

iiiiiiiher of urircmncctcd fragments, ho seems to have written the

tnieliaic tetrameter will) a smoothness, clearness, and simjilicity

which lie mvcr attained iu handling the hexameter. The longer

fragments produce the impi'esEion of great discursiveness and care-

li'ssiiess, liui at the same time of considerable force. The words of

Jloraco, "lluere Intulentum," seem exactly to express the character

of his stylo. Ho a|ipear3, in tho composition of his various pieces,

tc- have fnllowcd no settled plan, but to have treated everything

that occiiiied to him in tho most desultory fashion, sometimes

nciopliiig the form of dialogue, sometime^ that of an epistle or an im-

nginary diseourso, and often to have spoken in his own name, gi"ng

iin aiteouiit of his travels and adventures, or of amusing scenes tliat

111' li.ad witnessed, or expressing the results of his private medita-

tions ond experiences. Like Horace he largely illustrated his own
oipservalioii.i by personal anecdotes and fables. Tho fragments

cioarly sliow how oftin Horace has imitated him, not only in

expnssion, but in tlie form of his satires (see for instance i. 5 and

ii. 'J,), in the topics which he treats of, and the class of social vices

ami the types of character which hesatiiizes. Forstudents of Latin

lit*T.iluri-, theihief interest of stmlying the fragments of Lucilius

onsists in the light which they throw on the aims and methods of

lioraee in the composition of his satires, and, though not to the

e..iiie extent, of his epistles. But they are important also as

iii.ueriiils for linguistic study ; and they have a considerable his-

loncal value as throwing light on the feeling, temper, circum-

suinces, and character of a most interesting time, of which there is

Bcarci-ly any other contemporary record.

The best edition of the Fragmenls 13 that of L. Miiller (1872).

A collection of them by Lachmanu has appeared since his death.

The emendation of these fragments still employs the ingenuity of

both German and English scholars. Important contributions to

the subject have been made by Jlr Munro in the Journal of

Philology. (Vf. Y. S.)

LUCIUS, the name of tliree popes.

Lucius I., whose pontificate of about eiglit months

(2D3-5-1) fell between those of Cornelius and Stephen I.,

had beeu one of the presbyters who accompanied Cornelius

wlien lio withdrew from Kome. After his own election

also he appears to have lived fur some time in exile, but

ultimately to have been permitted tn return. No facts of

his official life have been recorded, but he is referred to in

several letters of Cyprian as having been in agreement

with hia predecessor Cornelius iu preferring the milder

view on the question as to how the penitent lapsed should

be treated. The manner of his death is uncertain ; ac-

cording to some accounts he was decapitated. In the

Ctiliiloi/Hx LibcrUtints and in the Catalogus Corbeiensis he

is b.iid to have been pope for more than three years; but

there can be no doubt of the cor^:ectness of the statement

of Ji]usebiu?, that his pontificate was of less than eight

months' duration. Like all the early popes he has been

canonized iu the Church of Rome ; and he is commemorated
as a martyr on !March 4.

Lucius n. (Gherardo de Caccianimici), a Bolognese,

Bucceeded Celestine IL on March 4, 1144. Soon after his

accession the people of Rome. chose a patrician, for whom
they claimed tho temporal sovereignty; Lucius at the

Lead of the 'oligarchical party appealed to arms, and

perished in an attempt to storm the Capitol on February

25, 1145. • He w.as succeeded by Eugenius III.

Lucius IIL (Ubaldo Allucingoli), a native of Lucca,

was bisliop of Ostia and Velletri when he was chosen to

succeed Alexander III. on September 1, 1181. For six

'"lonfchs he lived at Kome, but in March 1182 he was

driven forth by rebellion, and resumed his abode at

VeUet-'i ; ha afturvvards lived at Anagni, aud finally at

Verona. While at the last-named place he pronounced

sentence of excommunication against the Cathari, Pateriues,

Huniiliati, Waldensians, and Arnoldists in 1184; but
" left the papal thunders to their own unaided effects."

He died at Verona on November 25. 1185, and was suc-

ceeded by Urban III.

LUCKE, Gottfried Cheistian Fmedrich (1791-
I85o), theologian, was born on August 24, 1791, at

Egeln near Magdeburg, where his father was a merchant,

received his early education at the Magdeburg gymnasium,
and studied theology at Halle and Gottingen (lSlO-13).

In 1813 he became repetent at Gottingen, and in 1814 ho
received the degree of doctor in philosophy from HnOe

;

in 1816 he removed to Berlin, where he became licentiate

iu theology, and qualified as "privatdocent." He soon

became intimate with Schleiermijchcr aud De Wette,

and was associated with them in 181 S in the redaction

of the Theologische Zeitschrift. Meanwhile his lectures

aud publications (among the latter a Grnndriss der

Neutesiamentlichen Hfrmeneniik, 1816) had brought him
into considerable repute, and he was appointed professor

estraordinarius in the new university of Bonn in the

spring of 181S; in the following autumn he became
professor ordinarius. From Bonn, where he had Augusti,

Gieseler, and Nitzsch for colleagues, he was called to

Gottingen to succeed Stitudlin in ] 827. Here he remained,

declining all further calls elsewhere, as to Erlangen, Kiel,

Halle, Tubingen, Jena, and Leipsic, until his death, which

occurred on February 14, 1855.

Liicke, who was one of the most learned, many-sided, and influ-

ential of the -so-called "mediation" school of evangelical theo-

logians, is now known ch'efly by his principal work, an Exposition

of the Writings of Si John, of wdiich the first edition, in four

volumes, appeared in 1820-32 ; it has since passed through two new
and improved editions (the last volume of the third edition by

Bertheau, 1856). He is ono of the most intelligent maintainers o(

the Johannine authorship of the Fourth Gospel ; iu connexion with

this thesis he was one of the first to argue for the early date and
non-apostolic authorship of the Apocalypse.

LUCKENWALDE, a busy little town of Prussia, in the

province of Brandenburg, district of Potsdam, lies on the

river Nuthe aud on the Berlin and Anhalt Railway, 30

miles to the south-west of Berlin. Its cloth and wool manu-

factories are among the most extensive in Prussia, and it

also contains cotton-printmg works, dye-works, machine

shops, and numerous other industrial establishments. Tho
population in 1880 was 14,706. The site of Luckenwalde

was occupied in the 12th century by a Cistercian monastery,

but the village did not spring up till the reign of T^rederick

the Great. It was made a town in 1808.

LUCKNOW, a district of Oudh, in the division or

commissionership of Lucknow,! under the jurisdiction of

the lieutenant-governor of the North-Western Provinces,

India, lying between 26° 30' and 27° 9' 30" N. lat., and

between 80° 36' and 81° 15' 30" E. long., is bounded on

the N. by Hardoi and Sitipur districts, on the E. by BAra

B.inki, on the S. by RAi Bareli, and on the W. by Unao.

The general aspect of the country is that of an open

champaign, well studded with villages, finely wooded, and

in parts most fertile and highly cultivated. In the

vicinity of rivers, however, stretch extensive barren sandy

tracts (bkur), and there are many large sterile wastes of

saline eDlorescence {ii&dr). The country is an almost dead

level throughout, the average slope, which is from north-

west to south-east, being less than a foot per mile. The
principal rivers are tho Gumti and the S.li, with their

1 Lucknow division lies between 26° 9' and 27° 21' 5" N. !at. and

between 80° 5' and 81° 54' E. long., comprises the three districts of

Lucknow, Unao, and Bara Banki, and has an area of 4480 square

miles, of which 2520 are returned as under cultivation. The popula-

tion iu 1869 was 2,838,106, viz., 2,449,763 Hindu.s, 383,260 Mo-

hammedans, 4309 Europeans, and 784 Eurasians.
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tributaries. The former enters tlic- district from the nortli,

and. after passing Lucljnow city, turns to the east and

enters BAra BAnki. The SAi forms the south-VTest bound-

ary of the district, running almost parallel with the Gumti.

TliP census of 1S69 retunicJ the population of tlio district at

070,625. lleccnt cliauges and transfers to and from other districts

have, liowever, taken idace. Allowing foi- these, Luckuow contains

(accorJing to the census of 1869) a population of 789,465 persons

(116,960 males and 372,505 females), spread over an area of 965

square miles. Hindus number 614,276 ; Mohammedans, 167,184;

Christians, 49S2 ; the retn.ainder being made up of unclassified

prisoners and jail officials. Four towns contain a population ex-

ceeding 5000 inhabitants, viz., Lucknow city, Amethi (7182),

Kakori (8220), Malih.ibad (8026). The estimated area under culti-

vation is returned at 547 square miles. Three harvests are reaped

in the year, viz., the rahi in spring, comprising wheat, barley, gram,

peas, gujai (a mixture of vrheat and barley), and birra (a mixture
of barley and gram) ; the kharlf in the rainy season, comprising
rice, millets, sdnwdn, mandwd, kdkiin, and Indian corn ; and the

hcnivat in the autumn, consisting oijoar, bdjra, mdsh, viung, moth,

ma-sur, and lobia. In addition, there are valuable crops of tobacco,

opium, cotton, spices, and vegetables. Irrigation is carried on by
means of rivers, tanks, and wells. The cultivators are almost all

deeply in debt, and under advances of seed grain from tlieir land-

lords. AVages have remained stationary in the country, but have
decreased in the city owing to its diminislied wealth and population

since the departure of the Oudh court. The price of food, on the

other hand, has materially risen of la.te years. When not paid in

grain, an ordinary agricultural labourer receives about l^d. a day.

Artisans, such as smiths and carpenters, receive 4^d. a day for work
in their own villages, or 6d. a day if called away from their homes.
Famines have occurred in Lucknow in 1769, 1784-86, and 1837, and
severe scarcities in 1861, 1865-66, 1869, and 1873—all caused by
drought. The district is well provided with communications by
road, river, and railway. Three imperial lines of road branch out
south, east, and north to Cawnpur, Faizabad, and Sitdpur, metalled
and bridged throughout, and comprising, exclusive of the roads in

Lucknow city and •cantonments, a length of about 500 miles. Thero
.are also seven principal local lines of road. River communication
is not much used. The line of railway is comprised in the Oudh
and Kohilkhand railway system. The entire length of railway
communication is 52 miles. Manufactures are mainly confined to
Lucknow city. In the country towns are a few weavers, dyers,

bangle-makers, brass-workers, and potters. Cotton weaving has
greatly declined since the introduction of European piece-goods.
The principal imports are food-stuffs, piece-goods, arms, hardware,
glass, crockery, and salt; while muslins, embroidery, cotton prints,

brass vessels, lace, tobacco, &c., are exported. The district is ad-
ministered by a deputy commissioner, aided by a magistrate ia
charge of the city, and a second in the cantonments, one or two
assistant commissioners, three extra-assistant commissioners, three
tahsUddrs, and four horrorary magistrates. Besides, there are a
civil judge and a small-cause court judge, who have no criminal or
revenue powers. The total imperial, and local revenue of Lucknow
district in 1871-72 amounted to £162,926, and the expenditure to
£70,534 ; the Government laud revenue was £70,580. Excluding
Lucknow city, the -schools consist of one Anglo-vernacular middle
class, five vernacular middle class, and seveuty-one ])rimary schools.
The prevailing endemic diseases are fevers, skin diseases; and bowel
complaints. Cholera is seldom absent. Small-pox is also an annual
visitant. The average annual rainfall is 37 '6 inches, and the mean
annual temperature 7S'^"8 Fahr.

Lucknow, capital of the above district, and of the pro-
vince of Oudh, in 26° 52' N. lat., 80° 58' E. long., is

distant from Cawnpur 42 miles, from Benares 199 miles,

and from Calcutta 610 miles, and has an area of 13 square
miles. It ranks fourth in size among Indian cities, being
only surpassed by tlie presidency capitals of Calcutta,
Madras, and Bombay. It stands on both banks of the
Gumti, mostly on the western side, the river being spanned
by four bridges, two of them built by native rulers and
two since the British annexation in 1856. Viewed from
a distance, the city presents a picture of unusual magni-
ficence and architectural splendour, which fades on ne.arer

view into something more like the ordinary aspect of a
crowded Oriental town. From the new bridge across the
Gumti, the city seems to be embedded in trees. High
up the river the ancient stone bridge of Asaf-ud-daul4
crosses the stream. To its left rise the walls of the

Machl BhAwan fort, enclosing the Lachman iild (Lach-

man's hill), the earliest inhabited spot in the city, from
15—4

which It derives its modern name. Close by, (ho immonse
ImAmbAra, or mausoleum of Asaf-ud-daulA, towers above
the surrounding building.?. Farther in the distance, the
lofty minarets of the JamA Jfasji'd or " cathedral mosque "

overlook the city ; while nearer again, on the same side of
the river, the ruined walls of the residency, with its

memorial cross, recall the heroic defence made by tlio

British garrison in 1857. In front, close to the water a

edge, the Chattar Manzil palace, a huge and irregular piiu

of buildings, crowned by gilt umbrellas, glitter's g.iudily in
the sunlight; while to the left, at some little distance, two
mausoleums Hank the entrance to the Kaisar BAgh, tho
last of the overgrown palaces built by tho exiled dynasty of
Oudh. Still more picturesque panoramas may bo obtained
from any of the numerous towers and cupolas which
abound in every quarter. But a nearer examination shows
that Lucknow does not corre.spond in its interior arrange-
ments to its brilliant appearance from a little distance.

Nevertheless, many of its streets are broader and finer

than those of most Indian towns ; and the clearance
effected for military purposes after the mutiny has been
instrumental in greatly improving both the aspect and tho
sanitary condition of the city. A glacis half a mile broad
surrounds the fort; and three military roads, radiating

from tills point as a centre, cut right through the heart of

the native quarter, often at an elevation of some 30 feet

above tho ueighbouring streets. Three other main roads
also brancli out from the same point, one leading across

tho bridge, and the others along the banks of the GumtL
The residency crowns a picturesque eminence, the chief

ornament of the city, containing, besides many ruined
walls, an old mosque and a magnificent banyan tree. An
artJQcial mound rises near at hand, its sides gay with
parterres of flowers, while in the rear, half hidden by the
feathery foliage of gigantic bamboos, the graveyard covers
the jemains of soma 2000 Europeans, who perished in

1857. The cantonments lie 3 miles to the south-east of

the city.

The popul.ition of Lnoknow, including the cantonments, was
returned by the census o( 1S09 at 284.779. The native civil popu-
lation consisted of 273,126, viz., 161,739 Hindus and 111,387
Mchammedans. There were also S64S native soldiers, 4222
Europeans, 760 Eurasians, and 3023 prisoners and jail oflTiciak. Tho
traffic of Oudh flows southwards througli Lucknow to Cawnpur.
Large quantities of grain and timber come in from the trans-Gogra
di.strirts to the north, while raw cotton, iron, and imported good.?
from the south and east are sent in exchange. In 1869-70 goods
to the value of nearly three quarters of a million sterling paid taxes
at the octroi office. The chief municipal taxable articles are food
stuffs, ghi, giir or molasses, sugar, spices, oilseeds, and tobacco;
besides a large quantity of Europetn manufactured articles brought
into the town. Of the total municipal revenue in 1870-71 (£20,018),
£16,230 was derived from octroL Lucknow muslins and other
textile fabrics have a high reputation. Gold and silver brocade,
however, forms the leading manufacture. It is used for the
Eumerous purposes of Indian pomp, and has a considerable market
even in Europe. The gorgeous needlework embroidery upon velvet
and cotton, with gold thread, thread and coloured silks, furnishes
employment to many hands. Lucknow jewellery, once very famous,
has declined since the departm-e of the native court. Glass ttork
and moulding in clay still maintain their original excellence. A
Kashmiri colony has introduced a small manufacture of shawls.
The Oudh and Kohilkhand Railway, with its branches, bnsa centnl
station in Lucknow, and gives direct communication with Penarss,
Bareilly, and Cawnpur, as well as connecting with the great tnmk
lines to Calcutta, Bombay, and the Punjab. Before the amalg.a-
mation of Oudh with the North-Western Provinces in 1877, Luck-
now formed the residence of the chief commissioner and liis staff,

and it still ranks as the headquarters of officials whoso authority
extends over the whole province. The principal medical institu-
tions are the King's hospital, Balrampur hospital. Government dis-
pensary and lunatic asylum. The le.iding educational establish-
ments are the Canning college, Alartiuiere college. Ward's institu-
tion, Loretto convent, and a number of schools under the charge
of the Church of England and American nii-ssioijs.

History. —Thfi most interesting event in the modern history of
Lucknow is the siege during the mutiny of 1557-58. Symptoms
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-'f tlisafTection'-occmTctl ns early ^^ April 1857, and Sir Henry
I.nuTfnfo immediately took step? t.. meet the danger by fortifying

tin rcsiileney and aeeumulatinj; stoies. On tlie nighf-of the 30th"
Hay the expeoted insurrection brolce out ; the men of the 71st
regiment of native infantry, with a few from the other regiments,
began to Inirn the bungalows of their officers, and to murder the
inmates, but were dispersed by the Eui'opean force and fled

towards Sitapur. Though the city thus remained in the hands ot
tlio liritish, the symptoms of disaffection amongst the remaining
native ti'oops were unmistakable, and on June 11 the military
police and native cavalry broke into open revolt, followed on the
succeeding morning by the native infantry. On the 20th news of
the fall of Cawnpur arrived ; and on the wA occurred the failure

of Lawrence's attack upon the advancing enemy,, in consequence,
of which the British troops fell back on Lucknow, abandoned the
Machi Bhawan, and concentrated all their strength upon the resi-

dency. The siege of the enclosure began upon July 1. Three un-
-succcssful assaults were made by the mutineers on July 20, August
10, and' August 18 ; but meanwhile the British within were dwind-
ling away. On September ,5 news of the relieving force under
Outram and Havelock reached the garrison, and on the 22d the
relief arrived at the Alambagh, a walled garden on the Cawnpur
road held by the enemy in force. Havolock stormed the Alambagh,
and onthe 25th fought his way wirh continuous opposition through
the narrow lanes of the city. On the 26th he arrived at the gateof
the residency enclosure, and was welcomed by the gallant defenders
within. The sufferings of the besieged had been very great ; but
even after the first relief it became clear that Lucknow could only
be temporarily defended till the arrival of further reinforcements
should allow the garrison to cut its way out. Night and day the
unemy kept up a continual firing ag.ainst the British position, while
thitram, who had reassumed the command which he yielded to Have-
lock during the relief, retaliated by frequent sorties. Throughout
(_)ctobcr the garrison continued its gallant defence, and a small
party, shut up in the Alambagh, and cut olT unexpectedly from the
ni.iiu body, also contrived to hold good its dangerous post. Mean-
vvhile Sir Colin Campbell's force had advanced from Cawnpur, and
arrived at the Alambagh on tht 10th of November. The Alambagh,
the Dilknsha palace, south-east of the town, the Martiniere, and the
Sikandra Bagh, the chief rebel stronghold, were successively carried
in the coirrse of the six following days, and the second relief was suc-
cessfully accomplished. Even now, however, it remained impos-
sible to hold Lucknow, and Sir Colin Campbell determined, before
tindertaking any further offensive operations, to return to Cawnpur
with his army, escorting the civilians, ladies, and children rescued
from their long imprisonment in the residency, with the view of
forwarding them to Calcutta. On the morning of the 20th Nov-
ember the troops received orders to march for the Alambagh ; and
the residency, the scene of so long and s,tirring a defence, was aban-
doned tor a while to the rebel army. Outram with 3500 men held the
AlambaghuntU the commander-in-chief could return to recapture the
capital. The rebels in -great strength again surrounded the gi-eater

part of the city, for a circuit of 20 miles, with an external line of
defence. On the 2d of March 1858 Sir Colin Campbell found
himself free enough in the rear to march once more upon Lucknow,
He first occupied the Dilkusha, and posted guns to command the
Martiniere, On the 5th. Brigadier Franks arrived with 600C men;
(Hitram's force then crossed the Gumti, and advanced from the
direction of Faizabad, while the main body attacked from the snuth-
«:ast. After a week's hard fighting, JIarch 9-15, the rebels were
completely defeated, and their pos+s captured one by one,

LUCRETIUS (T. Lucretius Carps), more than any
of the great Roman writers, has acquired a new interest in

the present day. This result is due, not so much to a truer

perception of the force and purity of his style, of the
majesty and pathos of his poetry, or of the great sincerity

of his nature, as to the recognition of the relation of his

subject to many of the questions on which speculative
curiosity is now engaged. It would be misleading to

.speak of him, or of the Greek philosophers whose tenets
hs expounds, as anticipating the more advanced scientific

hypotheses of modern times. But it is in his poem that
•\'.'.; find the most complete account of the chief effort of
the ancient mind to explain the beginning of things, and
lo understand the course of nature and man's relation to
-it. Physical philosophy in the present day is occupied
with the same problems as those which are discussed in
.the first two books of the Be Hernm. JVaiura. The
-u-onewed curiosity as to the origin of life, the primitive
condition of man, and his progressive advance to civiliza-

tion finds an attraction in the treatment of the same
subjects in the fifth book. The old war between science

and theology, which has been revived in the present

generation, is fought, though with different weupons, yet
in the same ardent and uncompromising spirit throughout
the whole poem, as it is in the writings of living thinkers.

In comparing the controversies of the present day with
those of which wo find the record in Lucretius, we are

reminded of the poet's own description of the war of

elements in the world,

—

" Denique, tantopere inter se cum maxima mundi
Pugnent membra, pio nequaquam concita bello,

Nonne vides aliquam longi certaminis oUis
Posso dari finem V ^

But this concurrence with the stream of speculation in

the present day is really the least of his permanent claims

on the attention of the world. His position both among
ancient and modern writers is uniqua No one else com-
bines in the same degree the contemplative enthusiasm of

a philosopher, the earnest purpose of a reformer and moral

teacher, and the profound pathos and sense of beauty of a

great poet. He stands alone among his countrymen as

much in the ardour with which he observes and reasons

on the processes of nature as in the elevation of feeling

with which he recognizes the majesty of her laws, and the

vivid sympathy with which he interprets the manifold
variety of her life. It would have been an instructive

study to have traced some connexion between his personal

circumstances and the intellectual and moral position

which he holds. We naturally ask what influence of

teachers in Rome or Athens first attracted him to this

study and observation of natural phenomena, what early

impressions or experience gave so sombre a colouring to

his view of life, how far the delight, so strange in an
ancient Roman, which he seems to find in a kind of recluse

communion with nature, and the spirit of pathetic or

indignant satire in which he treats the more violent phase;

ot passion and the more extravagant modes of luxury, was

a recoil from the fascination of pleasures in which his ccn

temporaries and equals freely "indulged. We should likt

also to know how far the serene heights which he professed

to have attained procured him exemption from or allevia-

tion of the actual sorrows of life. But such questions,

suggested by the strong interest which the impress of

personal feeling and character stamped on the poem
awakens in the readel-, can only be raised ; there are no
ascertained facts by which they can be settled. There is

no ancient poet, with the exception of Homer, of whose
history so little is positively known. Unlike Catullus,

Horace, Virgil, Cicero, Tacitus, and nearly all the great

Roman writers, he is absolutely silent on the subject of

his own position and fortunes. Nor is this silence com-
pensated by any personal reference to him in the works of

his two eminent contemporaries by whom the social life of

their age is so amply illustrated, Cicero and Catullus,

although it is certain that each of them read bis poem
almost immediately after it was given to the world. The
great poets of the following ages were influenced by his

genius, but they tell us nothing as to his career. So con-

sistently does he seem to have followed the maxim of his

master, " Pass through life unnoticed," and to have realized,

in the midst of the excited political, intellectual, ami
social life of the last years of the republic, the ideal o:

those "who do not wish to be known even while living." -

Our sole information concerning his life is found in the

brief summary of Jerome, written more than four, centuries

after the poet's death. Scholars are now agreed that in

these summaries, added to his translation of the Eusebian

^ "In fine, as the mightiest members of the world are bat*li'
""

fiercely together in an unhallov/ed feud, seest thou not that some cu.'

of the long warfare may be reached by them ?

"

.
' Quoted from PUny by M, Martha in Le Poimc tU Lucrec-
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C'li;ouic!c, Jeiomo followed, often CiireleSslyand inaccurately,

the accounts contained in the lost work of Suetonius De
Viris lUustrihus. But that work was. written about two
centuries after the death of Lucretius ; and, although it is

likely that Suetonius used the information transmitted by
earlier grammarians, there is nothing to guide us to the

original sources from which the tradition concerning the

life of Lucretius was derived. The strange character of

the story which has been transmitted to us, and the want
of any support to it from external evidence, oblige us to

receive it with a certain reserve.

According to this account the poet was born in the year

94 B.C. ; he became mad ("in furorem versus") in conse-

quence of the administration of a love-philtre ; and after

composing several books in his lucid intervals, which were

subsequently corrected by Cicero, he died by his own hand
in the forty-fourth year of his age. The statement Of

Bonatus in his life of Virgil, a work also based on the

lost work of Suetonius, that Lucretius died on the 15th of

October 55 B.C., the same day on which Virgil assumed the

toga virilis, is inconsistent either with the date assigned

for the poet's birth or with the age at which he is said to

have died. A single mention of the poem (which from
the condition in which it has reached us may be assumed
to have been published posthumously) in a letter of

Cicero's, written early in 5-t B.C., is confirmatory of the

da(e given by Donatus as that of the poet's death. Similar

errors in chronology are common in the summaries of

Jerome ; and, where there is an inconsistency between the

date assigned for the birth of any author and the ago at

which he. is said to have died (as, for instance, in the case

of Catullus), there are grounds for believing that the error

lies in the first date. Taking the statements of Donatus
and of Jerome together, we may consider it probable that

Lucretius died in the October of 55 B.C., in the forty-fourth

year of his age, and that he was bom either late in the

year 99 B.C. or early in the year 98 B.C. He would thus

be about seven years younger than Cicero, a year or two
younger than Julius Caesar, about the same age as

Memmius, to whom the poem is dedicated, and about
fifteen years older than Catullus and Calvus, the younger
poets of his generation, from whom he is widely separated

both by his more archaic style and rhythm and by the greater

seriousness of his art and the more earnest dignity of his

character. The other statements of Jerome have been
questioned or disbelieved on the ground of their intrinsic

improbability. They have been regarded as a fiction

invented in a later time by the enemies of Epicureanism,

with the view of discrediting the most powerful work
ever produced by any disciple of that sect. It is more in

conformity with ancient credulity than with modern science

to attribute a permanent tendency to derangement to the

accidental administration of any drug, however potent. A
work characterized by such strength, consistency, and con-

tinuity of thought is not likely to have been composed
" per intervalla insaniae." Donatus, in mentioning the poet's

death, gives no hint of the act of suicide. The poets of the

Augustan age, who were deeply interested both in his

philosophy and his poetry, are entirely silent about the

tragical story of his life. Cicero, by his professed anta-

gonism to the doctrines of Epicurus, by his inadequate
appreciation of Lucretius himself, and by the indiiference

v/hich he shows to other contemporary poets, seems to

have been neither fitted for the task of correcting the

unfinished work of a writer whose genius was so distinct

fiom his own, nor likely to have cordially undertaken such

a task.

Yet these considerations do not lead to the absolute

rejection of the story as a pure invention of a hostile

and uncritical age. The evidence afforded by the

poem rather leads to the conclusion that the ii-aJitioii

contains some germ of fact. W'a need not attach any
importance to the supposed efficacy of the lovephiltre in

producing mental alienation, nor are we called upon to

think of Lucretius as one liable to recurring fits of insanity,

in the ordinary sense of the «oril.. But it is reniarkablt-,

as was first observed by Mr Munro, his English editor,

that in more than one passage of his poem he writes with
extraordinary vividness of the impression produced both
by dreams and by waking visions. It i» true that the

I

philosophy of Epicurus put great stress on the*;, a.*

affording the explanation of the origin of supernatural
beliefs. But the insistence with which Lucretius returns

to the subject, and the horror with which he recalls the
effects of such abnormal phenomena, suggest the inference

that he himself may have been liable to such hallucinations,

which are said to be consistent with perfect sanity, thoUL'h

they may be the precursors either of madness or of a state

of despair and melancholy which often ends in sui'-ido.'

Other passages in his poem, as, for instance, the lines

** Nos agere hoc auteni, et naturam quajrere rerujii,

Semper et inventani patriis exponere chartis,"-

where he describes himself as ever engaged, even in his

dreams, on his task of inquiry and composition, produce

the impression of au unrelieved strain of mind and feeling,

which may have ended in some extreme reaction of spirit,

oi- in some failure of intellectual powar, from the conscious-

ness of which he may, in accordance with examples which

he himself quotes, have taken refuge in suicide. But the

strongest confirmation of the existence of some germ of

fact in the tradition is found in the unfiui.shed condition

in which the poem has reached us. The subject ajipears

indeed to have been fully treated in accordance with the

plan sketched out in the introduction to the first book.

But that book is the only one which is finished in style

and in the arrangement of its matter. In all the otheri,

and especially in the last three, the continuity of the argu-

ment is frequently broken by passages which must have

been inserted after the first draft of the arguments wa?

written out. Thus, for instance, in his account of the

transition from savage to civilized lire, he assumes at v.

1011 the discovery of the use of skins, fire, &c., and the

first beginning of civil society, and proceeds at lOiS to

explain the origin of language, and then again returns,

from 1090 to IIGO, to speculate upon the first use of fire

and the earliest stages of political life. These breaks in

the continuity of the argument show what might also be

inferred from frequent repetitions of lines which have

appeared earlier in the poem, and frcm the rough work-

manship of passages in the later books, that the poem
could not have received the final revision of the author,

and must have been given to the world by some editor

after ^his death. Nor is there any great difficulty in

believing that that editor was Cicero. It is not necessary

to press the meaning of the word " emendavit " a» applied

to the task fulfilled by him. Cicero certainly was incap-

able of " improving " any of the poetry of Lucretius, and tLr

slight mention which he makes of the poem in a letter to

his brother (" the poem of Lucreti-.s is, as j-ou describe it,

a work not of much genius but of much art " ^) seems tu

imply that Le was not very capable of appreciating it.

But other motives, besides appreciation of the poet'.;

genius or sympathy with his doctrines, may have induced

' Cf. Firrtnightly Remew, September 1S78.
' " While I seem to bo ever busily plying this t.Tsk, to be intiuiri:;i;

into tbe naturQ of things, and to be expounding my discoveries liy

writings in mj native tongue."
' The reading is so uncertain that it is doubtful whotlicr it is llio

claim of geiims or of art that Cicero refuses to concede. Some inter-

pretations of the passage imply t)iat ho conceded both.
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him to undertal^o a task which has not been very success-

fully performed. It may bo remarked further that

scepticism as to statemejits about their lives is less

warranted in tlie case of the great Roman than of the

great Greek writere, from the fact that the work of

criticism went on at Rome contemporaneously with the

progress of original creation, and that the line of gram-

marians and commentators by whom those statements were

transmitted continued unbroken almost from the first

beginning of Latin literature.

AVo find in the instance of nearly all the other Latin

poets, even of the most obscure among them, that their

birthijlace has been recorded, and it has often been
remarked that Latin poetry was an Italian and provincial

rather than a purely Roman product. From the absence

of any claim on the part of any other district of Italy

to the honour of having given birth to Lucretius it is

inferred that he was an exception to the rule, and was
of purely Roman origin. No writer certainly is more
purely Roman in personal character and in strength of

understanding. He seems to speak of Rome as his

native state in such expressions as " patnai tempore
iniquo," " patrii sermonis egestas," and " patriis cliartis."

His silence on the subject of Roman greatness and
glory as contrasted with the prominence of these sub-

jects in the poetry of men of provincial birth such as

Ennius, Virgil, and Horace, may be explained by the

[iriiiciplo that the familiarity of long-inherited traditions

had made the subject one of less wonder and novelty to

hill!. The Lucretian </ms to which he belonged was one
of the oldest of the great Roman houses, nor do we hear
of the name, as we do of other great family names, as

being diffused over other parts of Italy, or as designating

men of obscure or servile origin. It' seems from the

evidence of .the name, confirmed by the tone in which ho
writes, as probable as any such inference can be that

Lucretius was a member of the Roman aristocracy, belong-

ing either to a senatorian or to one of the great equestri.in

f:imilies, living in easy circumstances, and familiar with
the spectacle of luxury and artistic enjoyment which the

great houses of Rome and the great country houses in the

most beautiful parts of Italy presented. If the Roman
aristocracy of his time had lost much of the virtue and of

the governing qualities of their ancestors, they showed in

tho last years before the establishment of monarchy a taste

for intellectual culture which might have made Rome as

great in literature as in arms and law, if the republic could

have continued. The discussions which Cicero puts in the

mouth of Vclleius, Cotta, <tc., indicate the new taste for

pUiloso])hy developed among members of the governing

class during the youth of Lucretius ; and we hear of

eminent Greek teachers of the Epicurean sect being
settled at Rome at the same time, and living on terms of

intimacy with them. The inference that Lucretius be-

longed to this class, and shared in the liberal culture

which it received, is confirmed by the tone m which he
addresses Memmius, a man of an eminent senatorian

family, and of considerable oratorical and poetical accom-
]ilishmont, to whom the poem is dedicated. His tone to

Mommius is quite unlike that in which Virgil or even
Horace addresses Mrecenas. Ho addresses him as an
equal ; lie expresses sympathy with tho prominent part

liis friend played in public life, and admiration for his

varied accomplishment, but on his own subject claims to

sjicak to him in the tones of authority.

Although our conception of the poet's life and circum-

~tances is necessarily vague and meagre, j'et his personal

force is so remarkable and so vividly impressed on his

(locm, and his language bears so unmistakably the

stamp of sincerity, that we seem able to form a consistent

idea of.,his tastes 'and habits, his sympathies and convic-

tions, 'his moral and emotional nature. If we know nothing

of the particular experience whichdetermined his passionate

adherence to the Epicurean creed and his attitude of spiritual

and social isolation from the ordinary course of Roman life

and belief, wo can at least say that the choice of a contem-

plative life was not the result of indifTerence to the fate of

the world, or of any natural coldness or even calmness of

temperament. In some of his most powerful poetry, as in

tho opening lines of the second and of tho third books, we
can mark the strong recoil of a humane and sensitive spirit

from the horrors of the reign of terror which he witnessed

in his youth, and from the anarchy and confusion which
prevailed at Rome during tho later years of his life ; while

his vivid realization of the pains and disappointments of

passion, of the unsatisfying nature of all violent emotion,

and of the restlessness and weariness of life which excessive

luxury entails, suggest at least the inference that ho had,

not been through his whole career so much estranged from

the social life of his day as he seems to have been in his

later years. Passages in his poem attest his familiarity

with the pomp and luxury of city life, with tho attractions

of tho public games, and with the pageantry of great

military spectacles. But much tho greater mass of the

illustrations of his philosophy scattered through the poern

indicate that, while engaged in its composition, and in the

studies preparatory to it, he must have lived in the country

or by the sea-shore, and that he must have passed much of

his time in the open air, exercising at once tjie keen observi-

tion of a naturalist and the contemplative vision of a poet

He shows a fellow feeling with the habits and moods of

tho animals associated with human toil and adventure.

He seems to have found a pleasure, more congenial to the

modern than to tho ancient temperament, in ascending

mountains or wandering among their solitudes (vi. ioO,

iv. 575). References to companionship in these wander-

ings, and the well-known description of the charm of a

rustic meal (ii. 29) enjoyed with comrades amid beautiful

scenery and in fine weather, speak of kindly sociality

rather than of any austere separation from his fellows.

Other expressions in his poem (e.g., iii. 10, &c.) imply

that he was an ardent student of books, as well as a
sympathetic observer of outward phenomena. Foremost
among these were the writings of his master Epicurus

,

but he had also an intimate knowledge and appreciation

of tho philosophical poem of Empodoclos, and at least an
acquaintance with the works of Democritus, Anaxagoras,

Heraclitus, Plato, and the Stoical writers. Of other Gr.;ek

prose writers he knew Thucydidcs and Hippocrates ; while

of tho poets ho expresses in more than one passage the

highest admiration of Homer, whom he has imitated in

several places. Next to Homer Euripides is most fre-

quently reproduced by him. There is an evident struggla

between the impulses of his imaginative temperament,

prompting him to recognize the supremacy of tho great

masters in art and poetry, and the influence of the teach-

ing of Epicurus, in accordance with which tho old poets

and painters of Greece are condemned as the authors and

propagators of false ideas both of nature and the gods.

But his poetical sympathy was not limited to the poets ol

Greece. For his own countryman Ennius ho expresses an

affectionate admiration ; and he imitates his language, his

rhythm, and his manner in many places. The fragments

of the old tragedian Pacuvius and of the. satirist Lucilius

show that Lucretius had made use of their expressions ami

materials. In his studies he was attracted by the older

writers, both Greek and Roman, in whose masculine

temperament and understanding he recognized an al!inil}-

with his own. He had a most enthusiastic adrairaticn.

for genius, especially when eserclsod in tho investiLsi
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tioa and discovery of truth. Hi's devotion to Epicurus

8001113 at first sight more difficult to explain than Lis

enthusiasm for Einpcdocles or Ennius. Probably Jig

found in his calmness of temperament, in his natural or

ucquired indifference to all violent emotion, even in his

viaut of imagination, a sense of rest and of exemption

from the disturbing inlluencos of life which the passionate

heart of the poet denied himself; while in his physical

philosophy he found both an answer to the questions which
perplexed him and an inexhaustible stimulus to his intel-

lectual crviosity. The combative .energy, the senso of

superiority, the spirit of satire, characteristic of him as a

Roman, unite with his loyalty to Epicurus to render him
not only polemical but intolerant and contemptuous in his

tone toward the great antagonists of his system, the Stoics,

vvhiHn, while constantly referring to them, he does not

condescend even to name. With his admiration of the

genius of others he combines a strong sense of his own
puwer. He is quite conscious of the great importance and
of the difficulty of his task; but he feels his own ability

to copa with it. Ho has the keenest capacity for intel-

loctual pleasure, and speaks of the constant charm which
he found both in the collection of his materials and in the

exercise of his art If his mind was overstrained by the

incessant devotion to his task of which he speaks, he allows

110 expression of fatigue or discouragement to escape from
him. The ardour of study, the delight in contemplative

thought, the " sweet love of the muses," the " great hope
of fame," all combined to bear him buoyantly through all

the difficulties and fatigues of his long and lonely

adventure.

It is more difficult to infer the moral than the intellectual

characteristics of a great writer from the personal impress
left by him on his work. Yet it is not too much to say

that .there is no work in any literature that produces a
profounder impression of sincerity. No writer shows a
juster scorn of all mere rhetoric and exaggeration. This
is one of the main causes of the spell which the poem
exercises over us. By no Stoic even could the doctrine of

independence of the world, and of the superiority of

simplicity over show and luxury, be more forcibly and
consistently inculcated. No one shows truer courage, not
marred by irreverence, in confronting the great problems
of human destiny, or greater strength in triumphing over

human weakness. No one shows a truer humanity and a
ii>orc tender sympathy with natural sorrow. In reverence

for the sanctities of human affection, Virgil alone is his

equal, nor is it an unlikely surmise that it was to the power
of this sentiment, and the influence which it had on his

relation with others, that he owed the cognomen of
" Carus "^ or the " beloved."

The peculiarity of the poem of Lucretius, that which
makes it unique in literature, is that it is a reasoned system
of jihilosophy, written in verse. The subject was chosen
and the method of exposition adopted, not primarily with
the idea of moving and satisfying the imagination, but
of communicating truth. The prosaic title De lienim
JValiira, a translation of the Greek Trepl ^vo-ew;, implies

the subordination of the artistic to a speculative motive.

As in tlie case of nearly all the great works of Roman
liter.iry genius, the form of the poem was borrowed from
t!ie Greeks. The rise of speculative philosophy in Greece
was coincident with the beginning of prose composition,

and many of the earliest philosophers gave their thoughts
to the world in the prose of the Ionic dialect ; others
however, and especially the writers of the Greek colonies

iu Italy and Sicily, expounded their'systems in continuous
poems composed iu" the epic hexameter. These writers

' Cj. Marth.i, Le Pueme dc Lucrec, p. 23.

flourished in th.3, beginning and first half of theStU century
CO.,—the great awakening time of the intellectual,

imaginative, and artistic faculties of the ancient world.
The names most famous in connexion with this kind of

poetry are those of Xonophancs and Parmenides, the
Eleatics, and that of Eunjedocles of Agrigentum. The
last was less important as a philosopher, but greater than
the others both as a poet and a physicist. On both of

these grounds he had a gpcater attraction to Lucretius.
The fragments of the poem of Empcdocles show that the
Konian poet regarded that work as \i.% modeL In accord-
ance with this model he has given to his own poem the
form of a personal address, he has developed his argument
systematically, and has applied the sustained impetus of

epic poetry to the treatment of some of,the driest and
abstrusest topics. Many ideas and expressions of the
Sicilian have been reproduced by the Roman poet ; and
the same tone of impassioned solemnity and melancholy
seems to have pervaded both works. But Lucretius, if

less original as a thinker, was probably a much greater

poet than Empedocles. With the speculative enthusiasm
of the Greeks ho combines, in a remarkable measure, the

Italian susceptibility to the charm of nature, and the greater

humanity of feeling which belongs to a more advanced
stage of human history. But what chiefly distinguishes

him from his Greek prototypes is that his puriiose is rather

ethical than purely speculative. He shares with them the

delight iu inquiry and discovery ; but the zeal of a teacher

and reformer is more strong in him than even the intel-

lectual passion of a thinker. His speculative ideas, his

moral teaching, and his poetical power are indeed inter-

dependent on one another, and this interdependence is

what mainly constitutes their power and interest. But of

the three claims which he makes to immortality,

—

" Primum quod raagnis docco de rebus, ct artis

Keligionum onimum nodis eKsolvere pergo,

Beinde quod obscura de re tarn lucida paugo
Carmina musceo contingens cuncta lepore,

—'*

that which he himself regarded as supreme was the second,
.— the claim of a liberator of the human spirit from the

cramping bonds of superstition.

This purpose is announced by him over and over again,

as for instance at the beginning of the argument in the first,

second, third, and sixth books. The piain idea of the poem
is the irreconcilable opposition between the truth of the laws

of nature and the falsehood of the old superstitions. But
it is not merely by the intellectual opposition between truth

and falsehood that he is moved. The happiness and the

dignity of life are regarded by him as absolutely dependent

on the acceptance of the true and the rejection of the false

doctrine. The ground of his extravagant eulogies of

Epicurus is that ho recognized in him the first great

champion in the war of liberation, and in his system of

philosophy he believed that he had found the weapons by
which this war could be most effectually waged. Follow-

ing in his footsteps, he sets before himself the aim of

finally crushing that fear of the gods and tliat fear of death

resulting from it which he regards as the source of all the

human ills. Incidentally he desires also to purify the

heart from other violent passions whi:,h corrupt it and mar
its peace. But the source even of these—tlie passions of

ambition and avarice—he finds in the fear of death ; and

that fear he resolves into the fear of eternal punishment

after death.

The selection of his subject and the order in which it is

treated are determined by this motive. Although the title

2 " First, by reiisou of the gie.atness of my argnmeiit, and uiy pur-

pose to set free the mind from the. close-drawn bouds of superstitions ;

next, because on so dark a theme I mite such lucid verse, casting over

all the chai'm of poesy."
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of the poem implies that it is -a treatiao on the "whoie
nature of things," the aim of Lucretius is not to treat

exhaustively the whole of natural science, recognized in

the Epicurean system, but only those branches of it which

are necessary to clear the mind from the fear of the gods

and the terrors of a future state. In the two earliest books,

accordingly, ho lays down and largely illustrates the first

principles of being with the view of showing that the world

is not governed by capricious agency, but has come into

existence, continues in existence, and will ultimately pass

away in accordance with the primary conditions of the

elemental atoms which, along with empty space, are the

only eternal and immutable substances. These atoms are

themselves infinite in number but limited in their varieties,

and by their ceaseless movement and combinations during
infinite time and through infinite space the whole process

of creation is maintained. In the third book he applies

the principles of the atomic philosophy to explain the

nature of the mind and vital principle, with the view of

showing that the soul perishes with the body. In. the

fourth book he discusses the Epicurean doctrine of the
" simulacra," or images, which are cast from aU bodies, and
which act either on the senses or immediately on the mmd,
in dreams or waking visions, as affording the explanation

of the belief in the continued existence of the spirits of

the departed. The fifth book, which has the most general

interest, professes to explain the process by which the

earth, the sea, the sky, the sun, moon, and stars, were
formed, the origin of life, and the gradual advance of

m.in from the most savage to the most civilized condition.

All these topics are treated with the view of showing that

the world is not itseLf divine nor directed by divine agency.

The sixth book is devoted to the explanation, in accordance

with natural causes, of soma of the more abnormal
phenomena, such as thunderstorms, volcano6s,carthqijakes,

ifec. , which are special causes of supernatural terrors.

It would be impossible, within the limits of this article,

to give any detailed account or criticism of an argument
which is carried on, with the interruption only of occasional

episodes, in which the Uioral teaching of the poet is

enforced, through a poem extending to between six and
seven thousand lines. Readers who are especially inter-

ested in the science of Lucretius will find the subject

clearly treated in chapter v. of Lange's Uistory of Material-

ism. The consecutive study of the argument produces

on most rea(Jers a mixed feeling of dissatisfaction and
admiration. They are repelled by the dryness of much of

the matter, the unsuitableness of many of the topics dis-

cussed for poetic treatment, the arbitrary assumption of

premisses, the entire failure to establish the connexion
between the concrete phenomena which the author pro-

fesses to explain and these assumptions, and the errone-

ousness of many of the doctrines which are stated with

dogmatic confidence. On the other hand they are con-

stantly impressed by his power of reasoning both de-

ductively and inductively, by the subtlety and fertility

of invention with which he applies analogies, by the clear-

ness and keenness of his observation, by the fulness of

matter with which his mind is stored, and by the consecu-

tive force, the precision, and distinctness of his style, when
employed in the processes of scientific exposition. The
first two books enable us better than anything else in

ancient literature to appreciate the boldness and, on the

whole, the reasonableness of the ancient mind in forming
hypotheses on great matters that still balBe the investiga-

tions of science. The third and fourth books give evidence

of acutencss in psychological analysis ; the fourth and sixth

of the most active and varied observation of natural pheno-

mena; the fifth of original in.sight and strong common
sense in conceiving the origin of society and the nrogrep,5ivo

aavance of man to civilization. But tne chief value of

Lucretius as a thinker lies in his firm grasp of speculative

ideas, and in his application of them to the interpretation

of human life and nature. It is in this application that

the most powerful interest of his poetry lies. All pheno-

mena, moral as well as material, are contemplated by him
in their relation to one great organic wholo, which he
acknowledges under the name of "Natura dsJala rerum,"

and the most beneficent manifestations of which he seems
to symbolize and almost to deify in the " Alma Venus,"
whom, in apparent contradiction to his denial of a divine

interference with human aflfairs, he invokes with prayer in

the opening lines of the poem. lu this conception of

nature are united the conceptions of law and order, of

ever-changing life and interdependence, of immensity,

individuality, and all-pervading subtlety, under which the

universe is apprehended both by his intelligence and his

imagination.

Nothing can be more unlike the religious and moral

attitude of Lucretius than the old popular conception of

him as an atheist and a preacher of the doctrine of pleasure.

It is true that he denies the two bases of all religion, the

doctrines of a supernatural government of the world and

of a future life. But his arguments against the first are

really only valid against the limited and unworthy concep-

tions of divine agency involved in the ancient religions

;

his denial of the second is prompted by his vivid realization

of all that is meant by the arbitrary infliction of eternal

torment after death. His war with the popular beliefs of

his time is waged, not in the interests of licence, but in

vindication of the sanctity of human feeling. The great

and cardinal line of the poem,

" Tantum religio potuit suailere malorum,"

is elicited from him as his protest against the wicked and

impious sacrifice of Iphigenia by the hand of her father.

But in his very denial of a cruel, limited, and capricious

agency of the gods, and in his imaginative recognition of an

orderly, all-pervading, all-regulating power,—the " Natura

dajdala rerum,"—we find at least a nearer approach to tlie

higher conceptions of modern theism than in any of tlie

other imaginative conceptions of ancient poetry and art,

unless we include the hymn of Cleanthes among the utter-

ances of poets. But his conception even of the ancient

gods and of their indirect influence on human life is mor^

worthy than the popular one. They are conceived of by

him as living a life of eternal peace and exemption from

passion, in a world of their own _: and the highest ideal of

man is, through the exercise of his reason, to realize an

image of this life,

" TJt nil impeaiat dignam dis degere vitam."

Although they are conceived of as' unconcerned with the

interests of our world, yet influences are supposed to emanate

from them which the human heart is capable of receiving

and assimilating. The effect of unworthy conceptions of

the divine nature is that they render a man incapable of

visiting the temples of the gods in a calm spirit, or of

.

receiving the emanations " divina: nuntia nacis " in peace-

ful tranquillity.

" Nee delubra deum placido cum pectore adibis,

Ncc de corpore quae sancto simulacra feruutur

lu meutis hominura divince' nuntia pads
Suscipere hsc animi traiiquilla pace valebis." ^

It is in no iconoclastic spirit that he regards even the

temples and solemn rites of the gods, except when he finds

the acts of worship tainted with " the foul stain of super-

" Nor wilt thou approach the temples of the gods with a calm

spirit, nor wilt thou be able, in traEquU peace of heart, to receive

those images which are borue from their holy bodies into the niL Ja 'tt

men, carrying tidings of the divine peaco" (vi. 75-78).
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stition." Thus ho describes with a grave solemnity of

feeling the procession of the image of Cybele through the

cities of men, and acknowledges the beneficent influence of

the truths symbolized by that procession. The supposed
" atheism " of Lucretius proceeds from a moro deeply

reverential spirit than that of the majority of professed

believers in all times.

His moral attitude is also far removed from that either

of ordinary ancient Epicureanism or ordinary modern

materialism. Though he acknowledges pleasare to be the

law of life,
—"dux vita; dia voluptas,"—yet he is far from

regarding its attainment as the end of life> What man
needs is not enjoyment, but "peace and a pure heart."

" At bene non poterat sine puro pectore vivi."

The victory to be won by man is the triumphi over fear,

ambition, passion, luxury. With the conquest over these

nature hefself supplies all that is needed for happiness.

Self-control and renunciation are the lessons which he

preaches with as much fervour and as real conviction as

any of the preachers of Stoicism. " Great riches consist in

living plainly with a contented spirit "

—

" Divitire gramles homini sunt vivere parce

M^]\\o animo."

As was mentioned above, it is uncertain whether the

short criticism of Cicero ("Lucretii poemata," &c.) con-

cedes to Lucretius the gifts of genius or the accomplishment

of art.- Readers of a later time, who could compare his

work with the finished works of the Augustan age, would,

if they refused his claim to the full possession of the two
necessary constituents of the greatest poets, have certainly

disparaged his art rather than his power. But with Cicero

it was different. He greatly admired, or professed to

admire, the genius of the early Roman poets, while he
shows that indifference to the poetical genius of his younger
contemporaries which men who have formed their taste

for poetry in youth, and whose own intellectual intere.sts

have been practical and political, often do to the new ideas

and new modes of feeling which an original poet brings into

the world. On the other hand, as one who had himself
V, ritten many verses in his youth, and as one of the greatest

masters of style who have ever lived, he could not have
been insensible to the immense superiority in rhythmical
smoothness wliich the hexameter of Lucretius has over that

of Ennius and Lucilius. And no reader of Lucretius can
doubt that he attached the greatest importance to artistic

execution, and that he took a great pleasure, not only in

propelling " the long roll of his hexameter " to its culmi-
tiaiing break at the conclusion of some weighty paragraph,
but also in producing the effects of alliteration, assonance,

itc, which are so marked a peculiarity in the style of

Plautus and the earlier Roman poets. He allows his taste

for these tricks of style, which, when used with moderation
by writers of a more finished sense of art such as Virgil

and even Terence, have the happiest effect, to degenerate
into mannerism. And this is the only drawback to the
impression of absolute spontaneity which his style produces.
But those who recognize in hin^ one of the most pcfwerful

and original poetical forces which have appeared in the
world feel, when they compare him with the greatest poets

of all times, that he was unfortunate in living before the
naturs^l rudeness of Latin art—the " traces of the country,"
which continued to linger " in rude Latium " down to the
time of Horace—had been successfully grappled with.

His only important precursors in serious poetry were
Ennius and Liicilkis, and, though he derived from the first

of these an impulse to shape the Latin tongue into a fitting

vehicle for the expression of elevated emotion and imagina-

tive conception, he could find in neither a guide to follow

in the tisk hi; .Sijt before liimself. He had thus, iii a great

measure, to discover the way for LLmself, and to act as the
pioneer to those who came after him. The dilllculty and
novelty of his task enhances our siense of his power. His
finest passages are thus characterized by a freshness of

feeling and enthusiasm of discovery, as of one ascending,

alone and for the first time, the "pathless heights of the

Muses."' But the result of these conditions and of his own
inadequate conception of the proper limits of his art )9

that more than in the case of any other work of genius his

best poetry is clogged with a great mass of alien matter,

which no treatment in the world could have made poetir.illy

endurable. If the. distinction suggested by a brilliant

living poet and critic between the Titans and the

Olympians of literature be a valid one, it is among the

former certainly that Lucretius is to be classed.

The genius of Lucfetius, as of all the greatest poets,

does not reveal itself as any meie isolated or exceijlional

faculty, but as the impassioned and imaginative movement
of his whole moral and intellectual being. It is the force

through which the sincerity and .simplicitj-, the. reverence,

the courage, the whole heart of the man have found an

outlet for themselves. It is also the force from which both

his speculative and his observant faculty derive their most

potent impulse. His poetical style is as simple, sensuous,

and passionate as that of the poets who reproduce only the

immediate appearances and impressions of the world of

nature and of human feeling. But it assumes a more

majestic and elevated tone from the recognition of the

truth that the beauty of the world, the unceasing life and

movement in nature, the destructive as well as the bene-

ficent forces of the element*, the whole wonder and pathos

of human existence, are themselves manifestations of serret

invisible agencies and of eternal and immutable laws.

The fullest account of the MSS. and of the various iilitioiis of

Lucretius, and of the influence which he exercised on tlic lalr/"

poets of Rome, is to be found in the introductions to the critical am!

explanatory notes of ilr Munro's edition of the poet, a work recoi;-

nizcd as the most important contribution to batin .scholav»;liii'

made in England during the presLUt century. For seholars tli;it

edition cout.iius all that is ueeilcd for the full nmlerstanding of ibi-

author. For those who are not classical scholai's, the work ff

C. iilaviha,, Lc Voent^de Lucrice, may be recommended, iLscont-Tiniii^;

an interesting and eloquent estimate of the genius of the i>opt, and

of his moral, religious, and scientific posttion. Among rccuii

English works on the author, an essay, by Professor Vcitcli, ii.ui

one by Jlr J. A. Symonds, are especially good. 'J'lie subject is

also discussed at length in chaps, xi.-xiv. of the Eoutan l'>Hts

of the EcpuUic, by Professor Sellar. (W. Y. S.)

LUGULLUS. The Luculli appear in Roman history

shortly after the close of the second Punic war. They

belonged to the Licinian " gens," a plebeian house which

became noted for its special ability in amassing wealtlr.

By far the most famous of its members was Lucius Licinius

Lucullus, surnamed Ponticus from his victorious canvpaigns

in Asia jlinor against one of the most formidable enemir:'

Rome ever encountered, the great Mithridates, king of

Pontus. His father had held an important military coi.i-

mand in Sicily, but on his return to Rome he was considered

to have acquitted himself so discreditably that he was pro-

secuted on a charge of bribery and corrupt practices, and

was condemned to exile. His mother was Cjecilia, of the

family of the Metelli, and was the sister of the distingui.-hcd

JletcUus Numidicus. The career of Lucullus coincides with

the first half of the 1st century B.C. It appears that he-

was rather senior to Pompey, who was born in lOG B.C.

We hear of him when quite a young man as making a
determined though unsuccessful attempt to avenge hit

father's downfall on the author of the prosecution, and

this won him credit and popularity. Early in life he-

attached himself to the party of Sulla, and to that jfarty

^ " Avia Pieridum peragro k»ca, nuUius aiit«

Trita solo."
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ho rcmaiuuJ constant to Lis life's end. Sulla's favourable

notice was secured by good military service in the so-called

Social War, which finally completed the subjugation of

Rome's Italian allies and in fact of the whole penmsula.

In 88 B.C. came the great Jlithridatic war in the East,

with the direction of which Sulla was charged. In that

year the young LucuUus went with him as his qu^stor to

Greece and Asia Minor, and, while Sulla was besieging

Athens, he raised a fleet and drove Jlithridates out of the

Mediterranean. He won a brilliant victory off Tenedos,

and it seems probable that, had he been as faithful to Kome
as he was to Sulla and his party, he might have ended

a perilous war. Eut, like many of his contemporaries,

Lucullus was too much of a party man to be a genuine

patriot.

In 84 B.C. peace was concluded with Mithridates, and

the great king had to cede the Greek islands and a large

part of his Asiatic possessions, and was practically reduced to

the position of a mere Roman dependant. Sulla returned

to Rome, while Lucullus remained in Asia, and by a series of

wise and generous financial reforms laid the foundation of

the future wealth and prosperity, of the province. The
result of his policy was that he stood particularly well with

the provincials, but unfortunately for himself made a host

of enemies among the powerful class which farmed the

public revenue. He was in Asia till 80 B.C., and then

returned to Rome as curule «dile, in which capacity he

exhibited together with his colleague, his brother ilarcus,

g.:me3 which were long remembered by the citizens of Rome
for their exceptional magnificence. We may infer that

thus early in life he had found the means of acquiring an

immense fortune, which throughout his whole career it

was his delight lavishly to display. Soon afterwards he

was elected prxtor, and was next appointed to the pro-

vince of Africa, where again he won a good name as a just

and considerate governor. In the year 74 B.C. he became
consul, with Aurelius Cotta as his colleague. An attempt

was made at this time by a leader of the democratic party

to repeal the legislation of Sulla, and its failure appears to

have been mainly due to the strenuous cfibrts of Lucullus.

The East was now again unsettled, and Bithyuia, which

had been bequeathed to Rome by its king Nicomedes, was

threatened by Mithridates. The new province with the

command of the fleet fell to Cotta, but Lucullus was called

to lead the armies of Rome against this dangerous enemy.

In 74 B.C. he was in Asia at the head of a force of about

30,000 foot and 2000 horse. The king of Pontus was

already on Roman ground in Bithynia, and Cotta was

shut up in Chalcedon on the Propontis by a vast host of

1.50,000 men. The enemy's fleet had forced its way into

the harbour, and had burnt all the Roman vessels lying at

anchor. The advance of Lucullus, however, forced the

king to raise the siege and retire along the sea-coast, till

he halted before the strong city of Cyzicus, the key of Asia,

as it was called, built on an island at a little distance from

the mainland, with which it waS connected by a bridge.

AH the attempts of Mithridates on the place were foiled

by a gallant defence, and it was not long before Lucullus

took up a threatening position in the rear of his army,

which cut off all his land communications and left liim

only master of the sea. Bad weather and violent storms

and scant supplies soon drove the king from the walls of

Cyzicus, and his vast army was dispersed without having

liad the chance of fighting a single pitched battle. His

fleet too, which as yet had had the command of the

^Egean, was soon afterwards destroyed by Lucullus, and

thus his whole power for offensive warfare had completely

collapsed. . He himself withdrew into his own proper

territory, and all that the Roman general had to fear was

that he might baffle pursuit by a flight eastward into the

remote wilds of Armenia. However, in the autumn of 73
B.C., Lucullus pushed into the heart of Pontus far beyond
the Halys, the limit of the famous Scipio's advance east-

ward, and continued his onward march, regardless of the

murmurs of his weary soldiery, to Cabeira or Neocssarea
(now Kiksar), where the king had gone into winter

quarters with a vague hope that his son-in-law, TigraneS,

the powerful king of Armenia, and possibly even the,

Parthians, might, for their own sakes, come to his aid

against a common foe. It was by a very toilsome march
through difBcult roads that the Roman army at last reached

Cabeira, to find themselves confronted by a greatly superior

force. But the troops of Mithridates were no more a match
for the Roman legionaries than were the Persians for

Alexander, and a large detachment of his army was
decisively eut up by one of LucuUus's lieutenant-generals.

The king decided on instant retreat, but the retreat soon

became a disorderly flight, and Lucullus, seizing the

moment for attack, annihilated his enemy, Mithridates

himself escaping with difficulty over the mountain range

between Pontus and Cappadocia into Lesser Armenia. He
found a sort of refuge in the dominions of Tigranes, but

he was in fact detained as a prisoner rather than received

as an honoured friend and ally.

Pontus thus, with the exception of some of the maritime

cities, such as Sinope, Heraclea, and Amisus, which slili

clung to the king under whom they had enjoyed a free

Greek constitution, became Roman territorj'. Two years

were occupied in the siege and capture of these strongholds,

while Lucullus busied himself with a general reform of *.he

administration of the province of Asia. His next step was

to demand the surrender of Mithridates and to threaten

Tigranes with war in the event of refusal. He had indeed

no direct authority from the home government to attem^it

the conquest of Armenia, but he may well have supposed

that in invading the country he would be following oat

Sulla's policy, and securing Rome in the East from a serioi.'s

danger. Nor was it unnatural that there should be a

fascination in the idea of winning renown in the distant

and almost unknown regions beyond the Euphrates. I:i

the spring of the year G9 B.C., at the head of only tw i

legions, which, it appears, by no means liked the hardshij s

of the expedition, he marched through Sophene, the south-

western portion of Armenia, crossed the Tigris, and pushed

on to the newly-built royal city, Tigranocerta, situated on

one of Uie affluents of that river. A motley host, made v\<

out of the tribes bordering on the Black Sea and th;

Caspian, hovered round his small army, but failed to

hinder him from laying siege to the town. On this

occasion LucuUus showed consummate military capacity,

contriving to maintain the siege and at the same time to

give battle to the enemy wiCi a force which must have

been inferior in the ratio of something like one to twenty.

According to his own account he put the Armenians to

rout with a loss of five Roman soldiers, leaving 10(J,000

dead on the field of battle. The victory before the walls

of Tigranocerta was undoubtedly a very glorious one for

the arms of Rome, and it resulted in the dissolution of the

Armenian king's extensive empire. There might now have

been peace but for the interference of Mithridates, who for

his own sake pressed Tigranes to renew the war and to seek

the aid and alliance of Parthia. The Parthian king, how-

ever, was disposed to prefer a treaty with Rome to a treaty

with Armenia, and desired simply to have the Euphrates

recognized as his western boundary. Mithridates next

appealed to the national spirit of the peoples of the East

generally, and endeavoured to rouse them to a united effort

against Roman aggression. lie hoped to crush his enemy

amid the mountains of Armenia, and indeed the position

of LuouUus was highly critical. The home government
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was for recalling Lini, and seemed tu think little of liia

eplendid successes ; and his little army, which one might

have been supposed would have been proud of their general,

was on tlio verge of mutiny. One can hardly understand

!iow under such circumstances LucuUus should have per-

sisted in marching his men northwards from Tigranocerta

'jver the high tableland of central Armenia, with the

enemy's cavalry and innumerable mounted archers hanging

on his columns, in the hope of reaching the distant Artaxata

on the Araxes. The vexation of his troops broke out into

:iu open mutiny, which compelled him to recross the Tigris

into the Mesopotamian valley. Here, on a dark tem-

pestuous night, he surprised and stormed Nisibis, the

capital of the Armenian district of Mesopotamia, and in

this city, which yielded him a rich booty, he found satis-

factory winter quarters.

Meantime Mithridates was again in Pontus, and the

Koman forces which had been left there were soon over-

whelmed. In ono disastrous engagement at Ziela the

Roman camp was taken and the army slaughtered to a

man. LucuUus was, still thwarted by the mutinous spirit

of his troops, and after all his brilliant achievements he
was obliged to pursue his reti'cat into Asia Minor with the

full knowledge that Tigranes and Mithridates were the

unresisted masters of Pontus and Cappadocia. The work
of eight years of war was undone. Commissioners sent

from Rome to settle the affairs of the East had to report

to the senate that a. large part of Asia Minor was in the

e.iemy's hands. In the year 66 B.C. LucuUus was recalled,

vi superseded in his command by Pompey.
He had indeed fairly earned by his brilliant victories

tb» hoiiour of a triumph, but he had powerful enemies at

Home, and charges of maladnrinistration, to which no doubt

hi3 immense wealth gave no unreasonable colour, caused it

to be deferred for three years. In 63 b.c., however, it was
celebrated with extraordinary magnificence. By this time

Lucullus seems to have felt that he had done his work.

He had little taste for the increasingly turbulent political

contests of the time, and, with the e.xception of occasional

appjarances in public life, he gave himself up to elegant

luxury, with which, however, he combined a sort of dilettante

pursuit of philosophy, literature, and art. Cicero, who
V/as on terms of close intimacy with him, always speaks of

KiXL with enthusiasm and in terms of the highest praise.

Lucullas is with him a vir forlissimns et clarissimus, and a
man too of the highest and most refined intellectual culture.

/s a provincial governor, in his humane consideration for

,Le conquered and his statesmanlike discernment of what
7as best suited to their circumstances, he was a man after

Cicero's own heart. In this respect ho reminds us of the

younger Pliny. Very possibly Cicero may hawj spoken
tr-o flatteringly of him, but we cannot think his praise was
,'i together undeserved.

As a soldier, considering what he achieved and the

\ictories he won with but small forces under peculiarly

unfavourable conditions, he must have been a man of no
ordinary capacity. It is true that he does not seem to

have had the confidence of his troops to the extent to

which a great general ought to possess it, and it is just

possible that he may have erred on the side of an excessive

aristocratic hauteur, which to his men may have looked
like a selfish indifference to their hardships. But it is also

possible that out of a strict regard to the lives and property

of the provincials he may have been too strict a discipli-

narian for the taste of the soldiers. . Some of his unpopu-
larity, it is pretty certain, was due to the restraints which
he had.put on the rapacity of the capitalists, who thought
themselves aggrieved if they could not make rapid and
enormous fortunes by farming the revenue of the rich pro-

vinces of the East. We can hardly doubt that with very
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decided aristocratic feeling and thorough deifotion to hli.

political party Lucullus combined much generous upright-

ness and kindliness of heart.

His name calls up before the mind visions of boundlces
luxury and magnificence, and among the Roman nobles
who revelled in the newly acquired riches of the East
LucuUus, it is certain, stood pre-eminent. .His park and
pleasure grounds in the immediate vicinity of the capital

were the wonder ai.d admiration of his own and of the

succeeding age. Pompey is said to have styled him the

Roman Xerxes, in allusion, not only to his splendour, but
also to the costly and laborious works to be seen iu his

parks and villas at Tusculum, near Naples, where rocks

and hUls had been pierced at an almost infinite expense.

On one of his luxurious entertainments he is said to have
spent upwards of £2000. Far the most pleasing trait in

his character is the liberal patronage which he gave more
especially to Greek philosophers and men of letters, and
file fact that he collected a vast and valuable library, to

which such men had free access. On the whole we may
take Lucullus to have been a man who in many respects

rose above his age, and was a decidedly favourable speci-

men of a great Roman noble.

Of his latter years but little is recorded. He had, as

we have seen, almost wholly retired from public life. It

appears that he sank into a condition of mental feebleness

and imbecility some years before his death, and was obliged

to surrender the management of his affairs to his brother

Marcus. The usual funeral panegyric was pronounced ou
him in the Forum, and the people would have had Iiim

buried by the side of the great SuUa in the Campus
Martius, but he was laid at his brother's special request 'in

his splendid villa at Tusculum.
The best account of Lucullus's campaign in the East is to be fonnd

in Momnisen's History of Momc, bk. v, chap. 2. Our knowlcMlgo

of him is dra\vn mainly from Plutarch, Appian's Miihridatic IVnr,

the epitomes of the lost books of Livy, ami very frequent allusicus

to him in Cicero's works. (W. J. C )

LUDDITES, The, were organized bands of rioters for

the destruction of machinery, who made their first ap-

pearance in Nottingham and the neighbouring midland

districts of England about the end of 1811. The origin

of the name is curious, and is given as follows in the Life

of Lord Sidmouth (vol. iiL p. 80). In 1779 there lived in a

village in Leicestershire a person of weak uitellect, called

Ned Lud, who was the butt of the boys of the village.

On one occasion Lud pursued one of his tormentor.s

into a house where were two of the frames used in llio

stocking manufacture, and, not being able to catch the

boy, vented his anger on the frames. Afterwards, when-

ever any frames were broken, it became a common saying

that Lud had done it. It is curious also that the leader of

the riotous bands took the name of General Lud. The
Luddite riots arose out of the severe distress caused by
commercial depression and the consequent want of employ-

ment. They were specially directed against machinery

because of the widespread prejudice that its use directly

operated iu producing a scarcity of labour. Apart

from the prejudice, it was inevitable that the economic and

social revolution implied in the change from manual worli

to work by machinery should give rise to great misery by

upsetting all the old industrial habits and arrangements.

The riots began at Nottingham, in November 1811, with

the destruction of stocking and lace frames, and, continu-

ing through the winter and following spring, spread into

Yorkshire and Lancashire. They were met by severe

repressive legislation,—-a notable feature in the opposition

to it being Lord ByronVspeech in the House of Lords, tlie

first which he delivered there. In 1816 the rioting v. as

resumed, through the fearful depression that followed on

the European peace, aggravated by one of the worst oi
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recorded harvests, when wheat rose from 52s. 6d. to 103s.

a quarter (ia Yorkshire it was more than a guinea a
bushel), when the corn was still green in October, and the

potato crop was a failure. In that year, though the centre

of the rioting was again in Nottingham, it extended over

almost the whole kingdom, and took more decidedly the

form of a general discontent and seditious restlessness.

The rioters were also thoroughly organized. While part

of the band with extraordinary quickness and thoroughness

destroyed the machinery in the houses, sentinels were

posted to give warning of the approach of the military and
police ; and all had generally disappeared before the least

risk of discovery. Under the influence of vigorous re-

pressive measures, and especially of reviving prosperity,

the spirit of rioting ere long died out.

See the Animal -Register for the years concerned; Life of Lord
Sidmouth, by the Hon. George Pcllew, dean of Norwich, vol. iii.

;

and Spencer Walpole, History of Eiifjlaiid, vol L

LUDHI.4NA, a district in the lieutenant-governorship

of the Punjab, India, lying between 30° 33' and 31° 1' N.

lat. and between 75° 24' 30" and 76° 27' E. long., is

bounded on the N". by the Sutlej river, on the E. by
Umballa (Amb.'lla) district, on the S. by Patiala, Ndbha,

and JIaler Kotla states, and on the W. by Firozpur district.

The surface of LudhiAna consists for the most part of a

bi'oad plain, without hills or rivers, and stretching north-

ward from the native borders to the ancient bed of the

Sutlej. The soil is composed of a rich clay, broken by
large patches of shifting sand. On the eastern edge,

towards Umballa, the soil improves greatly, the clay being

here surmounted by a bed of rich mould, suitable for the

cultivation of cotton and sugar-cane. Towards the west

the sand occurs in union with the superficial clay, and
forms a light friable soil, on which cereals form the most

profitable crop. Even here, however, the earth is so

retentive of moisture that good harvests are reaped from

fields which appear to the eye mere stretches of diy and
sandy waste, but are covered, after the autumn rains, by
waving sheets of wheat and miUet. These southern

uplands descend to the valley of the Sutlej by an abrupt

terrace, which marks the former bed of the river. The
principal stream has now shifted to the opposite side of

the valley, leaving a bread alluvial strip, 10 miles in width,

between its ancient and its modern bed. The Sutlej itself

is here only navigable for boats of small burden. A
branch of the Sirhind Canal, now in course of construction,

will irrigate a large part of the western pargands. At
present irrigation is almost entirely confined to wells.

The district is singularly bare of trees.

The census of 186S returned a total population of 583,245 persons

(319,342 males and 263,S03 females), spread over an area of 1359
square miles, inhabiting 879 villages and towns, and 151,934 houses.

Hindus numbered 219,371 ; Mohammedans, 206,603 ; Sikhs,

05,463; and "others," 61,858. In ethnical classification the Jats

rank first, both in number (205,30^ and in agricultural importance ;

tliey form one-third of the total population, and nearly two-thirda

of the cultivating class. The Gujars come next with 30,009 persons,

Kajputs number 23,961, and cluster thickly in the fertile strip

along the bank of the Sutlej. Though they hold the richest portion

.>£ the district, they are but careless and improvident cultivators.

Brahmans number 21,165, but their social importance is small, and
they own but a single village. The mercantile classes are repre-

sented by 15,251 Kshattriyas and 8174 Banias. There are also

5549 Kashmiris, employed in weaving shawls and .woollen goods.

Four towns were returned in 1868 as containing upwards of 5000
inhabitants, viz., Ludhiana, 39,983 ; Raikot, 9165 ; Jagraon, 7096 ;

and Machiwara, 6062. Ludhiana is a flourishing agricultural dis-

trict in spite of the general unpromising appearance of its soil, a
lesult mainly attributable to the nntiring diligence of its Jdt culti-

vators. Almost all the available land has been brought under the
jdough, and in many villages no waste land is left for pasturage, the

^attle being fed from cultivated produce. Under rahi or spring crops

there were in 1872-73 198,279 acres of wheat, 30,620 of barley,

162,649 of gi-am, and 576 of poppy. The kliartf ox rain crops

-oinjirised 129,589 acres of jorfr, 49,047 of Indian corn, 55,293 of

moth, and 15,894 of cotton. In spite of their industrious habits,

many of the peasantry are deeply in debt, and the rate of interest

is high. Most of the land is held by tenants-at-will. Agrieultural
labourers are paid in grain ; in the towns, unskilled labour is paid
at the rate of from 3d. to 4id. per diem. Ludhiana is comparatively
free from danger of actual famine, though it suffers much from
drought. The exports, of which the annual value is estimated at

£377,120, are chiefly confined to grain, cotton, wool, saltpetre, and
indigo ; the principal imports (£365,552) are English goods, spices,

and red madder dye. Manufactures include shawls, pashmina
cloth, stockings, gloves, cotton goods, furniture, carriages, and fire-

arms. Eight large silk factories and upwards of four hundred private

silk-looms give employment to over three thousand persons. Com-
munication is aftbrded by the Sind, Punjab, and Delhi Railway,
which runs through the centre of the district, and by several lines

of good metalled roads.

'The administrative staff of the district comprises a deputy com-
missioner, with an assistant and two extra assistants, a small-cause
court judge, and three tahsilddrs, besides the usual medical and con-

stabulary officers. The total revenue in 1872-73 was £103.79,'^, or

which £85,215 was contributed by the land ta.t. Education in

1873 was afforded by 184 schools, of which 68 were in receipt ..t

Government grants in aid ; the total number of enrolled piijiil'

was 6733. In the upland portion of the district the atmc>pnei'-
is dry and healthy ; in the Sutlej valley, however, the air is

extremely noxious after the rainy season floods, and fever prevnii«

often in an epidemic form ; ophthalmia is also common, Tlie

mean temperature in 1872 was 87°'69 Fahr, in Jlay, 85°'67 in July,

and 54°*85 in December, the maximum being 117°, and the mini-

**'um 31^. The average annual rainfall is 28 inches.

History.—Though the present town of Ludhiana dates no farther

back than the iSth century, other cities in the district can claim a

much greater antiquity. At Sunet, close to the modern station,

are ruins of an extensive brick-built town, whose greatness had
already passed away before the period of Mohammedan invasion

;

and the old Hindu city of Machiwara is of still earlier date, being

mentioned in the Mahdbhdrata. During the Mussulman epoch, the

histor^ of the district is bound up with that of the Rais of Raikot,

a family of converted R-ajpnts, who received the country as a fief

under the Sayyid dynasty, about the year 1445. The town of

Ludhiina was founded in 1480 by two of the Lodi race (then ruling

at Delhi), from whom it derives its name, and was built in great

part from the prehistoric bricks of Sunet. The Lodis continued in

possession until 1620, when it again fell into the hands of the Rais

of Raikot. Throughout the palmy days of the Mughal empire the

Raikot family held sway, but the Sikhs took advantage of the

troubled period which accompanied the Mughal decadence to estab-

lish their supremacy south of the Sutlej. Several of their chieftains

made encroachments on the domains of the Rais, who were only
able to hold their own by the aid of George Thomas, the famous
adventurer of Hari.ina, In 1806 Ranjit Sinh crossed the Sutlej and
reduced the obstinate Mohammedan family, and distributed their

territory amongst his own co-religionists. Since the British occupa-

tion of the Punjab Ludhiana has grown in wealth and population,

but its history has been uneventful.

Ludhiana, the chief town and headquarters station of

Ludhiina district, is situated on the south bank of the old

bed of the Sutlej, 8 miles from the present bed of the

river, in 30° 55' 25" N. lat. and 75° 53' 30" E. long.

The population in 1868 was 39,983, viz., Mohammedans,
27,860; Hindus, 10,208; Sikhs, 45; Christians, 79;
"others," 1791. The Kashmiris retain their hereditary

skill as weavers of shawls and pashm'ma cloth, the value

of the quantity exported in 1871-72 being returned at

£13,350. Shawls of the soft Rimpur wool, cotton cloths,

scarfs, turbans, furniture, and carriages also form large

items in the thriving trade of the town. Since the open-

ing of the railway LudhiAna has become a great central

grain mart, having extensive export transactions both with

the north and south. The American Presbyterian Mission

has a church and school, with a small colony of uativi-

Cliristians. The town bears a bad reputation for uu-

healthiness.

LUDLOW, a municipal and parliamentary borough and
market-town of Shropshire, England, is situated at the

junction of the Teme and Corve on the borders of Here-

fordshire, 27 miles south-east from Shrewsbury and lOcortli

from Leominster. The old castle, on an eunnence above
the Teme, presents an imposing and massive appearance,

the Norman towers and the greater part of the walls being
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atill complete. The parish church of St Lawrence, a fine

truciform structure in the Gothic style, with a lofty coptral

lower, dates from tlie reign of Edward III.; it was
cstorcd in I859-G0. The grammar school, founded

i:i the reign of John, was incorporated by Edward I.

The other principal public buildings are the guild-hall, the

town-hall and market-house, and the public rooms, wliich

iucluda the assembly-rooms and a museum of natural

history. Tanning and malting are carried on to a small

extent, and there are also flour-mills. The population of the

municipal borough (280 acres) in 1871 was 5037, and in

1881 5035. The population of the parliamentary borough

(1371 acres) in the same years was 6203 and 6663.

Ludlow is said to have existed as a British town under the name
of Diiian. After the Conquest it was granted to Roger de
Montgomery, who is said to have been the founder of the castle.

For some time ^he castle was a royal residence, and from the rei^m

of Henry VIII. to that of William III. it was the seat of the council

of the marches. In the reign of Charles I. it was garrisoned for the

king, but it surrendered to the parliamentary forces in June 164(3.

The town had a charter of incorporation at a very early period,

which was contirmed by Edward I V-

LUDLOW, Edmijnd (1620-1693), was born at Maiden
Firadley, Wiltshire, in 1620, of an ancient and honourable

family. He studied at Trinity College, Oxford (where he
took his B.A. degree in 1636), and at the Temple. When
the war broke out he engaged as a volunteer in the life

guard of Lord Essex, consisting of one hundred gentlemen.

His first essay in arms was at Worcester, his next at Edge-
hill. He was made governor of Wardour Castle in 1643,
which place he surrendered on honourable terms after ten

months' siege. On being exchanged soon afterwards, he

engaged as major of Sir A. Haslerig's regiment of horse,

in which capacity he did good service in the western

counties. He was present at the second battle of New-
bury, October 1644. In 1645 he was elected M.P. for

Wilts in the room of his father Sir Henry Ludlow, and
attached himself inflexibly to the republican party. In
1648 he was one of a committee of six who arranged the

violent action known as Pride's Purge. He was one of the

king's judges, and put his hand to the warrant for his

execution. In January 1651 Ludlaw was sent into Ireland

as lieutenant-general of horse, holding also a civil com-
mission. Here he spared neither health nor money in

the public service. Ireton, the deputy of Ireland, died

27th November 1651, and for six months Ludlow held

the chief place, which he then resigned to Fleetwood.

Though disapproving of Cromwell's action in dissolving

the Long Parliament, he maintained his employment, but

when Cromwell was declared Protector he declined to

acknowledge his authority, and was soon after recalled to

England. He refused t'he Protector face to face when
ordered to submit to his government, and in December
1655 retired to his own house in Essex. After Oliver

Cromwell's death Ludlow was returned for the borough of

Hindon, and took his seat in Richard's parliament in 1659.

He sat also in the restored Rump, and was a member of its

council of state and of the committee of safety after its second

expulsion. He also heldolBce for a short time in Ireland.

After the Restoration, finding that his life was in danger, he
left England, rn September 1660, and travelled through
France and Geneva, and thence to Vevey, then under the pro-

tection of the canton of Bern. There he spent the rest of his

long life unmolested, to the great credit of the Government
of that canton, which had also extended its protection to

other regicides. He was, however, in constant danger from
Cavalier assassins. He steadily refused during thirty, years

of exile to have anything to do with the desperate enter-

prises of republican plotters. But in 1689 he returned to

England, hoping to be employed in Irish aflfairs. He was,

however, known only as a regicide ; and an address from

the House of Commons was presented to William IIL by
Sir Edward Seymour, requesting the king to issue a pro-

clamation for his arrest. Ludlow escaped again, and
returned to Vevey, where he died in 1693, aged seventy-

three, and where a monument raised to his memory by his

widow is Btill to bo seen in the church of St Martin.
Over the door of the house in which he lived was placed
the inscription "Omne solum forti patria, quia Patris." His
memoirs, extending to the year 1688, were published in

1608-99 at Vevey.

LUDOLF, or Leutholf, Hiob (1624-1704), a learned
Orientalist, was born at Erfurt on June 15, 1624. At an
early age he manifested a passion for the acquisition of

foreign tongues ; and after exhausting the imperfect

educational resources of his native place he went in 1645
to Leyden, where for upwards of a year he was the pupil

of Erpenius, Golius, and other linguists. Having received

an appointment as tutor, he afterwards travelled in France
(where he became acquainted with Bochart at Caen) and
in England, and in 1649 he was commissioned by the

Swedish ambassador at the French court to go to Rome in

quest of certain papers which had been lost, and which
Queen Christina wished to recover. In this mission he
was unsuccessful, but while in Italy he became acquainted

with four Abyssinians, from whom he acquired his know-
ledge (at that time unique) of Ethiopic. In 1652 he
enterM the diplomatic service of the duke of Saxe-Gotha;

in this he continued (acting also for some time as tutor

to the young princes) until 1678, when he retired to

Frankfort-on-the-Main. At the conferences held there in

1681 and 1682 he held a commission to act for the dukes

of Saxony. In 1683 he visited England to promote a

cherished scheme for establishing trade with Abyssinia,

but his efforts were unsuccessful, chiefly through the

bigotry of the authorities of the Coptic Church. Return-

ing to Frankfort in 1684, he gave himself wholly to literary

work, which he continued almost to his death, on April 8,

1704. In 1690 he had the honour to be appointed

president of the " Collegium Imperiale Historicum."

His works, of which a complete list will be found in ChaufFepie's

Didionnaire, include Bistoria Ethiojrica (fol. 16S1), with Commcn-
tarius ad Hist. Eth. (1691), and Appe-ndix (1693) ; Grammatica
Ainliaricx Linguee^ qum vernacida est Habessinorum, 1698 ; Lexicon

Amharico-Lalinum, 1698 ; Lexicon Ethiopico-Latinum, of which

the first edition was published in London in 1661, but with many
inaccuracies for which Ludolf refused responsibility {a second

edition appeared at Frankfort in ]699); Grammatica Lingux
lilhiopicm (London. 1661 ; Frankfort, 1702). Ludolf holds a very

high place among the older Orientalists, and his works on Ethiopic

in particular continued to be the standard text-books till tJiey were

superseded by those of Dillmann.

LUDWIGSBURG, the second royal residence of Wiirt-

emberg, is situated 9 miles to the north of Stuttgart and

U miles from the Neckar. It was laid out at the begin-

ning of last century by Duke Eberhard Ludwig as a rival

to Stuttgart, and was greatly enlarged by Duke Charles,

who resided there from 1764 to 1785. Constructed as the

adjunct of a palace, the town bears the impress of its

artificial origin, and its straight streets and spacious

squares have a dull and lifeless appearance. Its main

importance now consists in its being the chief military

depot of Wiirtemberg, as which it contains extensive

barracks, a cannon foundry, an arsenal, and a military

academy. The royal palace, one of the largest and finest

in Germany, stands in a beautiful park, and contains a

portrait-gallery and the burial vault of the sovereigns of

Wiirtemberg. Among the other prominent buildings are

four churches and several educational and charitable insti-

tutions. Ludwigsburg also carries on manufactures of

organs, woollen and linen cloth, japanned tin-wares,

picture frames, and chicory. In 1880 it contained 16,100

inhabitants, about one-lourth of whom belonged to the
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><arri<;nii. Davivl Strau?5, autli'-r of the Lifn of Jusin^, was

a nitivc of Ludwigsburg. In tlio vicinity is the beautiful

i;oyal cliateau of Jlonrepos, connected with the, park of

I,iiil\vi;.'sburg by a fine avenue of limes.

LUDWIGSilAFEN. See SfAXXHEiM.

LUGANO, a town of Switzerland, which divides with

Locarno and Bellinzona the first rank in the canton of

Tessin (Ticino). It stands on the shore of the lake of

the same name, on a narrow strip of Swiss territory whicli

jirnjects into Lombardy and is everywhere close to the

Italian frontier. The prosperity of the town is due to its

piisition on the main line of land communication between

.Milan and the pass of the St Gotthard, and the facility of

intercourse by land and water, whether for legitimate or

contraband trade, between this outlying fragment of

Switzerland and the rich region that surrounds it. The

buildings are not remarkable, but the church of Santa

Maria dcgli Angioli contains several important pictures by

Luini, a. native of the adjoining district. The monastery

to which the church formerly belonged is now converted

into a large liotel. During the struggle of the people of

northern Italy to expel the Austrians from Lombardy,

between the years 1818 and ISGG, Lugano served asi head-

quarters for Mazzini and his followers. Books and tracts

intended for circulation throughout Italy were produced

there, and at the neighbouring village of Capolago, on a

largo scale, and the eftorts of the Austrian police to check

their circulation were completely powerless. The popula-

tion is Italian in character and features, and the Italian

tongue is exclusively spoken. On tlie quay is a statue of

Tell by Vela, and there are other works by the same

eminent sculptor, a native of the canton, in private

grounds near the town. About 2 miles distant, and nearly

due south, a steep hill—called Monte Salvatore—rises

more than 2000 feet above the surface of the lake, and

commands a fine panoramic view, limited in some direc-

tions by the higher mountains on the opposite side of the

lake, but extending in one direction to Monte Rosa, and in

another to the cathedral of Milan.

LUGANO, Lakk of (sometimes called Lar/o Ceresio

by the Italians, from the Roman name Lacus Ceirsins),

situated partly in Lombardy and partly in the Swiss canton

Tessin or Ticino, takes its ordinary name from the town

of Lugano, the only considerable place on its banks. Its

form is very irregular, and has been compared to a sickle,

a fish-hook, and various other objects. It lies altogether

amidst the outer ranges of the Alps that divide the basin

of the Ticino from that of the Adda, where the calcareous

strata have been disturbed by the intrusion of porphyry

and other igneous rocks. It is not connected with any

considerable valley, but is fed by numerous torrents in

various directions issuing from short glens in the. sur-

rounding mountains, and is drained by the Tresa, an

unimportant stream that flows westward into the Lago
Maggiore. Tlie surface of the lake is 889 feet above the

.sea, and the form of its bed seems to be very irregular. In

some parts soundings of more than 1000 feet have been

taken, while in one place the lake is so shallow that a

causeway half a mile in length, supporting the road and
tlie railway, has been carried from shore to shore. The
scenery is of a varied character : in great part, and especi-

ally in the north-east arm extending from Lugano to the

Lombard village of Porlezza, the lake is enclosed between

mountains that rise steeply to a height of some 2000 feet

from the water's edge, while on its southern and western

b'^anches it is encompassed by gently swelling hills rich

with the luxuriance of Italian vegetation.

LUGANSK, a town of Russia, in the government of

Ekaterinoslaff, district of Hluvianoserbsk, 300 miles to the

eastward of the capital of the province, is connected by a

branch with the railway between Kluiiki'ff and Azoft', as

well as with other towns and iron-works of the Donetz

coal-mines district. It stands on the small river Lugan, 1

miles from its junction with the northern Donetz, in the

Lugan mine district, of which it is the chief town. This

district, which comprises the important coal-mines of Lisi-

tchansk and the anthracite mines of Gorodische, occupies

an area of about 110,000 acres on the banks of the

Donetz river, and has a population of more than

l.'i,0OO. Although it is mentioned in Russian history

as early as the IGth century, and coal was discovered

in it at the time of Peter I., it was not until 1795

that an Englishman, Gascoyne or Gaskoin, e.stablished

its first iron-work for supplying the Black Sea fleet and

the southern fortresses with guns and shot. This proved

a failure, owing to the great distance from the sea, and

the manufacture of supplies for the navy was suspended ;

but during the Crimean war the iron-works of Lugan. again

largely produced shot, shell, and gun-carriages. Since

1864 agricultural implements, steam-engines, and the

various machinery required for beetroot sugar-works, dis-

tilleries, itc, have been the chief manufactures. The Lugan

works, which employ about 1200 men, are tlie chief centre

for smelting the ores of the neighbouring iron-mines. The
town is the seat of the mining authorities for the district,

and has a first-class meteorological and magnetic observa-

tory. The 11,000 inhabitants of Lugansk also carry on a

very active trade in cattle, tallow, wools, skins, linseed,

wine, corn, and manufactured wares. The weekly fairs are

much frequented. There are also in the town many tallow-

melting works, and the smith trade is largely carried on.

LUGO, a maritime province of Spain, one of the four

into which Galicia has since 18^3 been divided, is bounded

on the E. by Oviedo and Leon, on the S. by Orense, on

the W. by Pontevedra and Coruna^and oh the N. by the

Atlantic. Its e.vtreme length from north to south is about

98 miles, its breadth 58, and the area 37S7 square miles.

The coast, which extends for about 40 miles from the

estuary of Rivadeo to Ca^ie Vares, is extremely rugged

and inaccessible, and few of the inlets that exist, except

those of Rivadeo and Vivero, admit vessels of any si;ie.

The province, especially in the north and east, is moun-

tainous in its character, being traversed by the great

Cantabrian chain and its oftUioots ; the sierra by which it

is separated from Leon attains in some pilaces a height of

COOO feet. A large part of the area is drained by the

Mino, which rises on the western slope of the Sierra de

Meira, and follows a southerly direction until it is joined

by the Sil ; the latter for a considerable distai^ce forms the

southern boundary of the province. Of the rivers of the

northern versant the most important are the Navia (which

has its lower course through Oviedo), the Eo (for some
distance- the boundary between the two provinces), the

l^Iasma, the Oro, and the Landrobe. The Eume, one of

the rivers of Coruna, and the UUa, which separates that

province from Pontevedra, both have their rise on the

western slopes of Lugo. Some of the northern valleys even,

in their lower portions, are fertile, and yield not only corn

but fruit and wine, but the principal agricultural wealth is

.on the Jlifio and Sil, where rye, maize, wheat, legumes of

various kinds, flax, hemp, and a little silk are produced.

The hills arc comparatively well wooded. Iron is found

at Caurel and Incio, antimony at Castroverde ^nd

Cervantes, argentiferous lead at Riotorto ; and there arc

quarries of granite, marble, and various kinds of slate and

building stone. Linen and woollen cloths are manufactured,

but to an insignificant extent, and the trade of the province

is unimportant. The internal communications are still

very imperfect. There is only one railwa.v, that connecting

Lugo witli Coruna ; but connexions with Leon (Brafiuelas)
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a.irl with Orpnse nre in contemplition. The total popula-

tion in 1877 wa3'410,387, being a ilecreaso of 22,129 since

18C0< There are ten towns with a population over 10,000

—Chantada, Fonsagrada, Lugo, Mondouedo, Monforte,

Panton, Sarria, Saviiiao, Villalba, and Vivero.

Lugo, tho capital of the above province, stauds on a
small hill near the northern bank of the river Milio, at a

height of 1030 feet abovo the level of the sea, GO miles

soath-we::t from Coruna, and 353 north-west from Madrid,

on the highway between these two cities. With the former

it is continuously connected by rail. The form of the

town, which is nearly quadrangular, is defined by a massive

Koman wall, from 30 to 40 feet in height and 20 feet

thick, with projecting semicircular towers which, prior to

the civil war in 1S09, were eighty-five in number ; it now
serves as a promenade, commanding an extensive and
delightful prospect. The principal public places are the

Plaza de la Constitucion, a spacious arcaded square, the

Plaza de San Domingo, the Plaza del Hospital, and tho

busy Plaza del Campo, where fairs and markets are

held. The most important of the public buildings is the

CJothic cathedral on the south side of the towji ; it dates

froni the 12lh century, but was modernized in the 18th,

and possesses no special 'architectural merit. Other
churches are those of the Capuchins and that of San
Domingo ; the only other buildings of note are the episcopal

pilace, the secondary school, the hospital, and the prison.

The principal industries are tanning, and the manufac-
ture of linen doth and of cream of tartir; there is some
trade ia silk wares. About a mile to the south of the

town, on the left bank of the Jliiio, are the famous hot

sulphur baths of Lugo ; the . bathing house dates from
18-17. The DODuIation of the ayuntamiento in 1877 was
18,909.

Lugo (Lunis jaugusui w;is made by Augustus the seat of a am-
vaittt^ jundiacs. its sulphur batlis were even thcu well knowu.
It sufTere'J greatly in the 5th century, during tho Bloorish wars,

and, more recently, during the war of independence. The bishopric

d.ites from a very early period, and it is said to have acf^iured

metropolitan rank in the middle of tho 6th century ; it is now
suffragan to Santiago.

LUGOS, a market-town of Hungary, capital of the

ti-ans-Tisian county of Krass6, is situated on the Temes,
and on the railway from Temesvir to Kar.insebo.'!, 32 miles

east-south-east of the former, in 45° 41' N. lat., 21° 53' E.

long. The two main portions of the town, separated by
the river, and named respectively Ntimet- (German) Lugos
and RomAn-tRoumanian) Lugos, are connected by a wooden
bridge 312 feet in length. Lugos is the seat of a Greek
Catholic (Roumanian) bishopric, of royal and circuit courts

of law, and of the usual bureaus of a county administration.

The- public and other buildings iiicludo Greek Orthodox,

Greek Catholic, Roman Catholic, and Lutheran churches,

a synagogue, a royal upper gymnasium (founded in 1823),

a Minorite convent, an episcopal palace, the barracks, and
the ruins of a castle. The surrounding country is moun-
tainous and well-wooded, and produces large quantities of

grapes and plums. In 1880 the population was 11,287,
of whom 3-t7G, chietly Germans, were in Nemet-Lugos,
and 7811, Roumanians, with a few Slavonians and Magyars,
in RomAn-Lugos.
Lugos was once a strong rortress ana of greater relative im-

poi tauoe than at present During the 16th and 17th centmics it

.:'T<rf,d rouch at the hands of the l"iirks. At the close of the
IJungarian revolutionary war (August 1849) it was the last resort of
Kossuth and several other leadetf of the national cause iirovious to
l!ii:ir escape to Tinkey.

LUINI, Bernardino, tiie mast celebratea master of the
Lombard school of painting founded upon tlie style of

Leonardo da Vinci, was born at Luino, a village on the

Lago Maggiore, towards l-lGo, He himself wrote his

name as " Bernardin Lovino," but the spelling " Luini " i--

now very generally adopted. Few facts arc known rcgnrd-

ing tho life of this illustrious and delightful painter, and
it is only since a comparatively recent date tLat he lias

even been credited with tho production of his own work*,

and with the fame thereto appertaining, as many of them
had, in the lapse of years and laxity of attribution, got

assigned to Leonardo. It appears that Luini studied

painting at Vercelli under Giovenone, or perhaps under
Lo Scotto. . lie reached Milan either after the departure

of Da Vinci in 1500, or shortly before that event; it is

thus left uncertain whether or not the two artists had any
personal acquaintance, but Luini was at any rate in the

painting-school established in Milati by the great Floren-

tine. In the latter works of Luini a certain influence from

the style of Raphael is superadded to that, far more pro-

minent and fundamental, from the style of Leonardo; but

there is nothing to show that he ever visited Kome. His

two sons are tho only pupils who have with confidence been

assigned to Linl ; and even this can scarcely bo true of tho

younger, who was born in 1530, when Bernardino was
well advanced in year.^, oud was not far from the close of

his career. Gaudenzio Ferrari has also been termed his

disciple. One of the sous, Juvangclista, has left little

which can now be idcntilicd ; tho other, Aurelio, was

accomplished in perspective and landscape work. Tliero

v/as likewise a brother of Bernardino, named Ambrogio,

a copipetent painter. Bornanlino, who hardly ever left

Lombardy, Lad some merit as a poet, and is said tc

have composed a treatise on painting. The precise date

of his death is unknown ; ho may perhaps have survived

till about 1540. A serene, contented, and happy mind,

naturally expressing itself in forms of grace and beauty,

seems stamped upon all the works of LuinL The same

character is traceable ia his portrait, painted in an upper

group in his fresco of Christ Crowned with Thorns in the

Ambrosian library in Milan,—a venerable bearded person-

age. The only anecdote which has been preserved of linn

tells a similar tale. It is said that for the single figures

of saints in the church at Saronno lie received a sura of

money equal to 22 francs per day, along with wine, bread,

and lodging ; and he was so well satisfied with this re-

muneration that, in comnleting the commission, he painted

a Nativity for nothing

Along with this natural sweetness of chiracter, a

dignified suavity is the most marked characteristie of

Luini's works. They are constantly beautiful, with a

beauty which depends at least as much upon tho loving

self-withdrawn expression as upon the mere refinement

and attractiveness of form. This quality of expression

appears in all Luini's productions, whether secular or

sacred, and imbues the latter with a peculiarly religi-.u-i

grace—not ecclesiastical unction, but the devoutness of flit-

heart. His heads, while extremely like those painted by

Leonardo, have less subtlety and involution and less variety

of cxpiession, but fully as much amenity. He began

indeed with a somewhat dry style, as in th^.e Fieth in the

church of the Passione ; but this soon developed into the

quality which distinguishes all his most renowned works

;

although his e.xecution, especially as regards modelling, was

never absolutely on a par with that of Leonardo. Luini's

paintings do not exhibit an impetuous st)de of execu-

tion, and certainly not a negligent one; yet it appears that

he was in fact a very rapid worker, as his picture of the

Crowning with Thorns, painted for the College del S.

Sepolcro, and containing a large number of figures, is

recorded to have occupied him only thirty-eight days, to

which an assistant added eleven. His method was simple

and expeditious, the sha'dows being painted with the pure

colour laid on thick, while the lights are of the same colour

thinly used, and mixed with a littli white. The frescos
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cxnibit more freedom of hana than the oil pictures; aud

they are on the whole less like the work of Da Vinci,

having at an early date a certain resemblance to the style

of Mantegna, as later on to that of Raphael. Luini's

colouring is mostly rich, and his light and shade forcible.

Among his principal works the following are to be mentioned.

At Saronno are frescos painted towards 1525, representing the life

of the Madonna—her llarriage, the Presentation of the Infant

Saviour in the Temple, the Adoration of the Magi, and other inci-

dents. His own portrait appears in the subject of the youthful

Jesus with the Doctors in the Temple. This series—in which some
comparatively archaic details occur, such as gilded nimbuses—was
partly repeated froili one which Luini had executed towards 1520

in S. Croce. In the Brera Gallery, Milan, are frescos from the

suppressed church of Lr. Pace and the Convent della Felucca,—the

former treating subjects from the Ufe of the Virgin, the latter, of

a classic kind, more decorative in manner. The subject of girls

playing at the game of "hot-cockles," and that of three angels

depositing St Catherine in her sepulchre, are particularly memor-
able, each of them a work of perfect charm and grace in its way.
In the Casa Silva, Milan, are frescos from Ovid's Metamorphoses.

Tlie Monastero Maggiore of Milan (or church of S. Maurizio) is

a nol)le treasure-house of Luini's art,—inchidinfr a large Ciuci-

fiision, with about one hundred and forty figures ; Christ Bound to

the Column, between figures of Saints Catherine ond Stephen, and
the founder of the chapel kneeling before Catherino^; the Martyr-

dom of this Saint; the Entombment of Christ ; and a large number
of other subjects. In the Ambrosian library is the fresco (already

mentioned), covering one entire wall of the Sala della S. Corona,

of Christ Crowned with Thorns, with two executioners, and on
each side six members of a confraternity ; in the same building the

Infant Baptist Playing with a Lamb; in the Brer.i, the Virgin

Enthroned", with Saints, dated 1521 ; in the Louvre, the Daughter
of Herodias receiviug the Head of the BaptLst ; in the Esterhazy
Gallery, Vienna, the Virgin between Saints Catherine and Barbara;

in the National Gallery, London, Christ Disputing with the

Doctors. Many or most of these gallery pictures used to pass for

the handiwork of Da Vinci. The same is the case with the highly

celebrated Vanity and Modesty in the Sciarra Palace, Rome,
which also may nevertheless in all probability be assi^'ned to

Luini. Another singularly beautiful picture by him, which seems
to pass almost entirely unobserved by tourists and by writers, is in

the I'lOyal Palace in Jlilau-^a large composition of 'Wfomen Bathiog.

Tiiat Luini was also pre-eminent as a decorative artist is shown by
his works in the Certosa of Pavia.

LUKE, whose name is traditionauy attacned to the

Third Gospe^ appears to have been one of the com-

pai:ions of Paul, being mentioned as such in Col. iv. 14,

Philem. 24, and 2 Tim. iv. 11 ; even if, as some critics

suppose, these epistles were not written by Paul himself, they

are at any rate likely to have preserved the local colouring.

Assuming, as is probable, that the same person is intended

in all three passages, we gather (1) that Luke was not a

bora Jew, since in CoL iv. 11, "those who are of the

circumcision " appear to be separated from those, among
whom is Luke, who are mentioned afterwards (but there

is nothing to determine the question, which has since been

raised, whether he had been a Jewish proselyte or a Gen-

tile), and (2) that he was a physician. There was an early

belief, first mentioned by Irenieus, that he is spoken of,

though not mentioned by name, in 2 Cor. viii. 18, as
" the brother whose praise is in the gospel throughout all

the churches "; and the subscription of that epistle in some
MSS., and in the Peschito and other versions, embodies
this belief. Of his birth and country nothing is positively

known ; but it is a possible inference from his name Lxicas,

which is a contraction of Lucanws (the full form occurs in

some early MSS. of the Itala), that he was of Italian

(Lucanian) descent.

From the time of Iremeus, wnose testimony is soon
followed by that of Clement of Alexandria, TeituUian, and
Origen, this companion- of Paul has generally tsen con-

sidered to be the author of the third canonical Gospel and
of the Acts of the Apostles ; but no other facts are

mentioned by early writers as to his personal history,

except such as may be gathered from the writings which
are attributed to him. TertuUian. for example, speaks of

him as "non apostolus sed apostolicus," and as "posteriotis

apostolisectator"(4(iu.il/ar(;io)i., 4, 2) ; and the Muratorian
fragment says that he had not seen the Lord in the flesh.

The most important of these biographical inferences are

those which were made by Eusebius, who, translating, or

mistranslating, Trap-ijKokovOrjKOTt iraa-i, in the preface to

the Gospel, by "having accompanied all," i.e., the
" eyewitnesses and ministers of the word," infers that Luke
was a companion noi of Paul only but also of the other

apostles, and, probably referring to Acts xiiL 1, says that

he was " one of those from Antioch."^ These inferences of

Eusebins are further elaborated by Jerome, who adds,

without quoting any authority, that he wrote the Gospel in

Achaia or Boeotia (many MSS. have Bithynia), and the

Acts at Rome.2
Those who a-ccept ttds tradition of bis having been the

author of the Acts of the Apostles usually infer from the

sections of that work in which the pronoun " we " is

employed that he accompanied Paul on part of his

second and third missionary journeys, and also on his

voyage to Rome. The first of these sections begins *ith

the apostle's deterihination to go into Macedonia, and euds
when he has left Philippi (Acts xvi. 10-40); the second

begins when the apostle returns to Philippi, and ends with

his arrival at Jerusalem (Acts zx. 6-xxL IS) ; the third

begins with his sailing from Caesarea, and ends with his

arrival at Rome (Acts xxvii. 1-xxviii. 16). Even some
of those who assign the greater part of the book to a much
later date think that these sections may be extracts from

an original diary of a companion of Paul, and that this

companion may have been Luke. Others, hov/ever, think

it improbable that Luke, without being specially mentioned

either in them or elsewhere, should have accompanied

Paul on his voyage to Rome, and assign these sections to

Timothy, or Titus, or Silas (some have added the very

improbable conjecture that Luke and Silas are the same
person).

The other mograpnicai details which are found in patristic litera-

ture, and which are not inferences from the New Testament, rest

upon no certain evidence, and are frequently at variance not only
with one another but also with earlier documents. It is sometimes
stated that he was one of the seventy disciples ; this statement is

found in Epiphanius (ffxres., li. 11), in pseudo-Origen (Ve rcda in

Dcum fide, ed. De la Rue, vol. i. p. 806), in Gregory the Great

{Mm-al. i. 1), and elsewhere ; but it is inconsistent, not only with
Tpilulliau aud the Muratoiian fragment, but also with the clear iji-

ference from the preface to the Gospel that its author was not him-
self im eyewitness of what he narrates. It is also stated that he
was one of the two disciples who went to Emm.-\us (S. Greg. Magn.,
Moral, i. 1 ; P.iul. Diacoa. , Ho^niL 59 in Natali S. Lues; ; and
others); but this statement is discredited by the same facts as the

preceding. Like all thTS other disciples whose names are mentioned
in the New Testament, he is said to have gone forth as a preacher

of tho gospel ; but statements vary widely as to the place in which
he preached : Gregory of Nazianzus says Achnia ; Epiphanius says

Dalmatia, Gaul, Italy, and Macedonia ; Oieumenius says Africa
;

later legends mention his having been at Enns in Austria (Hausiz,

Germ. Sacra, vol. i. p. 15). And also, like most of the other

early disciples, he is said not only to have preached the gospel

but also to have suliered death for its sake. Gaudentius of

Brescia says that this occurred at Patia in Achaia, and Nice-

phorus specifies as the manner of his martyrdom that he way
hung on an olive tree. But elsewhere it is stated or impKed
that he died an ordinary death, either at Thebes hi Bceotia

{Uarlyrol. Basil.), or in Bithj-nia (Paulus Diaconns, Isidore

of Seville, and the Marhjrologics of Ado and U.",uardi). Most
traditions agree in stating that his body was transferred by Con-

stantius to Constantinople ("Chron. Hieron.," ap. Mai, Nov.
Script. Coll ; Prosper Aquitanus, Paulus Diaconus, Nicephorus,

and others), but its place of bnrial seems to have been for-

gotten, and Procopius (Pe as(f 2/". Jitstiii., i. 4) mentions that it was

discovered in Justinian's time m digging the foundations of a new

* Some have thought that, like the pef.sons who are mentioned hy

Origen, Cojnm. in Rom., chap. x. (vol. iv. p. 6S6, ed. De la Rue).

Eusebius here confuses the two names Lucas and Lucius.

^ De Viris JUusir., chap. vii. ; Comin. w ilalth., pref,, vol. rii
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chiircli i a Kubsnjuent tradition stated that it was aftenvarda

removed to Italy, aud in tlio 16tli century Pius II. commissioned
Cardinal B'.'ssarion to decide upon a violent controversy between

the Minorite monastery of S. Job ot Venice and the Benedictine

monastery of S, Giustiua at i'adua. eaolr ot which claimed to pos-

sess the perfect relics of the evangelist.

A late tradition repre.sents Luke to h.ave been a painter as well as

e physician ; the tradition firat appears in a doubtful fragment of an
author of doubtful date, Theodoras Lector (printed iu II. Valois's

edition of Theodoret, p. 018), who mentions that tho empress
Eudocid sent to Pulcheiin, from Jerusalem to Constantinople, a

pieturo of tho Virgin painted by Luke, The same story is

mentioned in an almost certainly spurious oration of John of

Damascus (,Orat. in Vonslant. Copron., c. 6., vol. i. p. 61^ ed, Le
Quien) ; and the first certain authorities for the tradioon are

Symeon Metaphrastes and the MenoJogiuni of Basil the younger,

both of which belong to tho lOtli century. That the tradition is

not of much earlier gro^lh is proved by the fact that, if it had ex-

isted, it could not fail to have been largely used in the iconoclastic

controversy.

The martyrologies and calendars for the most part agi-ee in fixing

Luke's festival on October 18; but a doubt is expressed whether that

day should be regarded as the aunivei'sary of his birth or of the
trai;slation of his remains to Constantinople.

In Christian art he is usually synibolized by an ox (with reference

to Ezekiel L 10, Revelation iv. 7), on the significance of which
symbol various stateraents were made by botli Eastern and Western
writers (some of them will be found quoted by Ciainpini, Va.
Mohiim., voL L 192). (E. HA.)

LUKE, GosPKL OF. See Gospels.

LUKOW, a town of Russian Poland, in the province ot

Siedlce, 60 milen by rail to the west of Brest Litovsky.

Owing to Its situation on the railway and in the centre of

a rich district, it b rapidly developing. The population is

11,050.

LUKOYANOFF, a district town in Russia, in the
government of Nijni-Novgorod, 108 miles south-south-east

of the chief town of the government, on the highway to

Saratofi", at the sources of the Tesha river, tributary of

the Oka. It is situated in a district where agriculture is

carried on to a large extent, corn being sold to distilleries,

aud hemp exported, while the extensive forests furnish

materials for the production of wooden wares. Wooden
spoons, buckets, sledges, carts, implements for linen weaving,

are made in large quantities by the peasants of the neigh-

bouring villages, and exported to the steppe provinces of

southern Russia ; and there is also considerable trade in

timber, felts, fishing nets, nails, &c. Population 9600.
LULLY, Giovanni B.-vttista (1633-1687), was born in

Florence, and joined in 1650, as a violinist, the orchestra of

the French court. Though friendless and in a foreign

country, his genius soon opened for hitn a road to honours
and wealth. He was appointed director of music to King
Louis XIV., and director of the Paris opera. The influence

of his music was so great as to produce a radical revolu-

tion in the style of tho dances of the court itself. Instead
of the slow and stately movements, which had prevailed

until then, he introduced lively and rhythmically quick
ballets. Having found a congenial poet in Quinault,

LuUy composed twenty operas, which met with a most
enthusiastic reception from a delighted public. He effected

important improvements in the composition of the
orchestra, into which he introduced several new instrn-

ments. LuUy enjoyed tho friendship of JloliJre, for somo
of whose best plays ho composed illustrative music
His Miserere, written for the funeral of the minister
Seqnier, is a splendid work of genius; and very re-

markable are also his minor sacred compositions. On
bis death-bed he wrote Sisugna morire, peccatore. Lully's

right to be numbered among the most original and the

best musicians is undoubted. His music is full of the

most charming and enthralling forms of Italian melody ;

and the fact of its being even now performed, after the

lapse of .so many years, is proof sufficient of its inherent

boajit> and intrinsic worth.

LULlY, Raymoxd (123r)-1315), the inventor of a
fantastic system of logic by which Mohammedans should be
converted to Christianity, was born at Palma, in the island

of Majorca, in 1235. His father Lad been born at

Barcelona, and belonged to a distinguished Catalonian
family; but for his services in helping to recover tbi?

Balearic islands from the Saracens he was rewarded with
a gift of land in the conquered territory, and the paternal

estates descended to his enthusiastically-minded son. The
younger LuUy, however, showed at first but little of the
speculative tendencies which he afterwards developed, .ind

his early years were spent in the gaiety and even profligacy

of a courtier in the service of James II., of Aragon, who
appointed him grand seneschal of the isle. He married,

but notwithstanding sought the reputation of a gal-

lant, and was mixed up in more than one intrigue.

Something, however, of the nature of a cancer, which
attacked one of tho objects of his passion, Signora

Ambrosia,—such is the way in which we are asked to

account for his " conversion,"—affected him so deeply that

he abandoned in his thirty-second year his licentious life,

aud, having distributed the greater portion of his goods to his

family and the poor, he withdrew to the retirement of w
cell on Mount Randa, the only part of his property which

he had reserved for himself. Visions of a crucified Saviour

and like phenomena confirmed him in his devotion to the

cause of Christ, and in the course of a nine yeare' retreat

on Eanda he came to regard himself as commissioned by
God to refute the errors of Mohammed.

This missionary call became henceforth the actuating

principle in Lully's life. To realize it, he went to Paris in

his fortieth year, to prosecute the study of Latin and logic
;

and, with a view to becoming familiar with the language

of the infidels, he engaged the services of an unlettered

Arabian, who, finding that Lully was seeking to demolish

the faith of Islam, attempted to assassinate^ his master.

Tbis need of acquiring a knowledge of the language of

the churfh's adversary became itself now one of Lully's

favourite ideas. In 1286 he began a series of visits, whicii

he made to Rome to induce the supreme pontiff to found

colleges for the study of Arabic ; but the small success

which would attend his efforts in this direction was fore-

shadowed by the death of Honorius (then pope) before he

could attain an audience of him. Meanwhile Lully had
become discontented with the methods of science com-

monly in use, and had set himself to construct his " great

art," a method which, by mechanically presenting all the

predicates which could attach to any subject, was adapted

to answer any question on any topic, and would (its author

imagined) by the cogency of its inferences necessarily con-

vert the heathen. His natural enthusiasm respecting the

consequences of this art were sttengthened by revelations

(as he jud^d them) of the co-operation of God in his

designs, and he gave himself up, with the fervour of a
divinely appointed missionary, to the work of spreading a

knowledge of his "great art" in every country. Ho
expounded it at Paris and Montpellier in 1286, and after

a visit to Pope Nicholas, to solicit his help in founding

linguistic colleges,' and a serious illness at Genoa, brought

on apparently by an isolated fit of nervous cowardice in

face of the dangers he was going to encounter, he sailed

to Tunis, to apply his new method to the errors of

Mohammedanism. At Tunis his attacks upon the religioB

of the country led to his being cast into prison, and it was
only by the mediation of a sheikh, who had been

impressed by the earnestness of the Christian preacher,

that he managed to escape to sea, not without the roughest

treatment at the hands of the mob, and find his way to

Naples.

A Dcw influence was brought to bear on Lully's life at
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Naples. He made ths acquaintance of the alchemist

Arnaud de Villenettve.'and acquired, we may believe, not

only that skill ui iransmuting metals for which LuUy
himself became in popular tradition famous, but imbibed

also something of that spirit which brought down the

censure of the church on Villeneuve for maintaining that

medicine and charity were more pleasing to God than

religiousi' services. Sov the nest few years the scene of

LuUy's labours was continually changing. He made an

unsuccessful attempt to interest Pope Boniface in the

missionary colleges which he wished to see established,

and similar appeals to the kings of France and Cyprus met

with no more favourable a response. From Cyprus Lully

proceeded (1300) to Bougiah in Africa, and repeated the

experiences he had already had at -Tunis. But, though

Jlohammeijanism showed little disposition to welcome the
" great art

' and its author, the European world had mean-

whilebeguii £0 show itself more favourably disposed towards

LuUy's projects. In 1297 he had received at Montpellier,

from the general of the Franciscans, letters lecommonding
him to the superiors of all Franciscan houses ; and in 1309

his "art " was publicly approved by a decree of tho

university of Paris. Embolderted perhaps by such recog-

nition, he appeared before the council of Vienne in southern

Prance in 1311, and petitioned the assembled fathers to

reduce the different and often-contending religious orders

to one great order serving simply under Christ, and to

meet ilohammedanism abroad and Averrolsm at home by
founding colleges for', the study of Arabic. Nothing
would seem to have come directly of these petitions, but

we may perhaps trace their result in some chairs of Syriac

and Arabic which Clement V. instituted at Rome, and i:i

d, college for training Franciscans in Oriental languages

'.vhich James of Aragon established in Jlajorca. Lully

was now nearly eighty years of age, but his zeal in com-

bating the foes of Christianity did not abate. He sailed

r.gain for Africa, and received the martyr's crown, which

would seem to have become the ambition of his life. At
Bougiah he again proclaimed the doctrines of the church,

and his preaching raised such a tumultuous attack that

although he managed to get on board a Genoese vessel, he

succumbed duriqg the voyage to the injuries he had
received, and died in sight of his native town of Palma
;i31Ii).

During his lifetime Lully composed i vast nnmlxir of treatises,

Kimo of which have never yet been printed. They were written

I';irtly in Latin, partly in Cataloniau, Lully deserving mention as

one of the first in mediieval times who tried to find a national ex-

I'lCbsion for philosophy in the language of the country. Some of

liiedc works may be described as dealing with apologetic theology,

f^r. I the Zibcr de GerUili ct Tribus Sapicntibus, in which a Jew,

( liristian, and Saracen explaia the nature of their faith, or the

/'i.-iiiutidio Fiddis et Infidclis ; others again relate to dogmatic
iliviiiily, e.g.. Liber de XIF. Articulis, De Deo et Jcsii. Christo ; a

third class refer to particular questions of logic, e.g., De Prima ct

^eciindii IiUentione, Ars Invcniaidi Particularia m Universalibus,

I c Fcnalione Mcdii ; and a large number are reputed to deal with
i;'icstions of alchemy. But the *'Great Art" of discovery itself is

t le subject of most 01 LuUy's treatises. So it is with the Ars Demon-
5 ratlva, Compcndiinn Artis Demonstrative, Ars Universalis, Ars
J ivcntiva Vcritatis, De Audilu Cabbalislico, Ars Magna et Ultima.

-/:id even when Lully is engaged with such treatises as the

it riueipia Mcdicinx or Principia Juris it is to the universal key
rii' "aiowledge which the great art supplies that he invariably faUs

T^ie reasonableness and demonstrability of Christianity is the

pJ5suinption underlyin^j the exercise of this great method. Nothing,

ji.ully holds, interferes more with the spread of Christianity than
the attempt of its advocates to present its doctrines as undemoii-

itratcd and undemonstrable truths ; the very difl'creuce between

Christianity and Antichrist lies in tho fact tliat the former can

prove the truth of its beliefs ; and tiie glory of the faith, repeats

.the Liber Magnus Contciiiplationis, is not that it maintains the

indemonstrable but simply the suners^nsnous. The demonstration,

'?j!owovT?r, which is wanted in the service of Christianity is not,

L'Jly thinks, that oj the ordinary logic ; we req^uiie a 'uethod

which will reason not onlv from effect to cause, or from cause to
efTect, hut2)er lequiparantiam, ludshow that contraiy attributes can
coexist together in one subject. This method, however, must be
real, not merely formal and subjective ; it must deal not only with
the second intentions, but rather with the first intentions, that is,

the things themselves. The great art in fact goes beyond logic and
metaphysie ; as a universal topic it provides a univei-sal art of

discovery, and contains the formulae to which every demonstration
n every science can be reduced. This ars investigandi, however,
turns out to be not so much a key to all possible knowledge as a
tabulation of the different points of view from which propositions
may be framed about various objects—a mechanical contrivance for

finding out the difTerent ways in which categories apply to things.

Just, Lully thought, as bykuowingthe typical terminations of cases

and tenses we could inflect and conjugate any word whatever, so l>y

a knowledge of the different types of existence and their posniMc
combinations as portrayed by his method we should nossess impli-

citly a knowledge of the whole of nature.

The great art accordingly begins by laying down an alphabet
according to which the nine letters from B to K stand for the dif-

ferent kinds of substances and attributes. Thus, in the series of

substances, B stands for God, C angel, D heaven, E man, and so on;

in the series of absolute attributes, B -epresents goodness, C great-

ness, D duration; or again, iu the nine questions, B stands for Utrmn,
C for Quid, D for Dc quo. Tlie manipulating of these letters in

such a \say as will show the relationship between different subjects

and predicates constitutes accordingly the peculiarity of the "new
art," this manipulation being effected by the help of certain so-called

"figures." The construction of these figures varies somewhat in

diifereut parts of Lvdly's writings, but their general character is

always the same. Circles and other mathematical figures divided
into sections and marked by Lully's symbolical letters are to

arranged, sometimes with the help of difTerent colours, as to show
the possible combinations of which the letters are capable. Thus
for example one figure exhibits tho possible combination of the

attributes of God, another the possible conditions of the soul, and
so ou. These figures are fenced about by various definitions and rules,

and their use is fui'ther specified by various "evacuations" ami
'• multiplications " which show us how to exhaust and draw out oil

the possible combinations and sets of questions which the terms

under consideration can admit, "When so "multiplied," the fourth

figure is, Lully himself says, that by which other sciences can be

most easily and rapidly acquired ; and it may accordingly be taken

as no unfair specimen of Lully's method. This fourth figure then
is simply tu arrangement of three concentric circles (made of tin 01

pasteboard) each divided into nine sections B,C, D, &c., and so con-

structed that whUe the upper and smaller circle retnains fixed, the
two lower and outer revolve round it. Taking then the letters in

the sense of the series which seems most fitted for the subject under
discussion, we are enabled by making the outer circles revolve to

find out the possible relationships between different conceptions

and elucidate the agreement or disagreement which subsists between
them, while, at the same time, we discover the intermediate terms

(in the middle circle) by which they are to be connected or discon-

nected.

The weakness of Lully's art is the weakness of every system whieh
pretends, as Bacon's also did, to equabze all intellects, and piovit'''

a method which will produce discovery as surely as compasses will

construct a circle. But it would be unfair to say that Lully su|i-

posed that thinking and reasoning could be reduced to a mere

rotation of pasteboard circles. The real value of his art lies not iu

being an a priori compendium of knowledge but a method of in-

vestigation—a tabulation of the different sides from which a ques-

tion must be regarded, and in embodying the ideal which science

puts before herself of finally bringing all conceptions into unity and
correlation. It is easy, with the Port-Royal logic, to sitcak o(

Lully's art as merely enabling us " to talk without judgment of

that which we do not know"; but in his conception of scientific

method as tending to the glory of God and the good of man, in lii^

departure from tlie school logic and his wish for a real iuterpre-

tation of natui'e, in his conception of a universal method and his

application of the vernacular languages to phUosophy, he appears as

a precursor of Bacon himself. And iu his assertion of the place of

reason in religion, in his demand that a rational Christianity should

.be presented to heathendom, in his missionary zeal and his project ol

linguistic colleges, Lully, with all his quixotic character, goes far

beyond the ideas and the aspirations of the century in which he

Uvcd
A few of Lully's works were published by Zcfzner in 159S and frequently re-

printed ; but the lirst systematic edition W03 bcpun by Saltlnger in 1721, niut

after Salziiiger's death completed in 1742. This edition is nominally in ID vols.,

but vols. vii. and viii. wci-e never publislied. In addition to older works, eucli n.-i

Pcrroquet (1C67) and Nic. do Haiitcville (IGCC) and the Aela Saitclmiim (vol.

xxiv.), the best account of Lully's life Is to be found in ananiclc by Dclcciii7e i;i

the lievue d. d. Mondes for 1840, and the fullest account of his -.nethod in Praiitl,

Gcsc/iicMe d. Lorrik, ill 145-177, and Eidmann. Grundrh^ d. Gefcfl. d. Plnl6so]iliii,

i. § 20(1. The philolocieal importance of Lidly's writincs is brought out by
' llelfleiich, Itaymojtd Lull und die Ari/ange d. Cataloitt.%c/un Literatur. Berlin,

1623. (E. W.)
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LUMBAGO, a term in medicine applied to a painful

ailmuni; allccting the musclss of tlie lower part of the back,

generally regarded as of rheumatic origin. An attack of

lumbago may occur alone, or be associated with ihouniatism

in other parts of the body at the time. It usually comes
on by a seizure, often sudden, of pain in one or both sides

of the small of the back, of a severe cutting or stabbing

character, greatly aggravated on movement of the body,

especially in attempting to rise from the recumbent posture,

and also in the acts of drawing a deep breath, coughing,

or sneezing. So intense is th9 suffering that it is apt

to suggest thi existence of indammation in some of the

aieighbouring internal organs, such as the kidneys, bowels,

<tc., but the absenc". of the symptoms specially character-

istic of these latter complaints, or of any great constitu-

tional disturbance beyond the pain, renders the diagnosis

a matter of no great difficulty. Lumbago seems to be

brought oa by exposure to cold and damp, and by the

other exciting causes of rheumatism. Sometimes it follows

a strain of the muscles of the loins. The attack is in

general of short duration, but occasionally it continues for

a long time, not in such an acute form as at first, but

rather aa a fouling of soreness and stiffness on movenjent.

The 'treatment includes that for rheuifiatlc affections in

general (see Rheumatism) and the nr^jlicsiion of local

remedies to allay the severe pain. Of these the best are

hot fomentations with turpentine or laudanum applied by
means of flannel or spongio-piline to the part; or the rub-

bing in, if this can bo borne, of stimulating liniments, such

as those of opium, belladonna, chloroform, acouite, &c.

The old and homely plan of counter-irritation by applying

a heated iron to the part with a sheet of brown paper

interposed is often beneficial in chronic cases, as is also, on
similar principles, Corrigan's button cautery. The sub-

cutaneous injection of morphia or atropia is called for

when the attack is verj' severe and prevents sleep.

LUMP-SUCKER, or LujiP-nsu (Ci/clopterus lumpus),

a marine fish, which with another genus (Liparis) forms a
small family {DUcoMi) closely allied to the Gobies (seo

Gouy). Like many fishes of the latter family, the lump-
suckers have the ventral fins united into a circular concavo

disk, which, acting as asucker, enables them to attach them-
selves firmly to rocks or stones. The body of the lump-
sucker (properly so called) is short and thick, with a thick

and scaleless skin, covered with rough tubercles, the larger

iif which are arranged in four scries along each side of the

body. The first dorsal fin is almost entirely concealed by
the skin, appearing merely as a lump on the back. The
lnnii>-sUL;ker inhabits the coasts of both sides of the North
Atlantic ; it is not rare on the British coasts, but becomes
more common farther north. It is so sluggish in its

habits that individuals have been caught with sea-weea
growing on their backs. In the spring the fish approaches
the shores to spawn, clearing out a huUuW on a .)ti>ny bottoni

in which it deposits an immense quantity of pink-coloured

ova. Fishermen assert that the male watches the spawn
until the young a'e hatched, a statement which receives

confirmation from the fact that the allied gobies, or at least

some of them, take similar care of their progeny. The
vernacular name, "cock and hen paddle," given to the

lump-fish on some parts of the coast, is probably expressive

of the difl'orence between the two sexea in their outward
appearance, the male b°ing only half or one-third the size

of the female, and assuming during the spawning season a
bright blue coloration, with red ou the lower parts. This
fish is generally cot esteemed as food, but Faber {FiscL

Islands, p. 63) states that the Icelanders consider the flesh

of the male as a delicacy.* , Very peculiar is the structure

' Ths " cock-pnclle "wis fnrmnl;- CitocJaiwl also :" ScotkuJ, uiid

figures in the Antniuanj^ <:!iaj) xi.

1.5—5

of the bones, which ura so soft, and contain so liltio

inorganic matter, that the old iclithyologists placed the
lump-suckjr among the cartilaginous fishes.

LUND, a town of Sweden, in the l:iii of Slalmoluis. lipji

at a distance of 10 miles by rail north-cast from Malmu.
It is chicHy remarkable for its university, tlio second in
Sweden, founded by Charles XI. in ICGG, with faculties

of philosophy, law, medicine, and theology ; the number oi
students rapgos from 500 to GOO. The library contains about
100,000 volumes and 20DO JISS., and there are valuable
collections in archeology and natural history. Among the
more di.5tinguished of its professors may bo mentioned tho
names of Puffendorf and the poet Tegner. Linnaius was
one of its alumni. The cathedral, a liyzantino structur-,

dedicated to St Lawrence, and said to be on the whole tho
finest church in Scandinavia, was founded about tho middle
of the lUL century, and consecrated in 1145. The crypt
under tho transept and choir is one of the largest iu tha
world. The town has little else of interest to show. Tlio

statue of Tegner stands in tho Tegner's Plats, and tho
house in which he lived from 1813 to 1820 is indicated
by a stone slab with an inscription. The manufactures ol

Lund (woollen cloth, leather, tobacco, sugar, itc.) are u:iim-

portant. The population in December 1878 was 13,G11.

bund {Londiimm GoUiorum), tlio " Lunda at EyrarsmuU " of Ihi
Eijil's Sciija, was in Egil's time (about 920 A. p.) a jilace of con-
siderable importance; one gathers that, if not actually a Minpoil,

it was at least luarcT the Hound then than nt lucsciit In lliu

middle of tlie lUli century it was made a bisboi>ric, and in 1 103 il

was advanced to the dignity of nii arcliiepiscopul we, llio arcli-

bisliop reccivin<:j piimatial rank overall Scandinavia in 1163. Tb'
archbishop of tjpsala is nou' primate of Sweden, Lund since 15*)
having been reduced to tho rank of an ordinary bishopric, ojid li>si

its quondam title of "Metropolis Dauia;."

LUNEBURG, the chief town of a district in the

Prussian province of Hanover, b situated near the foot t-t

a small hill named the Kalkberg, and on the river Ilmenan.

14 miles a"bove its conQuence with the Elbe, and 30 milci-

to the south-east of Hamburg. Numerous handsome
medieval buildings testify to its former prtpapcrity, and

part of the old town-wall also still survives. Of its foi.i

churches three—those of St John, St Nicholas, arj St

Michael—are large and fine Gothic edifices of the 1 ith and

15th- centuries. The principal secular buildings aiu thu

town-house, a huge pile dating from tho 13th to the 18th

century, the old palace, and the convent of St Michael,

now converted ioto a school Liineburg owes its imports

ance chiefly to the gypsum and lime quarries of the

Kalkberg which afford the materials fiT its cement woik.^,

and to the productive salt-spring at ith base, llenco tlio

ancient saying, which, grouping with thcte the commercial

facilities afforded by the bridge over the Ilmenau, ascribes

Ihti prosperity i/l Luuuburg to its laons, fans, pons. Tho
industries of the town also include the msking of iron-

ware, soda, and !iairc!oth. Population in 1880, 19,045.

jiineburg existed as early as the d.ays of Cliarlent-ngnc, but did not
become of any importance till after the crcetion of a convent and a

castle on tbe Kalkberg in the lOtli century. The dedsivo event,

however, in fixing its future devilopmeut was the destrnction, in

1!89, of Bnrdcwieek. situated on the Ilmcrini Ixdow Luncburg, and
ti.en tiio ctuel eoinniercial town in Noith Gei-nia;;v. Jyinebur;.'

inherited it.^ trade, and subsequently appears a.^ 6m' of ici-i.aUii'

towns in the Ifanscatic League. From 12C7 to 1309 it was the

capital of an independent principality of its own name, and it was
attciwaids fiviiucntly involved in tbe quarrels of tbc Guelpliic

l»rinces. It reached the height of its jirosperity iy the 35th century,

and even in the 17th was the dejkjt for all tbe mcrchandiso t-x-

potted from Saxony and Bohemia to the mouth of tho lilbc. Tlie

German warof liberation in 18!3 was begun by an engagemen :»yith

tliO French under General Jloiand near Liineburg. Liineburg givi-.'i

its name to the Liineburger Haide or Liineburg Ilcath, an im-
mense tract of moorland occupying tho greater jiart of eastern

Ilanovcr,
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LUXEVILLE, the chief place of an arrondissement in

the department of Meurthe and Moselle, France, 240 miles

east of Paris by rail on the line to Strasburg, stands in the

midst of rheadows between the Meurthe and the Vezouze a

liUle above their confluence. It is a handsome town regu-

larly built. The chateau, designed early in the 18th century

by the royal architect Boffrand, was the favourite residence

nf ]Duke Leopold of Lorraine, where he gathered round

him tbe academy composed of eminent men of the district.

It is now a cavalry barrack. LuniSville has always been

.•.n important cavalry station, and has a riding school where

t\.-o hundred horsemen can exercise at the same time. The
cJiurch of St Jacques, with its two towers, dates from the

.-.ai.ie period as the chateau. The church of St Maur,

in tbe Byzantine style, is but thirty years old. The dis-

tr.'ct round Lundville is mainly agricultural, and the town

lia.i a line corn exchange. The manufactures include

jiiit'.ery, embroideries, gloves, cotton cloth, and cooking

stoves. There are starch works and gypsum kilns, and a

considerable trade in grain, flour, hops, and other agricul-

tural produce. The population in 1870 was 1G,041.

Thr immc of F*uncvillo is derived from an aneient cult of Dian.i.

A .siiort'ii Ibuiitaiii and nictlals with the effigy of this goddess have

been found at Lcnnnout, some 2 miles cast of the town. LuneWIIe

foniied iiart of Anstrasia, and id'ter various changes leU to the crown
n( Lnrraiiiu. A walled town in tlie Middle Ages, it suffered in

the 'I'hirty Ycmi-s' War and in the campaigns of Louis XIV. from war

:tinl its consi'qHent-es—plague and famine. The touTi flourished

.ig:iiii under Uukes Leopold and Stanislas, on the death of the

latttTof wlioni, wjiieh took place at Luiieville, Lorraine was united

to Fmneo (17C6). The hvaty of Luneville betneen France and
Austria (1801) conrnnied tiie Ibrnier power in the possession of tiie

left bank of the Kliine. Tlie town was the birthplace of the

.iiippror Francis, husband of Maria Theresa, and of the painter Jean
(iiraldet.

f.UPERCALIA, one of the most remarkable and
interesting Roman festivals. Its origin is attributed to

Evander, or to Eomulus before he founded the city, and

its ceremonial is in many respects, unique in Roman ritual.

In front of tlio Porta Romana, on the western side of the

Palatine liill, close to the Fiais Riiminalis and the Casa

Itnmuli, was the cave of Lupercus ; in it, according to the

'oi'ond, the she-wolf had suckled the twins, and the bronze

wolf which is still preserved in the Capitol was placed

in it in 29G n.c. But the festival itself, which was held

on February l.'Jth under the direction of theflamen dialis,

contains no reference to the Romulus legend, which is

piobably later in origin (see Mommsen in Hermes, 1881).

The celebrants, who were called Luperci, oSered in sacrifice

goats and a dog; thajlamen dialis himself was forbidden

to touch either kind of animal, and it can hardly be doubted

th;it the Lupercrfl sacrifice is older than the prohibition.

After the sacrifice two of the Luperci were led to the altar,

their f ireliead". were touched with a bloody sword, and the

bliaul wiped ntr with wool dipped in milk ; then the ritual

repiiied that the two young men .should laugh. The
sacrificial feast followed, after which the Luperci cut thongs

tioni the skins of the victims and ran in two bands round

the walls of the old Palatine city, striking the people who
ciowdeil near. A blow from the thong prevented sterility

in women. These thongs were called Februa, the festival

Ffhi-niil'io, and the day Dies Fehi-uelus ; hence arose the

name of the month February, the last of the old Roman
year. The nearest analogy in the Roman religion to the

T,npcrcalin is the occasional Amburbium, in which the

victims were led round the walls of Rome and then

sacrificed. The Lupcrcalia was associated with the circuit

i>f the Palatine city, which had been a city long before the

wvcndiillod Rome, and the line of the old Palatine walls

iv.is marked with stones for the Liipcrci to run round.

Ungcr lias proved that the festival was oriijinally a rite

ncculiar to the tribe of the Ramncs, the old dwellers on

the Palatine, and that it was in the 3d century B.C.

widened to a festival of the whole city. It is probable that

then the whole ceremonial was modified ; the Luperci, who
were originally chosen from the Ramnes alone, were chosen

from the whole body of the Equites, the people assembled

round the hill, and the ceremony of scourging to avert

sterility was added. Originally therefore the Luperci

simply encompassed the walls as the victims did at the

Amburbium, and the ceremonial connected with the two
young men has generally been taken as a proof that they

were at one time actually sacrificed after being led round

the walls, and that a vicarious sacrifice was afterward^

substituted for the ancient human oH'uring. The Lupcr-

calia was therefore a ceremony of pirrification performed

for the walls and for the whole of the old Palatine city,

from which it follows that it was dedicated to the peculiai

god of that city. In early time the name of the god was
kept strictly secret, as it was unsafe that an enemy
should know it and be able to invoke him. Hence arise

many conflicting statements as to the name. In Lie.

times, when the bonds of early religion were relaxed, the

name became known. The god was, as Livy relates.

Inuus, an old Italian deity known chiefly in southern

Etruria, where there existed two towns named Castruui

Inui. He was a form of the supreme heaven-god, very

like Mars in character, and the rites with which his anger

was averted may be compared with those of Zeus on

Mount Pelion or Vfith the Maimacteria in Athens. The
Luperci were divided into two colleyia called Quintiliani or

Quinetiales (the form is doubtful, see Mommsen, Rim.
Forsch., i. 17) and Fabiani ; at the head of each was a

mar/isier. In 44 B.C. a third eoller/ium, JnlUtni, was insti-

tuted in honour of Julius Cfesar, the first maf/iVcr of, which

was M. Antony.

This account follows in .ilmost every particular that of Un/j.-r

{RJifAn. Mils., 1881). He derives Lupercus from 7ua and jtarco in

the old sense of restrain, and Inuus from a root seen in uxii inulun

or incbra, avatvo/j-at, &c., meaning to avert or prohibit, and sees in

the festival a national ceremony of the Palatine city, not with
]Marc]uanlt {Rom. Stwilsverw., iii. 421) a widened gentile cultus ol

the Fabri and Quinctii or Quintilii.

LUPINE, Lvpimis, L., a genu.?, of over eighty species, of

the tribe Genistex of the order Leyuminoss:. Species with

digitate leaves range along the w'est side of America
from British Columbia to Bolivia, while a few occur in

the Mediterranean regions. A few others with entire

leaves are found in South Carolina, the Cupe, and Cochin-

China (DC, Prod., iL p. 406 ; Benth. and Hook., Gen.

PL, i. 480). The leaves are remarkable for "sleep-

ing " in three different ways. From being in the form of

a horizontal star by day, the leaflets cither fall and form a

hollow cone with their bases upwards {L. pitosus), or rise

and the cone is inverted (X. luteus), or else the shorter

leaflets fall and the longer rise, and so together form a
vertical star (many sp.) ; the object in every case being to

protect the surfaces of the leaflets from radiation (Darwin,

Movements of PL, p. 340). The flowers are of the usual

"papilionaceous" or pea-like form, blue, white, purple, or

yellow, in long terminal spikes. The stamens are mona-
delphous and bear dimorphic anthers. The species of

which earliest mention is made is probabfy L. Termis,

Forsk., of Egypt. This is possibly the fpi/SLvdo^-of Homer
(//., xiii. 589). It i.s no longer found in Greece, but is

extensively cultivated in Egypt Its seeds are eaten by the

poor after being steeped in water to remove their bitter-

ness ; the stems furnish fuel and the best charcoal fur

gunpowder (Pick., Chron. Hist, of PL, 183). Two othci

species appear to have been cultivated by the ancients,

L. solivns {albvs, L.) allied to L. Termis, and Z. hirsiilu.'<,

L., this latter only about Sparta (Pick.,- Lc, p. 202) ; L
'iiiyusiifctUits, L., was a corn-field weed the (Jtp/ios uypu
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(jf Dioscorides. Tiie fit'p^os rjficpo'; wa3 used to counteract

ilie etfucts of drink (Athen., 55, C). The seeds were used

as money on the stage (Plaut., Pceu., 3, 2, 20 ; Hon, £/>.,

i. 7, 23). L. a/bus, L., was also cultivated as a field lupine,

tlie L. safu'ii.i of the Romans, referred to by Cato, li. li.,

.'it, 2; Virgil, Georg., i. 75; Pliny, sviii. 36; kc. In

1597 Giiiari {Ihrhall, p. 1012) writes :—" There bo diucrs

sortes of the Hat Bcane called Lupine, some of the garden,

and otliers wild"; and ho figures three species, L. sativus

(now L. albus, L.), L. luleiis, L., and L. varius, L. Few
species are in cultivation now, but the varieties are very

numerous (see Paston's Bot. Did., p. 345 ; Hemsley's

Hand, of Hardy Trees, &c., p. 115). Of spjcies nov/

growfl, L. albun, L., is still extensively cultivated in Italy,

Sicily, and other Mediterranean countries for forage, for

ploughing in to enrich the land, and for its round flat

seeds, which form an article of food. Thi.s, as well as the

other two mentioned by Gerard, have been superseded as

garden flowers by the American species, e.g., L. arboreus,

Sims, and L. polyi>Iu/llus, from California; L. versicolor

and L. tomentosus, from Peru.

LUEAY CAVERN, in Page county, Virginia, United
States, 39° 35' N. lat. and IS" 17' W. long., is 1 mile

west of the village of Luray, on the Shenandoah Valley

Railroad. The valley, here 10 miles wide, extends from
the Blue Ridge to the Massanutton mountain, and displays

remarkably tine scenery. These ridges lie in vast folds

and wrinkles; and elevations in the valley are often found
to be pierced by erosion. Cave Hill, 300 feet above the

water-level, had long been an object of local interest on
account of its pits and oval hollows, or sink-holes, through
one of which, August 13, 1878, Mr Andrew J. Campbell
and others entered, thus discovering the extensive and
beautiful cavern now described.

Geologically considered, the Luray cavern does not date

beyond the Tertiary period, though carved from the Silurian

limestone. At some period long subsequent to its original

excavation, and after many large stalactites had grown, it

W.1S completely filled with glacial mud charged with acid,

whereby the dripstone was eroded into siugularly grotesque

shapes. After the mud had been mostly removed by flow-

ing water, these eroded forms remained amid the new
growths. To this contrast may be ascribed some of the

most striking scenes in the cave. The many and extra-

ordinary monuments of aqueous energy include massive

columns wrenched from their place in the ceiling and pro-

strate on the floor ; the hollow column 40 feet high and
30 feet in diameter, standing erect, but pierced by a

tubular passage from top ti> bottom ; the leaning column,

nearly as large, undermined and tilting like the campanile

of Pisa ; the organ, a cluster of stalactites dropped points

downward and standing thus in the room known as the

cathedral ; besides a vast bed of disintegrated carbonates

left by the whirling flood in its retreat through the great

space called the Elfin Ramble.

The stalactitic display exceeds that of any other cavern

known, and there is hardly a square yard on the walls or

ceiling that is not thus ornamented. The old material is

yellow, brown, or red ; and its wavy surface often shows
layers like the gnarled grain of costly woods. The new
stalactites growing from the old, and made of hard carbon-

ates that had already once been used, are usually white

as snow, though often pink, blue, or amber-coloured. The
size attained by single specimens is surprising. The
Empress Column is a stalagmite 35 feet tigh, rose-coloured,

ind elaborately draped. The double column, named from

Professors Henry and Baird, is made of two fluted pillars

side by side, the one 2.''> and the other CO feet high, a mass

of snowy alabaster. .Several stalactites in the Giant Hall

exceed 50 feet in length. The smaller pendents are in-

numerable
;

in the canopy above the Imperial Spring it is

estimated that 40.CJ0 arc visible at c'.nce.

The " cascades " pointed out are wonderful formations
like foaming cataracts caught in mid-air and transformed
into milk-white or amber alabaster. The Chalcedony
Cascade displays a variety of colours. Brand's Cascadu,
which is the finest of all, being 40 feet h.igh and 30 feet
wide, is unsullied and wax-like white, each ripple and
braided rill seeming to have been polished.

The Swords of the Titans are monstrous blades, eight in
number, 50 'eet long, 3 to 8 feet wide, hollow, 1 to 2 feet
thick, but drawn down to an extremely thin edge, and
filling the cavern with tones like tolling bells wheu struck
heavily by the hand. Their origin and also that of certain
so-called scarfs and blankets exhibited is from carbonates
deposited by water trickling down a sloping and corrugated

Luray Cavern. Scale 290 feet to the inch.

1. Tlie Vestitnle. 13. Saraien's Tent 25. Helen's Soirf.

2. Waslilnpton's Pillar. 14. The Organ 26. Chapman's Lake.
3. Flower Garden. 1.^. Tnwer of Babel. 27. Broaddus Lake.
4. Amphitheatre. 16. Empress Column. 28. Castles on tlic Rhine
6. Natural Bildge. 17. Hollow Coliim". 29. ImperHI Spiug.
6. Fish Market. 18. Honry-Baird CoIuniD. 30. The .skeleton.

7. Crystal Sprinc. JI>. Chalc'edony Cascade. 31. The Twin Ijikcs.

8. Proserpine's Pillar. 20. Coral Spring. .12. Tile Engine Ronm.
9. The Spectral Column. 21. Th. Dragon. 33. Miller's Room.

10. Hovey's Balcony. 22. Bootjack Alley. 34. Hawes Cabinet.
11. Oberon'8 Grot. 2J. Scaly Column. 3S Specimen Avenue,
12. Titania's "Veil. 24. Lost Blanket. 86. Proposed E-tir.

surface. Sixteen of these alabaster scarfs hang side by sidb

in Hovey's Balcony, three white and fine ar crape shawh,

thirteen striated like agate with every shade of brown, and

all perfectly translucent. Down the edge of each a tiny

rill glistens like silver, and this is the ever-plying shuttle

that weaves the fairy fabric.

Streams and true springs are absent, but there are

hundreds of basins, varying from 1 to 50 feet in diameter,

and from 6 inches to 15 feet in depth. The water in them

is exquisitely pure, except as it is impregnated by the

carbonate of lime, which often forms concretions, called,

according to their size, pearls, eggs, and snowballs. A
large one is known as the cannon ball. On fracture these

spherical growths are found to be radiated in structure.

Calotte crystals, drusy, feathery, or fern-like, line the

sides and bottom of every v/ater-fiUed cavity, and indeed

constitute the substance of which they are made. Varia-

tions of level at difi'erent periods are marked by rin^f,

ridges, and ruffied margins. These are strongly marked

about Broaddus Lake, and the curved ramparts of the

Castles on the Rhine. Here also are polished stahig-

mites, a rich buff slashed with white, and others, likt;
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huge mushrooms, with a velvety coat of red, purple, or

olive-tinted crystals. In some of the smaller basins it

sometimes happens that when the excess of carbonic acid

escapes rapidly there is formed, besides the crystal bed

below, a film above, shot like a sheet of ice across the sur-

face. One pool 12 feet wide is thus covered so as to show
but a third of its surface. The quantity of water in the

cavern varies greatly at different seasons. Hence some
stalactites have their tips under water long enough to allow

tassels of crystals to grow on them, which, in a drier season,

are again coated over with stalactitic matter ; and thus

singular distortions are occasioned. Contiguous stalactites

are often inwrapped thus till they assume an almost

globular form, through which, by making a section, the

primary tubes appear. Twig-like projections, lateral out-

growths, to whicli the term helictite has been applied, are

met with in certain portions of the cave, and are interesting

by their strange and uncouth contortions. Their presence

is partly due to the existence of a diminutive fungus

peculiar to the locality, and designated from its habitat

Mucor slalactiiis. The Toy-Shop is an amusihg collection

vf these freaks of nature.

Tlie dimensions of the various chambers included in

Luray Cavern cannot easily be stated, on account of the

great irregularity of their outlines. Their size may be

seen from the diagram on p. 67. But it should be under-

stood that there are several tiers of galleries, and the

vertical depth from the highest to the lowest is 200 feet.

The tract of 100 acres owned by the Luray Cava Company
covers all possible modes of entrance ; and the explored

area is much less than that.

The waters of this cavern appear to be entirely destitute

of life ; and the existing fauna is quite meagre, comprising

only a few bats, rats, mice, spiders, flies, and small centi-

pedes. When the cave was first entered, the floor was
covered with thousands of tracks of raccoons, wolves, and
bears,—most of them probably made long ago, as impres-

sions made in the tenacious clay that composes most of

the cavern floor would remain unchanged for centuries.

Layers of excrementitious matter appear, and also many
small bones, along with a few large ones, all of existing

species. The traces of human occupation as yet discovered

are pieces of charcoal, flints, moccasin tracks, and a single

skeleton imbedded in stalagmite in one of the chasms, esti-

mated to have lainwherefound fornot morethanfivehundred

years, judging from the present rate of stalagmitic growth.

The temperature is uniformly 54° Fahr., coinciding with

that of the Mammoth Cave, Kentucky. The air is very

pure, and the avenues are not uncomfortably damp.
The portions open to the public are now lighted- by

electric lamps. The registered number of visiters in 18S1
was 12,000. (h. c. h.)

LUHGAN', a market-town in the county of Armagh
and province of Ulster, Ireland, is situated a few miles

south of Lough Neagh, and 20 miles south-west of Belfast

by rail. It consists principally of one spacious and
well-built street. The parish church of Shankill has a

finely proportioned tower. The other principal public

buildings are the town-hall, the mechanics' institute, the

model school, and the linen-hall. Contiguous to the town
is Brownlow House, a fine Elizabethan structure, the

seat of Lord Lurgan. Of late years the linen trade of the

town has' much increased, and there are also tobacco

factories and coach factories. From 7774 in 1861 the

population increased in 1871 to 10,632, but in 1881 it

was only 10,184.
Lurgan was built hy William Browirlow, to whom a grant of tlie

town was mado by James I. In 1619 it consisted of forty-two
hoxises, all inlial>itcd by English settlers. It was burned by the

insurgents in 1841, and again by the troops of James II. After it.s

r;;staration in IGDO a patent for a market and fair was obtained.

LUmSTAN, or LunisTAN, a province of western Persin,

with ill-defined limits, but lying mainly between 31° and
33° N. lat. and between 47° and 52° E. long., and bounded
N. and E. by Irak-Adjemi, S. by Farsistan, W. by Khuzis-

tan and the Turkish vilayet of Baghdad. It thus stretches

north-west and south-east some 260 miles, with a mean
breadth of 70 miles and an area of rather less than 20,000
square miles. The surface is mostly mountainous, being

occupied in the west by the Pusht-i-koh range, whic'i

forms the frontier line towards Turkey, in the ,
east

by the Bakhtiari (Zagros) range, which runs north-

west ' and south-east, thus connecting the Kurdistan
with the Knh-Dinar or Farsistan highland systems.

Between the parallel Pusht-i-koh and Bakhtiari chains

there stretch seme naturally fertile plains and low hilly

districts, which, however, are little cultivated, 'although

well-watered by the Karun, Dizful, and Kerkhah, the three

chief rivers of the province. There are two main divisions

—

Luri Buzurg, or " Great Luristan," comprising the

Bakhtiari highlands westwards to river Bizful, and Luri

Kuchak, or " Little Luristan," stretching thence to

Khuzistan and Turkey. The latter is again divided into

the Pesh-koh and Pusht-i-kuh districts (" before " and
"behind "the mountains), and notwithstanding its name
is by far the most populous and productive of the two.

From the 12th to the 17th century it formed an

independent principality under hereditary rulers with the

title of "atabeg," the last of whom was deposed by Shah
Abbas, and the government transferred to Husen Khan,

chief of the Faili tribe, with the title of "vali." His

descendants are still at the head of the administration

,

but the power of the valis has beeu much reduced since

the transfer of the Pesh-koh district to Kirmanshah.

Luristan takes its name from the Luri,^ a semi-nomad people of

Iranian stock and speeeli, wlio still form the vast majority of tbo

population. Great uncertainty has hitherto prevailed regarding tlie

iionicnclature, the main divisions and the true atfinity of the Luri

to the other Tnanches of the Iranian family. Thus, from tlitname
tif the present ruling clan all the tribes of Luri Kucliak arc com-
monly spoken of as '* Faili," a term milieu is now rejected by the

Pesh-koh tribes, and which, if used at all as a geneml ethnical

expression, oiiglit to be restiicted to those of rusbt-i-koli, still

under tbe rule of the vifli. The classifications of Layard, Eawlin-
son, and A. H. Schindler dilfer matenally, while contradictory

statements are made by well-informed writers regarding the jihysi-

cal and linguistic relations of the Luri to the neighbouring Kurd.s

and Persians. From a careful consideration of the available

evidence it would appear that the Luri are the true abongines of

their present domain, where they occupy an hitermediate position

between the Kurds and Persians, but resembling the former much
more than the latter in speech, temperament, social habits, and
physical appearance. Although they themselves reject the name
of Kurd, the two languages are essentially one, so that the-Bativcs

of Kirmanshah and Uizful have little difficulty in conversing

together. Like tlie Kurds, they are also of a restless and unruly
disposition, averse from a settled life, still dwellers in tents, mostly

owners of flocks and herds, holding agnculture in contempt, and r,f

predatory habits. ** In appearance the Bakhtiari look rather tierc*',

owing probably to the mode of life they lead ; the features of their

face are cast in a rough mould, but although coarse they are in

general regular. Their blank eyes look wild and expressive, and the

two black tufts of hair behind their ears give them, if possible, a

still darker appearance. They are muscular built, and are chiefly

of a middle stature " (E. Balfour). In a word, the Luri must be

classed anthropologically in the same group as the Kurds. Tbcy
are excellent stockbreeders, and their horses and mules are regarded

as the very best in Persia. Of the mules, about avthousand are

annually exported to the surrounding ju'oviuccs. Jlost of the hard

work is'lcft to the women, who tend the flocks, till the little land

under cultivation, tread out tlie corn, and weave the carpets, black

goat-hair tents, and boi-se cloths for which Luristan is famous. Tbe
men put their hands to no useful work, go about armed, and are

always ready for a foray. Their constant intertribal feuds render the

country unsafe for trade and travel, while their revolts against the

central government often cause a total interruption of communi-

* Not to bo confounded with tlie Luri or L<yri of Baluchistan and

Sind, tinkers, bards, .strolling minstrels, kc, betraying a "marked
allinity to the Gipsies of Isuiopc " (Pottinser).
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cntion bctwDcu tlio scvcrnl dUtrlcfs. This evil, however, Iwfs somc-

uliat ftbatcil siiico tlio tribal chiefs have been compelled to give

hostages as security for their good behaviour.

Outwardly Mohammedans of tlie Shiah sect, the Luri show little

veneration eitlier for the Prophet or the Koran. Their religion seems

to be a curious mi.\ture of Ali-Ilahism, involving ti belief in succes-

sive incnrnations and the worship of the national saint, Baba
liuzurg, combined with many mysterious rites, sacrifices, and secret

meetings certainly antai'ior to Islam, and possibly traceable to the

ancient rites of filithras and Anaitis.

The chiefs enjoy almost unlimited authority over their subjects,

antl tlie tribal organization is strongly marked by the feudal spirit.

The total population of Luristan is about 320,000, and the average

revenue nearly £40,000 sterling.

LUSATIA (German, Lansitz) 13 a common name applied

to tv.'O neighbouring districts in Germany, Lusatia Superior

and Lusatia Inferior(Oberlausitz aud Niederlausitz),belong-

ing in part to Pru-ssia and in part to Saxony. The country

now known as Upper Lusatia was occupied in tho 7th

century by the Milcieni, a Slavonic tribe. In tho 10th

century it was annexed to the German kingdom by the

margraves of Meissen, and from this time for several

centuries it was called Budissin (Bautzen), from the name
if the principal fortress. In the 11th and 12th centuries

tudissin changed hands several times, being connected at

different periods with Jleissen, Poland, and Bohemia.

The emperor Frederick I. granted it in 1108 to King
Ladislaus of Bohemia, and under him and his immediate

successors it was largely colonized by German immigrants.

Between 1253 and 1319 it belonged to Brandenburg, to

the margrave of which it was given in pledge by King
Ottocar II. of Bohemia; and in 1268 it was divided into

an eastern and a western part— Budissin proper and
Giirlitz. In 1319 Budissin proper was restored to

Bohemia, which also recovered Gorlitz in 1346. It was
during this period that tho fortunes of Budissin were

a^'Sociated with those of the country afterwards called

Lower Lusatia, but originally Lusatia. It was inhabited

by a Slavonic tribe, the Lusici, and reached in the earliest

times from the Black Elster to the Spree. The Lusici

were conquered by Margrave Gero in 963, and their land

was soon formed into a separate march, sometimes attaclied

to, sometimes independent of, the march of Meissen. In

1303 it passed, as Budissin had done, to Brandenburg,

and in 1373, after several changes, it fell into the hands

of the emperor Charles IV. as king of Bohemia. During

the Hussite wars the people of Lusatia and Budissin

remained loyal to the Pioman Catholic Church, and in

1407 they recognized as their sovereign King Matthias of

Hungary. Twenty-three years later they were again united

to Boliemia, but in the meantime they had received from

the Hungarian Government the names which they have

since retained. In the 16th century the Reformation

made way rapidly in Upper Lusatia, and the majority of

the people became Protestants. The two countries were

conquered in 1620, with the sanction of Ferdinand II,,

by the Saxon elector, John George I., to whom they

were ceded in 1635, the emperor as king of Bohemia
retaining a certain supremacy for the purpose of guarding

the rights and privileges of the Roman Catholic Church.

In 1815 the whole of Lower Lusatia and the half of

Upper Lusatia were transferred from Saxony to Prussia.

Lower Lusatia has 395,800 inhabitants, of whom 50,000

are Wends ; the portion of Upper Lusatia belonging to

Prussia has 243,500 inhabitants, of whom 32,000 areWends.
There are 300,000 inhabitants, including 50,000 Wends^
in Saxon Upper Lusatia. Laws relating to Upper Lusatia,

which are passed by the Saxon Parliament, must still be

submitted to the Lusatian diet at Bautzen.

LUSHAI OR KUKI HILLS, a wild and imperfectly

known tract of country on tho north-eastern frontier of

India, extendins along the southern border of tho Assam

district of C.Ach.'ir and the ca.^tcrn border of the Bengal
district of Chittagong. On tho cast, the Liish.-'ii IlflU
stretch away into tho unexplored mountains of Independent
Burmah. This extensive region is occupied by a numerous
fiimily of tribes known to us indifl'crently as Lushais or
Kukis. AH these tribes are nomadic in. their habits, and
subject to successive waves of migration. It is said that
at the present time the entire race of tho Lush.-lis is being
forced southwards into British territory under pressure
from the Soktis, a tribe advancing upon them from I.ide-

'

pendent Burmah. The principal characteristic common to

all the LushAis, and in which they markedly differ from
the other tribes on the Assam frontier, is their feudal
organization under hereditary chiefs. Each village is

under the military command of a chief, who mnst come of

a certain royal stock. The chief exercises absolute power
in the village ; and his dignity and wealth are maintained
by a large number of slaves and by fixed contributions f.f

labour from his free subjects. Cultiyation is carried on
according to tho nomadic system of tillage on temporary
clearings in the jungle ; but the main occupation of the
people is hunting and warfare

From the earliest times the I.ushais have been notorious for thiir
sanguinary raids into British territoiy, wliieh are said to be
instigated by their desire to obtain human heads for use at their
funeral ceremonies. The first of which we have record was in 1777.
In 1849 a colony of Lushais settled within Cachar, was attacked
by their independent kinsmen, and forced to migrate northwards
across the Barak river, where they now live as peaceable Bi-itish

.subjects, and are known as "Old Kukis." In 1860 a raid was made
upon TipperaU district, in which 186 Beng.-ili villagers were
massacred and 100 carried away into captivity. Retributive
expeditions, consisting of small forces of sepoys, were repeatedly
sent to punish these raids, but, owing to the difficult nature of the
country and the fugitive tactics of the enemy, no permanent
advantage was gained. At last the disturbed state of the frontier

attracted the attention of tho supreme government. A military

demonstration in 1869 hod entirely failed in its object. Kelying
upon their belief in the impracticable character of their native

country, the Lushais made a series of simultaneous attacks in

January 1871 upon British villages in Cach.ir, Sylhet, and Tipperah,
US well as on the independent state of Manipur. The outpost of

Monierkhal repelled a number of attacks, lasting througli two days,

made by a second body of Lushais from the eastern tribes, who
finally retired with a large amount of plnnder, including many
coolies and guns. Lord Mayo, the viceroy, resolved to make a
vigorous effort to stop those inroads, once and for all. A punitive

expedition was organized, composed of two Giirkha battalions, two
Punjab and two Bengal native infantry regiments, two companies
of sappers and miners, and a detachment of the Peshawar mountain
battery. This little army was divided into two columns, one
advancing from Cach.ar and the other from the Chittagong side.

Both columns were completely successful. The resistance of the

Lushais, though obstinate in parts, was com]detely overcome, and
the chiefs made their personal submission and accepted the terms
offered them. Upwards of one hundred British subjects were

liberated from captivity. The actual British loss in fighting was

very sm.all, but a large number of soldiers and camp-followers dii-d

from cholera. Sinci; this expedition, the Lush.iis have remained

quiet along the entire frontier, and active measures have been

taken to open commercial intercourse between thcni and the people

of the plains. Many bazars have been established for this pui"pose,

and trade by barter is now freely carried on.

LUSTRATION is a term that includes all the methods

of purification and expiation among the Greeks 'and

Romans. Among the Greeks there are two ideas clearly

distinguishable—that human nature must purify itself froni

guilt before it is fit to enter into communion with God or

even to associate with men {KaOaipm, Kodapa-n), and that

guilt must be expiated voluntarily by certain processes

which God has revealed in order to avoid tlie punishment

that must otherwise overtake it (IXaa-fj.o';). It is not

possible to make such a distinction among the Latin terms

luslratio, piaaua, ptamciita, cxrimoiiia:, and even among

the Greeks it is not consistently observed. The conception

of sin never reached a high moral standard, and the

methods of lustration are purely ritualistic. Guilt and
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imijurity arose in various ways; among the Greeks,

besides the general idea that man is always in need^ of

purification, the species of guilt most insisted on by religion

are incurred by murder, by touching a dead body, by

sexual intercourse, and by seeing a prodigy or sign of the

divine will. The last three of these springy from_ the idea

that man had been without preparation and in an improper

manner brought into communication with God, and was

therefore guilty. The first, which involves a really moral

idea of guilt, is far more important than the others in

Hellenic religion. Among the Romans we hear more of

the last species of impurity; in general the idea takes the

form that after some great disaster the people become

convinced that some guilt has been incurred somewhere

and must be expiated. The methods of purification

consist in ceremonies performed with water, fire, air, or

earth, or with a branch of a sacred tree, especially of the

laurel, and also in sacrifice and other ceremonial. Before

entering a temple the worshipper dipped his hand in

the vase of holy water (Trepippai'T-qpLov, mpta lustralis)

vi-hich stood at the door ; before a sacrifice bathing was

a common kind of purification ; salt-water was more

efficacious than fresb, and the celebrants of the Eleusinian

mysteries bathed in the sea (aAaSc /ajjo-toi) ; the water was

more eflicaeious if a firebrand from the altar were plunged

in it. The torch, fire, and sulphur (to 6iiov) were also

powerful purifying agents. Purification by air was most

frequent in the Dionysiac mysteries
;
puppets suspended

and swinging in the air (oscilla) formed one way of using

the lustrative power of the air. Rubbing with sand and

salt was another excellent method. The sacrifice chiefly

used for purification by the Greeks was a pig; among the

Romans it was always, except in the Lupercalia, a pig, a

sheep, and a bull (suovetaiirilia). In Athens a purificatory

sacrifice and prayer was held before every public meeting

;

the Maimacteria in honour of Zeus Meilichios was an

annual festival of purification, and several other feasts had

the same character. On extraordinary occasions lustrations

were performed for a whole city. So Athens was purified

by Epimenides after the Cylonian massacre, and Delos in

the Peloponnesian War. In Rome, besides such annual

ceremoniee as the AviharvaUa, Lupercalia, ' Cerealia,

Par/analia, &c., there was a lustration of the fleet before

it sailed, and of the army before it marched. Part of the

ceremonial always consisted in leading or carrying the

victims round the impure persons or things. After any

disaster the lustratio classium or exercitus was often again

performed, so as to make certain that the gods got all their

due. The Ambiirbiiim was a similar ceremonial performed

for the whole city on occasions of great danger or calamity.

Aiiibihtstrium was the purificatory ceremony, consisting in

sacrifice and prayer, performed after the regular quin-

quennial census of the Roman people.

LUTE. The European lute is derivett in form and

name from the Arabic " el 'tld," " the wood," the consonant

of the article " el " having been retained in the European

languagejs for the initial of the name (French, luth; Itah,

liido; Span., laiid; Germa*', Lautc; Dutch, lidl). The
Arab instrument, with convex sound-body, pointing to the

resonance board or membrane having been originally placed

upon a gourd, was strung with silk and played with a

plectrum of shell or quill. It was adopted by the Arabs

from Persia, the typical instrument being the two-stringed

" tanbur," and ultimately found its way to the West at

the time of the crusades. The modern Egyptian "'fid"

is the direct descendant of the Arabic luto, and, according

to Lane, is strung with seven pairs of catgut strings played

by a plectrum. A specimen at South Kensington, given

by the Khedive, has four pairs only, which appears to have

been the old stringing of the instrument. When frets are

empioyea they are of catgut disposed according to the

Arabic scale of seventeen intervals in the octave, consist-

ing of twelve limmas, an interval rather less than our equal

semitone, and five commas, which are very small but Quite

recognizable difi'erences of pitch.

The lute family is separated from tne guitars, also of

Eastern origin, by the formation of the sound body, which
is in all lutes pear-shaped, without the sides or ribs neces-

sary to the structure of the flat-backed guitar and cither.

Observing this distinction, we include with the lute the little

Neapolitan mandoline of 2 feet long, and the large double-

necked Eonran chitarrone, which not unfrequently attains

to a length of 6 feet. Llandolines are partly strung with

wire, and are pla3'ed with a plectrum, indispensable for

metal or short strings. Perhaps the e^irliest lutes were so

played, but the large lutes and theorbos strung with patgut

have been invariably touched by the fingers o'nly, the length

permitting this more sympathetic means of producing the

tone.

The Neapolitan is the best Known mandoline ; it was

indicated by Mozart in the score of Don Giovanni, to

accompany the famous serenade. The four pairs of strings

are tuned like the violin, in fifths :

—

The Milanese is larger, and has five and six pairs :

—

-^T^
—

^--t
^gi^m

or, as in a specimen at South Kensington,-

The mandola or mandore is larger than eituer, with eig

pairs of strings. This name has been derived from the

Italian word, similarly spelled but differently accented,

signifying almond, which the mandola is supposed to

resemble in shape, but ban, man, pan, and tan are first

syllables of lute and guitar instruments met with all over

the world, the oldest form of which is the borrowed Greek

"irai'SoCpa," an Asiatic word, which the Arabs changed to

" tanbur." Pra^torius (Organograplna, Wolfenbiittel, 1G19,

a scarce work, of which the only copy in Great Britain

is in the Advocates' Library, Edinburgh), writing when
the lute was in universal favour, mentions seven varieties

distinguished by size and tuning. The smallest would be

larger than a mandoline, and the melody string, the "chan-

terelle," often a single string, lower in pitch. Prffitorius

calls this an octave lute, with the chanterelle C or D. The
two discant lutes have respectively B and A, the alto G,

the tenor E, the bass D, and the great octave bass G, an

octave below the alto lute which may be taken as the model

lute cultivated by the amateurs of the time. The bass lutes

were most likely theorbos, that is, double-necked lutes, as

described below. The accordance of an alto lute was

founded upQp-tfiat of the original eight-stringed European

lute, to which the highest and lowest notes had, in course

of time, been added. A later addition was tne F5=dTZir

also on the finger-board, and bass strings, double or single,
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known as diapason's, wliicli, (lescenriing to tlie dc-^p C of

the violoncello, were not stopped with the fingers. The

diapasons were tuned as the key of the piece of music

required. The illustration represents an Italian instrument

made by one of the most cele-

brated lute makers, Venere

of Padua, in 1600; it is

3 feet G inches high, and has

six pairs of unisons and eight

single diapasons. The finger-

board, divided into approxi-

mately equal half tones by

the frets, as a rule eight in

number, was often further

divided on the higher notes

for ten, eleven, or, as in the

woodcut, even twelve, semi-

tunes. The head, bearing the

tuning pegs, was placed at an

obtuse or a right angle to the

neck, to increase the bearing

of the strings upon the nut,

and be convenient for sudden
requirements of tuning dur-

ing performance, the trouble

of keeping a lute in tune

being proverbial.

The lute was in general use L te I y \ enere of Padua.

during the 16th and 17th centuries. In the 18th it

drcliued ; still the great J. S. Bach wrote a " partita " for

it, which remains in manuscript. The latest date we have

met with of an engraved publication for the lute is 1760.

The large double-necked lute, with two sets of tuning

pegs, the lower for the finger-board, the higher for the

diapason strings, was known as the theorbo ; also, and

especially in England, as the archlute : and, in a .special

form, the neck being then very long, as the chitarrone.

Theorbo and chitarrone appear together at the close of

the IGtli century, and their introduction was synchronous

with the rise of accompanied minody in music, that is, of

the ontorio and the opera. Peri, Caccini, and Mcnte-

verde used theorbos to accompany their newly-devised

recitative, the invention of which in Florence, from the im-

pulse of the Renaissance, is well known. The height of a

theorbo varied from 3 feet 6 inches to 5 feet, the Paduan
being always the largest, excepting the Roman 6-feet long

chitarrone. These large lutes had very deep notes, and
doubtless great liberties were allowed in tuning, but the

strings on the finger-board followed .the lute accordance

already given, or another quoted by Raron (Uniersuchnnij

ihs Instruments dcr Lauteii, Nuremberg, 1727) as the

(lid theorbo or "violway " (see Mace, Mitiick's Monument,
London, 1676) :

—

Wo find again both these accordances varied and trans-

posed a tone higher, perhaps with thinner strings, or to

accommodnle local diiferences of pitch ; Pra;torius recom-

mends the chanterelles of theorbos being tuned an octave

lower on account of the great strain. By such a change,

another authority, the Englishman Thomas Mace, says, the

life and spruceness of airy lessons were quite lost. The
theorbo or archlute had at last to give wayto the violon-

cello and double bass, which are still used to accompany
the "recitativo secco" in oratorios and operas. Handel
wrote a part for a theorbo in Esther (1720); after that

date it appears no more in orchestral scores, but remained

in private use until nearly the end of the century.

We cannot refrain from admiring the beauty of <'ccora-

tion of ivory, mother of pearl, and lortoiseslioll, thcchanic
teristic patterning of the " knots " or " roses " in the sonml
boards, all of which was so well allied with the cxtroinclv

artistic forms of the different lutes, rendering them, now
their musical use is past, objects of research for cnllertion-'

and museums. The present direction of nuisical taste and
composition is adverse to the cultivation of such teiulcrly

sensitive timbre as the lute possessed. The lute and the

organ share the distinction of being the first instnnncnts

for which the oldest instrutr.ontal compositions wo po.ssesf

were written. It was not for the lute, however, in onr pre-

sent notation, but in tablaturo, " lyrawise,"a system by which
:'.s many lines were drawn horizontally as there were pairs

of strings on the finger-board, the frets being distingui.-ilieil

by the letters of the alphabet, repeated from A for each line.

This was the English manner: the Italian w,as by numberH
instead of letters. The signs of time were placed over the

stave, and were not repeated unless the mensural values

changed.

Consult Grove's Dictionartj of Music, .tits. "Lute," "Fri'ls";

Stainer and Barrett's Dictimmrij of Music, " Tulil.nturc " ; :iiiil

the admirable mu.seuiii catalogues of Carl Enpel (South Ki'nRiii;;toiil,

G. Chouquet (Paris), and Victor Mahilloa (Brussels). (A. J. 11.)

LUTHER (1483-1546). First. Period (1483-ir>17).

—Martin Luther (Lyder, Liider, Ludher— from Lothar,

some say) was born at Eisleben in the county of Mansfeld,

in Thuringia, on the 10th of November 1483. His father

Hans Luther, a slate-cutter by trade, belonged to a family

of free peasants. His mother was JIargaret Lindeniaun.

Hans Luther had left Miihra, his native vUlagc, and had

come to Eisleben to work as a miner. When Martin wa.-;

six months old he went to Mansfeld and set up a forge,

the small profits of which enabled Lim to send his son t"

the Latin school of the place. There the boy so distin-

guished himself that his father determined to make him a

lawyer, and sent him for a year to a Franciscan school .nt

Magdeburg,^ and then to Eisenach near Jlohra. There

Luther, with other poor scholars, sang for alms in the

streets, and his fine tenor voice and gentle manners

attracted the attention and gained for him the nuitherly

care of Ursula Cotta, the wife of the burgomiister of

Eisenach. From Eisenach he went in his eighteenth year

to the high school of Erfurt, where his favourite master

was the humanist Trutwetter, who taught him classics and

philosophy. . He took his bachelor's degree in l')02, and

his master's in 1505. At Erfurt the preaching of the town's

pastor Wcuunanu mauo a deep impression on his mind,

as did the preacher's frequent exhortations to study the

Scripture. Luther tells us that he sought in vain for a

whole Bible, and that he could only get po-tions to read.

A dangortjus illness, the death of a near friend, together

with other circumstances, so ivnmghton his pious .sco'iitivo

nature that in spite of father and family he resolved tn give

up all his prospects and become a monk, lie enlereil the

Augustinian convent at Erfurt in June 1505, taking with

him Plautus and Virgil, the solitary mementos of the life

he had abandoned. His first years of monastic life wcro

spent in fierce mental struggle. He had found a wliolo

Bible and read it diligently, but it did not bring him peace.

The feeliug of universal human sinfulness, arul nf his own,

was burnt into him both by his dogmatic studies and by

his reading of the Scripture. He lived a life of the severest

mortification, and invented continually new forms of

penance, and all the while heart and head alike told him

that outward acts could never bani.sh sin. " I tormented

myseU to death," ho said, "to make my peace with (hrd,

but I was in darkness and found it not." The vicar-

general of his order, Staupitz, who had passed through

somewliat similar experiences, helped him greatly. " There
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is uo true repentance," ha said, "but that -which begins

with the love of righteousness and of God. Love Him
then who has first loved thee." Staupitz had been taught

heart religion hy the mystics, and he sent Luther to the

sermous of Tauler and to the Theologia Germanica.

When Luther regained his mental health, he took courage

to be ordained priest in May 1507, and next year, on
the recommendation of Staupitz, the elector of Saxony
appointed him professor in the univer.^ity of Wittenberg,

which had been founded in 1503. While in the monastery
Luther had assiduously pursued his studies, and his severe

mortifications and penances had never interrupted his

theological work. He read all the great scholastic theo-

logians, but Augustine was his master in theology, while
Erfurt studies under Trutwetter doubtless made him pore
over Occam ("mein lieber Meister," as he afterwards
fondly called him) till he got his bulky folios by heart.

He began by lecturing on Aristotle; and in 1509 he
gave Biblical lectures, which from the very first were
a power in the university. His class-room was thronged

;

his fellow-professors were students. Staupitz forced him
also to preach ; and his marvellous eloquence, felt to

be from the heart, attracted great crowds of hearers.

Tlie year 1511 brought an apparent interruption, but
ill fact only a new development, of Luther's character

and knowledge of the world. He went to Home, probably
in fulfilment of an old vow, and the journey was a
marked event in his life. He went up in true pil^'rim

spirit, a medireval Christian, and he came back a Pro-

testant. The pious German was horrified with what he
s;iw in Rome, and he afterwards made telling use of what
he had seen in various tracts, and notably in his address t(>

the German nobles. He tells us that at Wittenbe^g he had
pondered over the text, "The just shall live by faith,"

tint while in Rome the words came back to him, and that

on his return journey to Germany the evangelical meaning
of the phrase rushed into his mind. On his return to the

university hs was promoted to the degree of doctor of

<livinity, in October 1512. The oath he had to take on
tlie occasion "to devote his whole life to study, and faith-

fully to expound and defend the holy Scripture," was to

him the seal of his mission. He began his work with
lectures on the Psalms, and then proceeded to comment
on the epistles of Paul to the Piomans and Galatians,

enforcing especially his peculiar views of the relations

between law and gospel. His lectures and his sermons
were attended by great audiences, and disciples gathered

round him. As early as 151G his special principles were
publicly defended at academical disputations. Staupitz

made him district-vicar of his order for Jleissen and
Thuringia. He made short preaching tours, and his in-

fluence was felt far beyond Wittenberg. When the plague

came to that university town he remained at his post when
others fled. Then came 1517, the year of the Reformation.

The now pope, Leo X., had sent agents through Germany to

^LJll indulgences, and John Tetzol, a Dominican, had been
chosen for Saxony. Luther, who had passed tlirough deep
s.jitl-struggles ere he won pardon, knew that Go.d's forgive-

iioss could not be purchased for money, and thundered
n-ainst Tetzel and his indulgences from Wittenberg pulpit,

lie wrote anxiously to the princes and bishops to refuse
the pardon-seller a passage through their lands. When
Tetzel got to JUterbogk near Wittenberg, Luther could
stand it no longer. He wrote out ninety-five propositions
or theses denouncing indulgences, and on the evecof All
Siiints, October 31, nailed the paper to the door of the
Castle church. In a short time all Germany was «blaze.

These ninety-five theses are one continuous harangue
T.;ainst the doctiiae and practice of pardon-selling, but
!iey do nut openly denounce indulgence in every form.

I
They make plain these three things:—(1) there may be

I

some good in indulgence if it be reckoned one of the many
I

nays in which God's forgiveness of sin can be proclaimed

;

(2) the external signs of sorrow are not the real iuward
I

repentance, nor are they as important as that is, and no per-

mission to neglect the outward expression can permit the
neglect of true repentance

; (3) every Christian who feels

true sorrow for sin is there and then pardoned by God for

Christ's sake without any indulgence ticket or other human
contrivance. And in his sermons on indulgence Luther
declared that repentance consisted in contrition, confession,

and absolution, and that contrition was the most important,

and in fact the occasion of the other two. If the sorrow
be true and heartfelt, confession and pardon will follow.

The inward and spiritual fact of sorrow for sin, he thought,

was the great matter ; the outward signs of sorrow were
good also, but God, who alone can pardon, looks to the

inward state. These theses, with the sermons explaining

them, brought Germany face to face with the reality of

blasphemy in the indulgences. Luther's public life had
opened ; the Reformation had begun.

Second Pa-iod (1517-1524).—Pilgrims who had come Luther';

to Wittenberg to buy indulgences returned with the theses pfeacli-

of Luther in their hands, and with the impression of his
'"''

powerful evangelical teaching in their hearts. The national

mind of Germany took up the matter with a moral earnest-

ness which made an impression, not only upon the princes,

but even upon bishops and monks. At first it seemed as

if all Germany was going to support Luther. The traffic

in indulgences had been so shameless that all good people

and all patriotic Germans had been scandalized. But
Luther had struck a blow at more than indulgences,

although he scarcely knew it at the time. In his theses

and explanatory sermons he had declared that the iuward

spiritual facts of man's religious experience were of infinitely

more value than their expression in stereotyped forms

recognized by the church, and he had made it plain too

that in such a solemn thing as forgiveness of "sin m in could

go to God directly without human mediation Piou.i

Christians since the day of Pentecost had thought and felt

the same, and all through the Middle Ages men and
women had humbly gone to God for pardon tr jsting in

Christ. They had found the pardon they sought, and their

simple Christian experience had been sung in the lymns of

the media3*al church, had found expression in its prayers,

had formed the heart of the evangelical preaching of the

church, and had stirred the masses of people in the many
revivals of the Middle Ages. But those pious people,

hymn-writers, and preachers had not seen that this iuward

experience of theirs was really opposed to a great part of

the ecclesiastical system of their day. The church had
set such small store, by that inward religious experience

that the common speech of the times had changed the plaiu

meanings of the words "spiritual," "sacred," "holy." A
man was "spiritual" if he had been ordained to office

in the church ; money was " spiritu.al " if it had been

given to the church ; an estate, with its roads, woodlands,

iislds, was " spiritual " or " holy " if it belonged to a

bishopric or abbey. And the church that had so degraded

the meaning of " spiritual " had thrust itself and its external

machinery in between God and the worshipper, and had
proclaimed that no man could draw near to God save

through its appointed ways of approach. Confession was
to be made to God through the priest ; God spoke pardon

only in the priest's absolution. When Luther attacked

indulgences in the way he did he struck at this whole
system.

Compelkd to examine the ancient hi.story of the church,

he soon discovered the whole tissue of fraud and imposture

by which tie canon law had from the fit'i century down-
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warils been foisttd nnon tliv^ Clin'sti.in worl.l. Tl'.cre is

(^-aiccly any cs"cntial point in ancient ecclesiastical history

bearing upon tbo question of tbe invocation of saints, of

clerical priesthood, of episcopal and metropolitan preten-

Eions, which his genius did not discern iu its true

light. Whatever Luther denounced as fraud or abuse,

from its contradiction to spiritual worship, iimy be said

to lir.vo been openly or tacitly admitted to be such. But
what produced the greatest eiToct at the time wore his

.short popular treatises, exegetical and practical—his

Interprelalion of the Magnijical or the Canticle of the

Virgin Marij, his Exposition of the Ten Commandments,
and of the Lord's Prai/cr. The latter soon found its way
into Italy, although without Luthgr'a name, and has never

been surpassed either in genuine Christian thought or in

style. He resolved also to preach throughout Germany,
and iu 1518 appeared at a general meeting of his order at

Heidelberg. There he held a public disputation on certain

theses called by him paradoxes, iu which he strove to

make apparent the contrast between the external view of

religion taught by the schoolmen and the .spiritual view

of gospel truth based upon justifying faith. He made
many disciples on this occasion, of whom perhaps the

most notable was Martin Bucer. On his return to

Wittenberg in Jlay 1518, Luther wrote and published an

able and moderate exposition of the theses, and sent it to

some of the German bishops. He proclaimed the need for

a thorough -reformation of the church, which he thought

could only be effected, with the aid of God, by an earnest

co-operation of the whole of Christendom. This energy

awakened opponents. Conrad Wimpina at Frankfort,

Hoogstraten at Cologne, Sylvester Trierias at Home, and
above all John Eck, an old fellow student, at Ingolstadt,

attacked his theses, and discovered heresy in thorn. The
result was that Luther was summoned to appear before tho

pope at Rome, but the elector of Saxony intervened, and

got tho matter so arranged that Luther was cited to

appear before the pope's legate at Augsburg.

Al The pope was unwilling to quarrel with Germany,
Augsburg where tho whole people seemed to be supporting Luther,
befcre the

jj„j[ the cardinal legate James de Vio of Gaeta, commonly
called Cajetan, was told to be conciliatory. Luther went to

Augsburg on fool, and presented himself before the legate,

but the interview was not a successful one. The cardinal

began by brow-beating the monk, and ended by being

somewhat afraid of him. " I can dispute no longer with

this beast," he said ;
" it has two wicked eyes and

marvellous thoughts in its head." Luther could not

respect either the learning or the judgment of Cajetan.

He left Augsburg by stealth, afraid of capture, condemned,
but appealing "from the pope ill-informed to the pope
to-be-better-informed." Ou his return to Wittenberg he
found tlio elector in gre^t anxiety of mind, in consequence
of an imperious letter from the cardinal, and offered to

leave Saxony for France. The elector, however, allowed
him to remain, and the popo sent another legate to settle

tho affairs of Germany. This was Carl von Miltitz, a
native of Saxony, a man of the' world, and no great
theologian. He resolved to meet Luther privately, and
did so in the house of Spalatin, court preacher to the
elector of Saxony. In his interview v.ith Cajetan Luther
had refused to retract two propositions—that the treasury
of indulgences is not iilled with the merits of Christ, and
that ho who receives the sacrament must have faith in the
grace offered to him. ^Miltitz made no such demands.
He apparently gave up Tetzel and the indulgences, agreed
with much of Luther's theology, but insisted that he had
not been respeetful to the pope, and that such conduct
weakened the authority which rightly belonged to tho

church. Ho wished Luther to nritu to the pope and

apologize. Lutber con.<;cntCfl. It was further arranged
that both parties wore to cease from writing or preaching
on tho controverted matters, and that the pi>po was to
commission a body of learned theologians to investigate,

Luther accordingly wrote to the pope, telling hifii that ho
"freely confessed that the authority of the church was
superior to everything, and that nothing in liea''en or on
earth can be preferred before it save only Jesus Christ,

who is Lord over all." This was in March 1519. Mean-
while Luther had appealed from the pope to a general

council to be held in Germany. In the end of 1518 a
papal bull concerning indulgences had appeared, confirming

the old doctrine, without any reference to the late di.spute.

The years 1519, 1520, 1521 were a time of fierce but
triumphant struggle with the hitherto irresistible Church
of Rome, soon openly supported by the empire. The first

of these years passed in public conferences and disputations.

Luther had promised Miltitz to refrain from controversy,

on the understanding that his adversaries did not attack

him, and he kept his word. But his old antagonist John Lcipsic

Eck published thirteen theses attacking Luther, and '''"loil*

challenged Andrew Bodenstein of Carlstadt, a friend and
colleague of Luther, to a public disputation. Luther
instantly replied to Eck's theses, and the disputation

between Carlstadt and Eck was immediately foUo'ved by

one between Eck and Luther. In this famous Lei|isic

disputation the controversy took a new shape. It was no

longer a theological dispute ; it became a conflict between

two opposing sets of principles affecting the whole round

of church life. Luther and Eck began about iudulgeji'-i-s

and penance, but the debate soon turned on the authority

of the Roman Church and of the pope. Eck maintained

the superiority of the Roman Church and of the pope as

successor of St Peter and vicar-general of Christ. His

argument was "no pope no church." Luther denied tl.o

superiority of the Roman Church, and supported his denial

by the testimony of eleven ceuturies, by the decrees of

NicKa, by the Holy Scriptures. He maintained that ihc

Greek Church was part of the church of Christ, cist

Athanasius, Basil, and tho Gregories were outride

Christianity. The pope has more need of the church, ho

said, than the church has of the pope. Eck retorted that

these had been the arguments of Wickliffe and of Huss, and

that they had been condemned at the council of Constance.

Luther refused to admit that the condemnation was right
;

Eck refused to debate with an opponent who would not

abide by the decision of oecumenical councils ; and so tho

disputation ended. But Luther immediately afterward?

completed his argument and published it. He assertea

that he did not mean to deny the bishop of Rome's

primacv, provided the pope kept his own place as servant

of the church, but that he did mean to <|eny that thero

could be no church apart from the pope. The church, he

said, is the communion of the faithful, and consists of the

elect, and so never can lack the presence of the Holy Spirit,

who is not always with popes and councils. This church,

he declared, is invisible, but real, and every layman who is

in it and has Holy Scripture and holds by it is more to bo

believed than popes or councils, who do not. This Leipsic

disputation had very important consequences. On the ono

hand, Eck and his associates felt that Luther must now ba

put down by force, and pressed for a papal bull to condemn

him ; and Luther himself, on tho other hand, felt for tho

first time what great consequences lay in his opposition to

the indulgences. He saw that his Augustinian theologj-,

with its recognition of the heinousness of sin, and of the

need of tha sovereign grace of God, was incompatible with

the whole round of mediaeval ceremonial life, proved it

to be impossible for men to live perfectly holy lives, and so

T.ade saints and saint worship and relics and pdgrimago*

\V — lo
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inipossiblu things. Ho saw tho .ipolcssncss of tbe monastic

life, with its vigils and fasts and scourgings. Those things

were not helps, he saw, but hindrances to the true religious

life. The Le'ipsic disputation made Luther feel that he
had finally broken with Rome, and it made all Germany
see it too, and raised the popular enthusiasm to a white

heat. The people of the' towns declared their sympathy
with the bold monk. Ulrich von Hutten and the German
humanists saw that this was more than a monkish quarrel,

and recognized Luther as their leader. Fraiu von Sickingen

and the free knights hailed him as a useful ally. Even
the poor down-trodden peasants hoped that he might be a

luckier leader than Joss Fritz, and that he might help

them to free themselves from the unbearable miseries of

their lot. Luther became the leader of the German nation

after the Leipsic disputation.

During 1520 the first great political crisis occurred, on the

occasion of the death of Maximiliau, and ended fatally, in

consequence of the want of patriotic and political wisdom
among the German princes. Kanke has pointed out the

political elements which then existed for creating a

Germany as free and independent as France or England
;

and Justus MoSer of Osnabruck had long before truly

declared, " If the emperor i^t ihat time had destroyed the

feudal system, the deed would have been, according to the

spirit in which it was done, the grandest or the blackest

in the history of the world." Miiser means that if the

emperor had embraced the Reformed faith, and placed

himself at the head of the lower nobility and cit'es, united
in one body as the lower house of a German parliameut,

this act would have saved GeVmany. Probably some such
idea was in the mind of the archbishop of Treves when he
proposed that Frederick, the elector of Saxony, should be
chosen emperori Frederick might have carried out this

policy, just because, if elected, ho had nothing to rely

upon e.^cept the German nation, then more numerous and
powerful than it has been since ; but he had not the
courage to accept a dignity which he supposed to require
for its support a more powerful house than his own.
Charles, the son of JIaximilian, was elected emperor, and
that election meant the continuation of a mediaeval policy
in Germany.

Meanwhile Luther was at Wittenberg continuing his

course of preaching, lecturing, and writing. The number
of matriculated students had increased from 232 in 1517
to 458 in 1519, and to 579 in 1520 : l)Ut large numbers
besides these came to hear Luther. The study of Greek
and Hebrew was diligently carried on, and the university
was in a most flourishing state. Some of the finest produc-
tions of Luther's pen belong to this period,—his Sermons
on the sacraments, on excommunication, on the priesthood,
on good works, his Address to the Christian Nohility of the

German Nation on the Reformation of Christendom, and
The Bahylonian Captivity of the Church. The address to
the German nobles, published on June 26, 1520, created a
great deal of excitement not only in Germany but beyond
it. It was this appeal which first made Zwingli feel in
sympathy with Luther, who showed in this little book that
the Romish doctrine of two estates, one secular and the
other spiritual, was simply a wall raised round the church
to prevent^ reform. All Christians are spiritual, he said,
and there is no difference among them. The secular power
is of God as well as the spiritual, and has rule over all

Christians without exception,—pope, bishops, monks, and
nuns. He also appealed to the people to prevent so much
money going out of tbe kingdom to Italy. "Why," he
said, "should 300,000 florins be sent every year from
Germany to Rome?" His address raised the cry of
Oermauy for the Germans, civil government uncontrolled
by ecclesiastics, a married clei-^jy, while he chllcd for a

national system of education as the foundation of a better

order of things. The most important work of the time,

however, was the Bahyhmian Caplirity of the Clinrch of

God (October 1520), in which he boldy attacked the papacy
in its principles. The main thought in the book is

expressed in the title. The catholic church had been
taken into bondage by the papacy, as the Jewish people

were taken to Babylon, and ought to be brought back into

freedom. Luther described the sacraments, real and pre-

tended, and showed how each had been carried into cap-

tivity and ought to be delivered. He concluded in a very
characteristic fashion. "I hear that bulls and other papis-

tical things have been prepared, in which I am urged to

recant or be proclaimed a heretic. If that be true, I wish
this little book to be part of my future recantation." The
printing press sent thousands of these books through
Germany, and the people awaited the bull, armed befoje-

hand against its arguments. The bull was published at Lulber

Rome on July 15, 1520. It accused Luther of holding f^'^o'"-

the opinions of Huss, and condemned him. Eck brought '"""!'

it to Leipsic, and published it there in October. It was

j

pasted up in various German towns, and usually the citizens

and the students tore it down. At last it reached Luthc-r.

He answered it in a pamphlet, in which he called it the

execrable bull of Antichrist, and at last he proclaimed at

Wittenberg that he would publicly burn it. On December He
10, 1520, at the head of a procession of professors and'>'i™s

students, Luther passed out of the university gates to the ""*
,

market-place, where a bonfire had been laid. One of \hc \^
professors lighted the fuel, and Luther threw the bull on

the flames ; a companion flung after it a copy of the cancni

law. Germany was henceforth to be ruled by the law of

tho land, and not by the law of Rome. The news Hashed

over all Germany, kindling stern joy. Rome had shot its

last bolt : if Luther was to be crushed, only the emperor

could do it. On December 17th Luther drew up bcfme a
notary and five witnesses a solemn protest, in which he

appealed from the pope to a general council. This protest,

especially when we, take it along with other future acts of

Luther, meant a great deal more than many historians

have discerned. It was the declaration that the Christian

community is wider than the Roman Church, and was an

appeal from later mediaeval to earlier mediieval ideas of

catholicity. In the times immediately preceding the

Reformation, the common description of Christian society

was social life in communion with the bishop of Rome,
but in the earlier Middle Ages Christian society had also

been defined to be social life within the holy Roman
empire. For the Roman empire had imposed on all its

subjects a creed, and to that extent had made itself a

Christian community. The oecumenical council was the

ecclesiastical assembly and final court of appeal for this

society, whose limits were determined by the boundaries

of the jnedia^val empire, and Luther by this appeal not

only declared that he could be a catholic Christian W'ithout

being in communion with Rome, but secured an ecclesia-

stical standing ground for himself and his followers which

the law could not help recognizing. It was an appeal from
the catholic church defined ecclesiastically to the catholic

church defined politically, and foreshadowed the future

political relations of the Lutheran Church.

The pope had appealed to the emperor to crush heresy

in Germany, and Charles V., with his Spanish training and
his dreams of a restored mediieval empire, where he might

reign as vicar of God circa civilia, had promised his aid.

He had declared, however, that he must pay some regard

to the views of Frederick of Saxor.y, from whom he had

received the imperial crown, and had in the end resolved

to_ summon Luther before the diet to be held at Worms.
The diet was opened by Charles in .Fanuacy ].'i21, and the
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Bjfora papal nuncio Ilieronymue Alexander (afterwards archbishop
'':''' of Brindisi and cardinal) urged first privately and then
orapeior

p^i^ij^iy j^ jjjg jigt, that Luther should be condemned un-

Woims. heard, as one already tried and convicted by the papal

. bull. He threatened the Germans with extermination, it

is said, in case of their refusal to accede to his requests,

—

" We shall excite the one to fight against the other, that

all may perish in their own blood,"—a threat to which the

whole subsequent history of Germany offers the commen-
tary. But the princes had their own quarrel with Rome,
and urged besides that it would be unfair to condemn a

man unheard and untried. A committee appointed by
the diet presented a list of one hundred grievances of

the German nation against Rome. This startled the

emperor, who, instead of ordering Luther's books to be

burned, issued only a provisional order that they should

be delivered to the magistrate. He then sent to summon
Luther before him, and granted him a safe conduct to and
from the diet. In April Luther set out for Worms. Before

leaving Wittenberg he had devised with his friend Lucas

Cranach the artist what he called " a good book for the

laity," e series of woodcuts depicting contrasts between

Christ and the pope, with explanations in pithy German:

—

Christ washing the disciples' feet on one page, the pope

holding out his toe to be kissed,, on the other ; Christ

bearing his cross, the pope carried in state through Rome
on mens shoulders ; Christ driving money-changers out of

the temple, the pope selling indulgences, with piles of money
before him ; and so on. Luther went to Worms, believing

that he was' going to his death. Everywhere on the road

he saw the imperial edict against his books posted up, yet

his journey was in some sort a triumphal progress ; the

people came out in crowds to meet him, and at Erfurt the

herald gave way to the universal request, and, against his

instructions, permitted Luther to preach. On the IGth

Luther entered the imperial city amidst an immense con-

course of people. Next day he was brought before the

diet. When the hour approached he fell on his knees, and
uttered in great agony a prayer such as can only be pro-

npunced by a man filled with the spirit of Him who prayed

iu Gethsemane. When he appeared before the diet he was
asked by John Eck, an official of the"archbishop of Treves

(to be distinguished from Eck the theologian), whether the

books piled on a table were his, and whether he would
retract what was written in them. Luther acknowledged

his writings, and requested that as the matter written con-

cerned the highest of all subjects, the word of God and the

welfare of souls, he might have time for consideration

before he answered the second question. His request was

granted, and he retired. Luther's resolution had been

taken before he appeared at the diet ; he only desired to

convince friends as well as foes that he did not act with

precipitation at so decisive a moment. The next day he

employed in prayer and meditation, making a solemn vow
upon a volume of Scripture to remain faithful to the

gospel, should he have to seal his confession with his blood.

When he was again brought before the diet, he answered

at great length, dividing his writings into three kinds :

—

(1) those in wiiich he had written about faith and morals

in such fashion that even his opponents admitted that

what he had said was worth reading : ho could not retract

these
; (2) those in which he had condemned the papacy

and popish doings, which had ruined Christendom body
and soul : to retract these would be mean and wicked, and
he would not

; (3) those in which he had attacked private

persons with perhaps more vehemence than was right : he
would not retract, but would readily listen to any one who
pointed out errors. He spoke in German with earnestness

and force, but the emperor and his followers scarcely

understood him, and he was asked to repeat his answer in

Latin. He did so, and the papal party were irritated
;

the official declared that they were not there to make dii"-

tinctiuns or to discuss things which had been long ago
settled by councils; let the accused say whether he recanted
or not. Luther answered, " Well then, if your imperial
majesty and your graces require a plain answer, I will give
you one of that kind without horns and teeth. It is this.

I must be convinced c\ther by the witness of Scripture or
by clear arguments, for I do not trust either pope or
councils by themselves, since it is manifest that they have
often erred and contradicted themselves— for I am bound
by ths Holy Scriptures which I have quoted, and my con-
science is held by the word of God. I cannot and will

not retract anything, for to act against conscience is un-
safe and unholy. So help nie God. .'\men." Eck asked
him whether he actually meant to say that general councils

had erred. He answered that he declared, and that openly,

that councils had erred several times, that the council

of Constance had erred. Eck replied that he surely did

not mean to say that general councils had erred. Luther
persisted that he could prove that they had erred in many
places. The emperor made a sign to end the matter, and
Luther said, "I can do nought else. Here stand I. God
help me. Amen." He went back to his lodgings in deep
depression of spirit, but was comforted on learning that

the elector had told Spalatin, " Doctor Martin has spoken
well in Latin and in German before the emperor and all

the princes and estates of the empire ; only he is. too keen
for me." Luther's answer created very various feelings

among those who heard him. The Italians and Spaniards

wished the safj conduct revoked, and Luther burnt at

once. Most of the Germans resolved to protect him at

all hazards. The emperor deliberated for a day, and then

declared that he meant to permit Luther to return safely

from the council, but that his opinions were to be con-

demned, and all who clung to them punished for the

future. But the proposal to cancel the safe conduct had
roused the people. There were threatenings of insurrec-

tions of the peasants, and of Sickingen and the knights

;

and the emperor, to allay the feeling, resolved that three

days should be given to Luther to reconsider what he had
said. Theologians came to argue with him, and to induce

him to make some recantation, but in vain. At last the

edict of the diet was pronounced, in which Luther was
condemned in the severest terms, and placed under the

ban of the' empire. This meant that when his safe conduct

expired he was an outlaw, and that all. people were for-

bidden to give him food or fire or shelter. His books

were to be burnt, his goods confiscated, and his adherents

punished. Whoever disobeyed the edict incurred the baa

of the empire.

I'rederick the elector of Saxony thought that Luther's At U>8

life was no longer safe, as in twenty-one days his safe Wait-

conduct would expire. Luther was hurried away from ""=

Worms, and as he travelled back to Wittenberg he was

stopped near Eisenach by a band of armed knights, and

carried to the fortified castle of the Wartburg above

Eisenach by Frederick's orders. The elector's fears, us

matters turned out, were exaggerated. Germany was in

no mood to give Luther up, and there were threatenings

of risings when he disappeared, only appeased when it was

whispered about that he was in friendly keeping. Luther

remained at the Wartburg, dressed as a knight, ordered to

let his beard grow, and bearing the name Junker George,

for ten months, and made use of his enforced leisure to

begin what was perhaps his greatest literary work, hit.

translation of the Scriptures from the original texts.

The New Testament was almost entirely his own work.

He used for the text Erasmus's fourth edition, and took

incredible pains with his work. Sonic of his 31R. still
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survives, and shows that he corroated and recorrected

with great pains. Some passages were altered at least

fifteen times. Ho often felt at a loss for want of

technical knowledge, and laid all his friends under

contribution. Thus, when in difficulty about the trans-

lation of Kev. xsi. he wrote to Spalatin to ask for

names and descriptions of all the precious stones men-

tioned. When engaged in the translation of the descrip-

tions of the slaughter of beasts for sacrifice, he got a butcher

to kill some sheep for him, that he might learn what

every part of a sheep was called. His aim was to re-

produce the tone and spirit of the original as far as he

possibly could. No fine courtly words, he said to Spalatin
;

this book cat only be explained in a simple popular style.

It must be understood by the mother in the house, by the

children in the streets, and by tlie "common man in the

market." The translation of the New Testament was first

published on September 21, 1522, and a second edition ai>

peared in December. By choosing the Franconian dialect

in use in the im])crial chancery, Luther made himself intelii-

gible to those whose vernacular dialect was High German
or Low German, and his Bible is still the standard of the

Gorman tongue, and has preserved unity of language,

literature, and thought to the German nation during its

political disintegration. The translation of the Old
Testament, begun in the same year, was a much more
tedious task, and Luther was assisted in it by what
Matthesius calls a private Sanhedrim. The friends met
once a week, several hours before supper, in the old

Augustinian monastery at Wittenberg, which had become
Luther's house. Eugenhagen, Justus Jonas, Melanchtlum,
Aurogallus, Roser, and several Jewish rabbis made the

"Sanhedrim." Luther thus describes the work : "We are

labouring hard to bring out the prophets in the mother-
tongue. Ach Gott ! what a great and difiicult work it is to

make the Hebrew writers speak German! . They resist it so,

and arc unwilling to give up their Hebrew existence aud
become like Germans." At the Wartburg Luther was ill

in health and somewhat troubled in minch He had been
ill before ho was summoned to Worms, and his long journey
in the waggon with its cloth tent, the excitement at

Worms, and the solitude at the Wartburg had enfeebled

him ; but his literary activity was untiring. He wrote

short commentaries on the G8th Psalm aud on other

liortions of Scripture, and a set of homilies intended to

guide evangelical jireachers, the Kiixhen-j>oslille. He also

wrote one or two short treatises on worship, on the mass,

<iu confession, and on monkish vows, interided to guide the

reformed churches in the rejection of superstitious usages.

Up to this time there had been no change in the church ser-

vices. The true doctrine of the gospel had been preached
in Germany, and Romish rites and ceremonies had been
exhibited as abuses, but not a single word or portion of

1 hese ceremonies had been changed, and Luther felt that
the time had come to bring the preaching and the usages
into harmony with each other. In the midst of these
labours news came to him that Germany wa.S-_threatened

with a new sale of indulgences. The cardinal archbishop
of Mainz, Albert of Brandenburg, unable to pay the
20,000 ducats due to Rome for his pallium, had resolved
to raise the money by indulgences. Luther wrote a fierce

tractate Against the Kew Idol at Halle. The archbishop
getting word of this, sent to Frederick asking him to

restrain Luther from attacking a brother-elector, and
Frederick wished Luther to desist. He was indignant,
but at the request of Mchinchthon he agreed to lay the
treatise asiilo until he had written to the archbishop.
" Put down the idol within a fortnight, or I shall attack
you publicly," ho wrote ; and the archbishop in reply
thanked Luther for his Christian brotherly reproof, and

promised, " with the help of God, to live hencrforlli ai

pious bishop and Christian prince."

Luther's absence from his congregation, his students, Bni4,.ii

and his fi'iends and books at Wittenberg weighed heavily Wittcn-

upon him, and he began to hear disquieting rumours.
'"'

Carlstadt aud other friends at Wittenberg were urging ou
the Reformation at too rapid a rate. Their idea was that

everything in worship not expressly enjoined in tJie Bible

.should at once be abolished. The churches were to lie

stripped of crucifixes, images of saints, aud .the ritual of

the mass ; the festival^, of the Christian year were to

be neglected, the monastic life put down by force ; and
some even wished it ordained tliat all clergymen should

be married. To Luther all this seemed d;ingtrous, and
sure to provoke a reaction ; the changiis insii^ted upon
were to him matters of indifleronce, which might be left to

the individual to do or leave undone as he pleased.

Auricular confession, the reception of the Lord's Supper
under both forms, pictures in churches, the observance of

festivals and fasts, aud the monastic life were (uliniiliorif.

He wrote earnestly warning his friends against rasbncs.s

aud violence, and he was anxious and distressed. Still ho

held out patiently till events occurred which called for lii.-j

presence. Certain men claiming to be prophets, NicolauH

Storch, a weaver, and his disciple Thomas Miinzer,

belonging to the village of Zwickau, near the Erzgebirgo

on the borders of Bolieniia, preached wildly a thorough-

going reformation in the church and the banishment of

jnicsts and Bibles. All believers were priests, they .said,

and all the faithful had the Holy Spirit within them, aud

did not need any such external rule as Holy Scripture.

They were banished from Zwickau, and came to Witteubei'g,

where Carlstadt joined them. Fired by their prcaciiing,

the pcoijle tore down the images in the churclies an<l

indulged in various kinds of rioting. Luther felt he could

remain no longer in hiding. He wrote to the elector

telling him that he must quit tlie Wartburg, and at tiio

same time declaring tliat he left at his own peril. "You
wish to know what to do in the present troublesome

circumstances," he said. "Do nothing. As for myself,

let the command of the emperor be executed in town or

country. Do not resist if they come to seize and kill me
;

only let the doors remain open for the preaching of thu

word of God." He was warned that Duko George of

Saxony, a violent enemy of the Reformation, was waitiiig

to execute the sentence of the ban. " If things were at

Leipsic as they are at Wittenberg," he said, " I would go
there, if it rained Duke Georges for nine days running,

and every one of them nine times as fierce as he." lie

left the Wartburg, suddenly appearing in Wittenberg on
March 3, 1522, and plunged at once into the midst of

struggles very different from those which he had hitherto so

victoriously overcome. He found things in a worse stato

than he had feared; even Mclanchthon had been carried

away. Luther preached almost daily for eight consecutive

days against Carlstadt and the fanatics from Zwickau, and
in the cud he prevailed and the danger was averted. His
theme was that violence docs no good to God's word

;

there are in religion matters of indifference. " The Word
created heaven and earth and all things ; the same Word
must also now create, and not we poor sinners. Summa
siimmariim, I will preach it, I will talk of it, I will writu

about it, but I will not use force or compulsion with any
or.e." " In this life every one must not do what ho has a
right to do, but must forego his rights, and consider what
is useful to his brother. Do not make a 'must be' out of

a ' u ay be,' as you have now been doing, that you may not

have to answer for those whom -you have misled by your
uncharitable liberty." Sforc-h and Miinzer, sincere thougu

mi.'guided men, sought an iutcrviow with him. i'hey laid.
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LuU.er

an.l thu

diet at -

Nilrem-

tlioif claims for support bffuro liim ; tlioy said tliat tliey

wera inspired and could prove it, for they would tell bim

what then passed through his mind. Luther challenged

Ihcni to the proof. " You think in your own heart that

my doctriro is true," said one of them impressively. " Get

thee behind me, Satan," exclaimed Luther, and dismissed

them. " They were quite right," ho said to his friends

afterwards; "that thought crossed my mind about some

< f their asscitions. A spirit evidently was in them ; but

nhat could it be but the evil one?"

When Charles V. had laid Luther under the ban of the

empire, he had undoubtedly been greatly influenced by

political considerations. Francis L of France and Charles

of Spain were rivals, and the whole of the European policy

of the time turns on this rivalry. The opponents schemed

to attract to themselves and to divert from their neighbour

the two outside powers of England and the papacy, and in

1521 it was the policy of Charles to win alliance with

the pope. The Germans saw that they were being

sacrificed in this game of statecraft, and there was no

great willingness oven among Roman Catholics to put the

edict of Worms in force. Luther at the Wartburg and at

Wittenberg was protected by the national feeling of

Germany from attack. The diet of the empire met in

1522 at Nuremberg, and the new imperial council, which

ruled in the emperor's absence, and very fairly represented

the popular feeling in Germany, was in no mood to yield

to the papacy. Leo X. had died, and Adrian YL, an

orthodo.x Thomist theologian and an advocate for reforma-

tion in the cloisters and in the lives of the clergy, proposed

to begin reformation by crushing the German hereby. He
instructed his nuncio to the diet to demand the execution

of the edict of Worms. The imperial council refused until

the grievances of Germany were heard and redressed.

They spoke of concordats broken and papal pledges unful-

filled, and finally they demanded a free oecumenical council

to be held in Germany within a year, which should settle

abuses, and until it met they wished the creed to bo au

open question. The nuncio found that the pulpits of the

free imperial city were filled with jjreachers, mostly monks,

who were making the city resouud with gospel preaching.

He asked the diet at least to arrest the preachers ; the

diet pleaded incompetence. He proposed to seize them
himself in the pope's name ; the magistrates threatened to

release them by force, and the nuncio had to desist. The
diet then presented a hundred gravamina or subjects of

complaint which the German nation had against the papacy,

including in the list indulgences, dispensations bought for

money, absentee bishops and other ecclesiastics, the use of

bans and interdicts, pilgrimages, excessive demands for

money, and the decisions of matrimoniaUcases in ecclesi-

astical courts. The complaint was an expansion of Luther's

addrass to the German nobles. The nuncio could do
nothing, and was forced, to accept by way of compromise
a decision from the diet that only the vcrum, purum,
sinrerum, et sanduvi evangelium was to be preached in

Germany. Nuremberg reversed the edict of Worms.
Next year the diet met again at Nuremberg, and the new
pope, Clemeut VIL, sent the celebrated cardinal-legate

Lorenzo Campeggio to demand the execution of the edict

of Worms. The diet asked in return what had become of

the hundred grievances of the German nation, to which
Home had never deigned to return an ansn-er. Campeggio
declared that at Rome the document had been considered

merely as a private pamphlet ; on which the diet, in great

indignation, insisted on the necessity of au cccumenical

council, and proceeded to annul the edict of Worms,

—

declaring, however, in their communication to the pope,

that it should bo conformed to as much as possible, which
with respect to many cities and princes meant not at all.

Finally it was resolved that a diet to be lield at Spires
was to decide upon the religious differences. But between
Nurembprg and Spires an event occurred, the revolt of
Sickingen and the knights, which was destined to work
harm to the Ueformation. The diet of Spires met, and,
many of the members being inclined to connect Sickingen
and Luther, there was a strong feeling against die
Reformation, but the feeling was not strong enough to
induce thediet to comply with the demands of the kgatc
Campeggio and revoke the decisions of Nuremberg, and it

refused to execute the edict of Worms. Campc'"'io how-
ever, was able to separate Germany into two parties, and
this separation became apparent at the convention of
Ratisbon, where Bavaria, Austria, and other South-German
states resolved to come to separate terms with the papacy.
The curia promised to stop a number of ecclesiastical

extortions and indulgences, to make better appointmeiit.s
to benefices, and to hand over some of the ecclesiastical

estates to the Austrian and Bavarian princes ; while the
states promised to set aside the gravamina, and to permit
no toleration of the new doctriues. On the other hand,
many states which had kept aloof from the Reformation
now joined it, and declared against the seven sacraments,
the abuses of the mass, the worship of saints, and tlio

supremacy of the pope. The emperor's brother and suc-

cessor Ferdinand was a bitter foe to the Reformation, and
urged persecution. Four Augustinian monks at Antwerp
were the first martyrs ; they were burnt on 1st July 1523.
Ferdinand began the bloody work of persecution in the
hereditary states of Austria immediately after the conven-
tion of Ratisbon. At Passau in Bavaria, and at Buda in

Hungary, the faggots were lighted. The dukes of Bavaria
followed the same impulse.

Luther's literary activity during these years was unpiral- Lullier'8

leled. In 1522 he published, it is said, one hundred and writings

thirty treatises, and eighty-threo in the following year,among ''".""S

them the famous Contra Henricnvi regcm Anr/lia; in wliich,
,,erioa.

after having dealt mercilessly with the royal controversialist,

he exclaims, " I cry ' Gospel ! Gospel ! Christ ! Christ
!

' and
theyceasonot to answer 'Usages! Usages! Ordinances ! Ordi-

nances! Fathers! Fathers!' The apostle St Paul annihilates

with a thunderstomi from heaven all these fooleries of

Henry." His principal work, however, during these years

was the publication of certain short tracts upon worship and
its reform, followed byvarious directories for public worship,

which afterwards served as a model for th« numerous
Lutheran Church ordinances. In 1522, while IiUther was
still in the Wartburg, Carlstadt had published for the

church at Wittenberg an ordinance for directing the

government and worship of the church. It was very

brief, but very revolutionary (cf. Richter's Evangel, Kircheu-

ordmingen, vol. ii. p. 484). This was withdrawn after

Luther's return ; but the Reformer felt that the time had
come for a definite reform of public worship and for pub-

lishing his views upon the subject. Accordingly, after a

series of tracts in 1522 upon religious and monastic vows,

the abolition of private masses, the Lord's Supper under

both forms, saint worship, the so-called spiritual estate,

and the married life, he published in 1523 The Order of

ike Worship of God. He was, as usual, conservative, and
made as few changes as possible in the form of service,

caring only to give full place to prayer and the reading and

preaching of the word. The order of worship was followed

by the Formula Missx, published in Latin, but at once

translated into German by Paul Speratus, in which the

ancient form was as much preserved as Is consistent with

evangelical doctrine. Luther was of opinion that the more

diflicult introits should be removed from the order of tin:

Eucharist, and simpler hymns put in their place, and he

also was strongly in favour of the singing of hymns in tho
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common worshi[i. This led to the publication in ir)24' of

a small collection of church bymns, which was Luther's

first German Church Hymn-book, and which was the

beginning of the wonderfully rich German Protestant

hymnology. In the same year Luther translated the order

of baptism, and publishe -^ it under the title of Das Tauf-

Biichkin. He also drew up a directory for public worship

for Leisnig (ef. Ilichter, op. cit., vol. i.). The hymn-bdok

was followed by a prayer-book, and by the publication of a

short summary of the heads of Christian truth fitted for the

instruction of the " rude common man." Luther's catechism

for children completed this series of works, intended to aid

worship, public and private. Notwithstanding this immense

amount of literary work, Luther found time to make preach-

ing tours, and visited in this way Altenburg, /Zwickau,

Kilenburg, Erfurt, Weimar, and many other places, and

was cheered by the progress of the Reformation throughout

North Germany. About this time also he sent a powerful

address to the inunicipal councils of the German towns,

exhorting them to establish everywhere Christian schools,

both elementary and secondary. " Oh my dear Germans,"

he exclaimed, " tlie divine word is now in abundrmce

ofiFered to you. God knocks at your door ; open it to Him !

Forget not the poor youth. . . . The strength of a town

does not consist in its towers and buildings, but in count-

ing a great number of learned, serious, honest, and well-

educated citizens." He tried to impress upon them the

necessity for the highest education, the knowledge of

Greek and Hebrew, by showing how serviceable such learn-

ing had been to him in his attack upon the abuses of

Rome. He also appealed to the princes and cities to help

the 'gospel and the Reformed churches ; but church rule

and church maintenance could liot be fixed on a legal basis

until much later.

Here we conclude thi^ first glorious period of Luther's

life. The problem to be solvefl was not to be solved by
Luther and by Germany ; the progressive vital element of

reformation passed from Gerinany to Switzerland, and

through Switzerland to France, Holland, England, and
Scotland. Before he descended into the grave, aiKl

Germany into thraldom, Luther saved, as much as was in

him, his country and the world, by maintaining the funda-

mental principles of the Reformation against Melanchthon'.s

pusillanimity ; but three Protestant princes and the free

cities were the leaders. The confession was the work of

Melanchtlion ; but the deed was done by the laity of the

nation. The German Reformation was made by a
scholastically trained monk, seconded by professors ; the

Swiss Reformation was the work of a free citizen, an honest

Christian, trained by the classics of antiquity, and nursed in

true hard-won civil liberty. Luther's work wag continued,

preserved, and advanced bythe work of the Swiss and French
Reformers. The monk began ; the citizen finished. If the

one destroyed Judaism, the other converted paganism, then

most powerful, both as idolatry and as irreligious learning.

But as long as Luther lived he did not lose his supremacy,

and he deserved to keep it. His mind was universal, and
therefore catholic in the proper sense of the word.

Third Period (1.525-1546). In this third periorl

the epic of Luther's life was changed into tragedy

;

the revolt of the krights under Sickingen, the Anabaptist
tumults, and the peasants' war in the Black Forest

alienated the sympathies of many from the Reformation,

and resulted in a divided Germany (see vol. x. p. 498,

Revolt vol. i. p. 78G). From Sickingen'a rising Luther sedulously
mii\er kept himself aloof, but the insurgent had more than once
Sickni proclaimed himself on Luther's side, and that was enough

to make many of the princes resolve to have nothing to do

with reform. The convention of Ratisbon was the result

of SickinKen's abortive revolt. The Anabaptists have to

do with Luther's history mainly in so far as his contact

with them modified and gave final shape to his doctrine

of baptism. In his tract on the Sacrament of Baptism,

1519, Luther distinguishes carefully betwe'en the sign and

the thing signified. The ordinance is just the sign, the

thing signified is the death to sin, the new birth, and a

new life in C'iirist. This new life goes on here on earth,

so does the death to sin. Believers die daily to sin, not

once for all in baptism, and their life in Christ is not a

full life whilst earth's life lasts ; and so baptism is merely

a sign of what is never really accomplished till after death.

In the Bahyloman Captivity of the Church of God, 1520,

Luther adopted a view not unlike Calvin's. He said that

God's word was always more than a statement, it was also

a promise. Baptism was therefore a seal or pledge, a

promise that what was signified by the ordinance would

be bestowed. Only unbelief can rob the baptized of the

benefits of their baptism and make the ordinance of none

effect. But after Luther came in contact with the

Anabaptists he departed from this simple theory, for he

thought that he could not justify infant baptism upon it,

and so in his Sermon on Baptism, 1535, ha introduced a

third theory, which approached much nearer to medieval

"views. He explained that in the ordinance of baptism

God through His word so works on the water in the

sacrament that it is no longer mere water, but has the

power of the blood of Christ in some mysterious fashion.

Luther then asked if faith was required for the worthy

partaking of the sacrament, and he felt obliged to confers

that the faith of the recipient was not needed. This

sermon marks Luther's reaction towards ideas he had

abandoned in 1519-20.

More important was the connexion between the Lutheran Teasaiil!

movement and the peasant revolt. The first coalitions of wr-

the peasants against the intolerable rapacity and cruelty of

the feudal aristocracy had begun before the close of the

15th century. But all the oppressed inclined towards

Luther, and the oppressors, most of whom were sovereigns,

bishops, and abbots, towards the pope. The struggle in the

peasants' warwasreallybetween the reforming and the papist

party, and it could easily be foreseen that Luther would

be dragged into it. As early as .Tanuary 1525 the revolu-

tionary movement had extended from the Black Forest into

Thuringia and Saxony, and the peasants were eagerly

looking to Luther for help. The more moderate party

published their programme in twelve articles, with a very

remarkable preface, in which they stated that they did not

wish for war, and asked nothing that was not in accord-

ance with the gospel. These articles were the following :

—

(1) the whole congregation to have power to elect their

minister, and if he was found unworthy to dismiss him
;

(2) the great tithe, i.e., the legal tithe of corn, to be still

payable for the maintenance of the pastor, and what is over

to go to support the poor ; the small tithes to be no longer

payable
; (3) serfdom abolished, since Christ has redeemed

us all by His precious blood
; (4) game, fish, and fowl to be

free as God created them ; (5) the rich have appropriated

the forests, this to be rearranged
; (6) compulsory service

to be abolished—wages for work
; (7) peasant service to

be limited by contract, and work done above contract to

be paid for ; (8) fair rents
; (9) arbitrary punishments

abolished; (10) the commons restored; (11) the right of

heriot, i.e., the right of the lord to take the vassal's best

chattel, to be abolished; (12) all these propositions to be

tested by Scripture, and what cannot stand the test to be

rejected. Most impartial historians have declared that

their demands were on the whole just, and most of them
have become law in Germany. The words of Scripture

brought forward by the peasants prove clearly that Luther's

proachiug of the gospel had acted, not as an incentive, but
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as a corrective. The peasants declaroJ tlieii- (lesiiu to

uphold the injunctions of tlie gospel, peace, patience, and
union, • Like the Puritans in the following century, the

peasants sai^tliat they raise their voice to God who saved

the people of Israel ; and they believe that God can save

them from their powerful oppressors, as ho did the

Israelites from the hand of Pharaoh. Luther evidently

felt himself appealed to. The crisis was diflicult, and, in

spite of what has been said in his defence, he failed, as he

failed afterwards in the conference with the S/.iss deputies

at JIarburg. Had Luther thrown the weiglt of his in-

Uuence into the peasants' scale, and brought the middle

classes, who would certainly have followed him, to the side

of the peasants, a peaceful solution would in all probability

have been arrived at, and the horrors of massacre averted.

But Luther, bold enough against the pope or the emperor,

never had courage to withstand that authority to which he

was constantly accustomed, the German prince. He began

by speaking for the peasants in his address to the lords,

and had courage enough to tell them some plain truths, as

when he said that some of the twelve articles of the

peasants are so erjuitable as to dishonour the lords before

God and the world, when he told them that they must not

refuse the peasants' demands to choo.->e pastors who
would preach the gospel, and when he said that the social

demands of the peasants were just, and that good govern-

ment was not established for its own interest nor to make
the people subservient to caprice and evil passion, but for

the interest of the people. " Your exactions are intoler-

able," he said, " you take away from the peasant the fruit

of his labour in order to spend his labour upon your finery

and luxury." He was courageous enough also in asking,

the peasants to refraiu from violence, and in telling them
that they would put themselves in the wrong by rebellion.

But what Luther did not see was that the time for good
advice had gone by, and that he had to take his stand on
one side or the other. He trusted too much in fine language.

His advice that arbiters should be chosen, some from the

nobility and some from towns, that both parlies should

give up something, and that the matter should be amicably

settled by human law, came ten months too late. The
bloody struggle came ; the stream of rebellion and destruc-

tion rolled on to Thuringia and Saxony, and Luther
apparently lost his head, and actually encouraged the

nobles in their sanguinary suppression of the revolt^ in his

pam[)hlet entitled Against the Murdering, Rohhing Troops

of Peasants, where he hounds on the authorities to " stab,

kill, and strangle." The princes leagued together, and the

[leasants were routed everywhere. One army, with neither

military arms nor leaders, was utterly routed at Franken-
hausen, another in Wiirtemberg. Fifty thousand were
slain or butghered by wholesale executions. Among this

number many of the cjuietest and most moderate people

were made victims in the general slaughter, because they
were known or suspected to be friends of the Keformation
and of Luther, which indeed all the citizens and peasants
of Germany were at that time. Xone felt more deeply,

when it was too late, this misery, and what it involved in

its effects, on the cause of the gospel in Germany, than
Luther; and he never recovered the shock. He thus
unburdens his soul at the close of this fatal year, which
crushed for centuries the rights and hopes of the peasants
and labourers, and weakened the towns and cities, the seats

of aU that was best in the national life,
—" The spirit of

these tyrants is powerless, cowardly, estranged from every
honest thought. They deserve to be- the slaves of the
people ;" and in the next year—" I fear Germany is lost

;

it cannot be otherwise, for they will employ nothing but
the sword."

The pros[ijct was dars enough for thn Reformer.

Ferdinand of Austria an'P tlio duke ol Bavaria wcr
imprisoning and slaying Christians on account of the
gospel. The emperor, fresh from his victory at Pavia, and
tlie pope were combining to crush the Reformation, and it

was rumoured that the kings of France and England were
to lend their aid. The convention of Ralisbon lind resulted
in a Roman Catholic league in which Duke George of
Saxony, Albert elector-archbishop of >rainz,.auc: (he ^'uko
of Brunswick were the leaders. Luther also found that
tho war had demoralized the Pi-otestant congregations, and
that they were becoming ignorant and savage. And iu
May 1525 the elector Frederick died.

It was under such auspices that Luther deeidea at last

to tarke a wife, a» he had Ipng advised his friends among
the priests and monks to do. He married Catherine vnn
Bora, a lady twenty-four years of age, of a noble Saxon
family, who had left her convent together with eight other
sisters in order to worship Christ without the oppressiou
of endless ceremonies, which gave neither light to the mind
nor peace to the soul. The sisters had lived together ii?

retirement; protected by pious citizens of Torgau. Luther
married heron June 11, 152-5, in 'he presence of Lucas
Cranach and of another friend as witnesses. Catherine
von Bora had no dowry, and Luther lived ou his appoirt-
ment as professor ; he would never take any money for his
books. His marriage was a happy one, and was blessed

with six children. He was a tender husband, and the
most loving of fathers. In the close of the year 1.525

Luther was engaged in controversy with Erasmus on tho
freedom of the will.

The princes who were friendly to the fteformalion
gradually gained more courage. The electoi Johu of

Saxony established the principle in his state th.at all riles

should be abrogated which' were contrary to the Scriptures,

and that the masses for the dead be abolished at once.

The young landgrave Philip of Hesse gained over the sou
of the furious Duke George to the cause of the Reforma-
tion. Albert, duke of Prussia, had established it at

Konigsberg, as hereditary duke, abolishing the vows of

the order whose master he had been, saying ;
—" There is

only one order, and that is Christendom." Ai the request
of the pope, Charles placed Albert under interdict as an
apostate monk. The evangelical priii.;e» found in all thsso
circumstances a still stronger motive to act at Augsbur"
as allies in the cause of the evangelical paity ; and when
the diet opened in December 1525 they spoke out
boldly :

—
" It is violence which brought on the war of tho

peasants. If you will by violence tear the truth fi God
out of the hearts of those who believe, you will draw
greater dangers and evils upon you." The Romanist
party was startled. "The cause of the holy faith " wna
adjourned to the next diet at Spire-s. The landgrave and
the elector made a formal alliance in February 1526 at

Torgau.

Luther, being consulted as to his opinion, felt helpless.
" You have no faith

; you put not your trust iu God

;

leave all to Him." The landgrave, the real head of tho
evangelical alliance, perceived that Luther's advice \v.ia

not practical—that Luther forsook the duty of self-defenca

and the obligation to do one's duty according to the dictates

of reason, in religious matters as well as in other political

questions. But the alliance found no new friends.

Germany showed all her misery by the meanness of hei

princes and the absence of any great national body to

oppose the league formed by tho pope, the emperor, aud
the Romanists throughout Europe. The archbishop of

Treves preferred a pension from Charles to the defence of

tho national cause. The. evangelically-disposed elector

of the palatinate desired to avoid ^retting into trouble.

The imperial city ol Fiankfurt surrounded \>y \>\\Mn

l'lnsi-.«

of ilm

l>rr<iniiii
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enemiDs and timid friends, declined to accede to tlie

alliance. There was more national feeling ai<J courage

in tlio Anglo-Saxon north of Germany. The princes of

Brunswick, Luxemburg, Mecklenburg, Anhalt, and Jlans-

feld assembled at Magdeburg, and made a solemn and

heroic declaration of their resolution " to pledge their

estates, lives, states, and- subjects for the maintenance of

the holy word of God, relying on Almighty God, as whose

instruments they would act." The town of Magdeburg
(which then had about three times as many inhabitants as

now) and Duke Albert of Prussia adhered to the alliance.

The league doubled its efforts. Charles, strong and
rendered safe, by the peace of Madrid concluded with

Fi'ancis, sent word from Seville in March 1526, through

the Romish Duke Henry of Brunswick, that he would soon

come himself to cru.sh the heresy. Luther saw the dangers

crowding around him; his advice was,—"We are threatened

with war let us force our enemies to keep the peace, con-

quered by the Spirit of God, before whose throne we must
now combat with the arms of prayer ; that is the first work
to be done."

The emperor commissioned his brother Ferdinand to

preside at the diet of Spires and carry out his wishes. But
before the diet met Francis and the pope had formed a
league against him, and Charles had commissioned Count
Frundsberg to levy an army of Germans to fight against

the pope, while Ferdinand was called to Hungary to main-

tain against the Turks and others the kingdoms of Hungary
and Bohemia, bequeathed to him by King Louis after the

battle of Mohacz. When the diet at Spires met (June 1526),

after some deliberation a proposition presented by the free

cities was accepted that until a general council met " every

state shall live, rule, and bear itself as it shall be ready to

answer for to God and his imperial majesty, "^—a decision

which foreshadowed the famous Augsburg formula cnjns

rerjio ejtis religio, the principle on which the German
Protestant church was afterwards legally based. The
Reformation had thus the three years, 1526-1529, to

organize and consolidate itself. The man of Germany at

tliat time among the princes was Philip, landgrave of

Hesse, and he was taught what to do by a citizen James
Sturm, the deputy of Strasburg at Spires. Sturm had con-

vinced Philip that the basis of the true evangelical church
was the acknowledgment of the self-government of the

church by synods composed of the representatives of the

whole Claristian people ; and this was embodied in the first

Protestant constitution, the Reformatio ecdedanim Hassix
jnxia cerlissimam sermonum-Dei regwlan ordinata.^ The
constitution acknowledged the episcopal element, but not

episcopal rule ; the jus episcopate was invested in the

Christian community, and the flock of Christ were to hear

only the voice of their shepherd Christ. Bishops and
deacons were to be elected by the Christian people

;

bishops vrere to be consecrated by imposition of the hands
cf three bishops, and deacons instituted by the imposition

of the hands of elders; while elders were associated with
the pastors in the pastoral care of the congregation. A
general or land synod was to be held annually, consisting

of the pastor of each parish and of pious men elected from
the various congregations, and there were provisions made
for provincial and congregational synods. Three men
were to be elected annually to exercise the right of visita-

tion. This was afterwards found to be inconvenient, and
six and then thirteen superintendents for life were sub-

stituted. This board of superintendents became afterwards

an oligarchy, and at last a mere instrument of state,

overriding the original democratic constitutions of the

^ See Kichter, Exnng. Kirchenordnungcn. \

tlesch. d. Precb. u. Si/iioil. Ver/assung,
i>.

14.

p. 5(3 ; and Lechler,

church, a canseqr.cnce of the disruption of Germany anc".

o^tho parah.-is of all national institutions. Luther had
in 1523 and 1524 professed principles almost identical

with those established in 1526 in Hesse. His action

ceased there ; after the peasants' war he abandoned his

more liberal ideas, and insisted on leaving everything to

the princes, and what could a people do cut up into

four hundred sovereignties ! Luther never acknowledged
Csesaropapism or Erastianism as a principle and as a right.

He considered the rights of the Christian people as a

sacred trust provisionally deposited in the hands of the

princes their representatives. " Where," he asked, " are

the people to form the synods ? I cannot find them." It

was Melanchthon's influence that facilitated the despotic

system and hampered the thorough reform of the forms of

worship. Luther withdrew from a sphere which he felt

was not his. He busied himself during these years with

plans to improve and simplify the church services at Wit-

tenberg. Some portions of the music in the communion
service were too difficult for the people. Luther induced

the elector to provide music teachers, and also to permit a
simpler service. This led to the German Mass and Order

of Worship for Wiltenherg. The churches too throughout
electoral Saxony were becoming better attended, and
Luther had to consider and devise plans for church exten-

sion and supervision. His letters to Philip of Hesse,

disapproving of the new constitution of the church there,

show how jealous he had become of the entrance o!

democratic ideas. He asked the elector of Saxony to take

charge of the church within his dominions, and Melanch-
thon's articles for the visitation of the churches in Saxony,
which foreshadowed the'Lutheran consistorial organization,

show that Luther distinctly contemplates the transfer of

the jus episcopate to the princes and magistrates. It is

true that he called these magistrates Noiliebischofe, but he
could not see any other solution of the difficulty, and
undoubtedly from the legal point of view it was 'easy to

transfer the right of supervision from one external authority

to another, and difficult to hand it over from the bishops

to the congregation. The new ecclesiastical organization

adopted in Hesse and electoral Saxony had the effect of

making the archbishop of Mainz renounce in 1528 the

spiritual jurisdiction he had hitherto exercised over these

two districts.

Jleanwhile tue emperor had been again successful in his Diet of

political schemes. His German army under the Constable Spires,

Bourbon and General Frundsberg had seized upon Italy

and had sacked Rome, and again he had brought the pope
and Francis to terms. It only remained to subdue the

Reformation, and the raedijeval empire might be restored.

He first sent a dispatch saying that the edict of Worms
was to be held as in force. When the diet met at Spires

in 1529, the imperial commissioners forbade the celebration

of worship according to the reformed usage in churches,

and afterwards in the houses of the elector and of the

landgrave. The Act of Toleration of 1526 was to be

abrogated. The diet appeared to be hopelessly divided, n

majority with the emperor and a minority with the elector

and the landgrave, and the majority passed an edict

which amounted to this that where the edict of Worms
could not be executed without fear of revolution no further

reforms wore to be allowed. The minority prepared a The pro-

protest. " The diet has overstepped its autliority," they t^^** """^

said; "our acquired right is that the decree of 1526,^'°'"*'

unanimously adopted, remains in force until a council can

be convened. Up to this time the decree has maintained

the peace, and we protest against its abrogation."

Ferdinand, who represented his brother, assured the princes

that nothing remained for them but to submit ; he

threatened the free Lities with the loss of their privileges
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Lither

and

and with an interdict, and lio left tljc diet wliilu the

evangelical members were deliberating. In spite of these

throats the protest was signed by John of Saxony, George of

Brandenburg, Ernest of Liineburg, Philip of Hesse, and
Wolfgang of Anhalt among the princes, and by the

representatives of the free cities of Strasburg, Nuremberg,
Uim, Costnitz (Constance), Lindau, Memmingon, Kempten,
Nijrdlingen, Heilbronn, Keutlingcn, Isay, StUall, Weisson-

burg, an'd Windsheim. This celebrated protest of April

15, 1529, from which comes the name Protestant, is one of

the noblest documents of Christian history. The protest-

ing princes and cities claimed as their right as Germans
the sacred duty freely to preach the word of God and the

message of salvation, that all who would hear it might

join the community of believers. It was also an earnest

of true evangelical union ; for it was well known that

most of the cities were more inclined towards Zwingli's

than to^vards Luther's view of the sacrament.

If this great act be considered impartially, it is im-

possible not to see that neither Luther nor Melanchthon

was the real leader of the time. Luther had no real com-

prehension of what had to be done in Germany to preserve

the gospel from destruction. He. had shown little sym-

pathy with the first attempt made in Hesse at the self-

government of the church ; still less did he see the

importance of the protest at Spires, and of the unity it

gave to the evangelical cause. It was evident that nothing

but the inroad of the Turks had saved the Protestant

princes after the diet, and that Charles was so far master

of Germany as to make it impossible for Germany t6

become a Protestant nation. The Protestants were lost

unless they strengthened the alliance which they had just

founded at Spires. But Luther disliked such alliances; he

dissuaded the elector from sending deputies to the meeting

agreed to be held at Smalkald, and when the Sason depu-

ties prevented any business being done he was proud of the

result. This apparent blindness and perversion of mind
requires explanation. Luther lived under the shadow of

the Middle Ages, and had been trained in schola.stic law

as well as in scholastic theology. To the mediaeval jurist

the emperor was the impersonation of all social order and
moral law ; he was the vicar of God. In the later Middle

Ages the jurists had exaggerated this sacredness of the

emperor, and had done so quite naturally in order to protect

civil law from canon law, and to uphold the state against

the church. Luther could throw off scholastic theology,

but he could not throw off that scholastic jurisprudence

that all his media3val heroes, Occam, Wicklifl'e, and Huss
liad found so useful in their attacks on the papacy, and
that Luther himself had found so serviceable when he ap-

pealed from the church defined by the pope to the church

defined by the empire. He could not bear to think of an
alliance against the holy Roman empire. Luther too had
been trained in the school of Tauler and the Theologia

Germanica, and partook greatly of their quietism. " Suffer

God to do His work in you and about you " was their motto.

There was a theological scruple also at the bottom of

Luther's opposition to a vigorous Protestant alliance and
a national attitude. This betrayed itself, first, in an un-

easiness about Zwingli's rising influence in Germany, and,

secondly, as a doctrinal idiosyncrasy respecting the sacra-

ment of the Eucharist. Philip of Hesse saw through this

instantly, and said, " I see they are against the alliance on
accoutit of these Zwinglians; well, let us see whether we
cannot make these theological differences disappear."

When Luther was raised above himself by the great

problem before him in that glorious period of action from
1518 to 1524, he had considered the sacrament as a part

of the services of <ihe church, and a secondary matter com-
pared with the right view of faith or the inward Christianity

15—6

which implies necessarily an un.^lfish believing and thank-

ful mind. He was convinced that thero was uo virtue

inherent in the elements apart from the communion, and
it was a matter indifferent how the spirituality of the action

and the real presence, even the transubstantiation, might
be reconciled with faith. But the peasants' war and Cari-

stadt's mystical enthusiasm alarmed him. M'here was this

to lead to, ho asked, and he seems to have settled down
into a great resolve to abide by the tradition of the church,

and alter as little as possible provided room was found

for the exercise of living faith. So when he felt called

upon to form a theory of the doctrine of the sacrament of

the Eucharist he went back to his scholasticism to find

there some theory which should be traditional and yet afford

room for the spiritual priesthood of all believers, and for

the exercise of faith on the promises of God. He found it

in the writings of that schoolman whom he more than once

calls " his dear master," the daring Englishman William of

Occam. Transubstantiation, the Romish doctrine, offended

Luther in his two essential requirements : it demanded a

miracle which could be performed by a priest only, and

this miraculous power so separated clergy from laity that

it denied the spiritual priesthood of all believers: and, when
the elements had been made by the priest's creating word

the body and blood of the Lord, their supernatural efficacy,

apart from the faith of the communicant, imparted gi-ace.

Occam had championed a theory which in some form or

other had been in the church since the 10th century at

least, and which openly rejected one of these stumbling

blocks, and, as Luther saw, really did away with the othet

also. According to Occam's scholastic distinctions, matter

can be present in two ways^( 1 ) when it occupies a distinct

place by itself, excluding every other body, e.rj., two stones

mutually exclude each other, and (2) when it occupies th«

same space as another body at the same time. Every-

thing which is omnipresent or ubiquitous must be able to

occupy the same space as other things, else it could not ba

ubiquitous. Christ's resurrection body, said Occam, had

this power when our Lord appeared among His dbciplea

while they were in a room with the doors shut ; at a

certain moment of time it and a portion of door or watt

must have been in the same place at the same time ; and

besides Christ's body is ubiquitous. It is therefore in the

elements bread and wine, in, with, and under them.

Luther took over this doctrine from Occam without altera-

tion. The very illustrations he uses in his Bekenntnisi

vom Ahendmahl are taken almost verbatim from Occam,

De Atiaris Sacramento. From this it followed that con-

substantiation involved no miracle. Christ's body was not

brought into the elements by the priest; it was there natur-

ally. But its presence in these elements on sacramental

occasions brought with it a blessing, and imparted grace,

not because of the presence, but because God had promised

that this particular presence of the everywhere present body

of Christ would bring blessings to the faithful partaker.

Occam's theory of consubstantiation fulfilled all Luther^

wants, and above all it involved no explaining away of tlie

plain meaning of the sentence, " This b my body," such aa

had offended him in Carlstadt. It is easy to see therefor*

how Luther was alarmed at Zwingli. The Swiss Eeforme^

seemed to attack everything that Luther prized. He did

not care for tradition or church usage ; he seemed engaged

in a rationalistic attack on the presence of Christ in tlia

church, and on the word of God, and so he was guilty, in

Luther's estimation, both of self-confidence and of a

rationalism. On the other hand, Zwingli could not under-

stand what Luther meant; and yet he was anxious to unite

with him, and was willing to leave this one difficidty an

open question. It was in those circumstances—suspicioji

on the part of Luther, blank amazement on the part 6i
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and tlVo

Angs-

Mnrbiirg Zwingli—that Philip of Hesse induced the Swiss and tho
coiiicr- German theologiani to meet at Marburg. Luther was
'°'^^' gloomy and suspicious, "as he had never been seen before,"

a friend said. The frank declarations of the Swiss

Reformers soon cleared away all shadows of difference and
dissent on all points but one, and fourteen articles defining

the chief heads of Christian doctrine were adopted by both

parties. Then came the discussion on the hftsenth, the

doctrine of the Eucharist. Luther took a piece of chalk

and wrote upon the table Hoc est corpjts mcum, and when
wqrsted in argument, as he usually was, appealed to the

sentence. The discussion, which lasted four days, however,

resulted in the parties recognizing exactly where the point

of difference lay, and in reducing it to its smallest dimen-

sions. Both declared that they agreed in recognizing the

Eucharist to be a sacrament of the true body and blood of

Christ, and that a spiritual partaking of this body was a

means of grace. They differed whether the true body and
'blood of Christ were corporeaUy in the sajcrament. It was
lioped that time would bring about alliance if not agree-

ment, but Luther was obstinate. " Submit yourselves,

believe as we do, or you cannot be acknowledged as Chris-

tians." He refused Zwingli's hami ;
" You have another

spirit from us," he said, meaning that there was no objec-

tive basis of faith between them owing to what he thought
to be Zwingli's rationalism. The result was a sad one,

but Zwingli was to some extent a gainer ; his view be-

came naturalized in Germany, where Swabia adopted it,

as did many of the imperial cities, and Philip of Hesse
indicated that he preferred it.

Diet lit The Marburg conference was a sad prelude to the
^^''Bs- decisive diet to be held at Augsburg in 1530. The new

diet was anxiously awaited. Charles had made known his

intention to be present, and that he intended to enforce

obedience to the edict of Worms. He entered Augsburg
with great magnificence, and was in fact at the zenith

of his power. He had broken the might of France,

humblpcl the papacy, been crowned at Bologna, reor-

ganized Italy, and driven back the Turk. His only

remaining task, and it seemed easy, was to crush the

Keforraation. He first summoned before him the pro-

testing princes and asked them to withdraw the protest.

This they refused to do ; they had a clear constitutional

right, founding on the decision of Spires, to resist the
jmperor, and they resolved to exercise it. Divine ser-

vice after Lutheran fashion was held at their Quarters,

md they refused to join in th« procession of the host

it the festival of Corpus Christi. Meanwhile Luther,
Melauchthon with him, was at Coburg, near enough at

hand for consultation and yet beyond the emperor's
reach. Melauchthon was pre^iaring a confession with a
defence, the so-called Apology, in case the emperor should
require a statement of their doctrines. Luther was writing

commentaries on the Psalms and the prophets, and was
also preparing a popular edition of JEsop's Fables. He
also wrote comforting letters to the elector, and addressed
one of his most powerful writings to the Roman Catholic
clergy assembled in the diet at Augsburg. Melanchthon
was sent for to consult about the confession which the
emperor had asked for, and Luther remained alone at
Coburg full of anxiety, for he knew his friend's helpless-

ness in the actual bustle of life. When Melanchthon got
to Augsburg he really became a source of weakness. He
induced the elector for the sake of peace to give up the
services in the Franciscan church, and the Protestant
preachers left the town in despair. Luther all the while
had been quiet, waiting in patience; but this was too much
for him, and he wrote to encourage the elector to resist.

At leugth the Protestants were asked to present their con-
fession. The emperor ordered it to be read in Latin. "No,"

said the elector, "we are Germans anrt on German ground.

I hope therefore your majesty will aUow us to speak Ger-
man." When the vice-chancellor of the elector, Dr Christian

Baier, had read the first part of the confession, which ex-

pounds the principles of the Reformation, and in particular

the doctrine of justification by faith, " that faith which
is not the mere knowledge of an historical fact, but that

which believes, not only the history, but also the efi'ect ct

that history upon the mind," it is said that an indescribable

effect was produced upon the assembly. The opponents
felt that there was a reality before them which they had
never imagined ; and others said that such a profession of

faith by such princes was a more effectual preaching thau
that which had been stopped. " Christ," said Jonas, " is

in the diet, and he does not keep silence ; the word of God is

indeed not to be bound." The Roman Catholic theologians

present answered the confession, and then the emperor
engaged Protestant and Roman Catholic theologians in

negotiations in which Melanchthon soon showed his yield-

ing character, even granting that the Protestants might
acknowledge the jurisdiction of the bishops and the

supremacy of the pope. At this critical moment Luther's

indignation found vent. " I understand," he wrotfe to

Melanchthon, " that you have begun a marvellous work, to

make Luther and the pope agree together, but the pope
will say that he will not, and Luther begs to be excused.

Should you, however, after all succeed in your affair, I

will follow your example and 'make an agreement betweea
Christ and Belial. Take care that you give not up
justification by faith ; that is the heel of the seed of the

woman to crush the serpent's head. Take care not to

acknowledge the jurisdiction of the bishops ; they will

soon take all. In short, your negotiations have no chance

of success unless the pope will renounce papacy." The
Romanists fortunately demanded too much. Not even
Melanchthon could yield the acknowledgment of private

masses, of auricular confession, and of the meritorious

character of good works; and the negotiations ceased.

While they were in progress the emperor tried to intimidate

the princes by calling the imperial troops into the free city

of Augsburg and closing the gates. The landgrave escaped,

and this frightened the Catholics. Unfortunately the Pro-

testants had confessed their want of union by presenting

three confessions of faith :—the Lutherans had presented

the Augsburg confession; Strasburg, Constance, !Memmiu-
gen, and Lindau, which sympathized to some extent with

Zwingli, presented the Confessio Tetrapolitana; and Zwingli

had sent a confession which was not, however, laid before

the diet. The diet broke up with the final decision that

the Protestants should have till next spring to consider

whether they would voluntarily return to the church, and
that, if they proved obstinate, then measures would be

taken for their extermination.

To the student of Luther's life the diet of Augsburg is

noteworthy chiefly because it was the occasion of the com-

position of the Augsburg confession, or Augustana, which

afterwards became the symbol or confession of faith for

the Lutheran Church. It was prepared by Melanchthon,

founding on the fifteen articles of the Marburg conference,

on the seventeen articles of Schwabach, and on the articles

of Torgau. These various sets of articles had been written

by Luther, and therefore the Augsburg confession was

strictly Luther's own. It consists of two parts—one

dogmatic, in twenty-one articles, which states the principal

doctrines of the evangelical church, beginning with the

Trinity and ending with the worship of saints ; and the

other in seven articles, rejecting the celibacy of the clergy,

the sacrifice of the mass, auricular confession, ceremonial

feasts and fasts, monastic vows, and the secular jurisdic-

tion of bishops. It was signed at Augsburg, by Joliu of
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Siixony, George of Briindeuburg, Ernest of Liiiiehnrg,

I'liilip of Ilesso. aiul Wolfgang of Anhalt, and by tlie

representatives of the towns of Nuremberg and Reutlingen,

smd during the sitting of the diet by the representatives of

Kompten, Heilbronn, Windsheim, and Weissonburg.

Sm.alkaM The edict of the diet was published on November 19,

league, and the Protestant princes, after having overcome the

resistance of Luther, met for conference at Smalkald on

Christmas 1530, and formed an armed league for mutual

defence. It had been declared that the edict would be

put into execution in the spring of 1531, but when the

time came the emperor had other work on hand : France

liad become troublesome, and the Turks were again moving.

He found also that he could not count on the support of

the Homaa Catholic princes in the suppression of the

Protestants. Tn presence of danger the Zwinglians and

Lutherans' showed a united front, and the Smalkald

league grew to be a formidable power. The emperor

resolved to come to terms with his Protestant subjects,

and the result was the religious peace or rather truce of

Nuremberg, which left things as they were until a general

council should settle matters. The years following this

peace of Nuremberg were comparatively prosperous to the

P>.eformation. The Smalkald league was the only organ

jzed power in Germany, and very efi'ectually prevented

the oppression of Protestants by Roman Catholics. Year
by year their numbers increased, and Luther saw the

evaiigbhcal cause prospering. First Wiirtemberg was won
back for young Duke Christopher,, who had become a

Protestani, and found on his entry to his dukedom that his

people wero already secret Protestants. In northern and
central Geriuany whole districts embraced the evangelical

doctrines. Electoral Brandenburg and ducal Saxony had
received Protestant rulei-s, who found their people more
than willing to accept the creed of their new sovereigns.

At last the only, large states that were able to maintain a

firm front against the Lutheran doctrines were Austria,

Bavaria, the Palatinate, and the great ecclesiastical pro-

vinces on the Rhine, and even in these regions visitations

cf the churches had shown that the people were forsaking

the old fuith. It appeared that a more serious defection

than any might at any moment be made. The elector-

archbishop of Cologne showed signs of abandoning the

Roman Catholic faith and secularizing his vast episcopal

territories, and this threatened defection made Charles

bestir himself. If the elector became a Protestant the

Lutherans would be in a majority in the electoral college,

and a Protestant emperor might he elected.

During all these years Luther was quietly at work at

Wittenberg, lecturing, preaching, and writing. At first

he felt anxious lest civil war should break out, and he had
scruples about many of the doings, and even about the

very existence, of that league which was really giving the

land peace. Under Philip cf Hesse the Reformation was
assuming a national and political shape which alarmed

Luther, who was more than ever content to keep out of

public life and keep himself to his books. He began
publishing his lectures on various portions of Scripture, on
the Epistle to the Galatians and on the Psalms of Degrees.

He wrote one or two controversial tracts, mainly to show
how the Reformed could not accept the conditions offered

by the Roman Catholics at Augsburg. In 1534, to his

great joy, the first complete translation of the whole Bible

was published, and next year appeared a new edition of

the Wittenberg hymn-book, containing several new hymns.
Philip of Hesse, notwithstanding the failure of the con-

fe'ence at Marburg, still thought that something might
\ 1 done to remove the theological differences between
fjwitzerland and Saxony, or at least between Swabia,

t'trasbiirg, and Wittenberg. The divines of Switzerland

Wovk of

Luther'

later

years.

and of South Germany hail by their publications mmle this

somewhat easier. The confession of Basel, draftcil by
CEcolampadius (1531), revised by Jlyconius, and published
by the magistracy of Basel, had declared that in the Lord'ii

Supper Christ is the food of the soul to everlasting life,

and Bucer and the other South-German divines were
anxious for a union. Philip of Hesse, Bucer, and
Melanchthon met in conference at Cassel to arrange
preliminaries, not without suspicion on Luther's part, for
he could not trust Melanchthon at a conference, and, as he
remarked to Judtus Jonas, he hated triminera above all

men on the earth's round. The result, however, was better
than he had hoped for. Bucer drew up a short confession
which was to be submitted to the Wittenberg theologians,
and was favourably received by them, and the South
German theologians were invited to a further conference
at ^yittenberg. Tlje meeting very fairly represented all

the German states, and the result was the document known
as the Wittenherg Concordia. This document, mainly
drawn up by Bucer and Melanchthon, contains a statement
of the doctrine of the sacrament of the supper expressed

according to the Lutheran formula, with the declaration

that unworthy or faithless partakers really do not participate

in the sacrament. Melanchthon and Bucer had used too

much diplomatic skill in drawing up the formula, for the

essential differences between the Wittenberg and the

Strasburg school were not really faced and explained

;

they were covered over with ambiguous language. Nor
could the document be accepted by the Swiss ; but for a

time it seemed as if a satisfactory basis of peace had been
established. The general satisfaction was increased by
the publication of the First Helvetic Confession, whiih,

while stating the doctrine of the sacrament of the supper

in a manner essentially Zwinglian, laid special emphasis

on the real spiritual presence of Christ in the elements.

Luther in a letter to Meyer, burgomaster of Basel, and
also in his answer to the Reformed cantons, acknowledged

the earnest Christianity of the confession, and promised to

do his best to promote union with the Swiss. It is sad

to think that only three years later his old animosity to

Zwingli and his countrymen broke out again in his book

against the Turks, and that he renewed the sacramental

controversy with even more than the old fury in his Short

Confession of the Holy Sacrament, published in 1511.

This first Helvetic confession was drawn up, howevei,

for another purpose than to appease the Wittenberg

theologians. Charles V. was urging the pope to call a

general council to end the disputes within the Christian

church, and it seepied so probable that a council would

meet that the Protestants were ever/where preparing

themselves by doctrinal statements for taking their sDare

in its work. The German princes and their theologians

were also greatly exercised about this council, and the

thought of it and how Protestants should bear themselves

in its presence was filling Luther's mind. He wrote seven)

short papers on the subject in the years 1534—39, begin-

ning with the Convocatio Concilii liheri and ending with

Yon. den Conciiiis und Kirchen. The pope, Paul 111.,

yielding to the pressure of the emperor and of such liberal

Roman Catholics as Vergerius, his legate in Germany, called

a council to meet in May 1537 at Mantua, and invited

the Lutherans to be present. The Lutheran princes and

theologians felt compelled to face the question whether

they could or could not accept the invitation, and Luther,

at the request of the elector of Saxony, prepared a creed

to be u.sed as a basis of negotiations. This was submitted

to the princes and theologians assembled at Smalkald,

and was in substance adopted by them. It is called tJie

I

Smalkald Articles, and is important because in its state-

I luent of the doctrine of the sacriuient of the supiicr it
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repudiates tliR WittcnbDrg Concord. ' The princes decided
that they would have nothing to do with a council which
did not meet on German soil. The emperor, alarmed at

the progress of Protestantism, and at the united front

Bhown by German Protestants, and troubled by the refusal

of the pope to consent to a council to be held out of Italy,

strove to bring Protestants and Roman Catholics together

by means of religious conferences. The first of these,

held at Hagenau, came to nothing. Next year (15il)
the conference was renewed at Worms, when the Roman
Catholic party promised reforms on condition that the

Protestants first submitted to the pope. This condition

could not be accepted. Representatives met the same
year at Ratisbon, and here the conference was wrecked
on the doctrine of transubstantiation, but the diet re-

newed the terms of the edict of Nuremberg of 1632—the

Ratisbon Interirp, It was felt by all parties that, this

provisional state of matters must come to an end some
time, and that the Protestants must either be allowed to

have their own way or win it by fighting. The emperor
was not ready for war, and at the diet at Spires in 1544
it was agreed that the Protestants were to maintain their

rights until a general council met. Whatever hopes they
might have from such a council were soon dissipated.

The council of Trent was opened that year, and its earliest

acts were to refuse to pass the conciliatory measures pro-

posed by some of the liberal Roman Catholics. The em-
peror still temporized and promised reforms, if not by a
council then by a national assembly, and many of the
Protestants, Luther among them, .still hoped that matters
might settle themselves without civil war. This hope
inspired what was called the Wittenberg Reformation, a
document setting forth how near the evangelical church
might approach the Roman Catholic and still retain the

truths it had upheld. The year 1546 began, however,
with unmistakable indications that Charles was now ready
to strike a decisive blow.

Luther had been suffering much during the last few
years, and he felt his end to be near. In the month of
January 1546 he undertook a journey to Eisleben in very
inclement weather, in order to restore peace in the family
of the counts of Mansfeld ; he caught a violent cold, but
preached four times, and took all the time an active part
in the work of conciliation. On the 17th of February he
felt that his release was at hand ; and at Eisleben, where
he was born, he died, in faith and' prayer, on the following
day. Nothing can be more edifying than the scene pre-

sented by the last days of Luther, of whiuh we have the
most authentic and detailed accounts. When dying, he
collected his 'last strength and offered up the following
prayer :—-" Heavenly Father, eternal, merciful God, thou
hast revealed to mo Thy dear Son, our Lord Jesus
Christ. Him I have taught, Him I have confessed, Him
I love as my Saviour and Redeemer, whom the wicked
persecute, dishonour, and reprove. Take my poor soul up
to Thee !" ^sThen two of his friends put to him the solemn
question,— "Reverend Father,, do you die in Christ and
in the doctrine you have constantly preached?" He
answered hy an audible and joyful "Yes " ; and, re-

peating tha verse, " Father, into thy hands I commend
my spirit," he expired peacefully, without a struggle, on
the 18th of February 1546, at four o'clock in the after-

noon.

The books on the life and work of Luther are so very »uraeroHs
that it is impossible to do mc.ro than mention one or two. The best
editioai of Luther's works are (1) the "Wiftenherg, 1539-58, 19
vols, folio (7 in Latin and 12 in German ; Melanchthon wrote tlie

prefaces, and inserted a life of Luther in the beginning of the 2d
Tol.)

; (2) Walch's edition, 24 vols. 4to, 1740-53
; (3) theErlangen

edition, 65 vols, and 2 vols, of indices, in all 67 vols., in German,
ana 33 .vols, in Latin, and not yet complete, 1826-73 ; (4) the last

edition is froir. Fronkfort-on-the-IIain, publishing at the expense
of the Pru.ssiaii Government.

Luther's letters have been collected and edited by (1) Do Wette
and Seidomann, L. Bricfc, 6 vols., 1825-56

; (2) this emendated
by Burkhardt, £!i(to-'i £ric/tt-ecfcrf, 1866; (3) Seidemann, ZiiiAt"-

bricfe, 1859.

The IMi: Talk wtis translated (1) by AVilliam Hazlitt,' 1848,
and (2) by Kiadseil, Colloquia, ic., 3 vols., last published 1866.

Lives 'of Luther.—(1) J'. Mathesiug, Historii von D. M. LtUha^'i:,

&c., Nuiiii'beig, 1566
; (2) Cochloeus, Acta et Scripta LxUheri, Paris,

1565 (Roman Catholic and abusive)
; (3) Merle d'Aubign^ Bist.

of tU Rcf., vols. i.-iii.j 1838, &e.
; (4) Michelet, Life of Luther

(his statements about himself collected), translated by Hazlitt, 1846
and 1862 ; (5) Croly, lAfc of Luther, 1857

; (6) Julius KostUn,
Martin Luther, sein Leben, <S:c., 2 vols., 1875. The last is the best

;

it has been summarized for popular reading in one volume, with
interesting illustrations, 1882.

The Times ofLuther.—(1) Eanke, Deutsche Oeschichle im Zeilalter

d. JJcf, 6 vols., 1st ed. 1839-47, reached a 6th ed., Eng. transL by
Sarah "Austin, 1845-47

; (2) Lbscher, Reformations AkU;,, Leipsic,

1720
; (3) Hiiusser, T)ie PcrioH of tlic Befmmation, 2 vols., 1873 ;

(4) Seebohm, Era of the P)-oteslanl Revolution, 1877 (a very short
but good ^nd clear summary of events). (T. M. L.)

LUTHERANS are that body of Christians who adopted

the principles of Martin Luther in his opposition to tho

Roman Church, to the Swiss theologians, and to the sectaries

of Reformation times. - They called themselves " Evan-
gelical " in distinction from the " Reformed " or followers

of Calvin, and formed one of the two great divisions of the

Reformation Church. In the early days of controversy

the stricter Lutherans held it to be their peculiar function

to preserve the status religionis in Germania per Luiherum
instavratus and to watch over the deposiium Jesu Chrisli

which Luther had left in their charge. Luther himself was
much more fitted to be a reformer and preacher than an
exponent of a scheme of theology or the organizer of an
ecclesiastical system. His wonderfully sympathetic nature

was easily moved, and his own liking and disliking ruled

him too strongly to make him able to expound in calm

fashion the whole round of theology, giving to each doc-

trine its proper place in the system. His nominalist train-

ing, his quietism got from the mystics of the 14th and 15th

centuries, his occasional fits of morbid melancholy, all kept

him from looking at the whole system of Christian doc-

trine, and made him intensify the value and importance of

special aspects of truth. The early Lutheran theology

reflected the character of its founder. It lacked systematic

completeness, more especially in its failure to construct a

comprehensive doctrine of the work of the Holy Spirit, and
it swayed from side to side in violent controversies, until at

length out of the conflicts emerged the Form of Concord,

which, it was hoped, would succeed in pacifying the church.

The dogmatic symbols of the Lutheran Church are usually

said to include nine separate creeds, three of which are

taken from the early Christian Church while sis are the

production of tho 16th century. They are the Apostles'

Creed, the NicKoConstantinopolitan Creed in its Western

form (i.e., with the Jilioque), the so-called Athanasian

Creed, the Augsburg Confession or Confessio Augustana,

tho Apology for the Augsburg Confession, the Smalkald

Articles, Luther's two Catechisms, and the Form of Con-

cord. These nine confessions together make up the Liber

Concordix of the Lutheran Church; but only the three

pre-Reformation creeds and the Augsburg confession are

recognized by all Lutherans. ' Luther's catechisms, espe-

cially the shorter of the two, have been almost universally

accepted, but the Form of Concord was expressly rejected

by many Lutheran churches. The Angsburg Confession

and Luther's Shorter Catechism may be said to contain the

distinctive principles of Lutheranism wiuch all Lutherans

unite to maintain, but, as the principal controversies of '.he

Lutheran Church all arose after the publication of he

Augsburg Confession, and were fougnt out between men
who united in accepting th«t eymbol, it does not costuin
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all that is rlistinctively Lutbcran. Tlio Augsburg Confes-

sion itself perliapg owed its universal recognition to the

fact that it existed in two forms which vary slightly in the

way in^ which they state the doctrine of the sacrament of

the supper, the variala and the ini'ariata ; and this also

tears witness to the lack o£ dogmatic coherence which is a

characteristic of Luthoranism. Melanchthon's Hypotyposes

or Theological Commonplaces (first published in 1521) may
also rank along with these creeds as an authoritative ex-

position of Lutheran theology ; and the changes it under-

went in its successive editions show the incompleteness of

the system.

The earliest contvoverey which divided the Lutheran Church
arose in Luther's lifetime and lasted till 1560 (1537-60). It

sprang out of ditTerences of opinion about the precise meaning to be

attached to the term law in Luther's famous distinction between
law and gospel. According to Luther, and the distinction runs
titrough all Lutheranisni, law and gospel arc the two factors which
bring homo to the individual experience the knowledge of salvation.

Law is the rule of life given by God and accompanied by threaten-

ing and promise, which counts on fulfilment from selfish motives,

threatens, terrifies, and so produces contrition ; while the gospel,

which is the message of salvation, conies after the law has done its

work, and soothes. In this deycription the terra law has a distinct

and definite meaning ; it signifies legal injunction or command ;

and Luther and his followers were accustomed to say, using law in

this definite way, that Christ was not under the dominion of the

law, and that Christ's jieople are also free from its restraints. They
said that believers as(;end to the Christian life only when they have
tr.anscended a rule of Jifa which counts on selfi.sh motives for

obedience. The word law manifestly means more than Luther put
into this definition, and certain Lutherans who accepted Luther's

distinction between law and gospel did not understand his limita-

tion of the terra law, and taught that believers were not bound by
t)ie moral law. These antinomians, of whom Agricola was chief,

took Luther's statements about law in the sense of legal injunction,

and applied them to law in the sense of ethical rule. The con-

fusion perplexed tiie Lutheran Church for more than twenty j'eais.

The debates which harassed the Kefomied Church in the Armi-
nian controversy, and the Roman Catholic Church in the Jansenist

controversy, appeared in the Lutheran Church in three separate

disputes lasting from about 1550 to 1580. In these discussions

the stricter Lutherans were on the one side and Melanchthon with
his followers on the other. The first dispute was about the relation

of good works to conversion. George Major, founding on an ex-

pression in Melanchthon's Commonplaces (ed. 1543), said that good
works were both necessary and useful to holiness. He was attacked
by Mat. Flacius and Nic. Arasdorf, and after a long and tedious
discussion, in the course of which it was made plain that both sides

were sadly in want of general principles to guide them, and that
important words were used ambiguously, George Major's proposition
was condemned because it savoured of Pelagianisni. The problem
took a new form in the Synergist controversy, which discussed the
nature of the first impulse in conversion, aud in the controversy
about original sin which followed. Pfeflinger taught that the first

impulse in conversion carac from grace and was due to the Holy
Spirit, but he said that this impulse aud its effect might be com-
pared with the reviving of a man apparently dead. According to
the strict Lutherans the sinner was liot apparently but actually
dead, and grace was not merely the occasion, it was also the actual
cause, of the new life. Flacius, who had made this last assertion,
which seemed to be generally approved of, started a fresh controversy
by his assertion that sin was' part of the substance of man in his
present natural condition, and thafc man was no more able to co-

operate with grace in conversion than was a stick or a stone. This
was contradicted by Striegel, a follower of Melanchthon, who
asserted that sin had not totally destroyed man's ethical nature,
but that grace by its action changed what was morally insensible
into what was morally living and sensible, so that there could be
an actu.ol synergy or co-operation between God's grace and man's

The controversy raised by Andrew Osiander was much more im-
portant, and revealed the lack in Lutherauism of a systematic
doctrine of the work of the Holy Spirit. Osiander felt that Lutheran
dogmatic had omitted to make adequate answer to a most important
practical question in theology, how Chi-ist's death on the cross
could be 80 brought into connexion with each individual believer
as to bo the ground of his actual justification. The mediteval
church had spanned the centuries by their doctrine of the prolonga-
tion of Christ's death throughout time in the sacrifice of the mass,
but he could not see any such real connexion of time in Luther's
theology. He proposed to got rid of the difficulty by saying that
justification is a real work in the believer done by that same Christ
who had died so many centuries boforo. Ho distinguished botwee:i

redemption, which he said was the result of the histoiical work ol

Clirist upon the cross, and justification, which was another work ol
the samo llodecmcr, within tho individual, and was the inllncnce
renewed daily of the Saviour upon each believer. Tho oonfaoversy
which followed was full of ambiguities and misunderstandings, bnt
out of it rose two distinct theories, ono of which was generaJly
adopted by the Lutherans, while tho other has become a charact«r-
istie of Reformed or Calviniat theology. Striegel declared that the
principal effect of the work of Christ upon the cross was to change
the attitude of God towards tho whole human race, and that in
consequence whenever men come into being and have faith they
can take advantage of that change of attitude, the ground of their
assurance being that because of what Christ did God regards all

men benevolently. Calvinist divines, on tlie other hand, found in
Osiander's criticism the starting point of that close connexion
between Christ's work and His redeemed which is expressed in tho
doctrine of the limited reference in the atonement.

These controversies all implied more or less vagueness in the
earlier dogmatic teaching of Luther. Others, however, arose from
what may be called the distinctive teaching of Luther upon the sacra-

ment o£ the Lord's Supper and what was implied therein. In tlic

article Ldther it is stated that Luther, at least after the peasants'

w^ar, held strongly a theory of the connexion between the elements
(the bread and wine) and the body and blood of Christ in the sacra-

ment of the supper which has been called coiisubstaiUialion, and
that this theory depended not merely on certain scholastic defini-

tions of bodily presence but also on the supposition that the attri-

bute of ubiquity belonged to the glorified body of Christ. A large

number of Lutherans, followers of Melanchthon, were inclined to

depart from these views and approach the more reasonable opinions

of Calvin, and this occasioned controversies about Crypto-Calvinism

and about Christology. The university of Jena was the theological

headquarters of the stricter Lutherans, while "Wittenberg was the

centre of the Philippists or Crypto-Calvinists, as the followers of

Melanchthon were called. At first the controversy mainly gathered

round tho questions of the corporeal presence, the oral luanducation,

and the literal eating of Christ's body by unbelievers as well as by
the truly faithful, but it soon included discussions on the person

of Christ, and into these discussions Reformed theologians were
brought. The result was various conferences at Alaulbronn (1564),

which only confirmed both parties in their peculiar opinions ; at

Dresden (1571), where the Lutheran theologians of Wittenberg
and Leipsic renounced the doctrine of the ubiquity of Christ's body
and agreed with the Calvinists ; and elsewhere. It seemed as if

the Lutheran Church was about to fall in pieces.

Out of these disputes came the Form of Concord, due principally to

Jacob AndreiE of 'fubingon, to Martin Chemnitz of Brunswick, and
to Nicolas Selnecker of Leipsic. Various theological conferences were
held, and various articles of agreement more or less successful were

framed, of which the most notable was the Torgau Book of 1576
;

and at last in 1677 the Form of Concord was published, and after

much discussion and negotiation was adopted by most of the

Lutherans in Germany. ' Its recognition was mainly due to tho

exertions of Augustus, elector of Saxony It was also adopted by
the Lutheran churches of Sweden in 1593, and of Hungary IB

1697. It was rejected by the Lutheran Church of Denmark aud
by the churches of Hesse, of Anhalt, of Pomerania, and of several

imperial cities. It was at first adopted and afterwards rejected by

Brunswick, by the Palatinate, and by Brandenburg. The German
churche.i which refused to adopt it became for the most part

Reformed or Calvinist ; and the Ffirm of Concoid, which ended the

more violent theological controvei-sies among the Lutherans, greatly

decreased their numbers and territorial extent.

The diridcd state of Germany in the 16th centur)', aided by the

maxim of the peace of Augsburg which gave Protestantism a legal

standing, and by the consistorial system of ecclesiastical rule which
followed in conseijuence, divided the Lutherans in Germany into a

number of separate churches as numerous as the principalities. At
tho peace of Augsburg the adhei-ents to the Augsburg Confes.sion

were recognized legally a5 having a right to exist within the

German empire, and the power of determining whether the Roman
Catholic or Lutheran confessions should be the recognized creed of

the state was left, with some reservation, in the hands of tho

supreme civil authority in each separate principality {cujus regio

cjiis rtligio). This virtually gave the direction of the church of

each German state into the hands of tho supreme civil power
therein ; it belonged to the princes in the various principalities and

to the municipal councils in the fjee imperial cities. This legal

recognition of the supreme authority of the civil power in ecclesi-

astical affairs was intensified by the adoption in the Lutheran

Church of the consistorial system of church government, which wa-s

the distinctive mark of the Lutheran as opposed to tho Reformed

Church. The consistorial system took a ^reat variety of fonns, but

it had one common characteristic : it simply tranafeiTed the ju$

episcopalc from the bishops to the civil authorities, and, as tho

bishops ruled their dioceses in ecclesiastical and other matters by

means of councils or consistories ;ippointfid by themselves, «o in the
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l.ritlici-.in C:)iutdi lliese old c-piscopal consistories were trnirsformeil

iritocoui)';ils,^vhosc members were appointed' by the civil rulers.

Tbus each petty German state had. its own church with its s)iccial

organization and peculiar regulations. Riehter in his Svanycdschc
KirchenordnungcncleslGUn Jahrhuivlcris {2 vols., 1846) hascollectcd

more than one hundred and eighty separate constitutions of churches
adhering to the Augsliurg Confession. This minute subdivision

makes it almost impossible to recognize any unity in the Lutheran
Church save what comes from the profession of a common creed.

^: Tile publication of the Form of Concord drew the strict Lutherans
(riore together, and set over against them in Germany a Calvinist

Church, and the divided stale of Protestantism greatly weakened
its strength in the religious wars of the 17th century. As the

iraallcr German states came together in larger jirincipalities the

iwkwaiilness of the separate Protestant churches was more keenly
fejt JIany attempts were made by conferences, as at Leipsic

p31); Thorn (1646), Cassel- (1661), -to unite Lutherans and
Reformed, though without success. At length the union of the
two churches was effected mainly by the. force of the civil authority

in Nassau (1817), in Prussia (1817), in Hesse (1823), in Anhalt
Dessau (1827). Tliese unions for the most part aimed, not at in-

eorporating the two churches in doctrine and worship, but at

bringing under one government the t"o confessions, and permitting
every congregation to use at pleasure either the Lutheran or the
Heidelberg Catechism. *They -weie sometimes accompanied, as in
Prussia, lay a separation of the stricter Lutherans, Wjio formed
tkemselves into dissenting churches. The separation in Prussia

was caused mainly by a new liturgy which Frederick William 111.

forced on the church, and which the dissenters or Old Lutherans
refused to use. The divisions caused in this way were at firet

repressed but were afterwards tolerated, and have reproduced them-
selves in the flourishing Lutheran Church of the United States.

See Ritschl, " Die Eutstehung dec Lutherischen Kirche " {Zeitsch.

fiir Kirchciigeschichle, i. 1); Hnndeshagen, Bcitrage zur Kircheiiver-
fassungs GcschicIUe, &c., 1864 ; Corner's History of Proiestavt
Theology ; Bering, Gcschichtc dcr kirchlichcn Unionsversxiclie Sfit

die Reformation, 1336-38 ; Sack, Die Bixmgclisclic Kirche und die
Union, 1861.

~~
(T. M. L.)

LUTON, ' a market-town and municipal borougli of

Bedfordshire, England, is aituated in a fine valley near
the source of the Lea, 31 miles north-west of London.
The parish church of St Mary, dating from the 14 th

century, a very fine building in the Decorated Norman
and Later English styles, con.tains a large number of

old monuments and brasses. Its entire length is 182
feet, the width of nave and aisles 57 feet, and the width
of the transepts from north to south 101 feet. On the

process of restoration, begun in 1865, £-6000 has been
expended. * The other principal public buildings are the

town-hall, the corn excliange, the court-house, and the

plait halL ' Luton is the principal seat of the straw-plait

manufacture in England. The industry originated in the

colony of straw-plaiters transplanted by James L from
Scotland, whither "tliey hatl been brought from Lorraine by
Queen Mary. Though the town is very ancient, it was
first incorporated in February 1876. The population,

which in 1871 was 17,317, was 23,959 in 1881.

LUTZ,K, a district town of Russia, in the government
of ..Yolhynia, on the Styr, 162 miles west;north-west of

Szilomir, and 5 miles from the Kivertzy station of tlie

railway between itieff and Brest-Litovsky. It is a very
old town, supposed to have been founded in the 7th century

;

in the 11th century it was known under 'the name of

Luchesk,'^ and was the chief town of an independent
principality.™ In the 15th century it was the seat of a

bishop,' and became a wealthy town, but during the wars
between Russia and Poland in the second half of the 16th
century, and especially after the extermination of its

/10,000 inhabitants, it lost'its importance. .In 1791 it was
taken by Russia. It is now a rather poor town, situated

in an unfertile district, and its 11,500 inhabitants, many of

them .Tews, live m-ainly by shipping goods on the Styr. -;j.

.LUXEMBOURG, Francois Henri de Monthwrency-
BODTTEVILLE, Duc DE (1628-1695), marshal of France,

the comrade and successor of the great Cojid^, was born
at Paris on January 8, 1628. His, father, tlie Comto de
MoBtmoreiicy-Boutteville, hud been executed six months

before bis birth for JsilUng the Marquis de Beuvron in n
duel, but his aunf, tRo Princosso de Coud<5, recognizing in

him the last male heir of her gi'eat family De Montmorency,
took charge of him, and educated him with her son, the

Duc d'Enghien. The young Jlontmorency attached him-
self enthusiastically to his cousin, and shared his successes

and reverses throughout the troubles of the Fronde. He
returned to France in 1059 and was pardoned, and Conde,
who was then much attached to the Duchessa de Chatillon,

Montmorency's sister, contrived the marriage of his adherent
and cousin to the greatest heiress in France, the Princesse

de Tingry, after which he was created Duc de Luxembourg
and peer of France. At the opening of the war of the

devolution, 1667-68, Cond4, and conseqiiently Luxem-
bourg, had no command, but in the second campaign he

served as one of Conde's lieutenants iu .the conquest of

Frauche Comt^. During the four years of peace which
followed the peace of Aix-la-Chapelle, Luxembourg
diligently cultivated the favour of Louvois, and in 1672
received orders to commence hostilities \vith the Dutcl;.

He defeated the prince of .Orange, whom he w{is to beat

again and again, at Woerden, and ravaged Holland, and

in 1673 made his famous retreat from Utrecht with only

20,000 men in face of 70,000, an exploit which placed him
in the first rank of generals. In 1674 he was made captain

of the gardes du corps, and in 1075 was made marshal of

France. In 1070 he was placed at the head of the army
of the Rhine, but failed to keep the duke of Lorraine out

of Philipsburg; in 1677 he stormed Valenciennes ; and in

1078 he defeated the prince of Orange, who attacked

him at St Denis after the signature of the peace of

Nimeguen. His reputation was now at a great height,

and it is commonly reputed that he .quarrelled with

Louvois, who managed to mix him up in the confessions

of the poisoners, and get him sent to the 'Bastillel

Rousset in his Histoire de Louvois has, however, shown
that this quarrel is probabljf apocryphal. There '- is

no doubt tliat Luxembourg spent some months of 1680
in the Bastille, but on his release took up his post, at

court as capilaine des cjardes, and was ia no wayTdJs-

graced. * When the war of 1090 broke out, the king and
Louvois also recognized that Luxembourg was the only

general they had fit to cope with the prince of Orange, and
accordingly he was put in command of the army; of

Flanders. On July 1, 1090, ho defeated the prince of

Waldeck at Fleurus with the lo.ss of 14,000; men/and
49 pieces of cannon. In the following year he 'com-

manded the army which covered the king, who* was

besieging Mons, and defeated William III. of England at

Leuze on September 18, 1691. _ Again in the next' cam-

paign he covered the king's sieg'e of Namur, and utterly

defeated William at Steenkerk on June 5, 1092,; .and on

July 29, 1093, be won -his greatest victory over his'.old

adversary at Neerwinden, in whidi-be took .76 pieces of

cannon and 80 flags. No wonder he*was received with
enthusiasm at Paris by all but the king, wlio looked coldly

on a relative and adherent of. the Cond(5s. He "conceived

himself strong enough to undertake an .enterprise which

St Simon describes at length in the first voluine of his

Memoirs : instead of ranking as eighteenth peer of France

according tn his patent of 1661, he claimed through hia wife

to be Duc de Piney of an ol'd creation of 1571, which would

place him second on the roll. The whole afi'air is described

with St- Simon's usual keen interest in ill that concerned

; the peerage, and was chiefly checked through his assiduity.

In the campaign of 1094, possiljly osving 'to this •<check,

Lu.xembourg . did (but- little in Flanders,-'' except') his

well-known march from 'Vignamont to Tourn^ in face

of* the enemy. '"S- On his return to 'Vei'sailles for the

winter he fell' ill, and died uii January 4, 10D5. In his
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Ifl^t moments lie was attandcd by the famous Jesuit priest

Bourdaloue, whb said on bis death, "I have not lived his

life, but I would wish to die his death." The holy father

certainly had not lived like Luxembourg, whose morals

were .conspicuously bad even in those times, and whose life

had shown very slight signs of religious conviction. But

as a general he was Cpudu's grandest pupil. Utterly

slothful, like Gondii, in the management of a campaign,

and therein differing from Turenne, at the moment of

battle he seemed seized with happy inspirations, against

which no ardour of William's and no steadiness of Dutch
or English soldiers could stand. His death and Catinat's

disgrace close the second period of the military history of

the reign of Louis XIV., and Catinat and Luxembourg,
though inferior to Condi and Turenne, were very far

superior to Tallard and Villeroi. He was distinguished

for a pungent wit. One of his best retorts referred to

his deformity. "I never can beat that cursed hump-
back," William was reputed to have said of him. " How
does he know I have a hump t " retorted Luxembourg,
" he has never seen my back." He left four sons, the

youngest of whom was a marshal of France as Marichal

de Montmorency.

See the various memoirs and histories of the time. There are

some interestiDg facts in Desonncaux's Jiisioire de la Maison dc
Montmorency. Caraille Rousset's Louvois should also be studied.

LUXEMBURG, a grand-duchy of Europe, governed

under a special constitution by the king of the Netherlands,

is bounded on the N. and E. by Rhenish Prussia, S. by
Lorraine and the French department Meurthe-et-Moselle,

and W. by Belgian Luxemburg. It measures 32 miles

from Hartelingen to Rosport, both on the Sure, and 50
miles from Rumelange in the south to Weiler in the

north. The surface contains 639,000 acres (998 square

miles), of which 293,554 acres are arable, 61,033 meadow-
land, 143,812 woodland, 54,135 coppice, and 540 vine-

yards. The hills in the south of the duchy are a con-

tinuation of the Lorraine plateau ; and the northern

districts are crossed in all directions by outrunners from
the Ardennes. With the exception of the Chiers, which
flows into the Mouse near Sedan after a course of 50
miles, the streams all drain into the Moselle, which forms
the boundary between Luxemburg and the Rhine province

for about 20 miles. The Sure or Sauer, the most important
stream in the duchy, rises at Vaux-les-Rosiferes in Belgian

Luxemburg, crosses the duchy, and forms the eastern

boundary from the confluence of the Our till it joins the
Moselle after a course of 50 miles, during which it receives

the Wiltz, the W^oltz, the Alzet, &c. At Mondorf there
are mineral wells and a bathing establishment. The soil

of Luxemburg is generally good ; the southern districts are

on the whole the most fertile as well as the most populous.
Building materials of all sorts are obtained throughout the
duchy, and in the south there is iron-ore of fair quality

—

the mining area at present occupying from 8000 to 10,000
acres. Galena is worked on the frontier between Ober-
wampach and Longville, and antimony at Gosdorf near
Wiltz. Since 1842 Luxemburg has been included in the
ZoUverein, and its principal dealings are, consequently,
with Germany. Besides the iron furnaces,—situated all

of them in the south near the Lorraine plateau,—the
industrial estab>lishmi nts of the country comprise a large
number of tanneries, a dozen weaving factories, an
important glove-making factory, a pottery, paper-mills
for all sorts of priper, breweries and distilleries, and two
sugar refineries. A German patois mixed with French
words is spoken throughout the country ; but French,
which is univevsally employed by the commercial com-
munity, is alsc the common speech of all classes on the
French and Belgian frontiers. Though perfect liberty

of worship prevails, Roman Catholicism is almost the
sole form of religion in the duchy, the only disseoteni
worthy of note being the Protestant? Prussian employtSs and
about three hundred Jewish families. The government
is in the hands of the grand-duke, who sanctions and
promulgates the laws. Between 1850 and 1879 the king
of the Netherlands was represented in his grand-ducal func-

tions by his brother Prince Henry ; but since the prince's

death he has resumed the personal direction of affaire.

The grand-duchy is a neutral and indejjendent state, and
its crown hereditary in the Nassau family (Treaty of

London, March 11, 1867). A house of representatives

and a council of state, named by the grand-duke, compose
the administrative body. The representatives, to the

number of forty-four, are chosen by the people in the pro-

portion of one for from 4000 to 5500 inhabitants. No
law can be passed without the consent of the house of

representatives. Bills are introduced by the grand-duke,
but the house has also the right of initiative. A single

battalion (150) of Luxemburg chasseurs composes the

grand-ducal army,—all voluntary recruits. The gendar-

merie also consists of about 150 men. There are two
courts of first instance in the duchy,-—one at Luxemburg,
the other at Diekirch,—and a high court and a court of

appeal, both at Luxemburg. Criminals appear before the

court of assize at Luxemburg. By grand-ducal decree the

order of the Crown of Oak was instituted for the duchy,
December 29, 1841, and that of the Golden Lion, February

5, 1858. The communal councils are under the supervision

of the district commissioners, who are .subject in turn to

the minister of the interior. The administration of the

town of Luxemburg depends immediately on the Govern-

ment. Education is in a flourishing state : there are 642
primary schools attended by 31,000 pupils; Luxemburg
has a normal school and an athensum ; Diekirch and
Echternach have each a gj-mnasium. The bishopric of

Luxemburg, containing 13 diaconates, subdivided into 253
parishes, holds its authority directly from the Holy See.

From 6,000,000 to 7,000,000 francs is the annual

amount of the state budget, and the public debt was

12,000,000 francs in 1863. Since 1854 there has been a

grand-ducal bronze coinage.

The following table shows the administrative divisions and the

population (total, 205,158) according to the census of 1875.

Districts.
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come to tha house of Austria, and, after form'.i o, part of the arch-
Judiy governed by Albert and Isabella, 1598-1632, followed the
fate of the Spanish' Netherlands till it was ceded by the tieaty of

ntiecht to the house of Hapsburg. It was deprived of Thionville,

Moutniedy, Damvillicrs, Ivoix, and Marville by the treaty of the
Pyrenees (1659) in favour of France ; and Louis XIV. occupied the
tnwn and great part of the province from 1684 till the treaty of

llvswick (1697). Seized by the French in 1793, it went in the
main to form the department of Forets. On the 16th March 1815
William I. declared himself king of the Netherlands and duke erf

Luxemburg, and his claims were sanctioned by the treaty of

Vienna,—Luxemburg being considered compensation for the loss

of the small i)rincipalities of Hadaniar, Siegen, Dietz, and Nassau-
DiHemburg, the surrender of which to Prussia had deprived William
of his place in the Germanic confederation. The fortress was
assigned to the confederation itself, and was garrisoned by six

thousand men, of whom one-fourth belonged to the grand-duke and
three-fourths to the confederation. From the recognition of

IJelgian independence in 1830 to the treaty of London in 1839,

matters wore still more complicated ; there were two governments in

Luxemburg—one at Luxemburg, acting for the grand-duke, and the

other at Arlon, acting for Belgium. By the treaty of London about
1218 square miles of the duchy with 149,571 inhabitants were trans-

ferred to Belgium, the German confederation and King William
being compensated with paits of Liniburg. On the dissolution of

,he confederation the duchy became free from its connexion with
Germany, but the fortress remained in the hands of Prussia. A
diplomatic contest for possession of the duchy took place between
France and Prussia ; and the matter became the object of a special

conference of the plenipotentiaries of the great powers, Holland,
Belgium, and Italy, in 1867. The result was that the neutrality of

Luxemburg was guaranteed and the military importance of the town
destroyed. The actual demolition of the fortifications evacuated
by the Prussians in September 1867 did not take place till 1872.

See BeJtholet, Btst. du ducli^ de Luxcmbotii-g, Luxemburg, 1741-43 ; Vander-
maelen, 2)u7. g-ioiyr. du Luxembouffj, Brussels, 1838 ; Scllijtter, Ki it. Erortfraiigen
ilber die ft-iUt. Gesch. der Ovafschajt Lti.remhtirg, Luxembuvs, 1859; Grijvig,
Liizemburc, Land mid Volk, Luxcmbuvg, 1867.

LuxEMBiTEG, the capital of the grand-duchy, lies 34 miles

north of Metz and 25 south-west of Treves, in a position

as remarkable for natural beauty as for military strength.

The main part of the town is built on a rocky table-land

terminating precipitously towards the north east and south

Plan of Luxemburg,

the modern portions, known as Pfaffenthal, Clausen, and
Grand, lie 200 feet below, in the valley of the Alzette.
Till_ their demolition in terms of the treaty of 1867 the
fortifications, on which the engineers of three centuries
had expended their skill, were the great feature of the
place; in point of strength they ranked, according to
Carnot, second only to those of Gibraltar, and like them
they were to a great extent hewn out of the solid rock.
The site is now occupied partly by a fine public park,
partly by new districts of handsome houses, which give

the city more of the outward appearance oi a capital.

Among the buildings of historical interest are the cathedral

of Notre Dame, erected by the Jesuits in 1613 ; the church
of St ]\Iichel, dating from 1320; the Government-houSe,
built in 11-13, and still regularly occupied by the legislative

assemblies ; the town-house, built in 1S30 ; the law courts,

dating from 1565, but serving till 1795 as the residence

of the governor of Luxemburg ; and the athenaeum, built

in 1594, and now (1882) attended by 500 to 600 pupils.

The population of the city and suburbs, which was 15,930
in 1875, is now estimated at 19,000.

Lnxeraburg (formerly called Liitzelburg) appears in 73S as a
castle presented to the abbey at Treves by Charles Martel. Tho
town grew up in the com'se of the 10th eenturj', and soon began to
surround itself with walls; but it was not till 1503 that a regular
system of fortifications was commenced, and the principal features

oi the modern fortress were due to Vanban, who accompanied Crequi
in his capture of the place in 1664. Extensive additions were
made to the works in 1728-34.

See Coster, Gcsch. der Feslvng Luxcmhnrg, Luxemburg, 1869.

LUXEMBURG, a province of the kingdom of Belgium,
lying at the south-eastern extremity of the country, and
bounded N. and W. by the provinces of Liege and Namur,
S. by France, and E. by Prussia and by the grand-duchy o"t

Luxemburg, from whicli it was separated in 1839. It is

the largest and most thinly populated of the Belgian pro-

vinces,—75 miles in length, 30 in breadth; the population

is 204,000. The ground is high, averaging 1200 feet

above sea-level, and rising in parts over 2000. The soil is

dry and slaty, with occasional sand and limestone. The
aspect of the country is a succession of broad tracts of

table-land or plateaus covered with wood or heather, and
intersected by wide and deep valleys; these contain streams,

halt-dry during the summer, but quickly changed to sweep-

ing torrents by rain or melting snow. Peat is found on
the hills, and occasional morasses, known by the name of

" hautes fange.s," are to be met with on the tops of the

highest mountains. The whole district is comprised withia

the region of Ardennes. The agricultural produce is poor
;

the various breeds of horses, cattle, sheep, &c., are remark-

ably small, though they all possess individual qualities

of endurance or their flesh of flavour ; tho hams are re-

nowned. The forests abound in game of all kinds ; red

deer are plentiful, and wild boars have of late become
so abundant as to be a serious nuisance. The mineral

productions are worthy of note. Iron is found in the

valley of the Ourthe, and also farther south near Arlon

;

lead is extracted at Longwilly, manganese at Bihain, zinc

at Longwilly and BleicL Building stone is to be had
throughout the province, and is generally employed, brick

houses being tho exception. There are quarries of grey

and rose-coloured marble at Wellin, and extensive slate

quarries on tho banks of the Semois, the Sure, and the

Salm. The trade in wood and bark is considerable, and
there are some important tanneries, as well as iron-works,

paper-mills, and limekilns. The principal rivers are the

Semois, the Lesse, and the Ourthe, affluents of the Meuse,
and the Sure, which flows into the Rhine ; of these the

Ourthe alone is navigable for a few miles down from
Barvaux. There are no canals in the province, so that

Luxemburg is entirely dependent on railways for its traffic.

The Brussels and Basel lino runs through the whole pro-

vince, with a station at Arlon, the capital ; and branch lines

have been established to connect the principal markets,

Marcho, Durbuy, Bastogne, Virton, .fcc, with the main
artery. The language spoken by the inhabitants is French,

with an admixture of Walloon dialect and an inferior kind

of German on tho borders of the grand-duchy. The king

of the Belgians and his brother the count of Flanders

possess summer residences, with extensive forest lands, iu

the province of Luxemburg.
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LUXOR, more properly El-Aksur, " The Castles " (pliir.

pauc. of kasr), a village on the Nile, 450 miles above Cairo,

occupies part of the site of the ancient Tliebes, and has its

name from the ruins described in vol. vii. p. 777. The

village ia also called Abu'l HajjAj from the patron saint

whose tomb is mentioned by Ibn Batuta, i. 107, ii. ^53.

See also YAkilt, i. 338. Luxor is the centre for visitors

to the ruins of and about Thebes, and is increasingly

frequented by travellers and invalids in the winter

season, being the only place above Osyut (Sayiit) provided

with hotel accommodation suitable for Europeans. The
district is the seat of an extensive manufacture of forged

antiques, often very skilfully made.

LUZON, or LugoN. See Phixippinb Islands.

LYCANTHROPY is a term used comprehensively to

indicate a belief, firmly rooted among all savages, and
lingering in the form of traditional superstition among
peoples comparatively civilized, that men are in certain

circumstances transformed temporarily or permanently

iato wolves and other inferior animals. In the European

history of this singular belief, wolf transformations appear

as by far the most prominent and most frequently recurring

instances of alleged metamorphosis, and consequently in

most European languages the terms expressive of the

general doctrine have a special reference to the wolf.

Examples of this are found in the Greek XuKavSpuTros,

Russian voJkodldk, English ivere-wolf, German wiihrwolf,

French lonp-garon. And yet general terms {e.g., Latin,

versipellis ; Russian, ohoroten ; Scandinavian, hamravvnr

;

English, turnskin, tzirncoai) are sufficiently numerous to

furnish some evidence that the class of animals into which

metamorphosis was possible was not viewed as a restricted

one. It is simply because the old English general terms

Lave been long diverted from their original signification

that the word " lycanthropy " has recently been adopted in

our language in the fenlarged sense in which it has bqen

defined above.

There are two unfailing characteristics of lycanthropous

belief:—(1) there can nowhere be a living belief in con-

teniporary metamorphosis into any animal which has ceased

to exist in the particular locality
; (2) belief in metamor-

phosis into the animal most prominent in any locality itself

acquires a special prominence. These characteristics

apart, the phenomena of lycanthropy exhibit a very con-

siderable diversity in their nature.

Tliroaghout the greater part of Europe the wcre-wolf is preferred

on tlie principles just noted. There are old traditions of his

existence in England, in Wales, and in Ireland. In southern

France, the "Netherlands, Germany, Lithuania, Bulgaria, Scrvia,

Bohemia, Poland, and Russia he can hardly be pronounced extinct

now. In Denmark, Sweden, Norway, anti Iceland the bear com-
petes with the wolf for pre-erainence. In Persia the bear is

supreme, in Japan the iox ; in India the serpent vies with the tiger,

in Abyssinia and Bornou the hyxnawith the lion, in eastern Africa

the lion with the alligator ; in western Africa the leopard is per-

liaps most frequently the form assumed by man, among the
Abipones the tiger, among the Arawaks the jaguar, and so on.

In none of these cases, however, is the power of transformation

limited exclusively to the prominent and dominant animal.

, The most familiar phase of the superstition is also the

latest and most sophisticated. It was no belief in mere

transformation ; the transformation here was accomplished

by Satanic agency voluntarily submitted to, and that for

the most loathsome ends, in paiticular for the gratification

of a craving for human flesh. " The were-wolves," writes

Richard Verstegan (Restitution of Decayed, Intelligence,

1628), "are certayne sorcerers, who having annoynted

their bodies with an oyntment which they make by the

instinct of the devill, and putting on a certayne inchaunted

girdle, doe not oncly unto the view of others seeme as

wolves, but to their owne thinking have both the shape

and nature of wolves, so long as they wcare the said girdle.

15—HI

And they do dispose themselves as vory wolves, in wonrry-

ing and killing, and most of humane creatures." Such
were the views about lycanthropy current throughout tiia

continent of Europe when Verstegan wrote. Franco in

particular seems to have been infested with were-wolvcs

during the Kith century, and the consequent trials were
very numerous. In some of the cases,

—

e.g., those of

the Gandillon family in the Jura, tlie tailor of C'hi'dons,

and Roulet in Angers, all occurring in tho year 1598,
—there was clear evidence against the accused of murder
and cannibalism, but none of association with wolves ; in

other cases, as that of GiUes Gamier in Dole in 1573, tlicro

was clear evidence against some wolf, but none against the

accused ; in all the cases, with hardly an exception, there

was that extraordinary readiness in the accused to confess

and even to give circumstantial details of tho metamor-

phosis, which is one of the most inexplicable concomitants

of mediaeval witchcraft. Y'et, while this lycanthropy fever,

both of suspectors and of suspected, was at its height, it

was decided in the case of Jean Grenter at Bordeaux, in

1603, that lycanthropy was nothing more than an insane

delusion. From this time the loup-gnrou gradually ceased

to be regarded as a dangerous heretic, and fell back into

his pre-Christianic position of being simply a "uian-wolf-

fiend," as which he still survives among the French

peasantry. In Prussia, Livonia, and Lithuania, according

to the bishops Olaus Magnus and Majolu5, the were-wolvc.'i

were in the 16th century far more destructive than "true

and natural wolves," and their heterodoxy appears from

the assertion that they formed "an accursed college" of

those " desirous of innovations contrary to the divine law."

In England, however, where at the beginning of the 17th

century the punishment of witchcraft was still zealously

prosecuted by James 1, the wolf had been so long

extinct that that pious monarch was himself able (Demo-

nolorjie, lib. iii.) to regard "warwoolfes" as victims of

delusion induced by " a naturall superabundance of

melaucholie." Only small creatures, such as the cat, the

hare, and the weasel, remained for the malignant sorcerer

to transform himself into ; but he was firmly believed to

avail himself of these agencies. Belief in witch-aninmlr.

still survives among the uneducated classes in parts of Ihc

United Kingdom.
The werewolves of tho Christian dispensation word not,

however, all heretics, all viciously disposed tow.ardS

mankind. "According to Baronius, in the year C17, a

number of wolves presented themselves at a monastery,

and tore in pieces several friars who entertained heretical

opinions. The wolves sent by God tc-e tho sacrilegious

thieves of the army of Francesco Maria, duke of Urbino,

who had come to sack the treasure of the holy house of

Loreto. A wolf guarded and defended from the wild

beasts the head of St Edmund the martyr, king of England.

St Oddo, abbot of Cluny, assailed in a pilgrimage by foxes,

w.as delivered and escorted by a wolf." ^ Many of thu

were-wolves were most innocent and God-fearing persons,

who suffered through the witchcraft of others, or simply

from an unhappy fate, and who as wolves behaved in a

truly touching fashion, fawning upon and protecting their

benefactors. Of this sort were the " Bisclaveret " in Mario

de France's poem (c. 1200), the hero of " William and tho

Were-wolf " (translated from French into English about

1350), and the numerous princes and princesses, knights

and ladies, who appear temporarily in beast form in

the Miihrchen of the Aryan n.xtions generally. Nay the

power of transforming others into wild beasts was attributed

not only to malignant sorcerers, bub also to Christian saints.

"Omnes angeli, boni et mali, ei virtuto naturali habcnt

' A. do Gubern.atis, Zmlogitttl ifyllwlujy, 1872, vol. if. p. 145.
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potostatora transmutaiuli corpora nostra," was the dictum

of St Thomas Aquinas. A Russian story tells how the

apostles Peter and Paul turned an impious husband and

wife into bears ; St Patrick transformed Vereticus, king of

Wales, into a wolf ; and St Natalis cursed an illustrious

Irish family, with the result that each member of it was

doomed to be a wolf for seven years. In other tales the

divine agency is still more direct, while in Piussia, again,

men are supposed to become were-vvolves through incurrins

the-wrath of the devil.

There is thus a.n orthodox as well as a heterodox were-

wolf ; and, if a survey be taken vi the lycanthropous beliefs

of non-Christian peoples, this distiilrtion among shape-

changera will be equally obvious. The gods of ancient

mythology, Hindu, Persian, Greek, and Teutonic, had an

apparently unlimited power of assuming animal forms.

These gods, moreover, constantly employed themselves ia

changing men and women into beasts, sometimes in

punishment of crime, sometimes out of compassion, and

sometimes from pure voluptuousness. Thus Kabandha
was changed by Indra into a monster, Trisanku by the

sons of Vasishtha into a bear, Lycaon by Zeus into a wolf,

Callisto into a bear, lo into a heifer ; the enemies of Odin
became boars, and so on. It is admittedly difficult to

trace the original meaning of these legends, but the alleged

metamorphosis of a god is at times clearly associated with

his worship under the form of the animal he turned into

in the region where the metamorphosis was said to have

occurred. Indra in the form of a bull encountered the

monster Vritra, and released the cows he had stolen,;

Indra was invoked as a bull, and to him the bull and the

cow were sacred among the Hindus. Derketo became a

fish near Ascalon ; a fish-goddess identified with her was
worshipped in Syria, and the fish sacred to her were not

eaten. Poseidon, the inventor of horses, was, as a horse,

the father of the steeds Arion and Pegasus, and the horse

was sacred to him. Jupiter Ammon appeared as a ram in

the deserts of Libya ; in Libya he had an oracle where
the ram was sacred to him, and his image wore ram's

horns. So too metamorphosis by gods is in some cases

connected with local traditions. .The Arcadians, or bear-

tribe, sprang from the were-bear Callisto ; the Lycians, or

wolf-tribe, were wolves when they conducted to the river

Xanthus the were-wolf Leto, mother of the Lycian Apollo.

Turning from the gods to the heroes of classical romance,

We find traditions more interesting and more instructive,

because they must have some real historical fonndation.

Yet they also abound in episodes of beast mothers and
beast fathers, and also of lycanthropy proper. Cyrus
was suckled by a bitch, the Servian hero Milosh Kobilitch

by a mare, the Norse Sigurd by a hind, tho German
Dieterich and the Latin Piomulus by wolves ; the pro-

genitor of the Merovingian kings was a bull, of the Danish
royal race a bear ; Sigmund and Sinfiotli in the Vohunr/a
Saya become "wolves, Nagli in the Eyrhygcjia Saga a boar.

The Berserkir of Iceland asserted their ability to become
bears and wolves, and dressed themselves in the skins of

these animals ; their existence, their garb, and their

pretensions are historical facts. In the Sanskrit epic, the

MaluihliaraicL, the hero Puloman becomes a wild boar to

carry off the wife of Bhrigu ; the house of Brabant traced

its origin to a transformed swan. Beast-form is, however,
in .mythology proper far oftener assumed for malignant
than for benignant ends ; indeed the heroes and anthropo-
morphic gods of the great religious systems an principally

distinguished for their victories over the semi-human semi-
bestial demons. The bull Indra fights the demon serpent
Vritra, and so forth ; the Theban Cadmus, the Russian
Ivan, the Norae Sigurd, all encounter dragons or serjjents,

which possess human characteristics. In most of such

cases indeed the human as well as the beat*, foruj a
distinctly attributed to the demon.

It is because they may after all bj properly associated

with the undoubted phenomena of modern savage life that

these facts of ancient mythology are here alluded ta
Among savages there is the most confident belief in

metamorphosis,—metamorphosis efl'ected for the most
salutary and for the most baneful ends. In the neighbour-

hood of Tette on the Zambesi every chief is credited with

the power of assumuig lion shape; every lion is respected

as being a transformed chief or the spirit of a chief

departed. Moreover, there is a special class of " doctors
"

or medicine-men, known as " pondoros," scattered through

the villages, who pretend to po .vers of metamorphosis, and

thus are regarded with both respect and dread ; their kindly

disposition they display by hunting for the community in

lion shape, and then bringing home the game. Among
the Arawaks of Guiana, the Kaiidhs of Orissa, and the

Jakuns of the Malay peninsula, beast form is said to be

assumed by thos,e desiring to avenge themselves justly on

enenues. Beast-parents and cases of women alleged to

have borne beast children are also familiar to savages.

But this is only one side of the picture. The " kanaima-

tiger" {i.e., man-jaguar) of Atawak may be possessed by
the spirit of a man devoted to bloodshed and cannibalism

;

"there is," writes the Rev. Mr Brett, "no superstition

more prevalent among the Indians than this, and none
which causes more terror." &i Ashango-land, where there

are distinct traces of animal worship, a were-leopard was
at the time of Du Chaillu's visit charged with murder
and metamorphosis, and, confessing both, was slowly burnt

to death, quite in the style of mediaaval Europe. Similar

occurrences have been known among the Kols (of Chiitii-

NAgpur) and among the Arabs

The expedients snpposed to bo adoptc.J for effecting change of

shape may here be noticed. One of the simplest apparently was tho

reniov.al of clothing, and in particular of a girdle u£ hninan skin, or

the putting on of such a c;irule,—more comiuonly the putting on of

a girdle of the skin of the animal whoso form was to lie assumed.

This last device is doubtless a substitute for the assumption of an
entire anunal sldn, which also is frccpieutly found. In otlier cases

the body is nibbed with a magic salve. To drink wat*fr out of the

footprint of the animal in question, to partake of its bi-ains, to

drink of certain enchanted streams, were also considered efiectual

modes of accomplishing metamorphosis. Olnns Magnus says that

the Livouian wore-wolves were initiated by draining a cup of beer

specially prepared, and repeating a set formula, llr llalstonin his

Songs of ilia Russian People gives tho form of incantation atill

familiar in Russia. Various expedients .also existed for removing

the beast-shape. Tho simplest was tho aet of the cnehanter (opcr.at-

ing either on himself or on a victim) ; another was the removal

of the animal girdle. To kneel iu one spot for a hundvcil yeai-s, to

be reproached with being a were-wolf, to be snlutod with the sign

of the cross, or addressed thrice by bajitisnial name, to bo struck

three blows on the forehead with a knife, or to have at least three

drops of blood drawn were also effectual cures. The last-mentioned

was quite essential to the subsistence of the superstition. Its

absurdity would have much sooner aj»peared, but for the theory

that, directly the were-wolf was wounded, he resumed his iiumqn

shape ; in every case where one accused of being a were-wolf was

taken, he was certain to be wounded, and thus the difficulty of his

not being found in beast form'was satisfactorily disposed of.

The foregoing types of lycanthropy, in which th«

divine or diabolical agency is always emphasized, are

presumably less primitive than those cases in which super-

human agency is not so prominent. The following cases,

therefore, seem to be more intimately connected with tho

origin of the belief. (1) The Kandhs believe "natural

tigers to kill game only to benefit men, who generally find

it but partially devoured and share it ; while the tigers

which kill men are either Tari (a goddess), who has

assumed the form of a tiger for purposes of wrath, or men
who, by the aid of a god, have assumed the form of tigers,

and are called ' mleepa tigers.' " A distinction was

previously drawn between friendly and hostile lycanthro-

I
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pi8t8 ; hero a distinction is drawn between friendly and
hostile timers, and lycautbropy is introduced to explain

the cases of hostility. Again (2) in, the native literature

of modern savages there constantly occur stories of the

" Beauty and the Beast " type, so distinctly resembling

tliuse of the Aryan Mahrchen as to indicate identity of

urigin ; but, while in the Aryan story the beast-form of

the hero or heroine is generally at last removed, in the

savage story the incongruity of the beast-form is scarcely

realized, and the Indian lover lives happily with his beaver

bride, the Zulu maiden with her frog husband. And (3)

in many instances the power or necessity of transformation

is ascribed, not to individuals^ but to clans or nations.

Thus the aboriginal Naga tribes of India seemed to the

Aryans to take the form of serpents ; the Neuri seemed to

th& Scythians, and the Hirpini to the Romans, to become

wolves, as also did the native Irish of Ossory to the early

Christian priests ; the Abyssinians credit the Buda caste

(blacksmiths and potters of alien stock) with ability to

become hyajnas at pleasure ; tha Berserkr-rage of Iceland is

perpetuated in the modern Scandinavian belief that Lapps

and Finns can take the form of bears. In mediaeval times

Blois had a special celebrity for were-wolves, and persons

named Garnier or Grenier wers generally assumed to be

lycanthropists.

When we find that these three distinct classes of

primitive facts regarding lycanthropy are all referable to

a common origin, there seems good reason for regarding

that as being in truth the origin of lycanthropous belief.

And thus we are led to refer lycanthropy to the mora

general facts of primitive Totemism ('/.«'.), for the facts

recited are as undoubtedly characteristic of the latter as

of the former. Where the totem is an animal, it is

regarded as the ancestor of the tribe ; aU animals of its

species are revered, ai^d are never willingly killed ; however

dangerous to life, they are feigned by the tribe to be

friendly to them, and hostile only to their enemii-s. Apply-

ingthese facts to the foregoing lycanthropous phenomena
in orderv we observe (1) that the tiger is a totem god

among the Kandhs ; consequently he reserves his wrath

for their enemies,^ Individual enemies would, however,

be created whenever an individual Kandh had the blood-

feud against another, for then his totem was bound to aid

him. Such we saw was in fact the Kandh explanation

of the wrath of the totem. The development of sorcery

would naturally lead to the utilization of the totem as

assistant in it also. The Arawak " kanaima " is both

lawful avenger and cruel sorcerer ; and from a .similar

reason probably did the wolf or were-wolf in Europe
become a synonym for outlavf. The outlaw was at first

simply thepeaceless man—the man who preferred vendetta

to money composition for injuries,—as he was originally

boimd to do, subsequently entitled to do, and finally

•prohibited from doing. (2) The beast-hero of savage

story ceases to be strange when we learn that " a beaver,"
" a dog," " a grizzly bear, " mean respectively a person of

J tribe having the animal in question for totem. And so

too (3) with the third class of phenomena which contem-

plates tribes turned into beasts. The Nagas had the

serpent for totem ; apparently the Hirpini, and the native

Irish in many districts, had the wolf ; they certainly

venerated andf worshipped that animal. The Lapps are

known to worship the bear. Blois means the " city of

wolvesi" Doubtless all cases of this sort admit of similar

explanation.

The doctrine of lycanthropy or metamorphosis of living men
must bo di55tiuguished from the doctrine of metempsychosis or trans-

migration of soula.^ It no doubt was usual to conclude that the

' The 'Watusi of East .Africa distinctly describe all wild beasts save

their^own totera.animais as cnemy-scouti.

soiils of cataluiJtic and epileptic patients sojourned tcmporaiily in
animals, while the i>aticnts were unconsciuus ; but this \\\3xk o(
lycanthropy is too rare and too abuonnal to be associated w itii dif
oiigin ot the superstition. Transmigration after death, iuvolviuf;
the belief in a future state, laises questions as puzzling as doi-s

lycanthropy itself, and questions quite of a dilfercnt kind, because
in normal lycanthropy tlic chan''e ell'ected is an act\i.al coriwreal
one. llr Tylor therefore throws little light on the origin of tycan-

throijy when he connects it with metempsychosis. In thu form
familiar to us it doubtless involves thy doctrine of " anin)isni "—the
doctrine that animals, plants, and things are prompted to action by
spirits similar to those possessed by men ; but, whether lycanthropy
is simply a special application of a general doctrine of animism, and
is not rather one of the earliest advances from a blind totemism to a
general animistic theory, may fairly bo questioned. This at least
st^ems plain : animism, apart from totemism, is not itself sufficient

to explain lycanthropy, for even auimistic beliefs are not developed
abnormally, but along lin^s predetermined by circumstances, llr
Tyler's views are, however, so cautiously and so suggestively
expwsscd as to deserve close study. Hardly so satisfactory ara
the othep theories on the subject, which, passing over vari.v

tions in detail, fall into two classes—the mythological and tlu!

rationalistio. On the former view, now upheld by a large school of

inquirers, the ancient Aryan myths, and their modern rej>resen-

tatives the Mdhrdicn, are regarded as imaginative descriptions

(principally due to the use of metaphorical language) of the gi-eat

elemental powers and changes of nature. On such a view the
occurrence of shape-changing gods and -heroes is simple and natural,

so long as the persons are purely mythical, because tluis far nothing
need be deemed strange or unnatural. But the theory breaks down
when it ventures on elucidation of historical facts. It seems vain to

contend,—although it is contended,—that " the terrible delusion of

lycanthropy arose from the mere use of an equivocal word" {\vKoi,

"wolf," for \€vKis, " Sliining "). Attempt to substantiate in detail

this explanation of history is absolutely fatal. "Whence," it is

asked, " came the notions that men were changed into wolves, beai's,

and birds, and not into lions, fishes, or reptiles?" and the triumphant
reply is that the first-named animals were selected for glossiness

or luminosity of coat.- Consequently, if transformation into the

other animals was also believed in, the theorj- stands self-refuted.

Now Hippomenes and Atalanta were for impiety turned into lion

and lioness, Cadmus and Harmonia into serpents ; and these cases

of transformation have almost as intimate an association with the

historical belief in men-lions and men-serpents as the case of

Lycaon (mythologically= the shiner, the sun) has with lycanthropy.

Cognate to the mythological doctrine is the doctrine of the per-

sonification as demons of all obstacles which men have encountered

in the long struggle for existence,—among these the wilder and more

savage animals. This is just a one-sided animism; it is inadequate

to explain how the savage beasts so often became mild and gentle

men. The nationalistic theories are open to the same objections : to

account for divine and benignant lycanthropists they have to be

supplemented by the m)'thological theories ; they themselves deal

exclusively with the more repulsive characteristics. The most

recent exponent of the rationalistic theory is Mr Baring Gould, who
rests his case on a proof of the facts that there is " an innate craving

for blood implanted in certain natures, restrained under ordinary

circumstances, but breaking forth occasionally, accompanied wUh
Tudludnalion, leading in most cases to cannibalism." That can-

nibalism and craving for blood had a natiu-al (though not a neces-

sary) connexion with lycanthropy, if it originated among savages,

need not be disputed,; but Mr Baring Gould's instances, drawn

from mediffival European history, are undoubtedly exceptional.

Hallucination, however, has been accepted as sufficient explana-

tion of lycanthiopy by many eminent authorities, besides
_
Mr

Gould, and raises a graver question. Belief in transfoiination into

beasts has been acknowledged as a distinct type of monomania

by medical men since the days of Paulus .digineta (7th centm-y)

at least ; but even in madness there is method, and insans

delusions must reflect the usages and beliefs of contempoi-aneous

society. Here the weakness of the case appears. Mr Gould, for

instance, merely states that the victims were rustics, and wolves

the chief terror of their homesteads, an expl.inalion valid only ou

the assumption that the idea of mctamoi-phosis was already familiar,

—an assumption, that is, ol the whole matter at issue. Besides, it

is the popular, not the individual, belief in transformation that is

str.ange ; to trace its origin to insane delusion makes it stranger

stiU, for sane men are particularly sceptical regarding the reality of

the iinpressibns of the insane. Sane men, moreover, believed iu

transformation, not only into malignant wolves, but also into harm-

less cats an_d hares, which in consequence bccanie maliguant-auu

dangerous. How can the rationalistic theory account for a pheno-

menon like this? On the whole, there seems little doubt that,

whether the origin of lycanthropy rests in totemism or not, Ml

-
Sir G. W. Cox, The MythoUnii of Ihc Armn Xalwns, Loudo*.

570, vol i. p.lJ. li^ note, li31. 'Mo, 459 ; vol. ii. p. 7S uula.
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iTylor is right in referring lycanthropous insauc delnsions to an

antecedent belief in lycanthropy, instead of ascribing lycanthropy

•to iHsanc delusions.

Literature.—In the numerous mediswal works directed to the shidj* of

sorcery and witchcraft, the contemporaneous phases of lycanthropy occupy a pro-

minent place. In addition to the authors who have been already mentioned, the

foUowioK may be named as giving Bpcciil attention to this subject:—Wier, De
I'rxstigiii Dxmonum, Amsterdam, 15C3; Bodln, Demonomanie des Borders,

Paris, 1580; Eoguet, Discours dfs Sorciem, Lyons, 2d ed. 1608; Lancre, Tableau

de t' /nconstance de Sfauvais Anges, Paris. 1G13 ; Pselius, De Operatiorte Dsemonum,
raris. 1615 ; see also Glanvil, Sadducismus ThumptiaCus, for the English equi-

valents of lycanthropy. Treatises solely confined to lycanthropy are rare bolh

in medixval and in modem times ; but a few are well known, as, for instance,

those of Hourquelot and Nynauld. De la Lycanthropi:, Paris, 1615 ; Hartz, De
Wirwolf, Stuttgart, 18C2 ; Baring Gould, The Book of Were-wotvel, London, 18C5.

Incidentally, however, lycanthropy has engaged the attention of a large number
of writers, most of whom theorize regarding its origin. An exhaustive enumera-
tion of these cannot be here attempted ; but the following works will be found
/lartlcularly instructive :—Grimm, i>eurscAe Mythotogie, vols. il. and ill., 4th ed.,

Uei-lin, 1878; Welcker. Kleine Sehriften, vol. III., Bonn, 1650; Waitz, Anthropo-
logies vol. li.. Leipslc, 1860 ; Dasent, Popular Tales from the Norse (Introduction),

Edinburgh, IS-W; Afanaslef, Poeticheskiya Vozzryeniya Stavyan fia Prirodu, vol.

ill., Moscow, 18G9;Tylor,/'ri7ni/t>eCuf/ure, vol. i., London, 1871, andXnfAro?io/o<?j/,

thap. slv. and xv., London, 1881 ; Gubematla, Zoological Mythology (especially

cliJiiis. xi. and xit.), London, 1872; Ralston, Songs of the Russian People, London,
1872 ; Laisncl de la Salle, Croyanees et Legcndes du Centre de la Prance, Paris,

1875 ; Conway, Demonology and Devil Lore, vol. 1., London, 1S79. For the medical
iispects of lycanthropy, consult tlie Asv'um Journal of Mental Science, vol ill.

p. 100 CDr D. H. Tukc), and authorities there cited. (J. F. M'L.)

LYCAON, son of Pelasgus or of Aizeus, wis the

mythical first king of Arcadia, who founded the first city

Lycosoura and the worship of Zeus on Mount Lycsus.

He, or his fifty impious sons, entertained Zeus and set

l>efore him a dish of human flesh ; the god pushed away
the dish in disgust and overturned the table at a place

called Trapezus. In punishment either lightning slew the

king and his sons, or they were turned into wolves.

Pausanias (viii. 2) says that Lycaon sacrificed a child to

Zeus, and was during the sacrifice turned into a wolf.

Henceforth the story ran—a man was turned into a wolf at

each annual sacrifice to Zeus Lycaeus, recovering his human
form after ten years if he had not during that time eaten

human flesh. Lycaon is evidently the Lycjean form of

a very common conception, viz., the divine first man,
whose life is the heavenly fire, who comes to earth

and returns to heaven as the lightning. The oldest city,

the oldest cultus, and the first civilization of Arcadia are

attributed to him. The mysterious cultus and the human
sacrifices, which continued apparently through the historical

period (Pans., viii. 38), of Zeus Lyc^us have moulded the

legends of the Lycrean first man and first king. Moreover
his name, which is connected with that of the mountain,

suggested a derivation from Xu'kos, wolf ; and legends

analogous to those of the Teutonic were-wolf (see Lycan-
thropy) naturally grew round him.

late n. LYCAONIA, in ancient geography, was the name given

to 9 province in the interior of Asia Minor, north of Mount
Taurus. It was bounded on the E. by Cappadocia, on tlio

N. by Galatia, on the W. by Phrygia and Pisidia, while

to the S. it extended to the chain of Mount Taurus, from
which it was, however, in part separated by Isauria, though
some writers included that district in Lycaonia. Its

boundaries appear indeed to have varied at different times,

as was fhe case with all the nations of Asia Minor. The
name is not found in Herodotus, but Lycaonia is men-
tioned by Xenophon as traversed by Cyrus the younger
on his march through Asia. That author, however, de-

scribes Iconium, one of the principal cities of Lycaonia, as

included in Phrygia. But in Strabo's time the limits of

the province were more clearly recognized, though Isauria

fias by some authors considered as a part of Lycaonia, by
others as a distinct province. Ptolemy, on the other hand,
includes Lycaonia as a part of Cappadocia, with which it

may have been associated by the Romans for administrative

purposes ; but the two countries are clearly distinguished

i)Oth by Strabo and Xenophon.
Lycaonia is well described by Strabo as a cold region of

elevated plains, affording pasture to wild asses and to sheep.

it in fact forms a part of the great table-land which con-

stitutes the whole iulorior of Asia Minor, and has through-

out its whole estent an elevation of more than 3000 feet

above the seat It suffers, moreover, severely from- the

want of water, aggravated by the abundance of salt in the

soil, so that the whole northern portion of the province,

extending from near Iconium to the salt lake of Tatta, and
the frontiers of Galatia, v/as almost wholly barren. Other

portions of thii cour^try, however, notwithstanding the

deficiency of water, .were well adapted for feeding sheep,

so that Amyntas, kinc of Gdatia, to whom the district

was for a time subject, main'ained there not less than three

hundred flocks, which brought him in a large revenue.
*

Though the greater part of Lycaonia is a broad open
plain, extending as far as the underfalls of the Taurus, its

monotonous character is interrupted by some minor ranges,

or rather groups of mountains, of volcanic character, 6t

which the Kara Dagh in the southern portion of the district,

a few miles north of Karaman, rises to a height of above

8000 feet, while the Karadja Dagh, to the north-east of

the preceding, though of very inferior elevation, presents a
striking range of volcanic cones. The mountains in the

north-west of the province, near Iconium and Laodicea, on
the other hand, are the termination of the great range of

the Sultan Dagh, which traverses a large part of Phrygio

The Lycaoniaus appear to have been in early times to a
great extent independent of the Persian empire, and were

like their neighbours the Isaurians a wild and lawless race

of freebooters ; but their country was traversed by one of

the great natural lines of high road through Asia Minor,

from Sardis and Ephesus to the CiKcian gates, and a few

considerable towns would naturally grow up along this line

of route. The most important of these was Iconium, ia

the most fertile spot in the province, of which it has always

continued to be the capital. It is still called Konieh. A
little farther north, immediately on the frontier of Phrygia,

stood Laodicea (Ladik), called Combusta, to distinguish it

from the Phrygian city of that name ; and in the south,

near the foot of Mount Taurus, was Laranda, now called

Karaman, which has given name to the province of

Karamania. Derbe and Lystra, which appear from the

Acts of the Apostles to have been considerable towns, were

apparently situated in the same part of the district, but

their sites have not been identified. The other towns

mentioned by ancient writers were insignificant places.

The Lycaonians appear to have still retained a distinct

nationality in the time of Strabo, but wo are wholly in the

dark as to their ethnical affinities, or relations to the tribes

by which they were surrounded. The mention of the

Lycaonion language in the Acts of the Apostles (xiv. 11) b
evidently only intended to designate the vernacular tongue,

as opposed to Greek, and cannot be regarded as any proof

that they spoke a difl'erent language from their neighbours

the Phrygians or Cappadocians.

LYCIA, in ancient geography, was the name g'lfen to a

district in the south-west of Asia Minor, occupying the

portion of the coast between Oaria and Paniphylia, and

e.xtending inland as far as the ridge of Mount Taurus. The
region thus designated is one strongly marked by nature,

as constituting a kind of peninsula or promontory projecting

towards the south from the great mountain masses of the

interior. It was also inhabited from a very early period

by a distinct people, known to the Greeks as Lycians, but

whose native name, according to Herodotus, was Termih-B,

or (as it is written by HecatJeus) TreraUa?, and this is con-

firmed by native inscriptions, in which the name is written

Tramih-c. Herodotus tells us also that they were not the

original inhabitants of the country, which was previously

occupied by the Milyans, and this is rendered probable by

the fact that a people of that name was still found in tho

rugfjed mountainous district in the north-cant, who appear

to have ahv;iys continued distinct from the Lycians. But
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the stitcmcnt of tlio eamo historian tliat they originally

came from Crete is ia the highest degree improbable ; and

thoattempts to connect them with the Greek legendary

history through Sarpodon and Lycus, a son of Pandion,

may be safely rejected as mere fictions.

The Lyciana alone among the nations in the west of

Asia Minor preserved their independence against the kings

of Lydia ; but after the fall of the Lydiau monarchy (in

5iG B.C.) they were subdued by Harpagus, the general of

Cyrns, though not till after an obstinate resistance in which

Xanthus, their chief city, was utterly destroyed. But,

though they were from this time nominally subject to

Persia, they appear to have enjoyed a considerable amount

of independence, which they afterwards maintained by join-

ing the Athenian maritime league. They were conquered

almost without resistanco by Alexander, and thus passed

under the Macedonian dominion, sometimes of the

Ptolemies, sometimes of the Seleucidans. But through

all these vicissitudes, as well as after their ultimate sub-

mission to the Roman power, they continued to preserve

their federal institutions, which remained unimpaired, in

form at least, as late as the time of Augustus. Strabo,

who has preserved to us an account of tbeir constitution,

which he regards as the wisest form of federal government
with which he was acquainted (a judgment confirmed by
the high authority of Montesquieu), tells us that the league

consisted of twenty-three cities in all, of which the six

principal were Xanthus, Patara, Pinara, Olympus, Myra,

and Tlos. These six had each three votes in the general

assembly; of the remaining cities the- more considerable

had each two votes, and the rest only one. The payment
of taxes and other public burthens were apportioned in the

same manner, and the choice of the supreme magistrate,

who was styled Lyciarch, and the other magistrates of the

league rested with the federal assembly. At the same time

the internal affairs of each city were managed by a senate

or council (Boule), and a general assembly of the people

(Demos),'in the same manner as was usual with Greek cities.

This system of government continued to subsist under the

Roman empire, though of course subject to the control as

well as protection of the sovereign power ; but in the time

of Claudius dissensions among the separate cities afforded a

pretext for the intervention of Rome, and Lycia became
formally annexed to the Roman empire. It was at first

united in the same province with Pamphylia ; but in the

reign of Theodosius it was constituted a separate province.

Almost the whole of Lycia is a rugged mountainous
country, traversed by offshoots and branches of the great

range of Mount Taurus, which occupies the whole interior

or northern part of the district, and sends down to the sea

great arms or branches, constituting lofty promontories.

The consequence is that the coast, though less broken and
irregular than that of Caria, is indented by a succession of

bays,—the most marked of which is that called in ancient

times the Glaucus Sinus, now the Gulf of Macri, in the

extreme west of the province, and separating Lycia from
Caria. A number of smaller bays, and broken rocky
headlands, with a few small islets lying off them, constitute

the coast-line from thence to the south-eastern promontory
of Lycia, formed by a long narrow tongue of rocky hill,

known in ancient times as the Sacred Promontory, with
three small adjacent islets, called the Chelidonian islands,

which was regarded by some ancient geographers as tho

commencement of Mount Taurus—an opinion justly con-

troverted by Strabo. But it really forms an important
point in the geography of Asia Minor, where the coast

trends abruptly to the north till it reaches the confines of

Pamphylia, It was believed by Strabo to be directly

opposite to Canopus in Egypt, and to be the point where
the interval between tho two continents was the shortest.

Though the mountain rangoa of Lycia may all bo con-

sidered as in reality offshoots of Mount Taurus, several of

them in ancient times were distinguished by separate names.
Such wore Mount Dredala in the west, adjoining the Gulf
of Macri, Mount Cragus on the sea-coast, west of the valley

of the Xanthus, and Mount Massicytus nearly in the centre

of tho region, rising to a height of 10,000 feet, while Mount
Solyma in the extreme east, above Phaselis, rises abruptly
from the sea to an elevation of 7800 feet. The steep and
rugged pass between this mountain and the sea, called the
Climax, or Ladder, was the only direct communication
between Lycia and Pamphylia.

The only two considerable rivers in Lycia are (1) the

Xanthus, which descends from the central mass of Mount
Taurus, and flows through a narrow valley till it -reaches

the city of the same name, below which it forms a pl.ain of

some extent before reaching the sea, and (2) the Liniyrus,

which enters tho sea near Limyra. The Arycandus and
the Andriacus, which are intermediate between the two,

are much less considerable streams, and do not How from
the central chain. The small alluvial plains at the mouths
of these rivers are the only level ground in Lycia ; but the

slopes of the hills that riso from thence towards the moun
tains are covered with a rich arborescent vegetation of the

most beautiful character. (See the description of it by

Forbes, quoted in Asia Minor, vol ii. p. 709.) The
upper valleys and mountain sides afford good pasture for

.sheep, and the main range of Mount Taurus encloses several

extensive yaUah^ or upland basin-shaped valleys of the

peculiar kind so characteristic of that range throughout its

extent (see Asia Minoe, p. 704).

It is very difhcult to determine the limits of Lycia

towards the interior; and the boundary seems to have

varied repeatedly at different times. The high and cold

upland tract to the north-east, called Milyas (which was

.supposed to retain some remains of the aboriginal popula-

tion of Lycia), was by some writers included in that pro-

vince, though it is naturally more connected with Pisidia.

A similar tract to the west of thi.s, and also situated to the

north of the watershed of Mount Taurus, was termed

Cabalia ; but this had no natural connexion with Lycia,

nor was in early times ever politically united with it, the

four cities that were situated in this region—Cibyra, with

its dependent towns of ffinoanda, Balbura, and Bubon

—

having always formed a separate league or Tetrapolis,

which had no connexion with the Lycian league. It was

not till after their annexation to Rome that Cibyra, with

the district adjoining it, termed the Cibyratis. was united

to Phrygia, while the three other towns above enumerated

were annexed to Lycia.

According to Artemidorus (whose authority is foUowca

by Strabo), the towns that formed the Lycian league in the

days of its integrity were twenty-three in number; but

Pliny tells us that Lycia once possessed seventy towns, of

which only twenty-six remained in his day. Recent

researches have fully confirmed the fact that, notwithstand-

ing its rugged character, the sea-coast and the valleys that

ran up into the interior were thickly studded with towns,

which in many cases are proved by existing remains to have

been places of considerable importance. The names have

been for the most part identified by means of inscriptions,

and we are thus enabled to fix the position of the greater

part of the cities that are mentioned in ancient authors.

On the Gulf of Glaucus, near the frontiers of Caria, stood

Telmessus, an important place, while a short distance from

it in the interior were the small towns of Daedala and

Cadyanda. At the entrance of the valley of the Xanthus

were Patara, Xanthus itself, and, a little higher up, Pinara

on the west and Tlos on the east side of the valley, while

Araxa stood at the head of tho valley, just at tb» '"ot of
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the pass leading into the interior. Sidyma, on the slope

of Mount Cragus, seems also to have borne the name of

the mountain, as was also the case with Massicytus, if there

was really a city of the name at all Myra, one of the

most important cities of Lycia, Occupied the entrance of

the valley of the Andriacus; on the coast between this

and the mouth of the Xanthus stood Antiphellus, while in

the interior, at a short distance, were found Phellus,

CyaneK", and Candyba. In the alluvial plain formed by

the outlets of the rivers Arycandus and Limyrus stood

Limyra, and encircling the same bay the three small towns

of Rhodiapolis, Corydalla, and Gagffi. Arycanda com-

manded the upper valley of the river of the same name.

On the east coast stood Olympus, one of the cities of the

league, though it could never have been more than a small

town, while Phaselis, a little farther north, which was a much
more important place, never belonged to the Lycian league,

and appears to have always maintained an independent

position. We have thus in all twenty-one towns of which
the sites have been ascertained, but the occuri>ence of other

considerable ruins, to which no names can be attached with

any certainty, confirms the statement of Pliny as to the

great number of the Lycian towns.

The cold upland district of the Milyas appears never to

have contained any town of importance. Podalia seems
to have been its chief place. Between the Milyas and tho

Pamphylian'Gulf was the lofty mountain range of Solyma,
which was supposed to derive its name from the Solymi, a

people mentioned by Homer in connexion with the Lycians
and the story of Bellerophon. No such name was known
in historical times as an ethnic appellation, but they were
supposed by some writers to be the same people with the

Milyans, while others regard them as a distinct people of

Semitic origin. It was iii the flank of this mountain, near a

place called Deliktash, that the celebrated fiery source called

the Chimaera, which gave rise in, ancient times to so many
fables, was found. It has been visited in modern times by
Captain Beaufort, Messrs Spratt and Forbes, and other
travellers, but is merely a stream of inflammable gas

issuing from crevices in the rocks, such as are found
in several places in the Apennines. No traces of recent

volcanic action exist in Lycia.

few parts of Asia Minor were less known in modem times than
Lycia until a very recent period. Cajitain Beaufort was the iiist

to visit several places on the sea-coast, and the remarkable rock-
hewn tombs of Telmessus had been already described by Dr Clarke,
but it was Sir Charles Fellows who first discovered and drew atten-
tipn to the extraordinary richness of tho district in ancient remains,
especially of a sepulchral character. His two visits to the country,
in 1838 and 1840, were followed by a more regular expedition seiit

out by tho British Govtrnment in 1842 for the'purpose ofti-ansport-
ing to England the valuable monuments now in the British
Museum, wh^e Lieutenant (now Admiral) Spratt and Professor
Edward,Forbes explored the interior of the district, and laid down
its physical features on an excellent map. The monuments thus
brought to light are certainly among the most interesting of any
that have been discovered in Asia Blinor, and,, while showing the
strong inflneoce of Greek art, both in their architecture and sculp-
ture, prove also the existence of a native architecture of wholly
distinct origin, especially in the rock-cut tombs, some of which
present a strange resemblance to our English Elizabethan style,
while others distinctly evince their derivation from the simple
construction of the mud and timber built cottages of the natives.
But the theatres that are found in almost every town, some of them
of very large size, are alone sufficient to attest the pervading
influence of Greek civilization ; and this is confirmed by the
sculptures, which are for the most part wholly Greek. Kone of
them, indeed, can be ascribed to a very early period, and hardly
any trace can be found of the influence of Assyrian or other
Or-iental art.

_^One of the most interesting results of these recent researches hes
been the discovery of numerous inscriptions in the native language
of the country, and written in a character, or at least an alphabet,
before unknown, and which appears to have been peculiar to Lycia,
A Tew of these inscriptions are fortunately bilingu,al, in Greek and
Lyciau, which has allbrded a clue to thoir.partial iutarpretation, and

the investigations of Mr Dam"el Shaqie in the first instance, foUowed
by the more mature essays of Moritz Schmidt and Savelsberg, havB
established the fact that the Lyciau language belonged to the great
Aryan family, and had close affinities with the Zend. The alph.a-

bet in which the inscriptions are written is obviously derived from
the Greek, no less than twenty-four of the letters being identical,

while most of the additional lettert appear to have been invented iu
order to express vowel sounds which were not distinguished iu
Greek. Noue of the Lycian inscriptions, however, any more than
the sculptuVes, can lay claim to a high antinuity. It is remarkable
that the Greek alphabet upon which it was founded appears not to
have been the Ionic alphabet which was in general use in Asia
Minor, but was more akin to the Doric alphabet lu use in the Pelo-
ponnese.

For these modem researches se? A Journal writlen duHng an Sxcursion in
Asia Minor, London, 1839, by Sir Cliarles Fellows; An Account of Discoveries in
Lycia, by the same author, London, 1841; Travels in Li/cia, Milyas, and the
Cibyratis, by Lieutenant Spratt and Professor Edward Forbes, 2 vols., London,
1S47: Moritz Sclimidt, AVue Ivkische Studien, Jena, 1869; Sa-^el&\>erg, Beitragt
zur Eiil:ifferiino der Lykisclien Spraclidcnkmaler, Bonn, 1S74. (E. H. B.)

LYCOPHRON was a Greek poet who flourishsd at

Alexandria in the time of Ptolemy Philadelphus (285-47
B.C.). He was born atChalcis in Euboea, and was the son

of Lycus. He wrote a number of tragedies, forty-six or

sixty-four, and Suidas gives the title of twenty of them.

Only a few lines are preserved of these works, which gained

him a place in the Pleiad of Alexandrian tragedians. He
was entrusted by Ptolemy with the task of arranging the

comedies iu the Alexandrian library, and out of this work
grew his treatise Trept Kuj/xMSta^, in at least eleven books.

It seems to have treated of the history of comedy, of the

lives of the comic poets, and of various topics subsidiary to

the proper understanding of their poems, but nothing has

been preserved of the work. One of his poems called

Cassandra, containing 1474 lines of iambic, has been pre-

served entire.. It is in the form of a prophecy uttered by
Cassandra; and relates Uhe later fortunes of Troy and of

the Greek and Trojan heroes. References to various events

of mythic and of later time are introduced, and the poem
ends with a reference to Alexander the Great, who was to

unite Asia and Europe in his world-wide empire. The
style, as befits a prophecy, is so enigmatical as to have pro-

cured for Lycophron, even among the ancients, the title of

the " obscure " (6 o-Koreti-o's). The poem is evidently in-

tended to display the writer's knowledge of obscure names
and uncommon myths ; it is full of unusual words of

doubtful meaning gathered from the older poets, along

with many long-winded compounds coined by the author.

It has none of the qualities of poetry, and was probably

written not for the enjoyment of the public but as a show-

piece for the Alexandrian school. It was very popular in

the Byzantine period, and was read and commented on

very frequently ; the collection of scholia by I. and J.

Tzetzes is very valuable, and the MSS. of the Cassandra

are numerous, A few neat and cwell-turned lines which

have been preserved from Lycophrou's tragedies show a

much better style ; they are said to have been much ad-

mired by Menedemus of Eretria, although the poet had
ridiculed him in a satyric drama. - Lycophron is also said

to have been a skilful writer of anagrams, a reputation

which does not speak highly for his poetical character.

Two passages of the Cassandra, 1446-50 and 1226-82, in which
the career of the Roman people and their, universal empire are

spoken of, could evidently not have been written by an Alexan-
drian poet of 250 B.C. Hence it has been maintained by Niebuhr
and othei's that the poem was written by a later poet mentioned by
Tzetzes, but the opinion of Welcker is generally counted more
probable, "that these paragraphs are a later interpolation: a pro-

phetic poem is peculiarly liable to have additicfns inserted, and the

Roman rule was the most natural subject to add.

See Weleker, Gricch. Trag. ; Konze, Dc Lycophr&nis Dictiovi ;

and Bernhardy" s and othei- histories of Greek Uteratu^e.^

LYCOPODIIJM. This and Selaginella are the twJl

chief genera of the order Lijcopodiaceac or club mosses. They
are flowerless herbs, aOd mostly creeping ; but during the

period of the development of coal plants luembera of this
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orJer attained to the dimensions ot lofty trees. A rcinark-

abla bed of Scotch coal called Iho " better bed " was found

on microscopical examination to be almost entirely com-

posed of the spores and sporanges of some "lycopod."

Ttere are one hundred species, which occur in all climates,

five being British. The leaves of lycopodium ara for the

most part small, and thickly cover the stem and branches.

The "fertile" leaves are arranged in cones, and bear

sporanges in their axils, containing spores of one kind

only (of two kinds in Selayinella). The prothallium

developed from the spore is a subterranean mass & tissue

of considerable size, and bears the male and female struc-

tures (anthericUa and ,archegonia). See Micrograp/iic

Diet. ; Le Maout and'Decaisne's Desc. and Anal. Bot.,

Eng. ed., p. 911 ; and Sach's Text-book of Bot., Eng. ed.,

p. 400 sq. Gerard, in 1597, described two kinds of

lycopodium {Herhall, p. 1373) under the names Mnscas

denlkidtilus and Muscus clqvaliis {£. clavatum, L.) as " Club

Mosse or Woolfes Claw'e Mosse," the names being in Low
Dutch, " Wolfs Clauwen," from the resemblance of the

club-like or claw-shaped shoots to the toes of a wolf,

"whereupon we first named it Lycopodion." Gerard

also speaks of its emetic and many other supposed

virtues. L. Selugo, L., and L. cat/iartiaiin, Hook., of South

America, have been said to be, at least when fresh,

cathartic ; but, with the exception of the spores {" lyco-

podium powder "), lycopodium as a, drug lias fallen into

disuse. .« The powder is used for rolling pills in, as a

dusting powder for infants' sores, &c. It is highly in-

flammable, and is used in pyrotechny and for artificial

lightning on the stage. If the hand be covered with the

powder it cannot be wetted on being plunged into water.

Another usis of lycopodium is for dyeing ; woollen cloth

boiled withvspecies of lycopodium, as L. clavatum, becomes

blue when dipped ir( a bath of Brazil wood.

LYCURGUS, a famous Spartan lawgiver. as even

the ancients themselves differed so widely in their accounts

of Lycurgus that Plutarch could begin his life by saying

that he could assert absolutely nothing about him which

was not controverted, it is not surprising that modern
historical criticism has been disposed to relegate him
wholly into the region of pure myth. One tradition would

put him as far back as the age of Troy ; another would
connect him with Homr; while Herodotus implies that

he lived in the 10th ce tury B.C. It is now usual, on the

strength of a passage in Thucydides (bk. i. chap. 18), which

represents Sparta as having enjoyed a well-established

political constitution for as much as four hundred years

before the Peloponnesian war, to assign him to the

9th century B.C., and to accept him as a real historical

person. But as to the character and result of his legisla-

tive work there still remain very conflicting opinions, due
to the circumstance that such data as we possess are

susceptible of exceedingly diverse inferences and inter-

pretations. Plutarch's life, which is the fullest and most
detaikd account we have of him, is not merely the com-

pilation at second hand of a late age (2d century),

but also abouhds in statements which any one with any
knowledge of the early growth of political societies feels to

be inherently improbable. Grote prefers on the whole to

be guided by what may be fairly inferred from the allusions

to his legislation in Aristotle, as being one of our earliest

sources of information and certainly the most philosophical

estimate of his work. With Thirlwall he takes him to have

been a real person, and assumes that he was the instrument

of establishing good order among the Spartans, hitherto,

according to Herodotus, the most lawless of mankind, and

of thus laying the foundations of Spartan strength and

greatness.

The traditional storv was mat when acting as guardian

to liis nephew, jjabotas, ting of the Spartans.v he Imported

his new institutions from" Crete, in which a branch of^thu

Dorian race had for a considerable period settled thcjnselvcs.

It was said that he had travelled widely, and gathered

political wisdom and experience in Egypt and even in

India. With the support ot the Delphic oracle, which
was specially reverenced by l)orian.s,Jio was ablo^y accom-

plish his work and to regulate, down to the smallest details,

the entire life of Sparta. He lived to see the fruit of his

labour, and, having bound his fellow countrymen to change

nothing in his laws till his return, he left then for Delphi,

and was never seen by them again. The oracle declared

that Sparta would prosper as long as she held fast by his

legislation, and upon this a temple was built to his honour,

and he was worshipped as a god.

It was the fashion with writers like PlutarcU, from whom
our notions of Lycurgus have been, mainly derived, to

represent the Spartan lawgiver as the author of a wholly

new set of laws and institutions. It need hardly be said

that any such view has long been abandoned, and that

Lycurgus's work, great as it no doiibt was, did not go

beyond formulating what already existed in''gerni, and

was in fact the peculiar heritage of the Spartans as

members of the Dorian raoe. ' II has been contended thai

the laws of Sparta were the typical Dorian laws, and. thai

Sparta herself was -the special representative, politically

and socially, of the Dorian race. It appears, however, to

have been the. general view of the Greeks themselves that

many of her most important institutions, more especially

the severity of her military training and of her hoine-

discipline, were peculiar to Sparta, and were by no means

shared by such states as Corinth, Argos, Megara, all of

Dorian origin. Grote lays great stress on this point

[History of Greece., chap, vi.), and maintains that it was the

singularity of the Spartan laws which made such a deej)

impression on the Greek mind. The truth indeed seems to

be that Sparta's political organization in its main lines was

of the Dorian type, and resembles the pictures given us

in the Homeric poems, but that much in her social life and

military arrangements was absolutely unique. It is here

that in a,ll probability may be traced the genius and fore-

sight of Lycurgus, and he may thus well deserve the credit

of having started Sparta on a new career.

The council of elders [yeroitsia, or senate), a di.stiuctive

feature of the Hellenic states generally, must have existed

at Sparta long before Lycurgus, uor is it at all certain that

he fixed its number at twenty-eight, the two kings who sat

and voted in it making it up to thirty members. It was

elected from the people from candidates who had reached

the age of sixty, and a senator once elected was a senator

for life. It united the functions of a-deliberative assendily

and of a court of justice, and it prepared measures which

were frona time to time submitted to periodical assemblies

of the people, which, however, had simply to accept or

reject, without any power of amendment or criticism. So

far the constitution of Sparta was distinctly oligarchical.

The two kings, whose office was hereditary, and whoso de-

scent was from the famous family of the Heraclids, hud

but very limited political powers, and, with some few excep-

tions, even little more than ordinary senators. They owed

their position and prerogatives to the religious sentiment

of the people-, which reverenced their noble and quasi-

divine origin, and accepted them as legitimately the high

priests of the nation, and as specially qualified in great

emergencies to consult the Delphic oracle and receive ita

answers. An ample royal- domain was assigned to them,

and some rather delicate legal matters, such as the bestow-

ment of the hand of an orphan h»iress, were entrusted to

their discretion. By far the most important of their

duties \i«ii the comuiand •! the wmj- oa a fui-cign expcdi-
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tion, with, however, the assistance of a council of war. In
fact they closely resembled at all points the kings of the
heroic age, and the honour and reverence in which they
were held was far greater than their actual power, which
really was curtailed within such narrow limits that it wag
not possible for them to establish anything like a tyranny
or despotism.

One great check on the kings was a board of magistrates,

annually elected by the people, termed ephors, a name not
confined to Sparta, whence we may fairly infer that this

institution also by no means owed its origin to Lycurgus.
A comparison has been suggested between the Spartan
ephors and the tribunes at Kume. Both were certainly

popular magistrates, and as it was at Eome, so too at Sparta,
at any rate in her later days, these magistrates made them-
selves the great power in the state. There was a form of

ancient oaths betwetn the king and the ephors, the king
swearing that he would respect the established laws, and
the ephors swearing that on that condition he should retain

his authority and prerogatives. The unanimous view of

antiquity was that it was the special business of the ephors
" to protect the people and restrain the kings." We gather
from passages in Thucydides that they had in his time great
political influence, and in the time of Aristotle they had
attained such a position that he says they did not choose
to conform themselves to the strict discipline prescribed to

Spartan citizens. Although the king took the command
iu war, it was for the ephors to say when war should be
made, and on what terms peace should be concluded. Any
public magistrate, the kings not excepted, was liable to be
called to account by them, while they themselves seem to
have been irresponsible. Of course the fact that they were
annually elected necessitated a general conformity in their

policy to the popular will. But so great and arbitrary

were their powers that Plato hints that the Spartan consti-

tution might be almost described as a tyranny. Indeed
they were to Sparta what the House of Commons is to

Kngland, " the movihg spring," as Arnold savs {Tlmcy.,

Api). II.), of the whole Spartan government.
Of the institutions we have described, not one, as we

liavo seen, was peculiar to Sparta, or, it may be inferred,

due to Lycurgius. They were indeed all connected by
tradition with his name, and we may believe that he did
Ills best to put them on a sound basis, though, as to the
ephors, there is reason to think that they formed no part
of the original Spartan constitution. One thing is certain

thit there was a permanence about Lycurgus's work, what-
ever it may have been, to which Sparta's lung freedom from
revolution was unanimously attributed. She owed this no
doubt mainly to her peculiar social customs and usages,
and it is here that in the opinion of both Grote and Thirl-
wall wo must specially look for the reforming hand of

Lycurgus.

It was of tUe first importance that the Spartan should
be an (ifficteut soldier. He was a conqueror in the midst
of a subject population, to which he stood in the same
rcLitiou in which the Norman for a time at least stood to
the Saxon. This subject population was made up of two
classes, the Periceci (dwellers round the city) and the
Helots, the first being freeraen-,and proprietors scattered
throughout the townships and villages of Laconia, with
some jiowcrs of local self-government, but with no voice in
the affairs of the state, while the latter were simply serfs,

attached to the soil which they cultivated, like tlie villein
of the feudal period, for Spartan proprietors, to whom they
paid a rent diuivalcnt, it is said, to half of the entire pro-
duce. Their condition, though a humble and in some
respects a degraded one, was at least free from the worst
incidents of slavery, as they lived with their wives and
families, and could not be sold out of the country. Thus

they must have felt themselves an integral part of tho state,

which employed them in military service, and rewarded
them from time to time with tho gift of freedom. Still,

as an oppressed class, they often gave uneasiness to Sparta,

and on one memorable occasion, recorded by Thucydides
(iv. 80), as many as two thousand of them were treacher-

ously and secretly massacred for reasons of state expediency.

There was even a regular and legalized system of thinning
their numbers by stealthy assassination, known as the

"crypteia," and carried into effect by young Spartans who
were annually commissioned to range the country with
daggers for this horrible purpose. If under ordinary

circumstances the frugal and industrious Helot might exist

in tolerable comfort and even hope for freedom, he must
have been made to feel that it was exceedingly dangerous
to be too aspiring, and the inferiority of his condition was
clearly marked by a distinctive dress which he dared not

lay aside, any more than he might presume to sing any of

the national songs of Sparta.

It was by the toil of the Helots that the Spartan was
enabled to live, as we should say, the life of a gentleman,
devoting himself to hunting and military exercises along
with some slight admixture of mental culture, based mainly
on music and poetry. It was not, however, a life of ease

and enjoyment. His physical training was proverbially

severe. From the age of seven he was put under a rigorous

state discipline which inured him to the patient endurance
of the most extreme hardships. The ideal at which he
was specially taught to aim was a calm passive fortitude,

which implied that he lived solely for the state. Spartan
youths would compete with each other in submitting
themselves to the lash before the altar of the goddess
Artemis, and would, it is said, sometimes sulTer even to

death without any visible emotion. The story that they
were habitually trained to theft means that they had licence

to roam tlie country and forage for food, which they were
expected to carry ofiE without detection. In every way
they were trained to feel themselves at home amid peril

and hardship.

The Spartan woman, whose business it was to be the

mother of brave and robust children, was naturally held in

great honour, and according to Aristotle had at least in his

time great influence on public- affairs. The maiden was
trained in much the same fashion as the youth, and was
exercised in running, wrestling, and boxing, and thus at

Sparta there was a much freer intermingling of the sexes

than in any other Greek state. In this respect Spartan
fashions of life seem to have been altogether peculiar to

Spartans. The effect of such a training on the women
would as a matter of course be to give them masculine senti-

ments and aspirations, and we can well understand what
regard would be paid to their praise or censure. The position

of women in Sparta takes us back to the old heroic ages, and
reminds us of many passages in the poems of Homer.
One of the features of Spartan life, in thorough harmony

with its general purpose and tenor, was the public mess,

the "syssitia," according to the Greek phrase. Every citizen

was bound to be a member of the mess, which was arranged

in a number of joint tables, each providing from his allot-

ment of land a prescribed quota of provisions, with wine
and game from the public forests, and the guests being

distributed into parties of fifteen persons, and chosen by
ballot. Attendance at tho mess was strictly enforced, and
even the kings were not permitted to excuse themselves.

The claims of the state on her citizens, and the duty of

obedience to state discipline, wefe thus kept perpetually

present to the Spartan's mind.

With trade and industrial occupations, even agriculture,

the Spartan had nothing to do, all this being left to the

Periceci and Helots. Wo might have anticipated that such
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vould Do the case witli a military aristocracy. The story

that Lycurgus restricted Sparta to an irou coinage can-

not well bo reconciled with the fact that silver lonoy

was not in use among the Greeks till a century after his

time.

The organization of the Spartan army was always greatly

admired by tho ancients. Xenophon praises its system of

tactics for " an admirable simplicity in the midst of seeming

intricacy," and in Thucydides (v. GG) we have it described

as based on an elaborate graduation of authority, by meana
of which tho general's orders were transndtted to the rank

and file with the utmost promptitude and accuracy. The
strength of the army consisted mainly in infantry, every

Spartan being a heavy-armed soldier, and the light troops

being made up out of the Periceci and Helots. The Spartan

cavalry never had much repute, and it was always regarded

as a decidedly inferior branch of the service. Nor did

they seriously apply themselves to sieges or to sea warfare.

Though a brave, they were a very cautious and wary

people, and all their military operations were conducted

with extreme secrecy. It was a fixed principle with them

not to engage the same enemy with needless frequency,

and not to carry a pursuit further than victory really

required. Anything like cowardice was a disgrace which

reduced a citizen to the condition of an outcast. " With
it or on it " were the words with which the Spartan mother

would bid her son return when he left home with his

S'hield to fight for Sparta.

Lycurgus is fairly described by G rote (Hist, of Greece,

chap. 6) as "the founder of a warlike brotherhood rather

than the lawgiver of a political community." The Spartan

was to be almost wholly estranged from home ties, and to

live only for the state, ilis training, though admired both

by Plato and Aristotle as directed towards a noble ideal,

was felt by them to be very imperfect, inasmuch as it

cultivated only ons side of human virtue and contemplated

the circumstances of a camp or a garrison rather than of a

state organized on a really perfect basis.

With the reforms of Lycurgus Plutarch connects a

sweeping readjustment of the entire system of landed pro-

perty, whereby Laconia was parcelled out into 39,000
equal lots, 9000 being assigned to Spartan citizens, and
the remainder to their free subjects, the PericecL It was
the fashion with certain ancient writers to assume some
such measure in the case of every early legislator or

reformer. But it is to be noted that we have no Lint of

any such repartition of land by Lycurgus till we come to

Plutarch, and this fact so much impressed Grote that he
utterly rejects the story. All historical evidence, he
maintains, points to- great inequalities of property among
the Spartans from the earliest times, and is therefore

irreconcilable with any such belief. Here indeed he seems
to be on sure ground, but it may be quite possible that

even with equal lots of land there were decided ine-

qualities in wealth. There may have been citizens rich

in flocks pnd herds pastured on common ground, of which,
we have reason to believe, there was considerable extent.

Plutarch's account is favoured by the fact that equal

distributions of land were often made iu early days by
conquering peoples. The question is one on which it

seems impossible to arrive at a certain and definite con-

clusion. Possibly, as has been suggested by M. Laveleye,

.some old tradition of an equality of landed property may
have been the origin of the belief that a redivision into

equal portions was a part of the system of Lycurgus.

There was, however, an equ.^lity which he certainly did

attempt to establish. Every Spartan, rich or poor, had
to submit to the same hard discipline and to aim at the

same ideal. The attempt was not altogether unsuccessful,

though the subsequent history of Sparta shows that several

of her citizens fell so far short of it as to disgrace them-
selves by actual dishonesty in the public BeJ-vfce. But
we may fairly credit Lycurgus with a work which laid

deep the foundations of a very remarkable and at times
a truly noble patriotism both in the men and women of

Sparta.

Tlie best accounts of Lycurgus and hiti legislation will be found
iu Groto's and Thirhvall's histories, and in Itiillcr's Dorians. The
chief original sources from whicli our knowledge of the subject is

derived are the writings of Plutarch and Xenophon. and Aristotle's
Politics. V. J. B.)

LYCURGUS, one of the ten great Attic orators, was
born about 396-93 rc. His father was named Lycophron,
and~he belonged to the old Attic family of the Kteobutada:.

He is said to have been a pupil both of Plato and of

Isocrates. His. early career is quite unknown, but after

the real character of the great struggle with Philip of

Macedon was becoming manifest he was recognized along

with Demosthenes and Hyperides as one of the chiefs of

the national party. He left the care of external relations

to his colleagues, and devoted himself to the internal

organization and the financial administration of the state.

He managed the finances of Athens for twelve successive

years, being chosen raftias ryj^ Koivr); Trpoo-oSoi', probably in

341 B.C., for a termof four years, and in the two succeeding

terms, when the actual office was forbidden him by law,

directing it through a nominal olficial chosen from his party.

Part of one of the deeds in which he rendered account of his

term of oflSce is still preserved in an inscription (Cm-p.

Inscr. Gr., i. No. 247 ; Corp. Inscr. Alt, ii. pt. 2, No.

289). During this time 18,900 talents passed through

his hands, and he raised the public income to 1 200 talents

yearly. His integrity and his skilful management were

highly appreciated by the people, who refused to deliver

him up when Alexander the Great demanded his surrender

;

many private persons deposited money under his charga

He was also appointed to various other oflices connected

with the preservation and improvement of the city. He
was very strict in his superintendence of the public morals,

and passed a sumptuary law to restrain extravagance. On
the other hand he showed a noble and liberal spirit in all

that concerned public expenditure ; he did much to

beautify and improve the city by fine buildings ; and he

passed a famous law ordering that statues of the three

great tragedians should be erected, and that a careful

edition of their tragedies should be made and preserved

among the state archives.

Lycurgus was a man of action and not of words ; his orations, of

wliieh fifteen were published, are criticized by the ancients for their

awliward arrangement of matter, harshness of style, aud the ten-

dency to digressions about mythology and past history, while the

noble spirit and the loity morality that breathe through them ar«

highly praised. Only one of the orations, that against Lcocratcs,

has been preserved, and fully hears out the criticism of the ancients.

He was evidently one of the last examples of the finest Athenian

type—full of religious feeling, as became one of the Eteobutadrc,

the family in which tlie priesthood.of Athene Poliaswas hereditaiy,

proud of tho history and the religion of his couutrj-, and resolved

to act worthily of it and to make others do the same, severe and

stern in his treatment of offenders aud frequently prosecuting there

in the public courts, but generous and liberal in all that concerned

the glory of Athens.

LYDGATE, John, a monk of Bury St Edmunds, was the

most famous English poet of the 15th centuiy. He is a

standing refutation of a popular notion that the extra-

ordinary collapse of English poetry after Chaucer dis-

appeared from the stage was due to the unsettled state of

public affairs. The exact dates of his birth and death are

not ascertained, but he began his occupation as a verse-

maker before Chaucer's death, and probably ended it

several years before the Wars of the Eoses broke out.

Public affairs ware not more unsettled during his lifetime

than during the lifetime of Chaucer. Like Chaucer,

XV. - 13
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Lydgate enjoyed tbe patronage of the royal family. He
was the " poet laureate " of his generation. He translated

Ijei\olt ds St itaure's Eislur'j of Troy " at the command-

ment " of Henry V. ; he- wrote a poem on the battle of

•Agincourt ; the coronation of Heary VII. furnished him
with another theme ; the " Good Duke Humphrey " of

Gloucester " commanded " his translation of Bochas upon

the Fall of Princes. The monk of Bury was in short a

professional poet. According to Wartou he opened a school

in his monastery for teaching the sons of the nobility thf

arts of versification and the elegancies of composition, and

it would seem from the character and the variety of the

pieces attributed to him—" disguisings," " mummings,"
lives of Baints, translations of standard works, devotional

pieces in metre, metrical paraphrases of proverbs—that he

was ready to write to order on any theme submitted to

hira. Lydgate attracted a good deal of attention from our

early, printers and antiquaries, his Fall of Princes being

reprinted four times before the accession of Elizabeth. The
fact that it was the largest poem in English of a tragic

cast may have had something to do with the popularity of

this work. The Story of Thehes, based on Statius and
Boccaccio, is ganerally supposed to have been one of his

first essays. It is told as one of the Canterbury tales,

—

the poet in his prologue feigning himself to have joined

Chaucer's pilgrims at Canterbury, and recited this tale at

the host's command as they rode back. Possibly more
than one of two hundred and fifty-one separate poems,
most of them short, ascribed to Lydgate by Ritson, have
been ascribed to him on very slender authority. But the

works tmdoubtedly his are so commonplace in thought
aud , sentiment, and so clumsy iu execution,—with all

allowance for transcribers' errors and imperfect editing,

—

that no injustice can have been done to his reputation by
attributing any doggerel to his facile pen. He was
evidently a great reader of poetry, a scholar accomplished

in amount, had probably a large indiscriminate enjoyment

of poetry, aud probably also a boisterous enjoyment of his

own facility in building up stanzas. His own mental life

was probably the reverse of dull. But, like many another

self-satisBod versifier, he is the cause of dulness in others.

In reading him with his own contented spirit, one catches

some faint reflexion of the gleeful happiness with which
he seems to have poured out his abundant store of thrice-

repeated phrases ajid images. Of artistic sensibility he
was entirely destitute. He claims our sympathy by his

warm admiiatioa for Chaucer, but admiration gave him
no share of Chaucer's economy of touch, rapid vivacious

movement, and subtle wit. His lines are eked out by
tautologous and feeble epithets, and garrulous repetitions^

—

" as clerkes can you tell," " in bookes as I rede," " the story

saith certain," "the story can devise," "the story can
reherse," " the story specifies," " the story maketh mind."
.Something is expressed in learned terms, and then the

s;iino thing is repeated "in plain English." Lydgate is

seen at his best in his illustrations of proverbs and maxims
of homely morality, and by far his most successful metre
is a stave of eight four-beat lines with a rhyme from the

first half recurring iu the second. A Satirical Balad on
the Times, with the refrain " So as the crab gothe forwarde "

;

A Satirical Description of his Lady, with the refrain
" When she hath on hire hood of green "

; A Lover's Com-
ptaint ; I'/umke God of Alk ; and Slake Amendes—all in

this metre—are among the most favourable specimens of

his powers. A line of Jive eccents seems always to have
driven him into prolixity. The London Laclcpenny, to the

refrain of " But for lack of money I might not speed," the
best known of hfs humorous poems, is also in four-beat

lines, though there are seven lines in the stanza.

Lydgate'a copiousuess of detail in describing customs.

dresses, architecture, as weU as in making literary com
parisons, render his verses useful as materials for the

historian; but in artistic skiU he is a sad falL'ng off-from

Chaucer. Personally he seems to have been a lively monk
enough. In his Tfd'iyMnt he makes confession to having

been a terril/it^ boy,-" disposed to many unbridled passions.''

He fought Mtth his echc'olfellows, and scoffed and made
mouths at them " lii^e a wanton ape" , he played truant,

and " forged leesiu.ts " in excuse ; neither hedge nor wall

could keep him out of orchards ; he "told cherry-stones"

when he ought to have been at church, and threw his

paternoster and his creed at the cock. Highly decorous

respectable old men often take a pleasure in looking back,

as Justice Shallow did, to the follies of their youth, and
perhaps exaggerating them, but there is nothing in

Lydgate's confession inconsistent with his poetry. A dull

writer is generally a person of high animal spirits ; only

that could sustain him through platitudes which other

people find so dreary. (w. M.)

LYDIA. It is difficult to fix the boundaries of Lydia Plate U
very exactly, partly because they varied at different times,

partly because we are still but imperfectly acquainted with

the geography of western Asia Minor. The name is first

found, under the form of Luddi, in the inscriptions of the

Assyrian king Assur-bani-pal, who received tribute from

Gyges about 660 b.c. In Homer ive read only of Msoniaus
(//.,ii. 865, V. 43,x. 431), and the place of the Lydian capital

Sardesis taken by Hyde (//., xx. 385), unless this was the

name of the district in which Sardes stood (seeStrabo, xiii.

p.
626).i The earliest Greek writer who mentions the

name is Mimnermus of Colophon, in the 37th Olympiad.

According to Herodotus (i. 7), the Meiones (called Mteones

by other writers) were named Lydians after Lydus, the son

of Attys, in the mythical epoch which preceded the rise of

the Heraclid dynasty. In historical times, however, the

Mceones were a tribe inhabiting the district of the Ujiper

Hermus, where a town called Ma;onia (now Meunen)
existed (Pliny, N. H., v. 30 j Hierocles, p. G70). The
Lydians must originally have been an allied tribe which

bordered upon them to the north-west, and occupied the

plain of Sardes or Magnesia at the foot of Tmolus and
Sipylus. They were cut off' from the sea by the Greeks,

who were in possession, not only of the Bay of Smyrna, but

also of the country north of Sipylus as far as Temnus, in

the Boghaz, or pass, through which the Hermus forces its

way from the plain of Magnesia into its lower valley.'^ In an

Homeric epigram the ridge north of the Hermus, ou which

the ruins of Temnus lie, is called Sardene. Northward the

Lydians extended at least as far as the Gygtean Lake (Lake

Coloe, now Merm^reh), and the Sardene range (now

Dmiianly Dagh). The plateau of the Bin Bir Tep^, on the

southern shore of the Gyga-an Lake, was the chief burial-

place of the inhabitants of Sardes, and is still thickly

studded with tumuli, among which the " tomb of Alyattes
"

towers to a height of 260 feet. Next to Sardes, Magnesia

ad Sipylum was the chief city of the country, having

taken the place of the ancient Sipylus, now probably repre-

sented by an almost inaccessible acropolis discovered by
Mr Humann not far from Magnesia on the northern clitf

of Mount Sipylus. In its neighbourhood is the famous

seated figure of " Niobe "
(//., xxiv. 614-17), cut out of the

rock, and probably intended to represent the goddess

Cybele, to which the Greeks attached their legend of

Niobe. According to Pliny (v. 31), Tantalis, afterwards

swallowed up by earthquake in the pool Sale or Saloe,

was the ancient name of Sipylus and "the capital of

M^onia" (Paus., vii. 24; Strabo, siL p. 579).

Pliny (v. 30) makes it the Maeonian name.
See W. M. Ramsay in tiie Jmir-nal of Hellmic Studies, ii 2.
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Under the Tleraclid dynasty the limits of Lydia naust

have beea already extended, since according to Strabo

(xiii. p. 590), the authority of Gygoa reached as far as

the Troad, and wc learn from the Assyrian inscriptions

that the same king sent tribute to Assur-bani-pal, whose

dominions were bounded on the west by the Halys. But

under the Mermnads Lydia became a maritime as well as

an inland power. The Greek cities were conquered, and

the coast of Ionia included within the Lydian kingdom.

The successes of Crcesus finally changed the Lydian king-

dom into a Lydian empire, and all Asia Minor westward of

the Halys, with the exception of Lycia, owned the supre-

macy of Sardes. Lydia never again shrank back into

its original dimensions. After the Persian conquest the

MaeaiMier was regarded as its southern boundary, and in

the Roman period it comprised the country between Mysia

and Caria on the one side and Phrygia and the ^gean on

the other.

Lydia proper was exceedingly fertile. The hill-eldes

were clothed with vine and fir, and the rich broad plain of

Hermus produced large quantities of corn and saffron.

The climate of the plain was soft but healthy, though the

cotintry was subject to frequent earthquakes. The
Pactolns, which flowed from the fountain of Tarne in the

Tmolus mountains, through the centre of Sardes, into the

Hermus, was believed to be full of golden sand ; and gold

mines were worked in Tmolus itself, though by the time

of Strabo the proceeds had become so small as hardly to

pay for the expense of working them (Strabo, xiii. 591).

MiEonia on the east contained the curious barren plateau

known to the Greeks as the Catacecaumene or Burnt
country, once a centre of volcanic disturbance. The
Gygsean lake (where remains of pile dwellings have been

found) still abounds with carp, which frequently grow to a

very large size.

Herodotus (i. 171) tells us that Lydus was a brother of

Mysus and Car. The statement is on the whole borne out

by the few Lydian, Mysian, and Carian words that have

been preserved, as well as by the general character of the

civilization prevailing among the three nations. Tlie

language, so far as can be judged from its scanty remains,

was Indo-European, and more closely related to the

western than to the eastern branch of the family. The
race was probably a mixed one, consisting of aborigines

and Aryan immigrants. It was characterized by industry

and a commercial spirit, and, before the Persian conquest,

by hravery as well.

The religion of the Lydians resembled that of the other

civilized nations of Asia Minor. It was a nature-worship,

which at times became wild and sensuous. By the side of

the supreme god Medeus stood the sun-god Attys, as in

Phrygia the chief object of the popular cult. He was at

once the son and bridegroom of Cybcle or Cybebe, the

Brother of the^ods, whose image carved by Eroteas, son of

Tantalus, was adored on the cliffs of Sipylus (Fans., iii. 22).

Like the Semitic Tammuz or Adonis, he was the beautiful

youth who had mutilated himself in a moment of frenzy

or despair, and whose temples were served by eunuch

priests. Or again he was the dying sun-god, slain by the

winter, and mourned by Cybele, as Adonis was by
Aphrodite in the old myth which the Greeks had borrowed

from Phoenicia. This worship of Attys was in great

measure due to foreign influence. Doubtless there had

Ireeu an ancient native god of the name, but the associated

myths and rites came almost wholly from abroad. The

Hittites in their stronghold of Carchemish on the Euphrates

had adopted the Babylonian cult of Istar (Ashtoreth) and

Tammuz-Adonis, and had handed it on to the tribes of

Asia Minor. The close resemblance between the story of

Attys aiid that of Adonis was the result of a common

origin. The old legends of the Semitic East had come to

the West threugh two eha'mels. The I'hiunicians brought
them by sea and the Hittites by land. But though the
worship of Makar or Melkarth on Lesbos (//., xxiv. 5H)
shows that the Phccnician faith had found a home on this

part of the coast of Asia Minor, it could have had no
influence upon Lydia, which, as wo have scon, was cut olf

from the sea before the rise of the Mermnads. It was rather

to the Hittites that Lydia, like Phrygia. and Cappadocia,
owed its faith in Attys and Cybele. The latter became
"the mother of Asia," and at Ephe-sus, where she was
adored under the form of a meteoric stone, was identified

with the Greek Artemis. Her jnural crown is first acc^i

in the Hittite sculptures of Boghaz Keui on the Halys, and
the bee was sacred to her. A gem found near Aleppo
represents her Hittite counterpart standing on this insect.

The priestesses by whom she was served are depicted in

early art as armed with the double-headed axe, and the

dances they performed in her honour with shield and bow
give rise to the myths which saw in them the Amazons,

a nation of woman-warriors. The prae-HcUenic cities of

the coast— Smyrna, Samorna (Epiiesus), Myrina, Cyme,
Priene, and Pitane—were all of Amazonian origin,

and the first three of them have the same name as the

Amazon Myrina, whose tomb was pointed out in the Troad.

The prostitution whereby the Lydian girls gained their

dowries (Herod., i. 93) was a religion^ exercise, as among
the Semites, which marked their devotion to the goddess

Cybele. In the legend of Hercules, Omphale rtakes the

place of Cybele, and was perhaps her Lydian title.

Hercules is here the sun-god Attys in a new form ; Iiis

Lydian name is unknown, since E. Meyer has shown
(Z. D. M. G., xxxL 4) that Sandon belongs not to Lydia

but to Cilicia. By the side of Attys stood the moon-god

Manes or Men.
According to the native historian Xantlius (460 B.c.)

three dynasties ruled in succession over Lydi.a. The first,

that of the Attyads, is wholly mythical It was headed by

a god, and included geographical per.simages like Lydus,

Asies, and Meles, or such herpes of folk-lore as Cimbletes,

who devoured his wife. To this mythical age belongs the

colony which, according to Herodotus (i. 94), Tyrsenus,

the son of Attys, led to Etruria. Xanthus, however, puts

Torrhebus in the place of Tyrsenus, and makes him the

eponym of a district in Lydia. There was no connexion

between the Etrurians and Lydians in either language or

race, and the story in Herodotus rests solely. on the sup-

posed resemblance of Tyrrhenus and Torrhebus. It is

doubtful whether Xanthus recognized the Greek legends

which brought Pelops from Lydia, or rather Majonia,

and made him the son of Tantalus. The legends

must have grown up after the Greek colonization of iEolis

and Ionia, though Dr Schliemann's discoveries at Mycen.-e

have shown a certain likeness between the art of early

Greece and that of Asia Minor, while the gold found there

in such abundance may have been derived from the mines

of Tmolus. The second dynasty was also of divine origin,

but the names which head it prove its connexion with the

distant East. Its founder, a descendant of Hercules and

Omphale, was, Herodotus tells us (i. 7), a son of Ninus

and grandson of Belus. The Assyrian inscriptions have

shown that the Assyrians had never crossed the Halys, much

less known the name of Lydia, before the age of Assur-

bani-pal, and consequently the old theory which brought

tlie Heraclids from Nineveh must be given up. But wc

now know that the .case was otherwise with another

Oriental people, which was deeply imbued with the

elements of Babylonian culture. The Hittites had overrun

Asia Minor and established themselves on the'ehores of

the /Egean before the reign of the Egyptian king Eamses IL
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The Bubject allies who then fight uuder their banners

include the Masii or Mysians and the Dardani of the

Troad from Iluna or Ilion and Pidasa (Pedasus); and, if we

follow Brugscb, Iluna should be read Mauna and identified

with Majonia. " At the same time the Hittites left me-

morials of themselves in Lydia. Mr G. Dennis has dis-

covered an inscription in Hittite hieroglyphics attached to

the figure of "Niobe" on Sipylus, and a similar inscription

accompanies the figure (in which Herodotus [ii. lOG]

wished to see Sesostris or Ramses IL) carved on the clili

of Karabel, the pass which leads from the plain of Sardes

to that of Ephesus. We learn from Eusebius that Sardes was

first captured by the Cimmerians 1078 B.C.; and, since it was

four centuries later before the real Cimmerians appeared on

the horizon of history, we may perhaps find in the statement

a tradition of the Hittite conquest. Possibly the Ninas of

Herodotus points to the fact that Carchemish was called

".the old Ninus" (Amm. Marc.,xiv. 8), while the mention

of Belus may indicate that Hittite civilization came from

the land of Bel (see Sayce, Trans. Soc. Biblical Arch., vii. 2).

At. all events it was when the authority of the Hittite

satraps at Sardes began to decay that the Heraclid dynasty

arose. According to Xanthus, Sadyattes and Lisus were

the successors of Tylon the son of Omphale. After lasting

five hundred and five years, the dynasty came to an end
in the person 'of Sadyattes, as he is called by Nicolas

of Damascus, whose account is doubtless derived from
Xanthus.' The name Candaules given him by Herodotus
meant "dog-strangler,"and wasatitle of the Lydian Hermes.
Gyges, termed Gugu in the As.syrian inscriptions, Gog in

the Old Testament, put him to death and established the

dynasty of the Mermnads 690 B.C. (Euseb., 698 B.C.). Gyges
initiated a new policy, that of making Lydia a maritime
power ; but his attempt to capture Old Smyrna was
unsuccessful. Towards the middle of his reign the king-

dom was overrun by the Cimmerians, called Gimirr^ in

the Assyrian texts, Gomer in the Old Testament, who had
been driven from their old seats on the Sea of Azoff by au
invasion of Scythians, and thrown upon Asia Minpr by the

defeat they had suffered at the hands of Esar-haddon.
The lower town of Sardes was taken by them, and Gyges
turned to Assyria for aid, consenting to become the
tributary of Assur-bani-pal or Sardanapalus, and seuding
him among other presents two Cimmerian chieftains he
had himself captured in battle (about 660 B.C.). At first

no one could be found in Nineveh who understood the
language of the ambassadors. A few years later, Gyges
joined in the revolt against Assyria, which was headed by the
viceroy of Babylonia, Assur-bani-pal's own brother. The
Ionic and Carian mercenaries he despatched to Egypt en-

abled Psammetichus to make himself independent. Assyria,
however, was soon avenged. The Cimmerian hordes re-

turned, Gyges was slain in battle after a reign of thirty-

eight years, and Ardys his son and successor returned to
his allegiance to Nineveh. The second capture of Sardes on
this occasion was alluded to by Callisthenes (Strabo, xiii. p.

627). Alyattes the grandson of Ardys finally succeeded in

extirpating the Cimmerians, as well as in taking Smyrna,
and thus providing his kingdom with a port. The trade
and wealth of Lydia rapidly increased, and the Greek
towns fell one after the other before the attacks of the
Lydian kings. Alyattes's long reign of fifty-seven years
saw the foundation of the Lydian empire. All Asia
Minor west of the Halys owned his sway, and the six

years' contest he carried on with the Modes was closed by
the marriage of his daughter Aryenis to Astyages, and au
intimate alliance between the two empires. The Greek
cities were allowed to retain their own institutions and
government on condition of paying taxes and dues to the

Lydian monarc"li, and the proceeds of their commerce thus

flowed into the imperial exchequer. The result was that

the king of Lydia became the richest prince of his age.

AJyattes was succeeded by Crcesus, who had probably

already for some years shared the royal power with his

father, or perhaps grandfather, as Floigl thinks (GeschichU

des semitiselieii Alterthums, p. 20). He reigned alone only
fifteen years, Cyrus the Persian, after an indecisive

battle on the banks of the Halys, marching upon Sardes,

and capturing both acropolis and monarch before his allies

could come to his help (Euseb., 546 B.C.). The place

where the acropolis was entered was believed to have been
overlooked by the mythical Meles when he carried thf

lion round his fortress which made it invulnerable
; it wa^

really a path opened- by one of the landslips which have
reduced the sandstone cliff of the Acropolis to a mere shell,

and threaten in a few years to carry it altogether into the

plain below. The overthrow of Croesus gave rise to many
legends among both Lydians and Greeks, and he was. held

to have escaped death at the conqueror's hands through

the intervention of the gods. The revolt of the Lydians
under Pactyas, whom Cyrus had appointed to collect the

taxes, caused the Persian king to disarm them, though wo
can hardly credit the statement that by this measure their

former warlike spirit was crushed. Sardes now became
the western capital of the Persian empire, and its burning

by the Athenians was the indirect cause of the Persian

War. After Alexander's death, Lydia passed to Antigonus
;

then Achseus made himself king at Sardes, but was defeated

and put to death by Antiochus. The country was pre-

sented by the Romans to Eumenes, and subsequently

formed part of the proconsular province of Asia. By the

time of Strabo (xiii. p. 631) its old language was entirely

supplanted by Greek.
The Lydian empire may be desciibed as the industrial power of

tlie ancient world. Tlie Lydians were credited with being the
inventors, not only of games such <is dice, huckle-bones, .Tlid ball

(Herod., i. 94), but also of coined money. The oldest known coins are

the electrum coins of the earlier Mermnads (Madden, Coins of the

Jews, pp. 19-21), stamped on one side with a lion's head or the
figui'e of a liing with bow aad quiver ; these were replaced by
Crcesus with a coinage of pure gold and silver. To the latter

monarch were probably due the earliest gold coins of Ephesus
(Head, Coinage of Eplies^is, p. 16). Mr Head has shown that the
electrum coins of Lydia were of two kinds, one weighing 168'4

grains for the inland trade, and another of 224 grains for the trade

with Jonia. The standard was the silver " mina of Carchemish,"
as the Assyrians called it, which contained 8656 grains. Origin-

ally derived by the Hittites from Babylonia, but modified by
themselves, this standard was passed on to the nations of Asia

Minor during the period of Hittite conquest, but was ovcntually

superseded by the Pha-nician mina of 11,225 gi-ains, and continued
to survive only in Cyprus and Cilicia. The inns, which the
Lydians were said to have been the first to establish (Herod., i. 9-t),

were connected with their attention to commercial pursuits. Their

literature has wholly perished, and the only specimen of their writ-

ing we possess is on a marble base found by Mr Wood at Ephesus
(Schliemann, Ilios, p. 698). They were celebrated for their music
and gymnastic exercises, and their ar-t formed a link between that

of Asia Minor and that of Greece. A marble lion at Achmetly re-

presents in a modified fonn the Assyrian type^-fiTid the engraved
gems found in the neighbourhood of Sardes and Old^myina resemble

the rude imitations of Assyrian workmanship met with in Cyprus
and on the coasts of Asia Minor. For a description of a pectoral

of white gold, ornamented with the heads of animals, human facc.«;,

and the figure of a goddess, discovered in a tomb on Tmolus, see

Academy, January 15, 1881, p. 45. Lydian sculpture was probably

simibar to that of the Phrygians as displayed at Doghanly, Kumbet,
and Ayazin, a necropolis lately discovered by Mr Ramsay. Phallic

emblems, for averting evil, were plentiful ; even the summit of

the tomb of Alyattes is cro\\Tied with an enormous one of stone,

about 9 feet in diameter. The tumulus itself is 281 yards in

diameter and about half 'a mile in circumference. It has been
partially excavated by Spiegclthal and Dennis, and a sepulchral

chamber discovered in the middle, composed of large well-cut and
highly polished blocks of marble, the cnaraber being 11 feet long,

nearly 8 feet broad, and 7 feet high. Notlring was found in it

except a few ashes and a broken vase of Egyptian alabaster.''^ The
stone basement which, according to Herodotus^ formerly sulTimndcd

the mound has now disappeared. (A. H. S.)
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LYELL, Sir CharI/ES (1797-1875), one of tke greatest

of geological thinkers, was the eldest son of Charles LyoU of

Kiunordy, Forfarshire, and was bora November 1-1, 1797,

on tho family estate iu Scotland. His father was a

mau of literary and scientific tastes, known both as a

botanist and as tho translator of the Vita Jfiiova and the

C'onvito of Dante. From his boyhood Lyell had a strong

inclination for natural history, especially entomology, a

taste which he was able to cultivate iu tho New Forest,

to which his family had removed soon after liis birtli.

lie was educated chiefly at Midhurst, and then at Exctor

College, Oxford, vvhero t'"- '"otures "f Dr Buckland first

opened out to him that field of geological study which

became the passion of his life. After taking his degree

in 1821, he entered Lincoln's Inn, and in 1S25, after a

delay, caused by chronic weakness of tho eyes, he was

called to the bar, and went on the western circuit for two

years. During the whole of this time, though not

ueglecting hi.s profession, he was slowly gravitating

towards the life of a student of science. In 1819 he

had been elected a member of the Linnean and Geologi-

cal Societies, communicating his first paper, " On the

Marls of Foi'farshire," to the latter society in 1822, and
acting as one of the honorary secretaries in 1823. In that

year he went to France, with introductions to Cuvier,

Humboldt, and other men of science, and in 1821 made a

geological tour in Scotland in company with Dr Buckland.

In 1826 he was elected a fellojv of the Uoyal Society,

from which in later years he received both the Copley

and Royal medals ; and in 1827 ho finally abandoned the

legal profession, and devoted himself to geology.

Long prior to tlii.«, however, he had already begun the

sketch of his principal work, 2'he Principles of Geology.

The subsidiary title, " An Attempt to E.vplain the Former
Changes of the Earth's Surface by Eeference to Causes now
ill Operation," gives the keynote of the task to which Lyell

devoted his life, and in pursuance of which he made
geological tours over large portions of the Continent, and
in later years to Madeira and to the United States and
Canada. The journey undertaken with Murchison in 1828
was especially fruitful in results, for not only did it give

rise to two joint papers on the voleanic district of Auvergne
and tlie Tertiary formations of Aix-en-Provence, but it was
apparently while examining Signer Bonelli's collection of

'"ertiary shells at Turin, and subsequently when (after

parting with Murchison) he studied the marine remains of

the Tertiary rocks of Ischia and Sicily, that Lyell conceived

the idea of dividing the Tertiaries into three or four

principal groups, characterized by the proportion of recent

to extinct species of shells. To these groups, after consult-

ing Dr Whewell as to the best nomenclature, he gave the

names now universally adopted—Eocene (dawn of recent),

Miocene {less of recent), and Pliocene {more of recent) Upper
and Lower ; and with tho assistance of M. Deshayes, who
had arrived by independent researches at very eimilar

views, he drew up a table of shells in illustration of this

classification. The first volume of the Principles of Geo-

logy appeared in 1830, and the second in January 1832.

Received at first with considerable opposition, at least so

far lis its leading theory was concerned, the work had ulti-

mately a great success, and it had already reached a second

edition iu 1833 when the third volume, dealing with the

successive formations of the earth's crust, was added.^

In August 1838 Lyell published the Elements of
Geology, which, from being originally an expansion of the

* Between 1830 and 1872 clcviiu editions of tliis woik were pwli-

!ished, each so much enriched with new niuterial and the results of

riper thought as to form a conipletp history of the progress of geology

during that interval. Only a few days before his death Sir Charlei

finished revising the 12th editiooi, -^vhich appeared iji 1S76.

fourth book of the Princijiles, bccann; a stuulai'd work of

reference in stratigraphical and paUeontological geology.
This book went through six editions in Lyell's lifetime

(some intermediate ones being styled Manual of JClemciilnnj

Geology), and in 1871 a smaller work, the .Stadail's

Elements of Geology, \\s.-i based upon it. His third great

work, TItc Anticj-nity of Man, appeared in 18G3, and ran
through three editions in one year. In this he laid before
the world a general survey of the arguments for man's
early appearance on the earth, derived from the dl.'i-

coveries of worked Hint implements in Post-Plioccna strata

in the Somrae valley and elsewhere, and in it also he first

gave in his adhesion to Darwin's theory of the origin of

species. A fourth edition appeared in 1873.

While thus occupied with his writings, LycU lost no
opportunity of carrying out original investigations, and
whenever absent from his literary work in London was
always.to be lieard of in the field either iiL England or on
the Continent. In 1831 he held for a short time the post

of professor of geology at King's College, London, and
delivered while there a highly appreciated course of lectures,

which became the foundation of the Elements of Geology.

In 1832 he married Mary, eldest daughter of Leofiaid

Horner, who became thenceforward associated with him in

all his literary and scientific labour.^, aiding him sub-

stantially with her ready intellect, and by her pre-eminent

social qualities making his home a centre of attraction to

all men of talent. In 1834 he made an excursion to Den-
mark and Sweden, the result of which was his celebrated

paper to the Royal Society, " On the Proofs of the Gradual

Rising of Land in Certain Parts of Sweden," and another

to the Geological Society, " On the Cretaceous and Tertiary

Strata of Seeland and Moen." In 1837 he was again in

Norway and Denmark, and in 1841 he spent a year in

travelling through the United States, Canada, and Nova
Scotia. This last journey, together with a second one to

America in 1845, when he visited Boston, Philadelphia,

New Orleans, and the alluvial plain of the Mississippi,

gave rise, not only to numerous original papers, but also

to the publication of two works not exclusively geological.

Travels in Korth America (1845) and A Second Visit to

the United Stales (1849). In the second work especially

he did much to promote good feeling between England
and America, by showing a just appreciation of American

society and institutions. Tt was in the course of these

journeys that he estimated the rate of recession of the

falls of Niagara, and of the annual average accumulation of

alluvial matter in the delta of the Mississippi, and studied

those vegetable accumulations in the "Great Dismal

Swamp " of Virginia, which he afterwards u.sed in illustrat-

ing the formation of beds of coal. He also studied with

great care the coal-formations in Nova Scotia, aiid dis-

covered in company with Dr Dawson of Montreal tho

earliest known land shell, /"«;» vetusta, in the hollow stem

of a Sigillaria. But it was chiefly in bringing a thorough

knowledge of European geology to bear upon the more

widely extended and massive formations of the North

American continent that Lyell rendered immense service

to geologists on both sides of the Atlantic.

Besides these Transatlantic journeys Lyell undertook

geological excursions at diQ"erent times to all parts of the

British Isles, to Belgium, Switzerland, Germany, Spain,

Madeira, and Tenerifi'e, in which latter islands, which he

visited in company with G. Hartung, he acc^umulatod much
valuable evidence on the age and deposition of lava-beds

and the formation of volcanic cones. He also revisited

Sicily in 1858, \fhcn ho made such observations upon th-e

structure of Etna as entirely refuted tlie theory of " craterS

of elevation" upheld by Von Buch and Elie de Bcau:

mont (see Hoy. Soc. Proc., 1859).
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Lyell received tlie honour of knighthood in 1848, and

'

was created a baronet in 1864, in which year he was

president of the British Association, meeting at Bath.

His services to the science of geology were now universally

recognized both at home and abroad, and he was a member
of almost every Continental and American Society. He
was elected corresponding member of the French Institute

and of the Royal Academy of Sciences at Berlin, and was

created a knight of the Prussian Order of Merit.

During the latter years of his life his sight, always

weak, failed him altogether, and he became very feeble.

He died on February 22, 1875, in his seventy-eighth year,

and was buried in Westminster Abbey. His funeral was

attended by an immense concourse of public men, all his

personal friends ; for by l^oung and old the veteran master

of geology was deeply loved and revered. His gentle

nature, his intense love of truth, his anxiety to help and

encourage those who cultivated his favourite science, en-

deared him to all who approached him; while the extreme

freshness of his mind kept him free from that dogmatism

which is so often the accompaniment of old age, and

enabled him to accept and appreciate heartily the work of

3'ounger men.

In order to appreciate justly the influence of Lyell's works upon
tlio geolpgy of the 19th century, it is necessary to beariuraind wnat
was the state of knowledge upon this subject at the time when he

entered the field in 1822. The rival schools of AVerner and Hutton
woro.then at th^ height of their famous contest, and, while the vehe-

jiient discussions between the Neptunists and Vulcanists gave an

J impetus to the study of rock-masses, the one true principle upon
^ii which llutton himself had go strongly insisted had dropped into

/( ubltviou, namely, that " in examining things present we have data

from wliich to reason with regard to what has been," and that there-

fore wc have no need to imagine other causes than those now in

action to account for tho past. 'Meanwhile a reaction against the

spnculntive discussions which had so long occupied the world
inclined many of the leaders- of geological study to confine them-
selves to the collection of facts, and the science became for a time

^>. a mere branch of mineralogy, which, though most valuable in

layinfj a true foundation, was quite inadequate to deal with the

earth's history, since it took little or no account of organic re-

mains, and their real significance was not in tiie least understood.

Both in England and France, however, materials were being ac-

cumulated which prepared the way for a wider basis. In 1799
William Smith, travelling over England, first grouped the for-

mations accnrdint; to the fossils contained in them, and in 1815 he
published his geological map of England, thus making the first step

in stratifijvaphical geology; and almost simultaneously, in 1812,
C'uvicr'H restomtions of the extinct mammalia of the Paris basin,

Cj anil Lamarck's classification of recent and fossil shells, gave tho

^/ \ lirst impulse to paleontology. But the older schools of geologists,

hampered by preconceived theories, were not prepared t#«Bnake full

nst* of the new facts. Cuvier himself, while insisting on tho value
of fossils h\ th-^ chronology of the earth, yet retained all the old
notions of auddon and violent convulsions, attributing the destruc-
tion of the fauna of the Paris basin to the deluge, or to the bursting
of- lakes caused by a sudden revolution of the globe ; and in like

manner Buckland, Sedgwick, and their compeers still explained
ever) filing by tho diluvial theory, attriblating tho erratic blocks
strewn over tlm Continent to the universal delugo, and accepting as
ilonionstrated Elie de Beaumont's theory of the sudden elevation of

mountain chains. Sedgwick in his address to the Geological Society
in 18^4 even spoke confidently of the extinct forms in geological

strata as "indications of change and of an adjusting power alto-

gether difTcrcnt from what we-commonly understand by the laws of

jintnrc."

To shake off tho influence of preconceived opinions such as these
tlioro was needed a fresh impartial mind capable of appreciating the
evidence Avhich had been accumulating during the past thirty years,

and cspocifiUy alive to the discoveries of palteontology. These
vcquisitua wi-ro found in T^ycl!. His early study of natural history

ffW'p him advantages possesseil by few of his contemporaries, while
tho dearnisightand calm judgment for which he was thus early
leinarkablo led him alone of the younger school of geologists to grasp

l,j tho b-uth cminciatcd by Hutton of tho power of gradual changes to

I p»>thu-o gi-cat roaiiUa if only tinio enough bo allowed. This truth
* liP illuKtilitcd with such a w.-itlth of f:icts, derived from his own

observation and that of othnr.s. that in the first edition of tho
Priuclplrs wo IJnd sketched in bro.ad outline, and demonstrated by
;irtiinlvx.'inipl('S. ni^arly nil those fiuidamontal truths which, though
t'flcn vclf-nunlly opposed at the time, have now become so much

the accepted basis of geology that it is difficult to realize how novel

they were in 1830.

Kven the opening historical chapters cut boldly at the root of

catastrophic geology by showing how the prejudices concerning the

short duration of past time on the globe had led men to the mistaken
conclusion that "centuries were implied where the characters

imported thousands, and thousands where the language of

nature signified millions"; and the arguments for the uniform
action of nature followed" with overwhelming force, as Lyell pro-

ceeded to lay under contribution all countries of the world to show
how the face of the earth is now being altered by rivers, torrents,

springs, currents and tides, volcanoes and earthquakes.

In the second volume the changes in the organic world wore used
to teach the same lesson. The proofs of extinction of specific

forms in historical times were accumulated to explain that the

presence of extinct forms in geological fonnations was the cSect

of ffradual causes and not of sudden and violent catastrophes, f^
while the tranquil imbedding of organic remains now in progress

was used to strengthen the previous argument derived froicf in-

organic causes for the slow and gradual accumulation of fossiiiferous

strata. It was in this volume that Lyell made in 1830 his cele-

brated attack upon Lamarck's theory of the transmutation of species,

and, though this has often been held as a want of appreciation on
his part of the arguments of the great naturalist, yet, as we shall

see presently, it was really a curious illustration of the impartiality

of Lyell's mind (though acting under what he himself would have
called the influence of "inherited belief") that this theory, so

eminently calculated to harmonize with his own views of the power
of minute causes to work appreciable change, was rejected by him
because it rested upon an assumption of a law of innate progressive

development, which could not be shown to be in accordance with

natural facts.

The third volume of the Principles, which did not appear till

two years later, completed the task which Lyell had set himself, by
interpreting the fragmentary record which remains to us of the

successive geological formations of tlie earth's crust with theii

imbedded remains and the associated volcanic rocks, and thus re-

storing as far as possible the past history of the earth. Througl!

all its successive editions this volume has remained the standard

text-book of geological history, as its two predecessors have of the

philosophical principles of the science.

So immediate was the effect of this remarkable work that from

the time of its publication the earlier cosmogonies disappeared fron.

the field, and even Cuvier's Tlicory of the Earth never reached

unother edition. Yet, although geologists began insensibly to follow

the lines which Lyell had marked out, they were long in receiving

the principles upon which these were founded. Sedgwick, in the

address already quoted, while pionouncing a eulogy on the book as a

whole, regretted that " from the very title-page of bis work Mr Lyell

seems to stand forward as the champion of a gi'eat leading doctrine

of the Huttonian hypothesis, "f.c, theexplacationof former changes

by reference to causes now in operation; and Lyell's oldest friend and
fellow-labourer Murchison remained to the last the exponent of the

converse truth, that, we have no evidence forbidding the possibility

of a greater intensity of the forces in action during past periods.

This'lbi-m of catsistrophic geology has indeed always prevailed upon
the Continent, and still does so in a groat degree. There is, how-

ever, nothing necessarily antagonistic in the two theories ; and,

if Lyell in his earlier years accentuated perhaps somewhat too

"strongly the necessity for making unlimited drafts upon the "bank
of time," as he often called it, to the exclusion of intensified vol-

canic or aqueous action, it was because he had to combat tho

opposite and deeply rooted error.

Between the year 1853, when tho 9th edition of tho Principles was

published, 'and 1803, when he " read his recantation," as he himself

would sometimes express it, in the Aniiqwity of Man, the discovery

of the flint implements associated with bones of extinct mammalia
at Abbeville, and subsequently in the valley of the Thames and else-

where, threw an entirely new light upon the data of human
existence upon tho earth, allowing far more time for the develop*

ment of the numerous varieties of mankind than had hitherto been

supposed possible. In conjunction with these discoveries came also

the evidence adduced by Darwin and Wallace of the action of natural

causes in producing modifications in living forms,—thus applyin;^

the" very same principle to organic life which Hutton and Lyell had

used to explain the gradual modification of the earth's surface. Then
it was that Lyell, who had rejected Lamarck's theory because it

rested on a purely imaginary law of innate progressive development,

at once accepted "natural selection" as a vera catisa helping to

explain those evidences of the gradual change in organic forms- pre-

sented in successive geological formations. By recognizing tho value

of the new principle, and incorporating its results in his Principles,

Lyell completed in 187*2 in a fuller sense than he had contemplated

in 1850 tho task of" explaining former changes of the earth's

' surface (including the history o£ its living inhabitants) by reference

I

to causes now in action "
; while at the .-^ame time he gave to his

! ori;:;inal concojitiou that clement of expansion and pliability which
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was alone necjtj to ensure its coutiuued influence and the pei-

luanent celebrity of its author.
Bcsliles his books, Lyell contributed seventy-six geolopical papers to various

BOCiottos. The only autborfties yet published for lila lire are Li/f ami Letten of

£i,- CItarlcs Lynll. 1881, cdlle.l by Mrs Lycll, and the obituary nollccs In 1S70 at

Ibc Royal and other Soclelles. (A. B. li.)

LYLY, or Lilly, or Lylie, Joun (1553-lGOG), the

famous author of Euplmes, was born in Kent in 1553 or

1554. At the age of sixteen, according to Wood, he

became a student of Magdalen College, Oxford, where in

due time he proceeded to his bachelor's and master's

degrees (1573 and 1575), and from whence we find him

in 1574 applying to Lord Burghley " for the queen's letters

to Magdalen College to admit him fellow." The fellow-

ship, however, was not granted, and Lyly shortly after left

the university. He complains of what seems to have been

a sentence of rustication passed upon him at some period

in his academical career, in his address to the gentlemen

scholars of Oxford affixed to the second edition of the first

part of Euphues, but in the absence of any further evidence

it is impossible to fix either its date or its cause. If we
are to believe Wood, he never took kindly to the proper

studies of the university. " For so it was that his genius

being naturally bent to the pleasant paths of poetry (as if

Apollo had given to him a wreath of bis own bays without

snatching or struggling) did in a manner neglect academical

studies, yet not so much but that he took the degrees in

arts, that of master being compleated 1575." After be left

Oxford, where he had already the reputation of " a noted

wit," Lyly seems to have attached himself to Lord Burghley.

"This noble man," he writes in the " Glasse for Europe,"

in the second part of Euphues (1580), " I found so ready

being but a straunger to do me good, that neyther I ought

to forget him, neyther cease to pray for him, that as he

hath the wisfjiom of Nestor, so he may have the age, that

having the policies of Ulysses he may have his honor,

worthy to lyvc long, by whom so many lyve in quiet, and

not unworthy to be advaunced by whose care so many have

been preferred." Two years later we, possess a letter of

Lyly to the treasurer, dated July 1582, in which the writer

protests agaiustsomeundefined accusationwhich hadbrought
hiin into trouble with his patron, and demands a personal

interview for the purpose of clearing his character. What
the further relations between them were we have no means
of knowing, but it is clear that neither from Burghley nor

from the queerr did Lyly ever receive any substantial

patronage. In 1578 he began his literary career by the

composition of Euphues, or the Anatomy of Wit, which was
licensed to Gabriel Cawood on December 2, 157S, and
published in the spring of 1579. In the same year the

author was incorporated M.A. at Cambridge, and possibly

siw his hopes of court advancement dashed by the appoint-

ment in July of Edmund Tylney to the office of master of

the reyels, a post at which, as he reminds the queen some
years later, he had all. along been encouraged to "aim his

courses." Euphues ajid his England appeared in 1580, and,

like the first part of the book, won immediate popularity.

For a time Lyly was the most successful and fashionable

of English writers. He was hailed as the author of " a new
English," as a " raffineur de I'Auglois;" and, as Edmund
Blount, the editor of his plays, tells, us in 1632, "that
beautie in court which could not parley Euphuism was as

little regarded as she which now.e there speakes not French."

After the publication of itEuphu-es, however, Lyly seems to

have entirely deserted the novel form himself, which passed

into the hands of his imitators, and to have thrown himself

almost exclusively into play-writing, probably with a view

to the mastership of revel^ whenever a vacancy should

occur. Eight plays by him were probably acted before

the queen )<by the children of the Chapel Royal and the

children of St Paul's between the years 1584 and 1589,

one or two of them being repeated before a popular

audience at the Blackfriara Theatre. Their brisk lively

dialogue, classical colour, and frequent allusions to person*

and events of the day maintained that popuLiiity with the
court which Euphues had won. In 1589 Lyly published

a tract in the Martin Marprclate controversy, called J'cippe

wUIl an hatchet, alias a }i<j(]e for my Godsonne ; Or Cniit
me this nut ; Or a Countiie Cuffc, <fr.' About the same
time we may probably date his first petition to Queeu
Elizabeth. The two petitions, transcripts of which arc

extant among the Harleian MSS., are undated, but in the

first of tliem he speaks of having been ten years hanging
about the court in hope of preferment, and in the second

he extends the period to thirteen years. It may be con-

jectured with great probability that the ten years date from

1579, when Edmund Tylney was appointed master of the

revels with a tacit understanding that Lyly was to have

the next reversion of the post. "I was entertained your

Majestie's servaunt by your own gratious favor," he says,

" strengthened with condicions that I should ayme all my
courses at the Revells (I dare not say with a promise, but

with a hopeful Item to the Kevercion) for which these ten

yeres I have attended with an uuwearyed patience." But

in 1589 or 1590 the mastership of the revels was as far

off as ever,—Tylney in fact held the post for thirty-one

years,—and that Lyly's petition brought him no compensa-

tion in other directions may be inferred from the second

petition of 1593. "Thirteen yeres your highnes servant

but yet nothing. Twenty freiuds that though they saye

they will be sure, I finde them sure to be slowe. ' A
thousand hopes, but all nothing ; a hundred promises but

yet nothing. 'Thus casting up the inventory of my friends,

hopes, promises, and tymes, the snmma totalis amounteth

to just nothing." What may have been Lyly's subsequent

fortunes at court we do not know. Edmund Blonnt says

vaguely that Elizabeth "graced and rewarded" him, but

of this there is no "other evidence. After 1590 his works

steadily declined in influence and reputation ; other stars

were in possession of the horizon ; and so far as we know

he died poor and neglected in the early part of James I.'s

reign. He was buried in London at St Bartholomew the

Less on November 20,1606. He was married, and we

hear of two sons and a daughter.

Cortudks.—lw 1632 Edmund Blount imblishcd " Six Court Come-

dies," including Endymion, Sapjyho and Phao, Alexajida- and Cam-

jmspc, Midas, Mother Bombie, avil. Gallathca. To these should

be added thj IFomau in tlie Moonc (Lyly's earliest jilay, .to

judge from a passage in the prologue and therefore earlier than

1584, the date of Alexander and Campaspe), and Lore's Meta-

morpliosis, first printed in 1601. Of these, all but the last are iu

prose. A IVarninijfor FaircJFomcn (1599) liniTluMaixl'sMclumor-

phusis{lSO(i) have been attributed to Lyly, but on altogether iusuffl-

cient grounds. The first editions of all these plays were issued

between 15Si and 1601, and the majority of them between 1584 and

1592, in what were Lyly's most successful and popular yeaiu: His

importance as a dramatist has been very differently estimated. Prof.

Minto denies him any appreciable influence upon our literature,

while Professor A. Ward, on the other hand, rightly believes liis

work to have had a great effect upon the development of dinmalie

dialogue, and the prose drama in general. Lyly's dialogue is still

a long way removed from the dialogue of Shakesjieare. Hut at the

same time it is a great advance iu rapidity and resource upon any-

thing which had gjne before it ; it lepresents an important step in

English di-amatie art His nimbleness, and the wit \yhich struggles

with his pedantry, found their full development iu the dialogue of

Twelfth Kight and Much Ado about .Vothinj, just as ".Marlowe's

mighty line " led up to and was eclipsed by the majesty and music

of Shakekpeariaii passion. One or two of the songs introduced into

his plays are justly famous, aud show a real lyrical gin. Nor m
estimating his dramatic position and his effect uiion his time must

it be forgotten that his classical and mythological plots, flavourless

1 The evidence for his authorship lUay be fonnd in Gahriel H.ir>cy's

Pierces Supererofialion (wi-itteii November 1589, published 1593), in

Nash's ,ffai;e with .you to Safron Walden (1596), wiil in v.-irisus

allusions in Lyly's own plays. See Fairholt's Dramatic Wurks of

John Lilly, vol. i. p. 20.
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iiji'l fltill ai; they woult) be to a modem au<Ucnrr, were clnrc:c<l witli

i'lii-iL'st to those eourtly hcnrcrs ivlio saw in JH<las Thilip II.,

Kiiz;ilict]i in Cynthin, nml perhaps Leicester's nnwclcome niarriagc

witli La.ly SliHlIirl.l in tlie lovcaHair between Endyniion nnd Tcllus

which Ijrings tlie former under Cynthia's disijleasure. As a matter

of fact his reputation an'l popularity as a play-writer wore considcr-

aljle. Gahricl Harvey dreaded lest Lyly sliould make a play upon
their riuarrcl ; Meres, as is well knoAvn, places him among " th^ best

for comedy;" and Ben Jonson names him among those foremost

rivals who wctrft " outshone" and outsung by Shakespeare.

JCitphucs.— It was not, however, as a dramatist, but as the author
uf Eujihucs, that Lyly made most mark upon the Elizabethan world.

His plays amused tlie court circle, but the " new English " of his

»iuv<;l threatened to permanently change the course of Englisb style.

The plot ofJ?K;jAi«:s is extremely simple. The hero, whose name may
\Qry possibly have been suggested by a passage in Ascham's School-

mnstet\ is introduced to us as still in bondage to the follies of youth,
"preferring fancy before friends, and this present humour before

fiouour to come." His travels bring him to Naples, where he falls in

Inve with Lucilla, the governor's light-minded daughter. Lucilla is

al ready pledged to Kuphues's friend JPhilautus, but Euphues's passion
betrays iiis friendship, and the old lover finds himself thrown over
by both friend and mistress. Euphues himself, however,i is very
soon forsaken for a more attractive suitor. He and Philautus make
u]) their quarrel, and Euphues writes his friend "a cooling card,"
to be " applied to all k 'ers," which is so severe upon the fair sex
that Lyly feels it necessary to balance it by a sort of apology
addressed "to the grave matrons and honest maidens of Italy."
Euphues then leaves Naples for his native Athens, where he gives
himself up to study, of which the first fruits are two long treatises—
the first, " Euphues and his Ephcebus," a disquisition on the art
of education addressed to parents, and the second, *' Euphues and
Atheos," a discussion of the first principles of religion. The
rcinaiiidcr of the book is filled up with coirespondeuce between
Euphues and his friends. We have letters from Euphues to Phil-
autus on the death of Lucilla, to another friend on the death of his

daughter, to one Botonio "to take his exile patiently," and to the
youth Alcius, remonstrating with him on his bad behaviour at the
university. Finally a pair of letters, the first from Livia "at
tlie empcrour's court to Euphues at Athens," answernd by
"Euphues to Livia," wind up the first part, and announce to us
Euphues's intention of visiting England. An address from Lyly to
Lord Dclawarr is affixed, to which was added in the second edition
"An Address to the Gentlemen Scholars of England."
EnphiLcs and his England is rather longer than the first part.

Euphues and Philautus travel from Naples to England. They
arrive at Lover, halt for the night at Fidus's house at Canterbury,
and then proceed to London, where they make acquaintance with
Surius, a young English gentleman of great birth and noble blood

;

Psellus, an Italian nobleman reputed "greatinmagick"; Martius, an
elderly Englishman ; Camilla, a beautiful English girl of insignificant
family; Lad'y Flavia and her niece Fraunces. After endless corre-
spondence and conversation on all kinds of topics, Euphues is

recalled to Athens, and from there corresponds with liis friends.
" Euphues" Glasse for Europe" is a flattering description of Eng-
land sent to Livia at Najiles, It is the most interesting portion of
the book, and throws light upon one or two points of Lyly's own
biography. The author naturally seized the opportunity for paying
his inevitable tribute to the queen, and pays it in his most exalted
style. "0 fortunate England that hath such a queene, ungrateful!
if thou praye not for hir, wicked if thou do not love hir, miserable
if thou lose hir !

"—and so on. The book ends with Philautus's
'announcement of his marriage to Fraunces, upon -which Euphues
sends characteristic congratulations and retires, " tormented in body
and grieved in mind," to the Mount of Silexedra, "where I leave
him to his musing or Muses."
Such is a brief outline of the book -which for a time set the

fashion for English prose. Two editions of each mrt appeared
within the first year after publication, and thirteen eclitions of both
are enumerated by Mr Arber up to 1636, after which, with the
exception of a modernized version in 1718, Euphues was never
reprinted until 1868, -when Mr Arber took it in hand. The reasons
for its popularity are not far to seek. As far as matter was con-
cerned it fell in with all the prevailing literary fashions. Its long
disquisitions on love, religion, exile, women, or education, on court
life and country pleasures, handled aU the most favourite topics in
the secularized speculation of the time ; its foreign background and
travel talk pleased a societyof which Lyly himself said " trafic and
travel hath woven the nature of all nations into ours and made this
land like arras full of device which was broadcloth full of workman-
shin ; " and, although Lyly steered clear in it of the worst classical

pedantries of the day, the book was more than sufficiently steeped
in classical learning, and based upon classical material, to attract a
literary circle which was nothing if nbt humanist. A largo pro-
portion of its matter indeed was drawn from classical sources. The
general tone of sententious moralizing may be traced to Plutarch,
from whom the treatise on education, "Euphues and his Ephoebus,"

and that on exile, " Letter lo Botonio to take his exile patiently,"

arc literally translated, as well as a number of other shorter passages
either taken direct from the Latin versions or from some of the
numerous English translations of Plutarch then current. The in-

numerable illustrations based upon a kind of pseudo natural history

are largely taken from Plbiy, while the mythology is that of Virgil

and Ovid.

It was not the matter of Euphues, however, so much as the style

which made it famous. The sources of Lyly's peculiar style have
only recently been satisfactorily traced by a German scholar,

Dr Landmann, whose interesting and well arranged pamphlet we
need do little more than summarize {Landmann, I)cr Euphiiismus^
scin TFescn, seine Quelle, scitie Geschichte, &c., Giesseu, 1881).

What, asks Dr Landmann, is Euphuism, properly so called ? Th»
term till now has been generally used as if it included all the
affected modes of speaking and writing in vogue in England during
the 16th century. It has even been made to cover all the corrup-

tion of English taste from Surrey to Dryden ; and the common
mode of explaining it has been to say that it was a mere " exagger-

ation of the Italianating taste which had begun with the revival of

our poetical literature" under Henry YIII. In realit)', however,
Euphues has very little to do with the other affectations of the time.

Its chief characteristics, to quote Dr Landmann, are "a peculiar

combination of antithesis with alliteration, assonance, rhyme, and
play upon words, a love for the conformity and correspondence of

parallel sentences, and a tendency to accumulate rhetoiical figures,

such as climax, the rhetorical question, abjections and refutations,

the repetition of the same thought in other forms, &c." To this

may be added constant references to antiquity and a great fondness
for comparisons drawn from a sort of fabulous natural history. On
the other hand the style is free from what Puttenham calls
" mingle mangle," that is to say, from the pedantic and indiseri-

mjnate use of foreign or Latinized words, and also from the hyper-
bolical extravagances of the Petrarchians. Lyly's peculiarities are
those of syntax and construction rather than of phraseolo'gy.

Compared to that of the Surrey school, his diction is simple and
direct, and he himself declares that he does not pretend to please

those " Englishmen who desire to heare finer speech than the lan-

guage will allowe," that is to say, the lovers of the Italianate

circumlocutions which ruled English poetry from Surrey to Spenser.
His work then is not simply to be regarded as the outcome of the
classical and Italian influence at work in England since the be^n-
ning of the century. It has individual features which have to be
accounted for, and which have now been traced with certainty by
Dr Landmann to the influence of one foreign author—Don Antonio
de Guevara (q.v.). Guevara's chief work w^s El Libro Ajireo di

Marco Aurelio (1529),—a sort of historical romance based upon
Plutarch and upon Marcus Aurelius's Meditations, the object o£

which was to produce a " mirror for princes," of the kind s6 popular
tlu-oughout the Renaissance. Within the year of \is publication

Guevara issued an enlarged edition of his book, calling it Libro del

Empcrador Marco Aurelio con relox de Prdncipes ; and a number of

fresh editions and of translations into almost every European Ian-

g^uage followed. The book became almost immediately popular in

England. The first edition, or rather a French version of i-t, was
translated into English by Lord Berners in 1531, and published in

1534. Before 1560 twelve editions of Lord Berners's translation had
been printed, and before 1578 six di/Terent translators of this and
later works of Guevara had appeared. The translation, however,
which had most influence upon English literature was that by North,
the well-known translator of Plutarch, in 1568, called The Dialfor
Prhices, Compiled by Oie Hcvereiui Father in God Don Antony of
Guevara, Bishop of Guadix, d:c. , Englished mil of the Frendte by Th.
North. It was from this book, and from cei-tain other translations

from Guevara, of which a full account will be found in Dr Land-
mann's pamphlet, that Lyly borrowed his peculiar style, and even a

certain small proportion of his material. The sententious and anti-

thetical style of the Dial for Princes is substantially that of

Euphues, though Guevara on the whole handles it better than his

imitator, and has many passages of real force and dignity. The
general plan of the two books is also much the same. In both the
biography is merely a peg on which to hang moral disquisitions and
treatises. The use made of letters is the tame ill both. Even tho
r^ames of some of the characters are similar. Thus Guevara's Lucilla

is the flighty daughter of Marcus Aurelius. Lyly's Lucilla is the
flighty daughter of Ferardo, governor of Naples ; Guevara's Livia is

a lady at the court of Marcus Aurelius, Lyly's Livia is a lady at the
court "of the emperor," of whom no further description is given.'

The 9th, lOtli, 11th, and 12th chapters of the Dial for Princes sug-

gested the discussion between Euphues and Atheos. The letter

from Euphues to Alcius is substantially the same in subject and
treatment as that from Marcus Aurelius to his nephew Epesipo.

Both Guevara and Lyly translated Plutarch's work De Educatione
Lihcroru/m, Lyly, however, keeping closer than the Spanish author
to the original. Tho use made by Lyly of the university of Athens
was an anachronism in a novel intended to describe his own time.

Ho borrowed it, h-^wever, from Guevara, in wiiosc book a university
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of Athens was of course entiicly !ii place. The " cooling card for

all fond lovers " and the address to the ladies and gentlemen of

Italy have their counterparts among tlio miscellaneous letters hy
Guevara aflixed by North to the bial for Prinas ; and other

instances of Lyly's use of these letters, and of two other treatises

by Guevara on court and country life, could bo pointed out.

Lyly was not the first to ap|iro]iriate and develop the Guev.aristic

style. The earliest book m which it w.is fully adopted was
A petite Pallace of Pclliii his Pleasure, by George Pottie, which
appeared in 1576, a production so closely akin to Etvphucs in tone

and stylo that it is difficult to believe it was not by Lyly. Lyly,

however, carried the stylo to its highest point, and made it the

dominant literary fashion. His principal followers in it were

Greene, Lodge, and Nash, his principal opponent Sir Philip Sidney

;

the Arcadia in fact supplanted Euphucs, and the Euphuistio taste

proper may bo said to have died out about 1590 after a reign of

some twelve years Aocordfng lo Drayton it was tJiUney's chief

merit that

—

"He did flrat reduce
Our tonjtue fi;oni LilUe's writing then in use,

Tallcing of Stones, Stars, Plants, of Fialics, l-'lyC3,

Piaylrvg witli words and idle similies.

As til' £ngli5li Apes and very Zanies bo
Of everything tliat they doe heare and see,

So imitating his rediculous tricks

They spal^e and writ ail like mecre lunatlgues."

ShaTvGspcare, DrLandmann maintains, cannot strictly speaking be
said to have ridiculed Euphuism. Love's Labour Lost is a cari-

cature of the Italianate and pedantic fashions of the day, not of the

peculiar style of Euphucs. The only certain allusion in Shakespeare

to tho characteristics of Lyly's famous book is to be found in Henry
2V.^ where Falstatf, playing the part of the king, says to Prince Hal,
" Hany, I do not only nrarvel where thou spendest thy time, but
also how thou art accompanied ; for, though the camomile the more
it is trodden on the faster it grows, yet youth tire more it is wasted
the sooner it wears.'* Here tho pompous antithesis is evidently

meant to caricnture the peculiar Euphuistic sentence of court par-

lance. That Shakespeare indeed was well acquainted with what
was the court manual of his youth, and at times reproduces both
ideas and phrases from it, has been amply pi'oved by Mr Rushton,
the German critic Hense, and others, but there is 'no evidence of

antagonism between the two writers. It might have been otherwise

had Lyly's Euphuism affected his ]tlays. But these show littlo or

no trace of Guevara's influence ; their faults are the common faults

of Elizabethan writing, frdin many of which Shakespeare himself was
not free.

See EupJiues, from oarly editions, by Edward Arber, 1868 ; Pro-

fessor Ad. Ward's English Dramatic Literature^ i. 1^1 ; Collier's

Kistory of Dramatic Poetry, iii. 172 ; John Lilly and SJmJcespearc,

by C. C. Hense in the Jahrbru:h derdeutschen Skakcsp. Gescllschaftj

vols. vii. and viii. (1872, 1873); F. W. Fairholt's Dramatio Works
of Juhu Lull/, 2 vols., 1858 ; Shalcespmre's Euphuism, by \V. L.

Kushtoa ; "Euphuism" in the Quarterly Review, 1861. (M. A. W.)

LYMINGTON^a municipal and parliamentary borough
and seaport town of Hampshire, England, is situated on
the Lym at its entrance to the Solent opposite the Isle

of Wight, 94 miles south-west of London and l-S south of

Southampton. The parish church, dedicated to St Thomas
Ji Becket, is an irregular structure, dating from the reign

of Henry VI., but frequently restored. There are two
grammar schools and several charities. The manufacture
of salt and of Epsom salts has been declining for some
years. A building yard here has turned out some of the

most famous racing yachts. In summet the town is much
frequented for sea-bathing. Lymington in Domesday is

called Leutune, changed afterwards to Limentum. It was
a borough by prescription, and received a grant of incor-

poration from James L From the 27th of Elizabeth till

1867 it returned two members to parlianrent, and it still

returns one. The population of the municipal borough
(141 acres) was 2431 in 1881, and that of the parliamentary
borough (4769 aci-es) 5462.

LYNCHBURG, a city in Campbell county, Virginia,

U.S., is finely situated on the rising ground to the south
of the James river 144 miles by rail, west by south of

Richmond. Having excellent facilities of communication
by the Richmond and Allegheny, the Norfolk and Western,
and the Virginia Midland Railways, together with the

James River canal, and possessing abundant water-power
and immediate access to coal and iron, Lynchburg Las
become the»seat,of no small commercial and industrial

activity. The tobacco trade, which formerly rendered it

the wealthiest city of its size in the United States, cxceipt

New Bedford, ijass., is still tho staple; there are about
eighty factories in the town, and the amount of tobacco

sold in 1870-71 was 17,425,439 lb, whUo in 1880-81 it

was 26,000,000 It). Most of tho operatives are negroes

—

men, women, and childien all being employed. The local

iron-works and flour-mills are of some importance, and
large machine-shops are maintained at Lynchburg by the

Norfolk and Western Railway. Two reservoirs, constructed

in 1828 and 1878, supply the town with water. The
population was 8007 in 1850, 6853 in 18€0, 6825 (3353
coloured) in 1670, and 15,909 in 1880.

The town dates fioml7B6, and derives its name from a Mr Lynch
who served in the war of independence and is erroneously credited

by some with the origiuation of the term Lynch law. It was incor-

porated as a city in 1805, During the civil war it wa.^ a point
of great importance to the Confederates as a base of supplies.

LYNCH LAW, a term used in the United States to

characterize the action of private individuals, organized

bodies of men, or disorderly mobs, who, without legal

authority, proceed to punish by hanging or otherwise real

or suspected criminals, without a trial according to the

ordinary forms of law. The origin of the term is doubt-

ful American lexicographers generally refer it to the

practice of a Virginia farmer of the 17th century, named
Lynch, who, when ho caught a wrongdoer, was wont to tie

him to a tree and flog him, without waiting to summon
the officers of the law. He is also said to have acted,

by request of hi.s neighbours, though without any legal

authority, as a judge in the summary trial of persons

accused of crime. Others trace the origin of the name to

the act of James Fitzstephen Lynch, mayor and warden

of Galway, Ireland, in 1493, who is said to have "banged

his own son out of the window for defrailding and- kQling

strangers, without martial or common law, to show a good

example to posterity." Others trace it still further to the

old Anglo-Saxon verb linch, meaning to beat with a club,

to chastise, &c., which they assert has survived in this

cognate meaning in America, as have many other words

and expressions long obsolete in Great Britain. While

lynch law does not prevail in the old and well-settled States

of the Union, and is almost universally deprecated, it is

sometimes resorted to even in these States, in times of

great popular excitement, or when the legal penalty seems

disproportioned to the enormity of the oft'ence. For

example, the practice of lynching is said to have increased

in Wisconsin since the abolition of the death penalty by

law. Lynch law prevailed to a large extent in the early

history of California, Oregon, Nevada, Kansas, Colorado,

and other western States and Tei-ritories, and during the

border troubles attending the outbreak of tho civil war.

Bodies of citizens, organized secretly or openly under the

well-known names of "vigilance committees," "•vigilantes,"

"regulators," " law-and-order-men," <tc., punished with

sun.imary severity, and generally with wise discretion,

horse thieves, highway robbers, burglars and swindlers, as

well as murderers. Certain rude forms of trial were

generally obseiTed, but acquittals were rare, and the

punishment was usually death by hanging. Tho practice,

however barbarous under the conditions of well-settled

government and society, has its justification in necessity

in the newly-settled districts, frontier towns, and mining

camps, where a rapid and extraordinary influx of popula-

tion has preceded the establishment of civil government,

or where the assembling of a large number of bold and

hardened desperadoes has enabled them to defy the legally

constituted authorities, and to commit crime at will, until

suppressed by the voluntary and^concerted action of the

order-lovin" portion of the community.
XV. — 14.
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LYNDHURST, John Singletok Copley, Baron

(1772-1863), four times lord chancellor of England, was
born at Boston, New England, in 1772. His father, son

of an- Englishman, but also a native of Boston, was a

painter of very considerable note, who settled in London
just before the commencement of the war of American
independence. The son studied at Cambridge, where he
was second wrangler and fellow of Trinity. Called to the

bar in 1804, he gained a considerable practice; but it was
not till 1817 that he began to come to the front. In that

year he was one of the couiisel for Dr Watson, tried for

his share in the Spa Fields riot. Ou this occasion Copley
so distinguished himself as to attract the attention of

Castlereagh and other Tory leaders, under whose patronage

he entered parliament, and was advanced tcr the highest

legal positions, becoming solicitor-general in 1819, attorney-

general in 1824, and lord chancellor in 1827, with the

title of Lord Lyndhurst. Before being thus taken up by
the Tories, Copley was a man of the most advanced views,

a republican and Jacobin ; and his accession to the Tories

naturally excited a good deal of comment, which he bore

with the greatest good humour. He gave a brilliant and
eloquent but by- no means rancorous support to all the

reactionary measures of his chief. The same year that he
became solicitor-general he married a fashionable wife, and
began to take a conspicuous place in society, in which his

noble figure, his ready wit, and his never-failing bonhomie
made him a distinguished favourite.

As solicitor-general he took a prominent part in the trial

of Queen Caroline. To the great Liberal measures which
marked the end of the reign of George IV. and the

beginning of that of William IV. he gave a vigorous

opposition. During the Melbourne administration from
1835 to 1841 he figured conspicuously as an obstructionist

from his seat in the House of Lords. . In these years it

was a frequent practice with him, before each prorogation

of parliament, to entertain the House with a " review of

the session," in which he mercilessly attacked the Whig
Government. His former adversary Lord Brougham, now
ineffably disgusted at his treatment by the Whig leaders,

soon became his most powerful ally in opposition ; and

the two dominated the House of Lords. Throughout all

the Tory Governments from 1827 Lyndhurst held the

chancellorship ; and in the Peel administration (1841-40)
he resumed that office for the fourth and last time. As
Peel never had much confidence in Lyndhurst, the latter

did not exert so great an influence in the cabinet as his

position and experience entitled him to do. But he con-

tinued a loyal member of .the party. As in regard to

Catholic emancipation, so in the agitation against the corn

laws, he opposed reform till his chief gave the signal for

concession, and then he cheerfully obeyed. After 1846
and the disintegration of the Tory party consequent on
Peel's adoption of free trade. Lord Lyndhurst was not so

assiduous in his attendance in parliament. Yet he con-

tinued to an extreme old age to take a lively interest in

public aS'airs, and occasionally to astonish the country by
the power and brilliancy of his speeches. That which he

made in 1853, in denunciation of the aggressive policy of

the Russian emperor Nicholas, made a sensation in Europe
;

throughout the Russian war he was a strong advocate of

the energetic prosecution of hostilities. In 1859 he
denounced with his old energy the restless ambition of

Napoleon III. When he was released from the trammels

of an ofiicial position, he came forward "somewhat as the

advocate of liberal measures. He strenuously supported

the admission of Jews into parliament ; his second wife

was a Jewess. Under the influence of Mrs Norton he
appeared also as the advocate of women's rights in

questions of dirorca At the age of eighty-four he passed

the autumn at Dieppe, " helping to fly paper kites, and
amusing himself by turns with the writings of the Greek and
Latin fathers on divorce and the amorous novels of Eugene
Sue." His last speech, marked by " his wonted briUiancj

and vigour," was delivered in the House of Lords at the

age of eighty nine. He died in 1863, in his ninety-second

year. The impression we have of Lyndhurst from Lord
Campbell's memoir is that of a man with rather an easy

conscience in political life, not too scrupulous in his atten-

tion to judicial duties, but possessed of a fine and noble

presence, a ready wit, an unfaOing sweetness of temper,

and a real kindness and charm of manner that won the

hearts of men.

See Lives of th£ Lord Chancellors of England^ vol. viii- (Lords
Lyndhurst and Brougham), by Lord Campbell, 1869. Campbell
was a personal friend, but a political opponent.

LYNDSAY, SiE Dated (c- 1490-1555), for about two
centuries and a half perhaps tTie most popular poet of

Seotland, was born about 1490, probably either at the

family estate of The Mount, in the parisli of Monimail,

near Cupar in Fife, or at Garleton near Haddington in

East Lothian, where the ruins of an old mansion bouse of

the Lyndsays still remain. Little is known of his boyhood,

but he is understood to have entered the university of St

Andrews about 1505, and he became one of the incorporati

of St Salvator's College in 1508 or 1509. After leaving

college there is reason to think that he went abroad fora year

or two, visiting, it is supposed, both France and Italy; but

of this there is no certain information. In 1511 he must
have been attached in some way to the court of James IV.,

as in the October of that year an entry appears in the royal

treasurer's accounts for the sum of £3, 4s. for " blue and
yellow tafllties to be a play coat to David Lyndsay for the

play playit in the king and queen's presen'ce in the Abbey
of Holyrood,"—so that even at that early period Lyndsay
would seem to have developed his taste for masques and

mummeries, play-acting and tale-telling. After this his

name occurs in the treasurer's accounts for a regular salary

of £40 a year; and on ihe birth of James V. in l.'^12 he

was appointed to be the personal attendant of the young
prince, in which situation he remained till James had

attained his twelfth year in 1524— sometimes under, the

title of "keeper of the kingis grace," sometimes' as the
" kingis maister usher," ind sometimes as " the kingis

maister of houshald," but throughout with the yearly

salary of £40. Lyndsay's close connexion with the court

led to his being present at the remarkable scene just before

Flodden, in the church of Linlithgow, when the so-called

apparition came in " calling loudly for the king," an I, after

warning him against proceeding on his ill-judged expedition

against England, vanishing away " as it had been a blink

of the sun or ane whiss of the whirlwind." The incident

is related both by Pitscottie and by Buchanan, expressly

on the authority of Sir David ; and Tytler shrewdly

remarks that possibly Lyndsay knew more of the affair

than he cared to confess, a conjecture which both Lyndsay's

well-known prudence and sagacity in political affairs and

his skill in arranging masques and stage plays renders

exceedingly probable. In 1522 Sir David married Janet

Dpuglas, of whom we know nothing except that she also

was attached to the king's court, and was employed as

sempstress to " his grace,"—various payments to her being

entered in the accounts for her diligence in the humble

office of "sewing the kingis sarkis." It is evident from

many passages in Lyndsay's poems that his good sense and

sweet temper, his varied accomplishments, and his skill in

mingling amusement vrith instruction had greatly endeared

him to the young king, and it would have been well for

James if ho had never listened to other and worse counsels

than those of his wise and ad'ectiomite "maister ushec."
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It is to tbe credit of the king, however, and cliaracteristit

of the generous disposition of the earlier Stuarts, that he

nevor forgot or forsoolc the friend of his infant and boyish

years. For whfin he fell under the power of the Douglases

in 152-i, and when Lyndsay had to take his dismissal from

court,' James took care that his salary should continue to

be paid him ; and no sooner did he escape from their

domination than Lyndsay was at once recalled, and the

appointment of lyon-king conferred upon him. This was

in 1529, and it is a remarkable proof of the reputation

which Lyndsay had by this time acquired for prudence

and sterling practical ability that he was at various times

sent iforoad in connexion with embassies from Scetland.

In 153] he went to the Netherlands to renew the com-

mercial treaty with that country. On this occasion the

embassy had a personal interview with the emperor
Charles V., and the mission was perfectly successful. A
few years afterwards (in 1536) he formed one of the envoys

sent to France to conclude a treaty of marriage between

the Scottish king and Marie do Bourbon, daughter of the

Due de Vendome. It is evident therefore that Lyndsay's

position and employments must have enabled him to gather

much experience of life, and to obtain a somewhat varied

knowledge both of men and things. His last sad oflBce to

his beloved sovereign w'as to attend at his bedside when
the poor king was dying of a broken heart at Falkland, in

December 1542. Lyndsay survived the king about thirteen

years. At the time of Cardinal Beaton's assassination he
held a seat in parliament as commissioner fur the burgh
of Cupar. In 1548 he was despatched to Denmark to

negotiate a free trade, particularly in grain, for the Scottish

merchants, which was readily granted. Jlr Laing, on the

authority of an. entry in the Privy Seal Register, states

that his death must have taken place early in 1555.

When Lyndsay was driven from the court by the advent

of the Douglases to power, he no doubt felt it as a bitter

misfortune and a disappointment of all his highest hopes.

But we are greatly mistaken if he did not ere long come
to regard it in a very different light. Like most men of

genius, he had evidently two sides to his character. On the

one side he had a taste for pleasure, sociality, pageantry,

and frivolous amusemejits ; and a few years more of these

^ight have deadened his nature to everything else, and
feoDverted him into a mere dangler after royalty. But he
liad also elements of a better kind. He was well educated

and accomplished ; he had read somewhat extensively, and
was master of most of the knowledge to be had in books
at that time. He had seen not a little of the world, both
in Scotland and in foreign countries ; he was an acute dis-

cerner of- character, and had both knowledge of and skill

in affairs. Now then was just the time for a man like him,

arrived at the full maturity of his intellect, to turn all -these

varied acquisitions to account. Lyndsay therefore, we may
infer, retired to his country seat, either at The Mount, or

as we fancy more likely to Garleton (that he might be more
within call should a change take place in the political

situation at Edinburgh), and there, after the first dull

pang of disappointment was over, he doubtless found that

there was no lack of subjects to engage his best thoughts.

One of the great crises in the history of Europe and in the

progress of human thought had just aris-en. The trumpet
of the Reformation had been sounded in Germany, and its

reverberation had already been heard in Scotland, where
both political and ecclesiastical disorder had nearly reached

their worst, and were becoming the source of deep anxiety

and desire for redress to all good men.. For Lyndsay,
therefore, thei-e was something else to do than to brood

moodily over his own private grief.; He had to make up
hb mind on a variety of great pvblic question3,-as well

l>erhap3 as to settle the great personal question of iiis own

religious faith ; and in his earliest work. The Dreme, which
seems to have beeu composed at this time, we have a
somewhat vivid picture of the turn his thoughts took.

He roinesents hiinscU as having spent tho long winter night with-
out sk-cji, " through hii.ivy thoi.jjht, rcnu-mberinL' of ilivcra tliingis
gone." On getting U]> and walking out, lie limls the dull winter
season, with its uittcr blasts and shajp sleety showers, but ill-littej
to console him, and only loo much in harmony with his own melan.
choly. H(! goes down to the sea-shore, but things are no better
there ; for the " weltering of tho waves'' at once associates itself in
his mind with " this false warld's. instability." Thus far, then, his
meditations seem to have had a merely personsl reference. But by
and by, on retiring into a cave hear tho shore, he falls into a trance,
in which his thoughts take a wider range. The miserable state of
his country, from misgovernm en t on the part of its rulers and tho
vices of both clergy and laity, fills his mind, and, reflecting on the
ultimate fate of such men, he fiuds himself in ihe twinkling of an
eye in hell, where he sees wicked popes, kings, conquerors, pi-inccs,
and lords temporal, with uo end of churchmen, "manswom nier-
ch.mts," " unleil laboraris," craftsmen " out of number," " bunlitris
of gold and common ocoararis," all " tonneutit with pains intoler-
able." Then, leaving this "dolorous dongeou," he haa a p.is»ing
sight of purgatory, though apparently with some misgiving as to
its reahty, his significant remark beings

• Sic tilings to be great clerkis doe» conclU'te,

. Uowbcit my hope htanils most in Clirietls blood." »

Proceeding then to the realms of bliss, he sees something of the
rewards of good and just rulers and righteous men ; and by aiiJ by
returning to the earth, and at length looking down upon Scotlnnd,
he sees a region both good and fair, its seas abounding in fish, its

mountains covered with pastiu-e, the valleys fit for com, the forests

full of game, mines w-ith gold and silver, the people fair, iuteljigent,

strong, aitd noble-minded,—and yet with all' thu, tho countiypnoi
and the inhabitants miserable. \VTiat could be the cause? and the
answer given is that the realm wants guo<l government, imivtrtial

administration of justice, and freedom from war and iliscord. View-
ing the eoimtiy all over—on the borders

" Betwixt the Mci-se and Loclimaben,
Tic could not knaw a lell mm fiom a thief.

To show their reif, theft, murther and miseliiei;

And vicious worka, it would infest the air."
'

In the Highlands it was no better:

—

' Unthiift, fiweirnesB, falset, poverty, and strife

Put policy in danger of her life,"

And even in the Lowlands, where better things might be expe«ted^
it was impossible for a poor man to live by his industiy. If he
settled in the towns, "singular profet" (by which w^ undei-stand
him to mean the system of monopolies and of close trade corpora-
tions, which everywhere prevailed) " gart hiui soon dislodge." And
if he attempted to get redress to fais wrongs there w-as iio help for

him anywhei-e. The spiritual state, ]dunged in simony, covetous-

ness, pride, ambition, sensuality, and the love of pomp and pleasure,

**held him at disdain"; and among the nobility and gently
"liberality and lawte both are lost," knightly courage is. *' turnit

in brag and boast," and disorder and civil war have produced a state

of things in which '* there is nocht else. hot ilk man for himself."

The moral of the whole is
—" Woe to the lanji that has ouer young

ane king!"—"there sail na Scot have comforting till that I seethe

country guided by wisdom of uue gude auld pi-udeut king." The poet

is then awakened by the sound of can uon from .i ship of war approach-
ing the coast,—the suggestion, as we imagine, being that the existing

st.ate of things can only end in violence and uproar, in tumult and
rebellion, most probably in foreign invasioii and revolution.

On the whole T!if Dreme appears the most finished and

artistic of Lyndsay's works. It has a tone of greater

seriousness, bears the marks of more care and elaboration

in the composition; and, though it has a good deal of the

crudeness of a first attempt, we think we can discover an

effort at least at a finer proportion and harmony of parts

than in any of his subsequent poems. In its subject-

matter it strikes the keynote of almost all that he after-

wards wrote. The evils, the wrongs, the misgovernmeut

of his country evidently filled his whole soul with grief,

indignation, and the desire for reform ; and wo almost

doubt if there is to be found anywhere except in the old

Hebrew prophets a purer or more earnest breathing of th«

patriotic gpirit. Indeed if we may judge from the motto

prefixed to his Ih-eme we should almost fancy that he bad

made them his model :•

—

Prophetias nolite sperm-re. Omvta

a litem probate: quod bouiun est lencte. Lynd.'ay accordingly

is to be judged of less as a jioet than as a great political
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and ecclesiastical reformer. That his works are written

in verse is merely incidental. Tliough not destitute of

poetical genius, this was scarcely the special characteristic

of his mind. Hia greatest work, and the only one to

which it is necessary here to make further allusion, was

hia Satire of the Three Estates. It is a drama, and may
be said to be in some respects one of the most remarkable

that ever was written. The dramatis perscrise are chiefly

allegorical, and under the names of Rex Humanitas,

Wantonness, the Vices (Flattery, Falset, and Deceit) in

the habit of friars, King Correction, Good Counsel,

Temporality, Sensuality, Chastity, Verity, John the Com-
monweal, cic, the most bitter and unsparing exposure

is made of the wickedness and corruption of all classes of

the community. King, clergy, lords, merchants, craftsmen

—no one escapes the severest censure and the most

unmitigated ridicule. And yet this extraordinary produc-

tion was acted on the borough muir of Edinburgh before

the king himself, many of the highest nobility and clergy,

and an immense crowd of all classes of the people. How
the author escaped being torn in pieces by the mob or

burnt at the stake by the ruling powers it is difficult to

understand. Perhaps the explanation is that each class

saw every other brought under the lash equally with

itself, and felt consoled for its own shame by enjoying

the infliction visited on its neighbours. Very likely too

the grotesque wit and the fun with which the serious

matter of the play was so largely spiced charmed the

audience into good humour, and left them unable to think

of vengeance. It may be somewhat confidently inferred

too that the dramatist so exactly expressed the public feel-

ing of the time as to the evils and corruption under which

the state was rapidly going to destruction that, even when
his stinging re,proache3 most nearly touched theftiselves,

their consciences were smitten and they were compelled to

assent to the perfect truth and justness of his rebukes.

But be this as it may, there can hardly be a doubt that this

most singular drama formed one of the chief means by

which the way was paved for the Keformation afterwards

carried out by Knox and his coadjutors.^ One thing is

especially remarkable in Lyndsay's politics both civil and
ecclesiastical, that, hopeless and depressing as the condition

of the country must have been to a mm like him, his

opinions never end in mere negations, but are throughout

constructive in their character. And yet more thorough-

going radicalism it would be difficult elsewhere to find.

He does not for example scruple to declare that kings who
govern ill should be deposed. This, however, was merely

a speculative opinion, and it is of more interest to ascertain

what his practical suggestions were. Among them we find

the following :—that the king should 08 no accoiint attempt

to do anything without the advice of his council and

parliament ; that John the Commonweal should have a

greater voice in parliament, i.e., in our modern phrase,

that there should be a considerable extension of the

franchise ; that (as already mention (?d) all close corporations

and monopolies should be abolished ; that temporal lands

should be set in feu to the tenants on condition of their

'duly reuderiug the prescribed services to the state, a

n.easuie not very dissPmilar in principle (if we understand

it aright) to that lately introduced into Ireland ; that lords

should be responsible for thieves who find refuge on

their lands, and make restitution to the poor who have

been plundered by them ; that courts of justice should be

established in the remoter parts of the country, such as Elgin

and Inverness, in order to avoid the expense atvCndant on

the transference of pleas to the metropolis, and, to provide

for their maintenance, the nunneries in that quarter to

s, vol. iji. p. 280
J
and Row,' See Ellis, Original Letters, ^.

istirry of the Kirk of Scotland,
5Histonj 'p. 7.

be abolished and their revenues sequestrated, the reason

given being

—

" Thir w.anton nuns are na way nccessair
Till coraraon-weill, nor yet to the gloria
Of Cliristis kirk, tlioclit they bo fat aud fair,

And als tliat fragile order feniiniDe
Will noclit bo missit iu Christ's religion."

No less stringent and sweeping are his proposals for the

reform of the church. The religion of Christ must be
purged of all deceit and hypocrisy. The consistorial courts

are to have no jurisdiction in matters temporal No
clergyman is to be admitted to office unless duly qualified

in learning and piety. Celibacy is to be abolished.

Bishops and priests must be compelled to preach regularly

and "take better tent to souls under their dominion."
Benefices are not to be purchased either from prince or

pope, nor is money to be permitted to go to ]{ome for

bulls and pleas. Pluralities and patronage are to be
abolished, residence is to be enforced, and the people are

to have a voice in the choice of their spiritual guides. In

fact many of Lyndsay's proposals of reform have quite a

modern look, and this perhaps explains in some degree the

long-continued popularity of his works among his country-

men, which otherwise it is rather difficult to account for.

They have none of the chivalric spirit-stirring power of many
of our ancient songs and ballads, none of the tender love

and melancholy which form the charm of Burns's lyrics,

none of the joyous abandon of convivial or amorous ditties,

and none of the fascination which springs from well-con-

structed tales or narrative pcems, like those of Chaucer or

Scott. It is difficult to suppose that even the humour
which pervades them, seldom of the most refined kind

and often very much the reverse, can have been in any
great degree pleasing to readers of a later ago than the

author's own. The only explanation, we suspect, is that

Lyndsay's intense and uncompromising love of liberty, his

strong 3}-mpathy with the poor, his love of justice, his keen

hatred of tyranny, wrong, and oppression, and his shrewd

common sense easily found a responsive chord in Scottish

bosoms. Nor was the interest which his works so long

retained among the Scottish peasantry merely of a senti-

mental kind. For many of the evils against which he

directed his severest invectives continued long afterwards

to afflict his country, and even when somewhat changed

in their aspect still reappeared in analogous forms or

char.icter. Prelatic usurpation and criu'lty were as rife as

ever in the century which succeeded that in which Lyndsay

wrote ; aristocratic venality and heartlessness have perhaps

even yet hardly ceased out of the land ; church patronage,

always hateful to religious-minded Scotsmen, was hardly

abolished before it was reimposed. And then such inci-

dents as the massacre of Glencoe, the union with Englanc

a measure intensely disliked by the great mass of the

Scottish people, the infamous treatment of the Darien

colonization scheme, the barbarities which followed the

two Jacobite rebellions, the deprivation up to lb32 of any

true parliamentary representation, and the continuance of

close municipal and trade corporations, all tended to keep

up a bitter sense of wrong to which Lyndsay's satires gave

point and expression.

The best accessible editions of Lj-ndsaj's works .iro those of

George Chalmers, in 3 vols., Loudon, 1806, .niid of David Lainf;,

also in 3 vols., Edinburgh, 1879. These, with the Early English

Te.xt Society's edition, leave little to be desired for the establishment

of a correct text, and for purely antiquarian illustration. In

Warton's History of EnpUsh Podry, and in Irving's Jlistory. of

Scottish Poetry, good critical estimates will bo found of Lyndsay's

place as a poet It is possible, however, that something yot

remains to be done in order to determine his exact jx>sition as a

great political and religious reformer, and to illustrate the effect

which his works have h.ul in directing popular feeling and opinion

in Scotland. (J- T. BK.)
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LYNN, a city in Essex count)', Jtassacliusotts, U.S.,

Bituatod near tlio north end of JIassaclnisetts Bay, on a

harbour formctl by the peninsula of Naliant, 10 niilea

north-ca.st of Boston, witli which it is connected by dif-

ferent lines of railway. Tlie bulk of Lynn is built ou tho

low grounds near thesca; but in the north-east the eleva-

tion is greater, and behind the city proper there is a range

of porphyritic hills dotted with villas. Jlost of tho houses

are of wood, those of tho main thoroughfare—Jlarket

Street—of brick. The city hall, a substantial erection of

brick and brown stone, is considered one of the finest

buildings of its class in New England. It contains tho

free public library, founded in 1802, and numberiug

29,126 volumes in 1880. It was at Lynn that the first

smelting-works in this part of the' country were estab-

lished, in 1G43; but the place has long been famous

rather for tho making of boots and shoes, a department,

indeed, in which it has hardly a rival in the world. This

trade was introduced in 1750 by a Welshman, John Adam
Dagyr ; in 1767 the output was 80,000 pairs ; in 1810,

1,000,000 pairs; iu 1865,5,360,000; in 1 868 upwards

of 10,000,000; and in 1860, 16,276,380,—tho greater

proportion being cheap shoes for women and children.

About twelve thousand hands are employed, though

labour-saving machinery is freely introduced. Another
industry of great local importance is the tanning and
dressing of sheep and goat skins, and the making of

morocco leather. Tho population was 0138 in 1830,

14,257 in 1850, 28,233 in 1870, and 38,28i in 1880.
TIio foundation of tlie town iK-lonj^s to lfi'29 ; and tho namo was

given in memory of Lyim Rugis iu England, tlio home of its first

pastor. It obtained iiicor]'oration as a city in 1850 ; Swampscott
and Nahajit, whiclj it tlicn included, were rendered independent in

1852 and IS.-iS rcspo.-tivcly.

LYNN KEGLS, Kixu's Lvtim, or Lt"mx, a parliamentary

.and municipal borough and Bcaimrt of Norfolk, England,
is situated on the Great Ouse, about 2 miles from the

Wash, and ou several radway lines, 100 miles north of

London and 48 west-north-west of Norwich. Ou the land

side the town was formerly defended by a fosse, and there

are still considerable remains of the old wall, including a

handsome Gothic structure, known as the " South Gates."

The streets are generally narrow and binding,; some of tho

dwelling-houses arc very ancient. Tho public walks form

a fine promenade, and in the centre of them staads a

quaint octagonal chapel called the Bed Mount, at ono
time much frequented by pilgrims. The church of St

Margarct'.s, formerly tho priory church, is a fine Gothic
building with two towers at the west cud, one of which
was formerly surmounted by a spire blown down in 1741.

St Nicholas chapel, at the north end of the town, is

also of mcdiieval date, and contains many interesting

memorials of the past. All Saints church is a beautiful

aud ancient cruciform structure. At tho grammar school,

founded in the reign of Henry VIII., Eugene Aram was
at one. time usher. There are also national schools, a

British school, and several charities. Among the other

public buildings are the guildhall, with Renaissance porch,

the corn exchange, the custom-house, and the athenreum.

The shipping trade is steadily progressing, and there is now
regular steam communication with Hamburg. The prin-

cipal exports are corn, wool, and oilcake, aud the principal

imports, coal, timber, linseed, and manufactured goods.

The total value of the exports in 1880 was XI, 152,456,
the average for the four years 1S7G-79 being £967,058,
and for four years 1872-75 £519,479. The value of the

exports in 1880 was £366,649, the averase value far

1876-79 being £251,491, and for 1872-75 £140,974.
The Alexandra dock, opened in 1869, lias a water area of

6J acres, with an average depth of 31 feet. The fisheries

of the town are important, and thcro are also breweries,

corn-mills, iron and brass foundries, agricultural implement
manufactories, shipbuilding yards, rope and sail works, and
tobacco manufactories. Tho population of the borough
in 1871 was 16,562, and in 1881 it was 18,475.

Lynn is snpiioscd to have been a Britisli town, and wa3 known
as a port before tlio Norman invasion, after which it became the
possession of the bishops of Norwich, and was known os Lynn
Episcopi. After tlie suppression of tlio monasteries it canio into tho
hands of Hemy; VIII., and its name was changed to Lynn Kogisor
King's Lynn. Tho town was taken by tlie parliamentary forces iir

1643. It received its first charter from King John, but its first

governing charter from Henry VUI. Since the'23d of Edward I.

it has returned two members to parliament.

LYNX, a name now appropriated to several animals
forming a small section of the cats or genus Felis. It is

not quite certain to which of these, if to any of them, tho

Greek name Xi'yl was especially applied, though it was
more probably the caracal than any of the northern species.

The so-called lynxes of Bacchus were generally represented

as resembling panthers rather than any of the species now
known by the name. Various fabulous properties were
attributed to the animal, whatever it ivas, by the ancients,

that of extraordinary powers of vision, including ability to

see through opaque substances, being one ; whence the

epithet " lynx-eyed," which has survived to the present

day, although having no foundation iji fact.

There are two forms of cats which are now called lynxes.

1. The caracal or Persian lynx, Fdis caracal, an animal

about the size of a fox, is of slender build, with a mode-

rately long tail, reaching down to the heels. It is of a

uniform vinous or bright fulvous brown colour above, and

is paler, sometimes almost white, beneath. It is quite or

almost eufii'ely unspotted. The tail has a black tip, and

tho ears are black externally, long and upright, pointed,

and surmounted ^^y a pencil of fine black hairs. It in-

habits Central and North-West India, Persia, Arabia,

Syria, and the greater part of Africa.

2., The name lynx is given to various species or varieties

of animals found in the northern and temperate regions

of both tho Old and New World, all of moderate size,

that is, smaller than tho lions, tigers, and leopards, and

larger than the true cats, with long limbs, short stumpy

tail, ears tufted at the tip, and pupil of the eye linear

who« contracted. Their fur is generally king and soft,

varying, however, according to season and locality, and

always longish upon the cheeks. Their colour is always

light brown or grey, and generally more or less spotted

with a darker shade. The naked pads of the feet are more

or less covered by the hair that grows between them. Tho

skull and skeleton does not differ markedly from those of

the other cats, but the small anterior upper premolar tootji

found in many other species is usually wanting. Their

habits are exactly those of the other wild cats ; they arc

excelled by none in the untameable savageness of their

disposition. They capture their prey in the same manner,

either lying in wait,. or noiselessly stealing within reach, and

then making a sudden rush or spring upon it Their food

consists of any mammals or birds which they can overpower.

In inhabited countries they commit extensive ravages upon

sheep, lambs, and poultry. They generally frequent rocky

places and forests, being active climbers, and passing much

of their time among the branches of the trees. Their skins

are of considerable commercial value in the fur trade.

Zoologists are by no means agreed at present as tothc

specific distinctions, if any really exist, between the various

modifications of this group. As many as eight species are

sometimes recognized, four belonging to the Old and four

to the New Worid. The former are Fflh li/nx, of Scandi-

navia, Russia, northern Asia, and till lately the forest

regions of central Europe (it has not inhabited Britarn

dmng the historic period, but ita lemainB have been found
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lu cave deposits of Pleistocene age); F. cervaria, Siberia;

F. panlinu, Turkey, Greece, Sicily, Sardinia, and Spain
;

ind F. isahellina, Tibet. Tlie American varieties are F.

:aiuulensis, the most noithem species, and F. rufa, the

Serin, whence the ascent is made to the top ol the hill of

Croix-Eousse. The river next takes a semicircular sweep

around the hill of Fourvieres (410 feet above it), which is

fully occupied by convents, hospitals, and seminaries, and

has at its sunmiit the famous church, the resort of

1,500,000 pilgrims annually. From this point the best

view of the entire city is obtained. Firit the busy Saone

is seen with its thirteen bridges and animated quays.

Next, on tho peninsula between the two rivers at the foot

of the hill of Croix-Eousse, come the principal quarters of

/
Euroiieaii Lynx. From a Drawmg by Wolf m Elliot's

Monoijraph of the l^'eiidas.

American wild cat or bay lynx, extensively distributed

from the Atlantic to the Pacific throughout nearly the

whole latitude of the United States, but replaced in Texas

and southern California by F. macdlata, and in northern

Oregon and Washington territory by F. fasi-iata.

In both cases, as might be supposed, specimens obtained

frpm the inure southern climates are shorter in their fur,

more brightly coloured, and more distinctly spotted than

those from colder regions. When only a few individuals

of each most markedly different form are examined the

distinctions are sutRciently evident. The occurrence,

however, of transitional or intermediate forms makes it

extremely difficult to draw the line between the different

varieties or species, or to assign definite characters by

which they can be separated. Wherefore it is best at

present to accept the so-called species as only provisional,

and wait until more abundant materials, with fuller

knowledge of the localities from which they are derived,

and of the variations due to age, sex, season, and climate,

have been more carefully studied. We shall then probably

come to the conclusion that all the existing forms of

nonhern lynxes, whether American or Eurasian, belong to

what may fairly be called a species, which is becoming by

degrees differentiated iuto several more or less strongly

marked local varieties. (w. H. F.)

LYONS (French, Lyon), in political, commercial, in-

dustrial, and military importance, as well as in point of

sizfej the second city of France, formerly the capital of

Lyomiais, and riow the chief town of the department of

Rhone, apat. of a court of appeal and of a military govern-

ment, and a fortified place, is situated at the confluence of

the Rhone and the Saone, in 45° 46' N. lat. and 4° 49' 19"

E. long., at an altitude above the sea varying from 540 to

rather more than lOOO feet. The population of the city

and liberties in 1676 was 342,815. The rivers, both flow-

ing south, ai-e separated by the hill of Croix-Rousse. On
the right the Saone is bordered by the scarped heights of

Fo«?viferes, St Ir6nce, and Ste Foy, leaving room only for

the quays and one or two narrow streets ; this is the oldest

part "of the city. -Where it enters Lyons the Saone has on

its right the faubourg of Vaise and on its left that of

1. Pont St Clair.

2. Pont Jlorand.

3. Pont du Collt^ge.

4. Pont Ldfayctte.

g I Ponts Napoleon.

9. Pont da Mulatifere.

10. Pont d'Ainay.
11. Pnnt St Georges
12. Portt Tilsitt.

13. Pont du Palais de
Justice.

Pliin of Lyons

14. Pont Nemouis.
15. Pont dc Serin.

16. Pont du Port Montou.
17. Pont do la Gare.

18. Jaulin des PlantcR.

19. St Polycaiiie.

20. Condition dca Soies.

21. La Marllnitre.

22. Opera House,

27. Protestant Cliurcli.

2S. Notre Dame de Fou>-

29. Palais lie Justice,

30. St Jolin's CItiuvIi.

31. Hospice de TAnll-

quaifle,

32. Jewish Synagogue.
ZS. Hotel Dieu,
34, Hospice dc la CliarllA

35, Eglise d'Ainay.
36, Great Seminary.
37. St Just.

38. Stlr^niJc.

39. Arsenal.

the town : the Terreaux, containing the hotel de ville,

the prefecture, and the chief commercial establishments

,

Bellecour with its large open square, one of the finest in

Europe ; and the aristocratic Quartier de Perrache. The

Rhone and Saone formerly met here, till, a hundred years

ago, the sculptor Perrache reclaimed from the rivers the

quarter which bears his name ; on the peninsula' thus

formed stands the principal railway station: Here too are

the docks of the Saone, factories, the arsenal, gas-works,

prisons, and the slaughter-house.



JL y O N s in
The Khono, less confined than the Saono, flows swiitly

in a wide channel, broken when the water is low in spring

by pebbly islets. On the right hand it skirts first St

Clair, sloping upwards to Croix-Rousse, and then the

districts of Terreaux, Bellecour, and Perrache ; on the left

it has a low-lying plain, subject to disastrous inundations,

occupied by the Pare de la Tete d'Or and the quarters of

Brotteaux and Guillotiire. The park, defended by the

Grand Camp embankment, comprises 282 acres, and con-

tains a zoological collection, botanical and pharmaceutical

gardens, and the finest greenhouses in France, with unique

collections of orchids, palm trees, and Cycadacem. Brot-

teaux is a modern town with boulevards and regular streets,'

and in this, direction Lyons is extei-ding every year. In

the old districts there is no room for growth ; they are

crowded with old buildings of eight or ten stories, or even

more, and it has been the task of the last thirty years to

open them up by means of thoroughfares. Guilloti^re,

to the south, is a workmen's quarter of wretched houses.

The Rhone is lined with broad quays, and crossed by
ten fine bridges, two of them for railway traffic. On the

right bank stand the lyc^e and the public library, the

Hotel Dieu, the military hospital, and the Hospice de la

Charit^ ; on the left bank is the long range occupied by the

medical faculty. In the east of Guillotiire the Geneva
railway skirts the artillery barracks.

Northward from Fourviferes appear the green slopes of

Mont d'Or, descending towards the Saone by pleasant

glades sprinkled with villas ; to the east, beyond the some-

what monotonous plain, stretch the mountains of Savoy
and Dauphin^ ; to the south, below the confluence of the

Rhone and the Saone, the river traverses a rich landscape

to pass out of sight at the foot of Mont Pilat ; and to the

west the horizon is bounded by the Forez hills.

Since 18.52 the communes of Croix-Rousse and
Guillotifere have been united with Lyons. The Rhone and
the old fortifications, which, on the right bank of the

Saone, stretched in an unbroken line from the rock of

Pierre Seize below Vaise to the bridge of Ainay, continued

by those now replaced by the Croix-Rousse boulevard,

marked the boundaries of the ancient city. The line of

Croix-Rousse has now been thrown forward to the north,

and further strengthened by Forts Caluire and Montessuy.
On the left bank of the Rhone stand Forts Tete d'Or,

Charpennes, Erotteaux and Part-Dieu, Villeurbanne,

L'amotte, Colombier, and Vitriolerie. On the right bank
of the Saone Forts Ste Foy, St IriJn^e, Loyasse, Vaise, and
Duchfere completed the defensive system of Lyons previous

to 1870; but since that date the dominant points of the
neighbourhood have begun to be crowned with batteries

and redoubts ; but only Forts Brou and Feyzin on the left

bank of the Rhone, St Genis on the right bank, Mont
Verdun on Mont d'Or, and Vencia are finished.

Of the ancient buildings in Lyons, Fourvi^res is the one
which attracts most visitors. It derives its name from the

a:ncieiit forum {Forum veins), whose site it occupies. The
first chapel, dedicated to the Virgin, was erected in the.end

of the 9th century. Consecrated afterwards to St Thomas
of Canterbury, and then made a collegiate church, Notre
Dame de Fourvieres was created superior of twenty-five

villages by Louis XL, on occasion of his visit in 1476.

Laid waste by the Protestants, plundered at the Revolution,

it began to be visited again in 1804, and in 180.5 Pope
Pius VII., returning from the coronation o'f Napoleon,
ascended thither to give his benediction to the city—

a

ceremony renewed from year to year with great pomp.
The church tower, 172 feet high, is surmounted by a

statue of the Virgin in gilded bronze, 18 feet high, turned
towards the town ; on the pedestal are bronze plates with

inscriptions assigning to the Virgin the credit of ending the

plague of 1G43, and of preserving the town during tne
cholera epidemics of 1832, 183.5, and 18.50. The first

stone of a magnificent new church was laid in 1872. ' The
crypt, 219 feet by G2, is as yet the only portion finished. At
the foot of Fourvieres, on the riglit bank of the Saone,
lies the metropolitan church of St .John (the archbishop of
Lyons is primate of all Gaul). The choir belongs to the
early years, the transept to the close of the 12th century;
the building of the nave, carried on during the next three
hundred years, was completed only in 1480. In one of
the two towers there is a bell weighing nearly 10 tons. To
the right and left of the altar stand two crosses preserved
since the council of 1274 as a symbol of the union then
agreed upon between the Greek and Latin Churches.
St Martin d'Ainay, in the Perrache quarter, is the oldest

church in Lyons, dating from the beginning of the 6th
century; the chapels of the apse are adorned by paint-

ings by Flandrin. St Nizier, in the heart of the city,

was the first cathedral of Lyons; and the crypt in which
St Pothinus officiated still exists. The present church is

a Gothic edifice of the 15th century, with the exception of

the porch, constructed by Philibert Delorme. In the crypt
of the church of St Ireneeus are the tomb of that saint and
a vast quantity of bones, alleged to be those of 19,000
martyrs put to death in the persecution of Severus.

The Place Bellecour is adorned west and east by two
monumental facades originally erected after plans by
Maasard, but destroyed in 1793, and rebuilt under
the cdnsulate in a somewhat modified style. In the

middle stands an equestrian statue of Louis XIV. by
Lemot. The Rue de I'Hotel de Ville, connecting the

Place Bellecour and the Place des Terreaux, and the Rue
de la Republique running parallel with it are among the

finest streets of the modern city. The east side of the

Place des Terreaux (so called from the ' terreaux " now
occupying the place of the canal which formerly connected

the Rhone and the Saone) is formed by the hotel de ville,

which, however, turns a better front in the opposite

direction towards the theatre ; the south is occupied by
the Palais St Pierre (formerly a convent), which gives

accommodation to the faculties of science and literature,

and to the school of fine arts, the picture galler)-, the

museums of sculpture, archpeology and natural history,

and the art library. In the Rue de la Republique, between

Place de la Bourse and Place des Cordeliers, each of which

contains one of its highly ornamented fronts, stands the

building occupied by the exchange and the commercial

court. The former has its offices on the ground floor round

the central glass-roofed hall ; besides the court, the upper

stories accommodate the council of prud'hommes, the

chamber of commerce, and the industrial museum. The
palais de justice, a fine building with a Corinthian colon-

nade, on the right bank of the Saone, occupies the site of

the palace of the counts of Forez. A statue of Jacquart

the inventor stands in Place Sathonay, and one of Marshal

Suchet in Place Tholozan.

The Academy of Lyons has tne fivj faculties of Catholic

theology, science, literature, medicine and pharmacy, and

law, with two lyceums, and a number of schools ; and the

Catholic institute has three faculties—law, science, and
theology. The school of fine arts was founded in the 18th

century to train competent designers for the textile manu-

factures, but has also done muqh for painting and sculpture.

The veterinary school of Lyons, instituted in 1761, was

the first of its kind in Europe ; its laboratory for the study

of comparative physiology is admirably equipped. L'Ecole

la Martiniere (founded by the legacy of Claude Martin)

furnishes gratuitous teaching of the sciences and industrial

arts. The school of commerce and the Lyons central school

complete the li^t of institutions for industrial edacatioo.



112 LYONS
Besides the Acad(Smie des Sciences, Belles Lettres, et Arts

(founded in 1700), Lyons possesses societies of agriculture,

natural Listorj, useful arts and sciences, geography, and
horticulture.

The Hotel Dieu, instituted in the beginning of the 6th

century by King Childebert, is still one of the chief

establishments of its kind in the city, and contains 92D
beds. V Its fagade, fronting the Quai du Ehono fop 1000
foet, was commenced according to the designs of Soufllot,

architect of the Pantheon at Paris. The Hospice de la

Charit<i and the military hospital are a little larger than the

Hotel Dieu. The Hospice do I'Antiquaille, at Fourvieres

(2000 beds), occupies the site of the ancient palace of the

praetorian prefects, in which Germanicus, Claudius, and
Caracalla were born. Lyons has many other benevolent

institutions, and is also the centre of the operations of the

Propagation de la Foi.

The museum is one of the best provincial collections in

France, alike in its ancient, mediaeval, and modern depart-

ments. Among the Gallo-Roman inscriptions, in which it

is particularly rich, are the bronze tables discovered at

Lyons in 1528, which contain tlie speech of the emperor
Claudius in regard to the admiss^^n of the citizens of

Gallia Comata into the Roman senate. The mimismatic
collection (30,000 pieces) includes a series of the coins

struck at Lyons from 43 B.C. to 1857, There is a special

gallery of works of Lyonese painters ; and the Bernard
collection of about 300 pictures is kept entire.

The museum of natural history (for which a new build-

ing is to be erected in the Pare de la Tete d'Or) contains

a zoological department ranking nest to that of Paris, and
inineralogical, geological, and anthropological sections

—

the last enriched with specimens from the classic site of

Solutre (Saone and Loire). The museum of art and
industries, founded in 1864 by the chamber of commerce,
is divided into three sections, the first intended to illustrate

the various cqnoeptions of the beautiful formed by ditierent

peoples, the second to show tho whole method of the

textile industry, and tho third to give an historical con-

spectus of woven textures. The Guimet Museum, in a
special building in the Tete d'Or, consists of objects brought
from the extreme East (mainly by M. Emile Guimet) and
designed to facilitate the comparative study of religions,

especially those of the Eastern world. Since 1880 the
institution has published its Annales, consisting of original

essays or translations of foreign works.

The library of the school of arts contains 65,000 volumes
and 22,000 engravings, and tho town library 108,000
volumes and 1300 manuscripts,—about 600 of tlie printed

works being incunabula, and 25 of the JISS. belonging to

the Carlovingian period. In tho latter institution is the

great terrestrial globe made at Lyons in 1701, indicating

the great African lakes, the rediscovery of which has
been one of the events ct the present century.

Under tlio Romans Lyons was admirably provided with
water. Three ancient aqueducts on the Fourvieres level,

from Montroman, ilont d'Or, and Mont Pilat, can still be
traced ; and the last was no less than 52 miles long, and
capable of supplying 11,000,000 gallons per day. Magni-
ficent remains of this work may be seen at St Iri^nde anj
Chaijonost. Traces also exist along the Rhone of a
subterranean canal conveying the water of the river to a
naumachia. At present the water supply of Lyons is

obtained from the Rhone by powerfij hydraulic engines
situated above the town, which raise the water to the
Montessuy and the Fourviires plateaus, 456 feet above the
low level of the river. The reservoirs are capable of
supplying 1,765,829 cubic feet of water per day.

)Agrippa made Lyons the starting-point of the principal

Roman roads throughout Gaul ; and it still remains an

important centre in tho general ssstem of commnnication.

The SaOne above the town and the Rhone below have large

barge and steamboat traffic ; and the latter river above

the town may be used by steamboats during summer as

far as Aix in Savoy. Navigation, however, ia often

interrupted, eveu below the town, by the iowness of tho

water, and a canal is projected to remedy this defect

Tho current of the Saone is less rapid than that of the

Rhone, and is controlled by weirs.

The railway from Paris to Marseilles has two stations

(Vaise and Perrache) in Lyons ; and the line from Lyons
to Geneva two (Brotteaux and St Clair). The Montbrison
line starts from St Paul, on the right of the Saone. The
terminus of Part-Dieu for the newly-opened East of Lyons
line is between Perrache and Brotteaux. Within the

town there are two rope railways,-—the first mounting
to Fourvieres, and the second, popularly called the ficelle,

from Rue Terme to Croix-Rousse.

In a city of such importance as Lyons the number of

industries is naturally large, but by far the most extgnsive

of them all is the silk manufacture. Derived from Italy,

this industry ' rapidly developed under the patronage of

Francis I., Henry II., and Henry IV. ; and from time to

time new kinds of fabrics were invented—silk stuffs woofed
with wool or with gold and silver threads, shawls, watered
silks, poplins, velvets, satinades, moires, Ac. In the

beginning of the present century Jacquart introduced hia

famous loom by which a single workman was enabled to

produce elaborate fabrics as easily as the plainest web,

and by changing the " cartoons " to make the most differejit

textures on the same looms. In the 17th Century the silk

manufacture employed at Lyons 9000 to 12,000 looms.

After the revocation of the edict of Nantes the number
sank to 3000 or 4000 ; but after the Reign of Terror was
past it rose again about 1801 to 12,000. - At present there

are about 70,000 in operation when no great commercial
crisis comes to diminish production, giving employment
to about 140,000 weavers. There are also a largo

number of persons engaged in the silk-worm hatcheries

established in i'rauce. The workmen live for tlie most
part in the Crois-Rousse quarter, but many of them
inhabit the outskirts. The mean annual value of the silk

goods manufactured is estimated at 375,000,000 francs

(£15,000,000),—250,000,000 representing the value of tlie

raw material and 125,000,000 the value of the labour, lii-

chiding the purchase of raw materials and tbe sale of th»

manufactured goods, the silk trade gives a total turnova
of 1000 million francs (£40,000,000). A special office

(known as La Condition des 6'oies) determines the weight
and nature of the silk. Extensive dye-wc/ks, chemical

works, breweries, pork factories, engineering works, print-

ing establishments, and hat factories represent the second-

ary industries of the place. A large trade is carried on

in chestnuts brought from the neighbouring departments,

and known as marrons de Lyon.

The earliest Gallic occupants of the tcrritoiy at the confluence oi

the Rhono and tlie Saone were tlie Segusians. lu 59 B.C., some
Greek refugees from the tanks of the Herault, having obtained per-

mission of the natives to e.stablish themselves beside the Croix

Eonsse, called their new town by the Gallic name Lngdununi; and
in 43 B.C. llunatius Planeus brought a Bomau colony to Fourvier-'H

from Vieune. This settlement soon acquired importance, and wa-s

made by Agrippa the starting point of four gi'eat loads. Augustus,

besides building aqueducts, temples, and a theatre, gave it a

senate and made it the seat of an annual assembly of deputies ffora

tlie .sixty cities of Gallia Comata. Under tho emperors tho colony

of Forum Vetus and tho niunicipium of Lugdunum were united,

receiving the 7?(S scnn^jw. The town was burnt by Nero in 59A.D.,

and afterwards rebuilt by him in a much finer stjdo ; it was also

adorned by Trajan, Adrian, and Antoninus. The martyrdom of

PothiiuTs and Blandina occurred under Marcus Anrelins (177 A.D.),

and ill 197 a etill more savage jiersceiition of tho Giiristians

took place under. Septiniius Sevcms, in whieh lrena:us, according. to
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Bomo uutliors, iitiislicil. After Iiiwiiif; been mvnsod liy the bar-

barinns ami abamloncd by the cm)iiri', Lyons in 478 bnaine cajvital

«f Ibo kingdom of the Burgumlians. It nfterwanis fill into tho

hands of tho Franks, and siifTcrcil severely from tho Saracens, but

revived nmlcr Charlemagne, and after the death of Charles the Bald

WM made the capital of the kingdom of Provence. From 1024 it

was atief of the emperor of Germany. Subsequently the siiperioiity

over tho town was n s\ibject of dispute between tho archbishops of

Lyons and the countsof Forez; but the loyal supremacy was finally

established under Louis IX. and Philip the Hundbonie. The citizens

were constituted into a commune ruled by freely elected consuls

(1320). In the l.Tth century two ecclesiastical councils were held at

Lyons—one in 1245, presided over by Innocent IV., at which the

emperor Frederick II. was deposed: tho second, tho recunienicnl,

under tho presidency of Gregory X., in 1274, at which five hundred
ibishops met. Pope Cnement V. was crowned here in 1305, and his

teuccessor John XXII. elected in 1316. The Piotestants obtained

possession of the place in 1562 ; their acts of violence were fiercely

avenged in 1572 after the St Bartholomew mas.sacre. Under Heniy
III. Lyons sided with the Le.igne ; but it pronounced in f.ivour of

Henry IV. In 1793 it rose against the Conventiou, but was com-
pelled to yield to the army of tho rcjiublic after enduring a siege

of seven weeks (October 10). Terrible chastisement ensued : the

name of Lyons was changed to that of Ville-alfranchie ; the demoli-

tion of its buildings was sot about on a wholesale scale ; and vast

numbers of the proscribed, whom the scaffold had s[iared, were
butchered with grape shot. The town resumed its old name
after tho fall of Robespierre, and the ten'orists in their turn were
drowned in large numbers in the PJtono. Napoleon rebuilt the

Place Bcllecour, reopened the churches, and m.ido the bridge of

Tjjsitt over the Saone between Bcllecour and the cathedral. In
1814-15 Lyons was occupied by the Anstriaus, under the government
of Louis Philippe, and in 1870-71 there were several bloody emeutes

;

in 1856 a disastrous flood laid waste the Brolteaux and rendered

20,000 persons homeless. An international cxhi))itiou was held
here in 1872. Among tho many distinguished iiatives of Lyons
may bo mentioned Crrmanicus and the emperors Clandiu.s, Marcus
Aurelius, and C.Trncalla ; Ampere the physicist ; Richerand, Ri'i-

camier, and Bonnet ; Do Juasicu the naturalist, J. B. Say the

economist, Baremc the mathenialician, Suchet the marshal, Roland
the Girondin, and Jac<|Uard the inventor. (G. ME.)

LYONS, Edmund Lyons, Lord (1790-1858), British

admiral, was descended from a family connected with An-
tigua, and previously with Cork, and was born at Burton
near Christchurch, Hampshire, 21st November 170O. Ho
entered the navy at an early age, and served in the Mediter-

ranean, and afterwards in the East Indies, where in 1810
he won promotion by distinguished bravery. He became
post-captain in 1814, and in 1828 commanded tho " Blonde "

frigate at the blockade of Navarino. He took part with the

French in the capture of the castle of Morea, receiving for

his conduct the orders of St Louis of France and of the

Redeemer of Greece. Shortly before Ijis sliip was paid

off in 1835 he was knighted. From 1810 till the out-

break of hostilities with Russia Lyons was employed on
the diplomatic service, being minister plenipotentiary to

the court of Greece until 1849, then until 1851 ambassador
to the Swiss cantons, whence he was transferred to a similar

position at Stockholm. On the outbreak of the war with
Russia- he was appointed second in command of the British

fleet in the Black Sea under Admiral Dundas, whom ho
succeeded in the chief command in 1854. As admiral of the

inshore squadron ho had the direction of tho landing of tho

troops in the Crimea, which he conducted with marvollnus

energy and despatcli. According to Kinglako, Lyons shared

the " intimate counsels " of Lord Raglan in regard to the

most momentous questions of the war, and throughout the

Crimean campaign he toiled, with a " painful consuming
passion," to guard against disaster, to clear away over-

powering dilTiculties and obstacles, and to win the final

purpose of the expedition. His actual achievements in

battle were principally two—the support he rendered with

Ids guns to the French at the Alma in attacking the left

flunk of the Russians, and the bold and brilliant part

he took with his ship tho " Ag;iinemnon " in the first

bombardment of tho forts of Sebastopol ; but his constant

vigilance, his multifarious activity, and his suggestions

and counsels were much more advantageous to the allied

cause than his specific exploits. In lS,"i5 ho wns created
vice-admiral, and at the conclnaion of the war ho was, in
Juno ISJG, raised to tho peerage with the title of Lord
Lyons of Christchurch. He died November '23, 1858.
LYRA, NicoL.M-s DE (-. 1270-1340), a well-known

mcdiiBval commentator, was a native of Lyre, near Evrcux,
Normandy, and was born most probably aboiit 1270; at
least he was still young when in 1291 he entered 'the
Franciscan order at Verneuil. He afterwards studied at
Taris, and became doctor of theology and a successful
teacher there. In 1325 he became provincial of his order
for Burgundy; and on October 23, 1340, he died at Paris.

Lyra (Lyranns) was the author of a controversud treatise ag,iinsl
the Jews, cLititleil Dc Mcssm, cjusquc ndvcnlu jn-Ktcrilo, and of .-i

Traclutui de itUneo m in ishmile d snscipii nte siutdi nllm-is ma-amai-
tiim, but by far his most important work is the PustiUx iierjitliix,
sivc brcvia covimeutanii in niiimsa Mihlm, first prmted at Rome
(5 vols, fob, 1471-72), and often subsequenily. It may lie said to
mark the first beginning? of aiichool of natur.al exegesis ; for, thou'di
recognizing the old doctrine of a fourfold sense

—

Lyra explicitly maintaineil and sought to give clTect to the prin-
ciple th.at tho foundation of every mystical exposition nmst first bo
firmly laid by ascertaining the literal meaning. His qualities as an
interpreter of Scripture included, besides comparative freedom from
dogmatic jjiepossession, a good knowledge of Hebrew and a fair
acrpiaintanco with Greek. Lnther was accpiainted with his com-
mentaries, and it is through the inlluenci' of l.'ashi u\mt Lyra that
so niany traces of the exegesis of that rabbi arc found in Lnther'a
writings; hence the oft-quoted saying, "Si Ljra non Iyras.sct,

Lutlierus non saltasset." See vol. xi. p. 601.

LYRE. Of all musical instruments the lyre has been
the most associated with poetry, the recitations of Greeks
having been accompanied by it. Yet the lyre was not of

Greek origin ; no root in the language has been discovered

for Ai'pa, although the special names bestowed upon varieties

of the instrument are Hellenic. We have to seek in Asia
the birthplace of the genus, and to infer its introduction
into Greece through Thrace or Lydia. The historic heroes
and improvers of the lyre were of the yEolian or Ionian
colonies, or the adjacent coast bordering on the Lydian
empire, while the mythic masters, Orpheus, Mus^eus, and
Thaiiiyris, were Thracians. Notwithstanding the Hermes
tradition of the invention of the lyre in Egypt, the

Egyptians seem to have adopted it themselves from
Assyria or Babylonia,

To define tho lyre, it is necessary clearly to separate it

from tho allied harp and guitar, both, as far as we have
record, instruments of as great antiquity. In its primal

form the lyre difl'ers from the harp, of which the earliest,

simplest notion is found in the bow and bowstring; while

the guitar (and lute) can be traced back to the typical

"nefer" of the fourth Egyptian dynasty, the fretted

finger-board of whicli, permitting the production of different

notes by tho shortening of the string, is as different in

conception from the lyre and harp as the flute with holes

to shorten the column of air is from the syrinx or Pandean
pi[ies. The frame of a lyre consists of a hollow body or

sound chest (>;x«'o>')- From this sound-chest are raised

two arms (ir?i;^cis), which are sometimes hollow, and are

bent both outward and forward. They are bound near

the top by a cros.sbar or yoke (^iyoV, ^vyui/jia, or, from its

having once been a reed, Ka'Aa/xo?). Another cro.s.sbar

(/udya9, WoXvpiov), fixed on the sound-chest, forms the

bridge which transmits tlie vibrations of the strings. The
deepest note was the farthest from the [daycr ; but, as the

strings did not differmuch In length, more weight may liavo

been gained for the deeper nntts by thicker string.s, as in

tho violin and similar modern instruments, or tlicy were

tuned with slacker tension. The .trings were never of

wire, the drawing of which was unknown to the nations

of antiquity, but of gut (x"f>S-j, whence chordV They were
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stretched between the yoke and bridge, or to a tailpiece

below the bridge. There were two ways of tuning : one

was to fasten the strings to pegs which might be turned

(koXXo/Joi, KoXXoTrcs) ; the other was to change the place of

the string upon the crossbar; probably both expedients

were simultaneously employed. It is doubtful whether

^ y^opSoTovo^ meant the tuning key or the part of the

instrument where the pegs were inserted. The extensions

of the arms above the yoke were known as Kipara, horns.

The number of strings varied at diflferenl epochs, and

possibly in diflferent localities,—four, seven, and ten having

been favourite numbers. They were, as already said, used

without a finger-board, no Greek description or representa-

tion having ever been met with that can be construed as

referring to one. Nor was a bow possible, the flat sound-

board being an insuperable impediment. The plectrum,

however {vXriKTpov), was in constant use at all times. It

was held in' the right hand to set the upper strings in

vibration {Kpendv, Kpoiuv ™ ttXjJktpw) ; at other times it

hung from the lyre by a ribbon. The fingers of the left

hand touched the lower strings (i/»aA.Acti').

With Greek authors the lyre has several distinct names

;

but we are unable to connect these with anything like

certainty to the varieties of the instru-

ment. Cfaelys ix^Xvi, " tortoise ") may
mean the smallest lyre, which, borne by

one arm or supported by the knees,

offered in the sound-chest a decided

resemblance to that familiar animal.

That there was a difference between

lyre and cithara (KiOapa) is certain,

Plato and other writers separating them.

Hermes and Apollo had an altar at

Olympia in common because the former

bad invented the lyre and the latter

tbe cithara. Perhaps the lyre and chelya

on the one hand, and the cithara and
„-,l^~S the 'BriS

phorminx on the other, were similar or

nearly identical. Apollo is said to

nave. carried a golden phorminx. But

lyre has always been accepted as the

generic name of the family, and under-

stood to include all varieties. The laige lyre was sup-

ported by a strong ribbon slung over the player's shoulder,

passing through

holes beneath the

yoke in the arms

of the instru-

ment, and caught

by the player's

left hand, the

ends hanging in a

sash-like fashion.

This cithara, or, it

may be, phorminx

{(jiippxyi, " port-

able lyre "), is fre-

quently, by the

vase painters, de-

lineated as 80 held,

—the plectrum, at-

tached by another

ribbon, being re-

presented, when
not in use, ss

pendent, or as in- Fio. 2,

terlaced between

the strings.
"''*•

Passing by the story ot the discovery of the lyre from a

vibrating tortoiae-aheU by Hermes, we_wiU glanca^at the

Museum, where also

are fragments of

such an instrument,

the back of which
is of shell.

Cithara or Phorminx, from a vase in

British Museum. Best period of Greek

real lyres of Egypt and Semitic Asia. The Egyptian lyre

is unmistakably Semitic. The oldest representation that

has been discovered is in one of the tombs of Beni Hassan,

the date of the painting being in the 12th dynasty, that

is, shortly before the invasion of the shepherd kings. In
this painting, which both Roselliiii and Lepsius have
reproduced, an undoubted Semite carries a seven or

eight stringed lyre of fan-shaped form. The instrument
has a four-cornered body and an irregular four-cornered

frame above it, and the player carries it horizontally

from his breast, just as a modern Nubian would his

kissar. He plays as he walks, using both hands, a
plectrum being in the right. This ancient lyre, dat-

ing 2000 B.C., exists to this day in a remarkable speci-

men preserved in the Berlin Museum (fig. 3), and is

found again in form as well as in manner of holding in

the Assyrian lyre

of Khorsabad.

During the rule

of the shepherds

the lyre became
naturalised in

Egypt, and in the

18th dynasty it

is frequently de-

picted, and with

finer grace of

form. In the

19th and 20th

dynasties the lyre

is sometimes still

more slender or^^"- ^-—Egyptian Lyre now at Berlin. Drawn
.. ' „ bv permission of Director-General Schone.

IS quite unsym- ^ '

metrical and very strong, the horns surmounted by heads

of animals as in the Berlin one, which has horses' heilds at

those extremities. Prokesch copied one in the ruins of

Wadi Haifa, splendid in blue and gold, with a serpent

wound round it. The Egyptians always strung their lyres

fan-shaped, like the modern Nubian kissar. Their paintings

shew three to eight or nine strings, but the painters' accuracy

may not be unimpeachable ; the Berlin instrument had

fifteen. The three-stringed lyre typified the three

seasons of the Egyptian year—the water, the green, and

the harvest ; the seven, the planetary system from the

moon to Saturn. The Greeks bad the same notion of the

harmony of the spheres.

There is no evidence as to what the stringing of the Greek lyre

was in the heroic .ige. Plutarch says that Olympus and Terpander

used but three strings to accompany their recitation. As the four

strings led to seven and eight by doubling the tetracliord, so the

trichord is connected with the hexachord or six-stringed lyre de-

picted on so many archaic Greek vases. We cannot insist on tho

accuracy of this representation, the Vase painters being so little

mindful of the complete expression of details
;
yet we may suppose

their tendency would be rather to imitate than to invent a number.

It was their constant practice to represent the strings as being

damped by the fingers of the left hand of the player, after having

been struck by the plectrum which he held in the right hand.

Before the Greek civilization had assumed its historic form, there

was likely to be great freedom and independence of dilTeient locali-

ties in the matter of lyre stringing, which is corroborated by the

antique use of the chromatic (h>aIf-tone) and enhainiouic (quarter-

tone) tunings, pointing to an early exuberance, as in language

when nations are young and isolated, and perhaps also to an Asiatic

bias towards refinements of intonation, from which came the xp6ai,

the hues of tuning, old Greek modifications of tetrachords eutirgly

disused Li the classic period. The common scale of Olympus

remained, a double trichord which had served as the sealToldbg for

the enharmonic varieties.

We may regard the Olympus scale, however, as consisting of- two

<llrachord3, eliding one interval in each, for the tstrachoid, or
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series of four notes, was very curly adopted as the fundamental
priuciple of Greek music, aud its orimu iu tlie lyre itself appears
aure. The basis of tlie tetracliord is tue employment of the thumb
ajid first three fingers of the left hand to twang as many strings,

the little finger not being used on account of natural weakness. As
a succession of three whole tones would form the disagreeable and
untunable interval of a tiitonus, two whole tones and a half-tone
were tuned, fixing the tetrachord in the consonant interval of the
perfect fourth. This succession of four notes being in the grasp of

tho hand was called a-vWa$T], just as in language a group of letters

incapable of further reduction is called syHable. In the combina-
tion of two syllables or tetrachoi'ds the modern diatonic scales

resemble the Greek so-called disjunct scale, but the Greeks knew
nothing of our categorical distinctions of major and minor. ^Ye
might call the octave Greek scale minor, according to our descend-
ing minor form, were not the keynote in the middle the thumb
nolo of the deeper tetrachord. The upper tetrachord, whether
starting from the kejiiote (conjunct) or from the note above
(disjunct), was of exactly the same form as the lower, the position
of the semitones being identical. The semitone was a limma
(Aei^juo), rather less than the semitone of our modern equal
temperament, tho Greeks tuning both the whole tones in the
tetrachord by the same ratio of 8 : 9, A\hich made the major third
a dissonance, or rathur would have done so had they combined them
in what we call harmony. In melodious sequence the Greek
tetrachord is decidedly more agreeable to the ear than the cor-

responding series of our equal temperament. Aud although our
scales are derived from combined tetrachords, iu any system of
tuning that we employ, be it just, mean-tone, or equal, they are less

logical than the conjunct or disjunct systems accepted by the Greeks.
But modern harmony is not compatible with them, and could not
have arisen on the Greek n\,elodic lines.

The conjunct scale of seven notes

attributed to Terpander, was long the norm for stringing and tuning
the lyre. "When the disjunct scale

the octave scale attributed to PythSgoras, was admitted, to preserve
the time-honoured sev'en strings one note had to be omitted ; it was
therefore customary to omit the C, which in Greek practice was a
(lissenance. The Greek names for the strings of seven and eight
stringed lyres, the first note being highest iu pitch and nearest the
player, were as follows:

—

J\'cte, Paranete^ Paramese ; Mcsc, Lichanos,
Parhypate, Rypate ; or Nete, Parande, Trite, Parmnese ; Mcse,
Lichanos, Parhypate, Eypatc,—the last four from Mese to Hypate
being tho finger tetrachord, the others touched with the plectrum.
The highest string in pitch was called the last, vear-n ; the lowest
in pitch was called the highest, vTTart\, because it was, in theory
at least, the longest string. The keynote and thumb string was
fifo-Tj, middle ; the next lower was Klxavos, the first finger or lick-

finger string ; rpirTj, the third, being in the plectrum division,
was also known as ojela, sharp, perhaps from the dissonant quality
which we have referred to as the cause of its omission. The plect-
rum and finger tetrachords together were dtaTraa-utf, through all ; in
the disjunct scale, an octave.

In transcribing the Greek notes into our notation, the absolute
pitch cannot be represented ; the relative positions of the semitones
are alone determined. "We have already quoted the scale of
Pythagoras, the Dorian or true Greek succession :

—

Shifting tho semitone one degree upwards in each tetrachord, wo
have the Phrygian

Another de;sjree gives tho Lydian

which would he our major scale of E were not the keynote A. The
names imply an Asiatic oriRih. We will not pursue further the
much debated question of Greek scales and their derivation ; it

will suffice here to remark that the outside notes of tho tetrachords

were fixed in their tuning as perfect fourths,—the inner strinss

bciQg, as stated, in diatonic sequence, or when chromatic two half-

tones were tuned, when enhannonic two quarter-tones, leaving
respectively tho wide ir.icivals of a minor and major third, and IwtU
impure, to complete the tctiacliord. (A. J. H.)

LYRE-BIRD, the name by which one of the most
remarkable feathered inhabitants of Australia is commonly
known, the Menura stiperba or J/, novx-hollandim of orai-
thologiata. First discovered, January 24, 1798, on the
other side of the river Nepean in New So«th Wales by an
exploring party from Paramatta, under the leadership of
one Wilson, a single example was brought into the settle-
ment a few days after, and though called by its finders a
"Pheasant"—from its long tail—the more learned of the
colony seem to have regarded it as a Bird-of-Paradise.>
A specimen having reached England in the following year,
it was described by General Davies as forming a new genus
of birds, in a paper read before tho Linnean Society of
London, November 4, 1800, and subsequently published
in that Society's Transactions (vi. p. 207, pi. xxii.), no
attempt, however, being made to fix its systematic place.

Other examples were soon after received, but Latham, who
considered it a Gallinaceous bird, in 1801 knew of only
five having arrived. The temporary cessation of hostilities

in 1802 permitted Vieillot to become acquainted with this

form, though not apparently with any published notice of

it, and he figured and described it in a supplement to his

Oiseaux Dores as a Bird of Paradise (ii. pp. 30 sq., pis.

14-16), from drawings by Sydenham Edwards, sent him
by Parkinson, the manager of the Leverian Museum.

^

It would be needless here to enter at any length on the
various positions which have been assigned to this singular

form by different systematizers—who had to judge merely
from its superficial characters. Tho first to describe any
portion of its anatomy was Eyton, who in 1841 {Ann.

Kat. Hiskvy, vii. pp. 49-53) perceived that it was truly a

member of the Order then called lusessores, and that it

presented some points of affinity to the South American
genus Pteroptochvs ;

^ but still there were many who could

not take advantage of this step in the right direction. In
1867 Professor Huxley stated that he was disposed to divide

his very natural assemblage the Coracomorphx (essentially

identical with Eyton's Insessores) into two groups, " one
containing Memira, and the other all the other genera
which have yet been examined" (Proc. Zool. Soc, 1867,

p. 472)—a still further step in advance.'' In -1875 the

present writer put forth the opinion in this work (Birds,

vol. iii. p. 471) that Memira had an ally in anothe'-

Australian form. Atrichia (see ScKDE-BlKD), wtich he had

found to present peculiarities hitherto unsuspected, and
accordingly regarded them as standing by themselves,

though each constituting a distinct Family. This opinion

was partially adopted in the following year by Garrod, who
{Proc. Zool. Society, 1876, p. 518) formally placed these

' ColUns, Account of Neio South Wales, ii. pp. 87-92 (London,

1802).
2 VieiLot called the bird '

' Le Parkinson "
! and hence Bechstein, who

seeEos to have been equally ignoraut of what had been published iu

England concerning it, in 1811 {Kurzi Cebersicht, &c., p. 134), desig-

nated it Parkinsoniu3 miTabilisll Shaw also, prior to 1813, figured

it (iVa(. Miscellany, xiv. p. B77) under the name of Paradisea parkin-

soniana. The name " Menura lyra, Shaw," was 'juoted by Lesson iu

1831 (Tr. d' Omitholoffie, p. 473), and has been repeated by many
copyists of synonymy, but the present wi-iter caLnot find that such a

name was ever apphed by Shaw. Vieillot's principal figure {ut tupra),

which has a common origin with that given by Collins, has been eiten-

sively copied, in spite of its inartistic not to say inaccurate drawing.

It is decidedly interior to that of Davies {ut yiipra), the original

describer and delineator.

'He subsequently (Osteol. Ariiun, pp. 97, 98, pL S, F and jl. \i)

described and figured the skeleton. ^
* Owing to the imperfection of the specimen at his disposal, Professor

Huxley's brief description of the bones of the head in Menura is not

absolutely correct. A full description of them, with elaborate figure*,

is given by Professor Parker in the same Society's Trancsciiona {U.

pp. 306-309, pi. Ivi. figs. 1-6).



116' L Y K E-B 1 R D
two genera together in his group of Abnormal Acromjodian

Oxiius under the name of Jlenurime ; but the author sees

no reason to change his mind, and herein he is corroborated

by Mr Sclater, who has recently {Ihis, 18S0, p. 345)

recognized at once the alliance and distinctness of the

Families Jlcutiridx and AtrichiiiLr, forming of them a

group which he calls Pseudoscines.

Since the appearance in 1865 of Gould's Handbook to

the Birds of Aiistralia, little if any fresh information has

been published concerning the habits of this form, and the

account therein given must be drawn upon for what here

follows. Of all birds, says that author, the Memira is the

most shy and hard to procure. He has been among the

rocky and thick " brushes "—its usual haunts—hearing its

loud and liquid call-notes for days togettier without get-

ting sight of one. Those who wish to see it must ad-

vance only while it is occupied in singing or scratching up

the earth and leaves; and to watch its actions they must

keep perfectly still—though where roads have been made
through the bush it may be more often observed and even

approached on horseback. The best way of procuring an

example seems to be by hunting it with dogs, when it will

spring upon a branch to the height of 10 feet and afi'ord

an easy shot ere it has time to ascend further or escape as

it does by leaps. Another method of stealing upon it is

said to be practised by the natives, and is attained by the

hunter fixing on his head the erected tail of a cock-bird,

which alone is allowed to be seen above the brushwood.

The greater part of its time is said to be passed upon the

ground, and seldom are more than a pair to be found in

company. One of the habits of the cock is to form small

round hillocks, which he constantly visits during the day,

mounting upon them and displaying his tail by erecting it

over his head, drooping his wings, scratching and pecking

at the soil, and uttering various cries—some his own natural

notes, others an imitation of those of other animals. The
wonderful tail, his most characteristic feature, only attains

perfection in the bird's third or fourth year', and then not

until the montb of June, remaining until October, when
the feathers are shed to be renewed the following season.

The food consists of insects, especially beetles and
myriapods, as well as snails. The nest is always placed

near to or on the ground, at the base of a rock or foot of

a tree, and is closely woven of fine but strong roots or

other fibres, and lined with feathers, around all which is

heaped a mass, in shape of an oven, of sticks, grass, moss,

and leaves, so as to project over and shelter the interior

structure, while an opening in the side affords entrance

and exit. Only one egg is laid, and this of rather large

size in proportion to the bird, of a purplish-grey colour,

suffused and blotched with dark purplish-brown.'

Incubation is believed to begin in July or August, and
the young is hatched about a month later. It is at first

covered with white down, and appears to remain for some
weeks in the nest. How much more is needed to be
known for a biography of this peculiar and beautiful

creature may be inferred by those who are aware of the

diligence with which the habits of the much more easily

observed birds of the northern hemisphere have been

recorded, and of the many interesting points which they

present. It is greatly to be hoped that so remarkable a

form as the Lyre-bird, the nearly sole survivor apparently

of a very ancient race of beings, wiU not be allowed to

become extinct—its almost certain fate sp far as can be

judged—without many more observations of its manners

' The neet and egg of Mcnura alberti, now in the British Museum,
are iigured in Proc. Zool. Society, 1853, Aves, pi, 53. The egg of

M, Victoria! is represented in Journ, Jur OrnithoJofiic, 1856, pi. ii.

'i^. 18, under the nauje of M. superha, but the re:U egg of that species

dues not seem to have been fieured at aB.

being made and fuller details of them placed on record.

The zoologists of Australia alone can do this, and the

zoologists of other countries expect that they will.

Several examples of Menura have been brought alive to

Europe, but none have long survived in captivity. Indeed

a bird of such active habits, and requiring doubtless

facilities for taking violent exercise, could not possibly be
kept long in confinement until the method of menageries
is vastly improved, as doubtless will be the case some
day, and, we may hope, before the disappearance from the
face of the earth of forms of vertebrate life most instructive

to the zoologist.

Three species of Menura have been indicated—the old

M. snperba, the Lyre-bird proper, now known for more
than eighty years, which inhabits New South Wales, the

southern part of Queensland, and perhaps some parts of

the colony of Victoria ; 31. viclorim, separated from the

former by Gould {Pi-oc. Zool. Soc, 1862, p. 23), and said

to take its place near Melbourne; and M. alberli, first

described by C. L, Bonaparte (Consp. Avium, i. p. 215) on
Gould's authority, and, though discovered on the Richmond
river in New South Wales, having apparently a more
northern range than the other two. All those have the

apparent bulk of a hen Pheasant, but are really much
smaller, and their general plumage

is of a sooty brown, relieved by
rufous on the chin, throat, some of

the wing-feathers, and the tad-

coverts. The wings, consisting of

twenty-one remiges, are rather

short and rounded ; the legs- and

feet very strong, with long, neail}

straight claws. In the immature

and female the tail is somewhit
long, though affording no \ei\

remarkable character, except IIk

possession of sixteen rectrices, but

in the fully -plumaged male ut

31. superba and M. victorix it is

developed in the extraorduiaij

fashion that gives the bird it,

common English name. The two

exterior feathers (fig. \,a, b) have

the outer web very narrow, the

inner very broad, and they curve °

at first outwards, then somewhat inwards, and near the tip

outwards again, bending round forwards so as to present a

lyre-like form. But this is not all ; their broad inner web,

Fig. 3.

which is of a lively chestnut colour, is apparently notched at

regular intervals by spaces that, according to the angle at

which they are viewed, seem either black or transparent; and

this effect is, on examination, found to be due to the barbs

- The metatarsals arc very remarkable in form, as already noticed by

Ej'to)! {loc. cH.), and their tendons stronply nsMfieil.
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at those spaces being destitute of barbules. The middle

pair of feathers (fig. 2, a, I) is nearly as abnormal. These

h;ivo no outer web, and the inner web very narrow ; near

their base they cross each other, and,then diverge, bending

round forwards near their tip. The remaining twelve

feathera (fig. 3) except near the base are very thinly fur-

nished with barbs, about a quarter of an inch apart, and

those they possess, on their greater part, thougli long and

flowing, bear no barbules, and hence have a hair-like

appearance. The shafts of all are exceedingly strong. In

the male of M. alberti the tail is not only not lyriforni, but

the exterior rectrices are shorter than the rest. (a, n.)

LYSANDER was the leading spirit of Lacedaimonian

policy at the end of the Peloponnesian War. He is said

by /Elian and Athenseus to have been of servile origin, and

i&y Plutarch to have belonged to a Heraclid family. His

father was named Aristoclitus or Aristocritus. He first

appears in history when sent to command the fleet on the

Ionian coast in 407 B.C. The story of his skilful diplomacy,

of his influence with Cyrus the younger, of his naval victory

at Notium, of his quarrel with his successor Callicratidas

in 406, of his reappointment in 405, of the decisive victory

at jEgospotami, and of the capitulation of Athens in 404,

belongs to the history of Greece. After his return to

Sparta hb pride and vanity became boundless ; he was

celebrated by poets, and even worshipped in some places

as a god. The restraint of life in Sparta, and the enemies

whom he had there, were irksome to him, and he soon

went to Asia Minor. He had established in all the Greek
cities associations which maintained an oligarchical govern-

ment, and his power over them was so great as to increase

the jealousy felt for him at home. He was recalled to

Sparta, and the machinations of the Persian satrap

Pharnabazus brought him into danger. He had soon after

the triumph of being sent with an army to support the

oligarchy in Athens; but the king (Pausanias) ^was sent

after him with a second army, and made terms with the re-

stored Athenian democracy. When King Agis died in 398,

Lysander worked to secure the succession for Agesilaus,

but after two years Ije found that he had helped his most
dangerous enemy. He began to concert revolutionary

schemes, but had not proceeded to any overt act when ho
was sent with an army into Boeotia. He did not wait the

arrival of Pausanias with an auxiliary army, but attacked

Haliartus, and was slain in the battle, 395 B.C. He was
buried on the road from Delphi to ChEeronea, and a

monument was erected on his tomb. It is to his credit

that, after the power and opportunities he had enjoyed, he
died a poor man.
LYSIAS, whose name follows those of Antiphon and

Andocides on the list of the ten Attic orators, marks an
important stage in the development of Greek literary prose,

and is, in his own province, one of its most perfect masters.

He never acquired the Athenian citizenship, but most of

his years were passed at Athens ; and his life has the
interest of close personal association with the most criti-

cal period in the history of the Athenian democracy.
Date of His extant work belongs to the space from 403 to 380

B.C., but the date of his birth is uncertain. Dionysius of

Halicarnassus, and the author of the life ascribed to

Plutarch, give 459 B.C. This date was evidently obtained
by reckoning back from the foundation of Thurii (444
B.C.), since there was a tradition that Lysias had gone
thither at the age of fifteen. Modern critics would place

his birth later,—between 444 and 436 B.C.,—because, in

Plato's Republic, of which the scene is laid about 430 B.C.,

Cephalus, the father of Lysias, is among the dramatis
personse, and the emigration of Lysias to Thurii was said

to have followed his father's death. The latter statement,
however, rests only on the Plutarchic life j nor can Plato's

dialogue be safely urged as a minutely accurate authority

for a biographical detail We must be content to say that,

while the modern view avoids some difficulties, the higher

date assigned by the ancient writers is not inconsistent

with any ascertained fact, while it agrees better with the

tradition that Lysias reached, or passed, the age of eighty.

On the other view, all traces of his industry, previously un-

remitting, would cease abruptly at the age of sixty-sit

Cephalus, the father of Lysias, was a native of Syracuse. Li/e to

On the invitation of Pericles he had settled at Athens as llSjj-

a " resident alien " (/icVoiKos). The opening scene of

Plato's Republic is laid at the house of his eldest son,

Polemarchus, in the Peirseus. Cephalus complains that the

visits of Socrates have been rare of late, and expresses the

hope that he will come oftener, and without ceremony, as

to intimate friends. The tone of the picture warrants the

inference that the Sicilian family were well knuwn to Plato,

and that their houses must often have been hospitable to

such gatherings as the Republic supposes. Thus we have

an indirect, but very interesting, confirmation of the phrase

used by Dionysius in regard to Lysias—" he grew up in

the society of the most distinguished Athenians."

At the age of fifteen—when Cephalus, according to the

Plutarchic life, was now dead—Lysias removed fron?

Athens to Thurii, the Athenian colony newly planted on

the Tarentine Gulf, near the site of the ancient Sybaris.

There the boy may have seen the historian Herodotus,

—

another of Thurii's early residents,—now a man in middle

life ; and it pleases the imagination to think that, in their

new Italian home, a friendship may have grown up between

these two, neither of them an Athenian by birth, yet alike

in a simple grace which Athens loved, and alike also in the

love which they bore to Athens. At Thurii Lysias is said

to have commenced his studies in rhetoric,—doubtless

under a master of the Sicilian school,—possibly, as tradition

said, under Tisias, the pupil of Coras, whose name is

associated with the first attempt to formulate rhetoric as

an art. In 413 B.C. the Athenian armament in Sic'Jj

suffered that crushing disaster which at the moment seemed
to imperil the existence of Athens itself. The desire to

link famous names is curiously illustrated by the ancient

ascription to Lysias of a rhetorical exercise purporting to

be a speech in which the captive gerteral Nicias appealed

for mercy to the Sicilians. The terrible blow to Athens
quickened the energies of an auti-Athenian faction at

"Thurii. Lysias and his elder brother Polemarchus, with
three hundred other persons, were " accused of Atticizing

"

{'AmKia-/xov ^yKXijducn),-—a charge which, under the
circumstances, implies an honourable loyalty. They were
driven from Thurii.

Lysias and Polemarchus now settled at Athens (412 B.C.). 412-4M
They were rich men, having inherited property from their

father, Cephalus ; and Lysias claims that, though merely
resident aliens, they discharged public services with a liber-

ality which shamed many of those who enjoyed the franchise

(°''X o/^o""' /J-iToiKovvra^ uicnrfp avTol ivoXiTcvovTO,
In Eraioslh., § 20). The fact that they owned house
property shows that they were classed as \a<yrt\ii^, i.e.,

foreigners who paid only the same tax as citizens, being
exempt from the special tax (fitToUiov) on resident aliens.

Polemarchus occupied a house in Athens itself, Lysias
another in the Peirjeus, near which was their shield manu-
factory, employing a hundred and twenty skilled slaves.
This life of comparative peace and prosperity was broken
up by the defeat of Athens at yEgospotami (405 ac.).'
In the next spring Athens surrendered to Lysander. The
"Thirty Tyrants were established at Athens under the protec-
tion of a Spartan garrison. One of their earliest measures
was an attack upon the resident aliens, who were represented
as disafificted to the new government. As foreign residents
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successful m commerce, the Attic metoilcoi were exposed at

such a time to perils lilie those of the Jews in a mediaival

city, or in modern Rassiu. Lysias and Polemarchus were

on a list of ten singled out to be the first victims.

Polemarchus was arrested, and received "the usual

message" (to tlBuriUvov mipayyeX/ia, /it Eyatosth.,% 17)

"tj drink the hemlock." Lysias had a narrow e.^cape,

with the help of a large bribe and a lucljy accident. He
slipped by a back-door out -of the house in which he was a

l)risoner, and took boat to Megara.

After the expulsion of the Thirty Tyrants, the democracy

was formally restored in the autumn of 403 B.C. Lysias

appears to have rendered valuable services to the exiles

during the reign of the tyrants, both by his own liberality

and by procuring aid from otlier quarters. Thrasybuhis

now proposed that these services should be recognized by

the bestowal of the citizenship. The proposal happened

to be informal in one particular. The senate of five hun-

dred had not yet been reconstituted, and hence the measure

could not bo introduced to the ecclesia by the requisite

" preliminary resolution " {7rpo/3ov\evixa) of the senate. On
this ground it was successfully opix)sed; and Lysias missed

the reward which he had so well earned. That passage

of his OAv/K7riaKo's (.§ 3) in which he claims to give advice

as a good citizen seems to breathe the feeling that, it he

was still but an alien at Athens, he was at least a true

iroXi-nji of Greece.

The last chapter of his life now opens. He is no longer

the wealthy merchant, superintending his shield manu-
factory in the Peintus. The pillage by the tyrants, and

Lis own generosity to the Athenian exiles, had probably

left him poor. He now appears as a hard-working member
of a new profession,—that of writing speeches to be

delivered in the law-courts. The thirty-four compositions

L-xtant under his name are but a small fraction of those

which the ancient world possessed. From i03 to about

380 B.C. Ms industry must have been great and incessant.

The notices of his personal lite in these years are scanty.

in 408 he came forward as the accuser of Eratosthenes,

one of the Thirty Tyrants, and delivered the splendid oration

which we possess. This was his only direct contact with

Atlienian politics. The story that Lysias wrote a defence

for Socrates, which the latter declined to use, probably

arose from a confusion. Several years after the death of

Socrates the sophist Polycrates composed a declamation

against him ; and to this Lysias replied with a defence of

the philosopher. A more authentic tradition represents

Lysias as having spoken his own "Olympiacus" at the

Olympic festival of 388 B.C. The occasion was one of

^eculur interest. Dionysius I., tyrant of Syracuse, had
sent "o the festival a magnificent embassy. Tents

embroidered with gold were pitched within th^ sacred

enclosure ; and the wealth of Dionysius was vividly brought

before the minds of the Panhellenic concourse by the

number of chariots which he had entered for the most

costly and brilliant of the Olympic contests. This was
the moment at which Lysias lifted up his voice to denounce
Dionysius as, next to Artaxerxes, the worst enemy of

Hellas, and to impress upon the assembled Greeks that one

of their foremost duties was to deliver Sicily from a hateful

oppression. The latest work of Lysias which we can date

(a fragment of a speech "For Pherenicus") belongs to 381
or 380 B.C. He probably died in or soon after 380 B.C.

The qualities of the man are expressed in his work
;

indeed, it is through this, rather than through the recorded

facts of his biography, that he becomes a living person to

lis. It is a kindly and genial nature which we see reflected

there,—watm in friendship, loyal to country,—with a keen

perception of character, and a fine, though strictly con-

trolled, sense of humour. The literary tad which is "o

I remarkable in the extant speeches is that of a wiuguiarly

flexible intelligence, always obedient to an instinct of

gracefulness. Among the earlier artists of Greek prose

Lysias owes his distinctive place to the power of concealing

his art. The clieuts of the professional "speech-writer,"

like those of the modern advocate, might be of all sorts

and conditions. The modern advocate, however, speaks in

his own person. The Athenian " logographer " merely
wrote the speech which his client delivered. It was
obviously desirable that such a speech should be suitable

to the age, station, and ciroumstances of the person into

whose mouth it was put. Lysias was the first disciple of

Greek rhetoric who succeeded in making this adaptation

really artistic. He aimed, not merely at impressive cflTect

in eloquence, pathos, or argument, but at dramatic

propriety. Hence it was absolutely essential for him to

abandon the stift' and monotonous splendour of the earlier

and cruder rhetoric. He could not achieve his purpose

unless he brought his art into harmony with the ordinary

idiom of everyday life. His client must appear to bo
speaking as the citizen, who was not a professed rhe-

torician, might conceivably speak. Lysias achieved this

reconciliation with a skill which can be best appreciated

if we turn from the easy flow of his graceful language to

the majestic emphasis of his predecessor Antiphon, or to

the self-revealing art of his successor Iskus. Translated

into terms of ancient criticism, the achievement of Lysias

is described by saying that he became the model of tho

"plain style" {to';(vos ^apaKTqpj liryyii, Am/, d^eA^s Ae^ts;

f/emis ieniK or svblile). From the latter part of the 4tli

century B.C. onwards, Greek, and then Koman, critics

distinguished three styles of rhetorical composition—the
" grand " (or " elaborate "), the " plain," and the " middle."

These epithets were relative to the language of daily

life,—the "plain" being nearest to this, and the
" grand " furthest from it. Greek rhetoric began in the
" grand " style ; tlien Lysias set an exquisite pattern ot

the " plain " ; and Demosthenes might be considered as

having effected an almost ideal compromise. We moderns

perhaps cannot fully seize that nameless and undefijiablo

grace (x^P'^) of Lysias which the Greek critic of thu

Augustan age indicates in such striking words :

—

" ^Vllen I .im puzzled ahout one of the speeches ascribed to him,"
s.iys Dionysius, " aud wlieii it is hard for me to find the truth by
other marks, I liave recourse ro this excellence, as to the last picn-e

on the hoard. Then, if tho graces of speech seem to uio to mala
the writing fair, I count it to be of the soul of T.ysias ; and I caro

not to probe the question further. But if tlie stamp of the lan-

guage has no winuiugness, no loveliness, I am chagrined, and sus-

pect that, after all, the speech is not by Lysias ; and I do no morn
violence to my instinct (ouKeri fiiii^o^ai TTif S-Koyov aiuOritsiv)^ eveij

though in all else the speech seems to me clever aud well finished,

—

believing that to write well, in special styles other than this, is

given to many men, but that to write winningly, gracefidly, with

loveliness, is the gift of Lysias" (Dionys. , De Lys., ii.).

The more salient traits of the Lysian stylo can be

recognized by all. The vocabulary is pure and simple.

Most of the rhetorical "figures" are sparingly used,

—

except such as consist in the parallelism or opposition of

clauses. The taste of the day,—not yet emancipated from

tho influence of the Sicilian rhetoric,— probably demanded

a' large use of antithesis as an essential condition of

impressive speaking. Lysias excels in vivid description

;

he • has also a happy Ifuack of marking the speaker's

character by light touches. The structure of hii sentences

varies a good deal accordmg to the dignity of tho subject.

He has equal command over the "periodic"' style

(KaTia-Tpaji^ivri Aefi?) and the Don-periodic or " continuous"

\i\poiilvq, StaAeAiifieVt;)—using now one now the other, or

blending them, according to circumstances. His disposi-

tion of his subject-matter Is .always simpie. The speech

hn.=; usually four parts,— intcodiictiou {7rp::oiixi.oy), narrativo
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of facts (SiiyyTjo-ts), proofs (rn'o-rct!), which may be either

uxtoriml, as from witnesses, or internal, derived from

nrguttient on the facts, and, lastly, conclusion (eV/Xoyo?).

It is in the introduction and the narrative that Lysias ia

seen at his best. In his greatest extant speech—that

" Against Eratosthenes "—and also in the fragmentary
" Olympiacus," he has pathos and fire; but these were

not characteristic qualities of his work. In Cicero's judg-

ment, Demosthenes was peculiarly distinguished by force

(I'is), ./Eschines by resonance (soyiiliis), Hyperides by
acuteness (acumen), Isocrates by sweetness {svai<iias) ; the

distinction which he assigns to Lysias is siiblilittts, an Attic

refinement,—which, as he elsewhere says, is often joined to

an admirable vigour (lacerii), (Cic, De Or., iii. 7, § 28
;

JSnilus, § 64). The judgment is interesting as showing

how a Roman criticof unquestionable competence recognized

the peculiar place of Lysias in the development of .Greek

oratory. Nor was it oratory alone to which Lysias rendered

service ; his work had an important elTect on all subsequent

Greek prose, by showing how perfect elegance could be

joined to plainness. Here, in his artistic use of familiar

idiom, he might fairly be called the Euripides of Attic

prose. And his style has an additional charm for modern
readers, because it is employed in describing scenes from

the everyday life of Athens.^

frorks, Tliu'ty-fonr speeches (of ivhich three are fragmentary) have come
ilott*n under the nam© of Lysias ; no fewer than cue hundred and
twenty-seven more, now lost, are laiown from smaller fragments or

from titles. In the Angustan age four hundred and twenty-five

works bore his name, of which more than two hundred were allowed

as fjenuiue by the critics. The enormous number of ascriptions

indicates that Lysias was reputed to have been a fertile writer.

Our tliirty-four works may lie classified as follows :

—

A. EpiDEiCTic.— 1. Olympiacus, xxxiii., 388 e.g.; 2. Epita-

phius, ii. (purporting to have been spoken during the Corintiiian

War; certainly spurious), perliaps composed about 380-340 B.C.

B. Deliberative.—Plea for the Constitution, xxxiv., 403 B.C.

C. Forensic, in Public Causes.—L Relating to Ofcnr.cs

dircdhj against the State [ypacpal Srjiioaiaiv &.StKT]fji.(iTciiv) ; s^tch as

treason, malversation in ojficc, cmhc^lcment of pxihlic mone}/s. 1.

For Folystratus, xx., 407 B.C.; 2. Defence on a Charge of Taking
Bribes, xxi., 402 B.C.; 3. Against Efgocles, xxviii.,'389 B.C.; 4.

Against Epicrates, xxvii., 389 B.c. ; 5. Against Nicomachus, xxx.,

I

399 B.C.; 6. Against the Corndealers, xxii., 386 B.C. (?) 11. Cause

relating to Unconstitutional Procedure {ypatp^ -jrapavdixuv). On tho

Property of the Brotlier of Nicias, xviii., 395 B.C. ILL Causes

relating to Claimsfor Money withheld from the State (airoypaipai).

1. Por the Soldier, ix. (probably not by Lysias, but by an imitator,

wriiing for a real cause), 394 B.C. (?) ; 2. On the Property of Aristo-

phanes, xix., 3S7 B.C.; 3. Against Philocrates, x.xix., 389 B.C. IV.

Vaiiscs relating to a Sj:rHtimj {SoKtiiatria) ; cspccialhj the Scrutinij,

hg the Senate, of OJJiemls Designate. 1. Against Evandrus, xxvi.,

882 B.C.; 2. For Mantitheus, xvi.,392 B.C.; 3. Ag.ainst Philon,xxxi.,

between 404 and 395 B.C.; 4. Defence on a Charge of Seeking to

Abdlisli the Dcn\pcracy, xxv., 401 B.C.; 6. For the Inv.alid, xxiv.,

402 B.C. (?) V. Causes relating to Milttarij Offences {ypa<pai XiiroTct-

(!ou, dffTparelas). 1. Against Alcibiades, I. and II. (xiv., xv. ),

395 B.C. VI. Causes relating to Murder or Intent to Murder
(7par/)al <p6vo\}, rpavfiaros iK Trpoifoias\. 1. Against Eratosthenes,

xii., 403 B.C. ; 2. Against Agoratus, xiii., 399 B.C.; 3. On the JIurdcr

of Eratosthenes, i. (date uncertain) ; 4. Against Simon, iii., 393

n. (^. ; 5. On Wounding with Intent, iv. (date uncertain). VL
Ciniss relating to Impiety (ypoifial do-e/Sttas). 1. Against Ando-
cidrs, vi. (certainly spurious, but perhaps contemporary) ; 2. For

Calli.TS, V. (date uncertain); 3. On the Sacred Olive, vii., not be-

f."v 395 B.C.

D. FoRHNSlc, IN Pkiv.vte Caxtses.—I. Action for Libel ^oiVi)

K(iicr)yopia!). Against Theomnestus, x., 384-3 B.C. (the so-called

secoiul speech, xi., is merely an epitome of the fii-st). II. Action by

a IFard against a Ouardian (Si'dij ^iriTporiir). Against Diogeiton,

xxxii., 400 B.C. III. Trial nf a Claim to Projicrty {SmSiKaala).

On tho Pioperty of Eraton, xvii., 397 B.C. IT. Answer to a

SiKcinl Plea (irpbs Trapaypaipiiy). Against Paucleon, x.xiii. (date

uncertain).

E. Miscellaneous.— 1. To his Companions, a Complaint

of Slandei-s, viiL (certainly spurious) ; 2. Tho tpwTiK6s in

Plato's Plurdnis, pp. 2.t0 E-234. This has generally been

> For a detailed account of tlio life, the style, and the works of

Lyai.is, the reader is referred to Jcbb, The Attic Oratorsfrom Antiihm
to hmtis,\6\. i i^p.

142-316.

regarded as Plato's own work ; but the certainty of this conclosioii
will be doubted by those who observe (1) tho elaborate preparations
made in tho dialogue for a recital of the ipanxd! which shall bo
rerbalhj erMct, and (2) tho closeness of the criticism made upon it.

If the satirist were merely analysing his own composition, such
criticism would have little point. Lysias is tho earliest writor who
is known to have composed ipwrmol ; it is as representing both
rhetoric and a false tpus that he i.s the object of^ attack m tho
Plixdrus.

F. Fragments.—Three hundred and fifty-fivo of those are
collected by Sauppe, Oratores Atlici, ii. 170-216. Two hundred
and fifty-two of them represent one hundred and twenty-seven
speeches of known title ; and of six the fragments are comparatively
large. Of these, the fragmentary speech " For Pherenicus " belongs
to 381 or 380 B.C., and is thus tlic latest known work of Lysias.

In literary and historical interest, the first place among tho ex-
tant speeches of Lysias belongs to that '

' Against Eratosthenes" (403
B.C.), one of the Thirty Tyrants, whom Lysias arraigns as tho
murderer of his brother Polemarchus. The speech is an eloquent
and vivid picture of the reign of terror which the thirty established
at Athens ; the concluding appeal, to both parties among tho
citizens, is especially powerful. Next in importance is tho speech
"Against Agoratus" (399 B.C.), one of our chief authorities for the
internal history of Athens during the months which immediately
followed the defeat at jEgospotami. The " Olympiacus " (38R B.c.)
is a brilliant fragment, expressing tho spirit of the festival at Olym-
pia, and exhorting Greeks to unite against their common foes. Tho
" Plea for the Constitution" (403 B.C.) is interesting for the manner
in which it argues tliat tho wellbeing of Athens—now stripped of

empire—is bound up w ith the maintenance of democratic principles.

The speech " For Mantitheus " (392 B.o. ) is a graceful ana animated
portrait of a young Athenian hirfis, making a spirited defence of

his honour against the charge of disloyalty. The defence "For the
Invalid" is a humorous character-sketch. The speech "Against
Pancleon " illustrates the intimate relations between Athens and
Plata3a, while it gives us some picturesque glimpses of Athenian town
life. The defence of the person who had been charged with destroy-

ing a moiia, or sacred olive, places us amidst the country life of
Attica.. And the speech *' Against Theomnestus " deserves attention

for its curious evidence of the way in which tho ordinary vocabulary
of Athens had changed between 600 and 400 B.o.

All >rSS. of Lysias yet collated liave been derived, as H. Saoppe first stioived, BibUo*
from tite Codex Palallnns X (Heidelberg). Tho ne-\t most valituble MS. is the -rnohr
L.iurentlanus C (15th cemuiy), which I. Bektcr chiefly followed. Speaking gcno- '""^^ '

nilly, we may say that these two MSS. are tho only two which cany much
wclpiit where the text Is sciiously coiTupt. In Oiatc. i.-ix. Itcklier occasionally
consulted eleven other MSS.. most of which contain only these nine speeches :

viz., Marclani F. (J, 1. K (Venice) ; Lauicntianl D, E (Florence); Vallcaol 11, N;
Pailslni U, V; UrbinasO.

Lysias In Oralores Allict. cd. I. Bekkci', 1828 ; ed. 0. S. Dobson, with varionim
notes, lSt?S; ed. J. G. Bailee and Hermann Sauppe, 1850. In Teubncr's series,

cd. Carl Scheibe, 1st ed. 18o2, 2d cd. (based on C. L. Kaysci'a collation of X),
1876. Text, ed. Cobct, l.sp3. Selections from Lysias and ,€.<clunes, cd. Bicmi,
ISSU. Selections from Lysias. ed. Itunchcnstein, 1SC4; ed. Frolibergcr, 18G8;
cd. Jcbh, in Selections /torn the Attic Orators. 18S0. German translation, wiili

notes, by Baur (ISCO) ; and of selections, by Wcslermann (18C1)). (It. C. J )

LYSIMACHUS, son of Agathoclcs, a Thessalian in tho

service of Philip of Macedon, was bora about 3G1 B.C.

During Alexander's campaigns he was one of his im-

mediate bodyguard ; he distinf,'uished himself in India,

and was appointed a trierarch when Alexander constructed

his fleet on the Hydaspes. After the death of Alexander,

Lysimachus was appointed to the government of Thrace

and the district about the Chersonese. For a long time

the Odrysians under their king Seuthes caused him so

much trouble that ho could take very little part in the

struggles of the rival satraps ; but in 316 he joined the

alliance which . Cassander, Ptolemy, and Seleucus made
against Antigonus. In 309 he founded Lysimachia iu

a commanding situation on tho neck connecting the

Chersonese with the mainland. He followed the example

of Antigonus in taking the title of king. When in 302

the second alliance between Cassander, Ptolemy, and

Seleucus was made, Lysimachus, reinforced by troops from

Cassander, entered Asia Minor, where he met with little

resistance. Ou the approach of Antigonus he retired into

winter quarters near Heraclea, marrying its widowed queen

Amastris, a Persian princess. Seleucus joined him in 301.

and tho decisive battle was fought in the plain of Ipsus

,

Antigonus was slain, and his dominions divided among tho

victors, Lysimachus receiving the greater part of Asia

Minor. Feeling that Seleucus was becoming dangerously

)
great, ho now allied himself with Ptolemy, marrying his
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tlauglitor Arsin')2. nmastns returned tu Heraclea. During

t!ie absence of Antigonus'a son Demetrius' in Greece,

Lyximachus seized his towns in Asia Minoi and rebuilt

Ephesus, calling it Arsinoe. He tried to carry his power

beyond the Danube, but was defeated and taken prisoner

by the GetcT, who, however, set him free on amicable

terms. After Demetrius had entered Macedon to help

Alexander against his brother Antipater, and by murdering

tlio former h;id gained possession of the whole country, he

invaded Thrace, but liad to retire in consequence of a

rising in Bueotia, and an attack from Pyrrhus of Epirus.

In a87 Lysimachus and Pyrrhus invaded Macedon.

Demetrius marched against Pyrrhus, thinking the Mace-

donians would not Sght against Lysimachus, one of

Alexander's companions in arms; but his army went over

to Pyrrhus, and he was obliged to fly. Lysimachus claimed

a share of the kingdom and received it. Demetrius, cross-

ing into Asia Minor, seized Caria and Lydia, but Agathocles,

the Bon of Lysimachus by an Odrysian princess, was sent

against him, and forced him to retreat into the territory of

Seleucus, who obliged him to surrender. Lysimachus

attacked Pyrrhus and Demetrius's son Antigonus, now his

ally, and forced Pyrrhus to give up part of Thessaly and

the whole of Macedon. Amastris had been murdered by
lier two sons, and Lysimachus resolved to avenge her ; he

got them into his hands on pretence of friendship and put

them to death. On his return Arsinue asked the gift of

lleraclea, and ha granted her request, though he had

promised to free the city. In 28i Arsinoe, desirous of

gaining the succession for her sons in preference to

Agathocles, intrigued against him with the help of her

brother Ptolemy Ceraunus ; they accused him of conspiring

with Seleucus to seize the throne, and he was put to death.

To remove the disquietude of the Egyptian court, Aga-

thocles being the husband of Ptolemy's daughter Lysandra,

Lysimachus married his daughter Arsinoe to the young
Ptolemy Philadelphus. The widow of Agathocles fled to

Seleucus, and war between the latter and Lysimachus soon

followed. In 281 the decisive battle took place at the

plain of Corus, the exact situation of which is doubtful

;

Lysimachus was killed; after some days his body was

found on the field watched by a faithful dog.

Jjysimaclius was a man of distinguished bravery and great per-

gonal strength ; ou one occasion he had killed a lion single-handed,

gfi-at'tlic cost of fearful wounds. He' did not rise to political

iini>ort.nico till after the battle of Ipsu.s. Tenacious and insatiate,

lie IVaincd sclicnies of aggrandisement till his death, and in pursuit

nf the sclionies his craft suggested he was ready to sacrifice even liis

own family.

LYSIPPUS, a Greek sculptor whose professional activity

falls between the years 372 and 316 B.C. In addition

to the sketch with accompanying illustrations of his style

given under Arcujeology (vol. ii. p. 361, figs. 9 and 11), it

may here be stated that the head of Alexander the Great

(fig. 11 just referred to) is now admitted to be the best

existing I'cpresentation of the stylo of Lysippus in portrait

sculpture. When we read of successful portraits by him
of Socrates and ^'Esop, as well as of Alexander, we are driven

to beliovo that one of the forces 'of which he was conscious

withiu himself was that of seizing the spiritual expression

and malcing it illumine faces and forms which under other

conditions would be more or less repulsive. This in fact is

confirmed by the head of Alexander in the British Museum
(fig. 1 1 siijiia). But with the possession of this force it is

iliflictdt to reconcile the tradition of his having taken as his

model the Doryphorns of Polycletus, the style of which

may bo seen in the bronze statuette fig. 6 in the article

Aitcn.KoLOGY, and, to a less extent, in fig. 7 of the same
nrticlo. There everything turns on the refinements of

physi-.il form. It is admitted that Lysippus introduced

gro.il ,-hanL;cs in the accepted rules for the proportions of

the human figure, and from a number of sculptures traceable

to bis time, or shortly after his time, it is not only obvious
but strikingly in contrast with earlier works that the legs

are made long and massive while the body is proportion-

ately shortened, though still retaining a very powerful
rendering of the forms. Among the best examples of this

are two bronze statuettes of Neptune and Jupiter in tho

British Museum found at Paramythia in Epirus, or, less

satisfactory, the larger bronze of Hercules from Byblug,
also in the British Museum. In these cases the limbs and
various parts of the figure are studied with extreme skill

worthy of the best time. Yet the combined effect is such
as to do away with the impassive beauty which is ascribed

to Polycletus, and to replace it with a beauty of expression

so far as was consistent with powerful physical form.

One of his works famed in antiquity was a bronze statuette

of Hercules, called Epitrapezius, because, as the story

goes, Alexander the Great carried it with him to be placed

always on his table. A copy of this, in stone, enlarged

somewhat from the original, was obtained by the BritUu
Museum from Babylonia in 1881. It is signed with the

name of an artist, Diogenes, apparently otherv/ise un-

known, and it bears clearly the evidence q( having been
copied from a work in bronze. But except in the face,

which is carefully executed ("argutiae operum custoditae in

minimis quoque rebus " is said of Lysippus by Pliny, Nat.
llist., xxxiv. 65), the sculpture is poor and could not be
quoted as illustrating any particular style of art, though
not inconsistent with the characteristics of Lysippus. With
reference to the marble statue of Alexander the Great in

Munich, standing w'ith one foot raised on a helmet, it ia

clear that this affected attitude, which occurs in several

other existing statues, such as the so-called Jason in

Lansdovvne House, cannot fairly be traced to the invention

of Lysippus, since it is to be found twice on the frieze of

the Parthenoti. At the same time the merit may belong

to him, as has recently been claimed, of having first applied

this attitude in producing a new type of the god Neptune for

his temple on the isthmus of Corinth. It was a bolder

step to apply this attitude to a draped female figure as in

the existing statues of the Muse Melpomene standing with'

one foot raised on a rock, and if this was really introduced

into art by Lysippus it would confirm to some extent his

reputation for novelties of representation. But at present

we cannot do more than say that he is known to have

made a group of the Muses for the town of Megara, and
that several statues still exist representing a Muse in an
attitude corresponding with that of the Alexander in

Munich, which is reasonably inferred to be a copy from a

work of Lysippus. If it could be proved that in these cases

Lj'sippus had worked upon Athenian types, we should then

understand how it happens that in some respects he was

in ancient times classed with the Athenian Praxiteles

(Quintilian, xii. 10, 9, "ad voritatem Lysippum ac Praxi-

tidem accessisso optime affirmant "), and is still compared
with him so far as the remaining works of both, or copies

therefrom, enable a comparison to he made.

See Kekule, Uclcr den Kopf dcs Prnxitelischen Hcnnes, Stuttgart,

ISSl ; Lango, Das Motiv dcs anfgcsttdztcn Fusses, Leipsic, 1879.

LYTE, Henry Francis (1793-1817), a well-known
hymn-writer, was born at Kelso, June 1, 1-793, received

his early education in Ireland, and entered Trinity College,

Dublin, in 1812, becoming a scholar of that college in the

following year. Having entered deacon's orders in 1815,
ho for some time held a curacy near Wexford. He did

not long remain in Ireland, however, chiefly because of

infirm health ; and, coming to England, after sev-eral

changes he finally, in 1823, settled in the parish of

Brixham, where he lab'Spred until fatal illness inter-

rupted his work. In 1811 his health, never robust
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gave way ; and bo died dt Nice on tlie 20th November,

1847.

Lyte's first work was Tales in Verse ilhistrative of several of the

PelUioM in the Lord's Prayer, wliicli was completed during a period

of rest at Lymington, but was not publislicd till the year 1826 ; it

drew a word of warm commendation from a competent critic in tlie

Nodes Avxbrosinnse. Ho next published a volume of Pocdis, chiefly

Religions, in 1833, and iu the following year a little collection of

))salms and hymns entitled The Spirit of Oie Psahns. These pro-

ductions were drawn from various sources, but many wei^ Ins own
;

and the idea of tho book was to expi'ess, in language specially

accordant with Christian experience, the leading thoughts contained

in the Psalter. Probably one of the best productions of Lyte's pen

wasa finely appreciative memoirof Henry Vaugbau, the "Silurist,''

which ho prefixed to an edition of his works. After his death, a

Tolmne of Rernains with a memoir was publisTied, and the poems
contained iu tliis, with those in Poevis, chiefly Jielfgioiis, were after-

wards issued in one volume. In the region of pure poetry Lyte
cannot bo said to have taken any special rank ; refinement and
pathos, rather than great imaginative power, were the chief marks
of his work. As a divine he was evangelical in doctrine, but his

ecclesiastical sympathies were with the O.vford school ; as a preacher

he was simple, earnest, and graceful in style ; but his chief claim

to remembrance lies in the beauty and spiritual elevation of his

hymns, some of which may be said tohave become classical. The
best known are "Abide with mel fast falls the eventide"; "Jesus,

I my cross have taken"; "Praise, my soul, the King of Heaven";
and " Pleasant are thy courts above."

LYTTELTON, George, Lord (1709-1773), statesman

and man of letters, born at Hagley, Worcestersbire, in

1709, was a descendant of tbe great Thomas de Littleton
{q.v.), and the eldest son of Sir Thomas Lytfelton, Bart.,

who at the Revolution of 1688 and during the following

reign was one of tbe ablest Whig debaters of tbe House of

Commons. Lyttelton was educated at Eton and Oxford,

and in 1728 set out on the grand tour, spending consider-

able periods at Paris and Rome. On his return to England
he sat for Okehanipton, Devonshire, beginning public life

ill the same year with Pitt ; and from 1744 to 1754 he
held tbe office of a lord commissioner of the treasury. In
1755 he succeeded Legge as chancellor of the exchequer,

but in the following year he quitted office, on which oc-

casion he was raised to the peerage as Lord Lytteltoii,

baron of Frankley,- in the county of Worcester. In the

political crisis of 1765, before the formation of tbe Rock-
ingham administration, it was at one time suggested that

he might be placed at the head of the treasury, but he
firmly declined to take part in any such scheme. The
closing years of his life were devoted chiefly to literary

pursuits. He died on August 22, 1773.

Lyttelton's earliest publication (1735), Letters from a Persian in
England to his Friend at Ispcihan, appeared anonymously. Much
greater celebrity was achieved by his Observations on the Conversion
and Jlpostleship of St Paul, also anonymous, published in 1747.
It takes the form of a letter to Gilbert West, and is designed to
show that St Paul's conversion is of itself a sufficient demonstration
of the divine character of Christianity. The drift of the argument
is that it is equally inconceivable that the apostle could have been
the victim or the originator of a cheat, and that.therefore ho must
have been divinely inspired. It is interesting to know that Dr
Johnson regarded the work as one "to which infidelity has never
been able to fabricate a specious answer." Lord Lyttelton's
Dialogues of the Dend, a creditable performance, though hardly
rivalling eitlier Lueinn or Landor, appeared in 1/60. His History
of Henry II. (1764-67), the fruit of twenty years' labour, is not
now cited as an authority, but is painstaking and fair. Lyttelton
was also a writer of verse ; his Monody on his wife's death has
been praised by Gray for its elegi.nc tenderness, and his Prologue to
the Coriolanus of his friend Tliomson shows genuine feeling. He
was also the author of the well-known stanza in the Castle of
Indolence, iu which the poet himself is described. A complete col-
lection of tlie Works of Lord Lyttelton was published after his
death by his nejihcw, G. E. Ayscongh. See Memoirs and Corre-
spondence of Lord Lyttelton, 1734-1773 (2 vols., 1845).

LYTTON, Edward George Earle Lytton Buiwer
Lytton, Baron (1805-1873), novelist, dramatist, poet,

politician, miscellaneous essayist, the most versatile writer

and one of the most active and widely discursive theorizers

of Ms generation, was born in May 1S05, tlie youngest of
10—7*

the three sons of General Bulwer, of Ileydon Hall and
Wood Dulling, Norfolk. He was a few months youn"er
than Benjamin Disraeli; tho two lives acted not a liitlo

one on the other, and oflTer many curious points of like-

ness and contrast. Bulwer's father died when he was
two years old ; tho care of the boy devolved on liis mother,
one of the Lyttons of Knebworth, Hertfordshire, whoso
name he afterwards assumed. To this devoted and
accomplished mother he always ex|)ressed the warmest
gratitude for his early training. Ho was not sent to a
public school ; be was educated privately.

In his novels and essays he often discusses the
advantages and disadvantages of public schools. One
thing is tolerably certain—that if he had been sent to a
public school be would not have publi.shed at the age of

fifteen a volume of poems (Ismad, an Oriental Tale, with

other Poems, 1820). Generous sentiment and eager lova

of fame are more conspicuous in these juvenile productions

than metrical faculty. One of the poems dwells warmly
on the ancient glories of the house of Lytton ; the vulumo
as a whole is dedicated to " the British public— that

generous public who have always been the fosterers of

industry or genius, who have always looked forward from
tho imperfections of youth to the fruits of maturity." Tho
youthful poet criticizes Byron from the point of view of a

respectable household ; but, though he seems to have been
taught to make Pope, Gray, and Collins his models, the

Byronic influence is very apparent both in phrase- and in

sentiment. In tbe local colouring of tlie " Oriental Tale
"

be gives promise, afterwards amply fulfilled, of painstaking

study of his materials ; and " Geraldine, or the Fatal

Boon," gives a good foretaste of his fertility in the invention

of romantic incident.

At Cambridge, in 1825, Bulwer won the chancellor's

medal with a poem on "Sculpture." In 1S2G he printed

for private circulation Weeds and Wild Flowers. In 1827
lie published O'Neill, or the lidel, a romance, in heroic

couplets, of patriotic struggle iu Ireland, dedicated to Lady
Blessington. These juvenilia, and also a metrical satire.

The Siamese Twins, issued in 1831, he afterwards ignored,

describing The New Tivion as his first publication iu verse,

with the exception of his dramas and translations from
Schiller.

Bulwer's first romance, FalMand, published anonymously
in 1827, was in the vein of fantastic German romance

popular at the beginning of the century, and did not bring

him the fame that he coveted so ardently. It was other-

wise with Pelham, published in tbe following year. In

this be went with the native stream of fiction, and at once

made himself felt as a power. For two or three years

before he wrote PeUumi, the books of the season had been

novels of remarkable freshness and brilliancy dealing with

fashionable life—Plumer Ward's now, forgotten but then

much-talked-of Tremaine, Theodore Hook's Sayings and
Doings, Lister's Qranhy, Disraeli's Vivian Grey. Willi

these brilliant celebrities Bulwer, always a chivalrous

emulator of whatever was famous, entered into direct com-

petition, and at once became at least their equal in popular

favour. If we compare this his first novel with any of Ids

last productions, he strikes us as having attained at abound
to the full measure of his powers. That he wrote Pelham
at twenty-two is a much more remarkable fact than that

he wrote ballads at five. The plot is not perhaps so closely

woven together as in The Parisians, but the variety of

character introduced from high life, low life, and middle

life is quite as great. He had evidently been fascinated

by Wilkelm Meister, and the central purpose of his story

is to run the hero through an appreuf iceship like Wilhelm's.

All kinds of human beings and all their works are interest-

ing to Peiliam, the man of fashion, the bustling statesman,
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the selfish epicure, the retiring schular, the reckless rogue

and vagabond, the melodramatic Byronic man of mystery

;

and his adventures are so contrived as to bring him in

contact with many different types. The novel might have

been called The Londoners ; most of the criticisms of life

and books in Enyland and the English, published in 1833,

may be found in Felham, delivered through the mouths of

various characters. These characters are great talkers ; no
subject, from a rare dish or a nicety of costume to a

jiainting or a philosophical treatise, is strange to them.

And, curiously enough, the judgments of the youth of

twenty-two are as mature, as large, catholic, generous,

widely sympathetic, as those of the sage of sixty-six, and

his knowledge of men and books hardly less extensive.

Pelham displayed—in the literal sense of the word

—

extraordinary vivacity of intellect and range of interest.

The author was yet to prove that with his wonderful

powers of reading, observing, and reflecting was combined

a. faculty rarely found in union with such gifts, untiring

rapidity of production. In the preface to his juvenile
" Ismael," he speaks of a habit of his never to leave any-

thing unfinished, and during his long life Le began and
linished many works in many different veins. Felham
was followed in quick succession by ^he Disomued (182S),

Devereux (1829), Paul CiijTord (1830), Eiic/ene Aram and
Godoljihia (1833). Bulwer was deeply impressed with

German theories of art ; all these novels were novels with a
purpose, moral purpose, psychological purpose, historical

purpose. To embody the leading features of a period, of

a phase of civilization, to trace the influence of circum-

stance on character, to show how the criminal may be
reformed by the development of his better nature, and how
men of fine nature may be led stage by stage into crime,

to explain the secrets of success and failure in life—these,

apart from the purely dramatic object of exhibiting inward
struggles between the first conceptions of desires and their

fulfilment, and between triumph and retribution, were his

avowed aims as a novelist. He did not leave his purposes

to the interpreter; he was a critic as well as a creator, and
he criticized his own works frankly, and laboured to admit
other critics to a fair point of view. It was perhaps a
tribute to the intrinsic interest of his plots, characters, and
descriptions that he was under the necessity of begging
attention to ihose higher aims. In l^Iie Pdlgrims of the

Phine (1834), a work of graceful fantasy, in which some
of his most acute observations on human life are incorporated

with the sayings and doings of elves and fairies, an
ambitious author is made to complain that " the subtle

aims that had inspired him were not perceived," and that

he was often approved for what he condemned himself.

The Pilgrims, charmingly written in many passages, was
too German in its combination of serious thought and
mundane personages with fairies to be heartily welcomed
by the English public. Bulwer was more successful in

another attempt to break new ground in Tlie Last Days
of Pompeii (1834) and Piend (1835). No historical

romances dealing with times and scenes so remote were
ever more widely popular in England, and in aiming at

popularity the author laboured hard to secure historical

accuracy. In Athens, its Pise and Fall (1836), we re-

ceived in the form of historical essays what had probably
been acquired industriously as materials for romance.
Two romances from Spanish history, Leila and Calderon,
published in 1838, aimed at a less realistic treatment, and,
with all their purely literary excellences, were not so popu-
lar. In Ernest Maltravers (1837) and its sequel Alice, or
The Mysteries (1838), the novelist returned to English
ground and psychological and social problems—" the
affliction of the good, the triumph of the unprincipled."

Critics to whom he failed to make the full purpose of

these works apparent in the execution complained of the

low tone of their morality, a fair coraclaint concerning

most exhibitions of vice as a warning.

To his other literary labours Bulwer superadded for

some tjme the editorship of a magazine. He succeeded

Campbell as editor of The Neio Monthly in 1833. lo
-1838 he projected a magazine called The Monthly Chronicle,

and contributed to it as a serial story the fantastic romance
"ZiccL" The magazine expired before the story was com-
pleted, and it was afterwards developed into Zanoni, a
romance of which he was himself especially proud, and
which sufl'ered in public estimation from being tried by
realistic standards.

During the most productive period of his literary life

Bulwer was an eminent member of parliament. He was
returned for St Ives in 1831, and sat for Lincoln from

1832 to 1841. He spoke in favour of the Reform Bill,

and took the leading part in obtaining the reduction,

after vainly trying to procure the repeal, of the newspaper

stamp duties. His support of the Whigs in parliament,

and by a pamphlet on " the crisis " when they were

dismissed from office in 1834, was considered so valuable

that Lord l^lelbourne offered him a place in the administrar

tion. His intimacy with Radical leaders at this period

exposed him to an undeserved charge of tergiversation when
later in life he was a member of a Conservative Govern-

ment. Charles Culler and Charles Villiers were among
his friends at Cambridge ; he was an admiring student of

Bentham ; Mill's Essay on Government was the text-book

on which was founded " Pelham's " instruction by his uncle

in the principles of politics ; J. S. Mill contributed the

substance of the appendices to England and the English,

on Bentham and Mill ; Godwin suggested to him the

subject and some part of the plot of Eugene Aram ; he

even succeeded in winning the good opinion of Miss

Martineau ; but we have only to read his speech in favour

of the Reform Bill to see that it was the situation that had
changed and not the man when he assailed the repeal of

the corn laws, and took office under Lord Derby. Bulwer'a

leading political aim, like his leading artistic aims, was
early formulated, and the formula governed all his political

reasoning : it was to " aristocratize the community," " to

elevate the masses in character and feeling to the standard

which conservatism works in aristocracy," a standard not

of wealth or pedigree but of " superior education, courte-

ous manners, and high honour." Hence it was "social

reforms" from first to last that enlisted his interest, and
he sought the motive power for these reforms in the

public spirit ot the classes enfranchised by the Reform
Act of 1832.

There was a slight break in Bulwer's career as a novelist

between 1838 and 1847. During this interval he ajj-

plied himself enthusiastically to play writing,—Macready's

management of Covent Garden having inspired men of

letters with the hope of reconciling poetry with the stage.

In 1836 he had produced The Duchess of La Valliei-e. It

was a failure. But in 1838 and the two following yeaip

he produced three plays which have kept the stage ever

since

—

The Lady of Lyons, Richelieu, and Money. In his

plays as in his novels definite theory preceded execution.

The principles on which he wrote his plays were laid down
in his chapter on the drama in England and the English.

For many of the details of stagecraft, all-important to

success under any principles, he is said to have been

indebted to Macready. No Englishman not himself an

actor has written so many permanently successful plays as

Bulwer Lytton, and this is another instance of his

extraordinary [ilasticity of mind and practical insight.

I

Thirty years afterwards, in 1869, he turned his thoughts

, again to writing for the stage, recast an old failure with a
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new title The Rir/htful Heir, and produced a now comedy,

WdlpoU. Neither wa3 a success.

l''rora ISir to 1852 Bulwer (he assumed his mother's

name of Lyttoii ou succeeding to her estates iu 18K!) had

no seat iu parliament. But the issue of novels and

romances was not so rapid as it had been in the full energy

of his youth. Before 1849, when he opened a new vein

with I'he Cuxtons, he produced five works in his familiar

vein:

—

Night and Moriung (1841, in which the influence

of Dickens is traceable), Zauoni (1842), TJie Last of the

Barons (1843, the most historically solid, and perhaps the

most effective of his romances), Lucrelia, or the Children

oj the Night (1847; moral purpose—to exliibit the horrors

caused by the worship of money; popular cflect—disgust

at these horrors, and indignation at the author's sentiment

as morbid), Harold, Tlie Last of the Saxon Jiiiigs (1848).

The cause of the comparative infertility of this period

in prose fiction probably was that Lytton was now making

a determined effort to win high rank as a poet. Ho
published a volume of poems in 1842, a volume of transla-

tions from Schiller in 1844, The New Timon, a satire, in

1845.' Then came the work on which mainly Lytton

rested his pretensions, King Arthur, a romantic epic. " I

am unalterably convinced," he said, " that on this founda-

tion I rest the least perishable monument of those thoughts

and those labours which have made the life of my life."

But King Arthur fell flat. The verse, the six-lined stave

of elegiac quatrain and couplet, lacks charm and variety;

the incidents are monotonous, the personages uninteresting,

the plot unexciting, and the allegory obscure. St Stephen's,

a gallery of parliamentary portraits from the time of Queen
Anne, was a kind of metrical composition that lay more
within his powers. In this the satire is keen-edged, the

admiration just and generous. It was published in 1860.

The Lost Tales of Miletus (1866) and a translation of

Horace's Odes (1869) were Lyttou's last essays in verse.

In the skin with which he sustained a new style in The
Caxtons (1848) Lytton gave a more convincing proof of

his versatility. This imitation of Sterne (by no means a

servile imitation, rather an adaptation of Sterne's style and
characters to the circumstances of the 19th century) ap-

peared anonymously in Blackwood's Magazine, and made a

reputation before the authorship was BuajJected. My Novel

(1853) and What will He Do with It? (1858) continued

in the same strain. The sub-title of My Novel, " Varieties

of English life," shows still operative the same purpose

that we find in Pelham, but the criticism of the " Varieties
"

is more polemical in spirit. There is more than a shade

of defiance riu his praise of the virtues of a territorial

aristocracy, and a strong spice of hostility to the vulgarities

of the manufacturers who threatened to push them from
their stools. There is a blindness to defects in the one

case and to merits iu the other quite foreign to the broad

sympathies of the dandy Pelham; Caston paints the ideal

best of the one class and the ideal worst of the other.

In these, as in all Lytton's novels, the characters are placed

on the stage and described ; they are not left to reveal

themselves gradually in action.

Lytton retained to parliament in 1852 as member for

Hertfordshire, and sat on the Conservative side. Early in

life he had decided in his mind against the reduction of

the corn duties, and, unchanged in 1851, he addressed a
" Letter to John Bull," enlarging on the dangers of their

repeal. Incapable of failure in any intellectual exercise

that he set his mind to, he was an effective speaker; but

the effort was against nature : he could speak only under

extreme excitement or after laborious preparation, and he

* A fefeble attack in the last on Mr Tennyson's poetiy provoked a

brosque but powerful reply from the enraged laureate, aimed at his

afUAilant's person.

never took a high place among parliamentary orators. Ho
was colonial secretary in Lord Derby's Government fioni

1858 to 1859, and threw himself industriously into the

duties of his ofTicc. He was raised to tlie peerage as Barou
Lytton in 1866.

That ho had not forgotten his power of moving the sense

of melodramatic and romantic mystery when he adopted

the more subdued style of The Caxtons, Lytton proved by
A Strange Story, contributed to All tlie Year Round in

1862. A serial story of the kind made a now call ou his

resources, but he was equal to it, and fairly rivalled tho

school of Dickens in the art of sustaining thrilling interest

to the close.

When he died, in J'anuary 1873, after a short painful

illness, two works of high repute, The Coming Race and
The Parisians, were not acknowledged, and were only

vaguely suspected to be his. They had freshness enough
to be tho work of youth, aiid [lOwer enough to shame no
veteran. These two books, the fable and tho novel, are

classed by Lytton's son and successor in the the title with

the romance of Kenelm Chillingly, left completed at his

death, as forming a trilogy, animated by a common purpose,

to exhibit the influence of "modern ideas "nipon character

and conduct. The moulding force whose operation is traced

in The Parisians is the society of imperial and democratic

France, in Chillingly the society of England in relation to

its representative institutions. The leading purpose is kept

well in view throughout both works, and the tendencies to

corruption analysed and presented with admirable skill

;

but the theorist has omitted from his problem certain

important regenerating and safeguarding factors in the

large world outside the pale of society. Problems and

theories apart, these last works show no falling off of

power ; he is as vivid as ever in description, as fertile as

ever in the invention of humorous and melodramatic situa-

tion. If he had been content to abandon his purpose iu

Chillingly, and end with the first volume by some such

commonplace contrivance as giving " motive power " to

his hero in the love of Cecilia Travers, it would have been

the most perfect of his works in unity of humorous senti-

ment. The veteran author died in harness,—two novels all

but completed ; another, an historical romance, Pausaniai

the Spartan, outlined and partly written.

The fact that rn the fiftieth year of his autkorship, after

publishing at least fifty separate works, most of them

popular. Lord Lytton had still vigour and freshness enough

to make a new anonymous reputation with I'he Coming

Race would seem to indicate that critics had not fairly

gauged his versatility, and also that an erroneous fixed

idea had been formed of his style. The explanation prob-

ably is that even after the publication of The Caxtons he

was thought of in connexion with that school o£

melodramatic romance of which he was indisputably tho

leader, if not the founder, and that heavily loaded rhetorical

style which was made ridiculous by his imitators. " Every

great genius," one of his characters is made to say, " must

deem himself alone in his conceptions. It is not enough

for him that these conceptions should be approved as good,

unless they are admitted as inventive." Invention and

originality are matters of degree, and, though no one can

deny that Lytton possessed great inventive powers, he did

not put that individual stamp on his work without which

no writer is entitled to a place in the foremost rank. ?Io

was not self-centred enough ; he was too generally emulous

to win the highest individual distinction. But his fresh-

ness of thought, brilliancy of invention, breadth and variety

of portraiture, gave him a just title to his popularity, and,

with all allowance for superficial affectations, his generous

nobility of sentiment made Ids iufluenco as wholesome as

it was widespread. (w. m.)
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M
MTHE !etfer M denotes & nasal sonnd, which varies

a little, if at all, in different languages.

. Nasal sounds are produced as follows The breath

—

turned into voice at its passage through, the glottis—does

not pass out wholly through the mouth. Part of it is

diverted behind the soft palate, and so through the

nostrils ; the remainder passes through the mouth-cavity,

and is there completely checked at some point of its course.

When that check is taken away, we hear, not the sonant

which would have been produced if all the breath had
passed through the mouth, but a nasal varying in nature

according to the part of the cavity where the check of the

tongue or the lips has been applied. There may be as

many definite nasal sounds in any language as there

are recognized classes of consonants, as guttural, palatal,

dental, labial. In Sanskrit there were even five nasal

sounds so clearly differentiated that each had a special

pymbol to denote it ; the cerebral class of sounds (produced

by turning the tip of the tongue slightly back against the

middle of the palate) had its nasal as well as each of the

other four classes above mentioned. In Euglish we have

three sounds, but only two simple symbols, m and u ; for

the guttural nasal lieird in sing, &c., we employ the digraph

«y. Spanish has a palatal nasal.

The nasal sound denoted by M is the labial nasal.

It corresponds to the sonant i-sound; for each of them
the lips are completely closed, and if no voice were
diverted through the nostrils a 6-sound only would be

heard when the lips are opened; all the organs of the

mouth are in exactly the same position for one sound as

for the otlier, but, the soft palate being lowered, the voice

is divided in its egress. Hence vie see why a man who
has a cold pronounces m as 6 ; the voice cannot get

through tlie nostrils, which are blocked up ; it must
therefore escape mainly or entirely through the lips, and
80 produce a J-sonnd. Therefore, instead of " talking

through liis nose," as the phrase goes, such a person tries

to talk through his nose, but cannot;

The symbol M stands in numeration for 1000. See
Alphabet.
MAAS. See Meuse.
MABILLOjST, Jean (1632-1707), the learned and dis-

criminating historian of the Benedictine order, was born
at the village of Saint Herremont, Champagne (now in

the department of Ardennes), on November 23, 1632.

He received his early education from an uncle who held the

post of village curfi in the neighbourhood, and afterwards

he went to Rheims, where, in 16-53, he entered upon his

noviciate in the Benedictine Abbey of Saint Uemy, taking

the vows in the following year. The following four years

were spent at various houses of the order, to which he was
Bant on account of his health, impaired by excessive study.

From 1658 to 16G3 he was at Corbie, and in 1664 he
assisted Chantelon at Saint Denis in the preparation of a

new edition of the works of St Bernard. Shortly after-

wards he was removed to Saint-Germain-des-Prds, and
charged with the task of editing materials which had
already been amassed for a general history of the Benedic-
tine order. Wliilo engaged on this work {Arta Sanctorum
vnlinis S. Benedicli in sxadorum dassfs distribwta), the

publication of which, in vols, folio, extended from 1668
to 1701, ho made several journeys, for literary research,

into Germany and Italy, as well as into the provinces of

France ; amongst the more important of tlie numerous
mouoj'riphs lo which his investigations gave rise, tlie work

De Re Diplomatica, which appeared in 1681, deserves

special mention (see Diplomatics). Mabillon died at

Saint-Germain-des-Pr^s, on December 27, 1707.
For a complete list of his works reference may be maue to Bayle's

Dictionnairc, or to the Biographic G&ii^ralc. They ix.clu'le, be-

sides those meutioued above, Vttera Analccta, 1675-85 (a work
similar in character to the ^fiscclJanca of Baluze) ; Animadvprsio^iei
in'Vindicias Kanpenscs, 1677 {in wliich he claims the Imitalio for

Gersen) ; De Zitnrgia Gallicana, 1 685 ; Museum Italicum, 1687-89

;

and Annaks Ordinis ,1. Bencdidi, 6 vols, fol., 1703-39.

MABINOGION. See Celtic Liteeatuee, vol. v. p.

321

MABUSE. See Gossaet.
MACAO (A-Ma-ngao, " Harbour of the goddess A-Ma ";

Portuguese, Macau), a Portuguese settlement on the coast of

China, in 22" N. lat. and 132° E. long., consists of a tongue
of land IJ square miles in extent, running south-south-west

from the island of Hiang Shang (Portuguese, An^am) on
the western side of the estuary of the Canton river Bold
and rocky hills about 300 feet in height occu[iy both

extremities of the peninsula, the picturesque-looking city,

with its fkt-roofed houses painted blue, green, and red,

lying in the far from level stretch of ground between.

The forts are effective additions to the general view,

but do not add much to the real strength of the place.

Along the east side of the peninsula runs the Praya

Grande, or Great Quay, the cliief promenade in Macao,

on which stand tlie governor's palace, the administrative

offices, the consulates, and the leading commercial estab-

lishments. The church of St Paul, erected between 1594
and 1602, the seat of the Jesuit college in the 17 th

century, was destroyed by fire in 1835. The Hospital

da Misericordia (1569) was rebuilt in 1640. The Camoenr
grotto—where the exiled poet found leisure to celebrate

the achievements ef his ungrateful country—lies in a

secluded spot to the north of the town, which has been

partly left in its native wildness strewn with huge granite

boulders and partly transformed into a fine botanical

garden. In 1871 there were in Macao 5375 persons of

European birth or extraction, 53,761 Chinese living on

land and 10,268 in boats. Half-castes are very numerous.

Though most of the land is under garden cultivation, the

mass of the people is dependent more or less directly on

mercantile pursuits ; for, while the exclusive policy both

of Chinese and Portuguese which prevented Macao
becoming a free port till 1845-46 allowed what was once

the great emporium of European commerce in eastern Asia

to be outstri|iped by its younger and more liberal rivals,

the trade of the place is still of very considerable extent

Since the middle of the century indeed much of it has run

in the most questionable channels: the nefarious coolietraffic

gradually increased in extent and in cruelty from about

1848 till it was prohibited in 1874, and much of the actual

trade is more or less of the nature of smuggling. The total

value of exports and imports was in 1876-77 upwards of

£1,536,000. Commercial intercourse is most intimate

with Hong-Kong, Canton, Batavia, and Goa. The pre-

paration and packing of tea is the principal industry in

the town. The colonial revenue, which is largely recruited

by a tax on the notorious gambling tables, increased from

104,643 dollars in 1856-57 to 380,012 in 1872-73, while

the expenditure rose from 69,757 to 266,344.

In l.^.'i7 the Portuguese were pennitted to erect factories 0"J the
peninsula, and in 1573 the Chinese built the wall across the isthmus
which still cuts off the barbarian from the rest of the island.

.Tosuit missionaries established themselves on the spot, and in 1580
Gregory XIII. constituted a bishop»-ic cf Macao. A senate was
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oi'gHiiin^l ill 1583, and in 1628 Jeroniiiio de Silvcira became first

royal governor of Miicno. Still the Portuguese remained largely

nnder the control of the Chinese, who had never surrendered tlicir

territorial riglits and maintained their authority by means of

manclarins,—-these insisting that even European criminals should

be placed in their hands. Ferreira do Amaral, the PortuguoBo

governor, put an end to this state of things in 1849, and left

the Chinese odicials no more authority in the peninsula tlian

the representatives of other foreign nations ; and, though his

antagonists procured liis assassination (August 22d), his successors

have° succeeded in carrying out his policy. The Chinese Govern-

ment has hitherto refused (notably in 1862) to recognize the terri-

torial claims of the Portuguese ; but the European powers treat

Macao as de facto a colonial possession, and not only the governor,

the president of the courts, and other Portuguese oHJcials, but even

tlie Chinese magistrates, aro directly appointed by the king of

Portugal. For a short time in 1802, and again in 1808, Macao
was occupied by the English as a precaution against seizure by the

French.

Sec De Beauvolr, Voyage Round the ^orld, 1870; Wisellufl, "Macnuscho
toostanden," In Tijils. van Het Aardr. Ot-n., 1877 ; Relatorio e documentos sobre a

aboli^do d<t emiyracdo de CItinas contratados em Afacmi, Lisbon, 1874; Eniilish

prirliamoiitury papers on the coolie trade, 1874 ; Biker, Mem. eobre o estabeteci-

menCo de Macau, Lisbon, 1879.

MACARONI (from dialectic Itiilian maccare, " to bruise

or crush ") is a preparation of wheat originally peculiar to

Italy, in which country it is an article of food of national

importance. The same substance in different forms is also

known as vermicelli, pasta or Italian pastes, taglioni,

fanti, &c. These substances are prepared from the hard

Bemi- translucent varieties of wheat which aro largely culti-

vated in the south of Europe, Algeria, and other warm
regions, and which are distinguished by the Italians as

•jrano duro or <jrano da semoUno. Hard wheats are much
richer in gluten and other nitrogenous compounds than the

soft or tender wheats, and their preparations are more
easily preserved, to which conditions their suitability for

the manufacture of Italian pastes are mainly due. The
various preparations are met with in the form of fine thin

threads which constitute vermicelli, so called from its

thread-wona like appearance, thin sticks and pipes

'macaroni), small lozenges, stars, disks, ellipses, &c. (pastes),

and ribbons, tubes, and other fanciful forms. These'

various forms are prepared in a uniform manner from a
granular meal of hard wheat which itself, under the name
of semolina or semola, is a commercial article. The
semolina is thoroughly mixed and incorporated into a stiff

paste or dough with boiling water, and in the hot condition

it is placed in a strong metallic cylinder, the end of which
is closed with a thick disk pierced with openings which
corres[>oud with the diameter or section of the article to

be made. Into this cylinder an accurately fitting plunger

or piston is introduced, and by very powerful pressure it

causes the stiff dough to squeeze out through the openings

in the disk in continuous threads, sticks, or pipes, as the

case may be. When pipe or tube macaroni is being made,
the openings in the disk are widened internally, and
mandrels, the gauge of the tubes to be made, are centred

in them. In making pastes the cylinder is laid horizontally,

the end is closed with a disk pierced with holes having the

sectional form of the pastes, and a set of knives revolves

close against the external surface of the disk, cutting off

the paste in thin sections as it exudes from each opening.

Macaroni is dried rapidly by hanging it in long sticks or

tubes over*wooden rods in stoves or heated apartments
through which currents of air are driven. It is only

genuine macaroni, rich in gluten, which can be dried in

this manner; spurious fabrications made with common
flour and coloured to imitate the true material will not

bear their own weight. Imitations must therefore be laid

out flat and dried slowly, during which they very readily

split and break up, while in other cases they become mouldy
on the inside of the tubes. True macaroni can be

ilistinguished by observing the flattened mark of the rod

over which it has been dried within the bend of the tubes;

it has a soft yellowish colour, ia rough in texture, elastic,

and hard, and breaks with a smooth glassy fracture. In

boiUng it swells up to double its original size without

becoming pasty or adhesive, maintaining always its original

tubular form without either rupture or collapse. It can

be kept any length of time without alteration or deteriora-

tion, and it is on that account, in many circumstances, a
most convenient as well as a highly nutritious and healtlifuJ

article of food. In its various forms it is principally used

as an ingredient in soups, and for the preparation of

puddings, with cheese, &c. Many of the good qualities of

genuine macaroni may ba obtained by enriching the flour

of common soft wheat with gluten obtained in the prepara-

tion of wheaten starch, and proceeding as in the case of

semolina. Such imitations, and others of inferior quality,

are extensively made both in France and Germany.

MACARTNEY, George Macaetney, Eaul ok (1737-

1806), was descended from an old Scotch family, the

Macartneys of Auchinleck, who had settled in 1649 at

Lissanoure, Antrim, Ireland, where he was born May 13,

1737. After graduating at Trinity College, Dublin, in

1759, he became a student of the Inner Temple, London.

Appointed envoy-extraordinary to Russia in 1764, he suc-

ceeded in negotiating an alliance between England and that

country. After for some time occupying a seat in the

English parliament, he was in 1769 returned for Armagh
in the Irish parliament, in order to discharge the duties of

chief secretary for Ireland. On resigning this office ho

received the honour of knighthood. In 1775 he became

governor of Granada, in 1780 governor of Madras, and in

1785 he was appointed governor general of Bengal, but, his

health demanding his return to England, he declined to

accept oSice. After being created earl of Macartney in

the Irish peerage, he was appointed in 1792 the first envoy

of Britain to China. On his return from a confidential

mission to Italy he was raised to the English peerage in

I796,- and in the end of the same year was appointed

governor of the newly acquired territory of the Cape of

Good Hope, where he remained till ill health compelled

him to resign in November 1798. He died at Chiswick,

Surrey, 31st March 1806.

An account of Macartney's embassy to China, by SiV George

Staunton, was published in 1797, and has been frequently re-

printed. See also Life and IVrilings of Lend Macartney, by

Barrow, 2 vols., Londen, 1807.

MACASSAR. See Celebes, vol. v. p. 288.

MACAULAY, Thomas Babington Macatoay, Loud
(1800-1859), was born at Rothley Temple, Leicestershire,

on the 25th of October 1800. His father, Zachary

Macaulay, had been governor of Sierra Leone, and was

in 1800 secretary to the chartered company who had

four.ded that colony. Happy in his home, the boy

at a very early age gave proof of a determined bent

towards literature. Before he was eight years of age he

had written a Compendium of Universal Hiftory, which gave

a tolerably connected view of the leading events from the

creation to 1800, and a romance in the style of Scott, in

three cantos, called the Buttle of Cheviot. At a little later

time the child composed a long poem on the history of

Glaus Magnus, and a vast pile of blank verse entitled

Fingal, a Poem in Twelve Books.

The question between a private and a public school was

anxiously debated by his parents, and decided iu favour of

the former. The choice of school, though dictated by

theological considerations, was a fortunate one. Mr Preston

of Little Shelford enjoyed the confidence of Mr Simeon,

but was himself a judicious tutor ; and at his table, where

master and pupil dined in common, not only the latest

Cambridge topics were mooted, but university ambitions

aud ways of thought were brought home to tlie boys.
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Id October 1818 young Macaulay went into residence

ub Trinity College, Cambridge. Here he revelled in the

possession of leisure and liberty, which he could not forego

for tho Eake of those university honours which at that day

were only to be obtained by a severely exclusive course of

mathematical study. But ho cucccodfd in obtaining the

{irizo which in his eyes was the most desirable tliat

Cambridge had to give, vii, a fellowchip at Trinity. A
trilling college prize for an essay on the character of

Wilham IlL was awarded to an essay by young Macaulay,

which may bo regarded as the first suggestion and the

earnest of his future llislory.

In 1826 Macaulay was called to tne bar and joined the

northern circuit. Tut after the first year or two, during

which he got no businevs worth mention, he gave up even

the pretence of reading law, and spent many more hours

under the gallery of the House of Commons than in the

court. Uis first attempt at a public speech, made at an

anti-slavery meeting in 1824, was described by the

Edinburgh Review as "a display of eloquence of rare and

matured excellence." His first considerable appearance in

print was in No. 1 of Knight's Quarterh/ Magazine., a

periodical which enjoyed a short but brilliant existence,

and which was largely supported by Eton and Cambridge.

In August 1825 began Macaulay's connexion with the

periodical which was to prove the field of his literary

reputation. The Edinburgh Review was at this time at

its height of power, not only as an organ of the growing

opinion which leant towards reform, but as a literary

tribunal from which there was no- appeal. The essay on

Milton, though so crude that the author said of it that " it

contained scarcely a paragraph such as his matured

judgment approved," created for him at once a literary

reputation which suffered no diminution to the last, a

reputation which he established and confirmed, but which

it would have been hardly possible to make more coa-

epicuous. Murray declared that it would be worth the

copyright of C'hilde Uarold to have Macaulay on the staff

of the Qii/irierli/ Review. Kobert Hall, writhing with pain,

aud well-nigh worn out with disease, was discovered lying

On the floor employed in learning by aid of grammar and
dictionary enough Italian to enable him to verify the

lur.dlel betneen Milton and Dante. The family breakfast

table was covered with cards of invitation to dinner from

every quarter of London.

The sudden blaze of popularity kindled by a single

essay, such as are now produced every month without

attracting any notice, is partly to be explained by the

dearth of literary criticism in England at that epoch. For,

though a higher note had already been sounded by Hazlitt

and Coleridge, it had not yet taken hold of the public

mind, which was still satisfied with the feeble apprecia-

tions of the Rttrosjiective, or the dashing and damnatory

improvisation of Wilson in Blackwood or Jeffrey in the

Ediiibiin/h. Still, after allowance made for the barbarous

partisanship of the established critical tribunak of the

porfod, it aeems surprising that a social success so signal

should have been the consequence of a single article. The

exiilanation is to be found in the fact that it had been dis-

covered at the same time that the writer of the article on

Milton was, unlike most authora, also a brilliant converser.

There has never been a period when an amusing talker

has not been in great demand at London tables ; but at

tlio date at which Macaulay made his d^but witty conversa-

tion was studied and cultivated as it has ceased to be in

the more busy age which has succeeded. At the university

Macaulay had been recognized as pre-eminent for talk and

companionship among a circle of young men of talents so

brilliant as were Charles Austin, Romilly, Praed, Villiers,

aud othei-s. Ho now displayed these gifts on a wider

theatre. Crabb Robinson's diary, under date 1820, records

the judgment of one who had been in the constant habit of

hearing the best talk of the London of his' day. Such as

he was in 1826 Macaulay continued to be to the end. In

Lord Carlisle's journal, under date 27th June 1813, wc
read—" Breakfasted with Hallam, John Russell, Macaulay,

Everett, Van de Weyer, Hamilton, Mahon. Never wore

such torrents of good talk as burst and sputtered over

from Macaulay and Hallam." Again, 11th October 1819,'

" the evening went oil very pleasantly, as must almost

always happen with Macaulay. He was rather paradoxical,

as is apt to be his manner, and almost his only social

fault The greatest marvel about hiiu is the quantity of

trash he remembers." In March 1850 Lord Carlisle

records—" Macaulay's flow never ceased once durina tlio

four hours, but it is never overbearing."

Thus launched (1825) on the best thiit London had tu

give in the way of society, Macaulay accepted and enjoyed

with all the zest of youth and a vigorous nature the oppor-

tunities opened for him. He was courted and admired by

the most distinguished personages of the day. He was

admitted at Holland House, where Lady Holland listened

to him with deference, and scolded him with a circum-

spection which was in itself a compliment. Rogers spoko

of him with friendliness, and to him with affection, and

ended by asking him to name the morning for a breakfast

party. He was treated with almost fatherly kindness by
" Conversation " Sharp.

Thus distinguished, and justifiably conscious of his great

powers, it was not unnatural that Macaulay's thoughts

should take the direction of politics, and his ambition

aspire to a political career. But the shadow of pecuniary

trouble early began to fall upon his path. When he went

to college his father believed himself to be worth £100,000,

and declared his intention of making him, in a modest

way, an eldest son. But commercial disaster overtook the

house of Babington and Macaulay, and the son now saw,

himself compelled to work for his livelihood. His Trinity

fellowship of £300 a year became of great consequence to

him, but it expired in 1831 ; he could make at most £200
a year by writing ; and a commissionership of bankruptcy,'

which was given him by Lord Lyndhurst in 1828, and

which brought him in about £400 a year, was swept away,'

without compensation, by the ministry which came into

power in 1830., Macaulay now found himself a poor

man, and was reduced to such straits that he had to sell

his Cambridge gold medal.

In February 1830 the doors of the House of Cpmmons
were opened to him in the only way in which a man
without fortune could enter them, through what was then

called a "pocket borough." Lord Lansdowne, who h.id

been struck by two articles on Mill (James) and the

Utilitarians, which appeared in the Edinburgh Review in

1829, offered the author the seat at Calne. The offer was

accompanied by the express assurance that the noble patmn

had no wish to interfere with his freedom of voting. Ho
thus entered parliament at one of the most exciting

moments of English domestic history, when the compact

phalanx of reactionary administration which for nearly

fifty years had commanded a crushing majority in tlia

Commons was on the point of being broken by the grow-

j

ing strength of the party of reform. Macaulay made his

I

maiden speech on Dth April 1630, on the second reading of

the bill for the removal of Jewish disabilities. In July

I

the king died and parliament was dissolved ; the revolution

took place in Paris. Macaulay, who was again returned

for Calne, visited Paris, eagerly enjoying a first taste of

Continental travel On 1st March 1831 the Reform Bill

was introduced, and on the second night of the debate

Macaulay made the first of his reform speeches. It was a
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Bignal success. Sir Robert Peel said of it that " portions

were as beautiful as anytliing I have ever heard or read."

Encouraged by this first success, Macaulay now threw

himself witli ardour into the life of the House of Commons,
while at the same time he continued to enjoy to the full

the social opportunities wliich his literary and political

celebrity had placed within his roach. For these reasons

he dined out almost nightly, and spent many of his

Sundays at the suburban villas of the Whig leaders, while

he continued to supply the Edinburgh Review with a

steady series of his most elaborate articles. On the

triumph of Earl Grey's cabinet, and the passing of the

Reform Act in June 1832, Macaulay, whose eloquence had

signalized every stage of the conflict, became one of the

commissioners of the Board of Control, and applied himself

to the study of Indian affairs. His industry was untiring,

and the amount of intellectual product which he threw off

very great Givfng his days to India and his nights to

the House of Commons, he could only devote a few hours

to literary composition by rising at five when the business

of th» House had allowed of his getting to bed in time

on the previous evening. Between September 1831 and
December 1833 he furnished the Review with the following

Brticles :
—" Boswell's Life of Johnson "

;
" Lord Nugent's

Hampden"; "Burleigh and his Times"; "Mirabeau";
"Horace Walpole"; " Lord Chatham"; besides writing his

ballad on the Armada for one of the Albums, annual
publications of miscellanies then in fashioa

In the first reform parliament, January 1833, Macaulay
took his seat as one of the two first members for Leeds,

which up to that date had been unrepresented in the

House of Commons. He replied to O'Connell in the

debate on the address, meeting the great agitator face to

face, with high, but not intemperate, defiance. In July

he defended the Government India Bill in a speech of

great power, and to his aid was greatly due the getting

the bill through committee without unnecessary friction.

When the abolition of slavery came before the House as a

practical question, Macaulay had the prospect of being

placed in the dilemma of having to surrender office or to

vote for a modified abolition, viz., twelve years' apprentice-

ship, which was proposed by the ministry, but condemned
by the abolitionists. He was prepared to make the

sacrifice of place rather than be unfaithful to the cause to

which his father had devoted his life. He placed his

resignation in Lord Althorp's hands, and spoke against the

ministerial proposal. But the sense of the House was so

strongly expressed as unfavourable that, finding they
would be beaten if they persisted, the ministry gave way,
and reduced apprenticeship to seven years, a compromise
which the abolition party accepted ; and Macaulay
remained at the Board of Control.

While he was thus growing in reputation, and advancing
his public credit, the fortunes of the family were sinking, and
it became evident that his sisters would have no provision

except such as their brother might be enabled to make for

them. Macaulay had but two sources of income, both of

them precarious—office and his pen. As to office, the
Whigs could not have expected at that time to retain

power for a whole generation ; and, even while they did
so, Macaulay's resolution that he would always give an
independent vote made it possible that he might at any
saoment find himself in disagreement with his colleagues,

and have to quit his place. As to literature, he wrote

himself to Lord Lansdowne (1833), "it has been hitherto

merely my relaxation ; I have never considered it as the

means of support. I have chosen my own topics, taken

my own time, and dictated my own terms. The thought

of becoming a bookseller's hack, of spurring a jaded fancy

to reluctant esertion,- of filling sheets wiUi trash merely

that sheets may bo filled, of bearing from publishers and
editors what Dryden bote from Tonson and what JIackintosh
bore from Lardner, is horrible to me." Though pennylesB,
Macaulay could never be accused of playing the game of
politics from selfish considerations. But it was impossible
that, circumstanced as he was, he should not look with
anxiety upon his own future and that of his sisters,

—

sisters who had been, and who had deserved to be, the
intimate confidants of all his thoughts and doings, and to
whom he was attached by the tonderest affection. He was
therefore prepared to accept the offer which was made him
of a seat in the supreme council of India, a body which
had been created by the India Act he had himself been
instrumental in passing. The salary of the office was fixed

at £10,000, an income out of which he calculated to be
able to save in five years a capital of £30,000. His sister

Hannah accepted his proposal to accompany him, and in

February 1834 the brother and sister sailed for Calcutta.

Macaulay's appointment to India occurred at the critical

moment when the government of the company was being
superseded by government by the crown. His knowledge
of India was, when he landed, but superficial But at this

juncture there was more need of statesmanship directed

by -general liberal principles than of a practical knowledge
of the details of Indian administration. Macaulay's

presence in the councQ was of great value ; his minutes

are models of good judgment and practical sagacity. The
part he took in India has been described as " the applica-

tion of sound liberal principles to a government which had
till then been jealous, close, and repressive." He vindi-

cated the liberty of the press ; he maintained the equality

of Europeans and natives before the law ; and as president

of the committee of public instruction he inaugurated that

system of national education which has since spread over

the whole of the Indian peninsula.

A clause in the Indian Act of 1833 occasioned the

appointment of a commission to inquire into the juris-

prudence of our Eastern empire. Macaulay was appointed

president of that commission. The draft of a penal code

which he submitted became, after a revision of many years,

and by the labour of many experienced lawyers, that

criminal code under which law is now administered

throughout the empire. Of this code Sir James Stephen

says that "it reproduces in a concise and even beautiful

form the spirit of the law of England, in a compass which

by comparison with the original may be regarded as

almost absurdly small The Indian penal code is to the

English criminal law what a manufactured article ready

for use is to the materials out of which it is made. It is

to the French Code Pdnal, and to the German code of

1871, what a finished picture is to a sketch. It is simpler

and better expressed than Livingston's code for Louisiana;

and its practical success has been complete."

As might be expected, Macaulay's enlightened views

and measures drew down on him the abuse and ill-will

of Anglo-Indian society in Calcutta and the Mofussil.

Fortunately for himself he was enabled to maintain a

tranquil indifference to political detraction by withdrawing

his thoughts into a sphere remote from the opposition and

enmity by which he was surrounded. Even amid the

excitement of hia early parliamentary successes literature

had balanced politics in his thoughts and interests. Now
in his exile, for such he felt it to be, he began to feel more

strongly each year the attraction of European letters and

European history. He writes to his friend Ellis, " I have

gone back to Greek literature with a passion astonishing

to myself. I have never felt anything like it I was

enraptured with Italian during the six months which I

gave up to it ; and I was little less pleased with Spanish.

But when I went back to the Greek I felt as if I had never
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known before what intellectual enjoyn.ent was." In
tliirteen months he read through, some of them twice, a
large part of the Gieek and Latin classics. The attention

with which he read is proved by the pencil marks and
corrections of press errors which he left on the margin of

the volumes he used.

The fascination of these studies produced their inevitable

effect upon his view of political life. He began to wonder
what strange infatuation leads meu who can do something

better to squander their intellect, their health, and energy

on such subjects aa those which most statesmen are engaged
in pursuing. He was already, he says, "more than half

determined to abandon politics and give myself wholly to

letters, to undertake some great historical work, which may
be at once the business and the amusement of my life,

and to leave the pleasures of pestiferous rooms, sleep-

less nights, and diseased stomachs to Roebuck and to

Praed."

In 183S Macaulay and his sister' Hannah, who had now
become Lady Trevelyan, returned to England. He at once

entered parliament as member for Edinburgh. In 1839
lie became secretary at war, with a seat in the cabinet in

Lord Melbourne's ministry. His acceptance of office

diverted him for a time from prosecuting the plan he had
already formed of a great historical work. But only for a

time. In less than two years the Melbourne ministry fell,

and Macaulay was liberated from having to support a

Government wretchedly weak, and maintaining its struggle

for bare existence.

He returned to office in 1846, in Lord John Russell's

administration. But it was in an office which gave him
leisure and quiet rather than salary and power—that of

paymaster-general. His duties were very light, and the

contact with official life and the obligations of parliamen-

tary attendance were even of benefit to him while he was
engaged upon his History. In the sessions of 1846-47 he
spoke only five times, and at the general election of July

1847 he lost his seat for Edinburgh upon issues which did

not reflect credit upon that constituency. Over and above

any political disagreement with the constituency, there

was the fact that the balance of Macaulay's faculties had
now passed to the side of literature. Lord Cockburu
wrote in 1846, "the truth is, Macaulay, with all his

knowledge, talent, eloquence, and worth, is not popular.

He cares more fur his History than for the jobs of con-

stituents, and answers letters irregularly and with a brevity

deemed contemptuous." At an earlier date he had relished

crowds and the excitement of ever new faces ; as years

went forward and absorption in the work of composition

took off the edge of his spirits, he recoiled from publicity.

He began to regard the prospect of business as worry, and
had no longer the nerve to brace himself to the social

efforts required of one who represents a large constituency.

Macaulay retired into private life, not only without regret,

but with a sense of relief. He gradually withdrew from
general society, feeling the bore of big dinners, and country-

house visits, but he still enjoyed close and constant inter-

course with a circle of the most eminent men that London
then contained. At that time social breakfasts were in

vogue. Macaulay himself preferred this to any other form
of entertainment. Of these brilliant reunions nothing has

been preserved beyond the names of the men who formed
them,—Rogers, Hallam, Sydney Smith, Lord Carlisle, Lord
Stanhope, Nassau Senior, Charles Greville, Milman, Panizzi,

Lewis, Van de Weyer. His biographer thus describes

Macaulay's appearance and bearing in conversation

:

"Sitting bolt upright, his hands resting on the arms of his

chair, or folded over the handle of his walking-stick,

kpitting his eyebrows if the subject was one which had to

be thoui'ht out as he went alon;;, or brightening; from the

forehead downwards when a burst of humour was coming,
his massive features and honest glance suited well with tho
manly sagacious sentiments which he set forth in hii

sonorous voice ajid in his racy and intelligible language.
To get at his meaning people had never the need to thiuk
twice, and they certainly had seldom the time."

But, great as was his enjoyment of literary society and
books, they only formed his recreation. In these years ho
was working with unflagging industry at tho composition
of his History. His composition was slow, his correotions

both of matter and style endless
; he spared no researdi

to ascertain the facts. He sacrificed to the prosecution of

hia task a political career. House of Commons fame, tho

allurements of society. The first two volumes of tho

History of Ungland appeared in December 1843. Tlia

success was in every way complete beyond expectation.

The sale of edition after edition, both in England and tho

United States, was enormous.

In 1852, whan his party returned to office, he refused

a seat in the cabinet, but he could not bring himself tu

decline accepting the compliment of a voluntary amende
which the city of Edinburgh paid him in returning him
at the head of the poll at the general election in July of

that year. He had hardly accepted the summons to return

to parliamentary life before he was struck down by the

malady which in the end proved fatal This first betrayed

itself in deranged action of the heart ; from this tima

forward till his death his strength continued steadily to

sink. The process carried with it dejection of spirits as

its inevitable attendant. The thought oppressed him that

the great work to which he had devoted himself would
remain a fragment. Once again, in June 1853, bespoke in

parliament, and with effect, against the exclusion of the

Master of the Rolls from the House of Commons, and at

a later date in defence of competition for the Indian civil

service. But he was aware that it was a grievous waste

of his small stock of force, and that he made these efforts

at the cost of more valuable work.

In November 1855 vols. iii. and iv. of the History

appeared. No work, not being one of amusement, has ia

our day reached a circulation so vast. During the nine

years ending with the 25th June 1857 the publishers

(Longmans) sent out more than 30,000 copies of vol. i.

;

in the next nine years more than 50,000 copies of the

same volume; and in the nine years ending with Juno
1875 more than 52,000 copies. Within a generation of

its first appearance upwards of 140,000 copies of the

History will have been printed and sold in the United
Kingdom alone. In the United States no book except the

Bible ever had such a sale. On the Continent of Europe,

the sale of Tauchnitz editions was very large, a sale which

did not prevent six rival translations in German. Tho
History has been published in the Polish, Danish, Swedish,

Hungarian, Russian, Bohemian, Italian, French, Dutch,

Spanish languages. Flattering marks of respect were

heaped upon the author by the foreign Academies. His

pecuniary profits were on a scale commensurate with the

reputation of the book : the cheque for i20,000 has

become a landmark in literary history.

In May 1856 he quitted the Albany, in which lie had
' passed fifteen happy years, and went to live at Holly Lodge,

I

then, before it was enlarged, a tiny bachelor's dwelling, but

with a lawn whose unbroken slope of verdure gave it the air

of a considerable country house. In the following year

(1857) he was raised to the peerage by tlie title of Baron

JIacaulay of Rothley. " It was," says Lady Trevelyan,

"one of the few things that everybody. approved ; he en-

joyed it himself, as he did everything, simply and cordially."

It was a novelty in English life to see eminence which was

neither that of territorial opulence nor of political or mili-
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cary services recoguized ami rewarded by elevation to tbo

peerage.

The distinction came just not too late. Macaulay's

health, which had bejjun to give way in 1852, was every

year visibly failing ; in May 1858 he went to Cambridge
for the purpose of being sworn in as high steward of the

borough, to which ollice he had been elected on the death

of Earl FitzwiUiam. When his health wag given at a

public breakfast in the town-hall, he was obliged to excuse

himself from speaking on the ground of inability. His

nephew, wlio was in attendance upon him on the occasion,

records that " it was alreaily apparent that a journey across

Clare Bridge and along the edge of the great lawn at

King's, performed at the rate of i mile in the hour, was an

exertion too severe for his feeble frame." ,In the Upper
House he never spoke. Absorbed in the prosecution of

bis historical work, he had grown indifferent to the party

politics of his own day. Gradually he had to acquiesce

in the conviction that, though his intellectual powers

remained to him unimpaired, his physical energies would
not carry him through the reign of Anne ; and, though he
brought down the narrative to the death of William [II.,

the last half volume wants the finish and comiileteness of

the earlier portions.

The winter of 1859 was very severe, and hastened the

end. He died on 28th December, and on 9th January
1860 was buried irt Westminster Abbey, in Poet's Corner,

near the statue of Addison.

Lord lilacaulay was never married. A man of warm
domestic affections, he found their satisfaction in the

attachment and close sympathy of his sister Hannah, the

wife of Sir Charles Trevelyan. Her children were to him
as his own. Macaulay was a steadfast friend, and a
generous enemy. No act inconsistent with the strictest

honour and integrity has ever been imputed to him.

When a poor man, and when salary was of consequence to

him, he twice resigned office rather than make compliances

for making which he would not have been severely blamed.

In 1847, when his seat in parliament was at stake, he
would not be persuaded to humour, to temporize, even to

conciliate. He took a lofty tone, and haughtily rebuked the

Edinburgh constituency for their bigotry. He had a keen
relish for the good things of life, and desired fortune as

the means of obtaining them ; but there was nothing
mercenary or selfish ia his nature. When he had raised

himself to opulence, he gave away with au open hand, not

seldom rashly. His very last act was to write a letter to a

poor curate, enclosing a cheque for £25. Tie purity of

his morals was not associated, as it not unfrequently is,

with a tendency to cant, or parade of religious phrases.
The lives of men of letters are often records of sorrow or suffering.

The life of Macaulay was eminently happy. Till the closing years
1S57-59, when his mal.ady had begnn to tell upon his strength, he
enjsyed life with the full zest of healthy faculty, happy m social

intercourse, happy "in the solitude of his study, and equally divided
between the two. For the last fifteen years of his life he lived for

literature, as none of our eminent men since Gibbon have done.
His writings were remunerative to hira far beyond the ordinary
measure, yet he never wrote as the professional author writes. He
lired in his historical researches ; his whole heart and interest

were unreservedly given to the men and the times of whom he read
and wrote. His command of literature was imperial. Beginning
with a good classical foundation, he made himself familiar with the
imaginative, and then \\'ith the historical, remains of Greece and
Rome. He went on to add the literature of his own country, of
France, of Italy, of Spain. He learnt Dutch enough for the pur-
poses of his history. He read German, but for the literature of the
northern nations he had no taste, and of the erudite labours of the
Germans he had little knowledge and formed an inadequate esti-

mate. The range of his survey of human things had other limit-

ations more considerable still. All philosophical speculation was
alien to his mind ; nor does he seem aware of the degree in which
such speculation has influenced the progress of humanity. A large

—the largest—part of ecclesiastical history lay outside his historical

view Of art he confessed himself ignorant, and even refused a

request which had been made him to fiu-nish a critique on Swift's
poetry to the Edinbnicih Jicvicw. Lessing's Laccoon, or Goethe's
criticism on Hamlet, " filled" him "with wonder and despair."
Of the uiarvcUous discoveries of science which were succeeding

each other day by day lis took no note; his pages contain no refer-
ence to them. It has been told already how he recoiled from the
mathematical studies of hi.'! univirsity. These deductiojis made, tin
circuit of his knowledge still reujains veiy wide,—as extensive per-
haps as any human brain is competent to embrace. His literary
outfit was as complete as has ever been possessed by any Enghsh
writer ; and, if it wants the illumination of philosophy, it has an
equivalent resource in a practical acquaintance with atlairs, with
administration, with the interior of cabinets, and the liumour of
popular assemblies. Nor w.is the knowledge merely stored in his
memory ; it was always at his command. Whatever his subject, he
pours over it his stream of illustration, drawn from the records
of all ages and countries. "Figures from history, nnrient and
modern, sacred anil secular ; characters from plays and novels,
from Plautus down to Walter Scott and Jane Austen ; images and
similes from poets of every age and every nation ; shrewd thrusts
from satirists, wise saws from sages, pleasantries caustic or pathetic
from humorists,—all these fill .Macaulay's pages with the bustle
and variety of some glittering masque and cosmoramic revel of great
books and heroical men. His style is before all else the style of
great Uterary knowledge." 'His Essays are not merely instinctive
as history ; they are, like Jlilton's blank vei-se, freighted with tho
spoils of all the ages. They are literature as well as history. In
their diversified contents the Esjays are a libi-aiy by themselves

;

for those who, having little time for study, waut one book which
may be a substitute for many, we should recommend the Essinjs in

preference to anything else.

As an historianjfacaulay has not escaped the cnarge of partisan-
ship. He was a AVhig ; and in mitiug the history of the rise and
triumph of Wliig pinciples iu the latter half of the 17th century
he identified himself \rilh the cause. But the chai-ge of partiality,

as urged against Macaulay, means more than that he wrote thehu>-
tory of the Whig revolution from tlie point of new of those who
made it. When he is describing the merits of friends and the
faults of eueniies, his pen knows no moderation. He has a constant
tendency to glaring colours, to strong effects, and will always be
striking violent blows. He is not merely exuberant, but excessive.

There is an ovenveeuing confidence about his tone ; he exjiresses

himself in trenchant phrases, which are like challenges to an oppo-
nent to stand up and deny them. His propositions have no quali-
fications. Uniustructed readers like this assurance, as they Hke
a physician who has no doubt about their case. But a sense of

distrust grows upon the more ciicumspect reader as he follows
page afier page of Macaulay's categorical affirmations about matters
which our own experience of Ufe teaches us to be of a contingent
nature. We inevitably think of a saying attributed to Lord
Melbourne, " I wish I were as cock-sure of any one thing as
Macaulay is of everything." Macaulay's was the mind of the advo-
cate, not of the philosopher ; it was the mind of Bossuet, which
admits no doubts or reserves itself and tolerates none in others, and
as such was disqualified from that equitable balancing of evidence
which is the primary function of the historian. It was a fortunate
circumstance that rhetoric so powerful was enlisted iu the consti-

tutional^ cause,—that Macaulay was, as he himself has said of

Bishop Burnet, " a strong party man on the right side."

Macaulay, the historian no less than the politician, is always on
the side of justice, fahness for the weak against tho strong, the
oppressed against the oppressor. But though a Liberal in practical

politics, he had not the reformer's temperament. Tho world as it

is was good enough for him. The glories of wealth, rank, honours,
literary fame, the elements of a vulgar happiness, made up his

ideal of life. A successful man himself, every personage and every
cause is judged by its success. "The brilliant Macaulay," says
Eurerson, " who expresses the tone of the English governing classes

of the day, explicitly teaches that 'good' means good to cat, good to

wear, material commodity." Macaulay is in accord with the aver-

age sentiment of orthodox and stereotyped humanity on the relative

values of the objects and motives of human endeavour. And tliis

commonplace materialism is one of the secrets of his popularity, and
one of the qualities which guarantee that that popularity will be
enduring.

Macaulay's whole works have been collected by his sister. Lady
Cliarles Trevelyan, in eight volumes. The first four volumes are

occupied by the History; the next three contain the Essays^ and tho
Lives which he contributed to the Eiicydopsedia £iitnnnica. In
vol. viii. are collected hds Speeches, the Lays-qf ^incicjU Jiomc, and
some miscellaneous pieces. His life has been written by his nephew,
George Otto Trevelyan (2 vols., London, 187S), and is one of tho

best biographies in the language. His diary remains in MS. in the

hands of his family. It is to be hoped that measures will be taken
to secure this valuable record from the fate that has overtaken so

manv private diaries, and thus impoverished the sonrcea of Gnslish

historv (M. P.)

XV. — I'
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^lACAW, or, 33 formeily spelt, Maccaw,' tUe uaiiie

given to some fifteen or more species of large, long-tailed

birds of the Parrot Family, natives of the Neotropical

Region, and forming a very well-known and- easily-recog-

nized group to which the generic designation Am is usually

applied by ornithologists, though some prefer for it

Macrocerc its or SiUwx. Most of the ^Iiicaws are remarkable

for their gaudy plumage, which exhibits the brightest

scarlet, yellow, blue, and green in varying proportion and

often in violent contrast, while a white visage often adds a

very peculiar and expressive character.^ With one ex-

ception the known species of Ara inhabit the mainland
'

of America from Paraguay to Mexico, being especially
^

[xbundant in Bolivia, vidiere no fewer than seven of them i

(or nearly one half) liave been found (Prnr. Zool. Soc, i

1879, p. 634). The single extra-continental species, A.

tricolor, is one of the most brilliantly coloured, and is i

peculiar to Cuba, where,' according to Dr Gundlach
(Ornitologia Cuhnna, p. 126), its numbers are rapidly

decreasing, so that there is every chance of its becoming
extinct.''

It will perhaps be enough here to dwell on' the best

known species of the group, and first the Blue-and-yellow

Macaw, A. ararauna, which has an extensive range in

South America from Guiana in the east to Colombia in

the west, and southwards to Paraguay. Of large size, it

is a bird to be seen in almost every zoological garden, and
is very frequently kept alive in private houses, for its

temper is pretty good, and it will become strongly attached

to those who tend it. Its richly-coloured plumage,

sufficiently indicated by its common English name, has the

additional recommendation of supplying feathers which are

eagerly sought by salmon-fishers for the making of artificial

flies. 1^'ext may be mentioned the Red-and-blue Macaw,
A. macao, which is even larger and more gorgeously clothed,

for, besides the colours expressed in its ordinary appellation,

yellow and green enter into its adornment. It inhabits

Central as well as South America as far as Bolivia, and is

also a common bird in captivity, though perhaps less often

seen than the foregoing. The Red-and-yellow species, A.

cidoroptera, ranging from Panama to Brazil, is smaller, or

at least has a shorter tail, and is not quite so usually met
with in menageries. The Red-and-green, A. vdlilaris,

smaller again than the last, is not unfrequent in confine-

ment, and presents the colours of the name it bears. This
has the most northerly extension of habitat, occurring in

Mexico and thence southwards to Bolivia. All the other

' Tims 'Willugliby, Oniithohgin, p. 73 (1676); but an earlier form
of the word is found in the '* great blew and yellow Parrat called

the Machao, or Cockatoon*' of Charletou, Ononutsticon, p. 66 (166S).

Its derivation is shown by De Lai;t, who, in his description of cei-tain

Biazili.an birds {Novus Orbis, ed. 1633, p. 556), has "inter alios

[se. Psittacos] excellunt niajjnitudine k. pulchritudine, quos barbari
Araras & Macaos recant," and again (loc. cit.) " Tertinm locnra
lueretnr A^'aruna vel Machao.'* Webster, in his dictionary, says that
Macaw, " written also Macao," is " tlie native name in the Antilles,"
but gives no authority for his statement, which, considering that one
West Indian island only is known to possess a Macaw (and that in

that island the bu-d is known as Guucainoyo)^ is very unlikely. Some
of the older writers, Buffon (Oiseau-y., vi. p. 278) for instance, say
that Makavouanne was the name given by natives of Guiana to one
species of Macaw found in that country ; but the Antillean origin of
the name cannot at present be accepted.

' This serves to separate the Macaws from the long-tailed Pan-akeets
of the New World [Conuncs), to which they are very nearly allied.

^ There is some reason to think that Jamaica may have formerly
possessed a Macaw (though no example is known to exist), and if so it

was most likely a peculiar snecies. Sloane
(
Voyage, ii. p. 297), after

describing what he calls the "Great Maccaw " (A. ararauna, to be
spoken of above), which he had seen in captivity in that island, men-
tions the " Small Maccaw" as being very commori in the woods there,

arid Mr Gosse (Birds o/ Jamaica, p. 260) gives, on the authority of

Robinson, a local naturalist of the last centurj*, the description of a
bird wdiich cannot be reconciled with any species now known, thoa^b
't must have evidently been allied to the Cuban •' tricolor.

s|iecie5 are comparatively rare in a reclaimed condition.

Four of them, A. lujacinthina , A. leari, A. glauca, and A.

spixi, are almost entirely blue, while in A. matiilata and A.
tiobilis the prevailing colour is greeu, and .4. severa is green
and blue.

As is the case with most Neotropical birds, very little is

known of the life history of Macaws in a state of nature.

They are said to possess considerable power of flight, rising

high in the .air and travelling long distances in search of

their food, which consists of various kinds of fruits ; but
of any special differences of habit we are wholly ignorant
The sexes appear in all cases to be alike in colouring, and
the birds, though constantly paired, are said to live in

companies. As with others of the Order Psitlaci, the nest
is made in a hollow tree, and the eggs, asserted to be two
in number, are white without any lustre. Of the habits of

these birds in confinement it is needless to speak, as they
are so extremely vrell known. If caged, their long tail-

feathers are sure to sufl'er, but chained by the leg to a
perch. Macaws seem to enjoy themselves as well as any
captive can, and will live for many years.

In our present state of ignorance as to the best mode of

classifying Parrots, it would be premature to hazard any
guess as to the place occupied in the Order by the genus
Ara. (a. n.),

MACBETH, MACBETH.4.D, or Macbeda, son nf Finnlaech,

was king of Scotland from 1040 to 1057. He had
previously been " mormaer " of Moravia or Jloray ; and
his predecessor on the throne was Duncan, son of Crinan,

and grandson of ^Malcolm, whom he slew (according to

some accounts at " Bothgowan," said to have been near

Elgin). Macbeth's wife was Gruoch, a descendant of the

royal house. Of the events of his reign almost nothing is

known. The ecclesiastical records of St Andrews bear

that he and his wife, "rex et regina Scotorum," made over

certain lands to the Culdees of Lochleven ; and in 1050
he appears to have visited Rome, perhaps to obtain absolu-

tion for the murder of Duncan. The sons of Duncan,
who had taken refuge with their uncle Siw-ard, earl of

Northumberland, brought about an invasion of Scotland in

1051 ; a battle was fought at Dunsinnane with indecisive

results, but three years afterwards JIacbeth fell at

Lumphanan in Aberdeenshire (August 15, 1057). The
war was continued for some time in the interests of a,

certain Lulach, the son of Queen Gruoch by a former

marriage ; but he ton was slain in Strathbogie in March
1058, and Malcolm, the son of Duncan, ascended the

throne.

See Skene, Celtic Scotland, vol. i. chap. 8 ; and compare Burton
(History of Scotland, vol. i. chap. 10 ttd Jin.), wlio gives special

prominence to the circumstance that when the genealogy of the

Scottish kings is traced upwards the first break iu the hereditary

succession occurs when llacbetli is reached ; the break of con-

tinuity at "this jioint becomes all the more prominent when it is

found that the father of Jlacbeth's successor had occupied the

throne. "This had to be accounted for, and the easiest way was
by treating the intruder as a 'usurper.' The loyal monks of the

15th century looked on a usurper with horror. Being so placed

in the seat of political infamy, we have peihaps the reason why so

many events, natural and supernatural, came to cluster round the

career of M.icbeth." It is most probable that Shakespeare's only

source for the tragedy of Macbeth was the Chronicles ol Holinshed

(deiived from John of Fordun and Hector Boeco).

MACCABEES. The name JIaccabee (MaKKaySatos) is

properly and originally the distinguishing surname of

Judas, son of Mattathias, the first great hero of the Jewish

revolt against Antiochus Epiphanes. The source of the

name is uncertain, but it is most natural lo connect it

with 3|5D, " hammer," and so the Syriac writes the name
with p not D. Ewald {Gesch., iv. 403) is doubtless right in

arguing from I Mac. vi. 43, <5:c., that the surnames of the

sons of Mattatbias were simply distinguishing epithets

which they bore in ordinary life, and in this light
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"hammerman" appears as a natural surname cnnugli, tlio

occasion of which it would be vain to inciuire into.' From

Julias the name was in later times extended to the whole

family, or to the party it represented, or oven, as in the

title of 3 Maccabees, to other contenders or sufferers for

the faith of Israel in the Greek period. The more cor-

rect name of the family was Hasmoneans, 'Aa-lcr^ajiowaiot,

'NJIDC'n n*3 (Tgm. Jon. on 1 Sam. ii. 4). According to

Josephus, Aiit., xii. 6, § 1, this name is taken from

Asamonaius, the grandfather of Mattathias. Modern writers

have suggested a conne.xion with the town Heshmon (Josh.

XV. 27) or with CSOt^'n, magnates, in Psalm Ixviii. 31

[32]. The history of the Hasmoneans is given in Israel

(vol. xiii. p. 421 sq.) ; in the appended genealogical tables

(after Schiirer) the dates are those of the death of each

individual in years b.c.

Mntlnlliins 01'^).

oL.

John Ilyrcanus I.

(105).

1

I

ilstoljivlus IZb).

The chief cutlioi ities are 1 and 2 JIaccaliees (.'ce next" article) and
Jose)iluis. For details as to other sources sec Sehiiver's Nculcsta-

mcntlidiC Zciftjcschkhte, which gives also a good summary of the

lii.stor}*. Of other works subsequent to Ewald's Gcschicldc, vol. iv.,

it is enough to name Derenbourg, Histoire dc la Palestine (1867), and
'Welllianyen's rharisiicr ly.nd Sndducacr (1874). For the corns of

the Hasmoneans see Madden, Coins of the Jcies, 1881.

MACCABEES, Books of. Two books of this iianie are

included among the Apocrypha of the English Bible, as

they had formerly been in the Vulgate, and were accepted

as canonical by the council of Trent. A third book is

usually included in editions of the Septuagint, and is

found in common with books iv. and v. in the Syriac, but
never took a place in Latin Bibles ; a fourth is found in

some MSS. of the Septuagint (including the Sinaitic and
Alexandrian—the Vatican does not contain the Maccabee
books) and also in MSS. of Joseohus, and has been printed

in both connexions.

1 Maccabees was originally written in Hebrew, as ap-

pears, not only from the testimony of Jerome {Prol. Gal.),

who had seen the Hebrew text, but from internal evi-

dence. Josephus, however, already used the Greek,- and
no trace of the Semitic original survives except the proble-

matical title recorded by Origen {ap. Eus., //. E., vi. 25).''

' One theory wlticb has liad much acceptance is that the name is

made uji of tlic initials of tlie first wonls of H.xod. xv. 11. Tljis is a

jpnre guess, and requires tlie spelling '33D or "N33D found in tlie

late wovlc of Jos. ben Gorion. Equally unproved is tlie guess of

S. J. Curtiss, resting on the Latin spelling Machabwus, th.-it the word
is properly from DHD, Isa. xliii. 17, the "quencher" or "queller"
{The. Name Machabcc, Leipsic, 1876).

' Such at lexst is the current view (see Grimm, p. xxvin sq.). J.

P. Michaelis in his German translation of 1 Mac. argued that Josephus
used the original ; and a modified form of this view, viz., that he used
an anonymous source resting ou the original, has been put forth by
Dcstinon (Quellcn dcs Ft. Josc2ihrs, Kiel, ISS'i).

' This title is usually given cai<0iiO irap^afi ?A, ana the attempts
•it del iphennont, none of which are satisfactory (see Grimm's Coni.,

l\ XVII ; Derenbourg, La Patsstine, p. 450 sj.), proceed from it.

Ueinicheu, however, reads o-o/j/SJje <ra0iwai4K, ou ovenvlielmiiig MS.

The book gives the nistory of the national movement in

Jud3?a from the accession of Antiochus Epiphanes (175
B.C.) to the murder of Simon (135 B.C.), in a plain and
honest style, and evidently from good information. When
the bonk was written there already existed a history of the
reign or high priesthood of John Hyrcanus, to which the

author refers for the continuation of his narrative. On
the other hand, the friendly tone in which ho always
speaks of the Uonians seems to justify the inference that

he wrote before 03 B.c.^

2 Maccabees, covering cne history from 17G B.C. to the

victory over Nicanor (IGO B.C.), is much inferior in value.

It begins with two epistles which are certainly forgeries,

and then proceeds to the task of summarizing in (me book
the five books of a certain Jason of Cyrene on the war of

liberation against Antiochus Epiphanes. The narrative is

a useful supplement to that in the first book, but is not

nearly so trustworthy, and can never claim the preference

where the two are in conttict. Geiger has shown that in

2 Maccabees the history is coloured and distorted by sym-
pathy with the Pharisees, who became the bitter enemies

of the Hasmoneans (Urschrift und Uehers., book L § 4).

3 Maccabees records a persecution of the Alexandrian

Jews by Ptolemy IV. Philopator, with the ultimate re-

pentance of the tyrant. It is quite nnhistorical, and ti;c;

local feast of the Alexandrian Jews, of which it professes

to explain the origin (vi. 3G), is connected by Josephus

{Cnnt. Ap., ii. 5) with an event that took place under
Ptolemy Physcon. Ewald's conjecture that the story con-

tains a hidden reference to the emperor Caius (Gesck, iv.

611 s(/.) has found considerable favour. It seems strange

that this book should ever have found entrance in

Christian circles. It had, however, considerable accept-

ance in the Eastern Church.

4 Maccabees, also known by the title irepl avTOKparopo';

XoyiV/iov, " on the sovereignty of reason," was ascribed to

Josephus by Eusebius and Jerome. This opinion is now
given up, and nothing certain can be said of its origin.

It is a not uninteresting specimen of a Jewish philosophical

theme composed under Stoic influence. The author illus-

trates the sovereignty of pious reason over the passions by
historical examples, and is thus led to give anecdotes from

I

the time of the Maccabees.

Fritzselio's edition of the Apocrypha (1871) is the hest, and con-
' tains the four books of Slaccabees. Grimm's commentary on 1

j
JIac. appeared in 1853, on the other three books' in 1857. There is

I
also a commentaiy on 1 Mac. by Keil, 1875. On 4 Mac. there is an

1
elaborate study by Freudenthal, Die Fl. Josephus beigclegte Schrtft

Ucher die llerrsehafi der Vemuiift, Breslau, 1869. For further

1 literature see Schiirer, NTlichc Zeitgeschieluc (1874), pp. 19, 650

sq., and his excellent article *' Apokryphen " in Herzog-l'Iitt, 11. K,
]
vol. i. An Arabic " Book of Maccabees," giving a compcnd of

j
Jewish liistcny from the afTair of Hcliodorus to the last part of

. Herod's reign, isju-inted in tlic Paris and London Polyglotts. A.so-

' called "Fifth Book of Maccabees" is also contained in the groat

Ambrosian Poshito. It is in fact the sixth Ijook of .loseplius J)r

JJcHo Judaieo.

MACCLESFIELD, a municipal ana parliamentary

borough and market-town of Cheshire, England, is situated

on a declivity near the borders of what is still known as

the j\Iacelesfield Forest, 17 miles south-south-east of

j

Manchester, and 37 east-north-cast of Chester. It consists

I

authority, and in the Nitiian MS. used by Laganle for his edition

' of the Syriac Apocrypha (r/. Wright's Cat., i. 98), the title nins

I W sy^D noniD snau ni^ inpnon s'^pon ti'anp kidd. Tins

I seems to confirm Heiiiichen's reading (V and 3 being easily intcr-
'

changed in Syrian MS^.). The sense may bo "the prince of the hnnso

I "hich God hath built up."
I

•• Ew.ild {Gescli. iv. 436) and before him Wiislon conjectured Oiat

I

Josephus did not possess the last jiart of the hook. Destinon (I'i

'

supra, p. 80 sq.) develops this conjecture, and believes th.it the book

I

originally ended with the liberation of Juilxa under Siinnn, and that

the interval between tliis book and t)io annals of Hyi-canus was lill"l

I
up later.
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of four principal Btrccta; wliicU meet in the market-place,

and within the last twenty years hus undergone great im-

provements. The old church of St Michael, on the brow

of the hill, was founded by Eleanor, queen of Edward I.,

in 1278, and in 1740 was- partly rebuUt and greatly

enlarged. The lofty 6teeple by which its massive tower

was formerly surmounted was battered down by the

parliamentary forces during the civil war. Connected
with the church there are two chapels, one of which.

Rivers Chapel, belonged to a college of secular priests

founded in IBOl ^y Thomas Savage, afterwards arch-

bishop of York. Both the church and chapeU contain

several ancient monuments. For the free grammar
school, originally founded in 1502 by Sir John Percival,

and refounded in 1552 by Edward VI., a new building

was erected in 185C at a cost of £3000. A commercial
school was erected in 1840 out of the funds of the

grammar school. Among the other public buildings are

the town-hall in the Grecian style (1823-24), with a new
frontage (18C9-70), the union workhouse (1843-44), the

county >unatic asylum (I8G8-71), and the infirmary (1872).
The neighbouring castle of the duke of Buckingham was
the residence of Duke Humphrey in the 15th century.

Originally the trade of Macclesfield was principally

in twist and silk buttons, but this has been completely
superseded by the manufacture of all kinds of silk. The
first mill for silk-throwing was opened in 175G, and the
manufacture of broad silks was introduced in 1790.
Besides this staple trade, there are various textile manu-
factures and extensive bieweries. The population of the
municipal borough (S235 acres) in 1871 was 35,540, and
of the parliamentary borough (3272 acres) 35,570. In
1881 the numbers were 37,514 and 37,620.

PrevioiLs to tlie Conquest, MacclesfielJ constituted a portion of
the royal demesne of the earls of Mercia. At Domesday it was in-
cluded in th« earldom of Chester, and after the aliolition of that
jurisdiction it relapsed to the crown. In 1261 it was made a
borough, and in 1678 it obtained incorporation from Charles II.

It has returned two members to parliament since the first Reform
Act, and its boundary was enlarged in 1808.

M'CLURE, Sir Robert John Le Mesurier, the
disjioverer of the North-West Passage, was born at

Wexford, January 28, 1807, and died in London, October
17, 1873. He was the posthumous son of one of
Abercromble's captains, and spent his childhood under the
care of his godfather, General Le Mesurier, hereditary
governor of Alderney. Schooled in Arctic exploration by
his service under Captain Back on board the " Terror," ho
was first lieutenant of the " Enterprise " during the
Franklin search expedition (1848-49), and in 1850 was
placed in command of the expedition which, battling with
the frozen sea for four years, succeeded in passing from
ocean to ocean to the north of the American continent.

M'Clure was knighted on his return, and received gold
medals from the English and the French geographical
societies. During the Canadian insurrections of 183G-33
he had performed some gallant exploits on the lakes,—on
one occasion, in the eagerness of pursuit, infringing the
territory of the United States; and between 1856 and
1861 he rendered good service in the Chinese war at the
storming of Canton, ifec. His hitter years were spent in a
quiet country life. He was ap|)ointed Commander of the
Bath in 1859, and had attained the rank of vice-admiral

oh the retired list. See Admiral Sherard Csborn, The
Discovery of a North-Wcst Passarje.

M'CRIE, Thomas (1772-1S35), was born at Dunse or

Duns in Berwickshire, Scotland, November 1772. He
studied in Edinburgh University, and thereafter in the
divinity hall, at Whitburn. In 1796_ he was ordained
minister of the Second Associate Congregation, Edinburgh,
the place of woi-ship being in the Potlerrow.

At an early period in its history the Secession Church in
Scotland had been divided by a controversy about the
burgess oath into Burghers and Antiburghers ; but towards
the close of the century the Antiburgher Synod, to
which -M'Crie belonged, sliowed symptoms" of a disposition

to qualify adherence to the stibordinate standards of tlio

Church of Scotland on such points as tlie magistrate's
power circa sacra and national covenanting, and a new
historical manifesto was prepared called 77ie Xarrative and
Testimony, which was adopted as a term of communion
by the general synod in 1804. M'Crie- was one of those
who protested against this departure, as they deemed it,

from Secession principles, and, declining to acknowledge
the jurisdiction of the synod, constituted themselves into

a presbytery under the name of "The Constitutional

Associate Presbytery." M'Crie was in consequence deposed
by the Associate Synod, and his congregation withdrew
with him to a place of worship in the south side of tlie

town, in which he officiated to the close of his life.

From the time of his settlement in Edinburgh, M'Crie
devoted himself to historical investigations into the history,

ccnstitution, and polity of the churches of the Reforma-
tion ; and the first ripe fruits of his study were given to

the public in November 1811 in the form of Tlie Life of
John Knox, containing illustrations of the History of the

lieformation in Scotland, which procured for the author
the degree of D.D. from his alpa mater, an honour con-

ferred then for the first time upon a Scottish dissenting

minister. At the solicitation of his friend Andrew Thomson,
M'Crie became a contributor to The FJinl-urr/h Christian

Instructor, and in three successive Viumbers for 1817 he
subjected Sir Vl. Scott's Tales of my Landlord to a
criticism which took the form of a Vindication of the

Covenanters. Preserving the continuity of his historical

studies, he followed up his first work with Tlie Life of

Andrew ilelville, 1819. Negotiations for union between
the Burghers and Antiburghers resulted, in 1820, in the

formation of the United Secession Synod, and cabled

forth from Dr M'Crie Two Discourses on the Unity of tlie

Church, her Divisions, and their Iicnioivd, in which what
he considered to be the fallacious and unscriptural character

of the plan for union adopted by the United Synod i.s

pointed out Several of liis former brethren among the

Antiburghers, dissatisfied with the union of 1820, had

formed themselves into a separate synod, and between
these and the Constitutional Presbytery a union was formed

in 1827, the uniting bodies assuming the name of the

Associate Synod of Original Secedcrs, of which branch i)f

the Secession in Scotland M'Crie continued through the

rest of his life the best known representative. In 1827
he published a History of the Pror/ress and Siij>pressio}i of.

the lieformation in Italy in the \Cith century, and in 182!)

a similar History of the Peforvialion in Spain,

Great as was his absorption in historical research, it did

not prevent his taking a lively interest in the leading

questions of the day ; in pamphlets and on the iilalform he

maintained his convictions, not always popular, on such

matters as Greek independence, Catholic emancipation, the
" Marrow" and "Voluntary" controversies, Irish education,

and church patronage. His evidence on the last-named

matter before a committee of the House of Commons
is contained in the parliamentary publications of 1534.

The latest literary undertaking of Jl'Crie was a life of

John Calvin. Although he had been gathering material

for this project for several years, it was not til) a late period

of his life that, stiinuhfcd by the assistance of his son

John, then in Geneva, he seriously addressed himself to

the task. Only three chapters of the work were completed

when the writer was struck down by apoplexy. lie died

1. the 5lh of Aimu.st 183.^
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In addition to ino wotTcs the titles of wliich have been already

given, DrM'Crie published the following:— (1) The Duty of Chris-

tian Societies towards each other, a Sermon, 1797 (aftorwarda sup-

pressed by the author, now extremely scarce); (2) Siaieme-^l of the

Difference between the Profession of the Jiefon}ud Church if Scotland
and the Profession conOnrnd in the New Testimony aUojjtcd by the

Otneral Associate Spu.d, 1807
; (3) Pree Thmights on t/u! ltd:

Religious Celebration of the Pttneral of the Princess Charlotte, 1817

;

(4) Memoirs of Veitch and Brysson, 1825
j (6) ffhat Ougld the

General Assembly to do at the Present Crisis^ 1833. The postliu-

moos publications are—(1) Sermons, 1836; (2) Lectures on the Book
of Esther, 1838

; (3) Miscellaneous Writings, 1841 ; (4) Tlie Early
Years of John Calvin, a Fragment, 1880.

An estimate of the services and a gi-aphic description of the

personal appearance of Dr M'Crie are to be found in Tlie Headship

of Christ (pp. 77-129), and in My Schools ami Schoolmasters (chap,

xri.), both by Hugh Miller.

MACCULLAGH, James (1809-1846), one of tne most
elegant geometers of modern times, was born in 1809, near

Strabane, Ireland. ' After an exceptionally brilliant under-

graduate career in Trinity College, Dublin, he was elected

fellow in 1832. From 1832 to 1843 be held the chair of

mathematics ; and during his tenure of this post, for which

ho was specially fitted, he improved in a most marked
manner the position of his university as a mathematical

centre. In 1843 he was transferred to the chair of natural

philosophy, for which ho was not nearly so well qualified.

Overwork, mainly on subjects beyond the natural range of

his powers, induced mental disease ; and he died by his

own hand in 1846. His Worh have been published in

a collected form (Dublin University Press Series, 1880).

Their distinguishing feature is the geometry,—which has
rarely been applied -either to pure space problems or to

known physical questions such as the rotation of a rigid

solid or the properties of Fresnel's wave-surface with such

singular elegance. In tliis respect his work takes rank
with that of Poinsot. No higher praise could be given.

One specially remarkable geometrical discovery of Mac-
cullagh's is that of the " modular generation of surfaces

of the second degree"; and a noteworthy contribution to

physical optics is his "theorem of tlie polar plane." But
his methods, which, in less known subjects, were almost

entirely tentative, were altogether inadequate to the solu-

tion of the more profound physical problems to which his

attention was mainly devoted, such as the theories of double

refraction, of crystalline reflexion,' &c. Here not only are

the utmost powers of analysis required, but also the high-

est physical knowledge ; and in consequence MaccuUagh's
work was entirely overshadowed by that of contemporaries,

such as Cauchy and Green. See, on this point, Stokes's

"Report on Double Refraction" {B. A. Eeport, 1862).

The story of his later days painfully suggests the compari-

son of a high-bred but slight racer tearing itself to pieces in

the vain endeavour to move a huge load, which a traction-

engine could draw with ease and promptitude. He wasted,

oh problems altogether beyond his strength, powers of no
common order, which, had they only been suitably directed,

might have immensely extended our knowledge. Such,

at least, is tlie estimate which we cannot avoid forming
from a perusal of his published works. He had " conical

refraction " in his hand for years without knowing its value.

The reader who wishes to see the other side of the ques-

tion (Maccullagh represented as standing to Fresnel in the

same relative position as Newton to Kepler) is referred to

the Proceedings of tlie Royal Society, vol. v. p. 712 (1847).

MACCULLOCH, Horatio (1805-1867), Scotch land-

scape painter, was born in Glasgow in 1805. An early

friendship with Sir Daniel Macnee, and William Leitch,

the water-colourist, was the means of turning the lad's

attention to art, which ho studied for a year under John
Knox, a Glasgow landscapist of some repute, with whom
Macnee was apprenticed at the time. After leaving the

studio of Knox, we find him engaged at Cumnock, i.aint-

ing the ornamental lids of snuff-boxes in tlie maimfactory
of the Messrs Smith, and afterwards lie was employed
in Edinburgh by Li/.ars, the engraver, to colour the
illustrations in Selby's liritish Birds and similar works.
Meanwhile ho was diligently prosecuting his studies in

higher walks of art, and worlcing unweariedly from nature,
greatly influenced in his early practice by the water-
colours of H. W. Williams,—" Grecian Williams" as he
was called,—whose works had a charm for the young
painter after the drier and more elaborate method of hia

first master. Returning to Glasgow in some four or
five years, he was employed by Mr Lumsden, the lord
provost, on several large pictures for the decoration of a

public hall which he had erected in St George's Place,
and he did a little as a theatrical scene-painter in Kilmar-
nock and other provincial towns. About this time he was
greatly impressed with a picture by Thomson of Dud-
dingston, and upon the works of this artist, the greatest

Scottish landscapist that had yet appeared, tlie art ol

MaccuUoch may be said to have been founded. Gradually
ho asserted his individuality, and formed his own style on
a closer study of nature than had been possible to hia

predecessor, and his works form an interesting link of

connexion between the old world of Scottish landscapa
and the new. By its love of elaborate and balanced com-
positions, by its choice of noble and exceptional scenes,

his art connects itself with that of sixty years ago ; by its

brilliant and varied colouring, by its care for detail, it

ditferentiates itself from the quietude and the stately

abstraction of the older landscape. In 1829 Maccullocb
first figured in the Royal Scottish Academy's exhibition,

with a View of the Clyde, and, year by year, till his death
on the 24tb of June 1867, he was a liberal contributor ta

its displays. In 1838 he was elected a member of the

Scottish Academy, and came to reside in Edinburgh,
where his genial manners gathered round him a large and
appreciative circle of the artists and litterateurs of the city.

Among the more important of the long series of landscapes which
he produced, subjects almost exclusively from Scottish scenery, may
be mentioned—Moonlight Deer Stirtled, 1840 ; Moor Scene,
Sunset, 1841; A Dream of the Highlands, 1844 ; InversnaitI

Ferry, Loch Lomond, 1847 ; A Highland Deer Forest, 1856
j

Ben Venue from Silver Strand, 1862 ; and Bothwell Castle,

1863. Several works by MaccuUoch were engraved by William
Miller and William Forrest, and a volume of photographs from hi^

landscapes, with an excellent biographical notice of the artist by

Alexander Fraser, K.S.A., was published in Edinburgh in 1872.
j

MACCULLOCH, John (1773-1835), one of the most

eminent geologists of his time, descended from tlie

Maccullochs of Nether Ardwell in Galloway, was born in

Guernsey, 6th October 1773, his mother being a native of

that island. Having displayed remarkable powers as a

boy, ho was sent to study medicine in the university of

Edinburgh, took his diploma there, and entered the army
as assistant surgeon. Attaching himself to the artillery,

he became chemist to the Board of Ordnance (1803), and

thus began relations with the Government which materially

affected his future career. He still continued, however, to

practise for a time as a physician, and then resided at

Blackheath. In the year 1811 he communicated his first

papers to the Geological Society. They were devoted to

an elucidation of the geological structure of Guern.sey, of

the Channel Islands, and of Heligoland. The evidence

they afforded of his capacity, and the fact that he already

liad received a scientific appointment, probably led to his

being selected by Government to make some geological and

mineralogical investigations in Scotland. He was n.skcd

to report upon stones adapted for use in powder-mill.^,

upon the suitability of the chief Scottish mountains for a

repetition of the pendulum experiments previously con-

ducted by Maskelync and Playfair at Schichdlion, and on
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the aeviations of the plumb-line along the meridian of the

Trigonometrical Survey. In the course of the explorations

necessary for the purposes of these reports he made
extensive observations on the geology and mineralogy of

Scotland. He formed also a collection of the mineral

productions and rocks of that country, which he presented

to the Geological Society in 1814. At that time compara-

tively little had been done in the investigation of Scottish

geology. Finding the field so entirely his own, and so full

of promise, he devoted himself to its cultivation with great

ardour. One of his earliest and most important labours

was the examination of the whole range of islands along

the west of Scotland, at that time not easily visited, and

presenting many obstacles to a scientific explorer. The
results of this survey appeared (1819) in the form of his

J)escriptio7i of the Westeryi Islands of Scotland, including

the Ide of Man (2 vols. 8vo, with an atlas of plates in

4t.n) which forms one of the classical treatises on British

geoolgy. Bp continued to write papers, chiefly on the

roclis and minerals of Scotland, and had at last gathered

sr. largp an amount of information that the Government
W!\i prpvaile'l upon in the year 182G to employ him in the

uicparatioti of a geological map of Scotland. From that

ia'.a up to the time of his death he returned each summer
to Scotland and traversed every district of the kingdom,

inserting the geological features upon Arrowsmith's map,

which was the only one then available for his' purpose.

He lived to complete this great labour, and to prepare also

a small volume explanatory of the map, but he died before

these were published in 1836. Among his other works the

following may be mentioned :

—

A Geological Classification,

of Hods, with Descriptive Synopses, comprising the Elements

of Geology, 1 vol 8vo, 1821 ; The Highlands and Western

Islands of Scotland, in a series of letters to Sir Walter

Soott, 4 vols. 8vo, 1824; A System of Geology, with a

Theory of the Earth and an examination of its Connexion

with the Sacred Records, 2 vols. 8vo, 18'31. His versatility

of acquirement was shown by the publication also of works

on malaria, remittent and intermittent diseases, the art

of making wines, natural and revealed religion, besides

numerous memoirs in various departments of natural

history and antiquities. During a visit to Cornwall he

.wpj? killed by being dragged along in the wheel of his

cirriage, 21st August 1835.

'Dr MaccuUoch's name will ever be regarded with honour as one

K>f tlie pioneers of geology in Britain. Essentially a mineralogist

.ind po troprapher, he was the first to trace out with some approach

to truth the general distribution of the various rook-formations of

Scotland. His temperament unhappily led him to look with

jealousy and mistrust upon the labours of some of his more illus-

trious contemporaries, and even to ignore them in his published

writings. In particular he appears to have been irritated by the

rapid a Ivancea made by palsontological geology, and the increas-

ingly large place given to that department of the science, while his

own favourite domain of minerals and rocks was proportionately

neglected. His feelings of dissent were strongly expressed in the

posthumous memoir to accompany his map of Scotland ; but their

bitterness may in part be attributed to the influence of failing

liealth. Much hostile criticism was expended on his description of

the manners and customs of the Highlanders, which were certainly

amusing and picturesque, though sometimes his love of an elTective

period seems to have led him to exaggeration. The way in which ho

was appointed to conduct a geological survey of Scotland, unknown
to the public bodies of that country, also led to considerable oppo-

sition. But the solid services rendered by llaccuUoch to the progress

of geology must be regarded as far outweighing any objections that

have been made to his literary work or peculiarities of character.

M'CULLOCH, John Ramsay (1779-1864), a distin-

guished writer on political economy and statistics, was born

on 1st March 1779, at Whithorn in Wigtownshire. His

family belonged to the class of " statesmen," or small landed

proprietors. Having received his early education from his

maternal grandfather, a Scotch clergyman, he came to Edin-

burgh, and was for some time employed there as a clerk

in the ofiBce of a venter to the signet. But, the Scotsman
newspaper having been established at the beginning of 1817,
M'CuUoch sent a contribution to the fourth number, the

merit of which was at once recognized ; he soon became
connected with the management of the paper, and during

1818 and 1819 acted as editor. Most of his articles in

the Scotsman related to questions of political economy, and
he delivered lectures in Edinburgh on that science. He
now also began to write on subjects of the same class in the

Edinhurgh Review, his first contribution to that periodical

being an article on Ricardo's Eriticiples of Political

Economy in- 1818. Within the next few years he gave

both public lectures and private instruction in London on
political economy, and had amongst his hearers or pupils

many persons of high social position, and some who were

important in the political world. In 1823 he was chosen

to fill the lectureship established by subscription in honour
of the niemory of Ricardo. A movement was set on foot

in 1825 by Jeffrey and others to induce the Government
to found in the university of Edinburgh a chair of political

economy, separate from that of moral philosophy, the

intention being to obtain the appointment for M'CuUocL
This project fell to the ground; but in 1828 he was made
professor of political economy in the London University.

Ho then fixed his residence permanently in London, where

he continued his literary work, being now one of the regular

writers in the Edinhurgh Beview. Indeed it appears from

a letter of his to Macvey Napier in 1830 that he regarded

himself, though Napier did not admit the justice of the

claim, as entitled to be the sole contributor of economical

articles to the Revieiv. In 1838 he was appointed comp-

troller of Her Majesty's Stationery Office ; the duties of

this position, which he held till his death, he discharged

with conscientious fidelity, and introduced important re-

forms in the management of the department. Sir Robert

Peel, in recognition of the services he had rendered to

political science, conferred on him a literary pension of

£200 per annum. He was elected a foreign associate of

the Institute of Franco (Academy of Moral and Political

Sciences). He died, after a short illness, on 11th November
1S64, in the seventy-sixth year of his age. To his personal

character and social qualities very favourable testimony is

borne by those who knew him best. In general politics

ho always remained a Whig pure and simple ; though

he was in intimate relations with James Mill and his circle,

he never shared the Radical opinions of that group.

M'Culloch cannot be regarded as an original thinker on political

economy. He did not contribute any new ideas to that science, or

introduce any noteworthy correction of the views, either as to

method or doctrine, generally accepted by the dominant school of

his day. But the work he did must be pronounced, in relation to

the wants of his time, a very valuable one. It was at an irnportant

crisis that he appeared in the field of economical discussion. Tho
principles of free trade had been powerfully asserted before the

public in the celebrated petition of the merchants of London, drawn
up by J[r Tooke and presented to parliament by Mr Alexander
Baring, in 1820. Political economy, to which the bullion con-

troversy had previously attracted much attention, was more and
more engaging the minds of political writers and of statesmen.

I'jut the new views had to encounter fierce and sometimes un-

scrupulous opposition. The Edinburgh Ecvicw was the principal

organ of the reformers, and was maintaining, when M'Culloch
bi'came a writer in it, au energetic warfare against the policy

founded on the mercantile theory of wealth. Naturally endowed
with strong sense and sagacity, and possessing a rare c,^pacity for

arduous and prolonged mental exertion, he threw himself, witli|

the ardour of conviction, into the great struggle. There can be no
doubt that his labours on the whole contributed largely to the

diffusion of just ideas on the economic questions then under debate,

and to the right direction of the national legislation with respect

to them. It must at the same time be admitted that his treats

ment of the subjects with which he dealt is iiot m.orked by any
s)iecial breadth or elevation. He adopted too hastily the theoretic

exaggerations of some of Smith's successors, and exhibited in full

measure their habitual deadness, in the study of social (jnestions.
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to uli I)Ut TiintL'niil nMisWcinitiiiii-'. In bis uviclciice I.c-Ior- the

|«rliaiiii'iituiy loiimiittoo on tlio state of Ireland in 1S25 lie stated

opinions, ufturwiirds nioiu fully nsscitej in the Edinhnnjh Itcvicw,

on the subject of Irish nbsoiiceoisni, which teiulcd to disgust persons

of intelHgiiiice and right feeling with a science which, as interpreted

bv hiju, seemed to lead to practical absurdities, and in other

quarters Imd, it is to be feared, the effect of sunplyiiiga plausible

excuse for carelessness on the part of the rich and great with respect

to the inferior classes of society. These opinions could not be

justified even on strictly economic grounds, as has since been shown

by Longfield and Senior. M'CuUocli had in him an element of

intellectual wilfulness or perverse self-assertion, compared by Ins

friends and admirers to the despotic dogmatism of Johnson, which

both in conversation and in his writings led him into the enuncia-

tion and defence of paradoxes ; a notable example of this is furnished

by the obstinacy witli wliich to the last, in the teeth of evidence, he

clung to the doctrine of the impolicy of cheap postage. M'CulIooh

was deficient in literary taste, and never attained any high degree

of excellence in style. His expression is often slipshod, and a

certain coarseness in his images sometimes throws an air of vulgarity

over his jages. His name will probably be less permanently
associated with anything he has written on economic science,

strictly so called, than with his great statistical and other compila-

tions. His Dictionary of Conunerce and Covitncrcial Navigation

and his Statistical Account of the British Empire—however they

may be expanded and altered, as they have already been, in succes-

iiive editions—will long remain imposing monuments of his extensive

and varied knowledge and his indefatigable industry. Another
useful work of reference, also the fruit of wide erudition and
much labour, is his Literature of Political Economy. Though
weak on the side of the foreign literature of the science, it is

very valuable as a guide to British writers, and, in relation to its

entii'c field, has not yet been superseded by any English book.

Tho following ia a» complete a list of his publications as it lins been found
Jiossibie to form '.—An Essay on the Reduction of the Interest on the A'atiowl
Vtbt, 1816; An Essay on the question of Reduang the Interest on the Nc.'.^nal

Debt, 1816; A Discourse on the Rise, Progress, Pecuiiar Objects, and Importance

of Potitieal Economy, 1824; the article Political Economy in the supplement to

tlie Otii edition of the Encyelopiedia Britannica, afterwards enlarged into The
Prin.iiiles of Political Economy, with a stelch of the Rise a:id Prr-ircss of the

Science, 1S30. and again 1843, 1S49 (translated into French hv A: ,.-;:; 1 :
r . ;i,-,

1801): Dictionary, Practical, Theoretical, and Historical, or'< > ;-

ii'ercial Xaviyation, 1832; Statistical Account of the Buii i // ;
';

Dictiiiiiai-y, Geographical, Statistical, and Historical, of If!' >' ' . " •,

Places, and Natural Objects in the IKor/rf. 1841-42 (several oaiui-iia .^i iIk- List

ihiCL- liHVC iince appealed, find the first two of tliem have been lepliuud in llie

United .States, and lianslated into foreign languages); Slafeinctifs illuslraficc of
the Poltcy and probable Consequences of the proposed Repeal of the erislinii t'orn-

Caies and the Imposition in their stead of a moderate Fixed Duty on Forei'jn Corn,
1841; Memorandums on the proposed Importation of Foreign Beefand Ltct Stock,
1842; A Treatise on the Principles and Practical Influence of Taxation and the
Funding System, 1845; 7V|« ii(«-(l(lli-« o//>o«!c<l! Sioiioiin/, 1845 ; A Treatise on
the Succession to Property Vacant by Death, 1848 ; Treatise o« the Circumstances
Hiich determine the Hate of Wages and the Condition of the Labouring Classes,
ISJl (aa earlier edition had appeared anonymously in 1S26) ; Considerations on
FarInei ship with Limited Liability, 1S56 ; perfaces and notes to a select collection,
ill 4 vols, of scarce and valuable economical tracts, reprinted at Lord Overstoiie's
«Nlieiiso, lS5C-.i9. He united in one volume (2d ed., 18.59) a number of his minor
Treatises and Essays on subjects connected toith Economic Policy, many of which liad

aiipcared as articles in the Encyclopsedia Britannica. He also piinted, foi pi iv.ite

^lisuitiutioii amongst his friends^ a catalogue of his library,—which conhiiiicil a
line collection of books on bis own special subjects,—adding critical and bio-
graphical notices. He had edited in 1828 Smith's Wealth of Nations, with a life

<\f tile author, an introductory discourse, notes, "and supplemental dissertations
;

tills work he greatly enlarged and improved in the editions of 1839 and IS50. In
18411 lie edited Ricai-do's works, with a notice of the life and wrltinqs of tho
autlioi-. (J. K. I.)

MACUONALD, Etienne-Jacques-Joseph-Alexandke
(1765-1840), duke of Taranto, and marshal of France,

was born at Sancerre on November 17, 1765. His father

came of an old Jacobite family, which had followed James
[I. to France, and was a near relative of the celebrated Flora
Macdonald (1722-1790), the heroine whose courage and
fidelity were at one critical period the sole means by whick
Prince Charles Edward was enabled to elude his enemies
after the defeat of CuUoden in 1746. In 1784 Macdonald
joined the legion raised by the second Marshal Maillebois to

support the revolutionary party in Holland against the Prus-
sians, and after it was disbanded he received a commission
in the regiment of Dillon. On the breaking out of the
Revolution, the regiment of Dillon remained eminently
loyal, nearly all its officers emigrating with the princes,

with the exception of Macdonald, who was in love with
a Mademoiselle Jacob, whoso father was enthusiastic for

the doctrines of the Pievoiution. His love was successful,

and directly after his marriage he was appointed aide-

de-camp to General Dumouriez. He also distinguished

himself at Jemmapes, and was promoted colonel in 1794.

He refused to desert to the Austrians with Dumouriez,

iirnl as a reward wa.'' inade utjiicr.d id bri.::ido, ami
appointed to command tho leading luigade in PiciiegruV

invasion of Holland. J lis knowledge of the country proved
most usotul, and he was instrumental in the capture of the
Dutch fleet by the French liussars. In 1797 he was niitdo

general of division, and transferred first to the army of the

Rhine and then to that of Italy. When he reached Italy,

the peace of Campo Formio had been signed, and Geiienil

Bonaparte had returned to France ; but, under tlie direction

of Berthier, Macdonald first occupied Pome, of wliicli he
was made governor, and tlien in conjuiictipu with Chaui-

1 ionnet he defeated General JIack, and revolutionized tlie

kingdom of Naples under the title of the Parthcnopoean
liepublic. When Suwaroff invaded nortlieru Italy, and
was winning back the con^quests of Bonaparte, General
Macdonald collected all the troop^; in the peninsula and
moved northwards. With but 30,000 men he attacked, at

the Trebbia, Suwaroff with 50,000, and after three days'

fighting, during which he held the Russians at bay, and
gave time for I^Ioreau to come up, he retired in good order

to Genoa. After this gallant behaviour he was niade

governor of A'ersailles, and acrjuiesced in, if he did not

co-operato in, the events of the 18th Brumaire. In 1800 he
received the command of the army in Switzerland which
was to maintain the communications between the armies

of Germany and of Italy. He carried out his orders to

the letter, and at last, in the winter of 1800-1, he was
ordered to march over the Spliigen Pass. This achieve-

ment is fully described by Mathieu Dumas, who was chief

of his staif, and is at least as noteworthy as Bonaparte's

famou5 passage of the Saint Bernard before JIareugo,

though followed by no such successful battle. On his

return to Paris he married the widow of General Joubert,

and was appointed French plenipotentiary in DenmarL
Returning in ISOo he associated himself n-itli Moreau,

and incurred the dislike of Napoleon, who did nut include

him in his first creation of marshals. Till 1809 he re-

mained without employment, but in that year Napoleon,

hard pressed at Asperu, gave Macdonald the command
of a division in the army of the viceroy of Italy which

was to march from Italy to his help. He led the army
from Italy till its junction with Napoleon, and at Wagram
commanded the attack on the Austrian centre which

won tho victory. Napoleon n;ade him marshal of France

on the field of battle, and presently created him duke
of Taranto. In 1810 he served in Spain, and in 1812

he commanded the left wing of the grand army for

the invasion of Russia. After sharing in the battles of

Littzen and Bautzen, he was ordered to invade Silesia,

where Eliicher defeated him with great loss at the Katzbach.

After the terrible battle of Leipsic he was ordered with

Prince Poniatowski to cover the evacuation of Leipsic, and

after the blowing up of the bridge, he managed to swim the

Elster, while Poniatowski was drowned. During the defen-

sive campaign of 1814 Macdonald again distinguished him-

Eclf, and was one of the marshals sent by Napoleon to take

his abdication in favour of his son to Paris. When all were

deserting their old master, Macdonald remained faithful to

him. Macdonald was directed by Napoleon to give in his

adherence to the new r<5gime, aud was presented by him with

the sabre of Murad Bey for his fitJelity. He was made a

peer of France at the Restoration, and, having once passed

his word to the new order of things, remained faithful

during the Hundred Days. In 1816 he became chancellor

of the Legion of Honour, a post he held till 1831, and

took a great part in the discussions in the House of Peers.

In 1823 he married Mademoiselle de Bourgony, and at

liist had a son, Alexander, who succeeded on his death in

1840 as duke of Taranto. From 1830 liis life was spent

in retirement at his country place Courcellea
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MacdoiialJ Iiaa none of that military genius which ilistinguished

Davoust, Massina, aud especially Ney, uor of that militaiy science

conspicuous in Slarmout ami St Cyr, but nevertheless his campaign

in Switzerland gives him a rank far superior to such mere generals

of division as Oudinot and Dupont. This capacity for independent

command made Napoleon, in spite of his defeats at the Trebbia and

the Katzbach, trust him with large corps d'armee till the end of his

career. As a man, his character cannot be spoken of too highly
;

DO stain of cruelty or faithlessness rests on him. Ho retained always

the frank honour of a soldier of fortune ; but he never forgot that

he was a gentleman, or disgraced the new nobility of Napoleon by

ridiculous pretensions.

Macdonald was especially fortunate in the accounts of his military

exploits, llathieu Dumas and Segur having been on his staff in

Switzerland. See Dumas, iviiiements Militaires ; and Segur's rare

tract, LMre sur la campagne du Geniral Macdonald dans Us

Orisons en 1800 ei 1801 (1802). Also consult Pelet's excellent

Campagne de 1809, and Segur's £loge (1842).

MACDONALD, Lawkence (1798-1878), sculptor, was

born at Gask, Perthshire, Scotland, in 1798, and in early

life served as a mason's apprentice. Having shown an

aptitude for stone carving, he went while still a youth to

Edinburgh as an art student at the Trustees' Academy,

finding at the same time a good deal of occasional employ-

ment in carving coats of arms and other ornamental figures

on the gateways or walls of country houses. By the help

of friends he was enabled to visit Rome, whence, after a

stay of two or three years, he returned to Edinburgh in

1826. During the next few years he executed a consider-

able number of commissions for busts, and also devoted a

good deal of time to the designing of ideal subjects, in

which branch of his art, however, the public interest was

comparatively slight. From 1832 until his death on

March 4, 1878, his home was in Rome; during the long

period of forty-six years his chisel never rested, and the

number of works that issued from his studio, chiefly in the

department of portrait sculpture, was very great. Among
his ideal works may be mentioned Ulysses and his Dog
Argos, Andromeda chained to the Rock, Eurydice, Hya-

cinth, a Siren, aud a Bacchante. His busts, while excellent

as likenesses, are remarkable for purity and dignity of

style ; and the ideal works are at once full of grace and

carefully correct in form, design, and treatment.

Plata III. MACEDONIA, when that name is taken in its widest

signification, is the country between Thrace on the east and

Illyria on the west, bounded on the S. by Thessaly and

the ^gean Sea, and on the N. by the lands which belong

to the basin of the Danube. The most definite limit in its

physical geography is that towards Illyria, where the

Scardus range, which still bears the name of Schar, forms

a continuous barrier between the two countries ; on the

side of Thessaly also. Mount Olympus and the Cambunian

mountains constitute a well-marked frontier. In the other

two directions its natural limits are less clearly defined.

Toward_s the east, during the greater part of its history,

the river Strymon was regarded as its proper boundary

;

but after the foundation of the city of Philippi it

encroached on Thrace, and extended as far as the river

Nestus, or even Mount Rhodope. With regard to the

features of the country immediately to the north of

Macedonia a misconception long prevailed, which has only

of late years been dispelled by geographical research.

Owing to a misinterpretation of a passage in Strabo (vii.>

fragm. 10 ; cf. vii. 5, 1), it was long believed that the

country between the Danube and the .iEgean was divided

in the middle by a lofty range of mountains, which formed

a continuation of the main chain of the Alps as far as the

Euxine ; and this mistake is perpetuated in many of our

maps at the present day. But since this district has been

explored, first by Grisebach, and afterwards by Von Hahn,
it has been known that along one important portion of

this supposed line, directly to the north of Macedonia and
8outh-e?st of the modern princ'palitv of Servir., the hills

do not rise to any considerable elevation, and that afHuenta

of the Margus (Morava), which flows into the Danube, and
of the Axius (Vardar), which runs to the iEgean, rise close

together in the upland plain of Kossova, the scene of the

great battle in which the Servian monarchy was overthrown

by Sultan Amurath I. in 1389. This watershed may be

regarded as the northern boundary of Macedonia. But
the extended limits which have here been given did not

belong to the district that bore that name in early times.

The original Macedonia was confined to the inland region

west of the Axius, between that river and the Scardus

mountains, and did not include the northern portion

which was known as Paionia, or the coast-land which,

together with the ea.stern districts, was inhabited by
Thracian tribes, and was regarded by the Greeks at the

time of the Peloponnesian war as part of Thrace. The
people of this country were not Hellenic, though its ruler*

ultimately succeeded in claiming that title for themselves,

at the time when Alexander I. was admitted as a com-

petitor at the Olympic games. The same thing may be

said of the land itself, the appearance of which presents

many points of contrast to that of Greece proper. Instead

of the delicate, bright, and varied scenery of that country,

with its clear atmosphere and sharp outlines, we find in

Macedonia broad masses of mountains, extensive sweeps of

lowland, and uniformity of colour. The climate of the

inland regions also is severe, so that the cypress and other

trees which flourish in Greece will not grow there.

The river Axius divides Macedonia into two parts, th«

eastern of which resembles the neighbouring country of

Thrace in the irregularity of its surface ; but in the

western part there is a succession of valley-plains, generally

elevated themselves, though deeply sunk among the rocky

walls that surround them. These lie under the flanks of

Mount Scardus, and differ in a still more striking manner

from the country of Illyria on the further side of that

chain, which is made up of a number of irregular, and

usually narrow, river-valleys, separated from one another

by rugged mountains. The characteristics of these valley-

plains are the well-defined basins in which they lie, their

rich alluvial soil, and the river which waters each of them

respectively, and in each case makes its exit through a

narrow passage, which is its only means of escape. The
northernmost and smallest of these is now called the

Tettovo, and from it the main stream of the Axius issuea.

At the southern extremity of this a branch detaches itself

from the Scardus, and bending southward forms an iniporfc

ant secondary chain, which is continued until, under the

name of Bcrmius, it approaches Mount Olympus. This

branch, in the upper part of its range, forms the eastern

boundary of the second and most important vaUey-plain,

that of Pelagonia (now the plain of Monastir), from which

the Erigon (Czerna) forces its way to join the Axiua

This plain, which is 40 miles in length by 10 in breadth,

and 1500 feet above the sea, was one of the primitive

seats of the ilacedonian race, and was suited for developing

a hardy yet thriving population which might afterwards

become a great people. Here is laid the scene of the story

of the foundation of the Macedonian monarchy, which

Herodotus has related (viii. 137, 138). According to this,

three brothers of the family of the Temenidt-e of Argos,

having entered the service of the king of the country, and

having been defrauded by him of their wages, made their

escape in a romantic manner, the narrative of which

contains numerous fabulous incidents, and ultimately

conquered all Macedonia. The southern part of this plain

was called Lyncestis, and was the scene of the encounter

between Brasidas and the lUyrians, which Thucydides has

described (iv. 124-28); the famous retreat of that general

was made by the pass at its south eastern extremity
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Between Lyncestis nnd the lowlands, near the coast, is a

lake district of somewhat inferior elevation, which bore

the name of Eordaea. Again, to the southward of

Pelagonia is another extensive plain, from which the

Haliacmon (Vistritza) draws its waters ; that river ulti-

mately breaks through the Bermian range behind Berrhcea

(Verria), and flows into the Thermaic Gulf. The coast

district between the Haliacmon and Olympus, as well as

the soaslopes of that mountain, formed Pioria, the original

home of the Muses. The chief cities of Pieria were

Pydna, where Perseus, the last king of Macedon, was
iafeated by the Romans, and Dium. From this neigh-

baurhocrd to the head of the Thermaic Gulf a vast maritime

plain extended, which was intersected by the Lydias and

the A-xius, as well as the Haliacmon.

The Scardus chain, which has been spoken of as

separating Macedonia from Illyria, is the northern

continuation of Pindus, and the two together form a

well-deiined backbone, which may be compared to the

spina of an ancient circus. At its northern extremity,

where it rises from the plain of Kossova, stands a lofty

peak, which, to carry out the comparison, may be called

the vieia or goal of the circus. This summit, which

reaches a height of between 7000 and 8000 feet, had no

name in antiquity, but is now known by the Slavonic

appellation of Liubatrin, or the " Lovely Thorn." The
mountain wall which starts from it presents a most impos-

ing appearance from every point of view, and is broken

through at only one point, where the river now called

Devol, rising on its eastern side, divides it to its base as it

flows to the Adriatic. Here the chain of Scardus ends,

and that of Pindus commences. Northward of this it is

crossed by two passes,—one near the headwaters of the

Axius, between the modern towns of Prisrend and
Calcandele ; the other farther to the south, leading from
the head of the Lacus Lychnitis (Lake of Ochrida) into

the Pelagonian plain. At the southern end of this plain

another chain diverges from Scardus, and takes an easterly

direction through Macedonia; in the region between the

Strymon and Nestus this was called Orbelus, and between

it and the sea lies Mount PangseUs, which was famed for

its g.ild and silver mines.

The rivers of this country, notwithstanding that they
are larger than any that are found in Greece proper, can
hardly be called navigable, though barges are floated down
them at the present day. The Axius, which is the most
important, is celebrated by Homer, on account of its

fertilizing water, as "the fairest stream that flows in all

the earth" (//., ii. 850), and the valley in which it runs
must always have formed a line ot communication between
the barbarous districts of the interior and the sea. The
point of demarcation between the uplands and the lowlands

is marked by the Stena, or, as it is now called, the Iron

Gate (Demir Kapu) of the Vardar. Here the river cuts

through at right angles the mountains that join the Scardus
and Orbelus ranges, and forms a deep ravine, through
which it rushes in rapids for the distance of a quarter of a
mile, beneath steep clifls that rise to the height of COO or

700 feet above ; and traces of groovings in the rocks are

visible, where a passage has been made in ancient times.

At the point in its upper course where it receives its

northern tributaries, and begins to bend towards the south,

stood the town of Scupi, the name of which was changed
by the Byzantines into Scopia, or "the look-out place," and
has now been corrupted into Uskiub. The importance of

this consisted in its neighbourhood to the pass over the

Scardus, by which the barbarian tribes to the west used to

descend into the more level and fertile country, and in its

commanding the principal line of traffic. Between Scupi

and the Sieua, at the confluence of the Axius aud the

Erigon, was Stobi, the ruins of which have recently been
discovered by M. Heuzey, ot the French " Mission do
Maccdoino." This town was in Roman times the meeting-
point of four great roads—one from the Danube by Scupi

;

another from Sardica, near the modern Sophia, to the
uorth-east; a third from Heraclea (Monastir) to the
south-west ; and a fourth from Thessalonica. The Strymoa
(Struma) follows a direction nearly parallel to the Axius
in eastern Macedonia, and, after passing through the chain
of Orbelus, enters the rich plain of Serrhaj (Seres), and
flows into the Lake of Prasias or Cercinitis, shortly after

emerging from wl-ich it reaches the sea. On the .shores

of the Lake Prasias were a number of lacustrine habitations

which Herodotus has described, corresponding in their

general features to those of which so considerable remains
have recently been discovered in Switzerland and elsewhere.

At the point where the Strymon leaves the lake was built

the important town of Amphipolis, which was surrounded
on three sides by the river, thus occupying a very strong

lM)sition. It was founded by the Athenians in 437 B.C.,

and was valuable on account of its neighbourhood to the

mines of Pangxus, and as furnishing a large suppJy of

timber. Its port, at the mouth of the Strymon, was called

Eion. The ancient capital of Macedonia, Mgm or Edessa
(Vodena), stood at the point where the passes from Lyncestis

and Eordaea ouicrgo into the lower country. Its situa-

tion seems to suggest dominion ; for, while it has at its

back all the resources of the richest districts, the view

from it embraces the wide maritime plain, -the mighty
mass of Olympus, and a portion of the Thermaic Gulf.

The site, which resembles that of Tivoli, is one of ex-

treme beauty, for below the level tablo of land on which
the city is built the rock falls some 200 feet in steep

precipices, and the river which passes through it, a
tributary of the Lydias, divides into a number of smaller

streams, which plunge at various points in cascades down
the cliffs. When Philip of Macedon transferred the seat

of government to Pella, Edessa continued to be the

national hearth of the race, and the burial-place of their

kings. Pella, the later capital, occupied a much inferior

position, being on low hills at the edge of an extensive

marsh in the middle of the maritime plain. This was
naturally an unhealthy site, and its only strength lay in its

swampy surroundings ; so that its nearness to the sea must

have been its chief recommendation. Tlie place is now
deserted, but the name ot Pel is still attached to its

vicinity. In Roman times Thessalonica became the chief

centre of these parts, which at all times it deserves to be,

for it is admirably placed for purposes of communication

and trade, as it lies on the innermost bay of the Thermaic

Gulf, and forms the natural point of transit for exports and
imports. Its appearance recalls that of Genoa, from the

way in which the houses rise from the water's edge, and
ascend the hill-sides behind. This city was the terminus of

the Via Egnatia, the great Roman road which joined the

Adriatic and the .dJgean, and formed the main line of com-

munication between the West and the-East. Starting from

Dyrrhachium, it threaded the defiles of Illyria, and, passing

the Lacus Lychnitis, crossed the Scardus by the southern-

most of its two passes, which descends on Heraclea ; thence

it traversed Lyncestis aud Eordaia, till it reached Edessa,

and finally crossed the plain to Thessalonica.

It remains to speak of the maritime district of

Macedonia, called Chalcidice, which projects like a trident

into the north of the yEgean between the Thermaic and
Strymonic Gulfs. When seen on the map, it strikingly

resembles the Peloponnese in miniature, from its three

southern promontories, with deep intervening bays, and

the massive breadth of ground from which these spring.

This resemblance is still further borne out iu the form rf

XV. — t»
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the mountains and their vegetation ; and in most respects

it corresponds so well to what the Greeks desired for their

settlements that we cannot be surprised at finding its

shores fringed with Hellenic colonies. Several of these

were founded from Ohalcis in Eubcea, which city gave its

name to the district ; but the important town of Potid:ea

was a Corinthian colony. The most eastern of the three

peninsulas, that of Acte, is far the highest, and rises from its

isthmus until it forms a steep central ridge, which gradu-

ally attains the height of 4000 feet, and finally throws up

the vast conical peak of Mount Athos (6400 feet). The

isthmus, which is about a mile and a half broad, still

shows traces of the canal made by Xerxes for the passage

of his fleet, in order to avoid the dangers of shipwreck on

the rocks of Athos, which had destroyed the expedition of

Mardonius. On the land side of the isthmus stood the

city of Acanthus. Separated from Acte by the Singitic

Gulf was the promontory of Sithonia, with the town of

Torone ; and still farther to the west, beyond the Toronaic

Gulf, was that of Fallens. The former of these, though of

lower elevation than Acte, is intersected by a well-marked

ridge ; but the latter is almost level, and from the traces

of volcanic action that are found there was called by the

Greeks Phlegra, and was said to have been the scene of

the conflict between the giants and the gods. On the

southern side of Pallene were the towns of Mende and

Scione, and its isthmus was occupied by Potidsa, near

which, at the head of the Toronaic Gulf, stood Olynthus.

The Greek cities on this coast were a continual thorn in

the side of the Macedonian monarchs, and caused them to

take part against Athens during the Peloponnesiaa War.

The northern part of Chalcidice is mountainous, and
beyond these mountains is a considerable depression, in

which lies the Lake of Bolbe.

Macedonia first comes into notice in history in the reign of

Amyiitas (about 500 B.c.) and in that of his son Alex.inder, who
was king at the time of Xerxes'it invasion of Greece. But whatever

historical interest attaches to it is due rather to the great empire

which sprang from it than to the importance of tlie country itself.

During the Peloponnesian "War wo notice it chiefiy as it affects the

principal contending paxties, but in tho timg of Demosthenes it

attracts our attention as furnishing the keynote of the policy of that

statesman, and being the pro.ximite canse of the overthrow of Greek

liberty. After the Macedonian EMPiKE(j.f.) was subjugated by the
Romans in 168 B.C., the country was left with a nominal autonomy,

but lost its national unity by being divided into four districts, whicli

were'separated from one another by rigid political and social limita-

tions. Before long it was reduced to the form of a province, and
this, at the division of tho provinces in the time of Augustus, was
assigned to tlie senate. Thenceforward it followed the fortnnes of

the Roman empire, and, after the partitionof that dominion, of the

eastern branch of it. In the time of Alaric it was frequently plun-

dered by the Goths, and in the interval whicli elapsed between
Justinian I. and Hera.clius a considerable part of it was colonized by
Slavonians. During the prosperous period of the great Bulgarian
monarchy in the 10th century a largo portion of Macedonia was
included in that kingdom. After that age extensive depopulation

must have ensued, for in the 11th and 12th centuries colonies of

vaiious tribes of Asiatic origin—Uzes, Turks, and Patzinaks—were
established there by the emperors of Constantinople. In the par-

tition of the Eastern empire, which followed the capture of that city

by the Latins at the time of the fourth crusade, in 1204, Mace-
donia was assigned to Boniface, marquis of Monferrat, who assumed
the title of- king of Saloniki. This kingdom in turn was brought

to an en'l in 1224 by the Greek despot of Epirns, Theodore I., and
by him a Greek empire of Thessalonica was founded, which for a

time seemed likely to become the heir of the Byzantine power, but
afterwards was merged in that of Niccea, and on tUe recapture of

Constantinople by Michael Palseologus once more formed part of a

united Greek empire. In the latter half of the 14tli century the

greater part of Macedonia was in the possession of the Servians,

whose kingdom was now at the height of its power ; but before the

middle of the 15th it had passed into the hands of the Ottoman
Turks, by whom it has been held ever since. At the present day
the population of the inland part of the country is mainly composed
of Bulgari.an Christians, mixed with Turks, while the Greeks

occupy the coasts, the wliole of Chalcidice, the plain of Seres, and
Boiuo other districts. iH. F. T.)

MACEDONIAN EMPIRE, The. The attention ol

the Greeks was drawn at an early time to the danger that

the northern tribes might combine to invade the south,

Silalces, king of Thrace, spread great alarm by an inroad

during the Peloponnesian War, but the real peril was from

Macedonia rather than from Thrace. The Macedonians

had been gradually pushing their way down towards the

coast, and, though Alexander I. was a vassal of Xerxes, the

retreat of the Persians, 478 B.C., left these hardy tribes free.

They were still in a primitive state, mountain shepherds,

ill clothed and ill housed, many of them clad only in skins.

They wore the kausia or broad-brimmed hat ; they ate and

drank from wooden platters and cups ; they diflTered littls

from what they had been when the first Perdiccas came to

the country, when the king's wife baked cakes with her

own hand on the hearth. But the peasants were freemen,

hot serfs like the PenestiB of Thessaly. It was still neces-

sary for the young warrior to slay a foe before he could

take his place in the tribe ; and Cassander had to sit

instead of reclining at the banquet of his father Antipater.

because he had not yet killed a wild boar. The drunken

bouts at these banquets led to some of the deeds which are

a blot on the fame of both Phihp and Alexander. The

king held large domains, and had a choice body of " com-

panions " around him, but the warriors used much freedom

of speech towards him, and the chiefs could only be

condemned by the assembled host. When, however, any

one was thus convicted of treason, his kindred were also

put to death. If any blood guilt was incurred, a dog was

cut in two and the soldiers passed between the halves laid

out in the open air, that so they might be purified. There

were still but few towns, or even strongholds, to which the

people could fly when the Illyrians came in over Mount

Bermius from the west, or the Thracians across the Stry-

mon from the east, or the Pjeonians down the river Axiua

from the nortL The western tribes too were at this time

being pushed onward into Macedonia by a migration of

the Gauls. Archelaus, son of Perdiccas II., however, built

forts, cut straight roads, and collected horses and arms.

The cavalry of the richer landowners was good ; but the

foot soldiers were armed only with wicker shields and rusty

sword-s. Archelaus also courted the friendship of leading

Athenian statesmen, philosophers, and poets; and later on

the Athenian general Iphicrates did essential service to the

royal house.

But the advance made by Archelaus, who died 399 B.C.,

was almost all lost before Philip II. came to the throne,

and the kingdom was reduced to a narrow district round

Edessa, shut out from the sea by Greek cities. Olynthus,

the chief of these cities, had in the reign of Philip's father,

Amyntas II., induced many places to make themselves in-

dependent of the king, but the jealousy of Sparta proved

fatal to the Olynthian confederacy, and destroyed what

would have been a bulwark against the barbarians of the

north (379).

Philip himself had the best of all trainings, that of ad

versity. During the reign of his eldest brother Alexander

II., Pelopidas took hostages for the fidelity of Macedonia,

•and among them was Philip, then about fifteen years old.

He remained two or three years at Thebes, profiting by
literary training, and above all by the living example of

Epaminoudas, the ablest organizer and most scientific

tactician of the ago, who had trained the soldiers that

broke through the Spartan line at Leuctra. When Philip

returned home, his brother Perdiccas III. entrusted him

with the government of a district, where ho organized a

force on the Theban model On the death of Perdiccas,

though he left an infant son Amyntas, Philip was called t

tho throue (359), for the reign of a child in an early ^tate of

society means anarchy, Phjliu's energy soon mode itself
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felt. He fortified a new capital, Pella, safe amidst its

lake-like marshes, from which he could act against the

coast. Greece was at the moment completely disorganized.

Sparta had lost, not onfy hor supremacy ovar the other

Greek states, but the control over Messenia and Arcadia,

which leant on Thebes for defence against her revenge.

Thebes had incurred odium from her conduct towards the

free cities of Boeotia, was at feud with Athens, and had

but a precarious hold over Phocis and Thessaly ; while

Thessaly itself, after the fall of the tyrants of Pherse, was

a prey to internal feuds. Athens was the first to come into

collision with Philip, owing to her holding possessions on

the coast of Macedonia and Thrace, whence she procured

ship timber and naval stores. Philip had conciliated her

for the time by withdrawing his troops from Amphipolis,

her old colony in the bend of the river Strymon, while he

was driving oS' the Illyrians and reducing the tribes to the

west as far as the Lake Lychnitis. But Athens was at

this moment threatened by the revolt of her allies which

led to the Social War, and so lost the chance of reoccupy-

ing Amphipolis while Philip was busied in the interior.

The moment his hands were free, he retook the place,

which was all-important to him, as it was not only the

most convenient maritime station in Thrace, but also

threw open to him all the country east of the Strymon,

and especially the gold region near JMount Pangoeus, the

productive country facing the island of Thasos ; and to

secure his conquests he founded a new city in the interior

called Philippi. His gold coins, struck on the Attic

standard, soon became well known, and even the early

gold coins of distant Britain copied the types of the

Macedonian money. He also took Pydna and Potid*a,

thus depriving Athens of her hold on the Thermaio Gulf,

while the occupation of ilethone opened the way into

Thessaly. Moreover, the Social War had not yet ended
when the disastrous Sacred War began, which added
religious to political enmity, and benefited only the

aggressor from the north. The Amphictyonic League was
called into activity to crush the Phocians, who in their

despair seized Delphi, and by the use of its treasures

collected trocps enough to hold Thebes in check for some
years. It was the misfortune of Greece that there had
arisen mercenary bands, like the condottieri of medieval
Italy, who hired themselves out to any one that would
employ them. The citizens became more averse to service

as civilization increased, and the work of war was now
done by alien hands. Only a standing army could face

the standing army of Macedonia, but the industrious and
refined citizens naturally disliked continuous service, and
it was long before even Demosthenes could arouse Athens
to the nei'essity of the struggle. He was opposed by the

oH statesmen, by honest men such as Phocion (whose peace
policy, however expedient after Chasronea, was impolitic

during most of Philip's reign), and by others whom Philip

had bribed—for he loved to " plough with a silver plough-
share." The Sncred War gave Philip a pretence for

interfering on behalf of the Delphic god. He drove the
Phocian mertenaries from Thessaly, incorporated the ex-

cellent Thcssalian cavalry in his army, and gained a good
naval position on the Gulf of PagassB (Volo), the great

inlet and outlet for the trade of the country. This also

opened the way to Euboea, for the possession of which,
however, Athens struggled hard. It was on the Gulf of

Pagasas that Demetrias was afterwards founded, which,

iWith Chalcis and Corinth, became the " fetters of Greece."
Philip also Inid a strong hand on Epirus, occupied
Acarnania, won over iho ."Etoliansby the gift of Naupactus,
and thus hemmed in Athens on the land side. It is true

fhat, when he m.arched on Thermopyiro, B.C. 352, a si^dden

effort of the Athenians enabled them to reach the pass in

time to arrest his progress, and Rave the Phocians for a
while ; but Philip had now a large seaboard, and he pro-

ceeded to increase his fleet, to extend hia dominion in Thrace
on both sides of the Ilebrus, and secure it by the founda-
tion of Philippopolis, Ualybe, Beroea, and Alexandropolis,

while the Greek colonies along the Kuxine up to Odessus
sought his alliance. There was worse to come, for Philip by
the year 347 had destroyed Olynthus and thirty-one other

free citie.s in Chalcidice, and sold their inhabitants as slaves,

a calamity such as had not happened since the invasion of

Xerxes. This struck terror into all the south country, and
we find Isocrates, once the champion of Pauhellenic

freedom, proclaiming Philip the arbiter of Greece, and
advising him to use his power for the purpose of conquer-

ing Persia. He found himself bitterly deceived, and
" that dishonest victory at Chajronea, fatal to liberty, killed

with report that old man eloquent." The Thebans were
still unwilling to combine with Athens, and even called

in Philip to end the Sacred War.' This gave him the

command of Therraopylaa, and the means of marching into

Ba'otia and Attica, while the destruction of the Phocians

spread the terror still umro widrly. Philip now became
the recognized religious leader of the Aniphictj-ouic League,

and began tt) interfere authoritatively in the Peloponuese.

He was also preparing to master the Bosphdrus and the

Hellespont, the outlets from the Euxine iuto the ^gean,
through which the main supplies of corn came from the

country north of the Euxine to Athens, which therefore laid

great stress on the possession of the Chersonese. Once again

Athens gained a success when she sent Phocion to relieve

Byzantium fro^ his attack (339). The Greek cities began

again to lean on her, and her trade increased owing to the

destruction of Olynthus by Philip, and of Sidon by the

Persian king Ochus. The Greeks too began to see that

Philip's allies were being swallowed up one by one. Philip

himself, when returning through the passes of Haemus from

an attack on the Scythian king, who ruled between the

mountains and the Danube, suffered heavily from a surprise

by the Triballi. But a .-ocond Sacred War against the

Locrians of Amphissa, caused by yj'^achines's troublesome

activity, again brought Philip into the heart of Greece.

He fortified flatea in Phocis, and demanded a passage

through Boeotia to attack Athens. On this Demosthenes
won his greatest triumph, when he induced Thebes to

join in the struLgle for freedom and independence ; and,

though the patriots were defeated at Chajronea, 33S B.C.,

yet their blood was not shed in vain ; their example has

told on all future time. Philip used his victory moderately,

for he wished to leave Greece quiet behind him when ho

crossed into Asia to assail the great king. He garrisoned

the citadel of Thebes, and demanded from Athens an

acknowledgment of his leadership in the national war

against Darius ; and a congress at Corinth recognized him
as its chief, and arranged what contingents were to be .sent

from each state. His assassination in 336, at the early age

of forty-seven, hardly delayed the execution of the plan,

for he was succeeded by Alexander, who combined the

qualities of a king of the heroic ages with all that Greek

training could give. Though the Macedonians had a

dialect of their own, yet they had neither language for

communicating with others nor any literature except what

they derived from Greeks, and Philip had taken care to

give his son even a better training than he had received

himself. Alexander was also as prompt and cruel as his

father. He at once rid himself of his cousin and brother-

in-law Amyntas and other kinsmen and possible com-

petitors for the throne, or persons otherwiso dangerous.

Then he dealt some heavy blows against the barbarian.^

east, north, and west, some of whose chiefs he took for

further security with him into Asia. He was just south
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of Lake L>xLnitis, on the western eide of the range of

Scardus or Pindns, when the news reached him that the

exiles had roused Thebes to arms, and were besieging his

garriion in tlie Cadmeia or citadel. Striking through a

cleft in the main range of mountains, thruugU which the

Devol flows, and marching south along the Haliacmon and

over the Cambunian ridge, which joins Pindus to Olympus,

he reached Ea-otia in less than a fortnight, stormed Thebes,

iiold the citizens as slaves, and destroyed the place. The

citadel nlouo remained as a Macedonian fortress, until

Cassander rebuilt the city. Amidst the general terror,

Alexander thought it wisest to follow his father's policy

here also, and be content with his election as captain-

general by the congress of Corinth.

lie left Antipater as regent, and at once crossed the

Hellespont to Sestus in the spring of 334, before the

I'ersian fleet was ready to intercept him, or the main

Pcisian army had been embodied. What information had

he as to tile regions beyond the Taurus and beyond the

Tigris, and still more as to the great table-land of Asia

extending from Persia to the Indus 1 He had the Anabasis

of Xenophon, and perhaps the Persian history of Ctesias,

but he must have relied mainly on information derived

from Greeks who had been in the Persian service, or who
had traded in the interior. But he knew one thing for

certain, that no force in Asia could resist Philip's veteran

army. Philip had formed the local battalions of militia

into the phalanx, arrayed sixteen deep, and armed with

long two-handed pikes (sarissx) ; and this steady body of

pikcmen, with the veterans in the front ranks, had borne

tlown on the open plain of Cha^ronea the resistance of the

Greek hoplites, who were only armed with a much shorter

spear. The phalanx was supported on the flanks by the

light infantry of the guard {hypaspists), by targeteers

(pcUasts) trained after the plan of Iphicrates, by light

lancers, and by a strong body of heavy cavalry, headed by

the king's companions, and fighting with the short thrust-

ing pike. It was the charge of the cav.alry led by Alexander

in person, at th» head of the "agema" or royal squadron,

that decided all his battles. It seems strange, however, to

us to hear that the men had neither saddles nor stirrups,

nor were the horses shod. The fine native army was

largely reinforced by barbarian archers, darters, and

slingers, and by regiments of Greek mercenaries ; and this

systematic combination of different arms and kinds of

troops was supported by field and siege artillery of an

improved type. Later on, when the main Persian army
was broken up, Alexander added to the number of light

troops, and made the regiments smaller and more flexible.

Philip had moulded his country into a military monarchy,

and turned the nobles into a caste of officers. AU its

strength was devoted to the one object of war, and it

became for the time an overmatch for all its neighbours.'

On the other hand, Persia had deprived the subject peoples

of national life and spirit; the retreat of the Ten Thousand

had shown how useless her native levies were, and now her

defence rested almost entirely on a force of Greek troops

under the able Pihodian general Memnon. The Orientals

fought mainly with missiles, and were little suited for

close combat hand to hand. The Persian satraps, however,

had around them some choice horsemen, armed with

missile javelins and with scimitars ; and they insisted,

against Memnon's advice, on fighting at the Granicus, which

flows northward from Ida into the Propontis, but is every-

where fordable. A sharp cavalry action at the passage of

the river (334 B.C.) gave Alexander all Asia Jlinor, and the

completeness of his victory might seem to justify Livy's

saying that ho " did but dare to despise an empty show,"

and the words attributed to his uncle, Alexander of Epirus,

that he himself had found the men's chamber in Italy while

his nephew had found the women's in Asia. The Greeks had

long been conscious of their superiority. " They might,"

said Aristotle, " govern the world, could they but combine

in one political society." Agesilaus of Sparta and Jason

of Phera: had already planned the attack on Persia, and
the liberation of the Asiatic Greeks; and Alexander acted

in the full consciousness that he was extending Geeek rule

and civilization over the East. At the news of the battle

on the Granicus, Sardis surrendered. It was the centre to

which all the routes converged, but Alexander did not (liko

Cyrus the younger) at once push on into the heart of the

empire along the great road that led from Sardis to Susa.

His object was to secure a firm base of operetious, by
occupying the line of coast round the iEgean, and forcing

the Phffiniclan fleet in the Persian service to retire. The
Greek colonization of Asia Minor had prepared the way for

him ; the Greek cities along the western and southern coast

threw open their gates, and Alexander restored their

popular constitutions. He even recognized the Lycian con-

federation. Memnon was only able to organize a resist-

ance at Jliletus and Halicarnassus. But his real plan was

to put troops on board his ships and raise Greece against

the JIacedonian yoke, especially as the Athenian fleet was

still more than a match for that of Alexander. But wheu
Memnon died there was no one left to carry out this able

plan, and Darius threw away his best chance by recalling

the troops. Then Alexander marched up northwards from

Lycia through Pisidia and Phrygia to Gordion on the

Sangarius, whence the main road led east across the Halys

and through Cappadocia to C'ilicia, between the passes of

Mount Taurus and those of Mount Amanus. Here Darius

tried to throw his army across the Greek line of communi-

cation with their supplies, but his host, crowded together

in the narrow ground on the river Pinarus near Issus, was

hopelessly defeated. The modern name of the Gulf of

Issus, " Iskenderun," still preserves the memory of

Alexander. Then Parmenio, Alexander's second in com.

mand, pushed on and took Darius's treasures and stores at

Damascus. Again, however, Alexander deferred his march

inland till he had mastered Phccnicia and Egypt, and so

gained the command of the sea in the eastern basin of the

Mediterranean. Only the brave freemen of two fortified

cities. Tyre and Gaza, held out ; and when the Phoenician

and Cyprian fleet transferred its allegiance to the invader

their only efl'ective weapon was wrested from the hands of

the Persians. The occupation of Cyprus and Egypt had

been one of the boldest conceptions of the age of Pericles

and Cimon, and its success would have secured the

supremacy of Greek commerce. As the Persians had

persecuted the Egyptians for their worship of animals,

Egypt welcomed the deliverer, and recognized him as the

son of Ammon ; while the Greek colonies of Cyrene and

its Pentapolis sent to tender submission. Alexandria was

founded on the seaboard as a new centre of commerce,

from which it was easy to communicate with the Govern-

ment and with all parts of the empire. The protecting

island of Pharos gave the means of forming two good

harbours on a coast elsewhere harbourless; while Lake

JIareotis, communicating by canals with the Nile, enabled

produce to be easily brought down from the interior.

At last the time was come for delivering the final blow

to Persia. Alexander passed the Euphrates at Thapsacus

("the passage"), and then marched north-east through the

hilly country by jS'isibis, to avoid the hot desert of

Mesopotamia. Ho crossed the Tigris unopposed, and

defeated Darius's hosts at Gaugamela. The long struggle

of two hundred years between Greece and Persia was at

an end. The victory converted Alexander into the great

king, and Darius into a fugitive pretender; and Babylon

and Susa submitted. At Babylon Alexander sacrificed
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CO llio native gods, as ho liaJ doiio clscwlicrc, and tbi.s

aduiixturc of the religions of all countries largely influenced

the later phases of heathenism. The priests recognized

the Greek kings, and the later cuneiform inscriptions com-
meniorato Soleucus and Antiochus. When Eucmcrus's

view si)fead, that the gods were only deified men, a fusion

of religions became still easier. The worship of the Sun-

god and of Osiris, the god of the dead (especially under

his Orecized form at Sinopo as Serapis), extended far

and wide. In administering these countries, Alexander

separated the civil, military, and financial functions, and,

where natives were left in office, entrusted taxation and
military command to ilacedonians. The great power of

the satrajis had weakened the central government of Persia,

iiud Alexander adopted a wiser plan, but his generals

restored the old system after his death. The Persian

treasures, dispersed by the conquest, gave a fresh stimulus

to coumierce, especially as Persia was rich in gold, which
was scarce in the West. Alexander had already prepared

the way for a universal currency by coining silver

didraclims and tetradrachms after the Attic standard,

which became current coinage over most of the East ; the

Ptolemies, however, adopted the Phoiuieiaa standard for

Egypt. Up to this point the countries conquered admitted

of being more or less assimilated and Hellenized; but, when
Alexander penetrated through the passes that led up to

Perscpolis in Persia, and thence to Ecbatana In Jledia, and
again north to secure the defiles that led down to the

C':ispian, and so skirting the southern flank of the range of

Elburz to Hecatompylus in Parthia, the centre of the roads

leading to Hyrcania (at the south-cnSt of the Caspian), to

Cactria, and to Ariana, and (hen from Kandahar northwards
to Cabul, and through the mighty range of the Hindu-
Kush to Cactria (Dalkh) south of the Oxus, and Sogdiana

(Bokhara) between that river and the Jaxartes, and at last

as far as the Indus and the Punjab, his route lay through

tribes that still possessed their native Btrength and power

of resistance to foreign influence, though for the moment
overborne by the superiority of the Wcstei'n arms.

Alexander saw the danger, and met it by settling Greek
colonists in now cities which were to serve as military

jiosts, deiiuts of commerce, and centres from which to

llellenize tlio country distiicts ; and many of them are still

important points in. the East, though the desert has spread,

and robber hordes have stopped ,somo of the old caravan

routes. Such places are ilerv, Herat, Kandahar, Cabul,

Samarkand, Khojend. Bactria and Sogdiana were to servo

as a frontier against the wild hordes of the north, and thus

Alexander's measures determined the fortune of Transoxiana

fur centuries. Some native rulers also were left to form a

sort of barrier in front of the empire to the north and east.

Alexander laid the main stress on securing the great rivers,

the Euphrates and the Tigris, the Oxus and Jaxrirtes, the

Indus and Hydaspes. In Greece itself the Macedonian

kings upheld tyrants or oligarchies, but here freer

municipal constitutions were allowed to attract colonists.

Alexander further planned to fuse the noble Persian race

with the Greeks by intermarriage, and by giving the

Persians equal rights in the army and the administration.

Common service in these was the be.'^t means for Helleniz-

ing the natives. This was a more generous plan than

'Aristotle's advice as to the way of ruling barbarians wouhl

liave loil to ; but Alexander saw that the Eastern peoples

were not barbarians like the lUyrians. The culture of

Egypt reached far back ; the astronomy and art of Cabylou

could not bo despised ; the religions of Persia and India

afforded matter of interest to Greek inquiry. These lands

of ancient civilization might teach as well as learn some-

thing from Greece. The Eastern nations responded to the

touch, and Persian legend to this day prn.scrveji the name

of Iskander among tho names of their national heroes.
Alexander's conquests were to bo justified by tho rcFult,
by the union of East and West, and the ditl'usiou of
Western civilization over Asia. Even India should Icel

something of iho now inilucnce. Alexander would liavo
made the nations into one. An old writer says, '• The
elements of the nations' lives were mixed together as in a
love cup, and the nations drank of the same cup, and forgot
their old enmity and their own weakness" (Plut., De Fori.
Alex., i. C). There is, it is true, a reverse to tho picture.

The oppressive conduct of many of the JIaccdonians thus
suddenly put into power was an evil omen of what might
happen if their chief was removed ; and, if the East wa*
becoming Hellenized, yet Alexander became in turn
Orientalized. Could he remain a Western king. and also
an Oriental despot 2 a Greek and a Persian? It might bo
good policy, but Philip's old generals could not help show-
ing their disgust, and Clitus and others paid for it with
their lives. The Greek states also felt tlie dillcrcnce.

Just before his death Alexander required them to worship
him as a god, and, without any regard jo tho rules agreed
on at the congress of Corinth, forbade the federal meetings
of the Achicans and Arcadians, and issued a decree restoring

all exiles to tho various states. Greece became practically

a province of the Eastern empire, aud the patriots who
had maintained the fight for freedom were more than
justified by tho ruin that came on Greece through
Alexander's successors. Even if he himself had not been
spoilt by success and absolute power, yet he was but a
lucky accident. And, though the Ilellenizing inliueucu

spread over much of the East in a way to which. there has
been but one parallel, the mixture of German and Roiuan
elements when tho barbarians invaded tlio empire, yet

Alexander's conquests, while they Hellenized Asia, tonued
to Asiatizo Hellas ; they put au end to the genuine
Hellenic spirit, to its productive genius and consummate
literary and arlistic excellence, as well as to its political

freedom. Tho New Comedy shows how national life and
public interests had died out ; with all its fine psychological

analysis it does but dwell on tho characters and situations

of daily life ami purely domestic feelings. Cut the braggart

soldier is now a common character in the play, aud slavery

plays a greater part than ever. Last of all, Alexander

marched along tho Cabul river, and through the pass of

Jellalabad to the passage of the ludns by Attock ; but

when he reached the Hyphasis (Sutlej) tho weary tro' (it

refused to cross it aud press on to tho Ganges. He tl.tii

sent Ncarchus down tho Indus, to sail round to the mou'.li

of the Euphrates, and explore a route for traffic across the

Indian Ocean. Nearchus profited by the monsoons, which

thus became known to the Greek sailors. The king himself

went dowu the river to see the great southern ocean w ith

its strange tides, and he planned that an Alcxiuidria on

the Indus should communicate with the Alexandria of tho

Nile valley by an intermediate harbour on the Euphrates.

He further planned the circumnavigation of Arabia, if not

of Africa also, and a voyage to the north of the Caspian.

At the same time Pytheas of Marseilles was exploring the

British aud Baltic seas. This enlarged and systematic

exploration of tho earth, combined with increased means

of communication among its inhabitants, was beneficial to

civilization, if wo may define growth in civilization a.s

growth in the amount of services rendered to each other

in civil society. The record kept by Alexaniler'a quarter-

masters {banaO'sta') of tho length of his marches gave

succeeding geographers important information; and it was

more useful to Eratosthenes than tho vague dcscrijitioi,.

in the historians, who were striving after literary clfect,

and some of whose accounts were very legondaiy, fui

le"ends soon clustered round tho uauio of tho great cuu-
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qTieror. Alexander seems also to have had a description

(anagraphe) of the empire drawn out. After his return

throagh the desert of Baluchistan, along the Indian

Ocean, he devoted himself to consolidating the internal

administration and checking the oppression exercised by

his officers ; but he was planning new conquests in the

West, from all parts of which he had received ambassadors,

when he died of marsh fever at Babylon (323 B.C.), at the

early age of thirty-two.

All attempts to keep his empire together inevitably

failed, but his work was done, since, whether for good or

evil, the Helleuizing of the East determined the whole

course of history. The army resolved that his child (not

yet born) by his Bactrian wife Roxane, and his imbecile

half-brother, Philip Aridaeus, should bear rule jointly. First

Perdiccas was named regent, but the generals began to

combine against him, and he perished in trying to reduce

to obedience Ptolemy, the satrap of Egypt, the man who
saw most clearly and earliest the tendency of events.

Then Antipater, who had with difficulty defeated the

gallant attempt of the Greeks under the leadership of

Athens to regain their freedom in the Lamian War, was

made regent. On his deathbed he transferred the office to

Polysperchon, who soon proved unequal to his task, and

even gave up phoeiou, the leader of the Macedonian party

at Athens, to death. Antigonus, the commander-in-chief

in Asia, destroyed Eumeues, who was faithful to the royal

house but was a Greek from Cardia and not a JMacedonian.

He then tried to reunite the sati-apies ; but Ptolemy of

Egypt, Lysimachus of Thrace, and Seleucus of Babylon

combined with Cassander of Macedon against him, and he

fell (301 B.C.) at the battle of Ipsus in Phrygia. This

decided the final break up of the empire. Several native

princes retained their dominions and formed a kind of

neutral zone between the new kingdoms, and the GetM on
the Danube maintained themselves against Lysimachus.

The customary feuds in the royal house, and its intrigues

with the generals, soon led it to destruction. Koxane, the

mother of the child Alexander, began by murdering

Alexander's other wife Statira, the daughter of Darius.

iUexander's Epirote mother Olympias killed Philip

Aridfeus and his wife Eurydice, and Cassander killed

Olympias herself, and afterwards Roxane with her son.

There were similar feuds and murders in the houses of all

Alexander's successors, except the early Antigonids. Their

marriages, like those of Philip and Alexander, were of a

very Oriental character ; and " in these families," says

Plutarch, " murders of sons, mothers, and wives were

frequent, murders of brothers were even common as a

necessary precaution for safety." The generals assumed
the title of king after Demetrius's defeat of Ptolemy off

Cyprus (307 B.C.), and their example was followed by
Agathocles at Syracuse, and Dionysius at Heraclea on the

Euxine. Demetrius, after his father's death at Ipsus, fled

to Greece, and occupied much of the country. His viceroy

in Bceotia was the historian Hieronymus of Cardia, the

friend and fellow-citizen of Eumenes. Demetrius for a

time erpn gained Macedonia, but his Oriental rule disgusted

the people, and he had to fly to Seleucus, who married
his daughter Stratonice. Seleucus detained him under
honourable guard till his death, perhaps with some idea of

using his help if the balance of power should again bo

threatened. When an empire breaks up, old geographical

relations make themselves felt, the great masses and
divisions of the land exert their influence and affinities of

race begin to show their old power, the natural boundaries

of mountain and river tend to reappear ; and so it proved
now. After Cassander's death, and the defeat of Lysimachus
by Seleucus, Seleucus reorganized Asia by breaking up the

twelve large satrapies into more than seventy districts of a

more manageable size. He then crossed to Europe to re-

unite Macedonia to Asia, but was murdered by Ptolemy
Ceraunus, eldest son of Ptolemy of Egypt—who had chosen

his second son Philadelphus as his heir instead of the wild

Ceraunus. Seleucus's death ended the generation of

Alexander's generals. A new state of things followed.

Ceraunus fell in battle against the invading Gauls, whose
migrations gave a final blow to the old system. Part of

the Gauls passed on into Greece, where the free states

destroyed them, while others crossed into Asia and
occupied the country named from them Galatia, 276 B.C.

Lastly, after Pyrrhus of Epirus, whose sister Deidamia
married Demetrius, had more than once nearly gained

possession of Macedonia, Antigonus Gonatas, the son of

Demetrius, finally secured the succession, and restored the

wasted realm to the position of one of the great kingdoms
by the side of Egypt and Syria. The last struggle of

Athens against him in the war of Chremonides (a pupil of

Zeno of Citium) proved fruitless. He also regained the

Macedonian frontier on the side of Epirus as it had been

in Philip's time, and the Aous became the boundary

towards the Dardanians on the north-west. Of the

kingdom thus restored his family retained possession till

Perseus w.as overthrown by the Romans at the battle of

Pydna(lGS B.C.), but the later kings wasted their strength

in useless wars instead of doing what might have been

done, conquering and Hellenizing the country up to the

Dajiube. The Epirote kings Alexander and Pyrrhus had

striven to found a new military empire in Italy, but iu

vain. The Apennines can be seen from the coast of

Epirus, and these kings were always stretching eager

hands over the sea to the new lands in the West, but their

power proved unequal to the task, and Pyrrhus's position

in history is mainly important because his expedition

brought Greece and Italy into close connexion. His

geniality of character impressed his contemporaries, and

has left its impress on Roman and Greek legend.

In Asia Seleucus had in vain tried to preserve the most

easterly provinces, for the Eastern nature had at once begun

to react against the Macedonian conquest, and the Seleucid

kingdom had no true centre or natural limits. Sandra-

cottus. a native chief, founded a great kingdom iu India

with Indian and '' Javanic"(Ionian, i.e., Greek) support; and

.Seleucus, after one campaign, gave up the eastern districts

as far as the ParopamisadcB west of Cabul. Sandracottus

was perhaps supported by the Brahmans whom Alexander

liad opposed, but the Punjab has witnessed more than one

revolt against the system of caste, which had its stronghold

in the valley of the Ganges ; and Buddhism soon became

predominant in the new kingdom. The edicts of Asoka,

the second successor of Sandracottus, which made Buddhism

the state religion (though Brahmanism was tolerated),

mention Antiochus Ptolemy and Antigonus (see India, vol.

xii. p. 787, for a full account); and Buddhist missiouaries

began to spread the faith westwards as w-ell as to the south,

and some knowledge of the cycle of Eastern story and fable

was communicated to the Greeks. But we have not the

materials for estimating the influence exercised in Asia by

the Greeks on the new kingdom. Similarly a Grasco-

Bactrian kingdom, which was made independent by

Theodotus or Diodotus about 256 B.C., lasted for two

centuries. Many of its coins have been found with

legends at fir?t purely Greek, but becoming gradually

barbarized. Some of the early ones resemble the gold

coins of Antiochus IT. of Syria, who ruled just before

Diodotus made the new state independent. After the first

five kings, however, the legends are in Prakrit as wed a.s

in Greek. The caravan routes were long kept open, and

in tliLs way tr.ade with China was maintained, and silk and

other Chinese commodities reached Eurooe. Farther west
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native Persian cliiofa became practically iudependeut, such

as Atropatos in the Median district, called from him

Atropatene, and elsewhere ; for the clan system was suited

to those districts, and they preserved the system of Zoroaster

till Artaxerxes (Ardshir) restored the Persian monarchy,

22G A.D. (see Peksia). But even here Greek iulluenco

lasted on ; nor when Arsaces, about 250 B.C., had set up the

kingdom of Parthia and made Hocatompylus his capital,

did that influence die out in Parthia. Even the new cities

founded by the Parthian kings, such as Dara, were on the

Greek model, and largely inhabited by Greeks ; and some

of the chief cities retained Greek municipal constitutions,

such as Ctesiphon, which took the place of Seleucia on the

Tigris as Seleucia had taken the place of the old capital

Babylon

—

" Of later fame.

Built by Emathian or by Parthian bands,

Th6 great Seleucia, Nisibis, and there

Artaxata, Teredon, Ctesiplion."

So again in Asia Minor native chiefs began to rule in

Armenia, Bithynia, Cappadoeia, Paphlagonia, and Pontus

;

and some of them, such as the Cappadocian princes of the

Mithridatic family, who afterwards ruled at Amasia,

claimed descent from the royal Ach;emenid house of Persia,

or from leading Persian houses. They, as well as the

princes of Pontus, intermarried with the house of Seloucus,

to which their help was important. Bithynia and Pontus

had an era of independence, from which they reckoned

their dates just as the Syrian kings did from the return of

Selencus to Babylon. The independence of Judaea under

the Maccabees was established at a later time (see Israel).

All these were subject to the Hellenizing influence of the

Greek towns; and the Greek language spread everywhere,

even among the Galalians, as we see by the inscriptions.

Nicomedes of Bithynia founded Nicomedea in 2G4 B.C., as

a Greek town ; it soon rivalled Nicaia in importance, and
we owe to it Arrian, the historian of Alexander. The
barbaric princes often took wives, ministers, oflicers, en-

gineers, literati, artists, actors, and intermediate agents of

all kinds from some neighbouring Greek city, a custom
which had begun before the time of Alexander, as- we see

in the case of Mausolus of Caria. In Pergamou, about 238
B.c.,Philetaerus, by the help of the royal treasure, made him-

self independent, and under Eumenes and Attains the little

state showed much political skill in trimming the balance of

power between the neighbouring dynasties. Attalus took

the title of king after a victory over the Galatians on
the Caicus, and this victory was commemorated by the

Gigantomachia around the famous altar lately discovered

at Pergamon (see Conze, Beschreibanc/ der Peygameiiischen

Bildwerke ; Overbeck, GeschiclUe der Griechischeu PUistik,

3d ed.). He also sent commemorative statues to Athens

;

one of which, long celebrated as the Dying Gladiator,

is now seen to be the portraiture of a dying Gaulish

chief. Greek art, transplanted from Athens aiid the

Pelpponnese to Pergamon and Rhodes, though it had ac-

quired a somewhat florid tinge, was yet not unworthy of

its descent from the schools of Phidias and Lysippus, and
owing to the close alliance of these two cities with Fiome,

as against Macedon and Syria, this revived Greek art found
its way to Italy. Pergamon also became a centre of Greek
learning only second to Alexandria ; and, when Ptolemy
cut off the supply of papyrus from Egypt, Crates of Mallus
in Cilicia (whose name was only second to that of

Aristarchus) is said to have revived the old Asiatic use of

" parchment"—a name which itself preserves the memory
of Pergamon. Papyrus, it is true, remained the usual

material for books till about the 4th century, when the

Christian Church finally adopted the new material due to

the invention of Crates (see Birt, Das anlike Buchwesm).

All along the coast also a number of Greek cities acquiriui

practical independence owing to the division of power
among the princes, Greek as well as native, who were
further kept in check by the invading Gauls. Such were
the cities of Byzantium, Cyzicus, Heraclea, Sinope, and
Olbia on the north-west of the Black Sea, and Panticapsum
or Bosporus between that sea and the Pains Maiotis. The
true Greek spirit survived above all in Rhodes, as it did

also at Massalia in the West. All the more did the Syrian
kings strive to maintain their power by founding cities

under their own rule, which were made attractive to new
colonists by something of municipal independence, with
the right to bear arms, to coin money, and to manage their

own judicial aS'airs. Each city had its demus, senate,

archons, and generals. There were four of these great cities

in Syria itself :—two inland, Antioch on the Orontes, the

greatest commercial entrepot in the East, and Apamea,
the military centre of the kingdom ; two on the coast,

Seleucia, with its rock fortress to serve as a refuge in time

of trouble, and farther south Laodicea on the sea, among
its rich vineyards. They were all named after the royal

family. Other towns were named from places in Greece

or Macedonia, such as Achaia, Amphipolis, ApoUonia,

Arethusa, Astacus, Berooa, Callipolis, Chalcis, Edessa,

Heraja, Larissa, Maronea, Oropus, Pella, Perinthus, Tegea
;

for the oppressed Greeks of Greece itself and of Magna
Grfecia here found an outlet for their energy. Some
military colonies were planted on the west and south of

Galatia, to keep the Gauls in check, and guard the roads

leading from Phrygia, the centre of the commerce of Asia

Minor, to the towns on the coast ; such were Antioch in

Pisidia, Apamea Cibotus, Synuada, and Thyatira. Even
Palestine, notwithstanding the temporary success of the

Maccabees, was iull of Greek towns like the later C^sarea,

and the manufacturing population used the Greek language.

We have some traces of the state of things in the Economics,

a work of this period, though falsely attributed to Aristotle
;

and the later political literature shows that men had a

clear idea of the aims and means of the politics of the day,

and that diplomacy and international law had considerably

developed. Thus a large influx of new Hellenic blood was

poured into the lands on this side of the Tigris, into Asia

Minor, Mesopotamia, and Syria ; during the century after

Alexander's death nearly two hu.-'dred cities were founded,

and the Greek race became predominant in western Asia,

though of course it was dilTerentiated by the various peoples

which it undertook to assimilate, and by which it cuuld

not but be influenced in turn, especially as the princes

found it necessary to conciliate them. The historians of

the time are mostly lost ; but many inscriptions survive

which show what a blending of populations took place.

One gives lis a rescript of Antigonus on incorporating the

]ieople of Lebedus with the Teians. Another shows that

Magnesia became absorbed in Smyrna, now restored after

it had long lain waste. Others tell us that places like

Erythrje and lasus recovered something like independence

owing to the needs of the Syrian kings. Amidst the feuds

of the great powers the loaiian states recovered their

freedom, and were able to form a kind of federal union.

Similarly we hear of the comm'::nity (xoivdv) of Bithynia,

of Asia, and the like. A new life of a somewhat difTerent

kind from the old Greek life in politics, religion, and science

dates from the revolution effected by Alexander's conquests,

though in the lower strata of the country population old

beliefs still had some hold, as. is evident by what Pausanias

found existing even in his day in Greece itself. But old

distinctions tended to vanish away, only that between poor

and rich acquired still greater force, material interests

became predominant. We see also that in the mnnu-

lacturing towns the workmen had formed beaefit societies,
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and secret or public associations ol various kinds. And it

pas in these commercial centres, with their somewhat
posmopolite ciaracter, free from old prejudices and ideas,

that Christianity found an early home. Greek freedom

made a great impression in the East. The Greeks had no
system of castes, no close priesthood, no sacred books like

those of India to limit their development ; their views may
almost be called cosmopolitan, and the distinction between
"Greek "and "barbarian" already tended to disappear, as

Alexander perhaps had wished. Attic speech became the
basis of the new written language, and, with Attic customs,

prevailed at the courts of Alexandria and Babylon, of

Bactra and Pergamon. Attic plays were acted at Ctesiphon
down to Roman times ; and the later rhetoricians and
sophists imitated the masters of Attic oratory. The Greek
view as to Philip and Alexander was thus enabled to

hold its own against the prevailing Macedonian tone on
these matters, especially when Macedonia lost its leading

position, for that country produced only soldiers—with the

.exception of Marsyas of Pella, and of King Ptolemy, who
wrote with true military brevity an account of Alexander's

pampaigns, which Arrian wisely preferred to the more
romantic account of Clitarchus. But, though the towns
became Hellenized, yet the Hellenistic populations did not
possess the highest qualities of the Greek mind, as the

eurrounding elements and the climate naturally wrought
some alteration. Polybius looked with surprise at the

Greeks settled in Alexandria, The living forces of Greece
•—its productive genius, self-organizing power, and active

spirit of politi<^l life—were weakened and gradually lost

their energy. The Attic language became the Hellenistic,

Attic eloquence received a florid Asiatic tinge (though
/Eschines himself taught at Rhodes), but true eloquence
can only flourish, as Tacitus points out, in a free state.

Literature and art lost their connexion with a true national •

life. Architecture took another character, and the plastic

art of Pergamon, though derived from Athens, and that of

Rhodes, though derived from the Sicyonian school, through
Chares of Lindus (who modelled the Sun-god, known as

the " Colossus "), had lost the self-restraint and dignity of

the highest Greek art. But the suppression of political

freedom turned the force of the Greek mind all the more
strongly into other channels, and science and criticism, and
speculation and literary history, made a great advance.

Considerable schools were opened at Tarsus and other
centres of commerce. As the free state lost its power over
the mind, men had recourse to philosophy, and regained in

mental fortitude and independence the outward freedom
they had lost. Then this feeling reacted on politics, and a
generation of patriots like Philopoemen arose, worthy to

represent Greece in these her last days. The new teaching
of freedom came forth, as was right, from Athens ; it was
the followers of Arcesilaus, the founder -of the new
Academy, who freed Megalopolis from its tyrant. The
later developments of philosophy were mainly due to Zeno
of Citium in Cyprus, and to Epicurus, who finally taught
at Mytilene and Lampsacus; but Athens wasstiU the chief

home of their teaching. The writings of the great
philosophers of this age, however, are mostly lost to us,

as well as those of the historians, and after Aristotle there
is a strange gap in the tradition up to the Christian era.

The Greeks now wished to know the early history of the
East, and the Eastern peoples wished to make their history
known to the great literary nation. Hence Berosus wrote
the history of Babylon for Antiochus 11., from the archives
in the temple of Belus, Jilanetho that of Egypt for Ptolemy
Philadelphus, Menander of Tyre that of Phccnicia, and
Jewish writers the history of their race and religious
views, which are finally summed up for us by Philo and
toephus. The sacred books of Egypt, Palestine, and

Persia were to be found in the Alexandrian library, ana
the religious syncretism that resulted from the mixture of

races prepared the way for monotheism and for Christianity.

The astrology, however, and divination of the East in turn
made their way among the Greeks, and led to curious

superstitions, and a whole literature of Sibylline books
and similar forgsries sprang up. Christianity itself spread
chiefly in the Hellenized towns ; the country districts were
njuch longer in feeling the new influence.

It was in Egypt, however, that Hellenism was perhaps
most highly developed. The Ptolemies gained Gyrene and
Cyprus, and struggled hard with the Syrian kings for the
possession of Phoenicia ; Palestine was as of old the battle-

field for the king of the north and the king of the south.

The Ptolemies even held Seleucia at the mouth of the
Orootes for some time. The history of these times is lost

in its detail ; the only thing certain is the spread of the

Hellenistic spirit 'in the East. Many Jews were trans-

plauted to Alexandria and Cyrene, occupied large quarters

of those cities, and had full civil rights. The Ptolemies

also pushed south into Ethiopia, and the African elephants

which they trained for war enabled them to oppose the

Syrian army with its Indian elephants. A Greek inscrip-

tion at Adulis, though of later origin, commemorates the

conquests of the third king of this line. These kings also

secured the route down the Red Sea, reopened the old canal

of Necho leading from the Nile into that sea, founded
Arsinoe a'nd. other important towns, and made discoveries

on the route to India. The new information thus gained

was recorded in the geographical works of Agalharcides of

Cnidus and Artemidorus of Ephesus. The old trade of

Egypt had chiefly consisted in the export of corn ; now the

wares of Arabia, South Africa, and India came through
Egypt to Europe, and ships of Alexandria became frequent

visitors to the western waters. Even in Asia Minor-Egypt
wbn influence as Syria lost it, and a court poet (perhaps

Theocritus) was justified in praising the Egyptian king who
was master of the sea. The carrying trade had fallen

largely into the hands of Egypt from the time when the

war between Seleucus and Antigonus stopped the trade of

the caravans by land, and the import and export duties

formed a large part of the Egyptian revenues. After the

return of Pyrrhus from Italy, Philadelphus even made a
treaty with Rome. The Sicilian Greeks might be rivals in

trade, but the Italians were good customers, and produced
the excellent wool which was invaluable for the Egyptian
manufactures, as the cultivation of cotton in Egypt had
but begun. Puteoli, the first really good port to the south

of Rome, was the chief centre of the trade even at this

early time. The Egyptian trade was concentrated in

Alexandria, which thus became one of the greatest cities

on the earth. Science flourished there, and men like

Archimedes came thither to study. Much of what was done
was done for ever. No mathematician has to redemonstrate

the problems of Euclid. Geography was founded by
Eratosthenes of Cyrene on a mathematical and astronomical

basis ; he first calculated the magnitude of the earth by
measuring an arc of the meridian, the process employed at

the present day. Modern astronomy too is the natural

development of the work of Hipparchus and Ptolemy.

Erasistratus and Herophilus investigated the structure and
functions of the valves of the heart, and the nerves of

sensation and motion, and a close connexion was thus

formed between anatomy and medicine. The Museum, a

sort of college, numbered Eratosthenes, Callimachui-

Aristophanes, and Aristarchus among its members. The^
fixed the text of the classical writers on critical principles;

and grammar assumed the form itkept for centuries. Poetry

itself had a kind of second summer with Callimachas and
ApoUonius Rhodius, and, under Sicilian influences, with
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Tlicociitus, Bion, end Moscliua All tbo knowledge .of the

past was treasured up for transmission to a future age.

There was no more unity among the Macedonian
monarchies than there had been among the frco cities of

Greece, and the kings were even less able to combine
against Rome than the republics against Philip. When
Philip V. tried to keep the Romans out of Greece, ho met
with no support from Antiochus the Great, and was defeated

by Flaminiuus at CynosccphaUe, 197 B.C. Antiochus in

turn had no help from Philip when Scipio crossed into Asia

and defeated the Syrian army at Magnesia, 190 B.C. Last

cf all, Perseus was overthrown at Pydna (108 E.C.), while

Antiochus Epiphanes was trying to plunder Egypt ; and
Macedonia was divided into four districts, like those out

of which the kingdom had been originally formed

—

Amphipolis, Thessalonica, Pella, Pelagonia. The Romans
in many respects carried on the work of spreading Greek
culture. Thoy gave the Greek cities of Asia a freer scope

for their action on the country ; they united the whole

Greek race, east and west, under one rule, and opened out

the world to their enterprise. We meet with many great

names in this later age, such as Posidonius at Rhodes,

Galen at Pergamon, Strabo at Amasia. Epictetus was a
Greek slave from Phrygia. Cappadocia became so

thoroughly Greek that the church itself owed to it such

men as Basil and Gregory. The Greek influence even

spread to Palmyra in the deicrt, and its ruin in the third

century marks the first great check sustained by Hellenism.

But under the rule of Rome it may almost be said that the

primitive unity of the Grsco-Italian race was restored, and
the work of the Macedonian conqueror completed in westei-n

Asia.

This article is mainly based on Grote's Greece^ and Droysen's
HdleiiUmus, 2d ed., 1877. For more detailed accounts and for

the personal history see Alexander, Antigonus, Antiochus,
Antipater, &c. The original authorities are collected in Didot's
Ilislorici Grscci, and his Arrianus, 1877. (C. W. BO.)

MACEDONIUS, a deacon, was raised to the patriarchate

of Constantinople as successor of Eusebins of Nicomedia
by the Arian bishops in 341 a.d., while the orthodox party

elected Paul, whom Eusebins had superseded. The
partisans of the two rivals involved the city in a tumultuous
broil, mnrdered Hermogenes, the general whom Constantius

II., during his own absence, had empowered to preserve

order, and were not quelled until the emperor himself

returned to the city and banished Paul. Macedonius was
recognized las patriarch in 342. In that year Paul agdin

returned, and was again banished, and Macedonius, amid
much tumult and bloodshed, was forcibly installed in his

see by the imperial troops. Compelled by the intervention

of Constans in 348 to confine his authority again to one
.church, and to resign the patriarchate in favour of his

former opponent, he was reinstalled in 350. He then took

vengeance on his opponents by a general persecutiou of the

adherents of the Nicene creed. In 35.6 he occasioned a

disastrous and bloody tumult in Constantinople by causing

the ashes of Constantino the Great to be removed from the

dilapidated church of the Apostles to that of St Acacius.

In 359, on the division of the Arian party into Acacians (or

pure Arians) and semi-Arians, Macedonius adhered to the

latter, and in consequence was expelled from his see by the

council of Constantinople in 360. He now became avowed
leader of the sect of Pnenmatomachi, Macedonians, or

Marathonians, whoso distinctive tenet was that the Holy
Spirit is but a divine influence pervading the universe and
not a person distinct from the Father and the Son. He did

not long survive his deposition.

MACEIO, or Macayo, a city of Brazil, the chief town of

the province of Aiagoas, and one of the ports open to foreign

trade, is situated about 150 miles south of Pernambuco,
in 9° 39' S. la'., on an eminence about a mile from the shore,

J5—
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in the midst of luxuriant vcgotation. It posse<<ses a fine

cathedral and an elegant Iiouso of assembly, as well as a

cotton inspection ofiice and a custom-house. As its harbouc
at .Jagudra on the coast is but slightly protected by reefs

and a small peninsula, and the water deepens slowly from
the sandy beach, vessels cannot approach the piers (of

which there are several), and have to be discharged and
loaded by lighters. Trade, however, is on the increase,

and will develop largely on the completion of the railway

to the interior. In 1880 44 British and 35 foreign vessels

entered, with a burden respectively of 17,024 and 10,482
tons ; and cotton and sugar were exported to the amount
of 4181 and 27,810 tons. In 1839 the town became the

provincial capital instead of Aiagoas. The population is

about 20,000.

JIACERATA, a city of Italy, the chief town of a pro-

vince, a bishop's see, and the seat of a court of appeal, lies

22 miles south of Ancona, and 17 r'les by road west of

Civita Nova, the nearest station on the Ea-st Coast Railway;

Crowning the top qf a hill about 1300 feet in height with

a picturesque mass of buildings enclosed by walls and
towers, Macerata looks out over the Adriatic and the

valleys of the Potenza and the Chienti. The cathedral is

a modern structure of but little interest; but some of the

churches, and especially some of the palaces,—Palazzo dei

Torri, Palazzo Bonaccorsi, (tc,—are fine pieces of architec-

ture; and at a short distance from the town stands the

beautiful S. Maria delle Vergini, designed by Galasso da

Carpi, but often attributed to. Bramante. , Besides the

university, Macerata contains a communal library founded

by Leo XII., and, in the municipal buildings, a collection

of antiquities from Helvia Ricina. Its infant schools were

the first established in the papal states. Glass and pottery

are among the manufactures, and three fairs are held

yearly. The population of the commune has increased

from 19,283 in 1801 to 20,219 in 1881 ; that of the town

was 10,065 at the former date.

Macerata, as well as Eecanati, was founded by the inhabitants of

Ricina after the destruction of their city by Alario in 408. During
the Lombard period it was a flourishing town ; but it was from com-

parative insignificance that it was raised by Nicholas IV. to be tin

Beat of the governors of the March. By the viceroy of Frederick

II. it was enclosed in the 13th century by a new line of walU
Vtioro than 2J miles ia circuit ; and in the troubles of the next two

hundred years it had frequent occasion to learn their value. Foi

the most part it remained faitliful to the popes, and in return i!

was rewarded by a multitude of privileges. Though in 1797 thi

inbabitauts opened their gates to the French, two years aftenvards,

when the country people took refuge within the walls, the city wai

taken by storm and delivered to pillage. The bishopric of Macer-

ata dates from tho suppression of the see of Eecanati (1320).

Crescimbeiii, tho poet of the 13th centurj-, his namesake the fotmdei

of the Arcadian Academy at Eome, and Jllattco Ilicci, the Chinese

missionary and scholar, were natives of the city.

MACGILLIVRAY, William (1796-1852), a writer o»

several branches of natural science, but best known as an

ornithologist, was born in 1796. He studied as an arts

student in King's College, Aberdeen, graduating M.A. in

1815, and also studied medicine, but did not complete the

latter course. In 1823 be became assistant to the professor

of natural history in Edinburgh University ; and in 1831 he

was appointed curator of the museum of the Royal College

of Surgeons in Edinburgh. In 1841 he became professoi

of natural history and lecturer on botany in Marischal

College, Aberdeen. He died in 1852. He possessed a

wide and comprehensive knowledge of natural science in its

various departments, gained no less from personal observa-

tions in the course of frequent excursions through differen I

parts of Scotland than from a study of the collection;

under his charge in Edinburgh and of books. His industry

and extensive knowledge are amply shown in his published

wor.ks. He contributed numerous articles on the zoology

botany, and geology of Scotland to the scientific ioumals
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Iq Edinburgh, to the Magazine of Botany and Zoology, and

to the Transactions of the British Association. He also

assisted Audubon in his classical works on the Birds of

America ; and he edited Withering's British Botany.

His larger works arSTaunierous, and include biographies

(of Humboldt, and of zoologists from Aristotle to Linn^us),

Text-books of Bota7iyi of Geology, and of Conchology, a

History of British Quadrupeds, a History of the Mollusca

ofAberdeen, Banff, and Kincardine, a Manual of British

Ornithology, and a History of British Birds, in 5 vols.,

1837-52. The last work holds a high rank from the

excellent descriptions of the structure, habits, and haunts

of birds, and from the use in classification of characters

afforded by their internal organs. In 1850 he spent some

time in the Highlands of Aberdeenshire. The results are

embodied in the Kalural History of Deeside, published

after his death by command of the queen.

He made considerable collections, alike for the instruc-

tion of his students and to illustrate the zoology, botany,

and geology of the parts of Scotland examined by him,

especially around Aberdeen. His success in enlisting the

interest and co-operation of his students is shown by the

assistance acknowledged by him in his work on the

mollusca of that district. His devotion to his favourite

sciences made him apt to be careless of risk to health, and

seems to have led to the illness that proved fatal. Though

his reputation rests chiefly on his works on birds and on

mollusca, his other writings are also of intexest and value.

In some respects he was. in advance of most of his con-

temporaries, e.g., in the opinions in regard to species

published in his Text-book of Botany (pp. 210, 2]n in

1840.

Hit' ••opHtation migiit hive been greater as a specialist had he

restricted his investigations within narrower limits, but this he

was prevented from doing as much by the wide range of subjects

that he had to teach as by his natural inclination. He had to

encounter great difBoulties in ascertaining what had been already

accomplished by naturalists elsewhere from the want of a good lib-

rary and of named collections for reference. To this fact may be

traced a tendency to regard as undescribed and to name whatever

animals he was unable to identify from books within his reach, as

well as occasional apparent neglect of work done by others and some

peculiar views on nomenclature and classification.

Throughout his life pecuniary difficulties, in part arising from

the publication of his books, pressed on him ; and to this it was

probably due, at least in part, that, despite an amiable nature, he

at times expressed himself in controversy in a way that made him

keen opponents. His books show that from all troubles he found

relief in tracing the proofs of wisdom and of goodness in nature.

Throughout his w.as a laborious life, and just before his death he

completed his Bistort/ of British Birds, an enduring and worthy

memorial of an earnest and true-hearted naturalist.

1 Wis family inherited a taste for similar pursuits. One son, John,

contributeil several articles to magazines on the natural history of

Scotland, and published an account of the voyage round the world

of II.M.S. "Rattlesnake," on board which he was naturalist.

Another son, Paul, published an Aberdeen. Flora iu 1853.

IiIACHIAVELLI, Niccol6 (1469-1527), was born at

Florence on the 3d of May 1469. His ancestry claimed

blood relationship with the lords of Montespertoli, a fief

situated between'Val di Pesa and Val d'Elsa, at no great

distance from the city. In 1393 the castle of Montespertoli

became the property of Niccol6's great-grandfather. At

this datiS the Machiavelli, like other nobles of the Florentine

conlado, had been absorbed into the body of the burghers,

and had begun to seek distinction as officers of the republic.

They counted numerous priors and gonfaloniers of justice

iu the generations which preceded the illustrious secretary.

Niccolos father, Bernardo, who was born in 142S, followed

the profession of a jurist. He held landed property,

chiefly near the village of San Casciano, which was worth,

according to a recent calculation, .son.ciiiiag like £250 a

year of our money. His son, thou;:;li not wealthy, 'was

aever wholly dependent upon official income.

Of Niccolo's early ysars and ediicati32 Httle is known.
He is said to have studied under the grammarian Marcello
Virgilio Adriani ; and hia works show wide reading in tha
Latin and Italian classics. But it is almost certain that
he had not mastered the Greek language. In that age of
humanistic erudition, it is noticeable that the three most
eminent writers of the Hena.issance—Machiavelli, Ariosto,

and Guicciardini—owed their training to the literature of

their own nation. To the defects of Machiavelli's educa-
tion, as it appeared to/men of Giovio's stamp, "we may, in

part at least, ascribe Iho peculiar vigour of his style

and his speculative originality. He is free from the
scholastic trifling and learned frivolity which tainted the
rhetorical culture of his centtkry. He made the world of

men and things his study, learned to write his mother-
tongue with idiomatic conciseness, and nourished his

imagination on the masterpieces of the Eomans. Machia-
velli shared the enthusiasm of his race and period for

antiquity; but the antiquity he worshipped was confined

to the commonwealth of Rome. Not the arts, the letters,

and the philosophy of the Greeks, but the Latin histories

in which the statecraft and organization of the Romans
are described, arrested his attention. His habit of thought

is marked throughout by a strong Latin bias.

The year 1494, the year of Charles VIII. 's invasion and
of the Medici's expulsion from Florence, saw Machiavelli's

first entrance into public life. He was appointed clerk in

the second chancery of the commune under his old master

Marcello Virgilio Adriani. Early in 1498 Adriani became
chancellor of the republic, and Machiavelli received hia

vacated office with the rank of second chancellor and secre-

tary.
' This post he retained till the year 1512. The

masters he had to serve were the-Dieci di Libert^, e Pace,

who, though subordinate to the signoria, exercised a sepa-

rate control over the departments of war and the interior.

They sent their own ambassadors to foreign powers, trans-

acted business with the cities of the Florentine domain, and
controlled the military establishment of the commonwealth.

The next fourteen years of MachiaveDi's life were fully

occupied in the voluminous correspondence of Bis bureau,

in diplomatic missions of varying importance, and in the

organization of a Florentine militia. It would be tedious

and uninstructive to follow him through all his embassies

to petty courts of Italy, the first of whic^ took place in

1499, when he was sent to negotiate the continuance of a

loan to Catherine Sforza, countess of Forli anti Imola. A
more important mission followed in 1500, when Jlachiavelli

travelled into France, to deal with Louis XII. about tha

affairs of Pisa. It is enough to say in general that these

embassies were the school in which Machiavelli formed his

political opinions, and gathered views regarding the stata

of Europe and the relative strength of nations. They

not only introduced him to the subtleties of Italian

diplomacy, but also extended his observation over races

very ditTerent from the Italians in their social and consti-

tutional development. He thus, in the course of his official

business, gradually acquired principles and settled ways of

thinking which he afterwards expressed in writing. _He

. was at no time a philosopher or man of letters by profession,

and when he came to write he gave to the world the con-

densed result of practical experience, combined with medi-

tations on the Latin historians, rather than a methodicai

system.

His office obliged him from time to time to draw up

proposals and memorials on questions of the day, which

he presented to the Dieci. One of these, on the affairs of

Pisa, belongs to 1499 ; a second, on the condition of

Pistoia, to 1501 ; a third, of more general importance, on

the right way of dealing with the rebels of Valdichiana, to

T502. In this last-named document some of the points of
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7i»w which stamp his later works with a distinctive

pbaractor emerge into prominence. We find him seeking

pivriiUols and precepts in Roman history, laying down the

axiom that human nature is identical throughout the ages,

exposing the futility of half measures, and finally appealing

to Ccsare Borgia as a model of political sagacity. It is

clear from this brief and early composition that Machiavelli

i\ad already formed the habits of thought which dis-

tinguish hiui. He has begun to idealize Borgia's policy.

He interweaves historical reflexions with contemporary

analysis, using the past to illustrate the present, and

CKpounding practical doctrine from texts derived from

Livy. ,There is also noticeable the uncompromising spirit

of the man, who was destined afterwards in the Principe

to subordinate all minor considerations of morality and
conduct to the one object of political attainment.

In the year 1502 Jitachiavelli married Marietta Corsini,

tlio wife who bore him several children, with whom, in spite

of his own infidelities, he lived on good terms, and who
survived him twenty-six years. In the same year Piero

Soderini was chosen gonfalonier for life, in accordance with

certain changes in the constitution of the state, which

were intended to bring Florence closer to the Venetian

(ype of government. This was an important event in

Machiavelli's career, for ho now became intimately connected

with Soderini, assisted him in carrying out his policy,

suggested important measures of military reform which

Soderini adopted, and finally was involved in ruin by his

fall. Machiavelli, it may be said in passing, had the

qualities of a good servant and a practical ofliciaL He
remained faithful to Soderini through the difficulties of his

later years of power, and spoke well of him subsequently.

yet he was a severe critic, blaming the gonfalonier for

weakness of administration and half measures ; and, when he

died, he indulged in a sarcastic epigram on his old master

which does less honour to his loyalty than to his wit.

The year 1502 was marked by yet another decisive

incident in Machiavelli's life. In October he was sent,

much against his will, as envoy to the camp of Cesare

Borgia, or duke of Valentino, as he was now called. The
duke was then in Eomagua, and it was ^Machiavelli's

duty to wait upon and watch him. He was able now
to observe those intricate intrigues which culminated

in Cesare's seizure of Sinigaglia and the treacherous

murder of his disaffected captains. From what remains of

Machiavelli's letters to the Dieci during this period, and
from his tract upon the Modo tenuto dal Duca Valentino

ndC ammazzare Vilellozzo Vitelli, we are able to appreciate

the actual relations which existed between the two men, and
riie growth in Machiavelli's mind of a political ideal based
Ujiion his study of the duke's character. Machiavelli was
a mere spectator and critic, by no means an adviser of

fjie duke. He seems to have been even weary and
lUieasy in the network of hypocrisy and crime in which
he found himself,—refreshing his spirits with jocular

letters to his private friends, and with the study of a
Plutarch which they sent him. He was also able to

stigmatize the Borgia's conduct from a conventional point

of view, as is proved by his calling him a " basilisk " and.
" hydra " in his Dece.nnali. Yet he conceived the strongest

sdmiration for his combination of audacity with diplomatic

prudence, for his adroit use of cruelty and fraud, for his

•elf-reliance, avoidance of half measures, employment of

native troops, and firm administration in conquered pro-

vinces. More than once, in letters to his friend Vettori,

no less than in the pages of the Principe, he afterwards

expressed his belief that Cesare Borgia's behaviour in the

conquest of provinces, the cementing of a new state out of

scattered elements, and the dealing with false friends or

doubtful allies, waa worthy of all commendation and of

scrupulous imitation. Hydra and ba.silisk were terms, not
of reproach, but of panegyric, on the lips of the writer who
warned his prince to acquire tho nature of the fox and of

the lion, who spoke familiarly oi frodi onorevoli, scelleraleae

ffturiose, and whose conception of Virlic was self-reliant

ability. As he watched Cesare Borgia at this, the moat
brilliant period of his adventurous cai'eer, the man became
idealized in his reflective but imaginative mind. Round
him, as a hero, he allowed his own conceptions of the

perfect prince to cluster. There was so much in tho conduct

of the duke which exactly fitted with those conceptions, so

much of that ideal had conversely been derived at first

hand from the duke himself, that the hero and the adven-

turer were, as it were, confounded. That Machiavelli

separated the actual Cesare Borgia, whom he afterwards

saw, ruined and contemptible, at Rome, from this radiant

creature of his- political fancy, is probable. That tho

Cesare of history does nou exactly match the Duca
Valentino of Machiavelli's writings is certain. Still the

fact remains that henceforth Machiavelli cherished the

ideal image of the statesman which he had modelled upon
Cesare, and called this by the name of Valentino.

On his return to Floi-ence early in January 1503,

Machiavelli began to occupy himself with a project he had
long since formed, and which his recent attendance upon
Cesare Borgia.had strengthened in his mind. The duties

of his office obliged him to study the conditions of military

service as they then existed in Italy. He was familiar

v/ith the disadvantages under which republics laboured

when they engaged professional captains of adventure and
levied mercenary troops. The bad faith of the condottiere

Paolo Vitelli (beheaded at Florence in 1499) had deeply

impressed him. In the war with Pisa he had observed

the insubordination and, untrustworthiness of soldiers

gathered from the dregs of different districts, serving under

egotistical and irresponsible commanders. His reading in

Livy taught him to admire the Roman system of employ-

ing armies raised from the body of the citizens ; and
Cesare Borgia's method of gradually substituting the

troops of his own duchy for aliens and mercenaries showed
him that this plan might be adopted with success by the

Italians. Ho was now determined, if possible, to furnish

Florence with a national militia. The gonfalonier Soderini

entered into his views. But obstacles of no small magni-

tude arose. First came the financial difficulties in which

the Government was then involved. The suspicion and

jealousy of the Florentines had also to be encountered.

Some of them feared lest Soderini, il he armed the common-
wealth, would aspire to tyranny. All alike were adverse

to arming the population of subject cities like Arezzo and
Cortona ; for it must be remembered that an Italian

republic ruled its province with the despotism of ar\

autocrat, and the towns beneath it's sway were always

panting for independence. The question of money was
immediately pressing. Early in 1503 Machiavelli drew

up for Soderini a speech, Discorso suUa provisione del

Danaro, in which the duty and necessity of liberal

expenditure for the protection of the state were expounded

upon principles of sound political philosophy. Between

this date and the last month of 1506 MachiavelU laboured

at his favourite scheme, working out memorials on the

subject for his office, and suggesting the outlines of a new
military organization. On the 6th of December 1506 his

plan was approved by the signory, and a special ministrj',

called the Nove di Ordinanza e Milizia, was appointed.

Machiavelli immediately became their secretary. Tlie

country districts of the Florentino dominion were now

divided into departments, and levies of foot soldiers were

made in order to secure a standing militia. A commander-

in-chief had to be chosen for the new troops. Italiau
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jealousy shrank from conferring this important office on a

Florentine, lest one member of the state should acquire a

po\yer dangerous to the whole. The choice of Soderini and

Machiavelli fell, at this juncture, upon an extremely

ineligible person, none other than Don Micheletto, Cesare

Borgia's cut-throat and assassin. It is necessary to insist

uj)on this point, since it serves to illustrate a radical

inGrmity in Machiavelli's genius. While forming and
promoting his scheme, he was actuated by principles

of political wisdom, and by the purest patriotism. But he

failed to perceive that such a ruffiau as Micheletto could

not inspire the troops of Florence with that devotion to

their country and that healthy moral tone which should

distinguish a patriot army. Here, as elsewhere, he revealed

his insensibility to the ethical element in human nature.

Knowing that Don Micheletto had worked well for Cesare

Borgia, accustomed to disregard private m'orality as in-

significant in public conduct, he was satisfied to entrust

the discipline and education of liis raw militia to a

notorious villain. His indifference to personal ethics led

him now into a practical blunder, as it afterwards vitiated

his political writings^ with a philosophical error.

Meanwhile Italy had been the scene of memorable
events, in most of which Machiavelli took some part

Alexander VL had died suddenly of fever. Julius II. had
ascended the papal chair. The duke Valentino had been

checked in mid-career of conquest. Machiavelli was sent

to Kome during the conclave, when he renewed his inter-

course with Cesire Borgia. On this occasion he seems to

have felt nothing but contempt for the hero of his dreams,

who had sunk into insignificance and almost abject

submission. The collapse of the Borgias threw Central

Italy into confusion; and Machiavelli had, in 1505, to

visit the Baglioni at Perugia and the Petrucci at Siena.

In the following year he accompanied Julius upon his

march through Perugia into the province of Emilia, where

the fiery pope subdued in person the rebellions cities of

tlie church. Upon these embassies Machiavelli represented

the Florentine Dieci in quality of envoy. It was his duty

to keep the ministry informed by means of frequent

despatches and reports. All this while the war for the

recovery of Pisa was slowly dragging on, with no success

or honour to the Florentines. Machiavelli had to attend

the camp and provide for levies amid his many other

occupations. And yet he found time for private literary

work. In the autumn of 1504 ho began his Deceimali, or

Annals of Italy; a. poem composed in rough terza rima,

and now remembered only for one line describing the

courage of Piero Capponi, when he defied Charles VIII.

to his face in 1495 :—
" Lo strepito dell' armi e de' caval]!,

Non pot6 far che non fosse sentita

La voce cl'un Cappon fra cento Galli."

About the same time he composed a comedy on the

model of Aristophanes, which is unfortunately lost. It

seems to have been called Le Maschcre. Giuliano de' Eicci

tells UB it was marked by stringent satire upon great eccle-

siastics and statesmen, no less than by a tendency ^o

" ascribe all human tilings to liatural causes or to fortune."

That jihrase accurately describes the prevalent bias of its

author's miijd.

The greater part of 1506 and 1507 was spent in organiz-

ing the new militia, corresponding on the subject, and
scouring the country on enlistment service. But at the

end of the latter year European affairs of no small moment
diverted Machiavelli from these humbler duties. Maxi-
milian was planning a journey into Italy in order to be
crownjid emperor at Rome, and was levying subsidies from
the imperial burghs for his expenses. The Florentines

thought liis demands excessive. Though they already

had Francesco Vettori at his court, Soderiril judged it

advisable to send Machiavelli thither in December. He
travelled by Geneva, all through Switzerland, to Botzen,

where he found the emperor.

Tliis joumcy was on important moment in his life. It enabled
him to stuily liio Swiss and the Germans in their homes ; and the
report which he wrote on his return, Rapporlo di Cose dclla Magna,
reckons among his most effective iwlitical studies. Instead of con-
fining his attention to the analysis of parties or the portraits of
eminent persons in the countries he had traversed, Machiavelli strove
to estimate the essential elements of national success or failure.

The antique sobriety of the Swiss, their absolute equality and inde-
pendence, their efficient national militia, inspired him with such
admii-ation that henceforth the Swiss appeared to Jiim the model
of modem nations and the most formidable among the neighbours
of the Italians. He pointed out that the strength of Germany lay

in the free cities, while the emperor was weakened, not only by
his own indecisive character and want of funds, but by the jealousy
of the feudal princes. The German princes, the burghs, and the
empire being ill-accorded, and the Swiss being hostile to all alike,

tills vast nation lacked the force which its excellent morality, sober

living, and vigorous military organization ought to have secured it.

AVhat is most remarkable in Machiavelli's report is liis concentrated
effort to realize tho e.xact political weight of the German nation,

and to penetrate the causes of its strength and weakness. He
attempts to grasp the national character as a whole, and thence to

deduce practical conclusions. Certain mistakes he undoubtedly made.
He treated the Swiss, for example, too much as though they were
a part of Germany. He exaggerated the simplicity and sobiicty of

the race at large, seemingly inspired by Tacitus, and inflamed in

his own imagination by sympathy with a peowle who realizeci his
cherished dreams of national health. His iuoiffcrenee to ecclesi-

astical questions prevented him from discerning the crisis of the
Reformation, which was on the verge of precipitating Germany into

the discord of religious wars. Yet, allowing for these drawbacks,
we arc astonished by the insight into details and the co-ordinating
faculty which enabled this Italian to draw so discriminating and
animated a portrait of the Germans for the benefit of his republic.
The same gieat qualities arc noticeable in his rdtralli dcllc Cote

di Francia, which he drew up after an embassy to Louis XII. .it

Blois in 1510. These notes upon the French race are more scattere*!

than the report on Genuan atfairs. But they reveal no less acumei.
combined w^th imaginative penetration into the very essence of
national existence. He points out that tHe special strength of

Franco lies in lier centralization. The monarch is surrounded bv
obedient feudal vassals, the most powerful of whom are of the royal
blood. They in their turn draw their -wealth from the people.
Feudalism, an element of discord in Germany, has been converted
iuto monarchy, and become the cohesive bond of society in France.

Oh the other hand, this centralization contains a grave element of
danger for the future of France, The jteople are ground down and
have 110 liberty. Machiavelli points out how, in tliese circuni-

st.Toices, the pith of the French army is its chiviilry, and wiiy the
king is always obliged to hire German and Swiss infantry for his

wars. The Ritratli abound in pointed observations upon tho

French character which is well contrasted with that of the Spaniai'ds.

But what constitutes the originality of this tract is Macliiavelli's

determination to realize to himself and to his readers the political

value of tho French people as a whole, and thus to form a solid

basis for judging of its probable behaviour in the future. In tliis

case, as in the case of German}-, he attempts to estimate the

physical, moral, and intellectual capacity of an autagonist with

whom his country has to grapple. It may be said that, with France

as with Germany, he whollj" omits the nossibilities of religions

perturbation.

While engaged upon this topic, it may he well to mention that

Machiavelli displayed exactly the same force of analysis in laying

bare the central causes of weakness in Italy itself. The disarma-

ment of the population by selfish despots and indolent republics

;

the consequent giowth of a vicious mercenary system ; the dis-

memberment of the nation into petty, mutually jealous parcels,

due for the most part to the selfishness of Rome; the loss of antique

sobriety in mannei-s, and the almost total corruption of the people,

fostered and encouraged by theii- debauched spiritual leaders,—these,

he says, are tho causes wdiich have made Italy **more enslaved

than the Hebrews, more downtrodden than the Persians, more
disunited tlian the Athenians." This is not the place to disaiisB

his policy for the Italians. Suffice it to say that the same motlrod

which he applied to Germany and France supplied him with

general conclusions about Italy, and enabled him to view with a

truly terrible clairvoyance that desperate disease of his country

for which he afterwards invented remedies as desjierate.

Machiavelli returned from Germany in June 1508. The

rest of that year and a large part of 1509 were spent in

the affairs of the militia and tho war of Pisa. ChieSy
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through his exertions the war. was terminatod by the

surrender of Pisa in June 1509. Meanwhile the league

of Cainbray had disturbed the peace of Italy, and Florence

found herself in a perilous position between Spain and
France. Soderiui's Government grew weaker. The
Modicean party lilted up its head. To the league of

Cambray succeeded the Lega Santa. The battle of

Ravenna was fought, and the French retired from Italy.

The Florentines had been spectators rather than actors in

these great events. But they were now destined to feel

the full effects of them. The cardinal Giovanni de' Medici,

who was present at the battle of Ravenna, brought a

Spanish army into Tuscany. Prato was sacked in tht,

August of 1512. Florence, in extreme terror, deposed the

gonfalonier, and opened her gates to the princes of the

house of MedicL
The Government on which Machiavelli depended had

fallen, never to rise again. The national militia in which

he placed unbounded confidence had proved inefficient to

protect Florence in the hour of need. Ho was surrounded

by political ond personal enemies, who regarded him with

jealousy OS the ex-gonfalonier's right hand man. Yet at first

it appears that he still hoped to retain his office. Ho
showed no repugnance to a change of masters, aiid began
to make overtures to the Medici. The Novo della Milizia

^vt!^e, however, dissolved; and on November 7, 1512,

Machiavelli was deprived of- hia appointments. He was
eciled from Florence and confined to the dominion for one

year, and on November 17 was further prohibited from

setting foot in the Palazzo Pubblico. Ruin stared him in

the face ; and, to make matters worse, he was implicated

io the conspiracy of Pier Paolo Boscoli in February 1513.

Machiavelli had taken no share in that feeble attempt

a;;ain.st the Medici, but his name was found upon a

iiiemoranduni dropped by BoscolL This was enough to

ensure his imprisonment He was racked, and only

released upon Giovanni de' Medici's election to the papacy

ia March 1513. When he left his dungeon, he retired to

a farm near San Casciano, and faced the fact that his

political career was at an end.

Machiavelli now entered upon a period of life to which
W6 owe the great works that have rendered his name
immortal Bat it was one of prolonged disappointment

aad annoyance. He had not accustomed himself to

economical living ; and, when tl'e emoluments of his office

were withdrawn, he had but barely enough to support his

family. The previous years of his manhood had been
spent in continual activity. Much as he enjoyed the study

of the Latin and Italian classics, literature was not his

business ; nor had he looked on writing as more than an
occaalonal amusement. He was now driven in upon his

books for the employment of a restless temperament ; and
to this irksomeness of enforced leisure may be ascribed the

production of the Principe, the Discorsi, the Arte della

Ouerra, the comedies, and the Storia Fioraitina. The
uneasiness of Machiavelli's mind in the first years of this

retirement is brought before us by his private correspond-

ence. The letters with Vettori paint a man of vigorous

intellect and feverish activity, dividing his time between
studies and vulgar dissipations, seeking at one time distrac-

tion in low inirigues and wanton company, at another turning

to the great minds of antiquity for solace. It is not easy for

a modern gentleman to understand the spirit in which the

author of t)i&-Principe sat down to exchange obscenities with

tlie author nf the Sommario della Stnria d'Italia. Nor can

it be urged that Machiavelli plunged into dissipation at this

crisis to escape from care, or that ho penned filth because

he had no other occupation for his thoughts. From the

camp of Borgia in 1502, when his mind was on the stretch,

aad ha was watching history in the making, he had written

similar trash to his acquaintances at home. At the gamo
time this coarseness of taste did not blunt his intellectual

sagacity. His letters on public affairs in Italy and Europe,

especially those which ho meant Vettori to communicate to

the Medici at Rome, are marked by extraordinary fineness

of perception, combined, as usual in his case, with philo-

sophical breadth. In retirement at his villa near

Percussina, a hamlet of San Casciano, Machiavelli com-
pleted the Principe before the end of 1513. This famous
book is an analysis of the methods whereby an ambitious

man may rise to sovereign power. It appears to have
grown out of another scarcely less celebrated work, upon
which Machiavelli had been engaged before he took the

Principe in hand, and which he did not finish until some
time afterwards. This second treatise ia the Discorsi sul

privio libra delle Deche di Tito Livio, which will henceforth

be mentioned in this article as the Discorsi.

Cast in tho form ol comments ou the history of Livy, the Discorsi

are really an inquiry into the genesis and maintenance of states,

—

liow states come into being, prosfjor, and decline—in what forms

tliey can be modelled and maintained. The Principe is an offshoot

from tho main theme of the Discorsi, setting forth ilachiavelli'H

views at largo and in detail upon tlie nature of principalities, the

method of cementing them, and the qualities of a successful

autocrat. Being more limited in subject and more independent as

a work of literary art, this essay detaches itself from the main body

of the Discorsi, and has attracted far more attention. We feel that

the Principe is inspired with greater fervency, as though its author

had more than a speculative aim in view, and brought it forth to

serve a special crisis. The moment of its composition was indeed

decisive. Machiavelli judged tho case of Italy so desperate that

salvation could only be expected from the intervention of a power-

ful despot. The unification of Italy in a state protected by a

national army was tho cherished dre^ of his life ; and the

peroration of the Principe shows that he fiieant this treatise to havo

a direct bearing on the probleip. We must be careful, however,

not to fall into the error of supposing that he wrote it with tho

sole object of meeting an occasional emergency. TogetBer with

tho Discorsi, the Principe contains the speculative fruita of hia

experience and observation combined with his deductions from

Roman history. The two works form one coherent body of opinion,

not systematically expressed, it is truo, but based on the samo

principles, involving the same conclusions, and directed to tho aamo

philosophical end. That ond is the analysis of tho conception of

the state, studied under two main types, republican and monarchical.

Up to the date of Machiavelli, modern political philosophy had

always presupposed on ideal. Mediaival speculation took the church

and the empire for granted, as divinely appointed institutions,

under Which the nations of the earth must flourish for tho sjiace of

man's probation on tiiis planet. Thinkers differed only as Guolfs

and Ghibellines, as leaning on the one side to papal on the other

to imperial supremacy. In the revival of learning, scholarship

supplanted scholasticism, and the old ways of mediteval thinking

were forgotten. But no substantial philosophy of any kind emerged

from humanism ; the political lucubrations of the scholars were,

like their ethical treatises, for the most part rhetoricnh Still tho

humanists effected a delivery of tho intellect from what had becouiu

the bondage of ob8oletertdeas,and croateda new medium for the specu-

lative faculty. Society in Europe had outgrown the conditions of

the MiJdlo Ages, and this new humanistic atmosphere corresponded

to the new phase upon which the modern nations were entering.

Simultaneously with the revival, Italy had passed into that stage

of her existence which has been called the age of despots. Tho

yoke of the empire had been shaken off. The church had taken

rank among Italian t>Tannie3. The peninsula was, roughly speak-

ing, divided into principalities and sovereign cities, eacTi of which

claimed autocratic jurisdiction. These separate despotisms owned

no common social tie, were founded on no common jus or right,

but were connected in a network of conflicting interests and change-

ful diplomatic combinations. A keen and positive political intelli-

gence emerged in the Italian race. The reports of Venetian and

Florentine ambassadors at this epoch contain the first germs of an

attempt to study politics from the point of view of science. At

this moment Machiavelli intervenes. He was conscious of tho

change which had come over Italy and Europe. He was awani

that the old strongholds of mediseval thought must bo abandoned,

and that the decaying ruins of medinjval institutions furnished

no basis for the erection of solid political edifices. Ho felt the

corruption of his countiy, and sought to bring the world back to a

lively sense of the necessity for relormatijn. His originality con-

sists in having extended the positive intelligence of his century

from tho sphere of coutcmporary politics and special interests to
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mail at large regarded as a political being. He founded the seii-nce

of politics for the modern world, by concentrating thought upon

its fundamental principles. JIucli that is nnnatural in the forced

severance of politics frera ethics, much that we know now to be

untrue in the conception of national development, much that

offends our moral sense in the justification of iniquity for public

ends, much that the experience of the last three centuries has

shown to be mistaken in the theory of the state considered as a

work of plastic art, much that belongs to the Renaissance, and

has perished with that period of transition, much that is \vrongly

applied from the experience of Italian diplomacy to politics in

general, can bo noted by the students of Machiavelli. We feel the

want in hini of a thorough philosophical education, the continual

oscillation becueen speculative and practical points of view, the lack

of system and the negligence of stringent definition. We surmise

that, had he studied Plato's Republic or the first chapters of

Aristotle's Politics and Ethics, he might perhaps have avoided

what has been the stumbling-block to generous readers—his indiffer-

ence to moral rigliteousness as indispensable to states no less than

individuals. W^e regret his unqualified inculcation of the doctrine

that means are justified by ends,—a doetrine rendered odious by
Jesuitry to the modem mind, and incompatible mth any sound
science of humanity. We know that ethics cannot be severed, as he

severed them, from politics ; that, though national differs from private

duty, both are based upon the same immutable principles ; that the

former tends, with the gi'owth of the race, to approach ever more
nearly to the former ; and that it is the function of the political

philosopher to keep this steadily in view. We have learned to

regard nations, not merely as materials to be moulded by a law-

giver, but as total organisms, which, however modified by men of

genius, obey their own laws of evolution. We have outgrown his

admiration of antiquity, and do not believe that modern ^states

should seek to model tliemselves upon the type of Rome. We
perceive that his ideal of a prince, working by force, fraud, cruelty,

dissimulation to a certain end, was the creature of circumstances,

which caused him to advocate the opposition of violence to anarchy

as the only possible resort. These are deductions to be made from
MachiavcUi's teaching, regarded as final, or as instructive for the

times in which we live. But, when we have made these deductions,

there remains the fact of his achievement. He began to study

men, not according to some preconception, but as he found them,

—

men, not in the isolation of one century, but as a whole in history.

He drew his conclusions from the nature of mankind itself,

"ascribing all things to natui-al causes or to fortune." In this way
he restored the right method of study, a method which had been

neglected since the days of Aristotle. He formed a conception of

the modern state, which marked the close of the Middle Ages, and
anticipated the next phase of European development. His prince,

abating those points which are purely Italian or strongly tinctured

with the author's personal peculiarities, prefigured the monarchs
of the 16th and 17th centuiies, the monarchs whose motto
was L'etat c'est inoi 1 • His docti'ine of a national militia fore-

shadowed the system which has given strength in arm*^ to France
and Germany. -His insight into the causes of Italian decadence

was complete ; and the remedies which he suggested, in the

perorations of the Principe and the Arte delta Guerra, have since

been applied in the unification of Italy. Lastly, when we once have
freed ourselves from the antipathy engendered by his severance of

ethics from the field of politics, when we have once made proper

allowance for his peculiar use of phrases like " frodi onorevoli " or

*'8celleratezze gloriose," nothing is left but admiration for his mental
attitude. That is the attitude of a patriot, who saw with open eyes

the ruin of his country, who burned above all things to save Italy

and set her in her place among the powerful nations, who held the

duty of self-sacrifice in the most absolute sense, whose very limita-

tions and mistakes were due to an absorbing passion for the state

he dreamed might be reconstituted. It was Machiavelli's intense

preoccupation with this problem—what a state is and how to found
one in existing circumstances—which caused the many riddles of

his speculative writings. Dazzled, as it were, with the brilliancy

of his own discovery, concentrated in attention on the one necessity

for organizing a powerful coherent nation, he forgot that men are

more than political beings. He neglected religion, or regarded it

as part of the state machinery. He was by no means indifferent to

private virtue, which indeed he judged the basis of all healthy
national existence ; but in the realm of politics he postponed morals

to political expediency. He held that the people, as distinguished

from the nobles and the clergy, were the pith and fibre of nations ;

yet this same people had to become wax in the hands of the politi-

cian,—their commerce and their comforts, the arts which give a
dignity to life and the pleasures which make life liveable,

neglected,—their very liberty subordinated to the one tyrannical

conception. To this point the segregation of polities from every

other factor which goes to constitute humanity had brought
him ; and t^iis it is which makes us feel his world a wilderness,

devoid of atmosphere and vegetation. Yet some such isolation of

the subject-matter of this science was demanded at the moment of

its birth, just as political economy, when first started, h.od to moke
a rigid severance of wealth from other units. It is only by a
gradual process that social science in its whole complexity can be
evolved. We have hardly yet discovered that political economy
has unavoidable points of contact with ethics.

From the foregoing criticism it will be perceived that all the
questions whether Jlachiavelli meant to corrupt or to instruct the
world, to fortify the hands of tyrants or to lead them to their ruin,

are now obsolete. He was a man of science—one who by the
vigorous study of his snbject-matter sought from that subject-|

matter itself to deduce laws. The difficulty which remains iu
judging him is a difficulty 'of statement, valuation, allowance.
How much shall we allow for his position in Renaissance Italy, for

the corruption in the midst of which he lived, for his ovra personal
temperament ? How shall we state his point of departure from
the Middle Ages, his sympathy with prevalent classic;il entlin-

siasms, his divination of a new peiiod ? How shall we estimate
the permanent worth of his method, tlie residuum of value in his

niaxims 't

After fitiishing- the Principe, Machiavelli thought of

dedicating it to one of the Medicean princes, with the

avowed hope that he might thereby regain their favour

and find public employment. He wrote to Vettori on the

subject, and Giulianode' Jledici, duke of Nemours, seemed
to him the proper person. The choice was reasonable.

No sooner had Leo been made pope than he formed
schemes for the aggrandizement of his family. Giuliano

was offered and refused the duchy of Urbino. Later o.n,

Leo designed for him a duchy in Emilia, to be cemented
out of Parma, Piacenza, Reggio, and Modena. Suppoited

by the power of the papacy, with the goodwill of Florence

to bacli him, Giuliano. would have found himself iu a

position somewhat better than that of Cesare Borgia ; and
the Borgia's creation of the duchy of Romagna might have
served as his model. Machiavelli therefore was justified

in feeling that here was an opportunity for putting his

cherished schemes in practice, and that a prince with such

alliances might even advance to the grand end of the uni-

fication of Italy. Giuliano, however, died in 1506. Theu
Machiavelli turned his thoughts towards Lorenzo, duke of

Urbino. The choice of this man as a possible Italiau

liberator reminds ns of the choice of Don Micheletto, as

general of the Florentine militia. To Lorenzo the Piindpe
was dedicated, but without result. The Medici, as yet at

all events, could not employ Machiavelli, and had hot in

themselves the stuff to found Italian kingdoms.

Machiavelli, meanwhile, was reading his Discorsi to a

select audience in the Rucellai gardens, fanning that

republican enthusiasm which never lay long dormant

among the Florentines. Towards the year 1519 both Leo
X. and his cousin the cardinal Giulio de' Medici were

much perplexed about the management of the republic.

It seemed necessary, if possible, in the gradual extinc-

tion of their family, to give the city at least a semblance

of self-government. They applied to several celebrated

politicians, among others to Machiavelli, for advice in the

emergQUcy. The result was his Discorso sopra U Rifornurr

lo Stato di Firenze, a treatise in which he deduces practical

conclusions from the past history and present temper of the

city, blending these with his favourite pTinciples of govern-

ment in general He earnestly admonishes Leo, for his

own sake and for Florence, to found a permanent and free

state system for the republic, reminding him in terms of

noble eloquence how splendid is the glory of the man who
shaU confer such benefits upon a people. The year 153©

saw the composition of / seite Liln-i dell' Arte di Guerra,

and of the Vita di Castruccio.

The first of these is a methodical treatise, settuig forth

Machiavelli's views on military mattei-s, digesting his theoiies

respecting the superiority of national troops, the inefficiency of

fortresses, the necessity of relying upon infantry in war, and the

comparative insignificance of artillery. It is strongly coloui'ed with

his enthusiasm for ancient Rome ; and specially upon the topic of

artillery it displays a want of insight into the actualitjee of modern

warfare. We may regai'd it as a supplement or appendix to the
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Prixcipc and the Discord, since Msohiuvclli held it for a funda-
Ttental axiom tlmt states are powerless unless completely armed in
permanence. The )ierora,tion contains a noble appeal to the Italian
liberator of his dreams, and a parallel from Macedonian history,
which, road by the light of this century, sounds like a prophecy of
Piiduiout.

The Vita di Castruccio was composed at Lucca, whither
Macliiavelli had been sent on a mission. This so-called biography
of the mediicval adventurer who raised himself by personal ability
and military skill to the tyranny of several Tuscan cities must be
regarded iu the light of an historical romance. Dealing freely with
the outline of Castruccio's career, as he had previously dealt with
Cesaro Borsia, he sketched his own ideal of the successful prince.
Cesare Borgia had entered into the Principe as a representative figure
rather than an actual personage

; so now conversely the theories of
the Principe assumed the outward form and semblance of Castruccio.
In each case history is blent with speculation in nearly the same
proportions. But Castniccio, being farther from the writer's own
oxpeiience, bears weaker traits of personality.

In the same year, 1520, Machiavelli, at the instance of the cardinal
Oiulio de Medici, received commission from the officers of the Studio
Pnbbhco to write a history of Florence. They agreed to pay him
nn annual allowance of 100 florins while engaged upon the work.
The next SIX years were partly employed in its composition, and
he loft a jiortion of it finished, with a dedication to Clement VII.,
when ho died in 1527. lu the Islorie Fiorentine Machiavelli quitted
the held of political speculation for that of history. But, having
already written the Discorsinni the Principe, he carried with him to
this new task of historiography the habit of mind proper to political
philosophy. In his hands the history of Florence became a text
on which at fitting seasons to deUver lessons in tlie science he ini-
tiated. This gives the work its sjiecial character. It is not so much
» chronicle of Florentine affairs, from the commencement of modern
history to the death of Lorenzo de' Medici in 1492, as a critique of
that chronicle Ironi the point of view adopted by Machiavelli in his
former writings. Having condensed his doctrines in the Principe

"i ., ,f?"™''"' *>" aPr''«8 their abstract principles to the example
of the I'lorentme republic. His favourite topics reappear-tlie
disraemberioent of Italy by the papacy (bk i. 9, 23) ; the ruin
of her national militia (bk. i. Zi, 38; bk. v. 1; bk. vi. li-
the enervation of her commonwealths by commerce (bk i' 39-
bk. u. 42) ;

her corrupt morality (bk. iii. 1) ; the reference of
Italian circumstances to Roman precedents (bk. iii. 1)- the
theory of the mtervenient "nomothetes" in states (bk iv !) and
the theory of human vicissitudes (bk. v. 1). This gives ti his
history a deductive and illoBtrative quality which men of less
imaginative mind, like Guicciardini, or the exact students of ourown days may criticize. But the k'islory of Florence is not a mere
political pamphlet. It is the first example in Italian literature of
a naboual biography, the first attempt in any literature to trace the
vicissitndes ol a people's life in their logical sequence, deducing
each successive phase from passions or necessities inherent in pre"
ceding circumstances, reasoning upon them from general principles
and. inferring corollaries for the conduct of the future. In his
^rocemnim Machiavelli taxes Poggio and Lionardo Bruni with
having neglected civic affairs for the record of wars and alliances
It is to the analysis of the rejjublic's inner life that he directs
attention, showing how her acts were the phenomena of this organic"- At the same time he does not omit the narrative of external
for.

events, but places the portrait of Florence in the centre of an
animated group of pictures drawn from Italian history. Approach-
ing his own tunes, he enlarges on the part played by the Medici:
for It was one of the conditions of the task imposed on him that ho
should celebiate the ancestors of Giulio. This portion of the work
IS executed in no servile spirit, and the subsequent destiny of
florence fully justified the prominence here given to the elder
Cosirao and Lorenzo. In point of form the Florenliw, History is
modeUed upon Livy. In contains speeches in the antique manner,
which may be takeu as partly embodying the author's commentary
upon situations of importance, partly as expressing what he thought
dramatically aj)propnate to prominent personages. The style of
the whole boos is nervous, vivid, free from artifice and rhetoric
obeying the writer's thought with absolute plasticity. Machiavelli
had formed for himself a prose style, equalled by no one but by
Gaicciardini in his minor works, which was far removed from the
emptiness of the Latinizing humanists and the trivialities of the
Italian purists. Words in his hands have the substance, the self-
evidence of things. It is an athlete's style, aU bone and sinew
nnde, without superfluous flesh or ornament.

It would seem tbiit from the date of Machiavelli's dis-
course to Leo on the goverument of Florence the Medici
had taken him into con.sideration. Writing to Vettori in
1513, he had expressed his eager wish to "roll stones" in
their service

; and this desire was now gratified. In 1521
he was sent to Carpi to transact a petty matter with the

;

chapter of the Franciscans, the chief knoyn result of the"
embassy being a burlesque correspondence with Franc-esco
Guicciardini. Four years later, in 1520, he received
a rather more Important mission to Venice. But
Machiavelli's public career was virtually closed ; and the
interest of his biography still centres in his literary work.
We have seen that already, in 1504, he had been engaged
upon a comedy in the manner of Aristophanes, which is
now unfortunately lost. A translation of the Andria, and
three original comedies from his pen are extant, the precise
dates of which are uncertain, though the greatest of them
was first printed at Rome in 1024. This is the
Mandmgola, which may be justly called the ripest and
most powerful single play in the Italian language.
The plot is both improbable and un pleasing. But, having granted

this, literary criticism is merged in admiration of the wit, the
humour the vivacity, the satire of a piece which brings before na

tt If u- ,,
"^ P'orence in a succession of bi-illiant scenes.

Jt Machiavelli had any moral object when he composed the
Mandragola, it was to paint in glaring colours the corruption of
Italian society. It shows how a bold and plausible adventurer,
aided by the profligacy of a parasite, the avarice and hypocrisy of
a confessor, and a mother's complaisant familiarity with vice
achieves the triumph of making a gulled husband bring his own
unwilling but too yielding wife to shame. The whole comedy i»
a study of stupidity and baseness acted on by loguery. About the
power with which this picture of domestic immorality is presented
there can be no question. . But the perusal of the piece obliges uy
to ask ourselves whether the author's radical conception of human
nature was not false. The same suspicion is forced upon us by thi.
Principe. Did not Machiavelli leave good habit, as an essential
ingredient of character, out of account ? Men are not such absolute
fools as Nicia, nor such compliant catspawa as Ligurio and
Timoteo

; women are not such weak instruments as Sostrata and
Lucrezia. Somewhere, in actual life, the stress of craft and courage
acting on the springs of human vice and weakness fails,., unless the
hero of the comedy or tragedy, Callimaco or Cesare, allows for the
revolt of healthier instincts. Machiavelli does not seem to have
calculated the force of this recoil. He speculates a world in which
Tirtii., unscrupulous strength of character, shall deal successfully
with frailty. This, we submit, was a deep-seated error in his theory
of life, an error to which may be ascribed the numerous stumbling-
blocks and rocks of offence in his more serious writings.
Some time after the Mandragola, he composed a second comedy,

entitled Clizia, a portion of the plot of which is borrowed from the
Casina. Though modeUed on the art of Plautus, the Clizia is even
homelier and closer to the life of Florence than its predecessor. It
contains incomparable studies of the Florentine housewife and her
husband, a grave business-like citizen, who falls into the senile folly
of a base intrigue. The device by which Nicomaco is brought back
to a sense of duty is presented in scenes of solid humour which reeaJl
the manner of Bon Jonson. On the whole, the Clizia is a pleasanter
and wholesomer play than the Mandragola. It served as model to
a school of later playwrights. There remains a short piece without
title, the Commcdiain Prosa, which, if it be Machiavelli's, as inter-
nal evidence of stylo sufficiently argues, might be accepted as a study
for both the Clizia and the Mandragola. It seems written to ex-
pose the corruption of domestic life in Florence, and especially to
satiiize the friars in their familiar part of go-betweens, tame cats,
confessors, and adulterers. The Fra Alberigo of this comedy is a
vigorous piece of realistic portraiture, anticipating, if sot surpass-
ing, the Fra Timoteo of the Mandragola.
Of Machiavelli's minor poems, sonnets, capitoli, and carnival

songs, there is not much to say. Powerful as a comic playwright,
he was not a poet in the proper sense of the term. The little novel
of Belfagor claims a passing word, if only because of its celebrity.
It is a good-humoured satire upon marriage, the devil being forced
to admit that hell itself is preferable to his wife's company. That
Machiavelli invented it to express the irritation of his own domestie
life is a myth without foundation. Tlie story has a mediiETal
origin, and it was almost simultaneously treated in Italian by
Machiavelli, Straparola, and Giovanni Brevio.

In the spring of 1526 Machiavelli was employed bj
Clement VII. to inspect the fortifications of Florenca'
He presented a report upon the subject, and in tie
summer of the same year received orders to attend
Francesco Guicciardini, the pope's commissary of war ic

Lombardy. Guicciardini sent him in August to Cremooa'
to transact business with the Venetian provveditori. Latel
on in the autumn we find him once more with Guicciardini
at Bologna. Thus the two great Italian historians of thf'
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16th century, TN'lio had been friends for several years, were

brought into relations of close intimacy. It would be

interesting to know the topics of their conversation, -and

to possess some fragments of the debates they undoubtedly

held upon the grave aflairs of Italy at this decisive

juncture. In the next year Rome was destined to be sacked

by an imperial army. Florence was to rise in rebellion

against the Medici. Four years later Charles V. was to

lay the iron hand of Spain upon the remnants of Italian

liberty. But nothing survives of Machiavelli's and
Guicciardini's discourse. We can only form an opinion of

what it must have been from the commentaries written by
the latter on the political philosophy of ]\Iachiavelli—com-

mentaries which sufficiently e.xplain the different methods

of the two great thinkers, Guicciardini, more positive even

than "Machiavelli in his criticism, averse to theory, satisfied

with a policy of public temporizing and expediency, ac-

cepting Italian decadence with the tranquillity of egotism,

looked on Machiavelli as a dreamer. " Nothing," he says,

" can cure thu diseases of our century but the knife of

Lycurgus, and the knife of Lycurgus may not be expected."

Machiavelli was always hoping against hope that this knife

ill the hands of some superior Cesare might still be used.

Guicciardini, as events proved, had taken a sounder view

of the situation ; or rather it was men like Guicciardini

wtio made the situation. Machiavelli to the last remained

A patriot, with darkly bright impracticable visions in his

brain.

After another visit to Guicciardini in the spring of 1527,

Machiavelli wa.3 sent by him to Civita Vecchih. It seemed
tJiiit he was destined to be associated in the papal service

with Clement's viceroy, and that a new period of diplomatic

sinployment was opening for him. But soon after his

return to Florence he fell ill His son Piero said tliat he

took medicino on the 20th of June which disagreed wiilr

him; and on th,e 22d he died, having received the last

oflices of the church. There is no foundation for the legend

rtitvt he expired with profane sarcasms upon his lips. Yet
wejioed not run into the opposite extreme, and try to fancy

thut Machiavelli, who had pirofessed paganism in his life,

proved himself a believing Christian on his death-bed.

I'liat ho left an unfavourable opinion among his fellow-

citizens is very decidedly recorded by the historian Varchi.

Tha Priucipf, it seems, had already begun to prejudice tlie

warld against him ; and we can readily believe what
y»rchi eententiously observes, that "it would have been

better for him if nature had given him either a less power-

ful intellect or a mind of a more genial temper." There
ii in truth a something crude, unsympathetic, cynical iu

hit mental attitude toward human nature, for which, even

tfter the lapse of more than throe centuries, we find it

diflScuU to make allowance. The force of his intellect

renders this v/ant of geniality repulsive. We cannot help

objecting that one who was so powerful could have been

kindlier and sounder if ho willed. We therefore do him
the, injustice of mistaking his infirmity for perversity. He
,WM colour-blind to commonplace morality ; and wo are

«ngry with him because he merged the hues of ethics in

one grey monotone of politics.i In person Machiavelli was of

middle height, black-haired, with rather a small head, very

bright eyes, and slightly aquiline nose. His thin close lips

often broke into a smile of sarcasm. His activity was
ilmost feverish. ^Vhen unemployed in work or study, he
was not averse to the society of boon com[)anions, gave

himself rea<.lily to transiefit amours, and corresponded in

n fpne of cynical bad taste. At the same time he lived on
tci-ms of intimacy with worthy men. Varchi says of him
that "in his conversation he was pleasant, obliging to his

intimates,^ the friend of virtuous persons." Those who
c.uo.ta tmdorslaud the contradictions of which such a

charnct'?!- was capable should study his correspondence
with Vettori. It would be u.nfair to charge what is re-

pulsive in their letters wholly on the habits of the times

;

for wide familiarity with the published correspondence of

similar men at the same epoch brings one acquainted Vfith

little that is so disagreeable.

For complete editions of JIachiavclli's works, that of Italin,

8 V0I3., 1813, and tlic moro comprehensive by Usigli, norcnce,
1853, may bo cited. TIio best biography is by Professor Pasqualo
Villari, 3 vols., Florence, 1877-82. This work contains a copious
critique of all the most important studies which have been made of
Machiavelli's works. An Knglish translation of this life, finished bjr

Madame Villari under tho guidance of Professor Villari, is boiug
published. (J. A. S.)

MACHINE TOOLS. The very small degree of anti-

quity to which machine tools can lay claim appears forcibly

in the sparse records of the state of the mechanical crafts

a century ago. A few tools of a rude kind, such as tilt-

hammers, and a few special ones which aimed at accuracy,

but were of very limited application, such as " mills " for

boring cannon, or "engines" for cutting the teeth of clock

wheels, were almost their only representatives. Machine
tooI.i of the modem type indeed would not then have been
likely to have found much favour even if they had been

invented, owing to tho difficulty of providing sufficient

power for driving them, except in the comparatively few

positions where water-power was available. The tran.«!mia-

sion of power was unthought of, except for the very

limited distances which were possible with the ill-fitted

"gudgeons" and "lanterns and trundles" of the old mili-

wrights.

The steam-engme, however, changed all this. On tlia

one hand the hitherto unheard-of accuracy of fit required

by its working p.arts created a demand for tools of incroaseJ

power and precision, and on the other it rendered the u.sa

of such tools possible in almost any situation. Thus, acting

and reacting in each other, machine tools and steam-engines

have grown side by side, till our workshops have become

peopled with a race of giants, capable of uncomplainingly

performing tasks altogether beyond the powers of the easily

wearied hands which have brought them into existence.

But the first steps in the process were costly and difficult

to a degree which it is not now easy to realize. Jam»«

AVatt, for instance, in 17G9, was fain to be content with a

cylinder for his " fire-engine " of which, though it waa but

1 8 inches in the bore, the diameter in one place exceeded

that at another by about § ('375) of an inch; its pistoa

was not unnaturally leaky, though he packed it witU
" paper, cork, putty, pasteboard, and old hat." Iu tha

bora of a cylinder of 120 inches there would not now bo

admitted an error of yJt, of an inch, and the leakage [mat

the piston is practically nil. Even this must by no means

be taken to represent the extreme limit attainable in respect

of size and accuracy.

Machine tools present so many points of diflferenco that

no classification of them will be attempted beyond a broad

division into general and special tools,—those included

under the latter head being such as are intended to perform

repeatedly one single operation (or one of a small number
.of varieties of that operation), or are mainly employed in

particular processes or manufactures.

As an instance of special tools working successively in

a series,—which is a frequent arrangement with special

tools,—the Hock machineiy, for making ships' blocks at

Portsmouth dockyard, may be mentioned. Erected in

1807 by Mr IT. JIaudslay from designs by Mr (afterwards

Sir Marc) Brunei, , on the recommendation of Sir S.

Bentham, it enabled ten men to do in a superior manner
work which previously required one hundred and ten, and
effected in tha annual expenditure of the nation a saving

of about £21,000. Into the particulars of the beautifully
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arranged sawiug, mortising, shaping, and other machines

by which this was accomplished we cannot enter, but they

are of groat interest, not only from their intrinsic merits,

bnt also ae being, if not the very first, certainly superior to

any which had previously boen used. Our limited space,

however, will bo more profitably devoted to giving a few

examples of the general tools used in engineers' work-

Bhops.

The Steam-IIammer, which in some respects may be re-

garded as the moat important of machine tools, has already

been noticed (see Hammer, vol. xi. p. 425). Second only to

it in importance, and long anterior to it in date, stands the

lathe. At what exact point of its development from the

simple foot lathe it first became entitled to rank as a

machine tool we will not stop to inquire, for the origin of

this, as of most of the mechanical legacies which have been

handed down to us by successive inventors and improvers,

is involved in inuch obscurity. But as far as tools laying

any claim to precision are concerned it appears certainly to

have been the first to come into existence. On the Con-

tinent, mechanism to be used in conjunction with it for

oval turning, and for producing mouldings oblique to the

axis of the work, had been devised as early as 1569, in

which year one Jacques Bessoa published drawings of two
lathes so arranged. Whether much additional beauty was
obtained by thus departing from the circular sections pro-

ducible with the simple

lathe, and converting them
into distorted ones, such

as that sketched in fig. 1

(reduced from Besson),

may perhaps be questioned,

but the taste for this Fi°- 1.—Swash Work.

" swash " work, as it is called, ere long extended also to

England. Moxon, the first English writer on the subject,

gives a drawing of a very similar lathe, and he men-

tions the name of an established London maker whose

oval engines and swash engines, and all other engines, were
" excellently well made," so they were apparently in some
demand at the time of his writing (1680).

Screw cutting in the lathe was another problem—and

a more worthy one—which occupied the attention of

inventors at the same early period. A curious but

mechanically very imperfect arrangement for accomplish-

ing it (with which, however, threads either right or left

handed could bo cut on tapered and oval as well as on

cylindrical work) is given in another of Besson's engrav-

ings. In this the tool is entirely supported and its

movements are controlled by the machine instead of being

held ih the hand,—an arrangement of which the great

advantage appears to have been but tardily appreciated,

though it contains the germ of the principle v?hich, applied

first in the slide-rest of the lathe, and subsequently in

machine tools of almost every type, has enabled tasks

of constantly increasing. severity to be successfully dealt

with.

Nearly two centuries seem to have elapsed before what
we now know as the slide-rest became a recognized adjunct
to the turning lathe, though in the meantime arrangements
had been devised for controlling the motion of the tool by
attaching it to some portion of the mechanism in some
special cases,—as in that of two curious lathes for turning
hyperbolic, spherical, or plane mirrors for optical purposes,

of which engravings were published at Rome in 1648.

Its first definite appearance in print occurs in the great

French Uncpdopedie, published in 1772. Detail drawings
of an admirable .slide-rest are given in one, and evidence

of its being then in regular use occurs in several of the

vary interesting engravings of that ponderous work, which
gives so clear an insight into the methods then employed

] .5—8*

in France in the various crafts. The description, however,
by no means settles the question of its origin.

It is pretty certain that the slide-rest was reinvented in
England by the ingenious Henry Maudslay, when he was
emplo}cd in Mr Braniah's workshop in London, where
"Maudslay's go-cart" (as it was at one time derisively
called) was first set to work in 1794. That he had not
previously seen tho drawings just mentioned cannot of
course be proved, but the high price at which the
Encydopcdie was published makes it very probable that no
copy of it had at that time come under the notice of a hard-
working English mechanic. The intrinsic differences of t!ie

two slide-rests tend towards a similar conclusion. Who-
ever may have been its first inventor, the slide-rest has cer-

tainly proved itself to be the most invaluable of all the

additions made to the turning lathe. Its indispensabilitj

to the modern power-lathe will be readily appreciated from
tho following examples.

An engraving of a simple slide-rest for use with a foot

lathe has already been given (see Lathe), and its effect in

reducing the labour of tho turner was then pointed out
The self-acting slide-rest (fig. 2) carries this reduction still

farther ; and, by deriving from the latho itself the small
" feed " movement ne-

cessary for bringing the

tool to bear on succes-

sive portions of the

work, it dispenses

wholly with the need

for physical exertion

on the part of the work-

man, and does not

even demand his con-

tinuous supervision.

One lesult of this is

that the slide lathe (for so complete is the union between

the slide-rest and the lathe that they must now be re-

garded as one machine) aflbrds a complete solution of the

screw-cutting problem, since, by varying the extent to

which the rest traverses the lathe bed during each revolu-

tion of the mandrel, a screw thread of any desired pitch

can be cut with a single tool

In fig. 3, which shows a self-acting screvxuttiruj lathi

with double-geared headstock, of a type now well estab-

lished, the arrangements for obtaining and varying this

traversing motion may be observed. A steel leading sata

FlO. 2.—Sdf-Acting Slide-Hest.

Fig. 3.—Self-Actiug Screw-Cuttiug Lathe,

runs along the front of the lathe bed, and with it the slld^

rest can be connected at pleasure. Two or more changt

wheels, properly proportioned as to the number of their

teeth, connect the head of the screw with the hinder end

of the mandrel.

Although a leading screw is not the only nor in all cases

the best mode of rendering a lathe self-acting, ordinary

screw-cutting lathes are very largely used'for other pur-

poses than that implied by their name. The advantage of

perfect regularity in the feed is very great even for plain

turning, and this can only be secured when it is ind&

pendent of human vigilance. The feed in a directioo
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transverse to tlio bed is also very commonly rendered

automatic by means into which we cannot here enter,

lathes so provided being distinguished as self-acting sur-

facing lathes. In this case, however, the varying diameter

of the successive cuts introduce serious objections to a

uniform rate of feed These were remedied as long ago

as 1 827 by that excellent mechaniciau Joseph Clement,

—who was one of the greatest improvers of the power

laths ; but his arrangement has never come into general

use.

To enable a comparatively small lathe to be used for

surfacing work of larger diameter than it would naturally

admit, a portion of the bed is frequently made removable

so as to leave a "gap" close to the fixed headslock. An
8-inch ffap latlie, for instance, such as fig. 3, can thus

admit an article of 26 inches diameter instead of 16

inches only.

Breah lathes, such as fig. 4, carry the same principle

Btill farther, so that they can take in work of considerable

length as well as of large diameter,—the treb!e-geared

headslock and all other parts being in their case made of

sufBcient strength to bear the heavy strains which result

from the increased size and weight of the work, a quality

Fio. 4.—Self Acting Break Lathe.

in which gap lathoj art not unfrequently deficient. Lathes

of this kind were made by Air (now Sir Joseph) WTiitworth

as long ago as 1840, and the type is still the accepted one

for general heavy turning. The face plates on which large

work b chucked in these lathes are sometimes as much as

1 5 feet in diameter.

Face lathes, of which tbo main duty is surfacing articles

whereof the diameter is great but the length small, are

very similar to the foregoing oiinus the entire right-hand

portion of the bed and all that it carries. They have

•occasionally been made for work of very large diameter,

—

such as turning the roller paths of 40 feet railway turn-

tables,—though it is now found preferable to turn such

things in a horizontal position, in lathes of which the

mandrels are vertical

.

But the point to which the growth of power-lathes has

now attained will be best illustrated by the following

jnteresting particulars of two which have been quite

recently designed and made in the Koyal Gun Factories

at Woolwich. Each of these can take iu a piece of work

having a maximum diameter of 12 feet and a total length

of 36 feet,—which represents a truly appalling weight of

metal to have to deal with,—their main dimensions, &C.,

being

Height of centre of mandrel above the bed 6 ft.

Total length of bed 60 „
Length of fixed headstock 12 ,,

Diameter of front bearing of mandrel in do. ... 18 in.

Length of do. do. .... 36,,
Length of leading screw over all 52 ft Sin.

Diameter of do. do 7 in.

Weight of fixed headstock, about 55 tons

Do. nxJvaWe do., about 18 ,,

Do. sUdo-rest and saddle, about 155,,
Total weight, nearly 300 „

1 lathes of this enormous size—33 in all machine tools

« hcivieat class—great weight and a proper disposal

of it nn a thoroughly secure foundation are necessary foi

obtaining the rigidity which is a first essential to success.

When, however, this and all ether co'iditions have been
fulfilled, and the tool and the speed have been suitably

adjusted, the operation of paring ofl' great shavings from
the revolving mass becomes one of such apparent facility

that it is almost difficult for a stranger to believe that it

is not lead or even some yet softer substance, rather thau

wrought iron or steel, which i« under treatment.

It has been found that in heavy turning the best resuUs

are obtained by taking deep cuts at a low rate of speed,

fast driving bringing no corresponding increase in ths

amount of work got through. Various other means havj

therefore been devised for accelerating operations. Eaca
of the Woolwich lathes just mentioned is furnished with

two slide-rests, so that two independent cuts can be takea

at once at different parts of the work. The duplex sysUm
effects the same thing in a different way, two slide-rests

(one in front and the other at the back of the lathe) being

mounted on one saddle and adjusted simultaneously by a

single right and left handed screw,—a plan which has the

advantage of subjecting the work to two opposite strains

which either wholly or partially balance each other. In

some instances both the above advantages are combined
by using two duplex rests at different parts of the bed.

A quick hand traverse is another time-saving arrangement,

now common to almost all screw cutting lathes. It

enables the slide-rest to be run quickly back from the end
of one cut to the starting point of the nest. In turning

up a number of similar articles upon each of which 6a7v,rJ

different tools have to bo used in succession, the time

which would be lost iu changing the tools is sometimes

saved by employing a cajMan rest, in which the whole

series of tools is so iised once for all that each in turn can

be brought to bear upon the work without further adjust-

ment.

Three examples of turning tools are given in fig. 5, the

middle one being an ordinary hook tool, suited for outside

work on wrought iron or steel, and the one above it a left

hand tool which can be used also for inside. Their cut-

ting edges are of course forged and ground straighter 01

more pointed or otherwise varied ac-

cording to circumstances, and for

cast iron or brass the angle of the

edge is made much less acute, as

in the lowest of the three in the

engraving. The size of the steel

from which they are made also

varies, 2 inches square being by no
means exceptionally large, so that

the weight of it uselessly employed
in the shanks is very considerable,

and altogether disproportionate to

that required for the cutting edges. The plan of firing a
short steel cutter in an iron tool-holder, suggested many
years ago by Mr Babbage (which has already been mea-
tioned iu connexion with foot lathes), has, however, not

found the favour which at first sight might h.sve been

expected for it, in spite of the saving which it eflfecta io

.this respect.

For chasing long or coarse-threaded screws the above-

mentioned screw-cutting lathes leave little or uothing to

be desired. But for producing' the large number of

screwed bolts, studs, &c., now required in mechiinical

workshops more rapid methods must be had recourse to,

and special machines for forging, turning, screwing, and
finishing them have accordingly come into common use.

Of these one example only can be given—the screwing

machine, fig. 6—with which tlie threads of bolts or nuts are

cut to the "standard pitch " which now (hajipily) is almost

FiQ. 6.—Slide^TlMt
Tools.
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univciBally accepted. Immense loss aud inconvenience

TToro formerly oaused by the absence of uniformity in this

res[)Oct, but, thanlie to the persevering manner in which

the efforts of Maudslay and Clement to put an end to this

evil have been followed up by Whitworth, it has now
almost ceased to exist, and any bolt or nut can bo sub-

stituted for any other of a like size, however different the

processes by which the two have been manufactured. The
mr.chine (fig. 6) is

in fact a lathe

with a few special

filatures, such as

the hollow man-
drel, whicheuables

it to operate upon
ebarof any length.

Dies mounted on

a modified form of

Elide-rest cut the

thread to the full
^'°- 6- -Screwing Machine,

depth at a single traverse, and a simple arrangement enables

Data to be tapped with equal facility. In some other

"rarieties of screwing machines, more particularly those in-

tended for hand power only, the outward resemblance to

the turning lathe is less apparent, but if their action is

looked into it will be found that in them as in almost all

machine took it is the principle of the slide which is mainly

conducive to their success.

Second only to the lathe in its importance stands the

planing machine. Just as the slide lathe renders it easy

to turn a cylindrical surface true from end to end, a task

T.'hich before its introduction had been one of extreme

difficulty, even for the most highly skiUed workman, so

the planing machine supersedes, by a method giving vastly

superior residts, the difficult and costly process of hand
chipping and filing, by which flat surfaces of metal were

formerly produced. Although it is a comparatively modern
invention, its real origin is obscure. No drawings or

description of any planing machine at all resembling those

now in use were published in England previously to those

of one made by Clement in 1825, which appeared in

the Trannadions of the Society of Arts. With this beauti-

ful machine, which was of considerable size, being capable

of admitting articles measuring as much as 6 feet in height

or width, he obtained results which would satisfy -all

ordinary requirements at the present day.

The ordinary self-acting planing machine is shown in

fig. 7. Its action bears no resemblance to the familiar

Fio. 7.—Planing Machine.

process ot wood planing, but is analogous to that by which

the successive cuts of a narrow tool produce a cylindrical

surface in a .slide lathe. A traversing table carries the

work and forces it against the tool, which is stationary

while making its cut, but between the cuts has a slight
" feed " motion along its horizontal slide. Perfectly

parallel cuts are thus taken from every portion of the work
in succession, the result being a .surface, not indeed per-

fectly smooth and free from scores, but (what is generally

far more important) possessing a general flatness and free-

dom from twist which can be obtained only with a great

expenditure of time and trouble by hand labour. The
extent to which machinery has cheapened work of this

kind will 'be appreciated from the fact that in 182G the

cost of rendering a square foot of surface true by hand chip-

ping and filing was 128., whereas in 185G it could be done
in the planing machine at a cost of less than one penny.

Planing machines, equally with lathes, are required not

only to give good results but to give them quickly. Pro-

vision is therefore made for regulating the traverse of the

table to suit the length of the cut, and for utilizing or

accelerating its return joitmeys. The former is sometimes

done by fixing the- tool in a revolving tool-Iiolder or

"jim crow," so that its face can be always turned towards

its cut, and for accomplishing the latter there are various

arrangements which give a " quick return " to the table. It

is also a common practice to use two tools at once, as in

turning. It will bo observed that the size of the work

which can be treated in a planing machine, such as fig. 7,

is strictly limited by the clear width between the standards,

and the height of the horizontal slide above the table when
at its highest point. Although these dimensions are very

considerable in the larger sizes, which can occasionally take

in articles over 9 feet in width and height and 50 feet in

length, yet it is sometimes desirable to be able to exceed

them, and in these large machines the weight of the table

and the power consumed in driving and reversing it

become a serious consideration. It is therefore mechani-

cally preferable to keep the work at rest when it is large

or heavy, and to give all the requisite movements to the

tool This view is now graduaUy gaining favour, and the

makers of some recent machines have adopted a form of

construction entirely different from the above, wjiich has

the advantage of enabling cuts either horizontal or vertical

to be taken from any piece of work which can be secured

to the base-plate, so that its full size is almost immaterial.

An ordinary vertical drilling machine is represented

in fig. 8, one of comparatively small size and single-

geared having been chosen rather than a larger example

with greater complication. When
once properly started, this

machine is self-acting, but for

each hole the work has to be

adjusted by hand so as to bring

the required portion exactly

under the drill spindle, and the

small size of the table prevents

its being at any great distance

from the edge. These objections

are remedied in larger machines,

either by making the table cap-

able of horizontal adjustment,—

a

good way of doing this being to

pivot a circular table at the end

of an arm which can revolve _
round the main standard of the ^*"
machine,—or by mounting the "-*

drill spindle on a radial arm, and Fio. 8.—Vertical Drilling

enabling its distance from the Machine.
^

standard to be varied. In the first case the tool is th.'sn

di-stinguished as a "pillar " and in the second as a "radial"

drilling machine. Either of these methods enables the

drill to be brought to bear exactly upon the desired spot

1
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(within certain limits as to distance from the edge, &c.),

the first by adjusting the work below the drill, the second

by adjusting the drill over the work. A wall drill dis-

penses with a table altogether, and gives great facilities

for operating on large pieces of work,

especially if the means of adjustment is

secured by the radial arm just men-

tioned. Multiple drilling machines, with

which a series of holes can be drilled

at once, are serviceable tools for some

purposes, mainly on account of the sav-

ing of time which they effect. Three

drills are shown in fig. 9, the first the

old, bad, but not yet quite superseded

pattern, which is incapable of making a

straight or clean hole of any consider-

able depth, and which loses its ori-

ginal diameter both in wear and in
"

sharpening ; the second the twist drill, which compares

favourably with it in every one of these respects ; and the

third a pin drill, for enlarging a hole already existing.

Boring machines deal chiefly with apertures of large

diameter, for which great straightness and accuracy are

required, such as the cylinders of pumps, steam-engines,

&c., or the bores of guns. The latter object brought them

very early into existence, as already mentioned, and the

general principle upon which the rude machinery of more

than a century ago bored out the old cast iron mortars is

Btill used for the powerful weapons of our own day. It

consists in the employment of a boring bar formed by

mounting a series of cutters (or a combination of guides

and cutters) round the periphery of a cylindrical " head "

Bomewhat less in diameter than the required bore. Fig.

10 will render evident the great similarity which exists

between the oldest , m.^.^ , a...;,:^—

i

and tue most re- ° ^ ^^ -^ * '— —
cent gun-boring

heads, the one be-

ing taken from the

Encyclopklie already referred to, and the other from a draw-

ing of a boring-bar used for a similar purpose at Woolwich.

The head may be either a fixture at the end of its bar, in

which case it forms a kind of drill with several cutting

edges, or it may be so arranged as to traverse the bar to a

small extent at each revolution,^a plan which is generally

preferred for all open-ended cylinders, &c., and which admits

of the work being kept stationary throughout the operation.

The bar when in use is mounted either vertically or hori-

zontally, according to circumstances, in a lathe or boring

machine. The excellent results obtainable in this

manner will be appreciated from the fact that with the

gun-boring machinery at Woolwich a hole 10 inches in

diameter and 10 feet deep can be bored in solid steel

at a single operation, and holes have been carried to a

depth of 24 feet with a variation of less than y^ of an

inch in the diameter. The accuracy of modern machine

work indeed not unfrequently brings into prominence

sources of error which were previously unsuspected. The
boring of large cast iron cylinders affords an instance of

this, for it has been found that, however true the boring

tool may be, the distortion of the cylinder itself, through

being laid on its side, is sufficient to mar the results obtained

with it ; consequently it has been found necessary always

to bore a large cylinder in the vertical position which it

will occupy when in use.

In the construction of modem machinery, &c., it is often neces-

sary to depart from the simple geometric fonns to the production of

which tlie tools which have thus far occupied our attention are

mainly adapted. We will now glance at some of the labour-saving
cnntrivances applicaMe to other cases.

The ilot-drillinq viachltu: cfl'ccts (by a method said to have been

-Boring Heads.

Fio. n.—Slot Drilling.

li Uing Machine

cment can thus be given

first used about the year 1848) the conversion of the circnlar cavitj

producible with an ordinary drilling machine iijto an elo5gatf«i

" slot " or slit. The extent oi the

elongation can be varied by in-

creasing or diminishing the re-

ciprocating moveniout of the slide

which carries the rotating drill.

An example of it is given in fig.

11, and the cutting end of a

roughing drill is sliown to an
enlarged scale. Where smooth-
ness of the sunken surface is re-

quired this is followed by arose or some oti^er finishing tool.

The slotting mMchine (fig. 12) also cuts grooves and stots, but

in an entirely different

manner. Those who
are acquainted with the

wood mortising ma-
chine, from which the
idea of this tool was
derived by Robeits of

Manchester, will at once
understand its prin-

ciple, and will appre-

ciate the good service

which can be rendered

by this powerful paring

tool. A large propor-

tion of the shaping,

&c., required in heavy
work is now done in

these machines, which
are sometimes of great

siic and power. The
table on which the

work is placed is pivoted '^JSiivi^
and mounted on a com-
pound slide, and a self-

acting herizontal transverse or

to it.

For work of moderate size shaping machines, which are moTC «f

recent introduction than either slotting or planing machines, both

of which they resemble in tlieir

action, are in some respects more
convenient. The slide which
carries the tool is in their case hori-

zontal, and its shoi-t but Variable

strokes are in a direction trans-

verse to the bed, along which it

can travel, just as a slide-rest

travels along a lathe bed. Curved
surfaces, either convex or concave,

as well as flat ones, can generally

be worked up automatically in

these machines, one of which is

shown in fig. 13, hut their details

and an'angements vary consider-

ably. For operating upon small
j.^^^ 13.—ahaping Machine,

surfaces, especially those of com-
plicated outline, the plan of employing a revolving cutter, re-

sembling a circular file, is now gaining favour. It is interesting

to note that this is but a return to a system which is stated to

have been devised by Dr Hooke in 1664, and

which was certainly used in some of the early

"engines" for cutting the teeth of wheels. One
such cutter or milling tool is shown in fig. 14.

Others are of a plain cylindrical form, or arc i

varied in outline to any extent to suit the particular

purpose for which they are intended, amongst
which purposes may be mentioned that of cutting

the teeth of other milling tools. When mounted
on a compound slide and used in a milling vuuhine,

a tool of this kind is a labour-saving contrivance

of a very efficient kind, and it should be observed

that it may in some cases be employed for finishing metal surfaoM

possessing a double curvature, to which none of the foreeoing

planing or shaping machines could be applied.

Profiling or edge-milling machines are a still more recent appli-

cation of the milling-tool system. They enable the curved or com-

plicated outline of a previously prepared templet to be reproduced

with certainty any number of times in succession. They are in fact

copying machines, acting in a similar manner to Jordan's carving

machine or Blanchard's copying lathe, in both of which the form

of the copy is derived from the original pattern by causing this

pattern to control the movements of the revolving tool.

A.nother class of machine tools, which has sprung up of iate years

and is rapidlv extending, is that of emery grinders. One thing
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emeryshapingmachuus
(such OS fig. 15), aud
various others in which
tiiey take the place of
steel cutters, or as tool
grindera either general
or special, in which
tlio rival njatorial, so
far. from suiiplanting
steel, does much to-
wards increasing its
efficiency, by enabling
tlie process of grinding
to be applied to maliy
catting • tools which
oould previously be
sharpened only with
muchgreaterlabouraud
cosP by other inetUods. _^
Saws, grooved rimers *''"• 15.—Emery Shapiu" Mad.iind screw taps, and twist drills or« <• -r • .

cation. A hi<.h rate of sne^rl 1. f-^ r" '"'^''""=03 of this appli-
,

of an emery wheel haU a mfir'""'""' l"*.'^"n"'g the full elLt I

umisualorLces^e ateoV m-el t^f^ ''^"S ''^'^ "^""^ ">
I
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consequently deve oped at the point of
soeh that it can Tiidure this withouT/n " "'

't
^"^'^'^ "'"^^ >>«

^Xm. thou.h for .^'^^^^^^^^^^^^
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Mid in ma'^;Tase"w?t!,out anf ^' ^"- ^''- ^" ''-^-"-S ^^Pi'iJ^

M A C-JM A G
157

>vn''„™">?mt^'?oti:'„:^
tfff'?^^i "1" «'» -n'ts n-om it

Shearing Machine.

(voste of matcriaL shears can
aiten claim superiority to any
other means available for ac-
coraplishing the same ends.
The diagram (fig. 16) shows
the old airangement known as
a-opp%ng shears, stUl iu nso atmany iron-works, where early
appliances seem to enjoy a
remarkable vitality. An ct-
ample «f a self-contained
thMniig amipimchingmachine ,, , _-^^a given in fig. 17. The —^^—1 "Lf^

apparent ease with which ^°- 16.—Cropping Shears.

Trfo'^rplatesoft?,' '^i^^^J ^•""^
^ti' I™-, shear or

an altogether false i^^prel ion rfth '^'f'"'-
*'''"=''''^''=' 5^^^

operation rei„iies' Zantement, fL'T"".' °^ power whicff the
placing the work exactly ifH,„

f°^«'^"--'"°S the difficitlty of
series Sf holes to ClZthJt iTT''^T^'^TJ''' ^''^^ "-"^ °f -
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Juvented by Roberts ^ loquired pattern, was subsequently

ti,Jse%:t:icirtrtqui:itrpt'erV?'^ '-^^ y- -'«-^ '»
pendent steam-engine o?rmeo?her„ri;,''Zr'"';l

'''™' ,"" '"-i^-
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Belts pass from tirese to simifar Sevs whfV"^ ^'""C^'^'

''"'""
many of the machines in the enj,w

'"'"'='' "'"y ''e observed on
UYariable method Tl,„ •
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machine, as lis in tt S'of^Tt" "7 "^^'^ f"™ P""°f ''«

)« dispensed with aid water confined ^.'''T-'^?-
^'^ ^"=-->'° ""'y

luted.-which constitutes the^?,.;^.^?;"'; ^ ""?'' P''"™''^ ''"''sti-

laiWly applied to the worWne ofnr^^^^^^
distribution, now

and to some extent alsr?.!^!!^^]-""^ """"^ °"""' P"''P°^'=^-
themselves readily to Uiis svst!ro„ ^T"^'' ''"'' =^'>ears lend

^- "-ah in 1.6 ^"^^:'a:s:^y:r^:-rr1^

n^odem. ,vork has rendered ^cess^r; t^hfr c^'ort^n"'^'
"™™^'^ "^

dimensions, such as are quits bevomf tb« ™ -^ ^ ^"^ '"""'to
uary rules and callipers D^fferen^n

the measuring powers of ordi-
can measure m"„ute differencerhp. ^t"' ''' """^"""^^ ^I"''^'!'

standard gau-e and an in e-?»? ?'° J^"
articles-such aa a

in engin?ers'^ works To their
"''^ "^ "~''"' **"' f™"* " P'^e

as weTi as to thit of ,Lf ,
"'''''"Sement and manufacture,

J. Whitw?rtirh?st d grefattenrrS^''^ '""^i?''"^-'
^^^

success tliat in his worlshnn ^,!= • '
^ ^^^"^ achieved sucli

r,^.. part of an inch is read^y ap^reclfbir'A^fh
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used for the verihSon of stand
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Ui an especial degree
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MACKENZIE, Sib Ale.kander (nSV^^Canadian explorer, was a native of Invernesl Hav'in*emigrated at an early a<^e to Cmn^,
uivernesa having

to July ullT" 'i"'^"
'""^ "^'^ ^-^^ond (Ootobcrrros

coT: the^S"at"c:'n:1r''^"^^
"'^'"^^''

'<' ''^

Charlotte Island? Th!
^-"P^.-^renzies, opposite Queen

inStS t°c'o t'°'^
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^°1f'''"'"^'«
int:;estlCXintormation it contains about the native tribes • and it .•=

tnir^MfcW^'-^^''' '''T'^''''^
on\he 'ca^ad anl"
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MACKENSrE, Sir Geoege (1636-1691), of Rosehaugh,

knight, a prominent Scottish lawyer, was the grandson of

Kenneth, first Lord Mackenzie of Kintail, and the nephew
of Colin and George, first and second earls of Seaforth;

his mother was a daughter of Dr Andrew Bruce, principal

of St Leonard's College, St Andrews. He was born at

Dundee in 1636, and, having passed through the grammar
Bchool there, was sent at an early age to college at

Aberdeen, and afterwards at St Andrews, graduating at

sixteen. lie then engaged for three years in the study of

the civil law at Bourges ; on his return to Scotland he was
called to the bar in 1656, and before the Restoration had
risen into considerable practice. Immediately after the

Restoration he was appointed a "justice-depute," and it is

recorded that he and his colleagues in that office were

ordained by the parliament in 1G61 " to repair, once in the

week at least, to Musselbiu'gh and Ddkeith, and to try

and judge such persons as are there or thorealjouts delate

of witchcraft." lu the same year he acted as counsel for

the marquis of Argyll ; soon afterwards he was knighted,

and he represented the county of Rose during the four

sessions of the parliament which was called in 1669. He
succeeded Sir John Nisbet as king's advocate in August
1677, and in the discharge of this office became implicated

in all the worst acts of the Scottish administration of

Charles II., earning for himself an unenviable distinction

an "the bloody Mackenzie." His refusal to concur in the

measures for dispensing with the penal laws against

Catholics led to his removal from office in 1686, but ha
was reinstated in February 1688. At the Revolution,

being a member of convention, he was one of the minority

of five in the division on the forfeiture of the crown.

King William, was urged to declare him incapacitated for

holding any public office, but refused to accede to the

proposal. When the death of Dundee (September 1689)
had finally destroyed the hopes of his party in Scotland,

Mackenzie betook himself to O.xford, where, admitted a
student by a grace passed on Juno 2, 1690, he was allowed
to spend the rest of his days in the enjoyment of the ample
fortune he had acquired, and in the prosecution of his

literary labours. One of his last acts before leaving

Edinburgh had been to pronounce (March 15, 1689), as

dean of the faculty of advocates, the inaugural oration at

the foundation of the Advocates' Library. He died at

Westminster on May 8, 1691, and was buried in Greyfriars

churchyard, Edinburgh.

While still a young man Sir George Mackenzie appears to have
.isi.ired \o euiiueuce in tlio domain of pure literature, his earliest

l)abIicatiou Laving been Arclina, or a Serious Jlomancc (anou.,

1660) ; it was followed, also anonymously, by Itdigio Sloici, a Sho7-t

discourse vpmi xveral Dioinc and Moral Subjects (1663), A Moral
Eisay, pr.fcrrim) Solilndc to Public Employment (1666), and one or

two other dis(|uisition3 of a similar nature. None of these earlier

efforts are now read, if they ever were ; and perhaps Mackenzie's
strongest claim to bo leuienibered at all in connexion with belles

lctlrc3.,3 tlmt which rests upon Dryden's grateful reminiscence of
Komo stimulating conversation held with " that noble wit of Scot-
land, Sii- Gcoigo Alackcnzie," about 1673. (See Dryden's "Discourse
on the Origin aud Progress of Satire," prefixed to his Juvenal in
16D3.) Ilia most important legal works are entitled A Discourse
iipon the L<iio^and Custmns of Scothi/ud in Mutters Criminal (\<i1&),

O0scrr,Uio,tv upon tlie Laws mid Gusloms ofNations as to Prccdcnct/,
Willi the Scieim of fferalJri/ (168S), IiistiliUions of the Law of Sc'ol-

Inwr (11)31), and Obicrailions iipon the Acts of Parliament (1686);
of tbo?e the l.isl-naraed is the most important, tha histitidions being
completely oTorshadowcd by the similar work of his great contem-
porary Sl.iir. \n\\\^ Jus Rcgium; en- the Just and Solid Founda-
tions of MonurJii/ in ijcnernl, and More cspeoially of the Monarchy
fif Sethind, mitt>>taiucd (1684), Mackenzie appears as an uncoinpro-
luisiug advocate of the highest doctrines of prerogative. His
Tindicalionof llu: Ooivrnmciit of Scotland during the rciyn of
f^h<'rhf< II. i.s vahiablo as r. piece of contemporary history. The
collccled iror!.s were published at Edinburgh (2 vols, fol.) in
1/16-22 ; an 1 M-nuirs of the AfTairs of Scotland from the Rcslora-
lion of Kiry Cluirles II., liom previously uiipublished MSS., in

1821. It may be well to add that the iuhjeet of tiiis notice nii:;-t.

not be confounded with Dr George Mackenzie, the author of,i.i'r: <

and Characters of the Most Eminent Writers of the Scots Nutk'.i

(170S-22).

MACKENZIE, Henry (1745-1831), was Dorn at

Edinburgh in August 1745. His father was Dr Joshua or

Josiah Mackenzie, a successful physician, who also, culti-

vated letters in a small way. Mackenzie got the ordinary

education of a youth in his position at the high school and
university of Edinburgh, and was afterw-ards articled to

Mr Inglis, who was then attorney for the crown in tho

management of exchequer affairs. To this comfortable

post the author in due time succeeded, and perhaps knew
as little as any of that tribe ever did about the struggles

and sorrows of a literary career. For hi? work's sake it

would have been better if he had travelled some of life's

rougher paths, or else been content to write about wliat Ho
had actually seen in the Scottish world of that day. There
was plenty of material there if he had had the open eye ti>

see it, as Walter Scott showed by and by ; and it is a pity

that Mackenzie did not try his hand at it, having been more
in the heart of it than Scott could ever have been. As it

is, his stories are clearly not the fruit of his experience, but
rather the echo of his reading. He could write graceful

enough sentences, somewhat artificial, yet smooth and
pointed; but the men he describes are mere shadows, and
the life altogether unreal. His first and best-known work.

The Man of Feeling, wa-s published anonymously when lie

was only twenty-six years of age, and soon became highly

popular. It was a droughty season in Scottish literature,

aud therefore any little blossom, however sickly, was
welcome for its rarity. Hume and Robertson and Smith
had left the scene ; Burns was just learning to think of

the daisy he turned up with his ploughshare, and Fergusson

had lately closed his brief and troubled career. ^Mackenzie

had the field all to himself, and got the attention which
is given to a solitary figure. He had read the Senti-

mental Journey, as one can see from expressions here aud
there, as well as from tho affectation of writing his

story in a fragmentary form ; but he had not a gleam of

Sterne's humour to relieve the sentimentality. He had
read Richardson too, but he had none of that writer's

subtle insight into character. Perhaps Goldsmith was
his real model, but the likeness was as that between a fire-

fly and a star. The "man of feeling" is a weak foolish

creature, possessed with a futile benevolence, who*goes up
to London, where his friends should never have let him go,

and meets a variety of sharpers, and comes out of their

hands pretty much as Goldsmith makes the vicar's .son do,

only without the fun that clings to poor Moses. For this

book is all in one key, sentimental and lachrymose, and

the hero dies at last, from no particular cause, in a highly

tragic fashion beside his fainting mistress. His next

work. The Man of the World, is the picture of a horn villain,

a rogue in grain, who begins his rascality at school, perhajis

earlier, and carries it through with eutire consistency to

the end. The man is unnaturally bad, and the incidents

are badly unnatural ; and such a book at present would

only find a place in some third-rate penny paper, if even

thera Julia de Eoubigne, his only other uo-velette, was

meant to depict the misfortunes of a number of quite

blameless people—to be, in short, a tragedy vfithout a

villain, an Othello without an lago. But, as it has no

insight, and does not even try to have any insight, into

the mystery of such calamities, the result is insipid and

tedious. All these works btid great popularity in their

day ; but that day is long past, and what life they rxm
have is only a tradition.

Mackenzie also wrote several dramas, mostly of the

tragic sort, for in that tone he had wuu his successes, sucJi
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ns they were. But ono who had no conception of distinct

character, of human individuality, was not likely to succeed

in tho drama, which depends more on that than on

anything ; and hence it was not our author's good fortune

to deliver his country from the stigma of never having

liroducod a genuine tragedy. Of The Spanish Father, The

Prince of Tunis, and The Shipwreck, the second was brought

on the stage, and managed to live for six nights ; t!io

other two were stillborn, and probably no man living has

ever read them, unless for purely critical purposes.

But Mackenzie, if nowise a great writer, but quite other-

wise essentially a small writer, with a knack of making
sentences indeed, but having nothing particular of his own
to say, was not therefore altogether a useless man in his

day. That he did well for himself, and perhaps for the

exchequer too, is quite likely, even though he toiled in the

high-Tory service of Dundas, and wrote tracts meant to

" broom " out of the country the tide of French Revolu-

tionary notions. At any Kate he became in his old age a

kind of literary centre and social power in Edinburgh,

when that was really needed and useful. He had known
John Home and blind Dr Blacklock, and wrote lives of

them ; but, what is of more consequence, he was among
the first to recognize the genius of Robert Burns, as editor

of The Louwjer, which he and a group of young men with

some literary tastes wrote and printed for some years.

Yet, though he once breakfasted with Johnson, and certainly

met Burns more than once, he has told us nothing about

either of them, though a page of Burns's talk would have

been worth all Tlie Man of Feeling twice told. It was so

far good, however, that he hailed the peasant poet cordially,

which we could hardly have hoped so artificial a writer

would do, and even better that he noticed the dawn of

German literature when Lesfeing and Schiller rose above

the horizon, and not only wrote some account of them,

taken from French sources, but boldly set to the study of

German that he might really know them at first hand.

How far he went in that study we do not know, only he

set young Walter Scott on the scent, with results such as

he himself could never have imagined. So he lived on, a

kind of small king in the Edinburgh literary world, till

18.31, dying in his eighty-sixth yaar, with a wonderful new
world around him, which had not yet begun to criticize,

but only to admire and honour him.

MACKEREL. Mackerels are pelagic fishes, belonging

to a small family, Scomhridse, of which the tunny, bonito,

albacore, sucking fish (Echeneis), and a few other tropical

genera are members (see Ichthyology, vol. xii. p. 690).

Although the species are fewer in number than in the

majority of other families of fishes, they are widely spread

and extremely abundant, peopling by countless schools the

oceans of the tropical and temperate zones, and approaching

the coasts only accidentally, occasionally, or periodically.

The mackerels proper (genus Scomber) are readily recog-

nized by their elegantly shaped, well-proportioned body,

shining in iridescent colours. Small, thin, deciduous scales

equally cover nearly the entire body. The dorsal fin

extends over a great part of the back, and consists of

several portions: the anterior, composed of feeble spines

which can be laid backwards in a groove ; the posterior, of

rays only, of which the five or sis hindmost are detached,

forming isolated "finlets." The shape of the anal fin is

similar to that of the rayed dorsal. The caudal fin is

crescent-shaped, strengthened at the base by two short

ridges on each side. The mouth is wide, armed above and
below with a row of very small, fixed teeth.

No other fish shows finer proportions in the shape of its

body. Every " line " of its build is designed'Snd eminently
adapted for rapid progression through the water ; the

muscles massed along the vertebral column are enormously

developed, especially on the back and the sides of the tail,

and impai't to the bo.ly a certaiu rigidity which interferes

with abruptly sideward motions of the fish. Therefore

mackerel gsnerally snim in a straightforward direction,

deviating sidewards only when compelled, and rarely turn-

ing about in the same spot. They are in almost continuous
motion, their power of endurance being equal to the

rapidity of their motions. Mackerel, like all fishes of this

family (with the exception, perhaps, of Echeneis, which has

not yet been examined in this respect), have a firm flesh

;

that is, the muscles of the several segments are interlaced,

and receive a greater supply of blood-vessels and nerves

than in other fishes. Therefore the flesh, especially of

the larger kinds, is of a red colour ; and the energy of

their muscular action causes the temperature of their blood
to be several degrees higher than in other fishes.

All fishes of the mackerel family are strictly carnivorous ;

they unceasingly pursue their prey, which consists princi-

pally of other fish and pelagic crustaceans. The fry of

clupeoids, which likewise swim in schools, are followed by
the mackerel until they reach some shallow part of the

coast, which their enemies dare not enter.

Mackerels are found in almost all tropicai and temperate

seas, with the exception of the Atlantic shores of temperate

South America, where they have not hitherto been met
with. The distinctive characters of the various species have
not yet been fully investigated; and there is much confusion

in the discrimination of the species. So much is certain

that the European mackerel are of two kinds, of which one,

the common mackerel, Seomler scomber, lacks, while the

other possesses, an air-bladder. The best-known species of

the latter kind is Scomber colias, the " Spanish " mackerel;

'

a third. Scomberpneumaiophorus, is believed bysome ichthyo-

logists to be identical with S. colias. Be this as it may, we
have strong evidence that the Mediterranean is inhabited by
other species difi"erent from S. scomber and S. coli<is, and well

characterized by their dentition and coloration. AJsb the

species from St Helena is distinct. Of extra-Atlantic species

the mackerel of the Japanese seas are the most nearly allied

to the European, those of New Zealand and Australia, and
still more those of tho Indian Ocean, diS'ering in many
conspicuous points. Two of these species occur in the

British seas : Scomber scomber, which is the most common
there as well as in other parts of the North Atlantic, crossing

the ocean to America, where it abounds ; and the Spanish

mackerel. Scomber colias, which is distinguished by a

somewhat different pattern of coloration, the transverse

black bands of the common mackerel being in this species

narrower, more irregular or partly broken up into spots,

while the scales of the pectoral region are larger, and the

snout is longer and more pointed. The Spanish mackerel

is, as the name implies, a native of the seas of southern

Europe, but single individuals or small schools reach fre-

quently the shores of Great Britain and of the United

States.

The homo of the common mackerel (to which the following re-

marks refer) is the North" Atlantic, from the Canary Islands to the

Orkneys, and from the Jfediterranean and the Black Sea and the

coasts of Norway to the United States.

Towards the spring large schools approach the coasts. Two
causes have been assigned of this migration : first, the instinct

of finding a suitable locality for propagating their species ; and,

secondly, the search and pui"sxiit of food, which in the wannejr

season is more abundant in tho neiglibourhood of land than in the

open sea. It is probable that the latter is the true and only cause,

for the following reasons :—mackerel are known to increase much
more rapidly in size while in the neighbourhood of land than in

the months during which thty lead a roving pelagic life in tho

open sea ; and, further, one-year and two-year-old fishes, which

have not vet attained maturitv, and therefore do not travel land-

' The term " Sp.inish mackerel " is applied to a very diSrent fieh

iu America, viz., Cybium viuculatvm,
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wards for the purpose of spawning, actually take the lead in the

migration, and are followed later on by the older and mature fishes.

Fijially, according to the observations made by Sars, vicinity of

land or shallow water are not necessary conditions for the ovipo-

sition of mackerel ; they spawn at the spot which they happen
to Iiave reached during their wanderings at the time when the

ova have attained their full development, independently of the

distance of the land or of the depth of water below them, as the

ova float and the embryo is developed on the surface of the water.

In the month of February, or in some years as early as the end
of January, the first large schools appear at the entrance of the

English Channel, and are met by the more adventurous of the drift-

net fishers many miles west of the Scilly Islands. These early

schools, which, as we mentioned above, consist chiefly of one-year

and two-year-old fishes, yield sometimes enormous catches, whilst

in other years they escape the drift-nets altogether, passing them,
for some hitherto unexplained reason, at a greater depth than that

to which the nets reach, viz., 20 feet. As the season advances, the

schools penetrate farther northwards into St George's Channel or

eastwards into the English Channel. The fishery then assumes
proportions which render i t nest in importance to the herring and
cod fisheries. In Plymoutli alone a fleet of some two hundred boats
assembles ; and on the French side of the Channel no less capital and
labour are invested in it, the vessels employed being, though less in

number, larger in size than on the English side. Simultaneously
with the di'ift-nct the deep-sea-seine and shore-seine are used, which
towards June almost entirely supersede the drift-net. Towards the
end of May the old fish become heavy with spawn, and are in the
highest condition for the table ; and the latter half of June or be-

ginning of July may be regarded as the time at which the greater
part of mackerel spawn.

Mackerel are scarcely less abundant in the German Ocean ; prob-
ably some of the schools sever leave it, and this resident stock (if

we are allowed to apply this term to a iish which is ever shifting its

quarters) is increased by the schools coming from the Atlantic
through the English Channel or round the north coast of Scotland.
The schools approach the coasts of the German Ocean somewhat
later in the season, partly owing to the greater severity of the
weather, which detains the resident fishes in the open sea, and
partly owing to the greater distance which the Atlantic shoals
have to travel. On the Norwegian coast mackerel fishing does not
begin before May, whilst on the English coasts large catches are
frequently made in March. Large cargoes are now annually im-
ported in ice from Norway to the English market.

After the spawning the schools break up into smaller companies
which are much scattered, and offer for two or three months
employment to the hand-line fishermen. They now begin to dis-

appear from tho coasts and return to the open sea. Single indi-

viduals or small companies are found, however, on the coast all the
year round ; they may have become detached from the main bodies^
and be seeking for the larger schools which have long left on their
return migration.

Although, on the whole, the com'se and tjme of the annual
migration of mackerel are marked with great regularity, their
appearance and abundance at certain localities are subject to great
variations. They may pass a spot at such a depth as to evade the
nets, and reappear at the surface some days after farther eastwards

;

they may deviate from their direct line of migration, and even
tempoi-arily return westwards. In some years between 1852 and
1867 the old mackerel disappeared oflT Guernsey from tho surface,
and were accidentally discovered feeding at the bottom. Many
were taken at 10 fathoms and deeper with the line, and all were
of exceptionally large size, several measuring 18 inches, and weigh-
ing nearly 3 lb ; these are the largest mackerel on record.
The mackerel most esteemed as food is the common species,

and individuals from 10 to 12 inches in length are considered the
best flavoured. In more southern latitudes, however, this species
seems to deteriorate, specimens from the coast of Portugal, and
from the Mediterranean and Black Sea, being stated to be dry and
resembling in flavour the Spanish mackerel (S. colias), wliich
is not esteemed for the table. See also Fisheries, (A. C. G.

)

MACKINTOSH, Sie Jajies (1765-1832), publicist,

liistoriaa, statesman, and philosopher, was born at Aldourie,

7 miles from Inverness, in 1765. He came of old Highland
families both through his father and his mother. Of the
former, v/ho was an officer in the army, and was mostly
on duty abroad, he saw but little, and he spent his early
years under tho care of his mother and her relatives. At
a very early age young James bore the reputation of a
prodigy for multifarious reading and learning. His
schooling he received at Fortrose, whence he went in 1780
to college at Aberdeen. As a student in the arts faculty
there his reading extended far beyond the bounds of the

curriculum ; but the influence that most powerfully formed
his mind was the companionship of Robert Hall, afterwards

so famous as a pulpit orator, with whom he ardently beat

the usual round of vexed questions. In 178-1 he proceeded

for the study of medicine to Edinburgh, where he found a
still more congenial field for his opening mind, at a time
when Hume had been dead just eight years, while Adam
Smith, Dr Black the father of chemistry, Dr CuUen,
Robertson, Ferguson, and other eminent men, were resident

there. Mackintosh participated to the full in the intel-

lectual ferment, but did not quite neglect his medical

studies, and took his degree, though with characteristic

unpunctuality he kept the professors waiting for a con-

siderable time on the examination morning.

In 1788 Mackintosh, removed to London, then agitated

by the trial of Hastings and the king's first lapse into

insanity. He was much more interested in these and
other political events than in liis professional prospects

;

and his attention was specially directed to the events and
tendencies which caused or preceded the Revolution in

France. In the year of his removal to London his father

died, and he succeeded to the family estate, which, being

small and burdened, brought very little income ; and, as

he made no headway in his profession, his financial outlook

was not very bright. It was under these circumstances

that he wedded his first wife Catherine Stuart. Yet hia

marriage was a happy event for him. His wife's prudence

was a corrective to his own unpractical temperament, and
his efforts in journalism soon became fairly profitable.

Mackintosh was soon absorbed in the question of the time
;

and in April 1791, after long meditation, he published hia

Vindiciss Gallics, a reply to Burke's Reflections on the

French Revolution. It was the only worthy answer to

Burke that appeared. It placed the author in the front

rank of European publicists at the age of twenty-five, and
won him the friendship of some of the most distinguished

men of the time, including Burke himself About the

same time he became honorary secretary of the association

of the Friends of the People. The success of the Vindiciss

finally decided him to give up the medical for the legal

profession. He was called to the bar in 1795, and gained

a considerable reputation there as well as a tolerable practice.

During this .period his greatest public eftorts were his

lectures (1799) at Lincoln's Inn on the law of nature and
nations, of which the introductory discourse was published,

and his eloquent defence (1803) of Jean Peltier, a French

refugee, tried at the instance of the French Government
for a libel against the first consul. In 1804 he was created

knight, and received the post of recorder at Bomba)', where
he spent the next seven years of his life. The spoilt child

of London society was not at home in Bombay. He did

seek to interest himself in India, and in imitation of Sir

William Jones founded the Literary Society of Bombay;
but the current literature of Europe was far more engross-

ing than the old Indian life, and the packet with the latest

tidings from Europe and the newest development of the

Napoleonic drama was infinitely more interesting than

either. In spite of his scholarly and historic sympathies,

. his heart always was with the new era, and he was glad to

return to England, where he arrived in 1812. True to

his old faith, he courteously declined the offer of Perceval

to resume political life under the auspices of the dominant

Tory party, though tempting prospects of oflice in connexion

with India were opened up. He entered parliament in the

Whig interest as member for Nairn. He sat for that

county, and afterwards for Knaresborough, till his death.

In London society, and in Paris during his occasional visits,

he was a recognized favourite for his genial wisdom and
his great conversational power. On Madame de Stael's

visit to London he was the only Englishman capable of
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roprosontinr,' Iiia country in talk with that lihcnomenal

wonuin. lii:i [parliamentary career was marked by tho

aamo wide and candid liberalism as his private life. Ho
opposed tho repressive and reactionary measures of the

Tory Government, supported and afterwards succeeded

IlomiUy in his efforts for reforming tlie criminal code, and

tnok a leading part both in Catholic emancipation and in

tho Reform Bill. Cut he was too little of a partisan, too

widely sympathetic and candid, as well as too elaborate, to

bo a telling speaker in parliament, and was consequently

surpassed by more practical men whose powers were incom-

parably inferior. From 1818 to 1824 he was professor of

law and general politics in the East India Company's
College at Haileybury.

In the midst of the attractions of London society and of

liis parliamentary avocations Mackinto.sh felt that the real

work of his life was being neglected. His great ambition

was to write a history of England. His studies both in

English and foreign speculation led him to cherish the

dosign also of making some worthy contribution to philo-

sophy. There Ls real pathos in the fact that it v/as not

till 1828, when he was sixty-three years of age, and even

then only at the instance of Macvey Napier, editor of the

Eiicyctopiulia Britaiinica, that he set about the first task of

his literary ambition. This was tho Dissertation <m the

Proijress of Elkienl Pliitosoplnj, prefi.Ked to tho seventh

edition of the Encyclopedia. The dissertation, written

mostly in il'-health and in snatches of time taken from his

parliamentary engagements, was published in 1831. About
the same time ho wrote for the Cnhinet Cyclopxdia a
" History of England from tho Earliest Times to the Final

Establishment of tho Hofqrmation."- His more elaborate

Ilislort/ of tlie Rionliition, for which ho had made great

researches and collections, was not published till after

his death. Already a privy councillor, Jlackintosh was
appointed commissioner for the affairs of India under the

Whig administration of 1830. Ho died in 1832.

Jt.icliiiitosh VMS uii'loiilitcilly ono of the mdst cultrtrcil .inJ

ratliolic-miiidecl men of his time. His studies and sympathies
embraced ahiiost tjveiy human interest, oxeept pure science. ]5ut

it was tlie vidtli of Iiis iiitplleetual sympathies joined to n con-
Ktitiitional indecision and vis incrtim tliat prevented llim from doing
more endurinf; woik. Thus it was that his aetual achievements
cftmc so far sliort l)oth of liis real power and of tlie promiso given
in liis early elforts. The works of Maekintosli which have the best
claim to permanent value arc the Vbulicisc Gaitices, the Dissertation,

and the Ilislonj of Itic Eii.jlisli Scvolidion. Of the three the first

i.^ the p-eatcst both in ability and historical significance?, jt is

the vcmict of a philoso|ihic Liberal ou the development of the
French Rcvnhitiou up to the sjiring of 1791, and is nt the same
time a sympathetic estimate of its causes, piineiples, and tendencies.
AV'hilc respectful to his great opponent, he is &rni and manly in
his asspr^inn of the rights and interests of man so deeply concerned
ill tlio Ucvolntion. Its excesses cntnpellcd him a few years after

to express his entire agreement with tho opinions of Bnrke ; but
few will now deny that his early .judgment was the more coi-rcct.

The Di^crtnlioii is a .sketchy and fr.igmcntary work, redeemed by
iMtholic criticism and in''enions suggestion. It was a great under-
taking, for which half a lifetime would hardly have been snUicient,
attempted at a time when the study of the history of philosophy
had hardly been begun. Yet his suggestions as to the formation
of conscience are valuable. Tho Uistortj of the Revolution in Eiifflninl

in 1688, which is only a posthumous fragment" of a long meditated
history of England beginning with the Revolution, is written in a
style of calm and lofty impartiality. It is wanting in colouring,
ill movement, in the concrete, and picturesque, and could never
li.ave been a popular history. It gives the history only of three
years (1085-88), breaking olfat the point where William of Orange
is |>reparing to intervene in the ad'aiis of England. The account
of the early career of the [uince is a noble and striking piece of
work, .showing that, if the author could have resisted the charms
of society and applied himself resolutely to historical composition,
ho might have acliicved something really great in that department.

.See tho ifcni'iirs of Sir Janifs A/<tciiritosh's Lite, PiUtcd by Jiia son; also
aiacaulay's £ss<j>j on Sir J. JIackiiitosh.

HACLAURTN, CoLiy (1698-174G), one of the most
eminent among tho mathematicians and philosophers that

Great Britain has ijfoducod, was tiro son of n clergyman,
and born at Kilmodan, Argyllshire, in 1G98. At tho
early age of eleven years ho entered the university of

Glasgow, where he graduated as master of arts in his

sixteenth year. While at the university he exhibited a
decided genius for mathematics, moro especially for

geometry; and it is said that before tho end of his six-

teenth year ho had discovered many of the theorems after-

wards published in his Geometria Orr/anica.

In 1717 ho .was elected professor of mathematics in

Marischal College, Aberdeen, as the result of a competitivo

examiuation. Two years later he was admitted a fellow

of tho Royal Society, and in a visit to London mado tho

acquaintance of Newton, whose friendship and esteem ho
afterwards enjoyed. In 1719 ho published his Geometria
Orgiuiica, sive descripiio linearum curvarum jiniversalis.

This work was inspired by the beautiful discoveries of

Newton on the organic description of conic sections. In
it Maclaurin introduced the well-known method of generat-

ing conies which bears his name, and showed that many
species of curves of tho third and fourth degrees cau bo
described by the intersection of two movable angles. In

1721 he wrote a supplement to the Geometria Organica,

which he afterwards published, with extensions, in the

Philosophical Transactions for 1735. This paper is

principally based on the following general theorem, which
is a remarkable extension of Pascal's hexagram :—" If a

polygon move so that each of its sides passes through a
fixed point, and if all its summits except one describe

curves of the degrees m, n, p, &c., respectively, then tho

free summit moves on a curve of the degree 2mnp ....
which reduces to mnp . . . when the fixed points all lie

on a right line."

In 1722 Maclaurin travelled as tutor and companion to

tho eldest son of Lord Polvvarth, and after a short stay in

Paris resided for some time in Lorraine, where he wrote

an essay on the percussion of bodies, which obtained the

prize of the French Academy of Science for the year 1724.

The following year he was elected professor of mathematics
in the university of Edinburgh on the urgent recommenda-
tion of Newton. After the death of Newtou in 1728, hia

nephew, Mr Conduitt, applied to Maclaurin for his assist-

ance in publishing an account of Newton's life and
discoveries. This Maclaurin gladly undertook, bnt before

the "ccounL was written the- death of Mr Conduitt put a

stop to the project. It was not until many years afterwards,

and subsequently to Maclaurin's death, that this account

oT Newton's philosophical discoveries was published (1748).

In 1740 Maclaurin obtained the high distinction of

dividing with Euler and Daniel Bernoulli the prize offered

by the French Academy of Science for an essay on the flnx

and reflux of the sea. This important memoii" ' was
subsequently revised by him, and inserted in his Treatise

mi Fluxions, which was pubHshed at Edinburgh in 1742,
iu two volumes. In the preface he states that the work
was undertaken in consequence of the attack ou the method
of fluxions made by Berkeley in 17.34, under the title of

The Analyst. Jlaclaurin's object was to found the doc-

trine of fluxions on geometrical demonstration, after the

manner of Archimedes and the ancient mathematicians, and
thus to answer aU objections to its method as being founded
on false reasoning and full of mystery. He thus laid

down the grounds of the flnxional method, rc^rding
fluxions as velocities, after Newton. He proceeded to give

an extensi' e application of the method to curves, surfaces,

and the other subjects usually discussed in works on the

diflerential and integral calculus, his treatment being almost

exclusively geomptrical ; but the most valuable part of tho

work is that devoted to physical applications, in which ho
embodied his essay on the tides, as stated abovo,'
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In tkia lie investigated tlio attraction of ;m elUiibuul vi

reviilution, and showed that a homogeneous fluid
_
mass

revolving uniformly round an axis under the action of

n-ravity ought to assume the form of an ellipsoid of revolu-

tion. The importance of this investigation in connexion

with the tiieory of the tides, the figure of the earth, and

other liindred questions has always caused it to be regarded

as one of the great problems of mathematical physics.

Thus Clairaut, D'Alenibcrt, Lagrange, Legendre, Laplace,

Gauss, Ivory, Poisson, Jacobi, Chasles, ai)d other eminent

mathematicians have successively attacked the problem,

ind in doing so have declared their obligations to

IMaclaurin as the creator of the theory of the attraction of

ellipsoids. Lagrange's statement as to j\taclaurin's dis-

coveries deserves to be especially cited : after observing

that the attraction of a spheroid of revolution is one of

the problems in which the method of the ancients has

advantages over that of modern analysis, he adds that

Maclam-in's investigation is "uu chef d'oeuvre de gfom^trie

qu'on pent comparer a tout ce qu' Archim&de nous a laiss^

de plus beau et de plus ing^nieus
'•' (Mem. de I'Acad, de

Berlin, 177S). It may be added that Maclaurin was the

first to introduce into mechanics, in this discussion, the

important conception of surfaces of level, namely, surfaces

at each of whose points the total' force acts in the normal

direction. He also gave in his Fluxions, for the first time,

the correct theory for distinguishing between maxima and

minima in general, and pointed out the importance of

the distinction in the theoi-y of the multiple points of

curves.

In 1745, when the rebels, having got between Edinburgh

and the king's troops, were marching ou that city,

Maclaurin took a most prominent part in preparing trenches

and barricades for its defence. 'This occupied him night

and day, and the anxiety, fatigue, and cold to which he

was thus exposed, affecting a constitution naturally weak,

laid the foundation of the disease to which he afterwards

succumbed. As soon as the rebel army got possession of

Edinburgh, Maclaurin fled to England, to avoid making

the submission to the Pretender which was demanded of

all who had defended the town. He accepted the invita-

tion of Dr Herring, then archbishop of York, with whom
he remained until it was safe to return to Edinburgh.

From that time his health was broken, and he died of

dropsy on June 14, 1746, at Edinburgh, in his forty-eighth

year. Maclaurin was married in 1733 to Anne, daughter

of Walter Stewart, solicitor-general for Scotland. His

eldest son, John, born in 1734, was distinguished as an

advocate, and appointed one of the judges of the Scottish

Court of Session, with the title of Lord Dreghorn. He
inherited an attachment to scientific discovery, and was

one of the founders of the Koyal Society of Edinburgh, in

1782.

After Maclaurin's death his account of Newton's philosophical dis-

coveries was published, and also his algebra in 1748. As an appen-

dix to the latter appeared his work, De Unearum ijcmMiricarum pro-

imclcdihus gencralibus tradahis, a ti'eatise of remarkable elegance.

Of the more immediate successors of Newton in Great Britain

Maclaurin is probably the only one who can be placed in competi-

tion with the great mathematicians of the Continent at the time,

and his name mil ever be held in remembmnce in connexion \vith

his important discoveries. Among his publications in the Philo-

sophkal Transactions the following should be noticed :

—

(1) '.STractatus do ourvarura constructionc et mensura, ubi plurimte

series curvarum iniinit;e vcl rectis mensurautur, vel ad simplioves

curvasreducantur," May 1718. The series of curves here treated are

what are now styled "pedal" curves,which hold an inipdrtint place

in the modern discussion of curves. Maclaurin established many
p;oometrical properties connecting a curve with its pedal. He inves-

tigated the properties of the successive pedals of a circle with respect

to a point on its circumference, also those of the pedals of curves for

which tlie perpendicular on the tangent varies as some power of the

radius vectoi drawn to the point of contact. (2) " Nova uiethodus

universalis curvas oiuncs cujiiscnnquc ordiiiis mcchanico (J,~?cribeudi

sola datornm angulorum et rtjtarum ope," January 1719. This and
the preceding memoir were subsequently enlarged and incorporated

by Maclaurin in his Gcomctna Organica. (3) " On Kquatious witli

Impossible Koots," May 1726. (4) On''Continuation of the Same,"
March 1720. In these papers he gave a proof of Newton's rule

for the discovery of the number of imaginary roots of an equation.

He added some general results on the limits to the roots, and gave
the well-knowu method of finding equal roots by aid of the lirs*

derived equation. (6) " Observation of the Eclipse of the Sun of

February 18, 1737,'' January ] 738.
'

(6) " On the Bases of the CtUs
whore Bees Deposit their Honey," November 1743.

French translations of his Treatise mi Fluxlmis and that on
Newton's pliilosophical discoveries were published at Paris in 1749.

His algebra was also translated into French, in 1753. (B. W.)

M'LENNAN, John Feeguson, LL.D. (1827-1881J,
one of the most original of modern inquirers into the con-

stitution of early society, was born at Inverness 14th

October 1827. He studied at King's College, Aberdeen,

where he grarluated with great distinction in 1849, and

then proceeded to Cambridge, where he remained till 1855,

biit did not take his degree. After some years spent in

literary work and legal studies in London aud Edinburgh,

he joined the Scottish bar (January 1857). In 1865 he

published an epoch-making study on Primitive Marriage, in

which, starting from the prevalence of the symbolical form

of capture in marriage ceremonies, aud combining with

great argumentative power a variety of phenomena of

primitive society previously quite obscure, he developed an

intelligible picture -of the growth of the m.arriage relation

and of systems of kinship (see Familv) according to

natural laws. Continuing his studies on allied topics,

M'Lenuan published in 1866 {FoHniglitly Itevicw, April

and ifay 1866) an essay on "Kinship in Ancient Greece,"

in which he proposed to test by early Greek facts the

theory of the history of kinship set forth in Primititc

Marriage, and, three years later, a series of essays on

"Toteniism" {Fortnightly Review, 1869-70) (the germ of

which had been contained in the paper just named), which

mark the second great step in the systematic ."tufly of early

society, to which the energies of his life were now devoted.

A reprint of Pritaitive Marriage, with " Kinship in Ancient

Greece " and some other essays not previously pubHshed,

appeared in 1876 under the title of Studies in Ancient

Uistory. The new essays contained in this volume were

mostly critical, but one of them, in which perhaps his

guessing talent is seen at its best, on " The Divisions of the

Irish Family," is an elaborate discussion of a problem

which has long puzzled both Celtic scholars and jurists;

and in another, " On the Classificatory System of Kelation-

ship," he propounded a new explanation of a series of facts

which, he thought, might be made to throw a flood of light

upon the early history of society, at the same time putting

to the test of those facts the theories he had set forth in

Primitive Marriage. Papers on " The Levirate and Poly-

andry," following up the line of his previous investigations,

appeared in the following year {Fortnightly Review, 1877),

and were the last work he was able to publish. From
1872 to 1875 his literary plans were much interrupted by

his duties as parliamentary draftsman fnr Scotland, and

when he retired from this oSice his health was broken;

his last years were chiefly spent abroad, and in spite of the

self-denying assistance of his second wife (his first wife, a

daughter ofM'Culloch the political economist, died in 1870,

and he married again in 1875) the vast materials which lie

had accumulated for a comprehensive woi-k on his favcmritc

subjects were left only partially work- up, though the

publication of his remains may still be looked for. He
died 14th June 1881. In private life JI'Leonan wa<;

distinguished by his remarkable powers of conversation>, by

an uncompromising sense of duty, especially of duty to

truth, by a warm aud affectionate disposition, and by his
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reaJincss to helii all wurkors iu seieuce, espociull) young

men of promise. Besides tho works already cited,

M'Leiinau wrote Li/'; of Thomas Drmnmond (Edinburgli.

18G7). His later labours had for immediate object tLc

soUition of the origin of exogamy—that is, of laws prohibit-

ing tho marriage of relations (laws of incest) ; and in con-

nexion with this ho had prepa-ed materials for a description

of tho social state of the l«ss advanced races of men
(keeping totemifrn in view as it bore on the history of society

rather than tho history of religion), which, he believed,

would throw much light on the history of marriage and the

family, of kinship, and laws of inheritance.

MACLEOD, Norman (1S12-1872). There' were three

Norman M'acleods, all ministers of the Church of Scotland,

and all men of some note in their day. -The first was

settled in Morven, the " Highland parish," looking out on

the Sound of J[>xll, of which his grandson has given us so

many pleasant and sunny reminiscences. Tho second was

minister of Campbeltown, afterwards of Campsie, and

finally of St Columba's Gaelic Church in Glasgow, an able

Celtic scholar and popular preacher, with a dash of dry

humour in him, and general Highland "pawkiness."

Tho third Norman was born in Campbeltown on June 3,

1SI2, and, like his father, he too could tell a good storj',

only his humour was not of the pawky kind, but verged

on caricature, when it had not, as it mostly had, a vein of

pathos in it ; for he had received, probably from his

mother, Agnes Maxwell, a richer blood and a larger life

than we can trace in his more purely Celtic ."incestry.

A sunny, light-hearted youth, full of jest and song, given

to miscellaneous literature rather than to accurate scholar-

ship or professional learning, would hardly seem to have

been the kind of training to prepare for the life of an
eloquent preacher and earnest pastor. Yet the broad

human .sympathies which were thus fostered were, after

nil, more serviceable for the work that lay before him than

a knowledge of the. Greek drama or of Dutch divinity;

and, though he was never much of a scholar or a theologian,

ho was out and out a man, which is of more consequence

iu tho long run. He had also moved about, and seen a

good deal of the world in Highland Morven, in Glasgow,

in Edinburgh, in Eugland, and in Germany, when in 1838,

on he recommendation of Dr Clialmers, he was presented

by the dowager marchioness of Hustings to the parish of

Loudoun, and began his minf.>:ti-y among a curious com-
bination of Davie Deanses and Silas Marners—covenant-

ing small farmers and Chartist hand loom weavers. There,

in the small rural parish, his work had the same chamcter-

istic features as in the larger sphere which afterwards

opened up to him in the Barony church and in general

literature. He carefully prepared for his pulpit, yet he
was most elociuent when most spontaijeous, for he was
naturally more of a speaker than a writer. Courteous and
chivalrous, yet also homely and ready-witted, he was as

much liked by the radical weavers as he was honoured and
trusted by tho marchioness and her family. And if his

natural gaiety of Jieart, which now and then amounted to

rollickiug animal spirits, gave him an occasional twinge of

conscience which is duly recorded in his secret diary, that

ouly shows that his genuine piety had not yet harmonized

his whole nature, as it afterwards did, blending the grave

and gay in one beautiful human service.

When he began his ministry, the troubles in the Scottish

Church were already gathering to a head, and he found

himself compelled to look around, and choose his ground.

He wanted to get for the church all that Chalmers

and his friends wanted. He felt that the best men,

both lay and cleric, were with them, and against himself.

He had no love for lay patronage, and he wished the

cbufch to bo free to do its proper work. Uut more than

all elic he cluug in thosi- dnyn tu tl.o idea of ,a national

Established Church ; and it was not without a sinking
of heart that he saw the long array file out of the
Assembly of 1843 after Drs Welsh and Chalmers. Yet
he girded himself up for the task that had now to be done
with courage and wisdom. It was a heavy job to Jill

four hundred and thirty pulpits with such materials as

came to hand, nioRily men who had already failed, and
practically given up tho jjrofossion. For years llaclcod,

and those who worked with him, toiled almost despairingly

to inspire them with any living interest in the real business
of the Christian Church. But in the long run his labour-s

were crowned with a large measure of success, though his

own brethren *o tho last hardly gave him the credit for it

which was due almost to him alone—to him, at any rate,

above all others. With his broad sympathies he Hung
himself upon the masses, and taught the working men to

feel that the Church of Scotland was still as interested in

their wellbeing as any denomination. Discerning also

that the harder forms of Calvinism had no longer the hold

on their minds that they once had, ho made room for the

thoughtful teachings of his cousin, Dr John Macleod
Campbell, whom the Evangelical party had formerly cast

out as a heretic, gaming by this means not a little infiucncs

with the young and inquiring intellect.-* of the country.

And finally, by. his efforts to diffuse a wholesome religious

literature through the land, he so identified his church

with the growing spirit of the age that at length ho lived

to see it,' not indeed the strong and united community
which in his youth practically controlled the nation, but

yet once more a great power, dear to the hearts of many
of the people, and doing good Christian service to the

land.

It may be doubted if the work which Norman Macleod

did for Scotland could have been done in his day without

the disruption of the church. For the Evangelical party,

using that word in its technical sense, had not only gained

the confidence of the people by much faithful service, but

also had.^onfirmed their power by somewhat sharp treat-

lisent of all who differed from them. It needed a

different kind of church to tolerate the views of Macleod

Campbell ; but as these were now, more or less, identified

with the living element in the kirk, with those who were

most diligent in parochial work, and most zealous in

mission enterprise, they gradually established their right

to bo preached in Calvinistic pulpits. Norman Macleod,

of course, was not long left to expend his energies on the

weavers of Loudoun. Removing first to Dalkeith, he was

finally, in 1851, called to the Barony church, Glasgow,

where the rest of his days were passed, in honour and

influence, as t)ie foremost of its citizens. There the more

liberal theoh'gy rapidly m:ide way among a people who
judged it more. by its fruits than its arguments. And, as

they heard his eloquent voice pleading op behalf of

churches and schools for the poor, penny savings banks,

foreign missions, and every likely scheme for doing good

to men, they learned to look without su.'jpiciou at opinions

which 3 ieldcd such Christian results.

Two other events also heljicd not a little to increase

his influence. These were his position as editor of Good

Word/, and his relation to the queen and tho royal, family.

In 1S60 a magazine was projected which was to

deal with subjects common to all, only with a decidedly

religious tone. It was not for Sunday ouly, nor was

it for Christians only; but it was to bo broadly human,

and at the same time clearly pious. For the conduct-

ing of such a magazine Macleod was singularly well

qualified. Not that he had yet attained any great lite-

rary position, or indeed was ever likely to do so. He
had writtcu some ecclesiastical pamphlets, amusing but
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not weighty. Ue had edited the Edinburgh Christian

Magazine, without achieving any marked success. His

best work as yet was the life of his friend and brother-

in-law, John Mackintosh. But nothing human was

foreign to him, and " good words," on things in general,

were just the words that he could make quick and

powerful Very soon Good Words came to be by far the'

most popular magazine of the day. Nearly all his

own literary work, by which he will be judged in other

times, appeared in its pages,—sermons, stories, travels,

novels, poems,—all of them honest " good words " which

it was wholesome to read. But they hardly give iiini a

name in literature,—at least, not such a name in .the

future as he had while he was still alive. Tliey were too

much the hurried productions of a life busy with many

affairs. The short stories, like " Wee Davie " and " Billy

Buttons," are those which are most likely to retain a place

in letters, on account of their mingled humour and pathos.

Of his more studied works "The Starling" is perhaps the

best ; but, while he could tell a brief tale admirably, he

could not su.stain a long narrative, with its play of varied

diaracter and incident ; and, instead of leaving his art to

road its own lesson, he preached a sermon by means of a

story. Always, indeed, it is evident that he was more of

an orator than a writer. The best of his poems is the

hymn " Trust in God and do the right," though the

" Curling " song has the right ring of the stones rattling

over the ice. Altogether, his work was honest and good,

not the highest in point of literary finish, but wholesomcr

than much that is more perfect in its form.

While Good Words made his name widely known, and

helped the cause he had so deeply at heart, his relations

with the queen and the royal family strengthened yet

further his position in the country. Never since Principal

Carstairs had any Scotch clergyman been on such terms

with his sovereign; and their friendship was felt to be

Alike honourable to both, resting, on her part, on esteem

for his work and character, and on his, on a loyal desire to

serve his queen as a Christian minister may. All this

helped not a little to increase his influence in the councils

of the church, and to restore its prestige, which had for a

time been nearly overthrown ; and yet, while his popu-

larity was in full swing, one unlucky piece of honesty made

him for a time the man in all Scotland most profoundly

distrusted.

Scotch Sabbatarian ideas had been a good deai disturbed

by the running of Sunday trains and by other novelties,

and in 18G5 the presbytery of Glasgow issued a pastoral

letter on the subject to be read from all the pulpits there.

Macleod, of course, loved the day of rest as much as any

of thorn, but he did not like the grounds on which they

rested it, nor yet the spirit in which they would have it

observed. Therefore he resolved to deliver his mind on

the subject to his brethren. Like St Paul, he refused to

let any man judge him concerning "new moons and Sab-

baths." His speech was not at first well reported, those

parts only being printed which ^vere most likely to startle

the religious public ; and in consequence it was, for a

while, greatly misunderstood. Old friends shrunk from

him. His house seemed to be shunned as if plague-

stricken. His brethren in the presbytery threatened a

" libel " for heresy. And he needed all his courage to bear

up against the outcry which assailed him on all hands. A
more correct version of the speech was issued, however, and

the good sense and Christian intelligence of the people soon

learned to form a juster estimate of its real bearing. The

threatened prosecution broke down. Truer ideas of Sabbath

observance got a lodgment in men's minds. And, four

years after, tlie church, which at one time seemed ready to

cast liim fioni her bosom, accorded him the highest honour

in her power to give, by choosing him as moderator of her

General Assembly.

Before that, however, he had already gained her con-

fidence so far as to be sent, along with Dr Archibald

Watson, to India to inquire into the state of her mission

there. He had always taken a deep interest in the India

mission, and had been for some time convener of the com-

mittee which took charge of its interests. When asked to

undertake this duty, he was already labouring under the

disease which afterwards shortened his days ; his medical

advisers were not without grave anxieties as to the effect

of the climate on his constitution, and it was with clear

consciousness of the risk he ran that, in 1867, he sailed

for the East. He returned fully resolved to devote

the rest of his days largely to the work of rousing the

church to her duty in carrying out " the marching

orders " of her Commander. But he was not destined

to do much more for the cause that lay so near his heart

than to make one or two stirring appeals to the conscience

of the church. His health was now broken, and his old

energy flagged. Always his habits of work had been

somewhat irregular; properly, indeed, he had no fixed

habits, but only tremendous fits of labour and periods of

exhaustion. Now neither body nor brain could stand

tliis strain, and with reluctance and pain he had to give

up the charge of the India mission. His speech in doing

so was the last and greatest he ever made. It was as if

he had gathered up his failing powers for one final effort,

and spent his life on it. Shortly after his return from the

Assembly of May 1872, his disease showed some fresh

symptoms that alarmed the doctors. And on Sunday the

IGth of June, shortly after completing his sixtieth year,

Normau. Macleod peacefully fell asleep, the country

hardly knowing how it had loved him till he was borne to

his quiet resting-place in Campsie churchyard.

Memoir of Norman Macleod^ D. D., by his brother, tho Rev.

DoualJ MaclcoJ, 2 vols., appeared in 1S76. {W. C. S.*)

MACLISE, Daniel (1806 or 1811-1870), subject and
history painter, was born at Cork, the son of a Highland

soldier.^ His education was of the plainest kind, but he

was eager for culture, fond of reading, and anxious to be-

come an artist. His father, however, placed him, in 1820,

in Newehham's Bank, where he remained for two years, and

then left to study in the Cork school of art. In 1825 it

happened that Sir Walter Scott was travelling in Ireland,

and young Maclise, having seen him iu a bookseller's shop,

made a surreptitious sketch of the great man, which he after-

wards lithographed. It was exceedingly popular, and tho

artist became celebrated enough to receive many commis-

sions for portraits, which he executed, in pencil, with very

careful treatment of detail and accessory. Various indu:

ential friends perceived the genius and promise of the lad,

and were anxious to furnish him with the mea'ns of studying

in the metropolis ; but with rare independence he refused

all aid, and by careful economy saved a sufficient sum to

enable him to leave . for London. There he made a

lucky hit by a sketch of the younger Kean, which, like his

portrait of Scott, was lithographed and published. He
entered the Academy schools in 1828, and carried off the

highest prizes open to the students, including, in 1829,'

the gold medal for the best historical composition.

In the same year he exhibited for the first time in the

Royal. Academy. Gradually he began to confine him-

self more exclusively to subject and historical pictures,

varied occasionally by portraits of Campbell, Miss

Landon, Dickens, and other of his celebrated literary

1 The year of his hirtli is uneertain ; lie himself used to assert tlint,

tho 25th of January 1811 was the coiTcct date, hut research in tlitf

register of tlie old Fresbytevi.an rliinvli iu Cull; sceuis to iirovc that liuj

was boru un 2d Fcbniary ISOU.
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friends. In 1833 ho exhibited Snap Apple Niglit, or All

Hallow Eve in Ireland, and Mokanna Unveiling his I''ealure«

t,o Zelica, which greatly increased his reputation, and were

followed in the succeeding year by the powerfully dramatic

.(ubjoct of the Installation of Captain Kock, and in 1835

by the Chivalric Vow of the Ladies and the roacock, a work

which procured his election as associate of the Academy,

of which ho became full member in 1840. The years that

followed were occupied with a long series of figure pictures,

deriving their subjects from history and tradition, and

from the works of Shakespeare, Goldsmith, and Le Sage.

He also designed iUustrations for Moore's Irish Jfehdiex,

Lytton's Pilgrims of the Jihine, and several of Dickens's

Christmas books, and for The Story of the Norman Con-

quest and Shakespeare's Seven Ages, published by the Art

Union. Between the years 1830 and 1836 he contributed

to Fraser's Magazine, under the nom-decraijon of Alfred

Croquis, a very remarkable series of portraits of the literary

and other celebrities of the time,—character studies,

etched or lithographed in outline, and touched more or less

with the emphasis of the caricaturist, which have been

since reproduced and published in a volume. In 1858
Maclise commenced one of the two great monumental
works of his life, the Meeting of Wellington and Bliicher,

on the walla of Westminster Palace, where he had pre-

viously painted his Spirit of Religion and his Spirit of

Chivalry. It was begun in fresco, a process which proved

unmanageable. The artist wished to resign the task ; but,

encouraged by Prince Albert, he studied in Berlin the new
method of "water-glass "painting, and carried out the subject

and its companion, the Death of Nelson, in that medium,
completing the latter painting in 1864. The intense

application which he gave to these great historic works,

nnd the various depressing and discouraging circumstances

connected with the commission, had a serious effect on the

artist's health. He began to shun the compan' in which
he formerly delighted ; his old buoyancy of spirits was
gone; and when, in 18C5, the presidentship of the

Academy was offered to him, he declined the honour. In
18GS he exhibited the Sleep of Duncan, and in 1869 his

King Cophetua and the Beggar Maid. Having finished

the Earls of Desmond and Ormond, he was attacked by
acute pneumonia, which carried him off, after a brief

illness, on the 25th April 1870.

The works of Maclise are distinguished by powerful intellectual

and imaginative qualities, but most of them are marred by harsh
and dull colouring, by metallic hardness of surface and texture, and
by frequent touches of the theatrical in the action and attitudes of
the figures. His fame rests most securely on his two greatest works
at WcstrainstCL A meraoir of the artist by his friend W. J.

O'Driscoll was published in 1871.

MACLURE, William (1763-1810), the pioneer of

American geology, was born at Ayr in Scotland in 1763.

After a brief visit to New York he began active life as a

partner in the firm of Miller, Hart, & Co., London. Four
years later (1796) business affairs brought him again to

America, which he thereafter made his home. In 1803 he
visited France as one of the commissioners appointed to

settle the claims of American citizens on the French
Government for spoliations committed during the Revolu-
tion ; and during the few years then spent in Europe he
applied himself with enthusiasm to the study of geology.

On his return home he commenced the self-imposed ta.sk

of making a geological survey of the United States.

Almost every State in the Union from the St Lawrence to

the Gulf of Mexico was traversed and mapped by him,

the Alleghany mountains being crossed and recrossed soma
fifty times. The results of his unaided labours were
submitted in a memoir to the American Philosophical

Society (1809), and published in the Society's Transactions

(vol. vL), together with a geological map, which thus

antedates William Smith's great geological map of England
by six ycar.s. Subsequent survey has corroborated the
general accuracy of Macluro's observationa, so far at least

as the Primary and Secondary formations are concerned.
From 1817 to his death Macluro was president of the
Academy of Natural Sciences of Philadelphia, and much
of the prosperity of the institution was due to his devoted
services. In 1819. he visited Spain, and attempted to

establish an agricultural college near the city of Alicante

;

but with the overthrow of the short-lived Liberal constitu-

tion his plans became hopelessly deranged. Returning to
America in 1824, he settled fur some years at New
Harmony, Indiana, endeavouring, but with small success,

to develop his scheme of the agricultural college. Failing

healtli ultimately constrained him to relinquish the attempt,

and to seek (in 1827) a more congenial climate in Mexico.
There, at San Angel, he died March 23, 1840.

His great geological memoir was issued separately, wifn some
additional matter, in 1517 ; and in 1837 he publishea a coUectiou
of essays, in 2 vols., mainly on political economy, entitled Opinioru
on Various Subjects. His other original papers, including obser-
vations on the geology of the "West Indies and of Mexico, and re-

marks on the origin and arrangement of rocks, were published in
the Journal of the Academy of Natural Sciences (Philadelphia), in
^\]MiXiQ.u's American Journal of Science and Arts, and in the Frencli
Journal de Physique.

MACNEE, SiE Daniel (180G-1882), portrait painter,

was born in 180G at Fintry in Stirlingshire. He was edu-

cated in Glasgow, and at the age of thirteen apprenticed,

along with Horatio Macculloch and Leitch the water-colom

painter, to John Knox, a landscapist of some repute at the

time. He afterwards worked for a year as a lithographer,

was employed by the Messrs Smith of Cumnock to paint

the ornamental lids of the planewood snuff-boxes for

which their manufactory was celebrated, and, having

studied in Edinburgh at the " Trustees' Academy," sup-

porting himself meanwhile by designing and colouring

book illustrations for Lizars the engraver, ho established

himself as an artist in Glasgow. At first he was occupied

a goad deal with figure pictures, but the increasing demands
on his time as a fashionable portrait painter eventually

left him little leisure for this branch of art. He was one
of the twenty-four associates of the Royal Institution

who, in 1829, were admitted members of the Royal

Scottish Academy ; and on the death of Sir George Harvey
in 1876 he was elected president, and received the hononr
of knighthood, and the degree of LL.D. from the Glapgow
University. From this period till his death, on the 18th

of January 1882, he resided in Edinburgh, where his

genial social qualities and his inimitable powjrs as a teller

of humorous Scottish anecdote rendered him popular.

Among his portraits may be mentioned those of Lord
Brougham, Viscount Melville, Lord Inglis, and Mrs BougL
His Dr Wardlaw obtained a gold medal at the Paris Inter-

national Exhibition of 1865.

MACNEILL, Hestoe (1746-1818), a minor Scottish

poet, born near Roslin, October 22, 1746, died at

Edinburgh, March 15, 1818. The son of an impoverished

army captain, he spent several years of his boyhood on a

farm which his father had taken on the banks of Loch
Lomond, and was sent to Bristol at the age of fourteen to

enter on a mercantile career. Soon afterwards he was

despatched to the West Indies, where he remained many
years without ever enjoying even a moderate prosperity.

When about forty he returned to Scotland with the inten-

tion of devoting himself to a literary life, but his ill fortune

still pursued him, and he was obliged to go back to

Jamaica. The kindness of two friends enabled him soon

to come home again to Scotland, and on the journey he

finished The Harp, a Legejidary Tale, published at

Edinburch in 17S9. Aiter bIk years spent at Edinburgh.
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rendered miserable by shattered health aud depressed

spirits, he retired to the house of a friend at Stirling,

where he wrote most of his songs and ]iis Scot/and's Skaith,

or the History of Will and Jean, a narrative poem intended

to show the deteriorating influences of whisky and pot-

house politics, which appeared in 1795, and at once made

its author popular, having passed through fourteen editions

within the year. A sequel, The Ways of War, appeared

next year, and in 1799 The Links of Forih, or a Parting

Peep at the Carse of Stirliiuj, a somewhat feeble descriptive

poem, intended as a parting tribute to his kind host before

his own departure for Jamaica. Not long after his arrival

an early friend settled on him an annuity of £100, which

enabled the poet to return soon afterwards to Scotland,

and so close hia long struggle against adversity with fifteen

years of comparative comfort at Edinburgh.

Ill 1800 lie published The Memoirs of Charles Uaejih^son, Esq.,

a. novel umlerstood to be a close narrative of Iiis own hardships and

adventures. His later works, which added little to his fame, were

—Tla rnstm-al or Lyric Mtisc of Scotland, 1S09 ; two anonymous

works ill verse entitled Town Fashioiis, or Moiln-ii. Ma,uitrs Ddiue-

ntal, and Bycgonc Times and Latcemnc Chan'jcs„ and The Scottish

Adventurers, a novel. Ho left behind an autobiogrnphy still un-

published, but of which an abstract appeared in Blackwood's Maga-

zine for December 1818. A complete edition of the poems he wished

to own appeared in 1812, aud it is on these that his fame will rest,

Hl5 songs, " Mary of Castlecary," "Come under my plaidy," " lly

boy. Tammy," " tell me how for to woo," " I lo'ed ne'er a laasie

but ane," " The plaid amang the hether," aud " Jeanie's black e'e,"

will live, spite of Allan Cunningham, for their sweetness and sim-

plicity, while his Will and Jean, quite apart from its excellent

intention and tendency, will maintain a pl.aeo among the most

oliaractoristic productions of the Doric Muse in Scotland.

ilACOK.the capital of Safine-et-Loire, France, occupies a

gently sloping site on the right bank of the Saone, -11 miles
**

north of Lyons. It is connected by a bridge of twelve

arches with the suburb of St Laurent on the opposite bank

of the river. The site is sheltered and the climate mild,

but the locality is subject to sudden changes of tempera-

ture. Of the public buildings of llacon the most pro-

minent is the old church of St Pierre, reconstructed in

1S6G,—a three-naved basilica, 328 feet in length, with two

fine spirea. Of the old cathedral, destroyed at the Revolu-

tion, nothing remains but the facade, portions of the two

towers, and a narthex of tlie l'2th century, now used as a

chapeL The old episcopal palace, which has been rebuilt,

is now used as the prefecture. The hospital is from

designs by Soufflot ; the lyceum bears the name of

Lamartino (a native of Macon, to whom there is a statue).

The town house contains a library of 7000 volumes, and

a museum. Macon is a railway centre of considerable

importance, being the point at which the line from Paris

to Marseilles is joined by that from Mont Cenis and

Geneva, as well as by a branch from Digoin. The

industries of the place include brass-founding, the manu-

facture of agricultural implements, weighing-machines, and

the like, printing, dyeing, and the production of faience.

The principal articles of commerce are wine, barrels and

hoops, and grain. Tie population in 1876 was 17,570.

Macon (Matiseo) was an important town of the jT.dui, but under

ihe Romans it was supplanted by Autun and Lyons. It sulfered

a succession of disasters at the hands of Germans, Buigundians,

Vandals, Huns, Hnngarians, and even of the Carlovingiau kings.

In 1228 it was sold to the king of France, but moio than once

afterwards passed into the possession of the dukes of Burgundy,

until the ownership of the French crown was fixed in the time of

Louis XI. In the 16th century Macon became a stronghold of

the Huguenots, sided with the League, and did not yield to Henry
IV. until 1594. The bishopric, created by King Childebcrt, was

su))piessed in 1790.

MACON, a city of the United States, the chief town of

Bibb county, Georgia, is situated on rising ground in the

midst of a beautifully wooded country on both sides of the

Ocmulgee river, a navigable headvrtiter of the Altauialia,

.about SO imXts. south-cast of Atlanta. It is well laid out

with tree-bordered streets, often ISO feet wide, and jxjs-

sesses since 1870 a fine central park, on the formation

of which §125,000 were'e.'spended. ' The principal institu-

tions in the town are the State academy for the blind

{1S.V2), the Mercer university (a Baptist foundation, 1838),

the Wesleyan Fera.ale College (1839), the Pio Nono (Roman
Catholic) College, and the Southern Botanico-Medical

Institute. As an important junction for the Georgia, the

Georgia Central, and the South-Western Railways, and com-
municating with the coast by the direct line to Brunswicli^

Macon enjoys great facilities for trade ; and, besides its

extensive railway machine-shops, it has cotton factories, iron

foundries, flour-mills, and sash aud blind factories. The
annual fair held in the Central Park is the great meeting-

place of the Georgian planters. From 5720 in 1850 the

population has steadily advanced to 8247 in ISGO, 10,810

in 1870, and 12,748 in 18S0. The foundation of the

town dates only from 1S23.

M.A.CPHERSON, James (1738-1796), the "translator"

of the Ossianic poems, was born at Ruthven, Inverness,

Scotland, in 1738, was educated iu his native village and

at King's College, Aberdeen, and from 1756 taught the

school of Ruthven for some time. In 1758 he published

a poem entitled the Uigldander, and about the same period

contributed several minor pieces to the Scots Mar/aziuc.

In 1759, while residing with a pupil at Moffat, he became
accidentally known to Dr Carlyle of Inveresk and Mr
Home, the author of Douglas, both of them alivady

interested in the subject of ancient Highland poetry; some
fragmentary "translations" from the Ga':lic, v/hicli in the

course of a few days he supplied to Home, were much
appreciated iu the litcrar}' circles of Edinburgh, and in

1760 a volume was published by Macpheraoii, entitled

Fragvient^s of Ancirnt Poetry collecied in the Higldaiids of

Scotland, and translated from the Gaelic or Erse Language,

with a preface by Dr Blair. A srnn of money was now
subscribed by the faculty of advocate.s for the purpose of

enabling Macpherson to go to the Scottish Higldands in

search of other fragments, and the result of his labours was

the publication at London in 1762 of Fingal, an £jhc
Poem, in six hooks, laith other lesser Poems, dedicated to

Lord Bute ; this was followed in 1763 by Teinnra, in eigiit

books, with several other poems. For the real character

of these publications see Celtic Liteeatdee, vol. v. p.

313-4. At the time of their appearance they greatly

advanced the translator both in fame and fortune ; in 17Gi

ho was appointed surveyor-general of the Floridas, and oq

his return to England two years afterwards he was
permitted to retain for life the salary of the office. In

1771 he published An Introduction to the History of Great

Britain and Ireland, and in 1775 A History of Great

Britain from the Restoration to the Accession of the Honise

o/i/«no!)e)' (2 vols. 4to) and Original Papers containing

the Secret History of Great Britain for the same perio<l

(also in 2 vols, 4to). His translation of the Iliad,

published in 1773, was greatly praised by Robertson and

others in Scothmd, but met with a severe reception in

England, and has not stood the test of time. About 1779

he was appointed to the lucrative post of agent for the

nabob of Arcot, and from 1780 onwards he sat in parlia-

ment for the borough of Camelford. He died at Bellevills,

an estate which he had recently purchased in Inverness,

on February 17, 1796, aud was buried in the Poets' Corner

at Westminster Abbey. His will had provided for the

publication .of the Ossianic poems in the original Gaelic,

which he is understood to have been preparing for the

press at the time of his death ; and the work accordingly

appeared in 3 vols. Svo, in 1807, with a literal translation

into Latiu, by Robert JIacfarlane, and a dissertation on

tho authenticity cf the poems, by Sir John Sinclair.
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MACREADY, William Charles (1793-1873), was

born in London 3d Marcli 1793, and educated at Rugby.

His intention was to prooeeJ to Oxford, but tlio embarrassed

affairs of his fatlier, tlio lessee of several provincial theatres,

called him to share the responsibilities of theatrical man-

agement, in which he showed great prudence and address.

In 1810 he made a successful debut as Komeo i;.t Binning-

ham ; and the fame \vhich he had acquired in the provinces

(;avo exceptional interest to his appearance iu 1816 at

Coveut Qurdoa in the character of Orestes in tho Distressed

Mother. In London his choice of characters was at first

confined chiefly to the romantic drama, but lie showed

his capacity for the highest tragic parts Whon he played

Kichard III. at Covent Garden in 1819, and in the follow-

ing year his performance of Virginius, iu tlio new play of

Sheridan Knowles, assisted to give sulidit)- to his reputa-

tion. Transferring his services to Drury Lane, he gradu-

ally rose in public favour, till, on the retirement of Kean
and Young, ho was regarded as the legitimate successor

of these tragedLins. In 1820 he completed a successful

engagement in America, and in 1828 his performances

met with a very flattering reception in Paris. Already

he had done something to encourage the cre.'itiou of a

modem English drama through the interest awakened
by his performances in Virr/iiiins, Gains (Jraahna, a'jd

William Tell, and after entering ou the management of

Covent Garden in 1837 he introduced, besides other

new plays, Bulwer's Laih/ of Lyons and liiclietifu, the

principal characters of which wore among his most effective

parts. Both, however, in his management of Covent

Garden, which he resigned in 1839, and of Drury Lane,

which ho held from 18-11 to 1843, he found his designs

for the elevation of the stage hampered and finally

frustrated by the sordid aims of the proprietors and the

absence of adequate public support. In 1843-41 he made
a prosp«rou3 tour in the United States, but his last visit

to that country, iu 1849, was marred by a riot at tho

Astor Opera House, Now York, arising from the jealousy

»f the actor Forrest, and resulting ia the deith of twenty-

two persons, who were shot by tho military called out to

quell tho disturbance. Macreody retired from the stage in

1851 ; and the remainder of his life was occupied chiefly

in superintending the education of hia family, and in

lichemes for the welfare of the poorer classes. He died at

Clieltenham 27th April 1873.

Macready'a inM-fonnances always displayed fine artistic i)erceptioDS

developed to a Iii^U degree of perfection by very comprehensive cul-

ture, and even his least silccesaful pei-sonations had tho interest
iiMulting from thorough intellectual study. He bclonRed to the
school of Keau rather than of Kemble ; but, if his tastos were
Iietter disciplined and iu some respects more refined than those of
Kean, his natural temperament aid not permit Iiini to give pro-
;>er effect to the most characteristic features of the great tragic
parts of Shakespeare, King Lair perliaps excepted! whicli in
some ilcgroc afforded scope for his pathos and teudernrs*, the
^lualitics iu whiidi he specially excelled. "With the cKcoptiou of a
voice of good compasa and caj^ablo of very varied expression,
.Micronily was not in a special degree gifted physically for acting,
imt the defects of his face and figure cannot be said to have mate-
rially influenced his success. Ho created a consideiable number of
parts, which still rebiin their hold ou the stage, and, although not
by virtue of natural genius worthy of a place among tragedians of
tiie Bret rank, ho is almost entitled to this on account of the high
<legrec of [Krfection to which he had cultivated his powers, and
from the fact that there is no tragedian of tho second rank who can
be named his equal. See Marrcadij's Eoninisccnccs, edited by Sir
Frederick Pollock, 2 vols., isrs.

MACIIODIUS, Ambrosixjs Theodositts, a Eomau
grammarian and philosopher, who wrote towards the
beginning of the 5th century after Christ. He is described
'J the superscription of the best MSS. as vir Qtarissiimt) ct

illustris ; hence it has been supposed that he is the
Macrobius who was prsfecfiis prml'iriiis Hlspfiniurum in

399 A.U., proconsul of Africa in 410, and chamberlain

(privpnsitus saai cuhiiruli) in 423. Cut the tenure of
high oQico at that date was limited to Christians, and there
is no evidence in the writings of Macrobius that ho was a
Christian. On the contrary, he shows groat interest in the
deities of paganism; his friends seem to have belonged
wholly to the pagan party ; and his philosophical views
are those of the Nco-Platonists. Hence the identification
is more than doubtful. It is possible, but by no means
certain, that ho was the Theodosius to whom Avianus
dedicates his fables. From the date of the persons who
are mentioned by him as contemporaries, he appears to
have flourished in the time of Honorius.

The most important of his works is the Convimormn
Satiirnaliorvm Libri Seplein, containing an account of the
discussions held at the house of Vettius Pritextatus during
the holiday of the Sat-urnalia. The latter i>art of tlie

second book and the beginning of the third, the second
half of the fourth book, and the end ;if tjje seventh have
been losjt ; otherwise the work is in fairly good preserva-

tion. It was written by the author for the benefit of his

son Eustachius, and contains a great variety of curious

historical, mythological, critical, and grammatical disquisi-

tions, the value of which is much increased by the frequent

quotations from earlier writere. The machinery is some-
what cumbrous ; for, as in some of Plato's dialogues, the

discussions are not directly reported, but a certain

Postumianus reproduces, for his friend Decius, the account

which he had received from a rhetorician Eusebius, who
had been present at them. There is but little attempt to

give any dramatic character to the dialogue ; in each book
some one of tho personages takes the leading part, and the

remarks of the others serve only aa occasions for calling

forth fresh displays of erudition. The first book is devoted

to an inquiry a.s to tho origin of the Saturnalia and the

festivals of Janus, which leads to a history and discussion

of the Roman calendar, and to an attempt to derive all

forms of worship from that of the suor The second book
begins with a collection of tons mots, to which all present

make their contributions, many of them being ascribed to

Cicero and Augustus ; it then ap^peara to have passed into a

discussion of various pleasures, especially of the senses ; but

almost the whole of this is lost. The third, fourth, fifth,

and sixth books are devoted to Virgil dwelling respec-

tively on his learning in religious matters, his rhetorical

skill, his debt to Homer (with a comparison of the art of

the two) and to other Greek writers, and the nature and

extent of his borrowings from the earlier Latin poets. The
latter part of the third book is taken up with a disserta-

tion ui)on luxury and the sumptuary luws intended to

check it, which is probably a dislocated portion of the second

book, being entirely out of place where it stands. Tho
seventh book is of a more miscellaneous character, consisting

largely of the discussion of various physiological questions.

The value of the work consists solely in the facts and

opinions quoted from earlier writers, for it is purely a com-

pilation, and has little in its literary form to recommend it.

We have also two books of a commentary on tho

Somnivm Seipioiiis narrated by Cicero in his De Ilepnlilieiu

The nature of the dream, in which the elder Scipio appears

to his (adopted) grandson, and describes the life of the

good after death and the constitution of the universe

from the Stoic point of view, gives occasion for Macrobius

4;o discourse upon many points of physics in a series of

essays interesting as showing the astronomical notions then

current. The moral elevation of the fragment of Cicero

thns preserved to us gave the work a popularity in the

Middle Ages to which its own merits have little claim.

There is a good critical edition of Macrobius, with a commentary

by L. van Jan (i vols., Lcipsic, 1S4S-.12), and a convenient au''

oicoUeut edition uf the t«xt by F. Eysscnh.nil; ([^)sic, 1S68'



1G8 MADAGASCAR
Plate MADAGASCAI!, an important island in the Indian

iV Ocean, and tbe third largest island in the world, is about

300 miles from the south-east coast of the African con-

tinent, from which it is separated by the Mozanfbique

Size an.l Channel. It is 980 miles in length from north to south,

-Kition. the northern point. Cape Ambro, in 12° S. lat., inclining

16" to the east from the longitude of Cape St Mary, the

southernmost point, in 25° 35' S. lat., so that the main

axis of the island runs from north-north-east to south-south-

west. The broadest portion of Madagascar is near the

centre, where it is nearly 350 miles across, and there it is

only 230 miles distant from the African coast. From this

part of the island its northern half forms a long irregular

triangle, while south of it the average breadth is about

250 miles. Its total area is nearly 230,000 square miles,

or not quite four times the extent of England and Wales.

Although known to Arab merchants for more than a

thousand years past, and frequently visited by Europeans

since the beginning of the IGth century, Madagascar is

still but imperfectly explored. A careful survey of the

coast was made in 1823-25 by Captain W. F. W. Owen,

R.N., but all maps of the interior up to about ten years

ago wore constructed on the most insufficient data. But

during the last decade many portions of the island pre-

viously unknown have been traversed by missionaries and

naturalists, and maps, more or less detailed, have been

prepared of a considerable portion of the interior. Con-

spicuous in this work have been the missionaries of the

London Missionary Society and the Friends' Foreign

Mission, especially the late Rev. Dr Mullens, whose large

map, .published in 1879, embodied all that was known up

to that date, and also M. Alfred Grandidier, a French

traveller and scientist, whose great work on the island is

now in process of publication.

Bays, Madagascar has a very regular and compact form, with

but few indentations considering its great extent of shore-

line. Along two-thirds of its eastern side the coast is

almost a straight line, witliout any inlet, for Tamatave and

FouIr Pointe, which are the most frequented ports on this

side of the island, are only open roadsteads protected by

coral reefs. North of this, however, is Antongil Bay, a

deep and wide inlet running northwards for about 50

miles ; farther north is Port Louquez, and at the extreme

point of the island is Diego Suarez Bay, one of the finest

harbours in the world. The north-western side of

Madagascar is broken up by a number of spacious inlets,

some of them landlocked and of considerable size. Going

southward, these are the bays of Chimpiaiky, Pisandiva,

Port lladama, Nariuda, Majambo, Bd-mbat^ka, and Ib6ina,

as well as the estuaries of some of the rivers. South of

Cape St Andrew, the north-west angle of the island, there

is nothing else in the shape of a gulf until we reach the

ostuary of the river Onilahy, or St Augustine's Bay.

Bounding the southern end of the island, we find no other

inlet until we come to the small bay of ItapiSra near Fort

Dauphin, at the southern extremity of the straight line of

coast already mentioned.

Waiirts. The islands around Madagascar are few and unimportant

The largest are St Marie's, near the eastern coast, a narrow

island about 30 miles long, and N^sib^, larger and more

compact in form, opposite Pasandiva Bay on the north-

west coast. Except the Minnow group, north of Ni)sib^,

tho rest are merely rocky islets, chiefly of coral.

Moun- Much light has been thrown ujion the physical

tnim.' geography of Madagascar by recent explorations, In most

accounts, up to a very short time ago, a " central mountain

chain " is described as running throughout the island as a

wrt of backbone from north to south ; and most maps

show this, with numerous branches extending in various

directions. It is, however, now quite clear that instead

of this supposed mountain chain there is an vlevatcd

mountainous region, from 3000 to 5000 feet in altitude,

occupying from a third to two fifths of tho whole interior,

but lying more towards the north and east. Around this

upper region are extensive plains, at a much less elevation

above the sea, and most developed on the western side of

the island, and in its southern portion beyond 23° S. lat

But this lower region is not entirely level, as it is broken

up towards the west by three prominent lines of hills

running north and south. See Plate IV.

The shores of the greater portion of the southern half

of the island are low and flat, but in the northern half

much of the coast is bold and precipitous, the high land

often approaching the sea. On the eastern side the plains

vary from 10 to 50 miles in breadth, but on the western

side they often exceed 100 miles across. From these coast

plains the ground rises by successive ranges of hills to the

high interior land. This elevated region is broken up in

all directions by mountains, the highest in the island being

centrally situated as regards its length, but more to tbe

easteru side. These are the summits of the basaltic mass

of Ankaratra, four of the peaks ranging in elevation from

810(3 to 8950 feet above the sea, and from 3900 to 4700
feet above the general level of the surrounding country.

The loftiest of these is named Tsi-.\fa-jhvona, i.e., "that

which the mists cannot climb." Besides these highest

points there are a considerable number of mountains in tho

central provinces, varying in height from 6000 to 7000

feet, the highest as yet measured being I.'kvnh.'iika {" the

Lofty defying one"), 7100 feet high, about 30 miles west-

south-west of Ankiratra, and the highest point of a

remarkably rocky and rugged district named Viivavlto

("Stonemouth "). There are also very many lofty and

grand peaks in the B(5tsil^o province, some, it is said, nearly

8000 feet high ; and in the Bara country the Li.Slo

mountains are compared by a recent traveller t^ the

" Chijrch Buttes " and other striking feature* of the scenery

of Utah, on the line of the Pacific Railway. One of the

grandest of all the Madagascar peaks is an isolated

mountain near the northern point of the island, called

Amber or Ambiihitra. This is said to be more than 6000

feet high, and, rising, not as do those before-mentioned,

from an elevated pilateau, but from plains little above tte

sea-level, is a remarkably majestic hill as observed from

every direction, and is well seen far out to sea.

In the elevated region of Madagascar are many fertik Valley*

plains and valleys. Among these are BiHsimititatra in

Imi5rina, and TBi<5niniparihy in Bdtsileo, sujiplying a large

proportion of the rice for the capitals of these two pro-

vinces. Still more extensive valleys are the plain of the

Antsihinaka country, the valley east of Angivo, and the

Anki'vy district between the two eastern lines of forest (all

of which are one step downwards towards the loxfer coa.st

plains), and the valley east of the Bt^maraha range in the

SakalJiva country. Sections across the central portions of

Madagascar show that there is a somewhat saucer like

depression in the centre, the eastern and western edges

rising higher than the enclosed space. The eastern ridge

is the higher of the two, so that the watershed for a con

siderable distance is much nearer the eastern than thf

western side, averaging from 50 to 80 miles from the sea.

The country is well watered, even in the highest ranges

of tho interior, the abundant rainfall giving a perennial

supply to the innumerable springs and streams. There

are, therefore, no extensive districts that can be called desert,

except parts of the west and south-west provinces, where

the rainfall is scanty. The extreme southern portion is

also reported to be arid, but as yet little is accurately

known o' this part of tlie country.

As is necessarily the case from tho physical conformatioE

oraphy

Rj*
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of the interior, the chief rivers flow to the west and north-

|West 8Jdo3 of the Island. The eastern streams are all less

ill sif.o, except the MangO)ro, which flows for some distance

[;ai-allcl with the coast. - Few of them, therefore, are of

much Borvico fur navigation, except for the light-draught

native canoea, aiid almost all of them ars more or less

closed at their outlets by sand-bars. C . .i.mencing at the

southern point and going northward, on the eastern side,

the principal rivers ere the Minanara, Minambava,

Mititi'vnans, Minanjira, Oniv(5 and Mangoro, Mimingory,

and the AnjWhaniimbo at the head of Antongil Bay,

besides numerous smaller streams. On the north-west

coast, going southward, arc the Sofia and JLVhajamba,

falling into Maj.'imbo Bay, the Biitsibuka with the Ikiopa,

—the great drains of the northern central provinces, and

forming unitedly the second largest river of the island and

falling into Bombatoka Bay,^the Manjar.\y, M.'inambulo,

Tsiribihina or Oniui.'iinty, the largest river of Madagascar,

draining by its tributarie-s the Kitsimby, Mihaj'iln, and

Mania the central parts of the island, the Mdrondiva,

MJiharivo, Mangoky, the third largest river, the Mihanomby,
Fihercuana, and Ouil.'ihy.

Of thcso western rivers tne Bctsiboka could be ascended

-by steamers of light draught for about 90 miles, and the

Tsiribihina ia also navigable for a considerable distance.

The former in about 300 miles long ; the latter is somewhat
leas, but by its affluents spreads over a greater extent of

country. It brings down so largo a body of water that the

sea. is siiid to bo fresh 3 miles from the land. But owing

to the height of the interior of Madagascar there is no

uninterrupted water-communication with it from the sea

by any of the rivers, which are all crossed by rocky bars,

aiid in soma cases by grand waterfalls, as on the Mania.

The eastern rivers cut their way through the ramparts of

Hie high knd by magnificont gorges, amidst dense forest,

and descend by a succession of rapids and cataracts. The
Mitit.\reuia, whoso falls were first seen by the present writer

in 1876, descends at one plunge some 400 or 500 feet.

6»8i>,>ii<i On the eastern side of Madagascar the contest between
*•* the fresh water of the rivers and the sea has caused the

* f jrmatioa of a long chain of lagoons for nearly three hundred

inileg. [n mtuiy parts these look like a river following

Hie CoastJtne, but frequently they spread out into extensive

sheets of water. So short is the distance between these

tiiat, by cutting about 30 miles of canal to connect them,

a COntinuoaa water-way cjjuld be formed for 2C0 miles along

the coast This will doubtless bo accomplished at some
future time, with great benefit to the commerce of the

country. Besides these lagoons, there are few lakes of

any size in Madagascar, although there were probably

some very extensive ones in a recent geological epoch.

Of one of tie largest of these the Alaotra Lake in the

Antsihinaka plain is the relic ; it is about 25 miles long.

Next conies Itiisy, in western Im6rina, about 8 miles long;

and a large loko is reported by the natives to be formed by
an expansion of the river Mangoky. Two salt lakes are

said to exist near the south-west coast,

olcani* Among the many new f^cts brought to light by recent
•*"• research in Madagascar is the evidence of very widespread

and powerful subterranean action throughout a great part

of the island, apparently extending alniost unbroken from

the south-east to the north-we.st and extreme north. This

volcanic belt is part of a lino which has its northern

eKtremity in the Comoro Islands, all of which are volcanic

in origin, and where, in Great Comoro, there is a still active

vent. There is now no active volcano in Madagascar, but

a large number of extinct cones have been observed in

various parts of the country. In the central province of

Imerina, within an are of about 90 miles round tho ma.ss of

Ankiratra, Dr Mullens counted a hundred craters. Others

are found farther north, in tho Antsibhuaka province and
the Mindritsura valley, and on tho north-west coast ond
its islands*, the groat mountain Ambohitra being an old
volcano. Others have been observed towards the southern
extremity of the higher region of tho island, as well as
columnar basalt, and beds of lava rock, pumico, and o-sli.

Slight shocks of earthquake are felt every year in
Madagascar, and other signs of subterranean action aro
evident in the hot springs which occur at several places in
the central and eastern provinces. .Several of these aro
sulphurous and medicinal, and have been found eflicacious

in skin diseases.

The geology of Madagascar has as yet been very irapcr- Geology.
fectly investigated, for few travellers have possessed tho
special scientific knowledge requisite to give much valuo
to tiisir observations ; and hardly anything has yet been
done towards making collections of fossils, or in procuring
specimens of rocks and minerals. There are, however, a
few facts of a general character which are easily recogniz-

able. In the first place, the upper region of the island

already mentioned appears to consist chiefly of Primary
and unstratified rocks—granite, gneiss, and ba3.alt—v/hich

form the highest points of tho hills, and present most
varied and picturesque outlines, resembling titanic castles,

cathedrals, domes, pyramids, r.iid spires. The general face

of the country consists of bare rolling moors, with a great

amount of bright red and light brown clays, whilo tho

valleys have a rich vegetable soil of bluish-black alluvium.

No stratified or fossiliferous rocks have yet been discovered

in this upper part of the island, which appears to be very

ancient land, and during portions of the Secondary and
Tertiary periods probably formed the entire island, then

about from a third to two-fifths of its present size, whilo

the extensive southern and western plains were again and
again submerged.

Tho lower portions of Madagascar do not, as far as is Foaeiin

yet known, much exceed, from 300 to 600 feet in height and

above the sea-level (except, of course, the three chains of """m*!*

hills in the south-west). They appear in several localities

to consist of strata of the Secondary period, with fossils of

the Neocomian age belonging to the genera Keritua,

Turriiella, Ammonites, Terehratula, lihyncoiidla, Nerilina,

and Echinoderms, and also Foraminifera of tho genera

Alveolina, Orbitoides, Trilocnlina, kc There are also beds

of a mucl; later age, containing fossils of recently extinct

gigantic tortoises, hippopotami, and struthious birds. In

addition to the rocks already mentioned as found in tho

higher portions of the island, there aro also slate, mica schist,

greywacke, chert, pink and white quartz, andan unstratified

limestone deposited by hot springs. Iron exists in great

abundance in the central parts of the country, and copper

and silver are said to have been found in small quantitie."!,

but are not worked. Antimony seems to bo plentiful in

the north, and rock-salt, iron pyrites, plumbago, and variou.'j

ochres and coloured earths are among the mineral products.

On the north-west coast thin beds of lignite, suitable for

steam coal, occur, but no true coal has yet been discovered.

The climate varies very much in diS'erent parts of the Climtla.

country. In tho high interior districts it resembles that

of tho temperato zones, with no intense heat, and is quite

cold during tho nights in winter. Thesu parts of tho

island are therefore tolerably healthy for Europeans. But
the coasts are much hotter, especially on tho western side ;

and, from tho large amount of marsh and lagoon, malarial

fever is prevalent, and frequently fatal both to Europeans

and to natives from the interior. Tho seasons are two—
the hot and rainy season from November to April, and tho

cool and dry season during tho rest of the year. Itaiii

indeed falls almost all the year round on tho ca.stern coast,

which is exposed to the vapour-laden south-east trade

XV. — 2 2
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winds, but it i3 much less frequent ou the western sirle,

being intercepted by the high interior iand. No snow is

known even on the loftiest mountains, but thin ice is very

occasionally found ; and hail showers, often very destruc-

tive, are frequent in the rainy season. Terrific thunder

storms arc also common at that period ; waterspouts aru

sometimes soen, and hurricanes occur every few years, at

very rare intervals ascending into the interior high land.

Very few extended or complete observations have been

made in different parts of the island as to temperature.

On tlio eastern coast the heat is probably uot very different

from that of IJourbou and Mauritius, where the average

annual mean is 77" and 78° in the shade, and the average

daily vangi; from 70° at sunrise to SG° in the afternuon.

The temperature of the capitil resembles that of Naples or

d'alcrmo.

The flora of Madagascar is one of great fulness and

interest, and receut collections have thrown much light

upon its relationships. One of the most prominent

features is the existeuce of an almost unbroken belt of

dense forest all round the island, at no great distance from

the sea, and generally following the coast-line. It a[)pears

to be continuous everywhere except ou the north-west

coast, where, however, the two lines overlap for .about 100

luile.s, leaving an opening of 70 miles wide between them,

^.'hls forest belt has an average breadth of from 15 to

20 miles, hut reaches 40 miles in the north-east, and

contains a large variety of hard-wooded and valuable timber

trees, as well as numerous species of palm, bamboo, tree-

fern, euphorbia, pandanus, baobab, taniiU'ind, &c. Ferns

are numerous, about two hundred and iifl^y siiecics having

been already collected, and there are many interesting

orchids. The vegetaticm of the forests, the abundant

cpiiihytes, the tree-mosses, the filmy ferns, and the

viviparous character of many of the ferns, show clearly

Low abundant the rainfall is in the forest region. Several

trees and plants are characteristic of !Madag.ascar vegetation;

Bome of them are endemic, and others are very prominent

features in the landscape. Among these are the traveUer's-

treo (Uraniq apecio^n), with its graceful crown of plantain-

like leaves growing in a fan shape at the- top of a lofty

truuk, and supplying a quantity of pure cool wator, and
every portion of it being of some service in building ; the

roliu palm {S(tgus Hujjia), from wliose pinnate leaves a

valuable fibre used for cloth is obtained ; the curious and
beautiful lace-leaf or Lattice leaf [Ouvirandra feneslralis), s

A-ator plant whose root is edible ; the Madagascar spice

[lliii}inl!:ii,ra viMht'jiiSi'ariensis), a large forest tree with

fragrant fruit and leaves; and the tang^na (Tanr^hinia

venviiijUw), formerly so destructive to life from its employ-

ment as a poison ordeal. Although flowers growing on
the gi'ouud are not remarkable for number or beauty, there

are many magnificent flowering tress; conspicuous among
these are the I'oinciana refjia, presenting, when in bloom,

n ma.ss of scarlet flowers ; GolviUia racemosa, with yellow

flowers ; Ciyplosleffia madat/ascariensix, a purple-flowered

creeper, and several species of IlihUr.iis, }[asairenhasia,

Kitchhuiin, Tachiadenns, <fec. There are large numbers of

spiny and prickly plants, and numerous grasses, reeds, and
ruslu'.s, many of them of great service in the native manufac-
tures. ^Ir J. G. Baker of Kew says :

—" We now know no
less tlian two thousand flowering plants, and among the

tropical types there arc a consideridjle number of endemic
f^enera. One natural order, Clilanaccce, is strictly confined

lo Madagascar, and there are not less than fifty peculiar

j;euera of jilant.", some of them very curious types. Pjcsido-s

these the tropical flora contains a large proportion— (1) of

endemic spociesofgeueranot known elsewhere; (2 )of species

I'onuuoii to Madagascar, Maui'itius, and Eourbuu, but not

known clsowlierc : (3) o! :im:cicj Ih it siircad acroijo tropical

Africa; (4) of species spread universally througti the tropics

of the Old World ; and (5) of species spread through the

tropics of both hemispheres. A small proportion of the

Madagascar species are Asian but not African ; and the flora

of the mountains corresponds closely with that of the great

ranges of the tropical zone of Africa." "In the island-

altogether, the number of genera now known is about seven

hundred ; of these about eighty are supposed to be endemic,
as far as present knowledge extends." " The general plan

of the flora follows thoroughly the same lines as that of

the tropical regions of the Old World," and thus leads U>

somewhat different conclusions to what are suggested (as

will be presently seen) by a study of the fauna, it is,

however, probable that the flora is as yet not half known,
so that fuller research may modify some of the inferences

drawn from the collections now available.

Aiuong the food-giving plants are rice—the staff of life Food-

to the Malagasy—in several varieties, maize, millet, 8i''u'S

manioc, yams, sweet potatoes, and numerous vegetables P

of European introduction. The fruits, indigenous and
introduced, are the banana, peach, loquat, mango, melon,

pine-apple, mulberry, orange, citron, lemon, guava, Chinese

guava, fig, ra.spberry, tomato, and several others. Several

spices are grown
;

ginger, sugar-cane, colfee, indigo, to

bacco, cotton, henijj, gourds, dye-woods, and gums are alsi

among the vegetable ]jroductions ; and gum-copal and india-

rubber have been exported in considerable quantities,

liesides the dense forest belt already mentioned, a great

extent of the coast plains is also well wooded, as well as

the river valleys in tiie upper parts of the island ; and, as

many portions of the country, especially of the forests,

have not yet been traversed by Europeans, its vegetable

wealth is probably still far from being fully known.

The fauna of Madagascar, while deficient in most of the Faima.

characteristic tropical forms of life, is one of great interest

to the naturalist. As a continental island, probably

separated at a very remote period from the mainland, it

possesses no large quadrupeds—none of the larger car-

nivorous, ungulate, proboscoid, or quadrumanous animals;

but it is the headquarters of tlie Lemurulee, no less

than thii'ty-six of which animals are found in its forests

and wooded plains. Some of these creatures are highly

specialized, while the curious aye-aye (C/ii?vmt/s mailarjnsra-

riensis), an allied form, is one of the most remarkable animals

known, forming a genus and family by itself. Its whole

structure is strangely modified to enable it to procure the

wood-boring larv:e which form its food. Other peculiar

animals are several species of the CenteliJa; a family of

the laseclimra which is almost confined to JIadagascar;

while of the Carnivora there are several small creatures

belonging to the civets ( T'ti'cn-i(?a-). The largest of the

ferocious animals, also forming a genus and family by
itself, is the Cryptoproda ferox; it is a plantigrade animal,

3 feet long, but very like an enormous weasel, and

attacks the largest animals witli great ferocity. African

humped cattle were introduced several hundred years ago

into Madagascar, and now exist in large herds all over the

island. The fat-taUed sheep, goats, and swine have also

been naturalized, as well as all kinds of domestic poultry,

which are reared in great abundance for expiurt ajB well

as for home consumption.

The avi-fauna is much richer than the mammalian, and^

although wanting the largest birds, as well as the most

brilliantly coloured, comprises more than two hundred and

twenty species, nearly half of which are peculiar to the island.

JIany of thcbirds are remarkable, not so much for their shape

or colouring as for their distant relationships; many belong

to peculiar genera, and some ara so isolated that it is very

cliflicult to classify them, and they yet remain a puzzle to

ornithologists. There is a large variety of perching birda-
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including Bovoral species of brilliant plumngc—suu-biids,

Itingfwbcrs, ire. ; kites, hawks, and owls are uumerous

;

aiul tlio liikes and streams abmind with water-fowl.

Altbdugh theie is now no living member o/ the SlrnthUx,

until four or five centuries ago Madagascar was the home
of a v«ry largo bird of this family, tho extinct jEpyoniia,

wlioso i^ggH, found in a sub-fossil state, are tho largest known

(12| inihes by ^\ inches). The island is almost, if not

ijuilc, free from deadly serpents, but contains two or three

small species of boa; crocodiles abound in the rivers and
lakes, and numerous fpecies of lizard, chameleon, and

ticu-frog inhabit the woods. There are several peculiar

tortoises, but tho gigantic species aj'O e.xtinct ou the

wninland, and are now only found alive on tho little

jslaud of Aldebra to the north. The insect life com-

prises many brilliantly coloured beetles, butterflies, moths,

«piders, locusts, and flies, and also noxious spiders, and
scorpions and centipedes. As a whole, the Jladagascar

fauna is marked by a strong individuality, which would

fippcar to be the result of long isolation from the other

zoological " regions."

Numerous interesting questions suggested by the peculiar

fauna are closely connected with the physical geography

of the island, and that of the numerous groujis of small

islands to the north and north-east. Tho Asiatic and
Malayan affinities of many of its animals, as well as the

physical conditions of the bed of the western part of the

Indian Ocean, make it highly probable that Madagascar is

the chief relic of a considerable archipfla-o formerly

occupying that area, and now only shown by groups of

Bniall islands, and by coral atolls and shoals, whicli are

gradually disappearing beneath the waves. These questions

havfi been most fully treated by Mr A. R. Wallace in his

Gdi'jraphicdl DiMrihiUionof Animals (vol. i. clin[>. ix.) and
l^liiid Life (cha|). xix.).

Tliu people of Madagascar, who are collectively Unnwii

by the name of Malagasy, are divided into a ccnisidcrnMo

)iuniber of trib"Es, each having its own distinct name and
customs. Although by its geographical position the

country is an African island, a large portion, if not the

majority, of its inhabitants appear not to be derived from
Africa, but to belong to the JIalayo-Polynesian stock.

This is inferred from their similarity to the peoples of the

Indian and Pacific archipelagoes in their physical appear-

ance, mental habits, customs, and, above all, in their

language. Their traditions also ])oint in the same direction.

There is, however, an undoubted African mixture in the

western and some other tribes ; and there is also an Arab
element both on the north-west and south-east coasts. It

is believed that there are traces of an aboriginal jieople

who occupied portions of the interior before the advent of

tho present inhabitants, and these appear to have been a

somewhat dwarfish race, and lighter-coloured than the

Malagasy generally. Looked at as regards their present

geographical position, the people of JIadagascar may be
classed in three divisions : the eastern, including the

BtStsimisiraka, Bezanozfino, TanMa, Taishka, and Taimoro
;

the central, includijig the Sihanaka, Hova, Betsileo, and
Bara

; and the western, comprehending a number of p>eoplcs

commonly known under the -name of SakahYva, because this

tribe conquered all the others, but each of which retains

also its own proper name. Of all these the Ht>va, who
occupy the central province of Imi5rina, are now the

dominant tribe; they appear to be the latest immigrants,

and are the lightest in colour ; and they are also the most
advanced, intelligent, and civilized of all tho peoples

inhabiting tho island.

As regards both language and customs, there appears
to be a wider difference between the Hiiva and all the

Surrounding tribes than exists between any of these

latter, rdfhough living on opposite sides oi the islaiul,

far separate from one another. The most striking proof
of the virtual unity of the iuhabitaiils of Madag.-iscar
is that there is sub.'^tantially but one language epokcn
over tho whole country. There arc cooaidcruble diiilcclic

diifcrcuccs both in ^ol.abulaly and in piununciatioii,

but there is no oviilence that any other disliiiully

different language was ever spoken in any jiart of the
island. The Malay affinities of Malagasy were iiotcil

more than two hundred and seventy years ago ; indeed, tlip

second and fifth buoks published upon the country (in

1G03 and IG13) were com[iarative vocabularies of tbeso
tv.'o languages. Fuller and later investigations have quite
confirmed the conclusions thus early arrived at ; and vuiy
rc^.eiitly Van dor Tuuk, Mario de Marin, aud W. E.

C;ins!;i-! have sliowii conclnsively- the cli>se rehitionsliiiis

which exist between the language of the Jfulagasy and
those of tho Malayan and Polynesian regions. Tho
Malagasy hud never invented for themselves n- written

character, and had conscfpiently no manuscripts, inscrij)-

tioas, or books, until their language was reduced to writing

by English mis.'^ionaries about sixty years ago.' Their

speech nevertheless is very full in many of its verbal and
other forms, while it also exhibits some curious deficiencies.

It is very soft and musical in sound, full of vowels and
liquids, and free from all harsh gutturals. Native oratory

abounds in' figures, metaphoi-s, and parables; and within

the last five or six years a large number of folk-talcs,

songs, and legends have been brought to light which,

together with tho very numerous proverbs, give ample
evidence of the mental ability and iuiagiuative powers of

tho Malagasy.

While tho people arc not civilized in a Kuropean sen.'^e, c1vaf»

they are not a savage race, and some of the tribes can '••>''

hardly bo flasscd among barbarous peoples. 'Tliey havf.

never, for instance, fall™ into tho cannibal practices of

many allied ra'-cs in Polynesia ; and the tribal instinct.1

are strong among all .';eilions of the population. They are

law-obeying and loyal, living in settled communities, in

I

villages which aro often fortified with considerable skill

' with a government of chiefs and elders, a development of

a primitive patriarchal system.

Native society in Im^rina among tho Hova is aivjdecHtmks oJ

into three great classes : the Andriana, or nobles; the llova, ^"'y
freemen or commoners ; and the Andcvo, or slaves, 'i'he

Andriana, however, although generally termed " nobles,"

are, strictly speaking, royal clans, being descendants of the

families of several of the petty kings or chiefs who once

ruled small divisions of the central province, and who were

conquered, or otherwise lost their authority, through tho

increasing power of the ancestm-s of the "present reigning

family. Their descendants have retained certain hononrs

in virtue of their royal origin, such qs special tcrnu of

salutation, the use of the smaller scarlet umbrella (llic

larger one is the mark of royal rank), the right to build ii

particular kind of tomb, i'c; they also enjoy exemption

from certain Government service, and from some punish-

ments for crime. There are six ranks of Jndr'wna be-

sides the royal clan, and many members of the higlier

ranks hold their lands on a kind of feudal teunre from

the sovereign. They form a large proirortion of tlio

people, whole villages being often occupied almost entirely

ijy them and their slaves, and they monopolize somo

handicrafts. Jtany are very poor, and there are no out-

ward distinctions in dress, «fcc.. between them and tho

people generally.

' Thers is. however, :\\i .iccount in one of tho verj- e.irticnt Enslisi'

books ni>on Alaclagnscnr (H.inionil, 1643) of n liiir.l of picturK-wrilinj.-

wliitU is sniil, to have been in n^ .iniong till', lativo " pricsfi " iiciv

St Aut'iistine's B.ny (soutli-west coast).
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The Ilova' or commonors form tlio innss of tbo free

population of loxirina. They are composed of a large

number of tribes, who usually intermarry strictly among
themselves, as indeed do families, so that property and

land may be kept together. Hitherto they have also been

divided into two great sections—the horoMiw or civilians,

and the miHravnla or military class ; but this distinction

does not follow tribal lines, members of the same family

belonging to both classes ; and the Andriana are also

almost all members either of the civilian or the military

orders.

The tnird great division ot native socisty comprises the

slave population. Until the year 1877 it was also again

subdivided into three classes :—(a) the ZJiza-h6va, that is,

"offspring of the Hiva," or free people who have been

reduced to slavery for debt or for political or criminal

offences
;

(b) the Andivo, or slaves proper, mostly the

descendants of people of other Malagasy tribes who have

boon conquered by the Hova, and thus have become their

slaves ; and (c) the ]\Iozambiques or African slaves, whose

•ncestors or they themselves have been brought across from

tJio African coast by the Arab slaving dhows. These last,

however, were in 1877 formally set free, and will be

lionceforth mostly reckoned among the Hova.

Royalty and chieftainship in Madagascar has many
peculiar customs connected with it It still retains a semi-

acred character, the chief being in heathen tribes, while

living, the high priest lor his people, and after death

•worshipped aa a god ; and in its modern development

«mong the H6va sovereigns it has gathered round it much
state and ceremony. There are many curious examples of

tiio tMbu with, regard to actions connected with royalty,

and also in the words used which relate to Malagasy

BO?ereigns and their surroundings. These are particularly

seen in every thing having to do with the burial o^ a

deceased king or queen.^

While the foregoing description of native society applies

chiefly to the people of the central province of Imi5rina, it

j» more or less applicable, with local modifications, to most

of the Malagasy tribes, amongst almost all of whom similar

distinctions of rank are found. In modern times a kind

of non-hereditary nobility has arisen, derived from military

"honours"; and the tendency of recent changes in the

native government is to depress the old feudal authority

«jid influence, and to make it subservient to the army and

its officers.

The chief employment oi tne Malagasy is agriculture, a

largo portion of their time being spent in the cultivation of

rice, their staple food. In this they show very groat

ingenuity, the keisa grounds, where the rico is sown before

transplanting, being formed cither on the margins of the

streams or in the hollows of the hills in a series of terraces,

to which water is often conducted from a considerable

distance. In this agricultural engineering no people

surpass the Betsilco tribes. No plough is used, but all

work is done by a long-handled spade ; and oxen are only

employed to tread out the soft mud preparatory to

transplanting. The other processes are very primitive

:

tJie rice is threshed by being beaten in bundles on stones

eet upright on the threshing-floor ; and when .beaten out

the grain is stored by the H6va in rice-pits dug in the hard

red clay, but by the coast tribes in small timber houses

raised on posts to protect them from vermin. In prepar-

ing the rice for use it is pounded in a wooden mortar to

remove the husk, this work being always done by the

women. The manioc root is also largely consumed,

^ Tbia ia, of course, a special and restricted use of the word, Hova
la its widest sense being a tribal name, and including all ranks of

people in Imt^riiia—royalty, nobles, commoners, and slaVca alike.

» ^m Sibree. 'Via Great African Island, pp. 185-90, 22C, 227, &e.

together with several other roots and many vogetablcs

;

but little animal food (save fish and freshwater Crustacea)
is taken by the mass of the people e.xcept at festival

times. Rice is used less by the western tribes than by
those of the central and eastern provinces, and the former
people are more nomadic in their habits than are the
others. Large heids of fine humped cattle are kept almost
all over the island.

The central and eastern peoples have a considerable Handi-

amount of manual dexterity. The women spin and weave, crafts,

and with the rudest appliances manufacture a variety of

strong and durable cloths of silk, cotton, and hemp, and
of rifia palm, aloe, and banana fibre, of elegant patterns,

and often with much taste in colour. They also make
from straw and papyrus peel strong and beautiful mats
and baskets in great variety, some of much fineness and
delicacy, and also hats resembling those of Panama. The
people of the south and south-east make large use of soft

rush matting for covering, and they also prepare a rough,

cloth of bark. Theij non-employmeut of slcins for cloth-

ing is a marked distinction between the ^Malagasy and the
South African races, and their use of vegetable fibres an
equally strong link between them and the Polynesian

peoples. The ordinary native dress is a loincloth or
sataka for the men, and a Jcilitmby or apron folded round
the body from waist to heel for the women ; both sexes

use over this the Ulmha, a large square of cloth folded

round the body something like the Eoman toga. The
Malagasy are skilful in metal working ; with a few ruds-

looking tools they manufacture silver chains of great

fineness, and filagree ornaments both of gold and silver.

Their iron-work is of excellent quality, and in copfior and
brass- they can produce copies of anything made by
Europeans. They display considerable inventive power,

and they are exceedingly quick to adopt new ideas from
Europeans.

There is a considerable variety in the houses of the Houses

difi'erent Malagasy tribes. The majority of Hova houses ""rt

are built of layers of the hard red clay of the country, with "'""£"'

high-pitched roofs thatched with grass or rush. The chiefs

and wealthy people have houses of framed timber, with

massive upright planking, and lofty roofs covered with

shingles or tiles. The forest and coast tribes make their

dwellings chiefly of wood framing, filled in with the leaf-

stalks of the traveller's-tree, with the leaves themselves

forming the roof covering. The houses of the Biitsilto and
Sakaiava are very small and dirty, but those of the coast

peoples are more cleanly and roomy. Among the H6va
and Bctsil(;o the old villages were always built for security

on the summits of lofty hills, around which were dug
several deep fosses, one within the other. In other districts

the villages and homesteads are enclosed witliin formidable

defences of prickly pear or thorny mimosas.

The country is very deficient in means of communica- Cora-

tion. There are no roads or wheeled vehicles, so that all morco.

goods are carried either by canoes, where practicable, or

on the shoulders of bearers along the rough paths which

traverse the country, and which have only been formed by
the feet of the travellers. Intercourse between distant

portions of the island is therefore verj' limited, but a large

quantity of European goods is brought up to the capital

city and its neighbourhood, and a good deal of native pro-

duce is taken down to the coast. Commerce is gradually

increasing, as shown by the consular returns, the chief

articles of export being bullocks, rice, hides, rufia palm
cloths (rabaimas) and fibre, and also gum-copal and india-

rubber, although the yield of these products has latterly

much diminished. Coffee is being planted to some extent

by Creole traders, and is likely to become a staple article

of export, and from the natural fertility of the soil almoat
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nnlimitcd quantities of moat tropical produce could bo

obtained—sugar, coffee, rice, cotton, tobacco, indigo,

Bpices, &c. The chief imports aro European and American

cal.>.v'"8 and prints, hardware, and spirits.^ On the west

coast a sea-going canoe with outrigger is employed, but in

the south-cast an ingeniously constructed boat, with all the

timbers tied together, is used for going through the heavy

3Urf. A considerable number of European traders are

scattered along the coastsj especially at Tamatiivo and

other eastern seaports, and there is a large Arab and

Indian community in the north-western ports. There is

no native coinage, but the French five-franc piece or

dollar is the standard, and all sums under that amount are

obtained by cutting up these coins into all shapes and

sizes, which are weighed with small weights and scales

into halves, quarters, eighths, twelfths, and twenty-fourths

of a dollar, and are even reckoned down to the seven-

liundred-and-twentieth fraction of the same amount.

Morals. Apart from the modern influence of religious teaching,

the people are very immoral and untruthful, disregardful

of human life and suffering, and cruel in war. Until

lately polygamy has been common among all the JNIalagasy

tribes, and divorce effected in an absuhlly easy fashion.

At the same time the position of woman is much higher in

Madagascar than in most heathen countries; and, since for

more than fifty years past there have been (with a few

mouths' exception) only female sovereigns, this has helped

to give women considerable inflaence in native society.

Among some of the tribes, as, for instance, the Biira, there

is often a shameless indecency of speech and gesture. The
southern and western peoples still practice infanticide as

regards children born on several unlucky days in eacli

month. This was formerly the general practice all over

the island. The old laws among the lldva were very

li.irbarous in their punishments, aud death in various cruel

forma was inflicted for very trifling offences. Drunkenness

is very prevalent in many parts of the island (except in

Im6rina, where it is much restrained by the laws) ; and it

can hardly be said of many of the Malagasy that they are

very industrious. But, on the other hand, they aro

courageous and loyal to their chiefs and tribe, and for

short periods are capable of much strenuous exertion.

They are affectionate and firm in their friendships, kind to

their children and their aged and infirm relatives, very

respectful to old age, most courteous and polite, and very

' Tlie following taUes will give some iilea of tlio imports and ex-

jini-t3 in English vessel? from TainaUvo, tho chief eastern port of

M.vl.igascar, to Mauritius during the last few years, since tho country

lias been reopened to Eurox^eau trade :

—

Expoi-ts. Imiioi-ts.

13G2 £70,707 £57,714
1865 66,873 40,082

1370 57,922 03,047

1872 154,659 145,258

1875 113,901 113,698

lS77 64,882 69,680

The great diminution in tho eastern trado during the last four or

five years was due to a fearful epidemic of small-pox, which desolated

thcxjoast provinces aud is said to have carried olT 40 per cent, of the

population. Of these figures, in tlie exports, cattle form the largest

item, amounting from three-fourths in early years to one-thiixl more

recently of the total value ; -and next to this conies india-rubber,

which, in 1872, was exported to the value of £65,000. These figiu-es,

however, by no means represent tho whole trade of the country, as

they do not include French, Ameriraa, and German commerce, nor

do they show what is the trade on the western side of tlie island. Mr
Samuel Procter, the consul for Madagascar iu England, says th.at the

west coast has developed very much during tho last five or six years,

and his opinion is "that tho entire foreign trade with Madaga.soar,

import and export, does not fall far short, if .at all, of a million

pounds sterling." When it is remembered that it is less than thirty

years sinco almost .all foreign commerce was excluded, it will be seen

that Madagascar trado has developed somewhat rapidly since the ro-

:>poQiDg of tUo country.

hospitable to strangers!. Although slavery li.ns cxi.stcd

among them from time immemorial, it boars quite .1

patriarchal and family character, and is seldom exercised

in a cruel or oppressive way. In 1877 all the African

slaves who had been brought into the island were formally

set free ; the other slaves aro still retained in servitude,

but probably with the advance of Christianity slavery will

eventually pass away.

In their religious notions and practices the Mal.aga.iy

seejn to occupy a middio position among heathen people-";.

On the one hand, they have never had any organized

religious sy.stem or forms of worship ; there are no temples,

images, or stated seasons of devotion, nor is there a priest-

hood, properly so called. On the other hand, they havo
never been without some distinct recognition of a Supreme
Being, whom they call Amlriamanitra, "Tho Fragrant

One," and Zanalihry, "The Creator,"—words which are

recognized all over the island. They have also retained

in their public and oratorical forms of speech many ancient

sayings, proverbial in their style, which enforce many of

the truths of natural religion as to the attributes of God.

With all this, however, there has long existed a kind of

idolatry, which in its origin is simply fetichism, the belief

in charms—worthless objects of almost any kind—xs

having power to procure various benefits and protect frc:n

certain evils. Among the Hova in modern times some

four or five of these charms had acquired special sanctity

and renown, and were each honoured as a kind of national

deity, being called god, and brought out on all public

occasions to. sanctify the proceedings. Together with this

idolatrj; there is also a firm belief ia the power of witch-

craft and sorcery, in divination, in lucky and unlucky

days and times, in ancestor worship, especially that of tho

sovereign's predecessors, and in several curious ordeals for

the detection of crime. The chief of these was the cele-

brated tang^na poison ordeal, in which there was implicit

belief as a test of guilt or innocence, and by which, until

its prohibition by an article in the Anglo-Malagasy treaty

of 1865, thousands of persons, mostly innocent, perished

every year. Sacrifices of fowls and sheep are made at

many places at sacred stones and altars, both in thanks-

giWng at times of harvest, ic, aud as propitiatory offerings.

Blood and fat are used to anoint many of these stones, as

well as the tombs of ancestors, and especially those of tlio

Vazimba, the supposed aboriginal inhabitants of the central

provinces. In some of the southern districts it is said that

human sacrifices were occasionally offered. Tho chief

festival among the Hova, and almost confined to them, is

that of the Now Year, at which time a kmd of eacrificial

killing of oxen takes place, and a ceremonial bathing, from

which the festival takes its name of Fandrbana (the Bath).

Another and more general feast is at circumcision times.

This rite is observed by royal command at intervals of a

few years ; these are occasions of great rejoicing, bat also

of much drunkenness and licentiousness. Funerals aro

also times of much feasting, and at the death of people of

rank and wealth numbers of bullocks are killed. Although,

as already observed, there was no proper priesthood, the

idol keepers, the diviner.s, the day-declarers, and some

others formed a class of people closely connected with

heathen customs and interested in their continued observ-

ance.

HiSToav.—From thocarlicstaccountsgiven of the jieopleofMada- Early

"ascar by Em-opeau travellere, as well as from what may Iw inferred politi«il

From their present condition over a larpe portion of tho island, they divi-

seem for miiny centuries to have been divided into a number of tribes, sions.

each occupj-ing its own territory, and often divided from the others

by a wide extent of uninhabited countiy. Each of these was niidcr

its own chief, and was often at war with its neighbours. No ono tnbo

seems to h.avogained any gTe.it ascendency over the i-est until about

tv.-o huniU-cd and tliiity ycai-s ago, whoa a small but warhko »eonlo
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calleil Si'iknliva, in the south-west of Madagascar, advaucecl north-
ward, comiiicrcd all the iiihahitants of the westeru half of the
island, as well as some northern and central tribes, and eventually
founded two kingiloms which retained their smaeniacv until the
close of last century. About that time, however, the Hova in the
central province of Inierina began to assert their own position under
two warlike and energetic chieftains, Aiu'uiauijnijoina and his son
liadaina; they threw oif the SikaKvva uthority, and after several
wars obtained a nominal allegiance from them ; they also connucrcd
the'surxounding tribes, and so made themselves virtual kings of
JLuhigascar. Since that time the Hova authority has been retained
over the central and eastern provinces, but is only nominal ovev
niu( h of tlio western side of the island, while in the sonth-west tlie
peojde are quite independent, and are still under their own petty
kin;,'S or chiefs.

Arab.m- While European intercourse with Madagascar is comparatively
tercourse reeeni, the connexion of tho Arabs with the island dates from a
ajul In- very reuiote epoch ; and in very early times settlements were formed
liweucc. both on the north-west and south-east coasts. In tho latter locality

there arcj still traces of their inlluence in tlie knowledge of Arabic
possessed by a -few of the people ; and it is asserted that the ruling
clans of the Tanila and other tribes in that district are all of Arab
descent. But in these provinces they have almost lost all separate
existence, and have become merged in the general mass of the people.
It is different, however, in tho north-west of the island. Hero are
several large Arab colonies, occupying the ports of Am6routsinga,
416ianga, llhrovoiy, and lI6rond;iva, and retaining their distinct
nationality, together with their own dress, habits, houses, worshi)),
and language. There is also in these districts a Hindu element ii'i

the population, for intercourse has also been maintained for some
centuries between India and northern Madagascar, and in some
townsthe Banyan Indian element is as prominent as the Arab one,
and Hiniln dress, ornament, music, food, and speech are marked
features in the social life of tliese places. In the early times of
their intercourse witli iladagascar, the Arabs had a very powerful
and marked influence upon the Malagasy. This is seen in the num.
ber of words derived from tho Arabic which are found in the native
language. Among these are the names of the months and the days
of the week, those used iu astrology and divination, some forms of
salutation, words for ib-oss and bedding, money, musical instru-
ments, books and writing, together with a number of miscellaneous
terms. These form enduring memorials of the influence tho Arabs
have exerted upon Malagasy civilization, and also on their
suiiei-stition.

Tho island is mentioned by several of tho eai-ly Arabic writers
- and geograjdiei-ij, but medh-eval maps show curious ignoranco of its

tercourse size and iiosition. Marco Polo has a chapter upon it, and terms it.
lad at- Madeigascar, but his accounts are evidently confused with those of
tempted tlie mainland of Africa. Tho first European voyager who saw
coionim- Madagascar appears to have been a Poitugnese captain nanied
tion. Fernando Scares, in command of a squadron of eight ships from the

fleet of Don Franci^co de Almeida. On his w.ay home from India
he sighted the island on tho 1st of February 1506. The Portuguese
gave names to most of the capes, but made no persistent attenipts
»t colonization. After them the Dutch endeavoured, but with little
success, to form colonies ; and iu the time of Ciiarles- 1, proposals
were made to form an iCnglish "plantation," hut these were never
onrned into effect, althuugli for a short time there was a settlement
formed on the soutli-west coast. In the latter part of tho 17th and
(Uiriiig most of the 18th century the French attempted to establish
military positions at various places on the east coast, but with little
ivrmanent result. For some time they held the extreme south-east
point of the island at Fort Dauphin ; but several of their command-
«nts were ao incapable and tyrannical that they were frequently
involved in war with the people, and more than once their stations
were destroyed and the French were massacred. Early in the
ju-esent century all their positions on the mainland were relinquished,
and they now retain nothing but the islands of St Marie on the east
coast and N6sibe on the north-west No foreign power now holds
any portion of Madagascar, for the native Government has jealously
-eserved all territorial rights to itself, and will suff'er no purch.

Bitro-

Cidinu
of land by foreigners, allowing it only to be held on short fea.ses.
The iJolitical Idstory of Madagascar as a whole may he said to date

from the reign of Radiina I. (1810-28). The ancestors of that
king had been merely chiefs of the central provinces, but he was
the liist to claim by right of conquest to he supremo rnler of the
wliole island, although actually exercising authority over less than
two-thirds of its surface. Kadi"inm was a man much in advance of
his age,—shrewd, enterprising, and undeterred by difficulty,—a kind
of Peter tho Great of his time. Ho saw thit it was necessary for
his people to be educated and civili;:ed if the country was to pro-
gress

; and making a treaty with the governor of Mauritius to
abolish tho export of slaves, ho received every year in compensation
a subsidy of arms, amiuunitiou, and uniforms, as ivell as English
training for his troops. He was thus enabled to cstahlisli 4iis
authority over a large portion of the island, and, although this was
often effected witli much cruelty, the ultimate results were bene-

ficial to tho country as a whole. A number of native youths were
seut to Mauritius, and others to England, for education and instruc-

'

trou in some of the arts of civilization, as .well as in seamanship
For some years a British agent, Mr Hastie, resided at Radima's
court, and exercised a powerful iuHuence over the kinc, doiu" very

n «oM AV'"'"!"''i '^™""' "' "" ^"""y- ^t tl"' ^^"1" W'°'^ Intro-
(1820) Christian teaching was commenced in the capital by tlie ductionLoudon Jhssionary Society, and by the efl-orts of its missionaries of ChrLthe language was lor the first time reduced to a systematic written ti^initvform, and the art of printing introduced ; books were prepared, the
Scriptures were ti-anslated, numerous schools were formed, and
several Christian' congi'egatious were gathered together. The know-
ledgo of many of the useful arts was also imparted, and many
valuable natural pnoductions were discovered, aud their pre-
paration and manufacture taught to tho people. At the same tiiiio
tlie power of superstition was greatly broken, a result i.artly duo to
the keen good sense of tho king, but chiefly to the spread otknow-
ledge and religious teaching.
The bright prospects tjius o]iening np for the couutry were RtoavJ

clouded by the deatli of Kud^ma at the early ago of thirty-six, and lona I.
t 10 seizure of the royal authority by one of his wives, the Princess
iiAnaviilona. Superstitious and despotic in temper, the new
sovereign looked with much suspicion upon the ideas then giii>i-ii>;
power among many pf her people, and after a few ycare of tem-
ponzing she at length determined to strike a decisive blow at llio
new teaching. In 1835 tho profession of the Christian religion was
declared illegal

; all worship was to cease, and all religions Injoks
were oiJered to be given up. By the middle of the following year ,

all the English missionaries were obliged to leave the island, and
for twenty-five years the most strenuous efforts were made by tho
queen and her Government to suppress all opposition to her coin-
mauds. This, however, only served to show iu a very reinarkablu
manner tho cour.igc and faith of tho Christian Malagasy, of whom
about two hundred suffered death irt Various cruel forms, while
many hundreds were punished more or les» severely by fine, degrada-
tion, imprisonment, and slavery. During the queen's 'rei"n flic
political comlitiou of the country was dci?lorablo ; there wciefrc^
quent rebellions owing to the oppressive nature of the government

;

many of tho distant provinces were desokted by bniLnvous wars'
and for some years all Europe.aus were excliulcd, and fuiei"ii coim^
merce almost ceased. This last circumstance was iiavlly o'\viir.' to
an ill-managed attack upon TamatAve.in 1S4G by a cond.nied
English and French force, made to redress the MT.mgs iuHicl. il iipou
the foreign traders of th.at port. But for the le.iven of Chiisii.inily
and education which had been introduced into the country if would
have quite reverted to a stale of barbarism.

This reign of terror was brought to a close in 1861 by the death K.idliua
of the <iueen and the accession of Iier'sou Eadama II. The island Jl
was ivoijeued to European trade, -and missionary elluils were icconi-
menccd. A determined attempt was made by sonic enterprising
Frenchmen to gain for their country an overwhelming inllui iicc by
means of a treaty which they inilure<l the king to sign. But this
act, as wodl as the vices and insane (ollii-s into which he was leil by
worihless foreign and native favourites, soon broughl hisicigu and
his life to an end. He was put to death in his j.Jacc (1803) after
having reigned for less than two years, and his wife was placed on thu
throne. The new sovereign and her Goveriinieiit refused to ratify
tho agreement which had been illegally obtained, choosiiig rather
to pay a million francs as compensation to the Fivuch coiiipany.
During the five years' reign of Queen liasoherina, qui.:i and steady Rnsoli".
advances were made in civilization and cdncation, and tualics were i-jna
concluded with the English, French, aud American Govcrmucnts.
At the death of Rasohfaina in 1868, she was succeeded by her E.\invi.

cousin, tlw) present (1882) SBvereign, Ri\naviilona II. One of the loiu 11.
first acts of the newquceu was the public recognition of Christianity ;

"^

and very soon afterwards she and her husband, the prime minister,'
were baptized, and tho erection of a chapel royal w.ts commeneed in
the palace yjird. These acts were followed in the succeeding year
by the burning of tho royal idols, and Immediately afterwards by
tho destruction of the idols throughout the central provinces, the
])eople generally putting themselves under Christian inslruclion.
Sinco that time education and enlightoninent have made ereat
progress, chiefiy thiough tho labours of the London Missionary
Society's missionaries, with wdiom are also associated several agents
of the Friends' Foreign Mission Association. About 1200 congrega-
tions have been formed, and about 900 schools, in which nearly
50,000 children receive instruction; and there are also normal
schools and colleges wdiere teachers, pastors, evangelists, and tha
sons of the upper classes are well educated. A consrdotable amount
of literature has been prepared, and several printing presses are con-
stantly at work. Very marked advance has been made as regards
the mor.tlity of the peojile by tho suppression of the grosser .-wid
more open forms of vice, tlie abolition of jiolygamy, and the restric-
tions placed upon arbitrary divorce. All the barbarous punish-
ments of the old laws have been done away with ; and tlie only war
carried on during tho present reign was conducted wiili such
hr.maiiitv as well as sagacity tliat peace was speedily restored.
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Although these cliangog have aa yet only afTectcd about a fourth

part ot tho wholo jiopulfttion, thero U reason to believe that the

intlucncca nt work in tlie centre of tho island will eventually affect

all tho diliercnt tribes. Missionary %Vurk ia also cnmed on by

English Ejjiscopaliana (S. P. G.), Norwegian Lutherans, and French

Roman Catholics.
, . , ,

Covorn-
'

The government of Madapjiiscar during the preseuL century has

meat been and still is monarchical theoretically dcsnotic but practi-

cally limited in various ways. Radama 1. and Rauavalona J. were

much more absolute sovereigns than those before or after them,

but even they wore largely restrained by public opinion. Now laws

pro announced at largo assemblies of tho people, wljoso consent is

asketl, and always given through the headmen of the dilTereut

divisions of native society; and this custom is no doubt a'* sur-

vival " from a time when the popular assent was not a merely for-

mal act, as it has now almost entirely become. The large disci-

plined army foimed by RadKma I. aided much in changing what was

formerly a somewhat limited monarchy into an absolute one. The

H6va queen's authority is maintained over the central and eastern

portions ot Madagascar, and at almost all the ports, by governors

appointed by tho queen, and supported by small garrisons of H6va

tfoc.ps. At tho same time the chiefs of the vaiious tribes are left

in possession of a good deal of their former honours and influence,

BO long as they acknowledge the suzerainty of the H6va soveioign,

and peifoi-ra a certain amount of Government service. The

present queen and her predecessor have both been married to the

prime minister, a man of great ability and sagacity,
_
who, by his

position a.s husband and chief adviser of the sovereign, is the virtual

ruler of tho country. Chiefly owing to his iniluence, the last fivo or

six years have been marked by the introduction of several "measures

tending to nmdify the government of the country and improve the

administration. The purpose of these new laws ia to weaken the

old oppressive feudal s^'stem ; to rcmodei tlio array; to appoint a

kind of local magistracy and registrars ; to encourage education
;

ami to form a responsible ministry, with departments of justice,

war, education, agriculture, commerce, revenue, &c.

Owing to the conservative habits of the people, considerable time

will proDably elapse before all tiiesc measures are carried into effect,

but tlicir mere enactment is a proof of tho progress of enlightened

^Army. ideas. Until lately the military service has been very oppressive

upon certain classes, being for life, and without any pay; but it is

now to he made compulsory upon all, and for short periods only.

The Hova army has been variously estimated at from 30,000 to

40,000 men, although it is T^topnla-vly termed mj Fdlo-dli7i-dahy, i.e.,

"tho Ten ten-thousand men.' Military rank is reckoned by num-
bers, from one *' honour," that of a private, to sixteen " honoui-s,"

the rank of the highest ofRcer ; but several of the English words
for difforont ranks are employed, as a sergeant, captain, general.

Justice, mni-shal, &c. Justice has hitherto been administered by a number
of unpaid judges appointed by tho sovereign, "and they generally sit

in the open air. There appears to bo a somewhat small amount of

crimes of violence; but cattle-stealing raids made by one tribe ujion

another are s, frequent cause of petty wars away from the H6va
Uovcnuo. authority. The revenue of the Government is derived from customs

duties, first fruits, fines and confiscation of offenders' property, and
a money offering called Juisiiuz, presented on a great variety of
occasions both to the sovereign in person and to her representa-

tives ; and these are BUpplemen'ted by "benevolences" (in the
mediieval sense of the word) levied upon tho people for occasional
Btato necessities. Besides these, the Government claims tho unpaid
service of all classes of the community for all kinds of public work.

Foreign Consuls appointed by the Enj^lish, French, and American Goveru-
rela- ments are accredited to the Malagasy sovereign, and the queen has
Uoua. a consul in England, and a consular agent at Mauritius. During

the late Lord Clarendon's tenure of office as foreign secretary
an understanding was come- to between tlie English and French
Governments by which it was agreed that each power should respect
tho independence of Madagascar ; and, althougli the intrigues of
Jesuit pnests have more than once fomented difficuUios botweeu
the native Government and the French, it may be hoped that tlie

homo authorities in France will still refuse to interfere, and will
allow the Malagasy—undisturbed by fear of foreign invasion

—

quietly to advance in that path of progress which they have for some
years been following with such happy results. The best prospects
for llie future of the country would appear to be hound up in the
gradual consolidation of the central Hova authority over the whole
island, bringing to every part of it those civilizing and enlightening
liifluenoes which have already worked such changes in the central
provinces.

lira Antan,\narlvo, tho capital of Madagascar, is by far the largest
rapiUa. city in the island. It has about 100,000 inhabitants, and has been

almost rebuilt during the la-st tw-clve years, tlie okl timber and rush
houses being nearly all replaced by much' larger and more substan-
tial ones of suu-dricd briclc and stone, constmcted in European
fashion. A group of royal palaces, with lofty roofs and stonc-
nrched verandahs, crowns the suiniuit of the riilgo on and around
wiiichthe city is built, and hardly less conspicuous is the grand

new residence of tho prime minister. Four handsome stono

memorial churches, witii spire*) or towers, mark tho Bjwts where
the Christian martyrs suffered ; and other prominent buildings aro

the Chapel Koyal, the Norwegian and the Roman Catholic churchca,
the London Missionary College, the London Missionary Society and
the Friends' normal schools, mission hospitals, the court of justice,

and numerous largo Congregational churches of siin-driod brick.

Next to the capital in size aro tho port of Mojangi, on the nortli-Othei

west coast, with about 14,000 inliabitant's ; Tamativc, tho chief towna
eastern port, and Fianiirants6a, tho chief town of tho TSctsilco, each
with about 6000 people ; and Arab6himh,nga, tho' old capital of

Imerlna, with about 5000. Thero are very few places besides thcso

witli as many as 5000 people, and the majority of native to^vns ore

smaU. The population is dense in two or three districts only, and ''\''iV

tho entire island is variously estimated to contain from four to t^"-

fivo millions of inhabitants.

Literature.—A considerable number of bool4s linvo been written npon Madacas-
car. both in the English und Frcnuli lungiiagcs, but many of the latter itrc n( littlo

value. And during the lust twenty ycursap'cutnmny pnpcrauitontlic cxplnmllon,
natuial resources, animal und vegctiible lilc, and pidltical ami rdUtoUH cf-iulitinn

of the country have appeared in vaiioua pcriudlcula »nd In the I^foci-lni-ji cf

tlie different learned soeieiirs, both English and French. In Ihc follciwinj; l!at!i

no attempt is niude at com picten eaa, but only to select tho moat inipoilant of citch

class. Aa rcpiaida tlie scientlllc aspects of the counfry, aluioBt cvcrythhig worth
piescr>lng in previous books £iid papci-s will be iiicludvd In tho tnngiilflccnt work
wow in cnuise of publication in iv.cnly-eiglit -llo %-o!9. by M. Alfred Giandidler. en-

titled, Jiistoire /ialurelle, Physique, cl i'olitiqua dc Maxiagascar, Of this maj/iBm
opvi four volumes ore already issued.

Of books treating of the country generally, the followlnn arc tho most note-

worthy :—Hamond, Madagascar, the Richest and most frvit/uH Ixfand iu the

World. London, 1643; Eoolhby, A Brci/e Di^O'i-rry or Hr^cription of tite most

famous Jsiavd of Madagascar or St La ill < ^: I . i : 1 l; VhiiomX, Ilisloirt do

ia. grande Isle de Madagascar, Paris, IG^"^, ' ':!nrtUrury's JoiuneU

during Fifteen Years' Vaplivity on that ! j : '; Voyages el Meniolrct

de Maurice Auguste comCe de BenyoiK.i>, l,,i.
,

i, ;, l.... liun, Voyaf^rs a Mada'
giTScar, &c., Paris, an x.; Frobenllle, IIu.:.:!... d.. M.iJaj.-iS'---'r K:.- ih- \'yAW,>^

ISOO; Cov\ii.nd,A Hilton' ofthe Island of Ma(iagaF,rar,L<J\\'i"n, 1 __ 7

ofMadagascar, Lonion.lSZS; Leguevel de Liiconibe, Koyo^c /

ties Comores, Paiis, 1840; Guiilain, Dorumcvtf sur . . . la j
^

Madagascar, Pails, 184&; Muci? Descartcu, Jlist^ireet G4ogr<ii'h.. : i\

Paris. 1346 ; Ellis, Three Visits to Madagascar, London, lH.yj-. unvcr. -(r-i/Lj-M*-

car and tlie Malagasy, London, 18C3 ; Sibree, Madagascar and Us J'cople. London,
1870 ; articles hi Revue des Veux Mondcs, 1872 ; Tantara mj Andr'tajta < (*> Mn<la-

gascar: Histoire des Rots d'Imerina dapi'H les manuserils Malgac^ie*, .Aniaiik-

nur'ivo, 1875 ; Mullens, Tteelve Months in Madagasear, London, 1875 ; Ulancbard,

vile -de Madagascar', Paris, 1875; Dahle. Madagasiar og dels Hebocre, Chr'ri-

tinnia, 187C-78 ; The Antananarivo Annual, Nos. i.-v., 1875-81; snd Sihrce,

The Oreat African Island, London, 1880, and "The Arts and Commerce of

Madagaacar," Jour. Soc. Arts, June 4, 1880.

Philology.—Houtman, Spraak ende woord hoek in de Malciseke cnde

Madagaskarsche taleti, Amsrevdam, ICO-3 ; Voyage de C. van Ileemskerk; voca-

bulaire de la langtte parUe dans CVe Snint-Launcnt, Amsterdam, ICOa

;

SleRiscr, Beschrcibung der Mechtigen und WeitberhUmUten Imui Madagasear,
with dictionary and dialogues, AitenburR, ItiOS ; Aitlius, Colloquia Latino-

Maleyiea et Madagascariea, Fiankfort, 1G13; CUulland, Voeabulaire fraviaia.

malguche el vialgache-fran^ais, lie de France. 1773; Frobci-villc, Diction-

naire fiangais-madecasse, 3 vols., lie de France, 1809; Dumont D'Civillc, Voyage

de la Corvette VAstrolabe, volume on "Phltolottic," Paris, 1833; Freeman and Johns,

Dictionary of the Malagasy Languf.ge (Eng. -Mat. and Mal.~£ng.), Antanhmu^vo,
1835; Dtdmond, Vocabulaire et Orammaire pour Us tongues Maigaehes, Saka^ava
et licisimisara. Bourbon, 1842; R. C. Wissionaries" Dictionnaire Fran^aia-

J/a/gacAe, Reunion,] 853, and Dictionnaire Malgache-Prav^ais,^i\xmfm, 1855; Van
derTunk, " Outlines of a Grammar of the MalaKOsy Language," Jour. Roy. Asxat.

Soc, 18G0; Ailloud, Orammaire Malgache-Horn, AntanJinnrlvo, 1872; W. E.

Cousins, Concise Introduction to the Study of the Malagasy Language as spoken

in Imerina, Antan., 1873; Sewcll, Diksionary Eng. sy Mai., Antan., 1875;

Marre de Maiin, Ornmniairfi .Wfl/gnc/if, Paris, 187 f> ; Id., ICssai mr U Mnlijiuhe,

ou Elude comparie des langues Javanaise, Malgac .
.

•
' ^f 1

1 T '

,

Le Jardin des Racines Ocea;n>nn«, Paris, 187(i ; i .:
-/

Folk-lore, Antan., 1877 ; and W. E. dmsins, " The M

Phil. Soc, 1378. Besides these thero are 8evcr,il > ,. :
,

-n

the yearly numbere ot The Antananai-ivo Annual (.:,.;.;. .;:.j .. .. .: ..1. u
vocabularies of coast and other dialects of Malaf;asy in the notes of vdiious

exploratory journeys published at Autan&narivo. noticed holow.

Scientific: Oeneial and Ejyloiatoi-y.—Vin^n, Voyage a Madagascar, Taris.

1.SG5; CoigncD, " Excui-sion sur la Cote Nord-est de I'llo de Mudagaicnr,"
Bull. Soc. Ge'og., Sept. et Oct., 1867; Grandldier, "Madagascar," Bull. Soc. O'e'oy.,

August IS71; Id., " Excursion chez les Antanosscs i5micrtfs," Bull. Soc. Gc<>g.,

Feb. 1872; Id., " Madagascar," i?u//. Soe. G^oj?., April 1872; Mullens, "Central
Provinces of Madagasc^ir," Proe. Roy. Oeog. Soe., JunuuiT' 1875; Sibrce, South'

enst Madagascar, Antan., 187C ; Houlder, yorth-east Madagasear, Antan.,

1877 ; P.ichardson, Lights and Shadows [South-west Madagascar], Antan., I-S77;

ch:ip. xi., vol. i., of Wallace's Geographical Distribution of Animals, I^ndon,
lS7t; ; Sihree, " Observations on the Physical Geography and Geology of Mndagna-
c;ir,- ^'at^lre, August 14, 1879 ; Id., "History of mir Geographical KnowlcUgo of

Madagascar," I'roc. Roy. Geog. Soc, Ocrobcr 1879; chap. xix. In Wallace's Islatid

life, London, ISSO; CowRn, T/ie Bixra Land, Antan., 1881; Id., "* Explora-

tions in South MiulaEasoar," Proc. Roy. Geog. Soe., Sept. 1SS2. The best jnrnvral

map of Madagascar is that published by Rov. Dr Mullens In 1879. which is to

a huge sciile (12} miles to the inch), and includes almost cvcr>' journey made
up to that Ante, t>ut 13 somewhat deficient as rcgnids tho dulhicatlon of tho
phvsicjd geography

Zoolo7'i-—K.iu{%
'

Berlin, ISSi; Boisdi

Owen, Monograph on the Aye-aye, London, ISCo; Vinson, Arati'eides des lies JiS^

union, Mada'-jaxciir, &c., Paris, 1863; Ikites. "Natural IltMory of iladairjiscar,"

J'roc. ZoQi. Soc, IfiflS; Sclator, "Mammalsof Madagascar," Qtiari. Jottr. Sri., April

ISfit; Pollen and Van Dam, Rec?ierehes sur la Faune de Mailagasear et scs M^xm-
dances, 5 vols., Leyden, 18C7 sq.; HartJauh, Die Vdgel Madagasean und der

benachbarlcn InMgrtippen, IlaHo, 1877 ;
'* Itcliqnise Rutcnbergiftna;—Zoologlc," In

tho Hiemcn Naturwissenschaftlichs Yerein, April 18SI ; nlsfi vcty rumcpous
urtlclc-s on MaihiRascar anim^Js, binls, Ac, in Il'oe. Zool. Soe., 3SC->-8I, and !
Am. and Mag. of Nat. Hist., J8(:.3-8I.

Iiofany.—'D\i Petit Thouars, JIis(4>ire des V/gitaux reeueillfy sttr les isles

de ... Mailagascar, Paris, 1804; "Florx Madaga-sc-ulonsis /mgmnnta," In

Annates des Sciences- Nalvrcllc:, 4 sen, vols, vl., vill., i\. ; Davidson,
*'Accottnt> Historical and I'hy&iok)gica], of tlio Mudagascar Poison Ortlcal
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{Tanf/7ii»ia Venenijlua)'' Jour, of Ancr. andPhvs., vol. viii.; articles on fcms
and HdWL-rine jiliints. in Linn. Soc. Jour.—Bo't., for 18fi4, 1876, 1877, iSSU.;
' JlL-Iiquix IlutcnbcrKiiinx," in tliu Bremen Natm-wiauitschaffticht Verefn, No-
vciiiltor IR'^iJ ; iJalier on " The Pliuits of MuUagascar." Ncttiye, December 9, jSSO,
uiid oil " l>iit;iny of .Mailagif.ciir," JYoc. 0/ Bril. Aisoc, I«S1.

ATiH<r:'p'>' '—oMvr.v, "The Il&vns and oilier Cluiractcristic Ti-il)C3 of
Mad.,'; I " ' .-. u.n.roii. Iml., ISM; VVulcc, ' Tlie itace Elements of the
Mu.lr- '

.
i ' '; Mullens, "On tlie Origin and ProKresS of the People of

MndiL.. I / / I ; .. Wake, "Notes on tho Origin 01 the Malagasy," /6itf.,18SI;
Sibil -\ I:

I
I

1. Ixiie and PopiUar Superstitions," /'0/A-Z.OT-e Soc. /iccortf,

18«0; n, '
. >"iigs, Ler/ends, and Folk'Taiti of nte Miila(jaJiy,l^Wl.

ni'hi!. ^ t'^:mnn aatl Joilna, Narratirc of Uie J^ersecutlons 0/ tj/e

Chri^lii >>. London, 1840; Prout, Madmjascar, iti Missiom and
its M'li i! :

•. Ill .[;, i~':;j ; Ellis, Madagascar It^ptKitcd. London, 18G7 ; Id., Tf}c
Martyr LUmJi, Luiiauii, I8C3; *' Ittligion In Madagascar," C/i, quart. Rev., July
1878 ; and T^a Years' Review nf Mission WorK in Canexion aith the London
Missionai-y Society, 1870-80, Antao., 1880. (J, s., jr.)

MADDALONI, a city of Italy, in tho province of

Caserta (Terra di Lavoro), about 3^ miles south-east of

Cascrta, with a station both on the railway from Caserta

to Bonovento and on that from Caserta to Avellino. It is

prettily situated at tlie base of one of the Titl'ata hills, the
towers of its mediasval castlo and the church of San Michele
crowning the heights above. The fine old palace of the

Caraflas, once dukes of Maddaloni, the old college now
named after Giordano Eruno, and the institute for the

sous of soldiers (dating from 1859, and accommodating
500 pupils) aro the chief points of interest. In 1871 the

population was 18,767. About 2i miles to the east, at

Vallo di Maddaloni, the Caroline aqueduct (so called after

Charles IV. of Naples), conveying tho water of the Tiburno
to Caserta (a distance of 19 miles), is carried across the

valley between Monte Longano and Monto Gargano by a
threefold series of noble arches rising to a height of 173
feet. The work was designed by Lodovico Vanvitelli, and
constructed between 175.3 and 1759.

Jliuliliilimi (in niiidircvnl dociniiontg Mutnhmum, Madalonum,
anil Macitlciluiium) lius on tho Ajuiian Way, anj is doubtfully idonti-
liod with Sessucla. Its castlo and walls aro [iiobably of Lomljard
orifjhi. TIio first count of Maddaloni wa.s invcsteil with tho Ccf in
H65, till! first duko in 1558. In 18G0 General Bixio's volunteers
beat tlio rnyalNeaiiolitan forces at Maddaloni. Sco A. do Kcumout,
The Ciirnfas of Maddaloni, bolin's series, 1851.

MADDEN, Sir Fkedemc (1801-1873), one of tlie

first palajographors and antiquaries of his time, and for

nearly forty years assistant keeper and keeper of manu-
scripts at tho British Museum, was born at Portsmouth
on February IG, 1801, the son of an officer of Irish

extraction. From his earliest years ho displayed a strong

bent to linguistic and antiquarian studies. In 1825 he
was engaged in collating tho te.it of Ca}dmon for the
university of Oxford, and assisting Dr Bliss in editing

Blore's itoimmenial Remains ; in tho following year he
joined Mr Uoscoo in preparing a catalogue of the earl

of Leiceslwr's MSS. at Holkham, which was completed
in eight volumes folio, but remains unpuljlishcd. In the

same year ho was engaged by the British Museum to assist

in the preparation of the classed catalogue of printed books
at that time contemplated, and in 1828 he became assistant

keeper of manu.scripts. In 1833 ho was knighted, and in

1837 succeeded tho Rev. Joeiah Forshall as keeper of

manuscripts, which odice he continued to hold until his

retirement in 1S6G. Notwithstanding his indefatigable

attention to his official duties, he found time for a great

amount of exceedingly valuable literary work. Between
1828 and 1838 lio edited for tho Koxburgho Club tho old

English rouiancDS of llavetok the Dane (discovered by hin'i-

Bolf among tho Laudian MSS. in the Bodleian) and William
ttiiil the ]Vcnvulf, and the old English versions of tho Gesla
Ilumaiinrum. In 1839 he edited the ancient metrical
romances of Sijr Gamiyne fur the Bannatync Club, and in

ISl? Layamon's Byut, with a prose translation, for the
Society of Antiquai-ies. In 1850 the magnificent edition

of WicklLffe's translations of the Scriptures from the original

MSS., upon which he and his coadjutor, I\[r Forshall, liad

been engaged for twenty years, was published by the

university of Oxfoid. - lu ItiGG-Ul) ho editeil the Uidoiia

Minor of Matthew Paris for the Rolls series. In 1S33 htr

prepared the literary part of Mr Shaw's work on Illuminated

Ornaments ; and in ISSO he edited the English translation

of Silvestre's Universal ral:eorjraphy. He had projected

a history of chess in the Middle Ages; ill-health, however,
and other causes, prevented the completion of the wbrlc.

lie died on March 8, 1873, bequeathing his journals and
other private papers to the Bodleian .Library, where they
are to remain unopened until 1920.

Sir Frederic Madden's attainments were great, and his sen-ices

to literaturo higlily dlstingnislied. Ho w.is perliaps tho lii-st

paleographer of his day, and as keeper of manuscripts was most
zealous and indnstrions, imposing a largo amount of manual as woU
as intellectual labour upon himself, and continually, although too
often unsuccessfuny, cxcrtuig himself to enrich tlio collections

committed to his care. He was an acuto as well as a laborions

antitiuary, but rather qualified for critical than for original research,

and his unacquaintaucc v/ith German prevented his ranking higli

as a philologcr, altliough ho paid much attention to the early
dialectical forms of Frencli and Knglish. His judgment was shown
ill the substantial value of the works edited by him. WickliiTc's

Bible is tho first English version ; Layamon's Lrnt, a semi-Saxon
paraphrase of the Norman Brut of Robert "Wacc, unites two ages
of English poetry, is an inestimable inonuiucnt of the langnagt,

at the period ol its conqjosition, ;iiid pos.sesscs no small poetical

merit ; while Jlavclok is h.ardly less important in a philological and
a metrical point of view. The first volnrae of bis edition of

Sl.itthcw Paris contains a valuv.ble critical introduction, and the
thiri.1 a biography of tho liistonan, witli an estimate of his place

in literature. Sir Krcdcric's minor contributions to autiipiarioa

research were exceedingly iiumcious : the hfst known, perha]>s,

is his dissertation on the orthography of Shakespeare's name,
which, mainly on the strengtli of the Elorio autograph, ho contends
should bo "Shakspcre." TJiis mode of spelling )ins boon adopted
by the New Shakspcrc Society. It is not generally known that Sir

Frederic was the first to discover the "reikins" forgeries in the
duke of Devonshire folio Shakespctirc, although private consider-

ations induced him to leave the further elucidation of the matter
to others. Ho also promptly detected the fabrications of tlie Greek
Simouides, which h.ad imposed upon some of the first scholars in

Germany.

MADDER, or Dyee's Madder, is tlie root of Euhla
linclorum, L., and perhaps of Ji. peret/rina, L,, as well,

both being European; but li. corJi/olia, L, and perhaps

Mmirjista, Koxb., a native of the mountains of Nepal,

Bengal, Japan, ikc., suiiply the Indian madder or maujil

(see Pickering, Chron. Hist, of PL, 421 ; Drnry, Use/iiX

Plants of India, 541). Rubia is a genus of about thirty

species of the tribe Galiac of the order Ihibiaccx, and
much resembles tho familiar Galiums, e.g., the lady's

bedstraw and cleaver of English hedges having .similarly

whorled leaves, but the parts of the flowers are in fives and
not fours, while the fruit is somewhat fleshy. Tho sold

British species is linlia iKrecjrina, L. Tho use of madder
appears to have been known from tho earliest times,

as cloth dyed with it has been found on the Egyptian
mummies. It was the i/xvOiSavov used for dyeing the

cloaks of the Libyan women in the days of Herodotus

(Herod., iv. 189). It is the ipvOpoiavov of Dioscorides,

who speaks of its cultivation in Caria (iii. 160), and of

Hippocrates [De Morb, Mul., i. ), and the liubia of Pliny

(xix. 17), (see Pickering, p. 275). liubia tinclorum, L., a.

native of western Europe, itc, has been extensively culti-

vated in South Europe, France, where it is called garance,

and Holland, and to a small extent in the United States.

Large quantities have been imported into England from

Smyrna, Trieste, Leghorn, A-c. Tho cultivation, however,

is decreasing since alizarin, the red colouring principle of

madder, has been made artificially (see Alizarin). Madder
was employed medicinally by the ancients and in the Middle
Ages. Gerard, in 1597, speaks of it as having been culti-

vated in many gardens in his day, and describes its sup-

posed many virtues (Herbal/, p. DGO) ; but the influence of

madder over the system is now believed to bo exceedingly

slight. Its most remarkable ph3'siological effect is that of

colouring red the bones of animals fed upon it, as also the
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claws and beaks of birds. TTiis appears to be due to the

cliemiciil affinity of phosnliate of lime for the coloiiriug

matter (Pereira, J/at. Med., vol. ii. pt. ii. p. 52). Uuhia
rhilatsis, Mol., lias beou used for dyeing red from time

imuieiuorial (Pickering, p. C61). The chay-root, which

furnishes a red dye in Coromandel. and other parts of

India, is obtained from Hedi/otis umbdlatu, Lam., of the

same family as madder (Drury, p. 3GG).

MADEIRA. The Madeiras, a group of islands in the

North Atlantic Ocean belonging to Portugal, consist of two
inhabited islands named Madeira and Porto Santo, and
three uninhabited rocks named collectively the Desertas.

Funchal, the capital of Madeira, is on the south coast of

the principal island, in 32° 37' 45" N. lat., 1G° 55' 20"

W. long. It is about 360 miles from the coast of Africa,

635 miles from Lisbon, 1215 from Plymouth, 240 from

Teneriffe, and 480 from Santa Maria, the nearest of the

Azores. Funchal is connected by the Brazilian submarine
telegraph, which belongs to a British company, with

Lisbon on the one hand, and on the other with Brazil.

Madeira, the largest island of the group, has a length of

30 geographical miles, a^ extreme breadth of 13 miles,

and a coast-line of 80 or 90 miles. Its longer axis lies east

and west, in which direction it is traversed by a mountain
chain, the backbone of the island, having a mean altitude

of 4000 feet, up to which many deep ravines penetrate

from both coasts, rendering travelling by land from place

to place a very tedious and fatiguing labour. Pico Ruivo,

the highest summit, stands in the centre of the island, and
has a height of GlOO feet, but some of the adjacent sum-

mits are very little lower. The depth and narrowness of

tlie ravines, the loftiness of the rugged peaks that tower

above them, the bold precipices of the coast, and the

proximity of the sea afford many scenes of picturesque

beauty or striking grandeur which are continually changing

in character as the traveller advances on his way. The
greater part of the interior is uninhabited, for the towns,

villages, and scattered huts lie either at the mouths of

ravines or upon the lower slopes that extend from the

mountains to the coast. The ridges between the ravines

usually terminate in lofty headlands, one of which has the

height of 1920 feet, and much of the coast is bound by
precipices of dark basalt. The north coast, having been

more exposed to the erosion of the sea, is on the whole

more, precipitous than the south coast, and presents every-

where a wilder aspect On the south there is left very

little of the indigenous forest which once clothed the whole
island and gave it the name it bears (Madeira, from materia,

wood), but on the north some of the valleys still contain

native trees of fine growth. A long, narrow, and compara-

tively low rocky promontory forms the eastern extremity

of the island, and here is to be seen a tract of calcareous

sand, known as the Fossil Bed, containing land shells and

numerous bodies resembling the roots of trees, probably

produced by infiltration. Upon an islet ofTthis promontory

stands the only lighthouse of the group. It has a flashing

light visible at the distance of 25 miles in clear weather.

Historij.—it has been conjectured, but on insufficient

evidonce, that the Phoenicians discovered Madeira at a

very early period. Pliny mentions certain Purple or

Mauretanian Islands, the position of which with reference

to the Fortunate Islands or Canaries might seem to indi-

cate the Madeiras. There is a romantic story, of doubtful

truth, to the effect that two lovers, Robert Machim and
Anna d'Arfet, fleeing from England to France in 1346,

were driven out of their course by a violent storm, and

cast on the coast of Madeira at the place subsequently

named Machico, in memory of one of them. On the

evidence of a portulano dated 1351, preserved at Florence,

it would appear that Madeira had been discovered long

15—9

previous to that date by Portuguese vessels under Gcnoeso
captains. In 1419 two of the captains of Prince lleniy of
Portugal were driven by a storm to the island called by,

them Porto Santo, or Holy Port, in gratitude for their

rescue from shipwreck. The next year an expedition was
sent out to colonize the island, and, Madeira being descried,
they made for it, and took possession on behalf of the
Portuguese crown. The iskuds were then uninhabited.
For the sixty years intervening between 1580 and 1640,
Madeira, with Portugal itself, was under Spanish rule. lu

1801 British troops occupied the island for a few niontlj.«i,

commanded by General Beresford, and it was again undci
the British flag from 1807 to 1814. Madeira is now a
province and an integral part of the Portuguese kingdom,
entitled to send deputies to the Cortes assenibling at Lisbon,

Inhabitants.—The inhabitants are of Portuguese descent,

with probably some intermixture of Moorish and Negro
blood amongst the lower classes. The dress of the peasantry,

without being picturesque, is peculiar. Both men and women
in the outlying country districts wear the earapni^a, a small

cap made of blue cbth, in shape something like a funnel,

with the pipe standing upwards. The men have trousers

of linen, drawn tight, and terminating at the knees ; a
coarse shirt enveloping the uppier part of their person,

covered by a short jacket, completes their attire, with the

exception of a pair of rough yellow boots. The women's
outer garments consist of a gaudily coloured gown, made
from island material, with a small cape of coarse scarlet or

blue woollen cloth. At the end of 1881 the inhabitants

of Madeira numbered 131,906 persons, the females exceed-

ing tlie males by TOGO. The population increases, notwith-

standing the emigration to Demerara and the Hawaiian
Islands that occasionally takes place. There is strong

reason for thinking that the islands are too densely peopled,

considering the small proportion which cultivable ground

bears to the whole, and the general want of capital

Government.—The administration of affairs is in the hands

of a civil governor appointed by the crown, under whom is

a military oflicer in command of the troops, which consist

of a battalion of infantry, a detachment of artillery, and
some militia. The law of Portugal is administered by four

chief judges, each of whom has a separate division

(comarca) of the island in his jurisdiction, within which he

tries both ciyil and criminal cases with the assistance of a

jury. Magistrates elected by the people decide minor

cases. For municipal purposes the island is divided into

nine districts, called concelhos (Porto Santo forming a

tenth), each of which has its popularly elected municipal

chamber, whose duty it is to repair the roads, light

and cleanse the towns and villages, itc. The chief police

magistrate of each district is the administrador, who is

appointed by the central Government. A bishop is at the

head of the clergy, his cathedral being at Funchal. There

are forty-eight parishes, each with its church and resident

priest. Roman Catholi(Ssni is the established form of reli-

gion, but others are now tolerated.

Education.—By law all children of a certain age should

be sent to school, but this regulation is not strictly enforced,

and only a small fraction of the total number actually

receive instruction. The chief educational establishment

is the Lyceo at Funchal, where there are seven professoi-s

paid by Government. In 1881 the pupils at this establish-

ment were two hundred and fifty in number. There is a

seminary for young priests, and a number of public primary

schools are scattered over the island.

Agrienlture.—LTntil recently a considerable portion of

the land was strictly entailed in the families of the land-

lords (morgados), but entails have been abolished by the

legislature, and the land is now absolutely free. Owing

to the irremediablo difficulties of the surface, the roads

XV. — 23
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are bad, except in the neigtbouthoocl ot the capital. A
deficient supply of water is another great obstacle to the

proper cultivation of the land, and the rocky nature or

steep inclination of the upper parts of the islands is an

effectual bar to all tillage. An incredible amount of labour

has been expended upon the soil, partly in the erection of

walls intended to prevent its being washed away by the

rains, and to build up the plots of ground in the form of

terraces, so as to lessen their slope. Water-courses, too,

have been constructed for purposes of irrigation, without

which at regular intervals the island would not produce a

hundredth part of its present yield. These water-courses

originate high up in the ravines, are built of masonry or

driven through the rock, and wind about for miles until

they reach the cultivated land. Some of them are brought

by tunnels from the north side of the island through the

central crest of hill. The water thus conveyed is carefully

dealt out according to the rights of each occupier, who
takes his turn at the running stream for so many hours in

the day or night at a time notified to him beforehand.

In this climate (lowing water has a sa,leable value as well

as land, for the latter is useless without a supply of the

former. The agricultural implements employed are of the

rudest kind, and the system of cultivation is extremely

primitive. Very few of the occupiers are the owners of

the land they cultivate; but they are almost invariably

the owners of the walls, cottages, and trees standing
thereon, the bare land alone belonging to the landlord. The
tenant can sell his share of the property without the con-

sent of the landlord, and if he does not so dispose of it

that share passes to his heirs. In this way the tenant
practically enjoys fixity of tenure, for the landlord is

seldom in a position to pay the price at which the tenant's

share is valued. Money rents are rare, the m(5tayer system
regulating almost universally the relations between landlord

and tenant ; that is, the tenant pays to the owner a cer-

tain portion of the produce, usually one half or one third.

The holdings are usually very small, rarely larger than
one man can cultivate with a little occasional assistance.

Meadows and pastures are seldom to bo met with, the

cattle being stall-fed when not feeding on the mountains.

Horses are never employed for draught, all labour of that

kind being done by oxen, of which there is an amDie

supply.

The two staple productions of the soil are wine and
BUgar. The vine was introduced from Cyprus or Crete

soon after the discovery of the island by the Portuguese,

but it was not actively cultivated until the early part of

the 1 Gth century. The vines, after having been totally

destroyed by the oidium disease, which made its first

appearance in the island in 1852, were replanted, and in a

few years wine was again made. The disease is now kept
in check by the application of sulphur, which has the

effect of increasing the quantity of fruit, whilst it shortens

the life of the plant. The phylloxera has also made its

way to the island, and every vineyard in INIadeira is more
or less affected by it. The wine usually termed Madeira,

and known in the trade as " London particular," is made
from a mixture of black and white grapes, which are also

made separately into wines called Tinta and Verdelho, after

the names of the grapes. Other high-class wines, known
as Bual, Sercial, and Malmsey, are mad« from varieties of

grapes bearing the same names. The exported Madeira is

a strong-bodied wine of fine bouquet and excellent quality,

but of late years it has gone out of fashion in England, the

lighter wines of France and Germany having to a certain

extent supplanted it. Taking the four years 1878-1881,
the average quantity annually exported was 3045 pipes,

each of 92 imperial gallons. It is not usual for the

merchant to possess vineyards of his own. The vines are

cultivated by the peasants in their small patches of land,

and the general rule is for the merchant or wine manufac-
turer to buy the must from them, and to have it conveyed

as it comes from the press direct to his store, where the

process of fermentation and the subsequent treatment are

carried on from first to last under his own eye.

The sugar cane is said to have been brought from Sicily

about 1452, and in course of time its produce became the

sole staple of the island. The cultivatiou languished,

however, as the more abundant produce of tropical countries

came into the European market, and sugar had long

ceased to be made when the destruction of the vines com-

pelled the peasants to turn their atteution to other things.

Its cultivation was resumed, and sugar machinery im-

ported. In 1881 about 6515 cwts, of sugar, valued at

.£14,452, were exported. A considerable quantity of spirit

is made by the distillation of the juice, or of the molasses

left after extracting the sugar, and this is consumed on the

island, ^—not an unmixed benefit to the people, for intem-

perate habits have greatly increased since they have been
subjected to the temptation of cheap spirits. The cane

does not flourish here as luxuriantly as within the tropics;

stdl in localities below 1000 feet, where there is a good
supply of water, it pays the cultivator well.

The grain produced on the island (principally wheat,

barley, and Indian corn) is not suflicient for the consump-
tion of the people. The common potato, sweet potato, and
gourds of various kinds are extensively grown, as well as

the Colocasia esculenta, the halo of the Pacific islanders,

the root of which yields an insipid food. Most of the

common table vegetables of Europe—cabbages, carrots,

onions, beans, pease, &c.—are plentiful. Besides apples,

pears, and peaches, all of poor quality, oranges, lemons,

guavas, mangos, loquats, custard-apples, figs, bananas, and
pine-apples are produced, the last two forming articles of

export to the London market. The date palm is occasion-

ally seen, but its fruit is scarcely edible. On the hills

large quantities of the Spanish chestnut afford an item in

the food of the common people. A little tobacco is grown,
and is made up into cigars of inferior quality.

Trade and Commerce.—Excepting sugar and tobacco, the

manufactures are insignifieant. Coarse linen and woollen

articles and boots and shoes are made for island use. A
good deal of needlework embroidery is made by the women
in and about Funchal for exportation. Baskets, cliairs,

ic, of wicker work are also exported. According to official

returns the total value of exports in 1881 was .£134,000,

whilst the imports from foreign countries amounted to

£175,000 (including £128,500 from the United Kingdom),
and the imports from Portugal and the Azores to £1 1 2,800.

The principal imports were textile fabrics, hardware, grain,

salt fish, salt, tea and coffee, tobacco, cask staves, timber,

and petroleum (the last three articles coming from America).

The duties levied at the custom-hoiree amounted in the

same year to about £41,000. In the course of the year

710 merchant vessels entered the port, but more than half

of these were English steamers calling on their passage to

and from the west coast of Africa, the Cape of Good
Hope, or Brazil. The number of Portuguese vessels was

only 113.

There is a local bank at Funchal, and also a branch of

the Bank of Portugal. The English merchants act as

bankers for visitors, and bills or cheques can be negotiated

through them. Accounts are made out in reis, an imaginary

coin, 4500 of which are equal to the pound sterling, and 1000
form the mil-rei or dollar, equal to 4g. 5Jd. The coins in

circulation are of British gold and Portuguese silver, the

latter in pieces of 50, 100, 200, and 500 reis, the coinage

being decimal. The French decimal system has been

established here as in Portugal. Madeira, as a province
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of Portugal, has the beneGc of the regulations of the

International Postal Union. Consuls from Great Britain

tmd other European states, as well as from the United

States and lirazil, reside at Funchal. Lines of steamers

from Liverpool to the British colonies on the west coast

of Africa, and from London and Plymouth to the Cape of

Good Hope, touch at Madeira, both on their outward and

homeward voyages. There is steam communication with

Lisbon, and also with Brazil, the Cape Verds, the Canaries,

and thJe Azores (St Michael's), as well as with Antwerp.

A largo coal depot for supplying the steamers has been

established at Funchal by a firm of British merchants.

Funchal, the capital of the archipelago, lies on the south

coast of Madeira, and has a population of about 18,000

persons, the immediate neighbourhood being inhabited by
nearly as many more. It is seen to great advantage from

the bay, lying .on its curving shore, and backed by an
amphitheatre of lofty mountains, some of them 4000 feet

in height. Kumerous country houses (quintas) with terraced

gardens, and surrounded by vineyards and patches of sugar

cane, adorn the slopes and give an air of cheerfulness to

the landscape. A small fort on an insulated rock close to

the shore commands the bay with its cannon, and there is

a much larger fortress on an eminence behind the city.

There are no facilities for landing either passengers or

goods, nor is there any dock for vessels, which are obliged

to remain in the open roadstead, where, however, the

anchorage is good. Vessels are protected from all winds

except that from the south, which, when blowing with

violence, occasionally drives those on shore that do not

slip their cables in good time, and take to the open

sea. The principal edifices in the city are the cathedral

and the churches, none of which deserve much notice, the

governor's residence, a semi-castellated building, and the

substantial custom-house. The streets are for the most
part narrow, but fairly clean, paved with small «tones,

without side walks, and lighted at night by petroleum
lamps. There are two public walks planted with trees,

and a garden of small extent, but rendered gay with flower-

ing plants which would need protection in England. There
are also fountains of good water, a large hospital, a poor-

house, and an unsightly ill-managed jaiL The late empress
f f Brazil built a spacious and handsome hospital close to the

town for the reception of twenty-four consumptive patients

of Portuguese or Brazilian birth. The entrances of some
of the larger houses are through great gates into a paved
vestibule, from which a double flight of stairs ascends to

the principal rooms. The shops are poor and without dis-

play. The windows on the ground floor of the dwelling

houses are filled with stout iron bars, which give a prison-

like air to the streets. Three streams come down from the

hills and run across the town at the bottom of deep
channels, which in summer are dry, because the water is

diverted higher up for irrigation purposes. Convenient
market places have been constructed for the sale of meat,

vegetables, and fish. Vegetables and fruit are abundant,

but not of the first quality. Fish is plentiful and cheap
when fishing is possible, and fresh fish forms with salted cod
and herrings an important item-in the food of the islanders.

Butcher meat is fairly good, with the exception Of the

mutton, which is very inferior.

The affairs of the city are managed by a municipal
chamber of seven persons with a president. Their revenue
is derived from imposts on grain and salt imported, and from
duties on fresh meat and fish sold in the open market, on
wine exported, on houses, and on persons carrying on, trade

or business. It is expended principally on the lighting and
repairing of the streets, and the maintenance of markets
and public gardens.

^Yheel caruoges are not iu use ; and all heavy articles

are transported either on the backs of mules or upon rude
wooden sledges drawn by bullocks. When horses are not
employed, locomotion is efl"ected either by means of ham-
mocks, or by bullock cars. The hammock is a piece of stout
canvas gathered up and secured at each end to a long pole
carried by a couple of bearers. In place of cabs, curtained
cars on sledges, made to hold four persons, and drawn bj a
pair of bullocks, are employed. They are convenient enough,
but the rate of progress is very slow. The common people
carry heavy burdens on the head and shoulders. Such
aids as wheelbarrows and trucks are entirely rejected.

A few daily and weekly newspapers are published at
Funchal, but they aTe small sheets, and their circulation is

very limited. In a room of the building. occupied by
the municipal chamber there is a collection of books,
numbering about 2800 volumes, accessible to the public
The Portuguese have a club, which has a large bouse con-
taining a ball room, card rooms, and a billiard room, but
no library.

The wine trade attracted several British merchants in

the last century to take up their residence at Funchal,
where, notwithstanding the decrease of that trade, there
was in. 1881 a resident British population of 208 persons.

A church has been built where a resident chaplain con-

ducts the services of the English Established ClJurch, and
the Presbyterians of the Free Church of Scotland have
also erected a place of worship. The British community
have formed a cemetery, which is kept in admirable order.

The English Club, to which strangers can subscribe, has
a library of 5000 volumes and a billiard table.

Climate and Meteorology.—The following results have been
derived from observations made for a series of eight years at the
Government observatory, Funcha], which has a height of 80 feet
above the sea. The mean annual barometrical pressure was 30 'li
inches. The mean annual temperature was eS^'Si Fahr., the high-
est point during the eight yeai-s haviug been 90^ '3 Falir. and the
lowest 46° "22 Fahr. The two hottest months are August aud Sep-
tember, when the mean temperature was 72°'58 Fahr. The three
coldest months are January, February, and March, their mean
temperature being 60° -6 Fahr. The mean temperature of the six
months November to April was 61° 8 Fahr. The mean temperature
of winter (December to February) was 61°; of spring {March to
May) 62°-64

; of summer (June to August) 70° -8 ; of autumn (Sep-
tember to November) 68° '9. The mean number of days iu the year
on which rain fell was SOJ. The distribution of raiu through the
months from October to May varies a good deal, but the wettest
months are usually November, December, Janiiary, and March.
Taking a series of twelve years' observations, the mean annual rain-

fall was 30^ inches, the extremes being 16 and 49'15 inches. The
mean daily range of the thermometer from 8 a.m. to 6 p.m. during
the six months November to April is about 6°1 Fahr., but taking
the twenty-four hours the mean daily range is about 10°.

The remarkable mildness both in summer and winter of the
climate of Madeira, though it lies ouly 10° north of the Tropic of

Cancer, is owing to its being suiTounded by a great oi.ean, from
which the atmosphere obtains a large su]>ply of watery vajiour.

The mean humidity of the air is about 75 (saturation — 100). The
prevalent winds are those that blow from the north or from a few
points cast or west of north, but these winds are much mitigated on
the south coast by the central range of mountaius. The west wind
usually brings rain. That from the east is a dry wind. A hot and
dry wind, the leste of the natives, occasionally blows from the enst-

south-east, the directiou of the Great Sahara, and causes the hill

region to be hotter than below, but even on the coast the theimo-
meter nuder its influence sometimes indicates 9.*^°. As the ther-

mometer h.as never been known to fall as low as 46° at Funchal,
frost and snow are there wholly unknown, but snow falls on tlie

mountains once or twice during the winter, very seldom, however,
below the altitude of 2000 feet. Thunderstorms are' rare, and
scarcely ever violent.

Madeira has long had a high reputation as a sanatory resoi-t foi

persons suffering from diseases of the chest. " ^Vhen we take int*"

consideration," said Sir James Clark in his work on ClimaU, " the

mildness of the winter and the coolness of the summer, together

with the reni'^rkable equality of the temperature during the dny
and night, as well as throughout the year, we may safely conclude
that the climate of JIadeira is the finest in the northern hemi-
sphere." Notwithstanding the ever-increasing competition of other

winter resorts, a considerable number of invalids, both Eogli&li and
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German, continue to spend the winter at Funchal, where there are

numerous well-conductpd hotels and boarding-houses, as well as

furnished houses, with gardens, for hire in the neighbourhood, and

where English and German physieiaus practise their profession.

The island possesses ono great advantage over most other places

fi-equented by invalids in affording cool and comfortable summer
quarters on the hills, so that they have no need to make a long

journey for the purpose of escaping from the heat.

Zoology.—'^a species of land mammal is indigenous to the

Madeiras. Some of the early voyagers indeed speak of wild goats

and swine, but these animals must have escaped from confinement.

The rabbit, and those pests the black rat, brown rat, and mouse,
have been introduced. The first comers encountered seals, and
this amphibious mammal {Monachus albivcnter) still lingers at the

Desertas, but its early extinction is threatened, from the same
cause that has brought about its extinction at the Canaries, the per-

sistent attacks of man. Amongst the thirty species of birds which
breed in these islands are the kestrel, buzzard, and barn owl, the
blackbird, redbreast, wagtail, goldfinch, ring sparrow, linnet, two
swifts, three pigeons, tTie quail, red-legged partridge, woodcock, tern,

herring gull, two petrels, and three puffins. Only one species is

endemic, and that is a wren (Regulus madeircnsis\ bxit five other
species are known elsewhere only at the Canaries. These are
the ^een canary {Fringillci huiyracea^ the parent of the domesti-
cated yellow variety), a chaflinch (Pringilla tiniillm), a swift
(Cypsehis nnicolor), a wood pigeon {Colmnba tromz), and a petrel
{TKalassidroma bulwerii). There is also a local variety of the
black cap, distinguishable from the common kind by the extension
in the male of the cap to the shoulder. About seventy other species
have been seen from time to time in Madeira, cliiefly stragglers
fi'om the African coast, many of them coming with the lestc wind.
_ The only land reptile is a small lizard {Laccrla dugesii), which is

abundant and is very destructive to the grape crop. The logger-
head turtle (Caouana carctla, Gray) is frequently captured, and is
cooked for the table, but the soup is much inferior to that made
from the green turtle of the West Indies. The only batrachian is

a frog (Rami esmlciita) which has been introduced and has made its
way from ravine to ravine.

_lhdut259 species of marine fishes taken at Madeira have been
scientifically determined, the largest families being Scomiridm with
35 species, the sharks with 24, the Sparidx with 15, the rays with
14,- the Lah-idx with 13, the Gadidas with 12, the eels with 12,
liierPereidm with 11, and the Carangidae, with 10. Many kinds, such
as the mackerel, horse mackerel, groper, muUet, braise, &c., are
Jcaught in abundance, and aflford a cheap article of diet to the people.
Several species of tunny are taken plentifully in spring and summer,
^one of them sometimes attaining the weight of 300 tb. The only
^freshwater fish is the common eel, which is found in one or two of
|the streams. (See lists and memoii-s by B, T. Lowe and J. Y.
^Johnson, published by the Zoological Society of London.)
\ According to the latest writer on the land moUusca of the
Madeiras (T. T. Wollaston, Testacca Atlantka, 1878), there have
been found 158 species on the land, G inhabiting fresh water, and 7
littoral species, making a total of 171. A large majority of the land
shells are considered to be peculiar, but naturalists do not agree as to
thedistinctnes^ of tlie so-called species. Many of the species are
variable in form or colour, and some have an extraordinary number
of varieties. Of the land moUusca 91 species are assigned to the
genus BelJx, 31 to the genus Pupa, and 15 to the genus Achatina,
(or Lovea). About 43 species are found both living and fossil in
superficial deposits of calcareous sand in Madeira or Porto Santo
These deposits were assigned by Lyell to the Newer Pliocene period.
Some 12 or 13 species have not been hitherto discovered alive. As
to the marine testaceous mollusca it may be stated that between
300 and 400 species have been collected, but they have been only
partially examined, and a large number of forms await identification
Few of them are remarkable for size or colour, and a consider-
able number are very smaU. More than 100 species of Polyzoa
(Sryozoa) have been collected, and amongst them are some highly
interesting forms.

The only order of insects which has been thoroughly examined is
that of the Coleoptera. By the persevering researches of the late
1. V. Wollaston the astonishing number of 695 species of beetles
has been brought to light at the Madeiras (Insccta MaderensH,
Cat. of Madciran Col., kc). The proportion of endemic kinds is
very large, and it is remarkable that 200 of them are either wingless
or their wmgs are so poorly developed that they cannot fly, whilst
23 of the endemic genera have all their species in this condition.
Ihis fact, Mr Darwin thinks, may be mainly due to the action of
natural selection combined with disuse, since those beetles which
were much on the wing would incur the risk of being blown out
into the sea, whilst thoTse with less-developed wings had the best
ch»ncB of surviving. With regard to the LcpUoptcra, 11 or 12
species of butterflies have been seen, all of which belong- to
European genera. Some of the species are interesting as being
geographioal varieties of weU-kuown types. Upwards of 100 moths
have been coUected, the majority of them being of a European

stamp, but probably a fourth of the total number are peculiar to

the Madeiran group. Thirty-seven species of Ncuroptcra have been

observed in Madeira, 12 of them being so far as is known peculiar.

The bristle-footed worms of the coast have been studied by Pro-

fessor P. Langerhans, who has met with about 200 species, of which
a large number were new to science. There are no modem coral

reefs at these islands, but several species of stony and flexible corals

have been collected, though none are of commercial value. There

is, however, a white stony coral allied to the red coral of the

Mediterranean which woidd be valuable as an article of trade if it

could be obtained in suificient quantity. Specimens of a rare and
handsome red Paragorgict are to be seen in the British Museum and
Liverpool Museum.

Botany.—The vegetation of these islands is strongly impressed

with a South-European character. Many of the plants in the lower

region have undoubtedly been introduced and naturalized since the

Portuguese colonization. A large number of the remainder are

found at the Canaries and the Azores, or in one of these groups, but
nowhere else. Lastly, there are about a hundred plants which are

peculiarly Madeiran, either as distinct species or as strongly marked
varieties. The late Mr Lowe undertook a description of the vegeta-

tion in his Manual Flora of Madeira, but unfortunately this valu-

able work has been left unfinished. The flowering plants found
truly wild belong to about 363 genera anil 717 species,—the mono-
cotyledons numbering 70 genera and 128 species, the dicotyledons

293 genera and 589 species. The three largest orders are the

Composite, Leguminosm, and Graviinacf^m. Forty-one species of

ferns grow in Madeira, three of which are endemic species and six

others belong to the peculiar flora of the North Atlantic islands.

About lOO species of moss have been collected, and 47 species of

Hcpaticx. A connexion between the flora of Madeira and that of

the West Indies and tropical America has been inferred by the

presence in the former of six ferns found nowhere in Europe or

North Africa, but existing on the islands of the east coast Oj

America or on the Isthmus of Panama. A further relationship to

that continent is to be traced by the presence in Madeira of the
beantiful ericaceous tree Clcthra arhorea, belonging to a genus
which is other\vise wholly American, and of a Pcrsca, a tree laurel,

also an American genus. The dragon tree {Dracmna Draco) is almost
extinct. Amongst the trees most worthy of note are four of the
laurel order belonging to separate genera, an Ardisia, Pitiosporwm,

Sideroxylon, Notclsa, Pluimnus, and Myrica,—a strange mixture of

genera to be found on a smaU Atlantic island. Two heaths of

arborescent growth and a whortleberry cover large tracts on the
mountains. In some parts tliere is a belt of the Spanish chestnut
about the height of 1500 feet. There is no indigenous pine tree as
at the Canaries ; but large tracts on the hills have been planted
with Pinus pinaster, from which the fuel of the inhabitants is

mainly derived. A European juniper (/. Oxycedrus), growing to
the height of 40 or 50 feet, was formerly abuudant, but has been
almost exterminated, as its scented wood is prized by the cabinet-
maker. Indeed the flora has been recklessly defaced by the un-
sparing hand of man. Several of the native trees and shrubs now
grow only in situations which are nearly inaccessible, and some of

t)ie indigenous plants are of the greatest rarity. There are few
remains of the noble forests that once clothed the island, and these
are daily becoming less. On the other hand, some plants of foreign
origin have spread in a remarkable manner. Amongst these is the
common cactus or prickly pear {Opuntia Tuna), which in many
spots on the coast is sufficiently abundant to give a character to the
landscape. As to Algse, the coast is too rocky and the sea too
unquiet for a luxuriant marine vegetation, consequently the species
are few and poor.

Geology.—The hjrpothesis that the Madeiras dm-ing or since tho
middle part of the Tertiary epoch formed part of a large tract of
land connecting the Canaries in the south and the Azores in the
west with south-western Europe and northern Africa has been com-
pletely discredited by the discovery of the great depth of the sur-
rounding ocean. The origin of its existing fauna and flora, both of
which must have been very difl'erent if such a connexion had ever
been a fact, is now attributed to the chance arrival from Europe or
Africa at distant intervals of tho ancestors of the present species,
the winds and waves, birds and insects, having been the means of
transport. This immigration must have commenced at an early
dale if the aboriginal flora is partly traceable, as is asserted, to the
Miocene flora of Europe, which has been found to contain genera
now represented by species onlyltviog in the Atlantic islands aud
in America.

In one of the northern ravines of Madeira some masses of hyper-
sthenite are exposed to view, aud these are beMeved to belong to a
diabase formation (better displayed in some of the Canary Islands
than in Madeira) of much older date than the beds of basalt, tuff.
kc, constituting the rest of the island. It is therefore supposed
that there existed at an 'ancient but unknown epoch an island or
the foundation of an island composed of diabase rooks, which, after
being^subjected to denudation, were overlaid by the materials thrown
oirt bv volcanoes of Miocene or later times.
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park of 13 acres, is a rather imposing but hybrid edifice

of white limestcBe crowned by a centra! dome rising 200

feet above the level of the basement; it was originally

built in room of an earlier capitol in 1860, at a cost of

$400,000, and has since been greatly enlarged. About a

mile to the west of the capitol stand, on the high grounds

known as College hill, the buildings of the Wisconsin

university, an institution dating from 1850, and attended

by about eight hundred students. Other buildings of

note are the United States post-office and court-house, the

soldiers' orphans' home, and at some distance from the city

the State lunatic asylum. The Wisconsin Historical

Society has a library of 58,000 volumes. Various

lines belonging to the Chicago and North-Western

Railway and to the Chicago, Milwaukee, and St Paul

Railway meet at Madison ; and the city has not only a

good general trade, but manufactures ploughs and other

agricultural implements, waggons, woollen goods, and flour.

The population, which was only 1525 in 1850, appears in

the three later censuses as 6611, 9176, and 10,325.

When the site was selected (1836) for the capital of the

territory of Wisconsin it was altogether unoccupied.

MADISON, Jajies (1751-1836), fourth president of the

United States, was born in King George county, Virginia,

on the 16th of March 1751, during a temporary visit of his

mother to her relatives. His father was the owner of large

landed estates in Orange county, Virginia, and was a man
of distinction in the county. In 1769 Madison entered

Princeton Cgllege in New Jersey, and graduated as B.A.

in 1771 ; but he remained another year at Princeton study-

ing under the direction of President Witherspoon. His
close application to study had seriously impaired his health,

which continued delicate for many years. Returning to

Virginia in 1772, he pursued his reading and studies, how-
ever, with the same zeal as before, the subjects chosen being

particularly those of philosophy, theology, and law.

Madison had as yet taken no active part in the exciting

politics of tho time. In 1775, however, he was chairman
of the committee of public safety for Orange county, and
in the spring of 1776 he was chosen a delegate to the new
Virginia convention, which formed a constitution for the

State. Failing to bo re-elected in 1777, he was chosen in

that year a member of the council of State, in which he
took a prominent part until the end of 1779, at which
time, he wds elected a delegate to the Continental Congress,

later the Congress of the Confederation. It was in this

assembly that Madison first displayed those powers which
ultimately made him the founder of the constitution of

the United States. He was in Congress during the fiual

stages of the revolutionary war, and one year after the

establishment of peace, at a time when the confederation

was in a chronic state of collapse, occasioned by the neglect

or the refusal of the States to respond to the requisitions

of Congress for supplies for the federal treasury, Madison
was among the first to advocate the granting of additional

powers to Congress. In 1781 he favoured the amendment
of the articles of confederation, giving to Congress the

power to enforce its requisitions ; and in 1783 he zealously

advocated the proposed plan by which the States should

grant to Congress for a period of twenty-five years the

authority to levy an impost duty. Accompanying this

jjlan was an address to the States drawn up by JIadison.

This address is one of the ablest of his state papers, and
with others of this period placed him in the front rank of

American statesmen.

Ib November 1783, the constitutional limit of his term
as deputy having expired, Madison returned to Virginia,

and the next year he again took a seat in the legisla-

ture of that State. As chairman of the judiciary committee,

Le was particularly instrumental in revising the statute

laws of the State. He opposed the further issue of paper
money by the State, and tried to induce the legislature to
repeal the law confiscating British debfa

As a member of the legislature of Virginia, Madison did
not lose sight of the interests of the confederacy. He
looked beyond mere local interests, believing that the
highest good of the State would best be advanced through
a respected central Government. Virginia and Maryland
possessing a common jurisdiction over the waters of tha
Potomac river and the Chesapeak Bay, it became necessary

to come to some agreement between them as to the com-
merce and navigation upon those waters. On Madison's
proposal, commissioners of the two States met at Mount
Vernon in March 1785. Maryland having proposed to

invite the States of Pennsylvania and Delaware to join in

the arrangement, Madison saw an opportunity for a mora
extended and general concert in regard to commerce and
trade, and proposed that all the States should be invited

to send commissioners to take into consideration the trada

of the United States. This resolution was adopted by the

legislature of Virginia; and thus was inaugurated tlie move-
ment which led to the meeting at Annapolis, in 1786, and
later to the convention at Philadelphia in 1787. The
palpable defects in the government of the confederation

had led Madison to make an extended study of con-

federacies, ancient and modern. Among his papers was
found one bearing the title Motes on Confederacies, but ha

gave the results of these researches more at length in

Nos. 17, 18, and 19 of The Federalist. His conclusion

was that no confederacy could be long successful which
acted upon States only, and not directly upon individuals.

As the time for the meeting of the convention approached

,

he drew up an outline of a new system of government to

take the place of the articles of confederation.

As e.xpresstii lu a letter to General Wasliington of the 16tli of

April 1787, it was in substance that tho individual sovereignty of
the States is totally irreconcilable with the aggregate sovereignty,

and that a consolidation of the-whole into one simple republic would
be as inexpedient as it was unattainable. He sought therefore some
middle ground, which might at once support a due supremacy of

the national authority and not exclude the local authorities when-
ever they might be subordinately useful. He proposed, to thi3

end, to change the basis of representation in Congress from States

to the population.

The national government should have authority in all cases

refiuiring uniformity. In addition to this positive power, the
national governnfent should have a negative on all .State laws " as

heretofore exercised by tlie kingly prerogative." Tliis negative,,

he thought, would best be vested in the senate, which should be a
comparatively permanent body.

The national supremacy should extend to the judiciary depart-

ment and to tho militia. The legislature should be composed of

two branches—one, the more numerous, elected for a short term, the

other, few in number, for a longer term. A national executive

should be provided for, and tlie States should bo guaranteed against

both internal and external dangers. The right of coercion should

be expressly declared. "But the difEculty and awkwardness of

operating by force on the collective will of a State rendered it

desirable that the necessity of it should be precluded." He thought

tho negative on State laws might answer the purpose. Tliis was
a weak point in Madison's theory of government. He thought,

with Jefferson, that there could be found some means of governing

without resorting to force. Lastly, "to give the new system its

proper validity and energy, a ratificatien must be obtained from
the people, and not merely from the legislatures."

These ideas, somewhat modified and extended in details,

formed the Virginia plan of government, presented in the

convention by Edmund Randolph; and this plan, again,

became the basis of the extended deliberations in the con-

vention which resulted in the constitution adopted iu that

body on the 17th of September 1787. In the convention,

as a delegate from Virginia, Madison took a leading part

in the debates, of which he kept notes which were afterwards

published by order of Congress. It was his influence which

largely shaped the form of the final draft of the constitution.

But the labour was not finished with this draft ; the con-
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Rtitution was yet to be accepted by the people ; that it wag

accepted was due in an eminent degroo to the cftorts of

Madison. In order to place the new constitution before

the people in its true light, and to meet objections brought

against it, he joined Hamilton and Jay in the publication

of a series of essays, which were published in a collected

form in 1788 under the name of The Federalist, and which

are still worthy of careful study.

In the Virginia convention for ratifying the constitution

he was again called upon to defend that instrument, and

against such staunch patriots as Patrick Henry and George

Mason. Madison here appeared at his best. He answered

every objection in detail, calmly, yet with an eloquence and

zeal that carried donviction to his audience. The result

was a victory agaiust an adverse public opinion, as well as

against the eloquence of his opponents.

Although he remained in the public service for nearly

twenty-five years longer, his greatest work was finished

with the adoption of the constitution. He had gained the

well-earned title of "father of the constitution." The part

he had taken, however, alienated from him the support of

a majority of the people of his State. He was defeated as

a candidate for United States senate, though he was chosen

in his own district as representative to Congress. Taking
his seat in the Lower House in April 1789, he assumed a

leading part in the legislation necessary to the organization

of the new government. To Hamilton's measures, how-
ever, for the funding of the debt, the assumption of the

State debts, and the establishment of a national bank, he
was opposed. On other questions, too, he sided with the

Anti-Federalists, and gradually assumed the leadership of

the opposition in the House of Representatives.

One would have expected to find him advocating with
Washington, Hamilton, Marshall, Jay, and others those

measures which would strengthen still more the federal

government. On the contrary, we find him labouring to

confine the powers of the national government within the

narrowest possible limits.

Much has been said in regard to Madison's change of

principles at this time. It has been intimated that he was
influenced, perhaps unconsciously, by the decided attitude

of his State, but especially by the dominating mind of

his most intimate friend, Jefferson. Probably there is

something of truth in this charge, yet it must be said

that Madison had shown on many previous occasions an
aversion to a liberal construction of granted powers.

Timid by nature, he was frightened at the bold and com-

prehensive measures of the secretary of the treasury. He
thought he saw in them a constructive latitude of inter-

pretation and a centralization of interests dangerous to

republican principles.

Madison opposed also the foreign policy of the adminis-

tration in 1793-96, in its attempts to maintain a neutral

position between Great Britain and France, then at war
with each other. And under the signature of " Helvidius "

he published in the public journals five papers of great

power and acuteness, criticizing the "monarchical preroga-

tive of the executive " as exercised in the proclamation of

neutrality of 1793, and the right of the recognition by the

president of foreign states. So far as the question of inter-

national law was concerned, Madison was essentially right,

but in regard to the authority of the executive, and the

question of the expediency of Washington's neutral policy,

the subsequent practice of the Government and the general

verdict of history condemn his view. In 179-1 Madison
introduced in the House of Representatives resolutions

based upon Jefferson's report on commerce, advising

retaliatory measures against Great Britain and a discrimi-

nation in commercial and navigation laws in favour of

France. Again, in 1796 he strenuously opposed the

appropriation of money for the purpose of carrying into

elluct the treaty of 1794 with Great Britain. Ho scouted
the idea as visionary that Great Britain would go to war
on a refusal to carry the treaty into effect. It was not
conceivable, he thought, that she would " make war upon
a country which was the best market she had for her manu-
factures." It had been a favourite theory with Madison,
as with Jefferson, that foreign nations could be coerced

through their commercial interests. The fallacy of this

doctrine was well exemplified by its utter inefficiency when
put in practice by them in 1807-12.

In 1797 Madison withdrew to private life, though not

to a life of inactivity. In 1798 he was induced by
Jefferson to join in a movement in opposition to the Alien

and Sedition Laws passed by the Federalists in that year,

and was himself the author of the Virginia resolutions,

which declared

—

" That the constitution of the United States was a compact, to

which the States were parties, grantinf^ limited powers of govern-

ment ; that in case of a deliberate, palpable, and dangerous exer-

cise of other powers, not granted by the eompact, the States had tho
right, and were in duty bound, to interpose for arresting the pro-

gress of tho evils and for maintaining within their respective

limits, the authorities, rights, and liberties pertaining to them
;

that the Alien and Sedition Laws were such infractions of tiro

compact;. . . . and finally that the State of Virginia declared tlioso

laws unconstitutional and not law, but utterly null, void, and of no
effect, find invited tha other States to join her in this action."

These resolutions, with those of Kentucky drawn by
Jefferson, met with decided objections from the other

States. Upon these objections Madison made a report to

the legislature of Virginia, consisting of an elaborate and

carefully considered argument sustaining in every point

the resolutions of 1798. I'hirty years later these argu-

ments were freely made uae of by Calhonn and his school

of nuUifiers as the basis of their doctrine. But Madison,

in 1830, repudiated the idea that the resolutions of 1798

involved the principles of nullification. He wrote at that

time many letters to public men, and especially one to

Edward Everett, in August 1830, to prove this position.

The nullifiers were not convinced, however, by this reason-

ing, and continued to use his arguments in favour of their

doctrine, till it became a source of great annoyance to him.

With the rise of the republican party to power in 1801,

Madison became secretary of state in Jefferson's cabinet,

—

a position for which he was well fitted both by his tempera-

ment and his training, well versed as he was in constitu-

tional and international law, and practising a calmness

and fairness in discussion which are essential qualities of

the diplomatist. In defending the neutral rights of tha

United States against the encroachments of European

belligerents (lSOl-9), there was almost constant need of

tlie use of all those qualities. The most important of his

papers during this period was An Examination of the

British Doctrine which subjects to capture a neutral trade

not open in time ofpeace, that is, the so-called " rule of the

war of 1756," as extended by Great Britain in 1793 and

1803. This treatise, published in 1806, was an argument

against the British doctrine, drawn from a careful inves-

tigation of authorities on international law, and was a

valuaUe contribution to the discussion of a. question

which, for various reasons, has uow lost its importance.

In 1809 Madison was elected president to succeed

Jefferson, whose peace policy—a policy of commercial re-

strictions to coerce Great Britain and France—he con-

tinued to follow until, in 1812, he was forced by his party

to change it for a policy of war. He had been, under the

lead of Jefferson, a great lieutenant ; he had for the most

part furnished the arguments in support of the republican

policy since 1790; but he did not possess the quahtiesdfa

leader. His cabinet was in part forced upon him in 1809

by a senatorial clique, and his administration lacked vigourj
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particularly during tne war of 1812-15. He had never

been a partisan iu politics, and was averse to forcing Lis

views upon others, except in so far as he could do so by

impartial arguments. In argument, he was not satisfied

with generalities; his reasoning went to the foundation of

principles—to the minutest details, sometimes almost pain-

fully so. His analysis of the arguments was powerful and

searching. In this he resembled Hamilton; but his con-

clusions were reached through a laborious process of. induc-

tion, whilst those of Hamilton seemed more the result of

intuition. Madison, moreover,' lacked Hamilton's boldness

of conception and courage in assuming the responsibility

of his theories. The difference between them was the

difference between great talent and genius.

Madison served two terms as president, and in 1817
retired to MontpelUer, his country seat in Virginia. For

nearly twenty years thereafter he was engaged in agricultural

pursuits, but was ever interested iu literature and politics.

To the time of his death he continued to be consulted by
statesmen as an oracle on all constitutional questions.

In character he was mild and conciliatory ; and, whether
'Ti power or in opposition, he never lost the friendship or

Confidence of his political opponents. His death occurred

on the 28th of June 1836.
Hi3 Letters and JFritings, in i vols., were published by order of

Congress in 1865. The Madison Papers, a report of debates during
the Congress of tbe Confederation, and reports of debates in the
Federal Convention, were also published by order of Congress. The
listory of tlie Life and I'imes of Madison, by William C. Kives, iu

u^vols., comes down only to 1794.

MADRAS, a presidency of British India, occupying,

with its dependencies, the entire south of the Indian
•jeninsula, and washed on the east by the Bay of Bengal
and on the west by the Indian Ocean. The north boundary
is extremely irregular. On the extreme north-east is the

Bengal province of Orissa ; then the wild highlands of the

Central Provinces ; next the dominions of the nizAm of

Hyderabad ; and lastly, on the north-west, the Bombay
districts of DhArwilr and North KAnara, The extreme
length from north-east to south-west is about 950 miles,

and the breadth 450 miles ; the area of the British districts

(1879) is 138,856 square miles, and the population in

1871 was 31,672,613. The five native states attached to

Madras—Travancore, Cochin, Puducottah, Banganapilli,
pnd Sandilr—have an additional area of 9818 square miles,

ind a population of 3,289,392, making a grand total area
of 148,674 square miles, with a population of 34,962,005.

General Aspect.—From a physical point of view, the
Madras presidency may bo roughly divided into three tracts—(1) the long and broad east coast, (2) the shorter and
narrower_ west coast, and .(3) the high interior table-land.
These divisions are determined by the great mountain
ranges of the Eastern and Western Ghits. The Eastern
OhAts form a continuation of the confused hill system of
Chuti.i NAgpur. They run in a south-west direction
through almost the entire length of Madras until they lose

themselves in the Nflgiris, and there join the Western
Ghits. Their average height is only 1 500 feet, and for the
most part they leave a broad expanse of low land between
their base and the sea ; tlieir line is pierced by three great
rivers—the Gfodivari, Kistna, and KAveri (Cauvery). The
Western GhAts stretch continuously along the shore of the
Indian Ocean. Eisipg steeply at a distance of from -30 to
50 miles from the coast, they catch almost the whole rain-
fall of 'the monsoon ; and within Madras territory not a
single stream breaks through their barrier. Some of the
peaks attain an elevation of more than 5000 feet. Between
these two ranges lies the central table-land, with an eleva-
tion of from 1000 to 30.00 feet, which includes the whole
of Mysore, and extend t oter about half a dozen districts of

Madras. Tae three principal rivers above-mentioned, each

having a large tributary system, all rise in the Weslero
Ghilts, and run across the peninsula in a south-east direction

into the Bay of Bengal. In the upper parts of their course

they drain rather than water the country through which
they flow, and are comparatively valueless either for

navigation or for irrigation; but before. reaching the sea

they spread over alluvial deltas. Other but smaller rivers

of the same character are the North and South PenuAr or

PonniyAr, Palar, .VAigai, Vellar, and Tambraparni. The
two main hill systems have beeji already described (see

Gh.4ts, vol X. p. 559). The Nilgiris, which join these,

culminate in Dodabetta (S04O feet), the loftiest peak in

southern India. There are, besides, many outlying spurs

and tangled masses of hills, of which the Shevaroys, Ana-
malais, and the Palnis are the most important. The
principal lake in the presidency is that of Pulicat on the

east coast, which is 33 miles from north to south, and
forms an important means of communication betweeu
Madras city and the north districts. On the west coast

are a remarkable series of backwaters or lagoons, fringing

the seaboard of KAnara, Jlalabar, and Travancore. The
largest is the backwater of Cochin, which extends for a
distance of 120 miles froni north to south.

The mineral wealth of the province is as yet undevelopecL

Iron of excellent quality has been smelted by native smiths

in many localities from time immemorial; but attempts to

work the beds aiter European methods have hitherto proved

unsuccessful. Carboniferous sandstone extends across the

GodAvari valley as far as EUore, but the coal has been

found to be of inferior quality. Scientific researches

have proved the existence of gold in the Nilgiris, in suf-

ficient quantity to render outlay on it profitable; and
several companies, representing a large amount of capital,

have been formed for working the mines. Among other

minerals may be mentioned manganese in the Nilgiris and
Bellary ; copper and lead ores in many parts of the Eastern

GliAts ; antimony and silver ; and corundum in the valley

of the KAveri. Garnets are abundant in the sandstone of

the Northern Circars, and diamonds of moderate value a~3

found in the same region. Stone and gravel quarries are

very numerous.

The Forest Department of Madras was first organized in

1856, and it is estimated that forests cover a total area cf

more than 5000 square miles, the whole of whicli is under

conservancy rules. For supplying fuel to the railways an

area of about 160,000 acres is strictly conserved. In the

remaining forests, after supplying local wants, timber is

either sold direct by the department, or licences ore granted

to wood-cutters. The more valuable timber-trees comprise

teak, ebony, rosewood, sandal-wood, and redwood. The
Government plantations cover an area of 9000 acres.

The trees thus artificially reared are teak, sandal-wood,

Casuarina, and Exicalyptiis. The finest teak plantation

(over 3000 acres) is near Beypur in Jlalabar. At
Mudumalli there are plantations of both teak and sandal-

wood ; and the Bxicalyptus or Australiau gum-tree now
grows on the Nilgiris in magnificent clumps. The total

value of timber and wood exported was £95,801 in

1875-76, and £122,413 in 1880-81.

The wild animals are those for the most part common
to the rest of India. Those deserving mention are the

elephant, bison, sambur, and ibex of the Western Ghats

and the Nilgiris. Bison are also found in the hill tracts

of the Northern Circars. In Travancore state the black

variety of leopard is not uncommon. In 1880-81 182

persons and 11,628 cattle were returned as killed by wild

beasts. The number of persons killed by snake-bites in

1880 was 928. The elephant is now protected by law

from indiscriminate destructioa The agricultural re-

turns for 1880-81 report the number of bufialoea as
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1.324,435, bullocks 3,228,007, cows 2,873,979, goats

2,803,407, sheep 4,082,411, horaes 898G, and elephants

532. The cattle are small, but in Nellore and along the

Mysoro frontier a superior breed is carefully kept up by

the wealthier farmers. The best buffaloes are imported

from the Bombay district of DhArwdr. Experiments in

sheep breeding liave been made at the Saidapet model (arm,_

with fair success.

J'oiiidatioa.—The first census, in 1822, returned the porulation

US 13,476,923, and *n enumeration in 1866-67 gave 26,539,052.

Tho census of November 1871, however, was the first conducted in

regular form. The following table gives the results for the British

districts of the presidency. According to the preliminary return

tho total population at the census in 1871 was 30,839,181

<15,242,-122 males and 15,597,059 females). This would seem to

show that the loss caused by the famine of 1876-78 has been nearly

made up.

Area, Population, d:c.
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from this source .imounrcd to £4,170,052. Besides these lands in.

the h.ands of the Government, there arc also proprietary or zamin-

;;«/( estates in all parts of the country. Thoso estates are either the

remains of ancient principalities, which the holder cannot sell or

cneunibcr beyond his own life interest, or they are creation.s of

liritish rale and subject to the usual Hindu custom of partition.

The total area of the zamtnddrl estates is about 21 million acres,

or one-fourth of Hie wdiole presidency. The peshkash or tribute pay-

able to Government in perpetuity amounts to about £500,000 a

ye.ar. Indms, reveuue-freo or quit-rent grants of lands made for

religious endowments or for services rendered to the state, occupy

an aggregate area of a little over 1,500,000 acres.

Manufactures.—Madras po.ssesses few staple manufactures. The

preparation of the colfec berry for export constitutes the one great

business carried on by means of European capital and under Kuro-

jiean supervision. Indigo is manufactured in considerable quan-

tities, but of inferior quality. The more important of the largo

manufactories are three cotton mills -in Madras, a weaving estalj-

lishmcpt maintained by the Basel mission in Sonth Kaiiara, sugar

works in Ganjam and South Aieot, and a jute factory at Vizaga-

patam. Up to the close of the last century cotton goods consti-

tutei^ the main article of export. Masulipatam, where tlio first

Knglisli factory on the Coromandel coast was established in 1629,

itnjoyed a special reputation for its chintzes, which were valued for

th(! freshness and i»crm.anency of.their dyes. There is still a small

demand for these articles in Burmah, the Straits, and the Persian

Gulf ; but Manche.'tor goods have nearly beaten the Indian exporter

out of the field. Native looms, however, still hold their owu in

the local market, in face of strenuous opposition. After weaving,

working in metals appears to be the most widespread native in-

dustry. Among local specialities which have attracted European

curiosity m.ay be mentioned tho jewellery of Triehinopoli, orna-

ments of ivory and horn worked at Vizagapatani, and sandal-wood

carving at Kanara. Tho manufacture and sale of salt is a Govern-

ment monopoly, carried on under close supervision. The process

em[)lnyed is solar evaporation, and tho entire ea,stern coast-line

from Orissa to Capo'Comorin affords natural facilities for the in-

dustry. The preparation of arrack and toddy spirit is also a

GovernincMit monopoly. On tho Nilgiri hills and at BcUary

country boor is manufactured by European firms subject to an

e.vcisc <lnty of 6d. per gallon.

nuilintijis.—Two guaranlced railway companies, tho Madras and

thi! .South Indian, have their lines almost entirely within the

presiclcncy. The Madras Kailway, which connects at Raichur with

the Urc,at Indian Peninsular system, runs south-oast to Madras, and

then west across the peninsula to Beypur, with branches to Bellary

ami Bangalore. The total length open in 1881 was 858 n\iles ; tho

capital expended, £10,441,699 ; the net profits £177,433, giving a

dividend of 1*7 per cent, on the capital expended. The South

Indian Railw.ay (narrow guage) runs north from Tuticorin to

Madras. lu 1881 the total length was 668 miles ; the capital

expended, £4,291,311 ; and the net profits yielded a dividend of

2-9 per cent.

Commerce and Trade.—The continuous seaboard of the Madras

presidency, without any natural harbours of the first rank, has

tended to create a widely diffused trade. Madras city conducts

nearly one-half of the total sea-borne commerce; next comes Malabar,

containing the western railway terminus near Calicut ;
then Godd-

vari, with its cluster of ports along the fringe of tho delta

;

Tinuevelli, with the new harbour at Tuticorin, which has opened

largo dealings with Ceylon ; Tanjore, South Kanara, Gaujiim, and

iViz;igapatara in the order given. The total foreign trade in 1880-81

was as follows. The imports amounted to £6,518,783, of which

cotton piece goods and twist made up £2,908,379, grain £158,144,

and apparel £147,691. The exports amounted to £9,271,345, the

chief items being—coffee. £1,303,090 ; raw cotton, £939,127 ;
hides

and skins, £1,261,182 ; rice, £996,314; seeds, £708,390; indigo,

£003,103; spices, £379,282; oils, £372,119; sugar, £301,670.

The total uunibor of vessds engaged in foreign trade that cleared

and entered Madras ports in 1880-81 was 6247, with a tonnage of

1,177,337 ; tho coasting trade was conducted by 11,316 vessels,

witli 3,748,474 tons, for ports outside Madras presidency, and

24,057 vessels, with 3,092,286 tons, for ports within the pre-

sidency. Tho importance of this active coasting trade may be

gathered from the fact that in 1876-77 (the first year of the late

famine) the imports of grain suddenly rose to 662,850 tons, by far

the greater part consisting of rice from Bengal.

Adminisiraiion.—The supremo executive authority is vested in

the governor, with a council of three members, of whom one is the

commander-in-chief; tho others belong to the covenanted civil

service. For legislative purposes this council is increased by the

presence of the advocate-general and from four to eight other mem-
bers nominated by tho governor, of whom not less than one-half

must bo uon -officials. The local administration is organized with

tho district or zild as its unit. Of these districts there are twenty-

one in all, incluiling the Nilgiris and Madras city, both of which

occupy «u exceptional position. Each of tiie remaining districts is

under tho jurisdiction of a collector-magistrate aun a sessions judge.

Beneath the collector-magistrate come deputy collectors, sub-col-

lectors, and assistants. Each district is subdivided into Uihth%

numbering one hundred and fifty-six in all, under the charge of a

tahsilddr. Each tdluk comprises from fifty to one liundl'cd villages,

which constitute the ultimate units for fiscal and administrative

purposes. The hereditary vUlage officials, to be found in almost

every Hindu village, are employed to perform minor public offices,

revenue and judicial, anrl are inadequately remunerated either by

fees in grain and other cesses levied from the villagei-s, or by a

reduction in their land assessment. The heads of villages and

village accountants {karnam) collect and account for all revenue,

rates, and taxes within their respective villages or townships.

Local and municipal administration, including roads and com-

munications, schools and primary education, public healtli and

local endowments, together with special taxation levied for any of

these purposes, is provided for by special legislation passed itj 1871.

Entire districts or, where these are of unmanage&ble size, parts «'t

districts have been constituted local fund circles, each under the

man.agement of a board of commissioners, of which the collector is

ex qficio president, and the district engineer, medical olBcer, and one

or more civil officers are official members. "With them aro associ-

ated at least an equal number of native non-official gentlemen,

appointed by Government. To these boards is entrusted the entili:

management of the local interests above named, subject to the sub-

mission of an annual budget for the sanction of Government, and of

a report of the board's transactions at the close of each year. Tin-

twenty-one districts of the presidency comprise thirty-five such

local fund circles. The sources of income at the disposal of these

boards are a grant from provincial funds, a special land rate not

exceeding one anna in the rupee of the Government assessment,

tolls, school fees, local endowments, and other minor special funds.

Municipal administration of the larger towns is provided for by

boards of town commissioners, constituted si.milarly to the local

boards as regards official and non-official members, except that,,witli

the consent of Government, the latter may be elected by the rate-

payers. Besides tho above-named local interests, the commissioner

manage the local sanitation and hospitals of the towns, registration

of births and deaths, lighting, and police. About filty towns, in-

cluding Madias city, with an aggregate population of 1,600,000,

are jirovided with municipal administration, and the number is

steadily increasing. Tho funds at the disposal of.the commissioners

consist of rates on houses and lands, a tax on professions and trades,

a wheel and animal tax, tolls and ferries, school and market fees,

&e. Under the administration of these local and municipal boards

great impulse has been given to the development of roads, educa-

tion, and hospitals and dispensaries.

Revenue and Expenditure.—Down to 1871 every branch of

revenue and expenditure throughout India was managed in all

details by the Government'of India. Under the decentralization

scheme of that year the financial administration of the jail, police,

and educational services, together with certain branches of the

medical, sanitary, and other minor services, were transfeircd to the

Government of Madras, and a grant of a single fixed sum from the

imperial funds was assigned for their maintenance. Tho local fund

boards, described above, were constituted in the same year, and the

municipal administration improved. The provincial expenditure

is almost entirely met by a grant from imperial funds ; and the

local receipts benefit in a similar way by a subsidy from the imperial

budget. The following figures show the revenue and expenditure

under each hci^d of finance for the year 1880-81, exclusive of the

charges under the heads of army, interest, and imperial public

works. (1) Imperial: total revenue, £8,626,461, of which about one-

half, £4,284,335, is derived from the land revenue, and £1,433,974

from salt; expenditure, £3,478,655. (2) Provincial: total revenue,

£955,162, of which £781,990 forms the allotment from the im-

perial funds ; exiienditure, £971,011,—the main items being police,

£376,366; law and justice, £105,962; public works, £142,187;

education, £90,875. (3) Unfettered local funds : receipts, £24,768 ;

charges, £19,628. (4) Fettered local funds: income, £748,315;

expenditure, £729,746. (5) Municipal: total revenue, £137,364 ;

expenditure, £129,525, The gross revenue of the presidency was

£9,030,152, and the expenditure £6,-893,960.

Army.—The Madras army garrisons, besides the whole of Madras

proper,'the adjoining state of Mysore, the Nizam's Dominions, the

Central Provinces, and British Burmah; a regiment is also usually

stationed at Dorunda in the Chutia Nagpur division of Bengal,

and another at Cuttack in Orissa. The entire force consists of 1

regiment of European cavalry, 19 batteries of European artillery,

and 8 regiments of European infantry, with 1 company of native

sappers and miners, 4 regiments of native cavalry, and 40 regiments

of native infantry. In 1880-81 the European force numbered

10,229, and the native army 30,963 of all ranks. The military

expenditure charged against Madras in 1880-81 was £2,722,105.

The prinoipal cantonments are Kampti, SecundenibaQ, Bangalore-,

Bellary, and Rangoon. St Thomas's Mount neai Madras city is

an important station for artillery. The two military sanntaiiums
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Bellary, ami Jakatala or Wellington lu moarc Uaniandni,

NiJfiiii hills.

Administrative Statistics.—ku cavly task of tho Engliiih ad-
ininiatration waa tho repression of tho system.of black mail levied
by bands of Kavilgdrs, which was not fully oxtinguislied for many
years. By a Government regulation in 1868 tho village polico was
jilnceJ under the head of the Tillage, and became practically tho
mo.st useful (although a somewhat dishonest) agency of the magis-
trate in the police administration. The Madras police force was
organized in its present form in 1860. In March 1881 it consisted of
a total strength of 26,415 olBcera and men, maintained at a cost of
.t'364,233. In 1880 the total number of prisonera passing through
Uio jails in the presidency was 27,708,—considerably less than
duinig and after the famine

; the daily average number of prisoners
was 12,202. Education was afforded in 1880-81 by 12,878 schools,
attended by 327,808 pupils; the expenditure was £284,873 of
which £80,641 was contributed by the state. Tho chief educa-
tioual institutions are the Madras university, the provincial college
of C'ombaconum, the Madras Christian college, the Doveton Pro-
tcstant coUege, S. P. G. high school at Tanjore, Medical college
civil eiigiueenng coUege, Lawrence asvlum, school of agriculturo
school of ordnance artificers and school of arts, and the military
orphanage at Utakamand in memory of the late Sir Heniv
Lawrence. '

Climate and malth.—lhe climate varies in different parts of
the presidency, being determined by the very diverse geographical
conditions. The Nilgiri hills enjoy the climate of the temperate
zone, witn a moderate rainfall, and a thermometer rarely exceed-
ing 80 F., and sometimes falling to the freezing-point. On tho
Malabar coast the south-west monsoon brings an excessive rainfall
leaching 150 inches in the year at certain spots. The rain clouds
liauguig on the slope of the Western Ghats sometimes obscure the
sun for month after month. Along tho eastern coast and on the
central biblo-Iands the rainfall is comparatively low, but the heat of
tiio summer months is excessive. At Masulipatam the thoriuo-
meter Irequently rises to above 110° F. in the shade. The whole
ro:ist of the Bay of Bengal is liable to disastrous cyclones, which
not only wreck the shipping in the roads, but have repeatedly over-
whelmed the low-lying ports. The most prevalent diseases are
fevers, dianhcEa, dysentery, and other bowel complaints, cholera,
and small-poy

mstonj.—\Jnii\ tho English conquest the wliolo of southern India
had never acknowledged a single ruler. The difficult nature of the
LiU passes and the warlike character of the highland tribes forbade
the growth of great empires, such as succeeded one another on the
plains of Hindustan. The Tamil country in the extreme south is
traditionally divided between the three kingdoms of Pandya
Chola, and Chera. The west coast supplied the nucleus of a
monarchy which afterwai-ds extended over the highlands of
Mysore, and took its name from the Carnatic. On the north-east
tho kings of Kalinga at one time ruled over tho entire line of sea-
board from the Krishna to tho Ganges. Hindu legend has preserved
marvellous stories of these early dynasties, but our only authentic
evidence consists in their inscriptions on stone and brass, and their
noble architecture. The Mohammedan invader first established
hinisc f in tho south in the beginning of the 14th century. Ala-ud-
dm, the second monarch of the Khilji dynasty at Delhi, and his
general Malik Kafur conquered the Deccan, and overthrew the
kingdoms of Karnataka and Telingana, which were then the most
powerful m southern India. But after the withdrawal of the Musal-man arniies the native monarchy of Vijayanagar arose out of the
ruins. This dynasty gradually extended its dominions from sea to
sea ana reached a pitch of prosperity before unknown. At last
in 1565, It was ovei-whelmed by a combination of the four Moham-
medan prmcipalities of the Deccan. At the close of the rei/ni of
Aurangzeb, although that emperor nominally extended his sove-
reignty as far as Cape Comorin, in reaUty South India had a^ain
fjllen under an uinber of rulers who owned no regular allegiance.
1 ho nuAm of the Deccan, himself an independent sovereign, repre-
sen cd the distant court of Delhi. The most powerfSl of his
teudatories was tho nawab of the CamaHc, with his capital at
ATcot In Tanjore^ a descendant of Sivaji ruled ; and on tlie cen-
tral table-land a Hindu chieftain was gradually establishing his
authority and founding the state of Mysore, destined soon to pass
to a Mohammedan usurper.

"^

Vasoo da Gama cast anchor off Calicut on the 20th May 1498and for a century the Portuguese retained in ^heir control thecommerce of India. The Dutch began to establish themselves on
the ruin of the Portuguese at the beginning of the 17th century,
and were quickly foUowed by the English, who established them:
selves at Cahout and Crauganore in 1616. Tellicherri became the
principal British emporium on the west coast of Madras. The
Portuguese eventually retired to Goa, and the Dutch to tho Spice
Islands. The first English settlement on the east coast was in

I
at Masulipatam, even then celebrated for its fabrics. Farther

Miuth a factory, tho nucleus of Madras city, was erected in 1639
l-onOicham was purchased by tho French in 1762. For many
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years the Eiigheh and French traders lived peacefully side by sido.and with no ambition for territorial aggi-aiidisemcnt The war ofthe Austrian succession in Europe lit iho first flamo of lio.Ulitvon tho Coromandcl coast. In 1 746 Madras waa forced to sunendiT
to Labourdonnais, and Fort St David remained the only Britishpossession in Hnntliom T*,,i;„ n.. *i. . ^ .. , -',....possession in southern Indie. By the peace'of'Ai.xdf-Ch'aiwil^

English
; but from this time the

r vdhy of tho two nations was keen, and found ita opportunities in

politica. EugUsh influence was gcuorally able to scouro the favom-

Id d ^ ?? " *? '?""'"'" ""'•' '''""J"''''' *''"° ">e French suc-

At 1 .^' ,
"° *'"'"" ""'^ """"I™ on the throne ot HyderabadAt last Dupleix rose to be tho temporary arbiter of the fate ofsouthern Iiidm but he was overthrown by Clive, whose defence ofArcot in 1,51 forms the turning point in Indian history. In 1760

the crowning victory of Wandewash was won by Colonel (afterwaj-<Is
Sir Eyre) Coote over Lally, and m the followmg year, despite helpfrom Mysore, Pondicherri was captured.

» > '
i ""'J'

Though the English had no longer auy European rival, they hadyet to deal with Mohammedan fanaticism and the warlike popula-
tion of the highlands of Mysore. Tho dynasty founded by Hvder
All, and terminating in his son Tipii Sultan, proved itself in four
several wars, which teruiinated only in 1799, the most foimidable
antagonist which the English had ever encountered (see Hydei-Ali and India). Since {lio beginning of the present century"
Madras has known no regular war, but occasional disturbances have
called for measures of repression. The pdlegdrs or local chieftains
loug clung to their mdepeudenco after their comitiy was ceded to
the Bntish. On the west coast, the feudal aristocracy of the Naire
and the religious fanaticism of the MopUs, have more than once led
to rebellion and bloodshed. In the extreme north, the wild tiibes
occupying the hiEs of Ganjam .and Vizagapatam have only lately
learned the habit of subordination. In 1836 the samtiuUiri of
Gunisur m this remote tract was attached by Government for the
rebellious conduct of its cliicf. An inquiiy then instituted revealed
tlie wide prevalence among the tribe of Kandhs of human saeriflce
under the name of meriah. The jTractice has since been suppressed
by a special agency.
The Uiffereiit territories comprising the Madras presidency have

been acquired by (he British at various dates. In 1763 the ti-act
encircling Madras city, now Chengalpat district, was ceded by the
nawab of Arcot. In 1765 tho Northern Circars, out of which tho
French had recently been driven, were granted to the Company by
the Mughal emperor, but at the price of an annual tribute of
£90,000. Full rights of dominion were not acquired till 1823, when
the tribute was commuted for a lump payment. In 1792 Tipu
was compelled to cede the Baramahdl (now part of Salem distiict),
Mal.abar, and Dindigal subdivision of Madura. In 1799 on the
reconstruction of Mysore state after Tipii's death, Coimbatore and
Kduara were appropriated as the British share ; and in the same
year the Maliratta rijd of Tanjore resigned the administration of
his territory, though his dticendaut retained titular rauk till 1855.
In 1800 Bellary and Cuddapah were made over by tho niziin of
Hyderabad to defray tho expense of an increased subsidiary force.
In tlie following year the dominions of the nawab of tho Cainaticj
extending along the ea£t coast almost continuously from Nelloro
to Tinnevelli, were resigned into the hands of the British by a
puppet who had been put upon the throne for the pui-pose. The last
titular naw.ib of the Carnatic died in 1855 ; but his representative
still bears the title of prince of Arcot, and is recognized as the first
native nobleinan in Madras. In 1838 the nawab of Karniil was
deposed for misgovernment and suspicion of treason, and his t«rri-
tories annexed.

Madras, capital of Madras presidency, is situated ou
the sea-coast in 13° 4' 8" N. lat., 80° U' 51" E. long.
Although at first sight the city presents a disappointing
appearance, and possesses not a single handsome street, it

has several edifices of high architectural pretensions, and
many spots of historical interest. Seen from the roadstead,
the fort, a row of merchants' offices, a few spires and public
buildings, are all that strike the eye. Roughly speakinc,
it consists of the following divisions. (1) Black Town, a'u

ill-built, densely populated block, about a mile square, is the
business part of the town, and contains the banks, custom
house, high court, and all the mercantile offices. The last,

for the most part handsome structures, lie along the beach.
Ou the sea-face of Black Town are the pier and tho new
harbour. Immediately south of Black Town there is (2) an
open space which contains the fort, esplanade, brigade parade
ground, Government house, and several handsome public
buildings on the sea-face. (3) West and south of this lung
of the city come a series of crowded quarters known by
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varioBS nativs names—Chintadrapet, Tiruvaleswarampct,

Pudupdk, Koyapet, Kistnampet, and Mylapur, which bend

V) the sea agaia at tha old town of Saint Thom6, (1) To

the west of Black Town are the quarters of VeperL and
Pudupet, chiefly inhabited by Eurasians, and the suburb*

of Egmore, Nangambdkam, and PerambUr, adorned with
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fcanotsomo European mansions and their spacious " com-

pounds "'.or
»
parks. • '(5) South-west and south lie the

European quarters of Tanampet and aristocratic Adyar.

Amongst the buildings most deserviug of notice for their

architectural features are the cathedral, Scotch church,

Government house, Patcheappah's hall, senate house,

Chepauk palace (now the Revenue Board), and the Central

Itailway station.

Nearly all the most important offices of the presidency,

and the headquarters of every department, are located in

Madras. Apart from the headquarters staff of the Madras

army, that of the central division is also stationed here,

with a garrison of 1 European and 3 native infantry regi-

ments, 1 battery of artillery, and the bodyguard of the

governor (100 sabres). At St Thomas's Mount are 3 bat-

teries of artillery and a detachment of native infantry.

Including these, the ga"rrison of Madras is about 3500
strong, of whom 1200 are Europeans.

The population of Madras city, as ascertained by the

census of 1871, was 397,552, including 330,062 Hindus,

60,9Gi' Mohammedans, 12,013 Eurasians, and 3613
Europeans. The annual municipal income is about

,£53,000. Madras, notwithstanding its exposed situation,

ranks third among the ports of India in respect of the

number and tonnage of vessels calling and the value of its

imports and exports. The port trades with every part of

the world, exporting cofTee, cotton, grain, hides, indigo,

oilseeds, dyes, sugar, and horns, and importing piece

goods, iron and other metals, and all kinds of European
manufactures.' The lighthouse, 125 feet high, is visible

from a ship's deck 15 miles at sea. The Madras roadstead,

like the whole line of the western coast of India, is liable

to be swept by hurricanes of irresistible fury, which occur

at irregular intervals of years, generally at the beginning

of the monsoons in May and October. The first recorded

cyclone was in October 1746, a few weeks after the fort

had surrendered to Labourdonnais. A French fleet then

lay at anchor in the roads. Five large ships foundered,

with 1200 men on board; and scarcely a single vessel

escaped with its masts standing. Perhaps the most

destructive of these st»rms occurred in May 1872. On
this occasion the registered wind pressure reached a

maximum of 53 lb to the square foot. In the space of a

few hours nine English vessels and twenty native craft

•were driven ashore. In ]\Iay 1874 another cyclone broke

on the Madras coast, but the ships were warned in time to

put to sea and gain an offing. The most recent of these

periodical hurricanes occurred in November 1881, when
the new harbour works sustained serious damage.

The trade of the town does not depend on any special

local manufactures or produce. Such industries as once

flourished—weaving, for instance—have decayed, and no
others have grown up to replace them. As elsewhere in

India, spinning companies have recently been formed, but

what effect they are likely to exercise on local trade

remains to be seen. With the exception of banks, and
enterprises connected with the preparation of produce for

export, e.ff., cotton-pressing and coffee-cleaning, joint-stock

undertakings liave not prospered. As the capital of

southern India, Madras is the centre on which all the great

military roads converge. It is also the terminal station of

two lines of railway, the Madras lino and the Madras and
Tanjore section of the South Indian Railway.

The Buckingham Canal, which passes through an outlying

part of the city, connects South Arcot district with Nellore

and the Krishna and Goddvari system of canal navigation.

This long delayed project was undertaken as a famine work.

The town of Jladras dates from 1639, when Francis Bay, chief

of the East India Company's settlemeut at Armagon, obtained a
ghmt of the present site of the city from the raja of Chandragiii.

A f.ictory, with some sliglit fortifications, was at once constructed,
and a gradually increasing population ecttlcd around its walls. In
1653 Madias, which Iiad picviou.sly been subordinate to the settle-

ment of liautani in Java, was raised to the rank of an independent
presidency. In 1702 Daiid Kh.in, Auraiigzeb's general, blockaded
the town for a few weeks, and in 1741 the Miluattus unsuccess-
fully attacked the place. In 1716 Labourdoniinis bombarded and
captured the fort. The settlement w.is restoicj to the EnglUli
two yeaj's later by the treaty of Aix-la-Chapcllc, but the government
of tile presidency did not return to Madras till 1762. In 1758 tl:c

French under tally occupied the Black Town, and invested the
foit. The siege was conducted on hotli sides with great skill anil

vigour. After two months, the arrival of a British fleet relieved

the garrison, and the besiegers retired with some precipitancy.

With tlie exception of tlie threatening approach of Hyaer Ali's

horsemen in 1769, and again iu 1780, Madras has since the French
siege been free from external attack. Tliu town of Saint Thome,
now part of Madras city, was founded and fortified by the Portu-
guese iu 1504, and was held by the French from 1672 to 1674.

MADRID, a province of Spain, one of the five into

which New Castile is divided, is bounded on the W., N.W.,
and N. by Avila and Segovia, on the E. by Guadalajara,

on the S.E. by Cuenca, and on the S. by Toledo. The
area is 2997 square miles, with a population in 1877 of

593,775, an increase of 104,443 since 1860. Madrid
belongs to the basin of the Tagus, being separated from

that of the Douro by the Sierra Guadarrama, which .skirts

the province on the north-west and north. The Tagus

itself is the southern boundary for some distance, its chief

tributary being the Jarama, which rises in the Somosierra

in the north, and terminates a!t Aranjuez. . The Jarama,

in turn, is joined by the Henares and Tajuna on the left,

and by the Lozoya and Manzanares on the right. The
Guadarrama, another tributary of the Tagus, has its upper

course within the province. Like the rest of Castile,

Madrid is chiefly of Tertiary formation ; the soil is mostly

clayey, and there are sandy tracts. Agriculture is in a

somewhat backward condition ; the rainfall is deficient,

and the rivers, poor though they are, are not utilized as

they might be for irrigation. The chief products are

wheat, barley, rye, oats, algarrobas (Ermim tetras2)ermum),

pease, chick pease, and various other legumes, wine, oil, flax,

hemp, wax, honey, and various fruits. Gardening is carried

on to some extent near the capital, though the markets of

Madrid receive their most liberal supply of fruits and

vegetables from Valencia. Sheep, goats, and horned cattle

are reared, and fish are found in the Jarama and other

rivers. The province is on the whole treeless ; but some

wood is grown on the mountain slopes in the north. The

Sierra Guadarrama has quarries of granite, lime, and

gypsum, and is known to contain iron, copper, and

argentiferous lead, but these resources are as yet unde-

veloped. The manufactures are trifling (coarse cloth,

leather, paper, earthenware, porcelain, bricks and tiles,

saltpetre, glass and crystal, chocolate, lace); and there is

very little commerce beyond that for the supply of the

capital with necessaries. The only towns with a population

above 10,000 are Alcali (Complutum) on the Henares, and

Madrid ; the famous university of the former was trans-

ferred to the latter in 1836. Aranjuez (8154), on the

Tagus, is also of historical importance.

MADRID, capital of the above province and of Spain,

is situated in 40^ 24' 35" N. lat. and 3° 41' 51" W. long.,

on the left bank of the Manzanares, a subtributary of the

Tagus, at a maximum elevation of 2372 feet above tht

sea-level. The population (397,816 in 1877)- was over

400,000 ic 1881. The town is nearly in the centre of the

kingdom, almo^ equidistant from the Mediterranean, thp

Atknticjiind the Bay of Biscay. The site consists of some

sandy hills of little elevation, in the midst of an extensive

plain, hounded to the view on the north only by the Sier;*

Guadarrama. The basin in which it stands is of Tertiar:?

formation, consisting of gypsum, mark and )imest&3<^
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Owing to its elevated and exposed situation, the climate

of Madrid has some marked peculiarities. In winter the

mean temperature is 43° Fahr., and as many as sixteen

degrees of frost have been observed ; the mean in summer
is lH" Fahr., but a temperature ef t07° iias been registered

;

and the daily oscillation sot^etijies amounts to as much
as 57°. The readings in sun and shade at the same
moment are also widely different. The tendency to

inflammatory disorders in the population is, as might be

expected from these circumstances, very pronounced ; but

against it must be set the advantages of a dry atmosphere

and a cloudless sky, and in point of fact the city is not

exceptionally unhealthy ; its salubrity has been much
enhanced by the recent introduction of a plentiful supply

of pure water from the Lozoya (32 miles distant).

The form of Madrid proj er is almost that of a square

with the corners rounded off ; from east to wast it

measures rather less than from north to south. Pt was
formerly surrounded by a poor wall, partly of brick, partly

of earth, some 20 feet in height, and pierced by five

principal gates (puertas) and eleven "portillos." Of these

gateways only three, the Puerta de AlcaU on the east,

the Puerta de Toledo on the south, and the Portillo de San
Vicente on the west, now actually exist ; the first and llie

third were erected in the time of Charles III., and tje

second in honour of the restoration of Ferdinand VII.; all

have some architectural pretensions. The Manzanares (or

ratlier its bed, for the stream is at most seasons of the

year quite insignificant) is spanned by six bridges, the

Puente de Toledo and that of Segovia being the chief.

The Puerta del Sol (formerly the east gate and tower of

the city, having on its front a representation of the suu

—

Plan oC Madrid.

whence the name) is now the central plaza, and the

favourite lounge and place of most traffic iu tho i.ity ; the

animated scene it presents has bean described with more
or less fulness in almost every book of Spanish travel

On its south side stands the Palacio de la Gobernacion, or

Home Office, a heavy square building, by a French architect,

J. Marquet, and dating from 17C8. From the Puerta del

Sol diverge, immediately or mediately, almost all the

principal streets of Madrid—eastward by north, the CaUe
de Alcahi, terminating iu the Prado ; eastward, the

Carrera de San Geronimo, terminating by the Plaza de las

Cortes also in the Prado ; southward, the Calle de Carretas

;

westward, the Calle Mayor, which leads to the council

chamber and to the palace, and the Calle del Arenal, ter-

minating in the Plaza de Isabel II. and the opera-house
;

north-westward, the Calles de Preciados and Del Carmen :

and northward, the Calle de la Montera, which afterwards

divides into the Calle de Fuencarral to the left and the

Calle de Hortaleza to the right. Of these the Calle de

AlcaU is the finest ; it is bordered on both sides with

acacias, and contains some elegant buildings, including the

museum of natural history, formerly the general custom-

house, dating from 1769, and the offices of the Board of

Trade (Ministerio de Hacienda) on the north side, and on

the south the palace of the duke of Sesto (the site of

which is about to be occupied by the new buildings of the

Banco de Espana or Bank of Spain) ; its irregularity

in point of width and level, however, detracts much

from its appearance. The Plaza de las Cortes is so

called from the Congreso de los Diputados, or House of

Commons, on its north side, a building in the Corinthian

style, but of little merit; the square contains » bronze
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statue of Cervantes, by Sola, erected in 1835. Tlio Callo

dc Carretas ranks with the Carrera de San Geronimo and

Callo de la Montura for the excellence of its shops. From
tlio Callc Mayor is entered the Plaza Mayor, a rectangle of

about -130 feet by .330, formerly the .scene of tournament.'!,

bull fights, autos-de-fe, and Bimilar exhibitions, which used

to be viewed by the royal family from the balcony of one

of the houses called the Panaderia (belonging to the guild

of bakers). The square, which was built under Philip

III. in 1G19, is surrounded by an arcade; the bouses are

uniform in height and decoration. In the centre stands

a bronze equestrian statue of Philip III., designed by
Pantoja, cast by Juan de Bologna, and finished by Pedro

Tacca. From the south-east angle of the Plaza Mayor the

Calle de Atocha, one of the principal thoroughfares of

Madrid, leads to the outskirts of the city; at the south-

west angle of the same square the Oalle de Toledo begins,

the chief mart for the various woollen aud silken fabrics

from which the picturesque costumes peculiar to the

peninsula are made. In the Plaza de Isabel II., at the

western extremity of the Calle del Arenal, stands the royal

opera-house, the principal front of which faces the Plaza

del Ociente aud the royal palace. . In the centre of the

plaza is a fine bronze equestrian statue of Philip IV. ; it

was designed by Velazquez and cast by Tacca, while Galileo

is said to have suggested the means by which the balance

i.s preserved. The gift of the grand-duke of Tuscany in

1G40, it stood in the Buen Retiro gardens until 18-14.

As compared with other capitals, Madrid has very few
buildings of much interest architecturally or otherwise.

There is no cathedral. The Basilica de Nuestra Senora de
Atocha, on the Paseo de Atoclia, a continuation of the

Callo de Atocha, originally founded in 1523, after being

destroyed by the French was rebuilt by Ferdinand VII.;

it contains one of those miraculous images attributed to St

Luke with which Spain abounds, and is specially associated

in history with the name of Queen Isabella II. The
collegiate church of San Isidro el Real, in the Calle de
Toledo, dates from 1651 ; it has no architectural merit,

but contains one or two valuable pictures and other works
of art. The modern Gothic church of San Geronimo el

Real occupies a conspicuous site eastward of the town ; it

is not at present used a.s a place of worship. Of secular

buildings unquestionably the most important is the royal

palace (Palacio Real) on the west side of the town, on a

rising ground overhanging the Manzanares. It occupies

the site of the ancient Moorish alcazar, where a hr.ntiug

seat was built by Henry IV.; this was enlarge 1 and
improved by Charles V. when he first made Madi id his

residence in 1532, was further developed by Philip IL, but
ultimately was destroyed by fire in 173-t. The present

edifice was begun under Philip V. in 1737 by Sacchetti of

Turin, and was finished in 17CI. It is in the Tuscan
style, and is 470 feet square and 100 feet in height, the

material being white Colnienar granite, resembling marble.

To the north of the palace are the royal stables and coach-

houses, remarkable for their extent ; to the south is the

aruKuiry (Museo de la Real Armeria), containing what is

probably the best collection of the kind anywhere to bo
met with. After the Palacio Real may be mentioned the

royal picture gallery (Real Museo de Pinturas), adjoining

the Salon del Prado ; it was built about 1785 for Charles

in. by Juan de Villanueva, as a museum of natural history

and academy of sciences. It contains the collections of

Charles V., Philip II., and Philip TV., and the pictures

number upwards of two thousand. The specimens of Titian,

Raphael, Veronese, Tintoretto, Velazquez, Vandyck, Rubens,
and Teniers are numerous and remarkable, giving it a

claim to bo regarded as the finest picture gallery in the

world. The palaces of the grandees are generally noteworthy

only for their size. There arc some seventeen theatres of

all c' asses. The bull-ring (Plaza de Toros), to the cast of

the town, accommodates 12,000 spectators; the present
building dates from 1874. Of the promenades aud ojien

places of public resort the most fashionable and most fre-

qncnted is the Prado (Pasoo del Prado, Salon del Prado) ou
the cast side of the town, with its northward continuation
the Paseo de Recoletos. To the south of the town ia the
Paseo de las Delicias, and on the west, below the royal

poJace, and skirting the Manzanares, is the Pasco de la

Virgen del Puerto, used chielly by the poorer classes. East-

ward from the Prado are the Buen Retiro gardens, with the

usual ponds and pavilions, and a poor menagerie. The gar-

dens were formerly the grounds surrounding a royal hunting
seat, on the site of which a palace was built for Philip IV.
in 1633 ; it was destroyed during the French occupation.

Modern educational movements have not left Madrid
unaffected, and considerable improvements in this respect

have taken place within recent years. There are upwards
of 100 official primary schools (attended by 4810 boys and
3958 girls), and a large number of private ones; among
the other educational instrumentalities the numerous
schools connected with various Protestant missions claim'

special mention. There are two normal schools. The
university of Alcala, founded by Cardinal Ximenes in 1 508,

was transferred in 1836 to iladrid, and has since that time

undergiine much reform and extension. In 1882 the teach-

ing staff numbered 88, and the students 7000. Of these

2400 belonged to the faculty of law, 2500 to that of

medicine, 400 to that of science, 1400 to that of pharmacy,'

and 250 to that of philosophy and literature. The
faculty of theology was suppres.sed in 1868, and has not

been re-established. Madrid also has schools of agricultui c,

architecture, civil and mining engineering, the fine arts,

veterinary science, and music. The school of military en-

gineering is at Guadalajara. Among the educational insti-

tutions may be reckoned the botanical garden, originated

in 1781, the national library, with tho.se of the palace, the

university, and Sau Isidro, and the museum of natural

science, exceedingly rich in the .mineralogical department.

The principal learned society is the Royal Spanish Academy,
founded in 1713 for the cultivation and improvement of

the Spanish tongue. The Academy of History possesses a

good library, rich in MSS. and incunabula, as well as a

fine collection of coins and medals. There are likewise

academies of the fine arts, the exact sciences, moral and
political science, medicine and surgery, and jurisprudence

and legislation, all possessing libraries. There are also

anthropological, economical, and geogiaphical societies,

and a scientific and literary atheueeum. The charitable

institutions include upwards of eighteen hospitals, the

largest of which contains 1200 beds; there are three

foundling hospitals and six for orphans. The military

hospital is large and well conducted. There are very good

schools for the blind and for deaf mutes, and a number of

asylums of various kinds.

The manufactures of Madrid are inconsiderable; every

article of food and clothing, almost without exception, is

imported. The most important industries arc the manu-
factures of tobacco aud cigars, gold and silver wares,

tapestry and carpets, porcelain, hats, mirrors, and beer.

Little wine is grown near the capital, and not much fruit
;

but the markets are well supplied, and regularly, from all

quarters of the kingdom. Madrid is still the principal,

one might almost say the only, focus of the now largely

developed railway system of the peninsula. The subnrbs

of the town are rapidly extending, especially towards the

north and south. The immediate environs are uninterest-

ing. About 6 miles to the north-west lies the fine hunting

seat El Pardo, restored by Charles III.
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Spanish archtcologists liavc frequently claimed for Madrid a very

liigh antiquity, but tlie earliest authentic historical mention of the

town (Majrit, Majoritum) occurs in an Arab chronicle, and does

not take us farther back than to the-first half of the 10th century.

The place was finally taken from theMoors by Alphonso VI. (1083),

and was maile a hunting-seat by Henry IV., but first rose into

importance when Charles V., benefiting by its keen air, made it his

occasional residence. Philip II. created it his capital and " only

court" {Unica corte) in 1560. To this day it only ranks, however,

as "villa," not as " ciudad." Fruitless attempts were made by

Philip III. and Charles III. respectively to transfer the seat of

government to Valladolid and to Seville.

MADRIGAL. The notice of this branch of musical art

which will be iocluded ia the general article Music may

here be anticipated by an approximately chronological list,

according to nationalities, of the masters who have been

chiefly distinguished for their compositions of the class :

—

Flanders : Egide Binchois, Brusnois, Jean Okeghem or

Ockenheim, Jean Tinctor, Adrian Willaert, Cyprian di

Bore, Jacques Hobrecht, I'irmin Caron, Josquin des Pres,

Alexander Agricola, Antoine Brumel, Pierre de la Rue,

Jacques Arcadelt, Claude Goudimel, Philippe Verdelot,

Jacques de Wert, Hubert Waelrent, and Orlando di Lasso
;

Jiome : Costanzo Festa, Giovanni Pierluigi da Palestrina,

Felice and I'rancesco Anecio, Giovanni Maria, Bernardino

Naniui, and Luca Marenzio (styled in his own time " II piii

dolcB Cigno d'ltalia"); Venice: Giovanni Croce, Andrea

and Giovanni Gabrielli, Costanzo Porta, Orazio Vecchi, and

Giovanni Giacomo Gastoldi; Eitgland: William C'orny.she

(father and son), Richard Taverner, Robert Fayrefax,

Thomas Phelyppes, Richard Edwards, William Byrd,

Thomas Morley, Giles Farnaby, Edward Johnson, Tliomas

Weelkes, George Kirbye, John Dowland, ^Michael Este,

Thomas Tomkins, John Benst, John Hilton, John Wilbye,

Thomas Ford, Thomas Bateson, Richard Allison, John

Ward, and Orlando Gibbons, also John Cooper and Peter

Philips, who dwelt long in Rome, and published their

works under the names respectively of (Jiovanni Coperario

and Pietro Filippi. Many of all tliese wrote strictly

madrigals, that is, continuous compositions abounding in

ingenious artifices of imitation of one part by another;

others wrote rhythmical songs of four or more parts, or

ballets, or fal-las, all of which, being for unaccompanied

voices, or for viols instead of voices, are often erroneously

ranked as madrigals, though differing entirely in structure

from them. The English composers, to Byrd inclusive,

[jroduced pieces distinctly of the madrigal class, but

described them by other definitions ; it was in the year

1588, when Byrd published Psalms, Sonets, and Songs of

Sadness and Pietie, that the word madrigal was first

introduced into England by Nicholas Yonge, a merchant,

a lover of music wlio, having received copies of some

foreign compositions in his chests of merchandise, adapted

English words to these, and printed a collection under the

title Musica Transalpiua, the success of which stimulated

the powers of English writers that had already been

proved, and excited others to emulate their example.

The art of madrigal composition was never practised in

Germany, and it died out in other countries early in the

17tb century. The knowledge of the works that endear

the madrigal writers to lovers of a high and most pure

form of music was revived, and has since been kept alivej

by the Madrigal Society. This was founded in 1741 by

John Immyns, an attorney, and its original members were

mechanics or small tradesmen ; it held its first meeting at

tho Twelve Bells Tavern in Bride Lane, made many
migrations to other houses of entertainment, and has its

present home at the Freemasons' Tavern, where its members

are of a far higher social caste than the men who associated

themselves for the practice of contrapuntal vocal music

when the rank and fashion of the land went to worship

I'arinelli at tla Italian opera, and to take part with the

followers of the king or the prince of Wales in supporting

one or other of the opposition establishments for its perform-

ance. In 1811 the society offered a prize for the composi-

tion of a madrigal, which was won by William Bcale. The
same incentive has occasionally been repeated. This

encouragement, and still more the love for the class of

music engendered by the public performance of madrigals

by large choral societies during the last fifty years, havo
incited later composers to more or less successful imitations

of the style, especially distinguished among whom was
Robert Lucas Pearsall (1795-1856).

MADURA, a district in the south of the !Madras

presidency, India, lying between 9° 4' and 10° 44' N. lat.,

and 77° 14' and 79° 20' E. long., is bounded on the N.

by Coimbatore, Trichinopoli, and Tanjore districts, E. and

S.E. by the sea, S.W. by Tinnevelli district, and W. by
Travancore state. Broadly speaking, it consists of a sec-

tion of the plain stretching from the mountains east to the

sea, coinciding with the basin of the VaigAi river, and

gradually sloping to the south-east. The plain is broken

in the west by the outlying spurs of the GhAts, and by a

few isolated hills and masses of rock scattered over the

country. The most important spur of the Ghits is that

known as the Palni hills, which project east-north-east

across the district for a distance of about 54 miles. Their

highest peaks are more than 8000 feet above sea-level, and

they enclose a plateau of about 100 square miles in area,

with an average height of 7000 feet. A sanatarium has

been recently established on this plateau, at Kodiikanal,

and coffee planting is here successfully carried on.

Farther east a confused group of hills, known as the

Sirumalais, the highest of which has an elevation of

nearly 4000 feet, clusters round tlie village of Nattam.

Among isolated rocks may be mentioned the precipitous

fortress of Dindigal, and the " Elephant Rock," the " Cow
Hill," and the sacred Skandamalia—all in the immediate

vicinity of Madura town. The chief river is the Vaig.-li,

which divides the district into two almost equal portions.

Very little forest is found in any part of the district.

The cultivated plain is absolutely barren of trees, except

where a newly-planted Avenue marks a line of road.

Groves of palmyra and cocoa-nnt palms flourish along the

sea-Coast and river banks. Among the wild products of

the Palni hills are nutmeg, cinnamon, and pepper. The

predominant geological formation is granite. Syenite oc-

curs in large boulders. A gravelly bed of laterite, which

runs across the district, is quarried for -building purposes;

and sandstone is said to extend along the whole length of

the sea-coast. Mineral products include saltpetre, salt,

lime, chalk, and graphite. Iron in various forms is found,

but it is nowhere worked profitably, even by the rude

native processes. Gold is washed in some of the streams.

Several kinds of opal, chalcedony, jasuer, garnet, and rock-

crystal are found.

The census of 1871 showed a total population of 2,260,615

persons (1,112,066 males and 1,154, 549 females), spread over nii

area of 9502 square miles, and inhabiting 5459 villages and 443,513

houses. Hindus numbered 2,062,763, and Mohammedans 132,833 ;

and the Catholics at the present day number about 60,000, under

the charge of the missions of the Jesuits and of the Church of Goa.

The Protestant population are under the charge of an Amcricau

mission, first establislied in 1884. The principal towns are Madura
city (51,987), Dindigal (12,818), Palni (12,801), Kamoad (1.5,442),

Tirumangalam (5772), Parambakudi (6284), Sivnganea. (7392),

Killakarai, Aruppukotni, and Perijaiulam; The only munici-

palities are Madura and Dindigal.

Of a total area of 9502 square miles, 6507 belong to tartilnddrl or

permanently assessed estates. The total area of Uoveiiunent lands

in occupation in 1875-76 was 1,013,000 acres, of which 806,630

were under cultivation. The chief food crops are rice, ckoUiM

( Uolciis saccharalus), l-ambu (Holms spicalus), ragi {Eleusine co.u-

cana), varagu {Paspalum fmmcntacenm), samdi {Panimm mill-

n.ceum), and several kinds of pulses. Other crops include oil-seed
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tubacco of excelleut quality, and a Jittlo indigo and cottou. Tlic

raiQlall is small and variable in itg seasons. Every possible means
oi storing up surplus water has been resorted to Ironr time imme-
morial. An important engineering project, known as the Periy.ar

seliomo, lias long been under consideration, by which the abundant
rainfall on the farther slope of the Travaucoro hills might bo

diverted into the drainage basin of the Vuigai. Salt is manufactured
at certain stations on the coast as a Government monopoly. Hand-
some turbans fringed with gold cloth, and a peculiar kind of red

cloth, are specialities of Madura town. Considerable sea-borne

trade is earned on by native craft, chiefly with Ceylon. Rice and
otlier food grains, gingelly oil, spices, cloth, salt tish, tobacco, red

oehro, and earthenware are tho principal exports. The district is

traversed by tlie South Indian railway from TinnevcUi to Tricliino-

poli. The total imperial revenue in 1875-76 amounted to £393, 448,
of which £280,067 was derived from the land. Education in

1876-77 was allbrded by 424 schools, attended by 12,509 pupils.

Besides ordinai-y diseases, Madura possesses three special scourges;

—

endemic fever, which sometimes rages with exoeptional' severity
;

cholera, disseminated by pilgrims to the s.acred temple at Ramcs-
warani ; and tlio well-known " Madura foot." This last complaint,
known to science as morbics pedis entophyticiis^ is a species of

fungus which spreads over the whole foot in a mass of tubercles.

Its primary cause seems to be unknown.
History.—Madura was the seat of the Pandian monarchy, which

ruled over this part of India from the 5th century B.C. to tho end
of the nth century of our era. The last of the Pandia kings is

said to have e.xterminated the Jains, and conquered the neighbour-

ing kingdom of Chola ; but he was in his turn ovci'thrown by an
invader from tho north, conjectured to have been a Mohammedan.
In 1324 a Moslem army under ilalik Kafur occupied Madura, and
the Hindus were held in subjection for a period of fifty years.

Subsequently Madura' became a province of the Hindu empire of

Vijayan.agar. In the middle of the 16th century the^governor
Viswamith established an hereditary rule which lasted for a century.

The greatest of the line was Tirumala N.-iyak (1623-1659), whose
magnificence and military exploits are recorded in the contemporary
letters of the Jesuit missionaries. He adorned Madura with many
public buildings, and extended his empire over the adjoining dis-

tricts of Tinne,velli, Travancore, Coimbatore, Salem, and Trichino-
poli. His repudiation of the nominal allegiance paid to the raj.a

of Vijayanai^ar brought him into collision with the sultan of

Bijiipur, and Mohammedans, after the lapse of three centuries,

again invaded Madura, and compelled him to pay them tribute.

After the death of Tirumala tho kingdom of Madura gradually fell

to pieces. In 1740 the district fell into the hands of the nawab ef

the Carnatic, and the line of the Nuvaks was extinguished. In
J7ti2 British officers took charge of Madura, in trust for Wallah
^ah, tho last independent nawab of tho Carnatic, who finally ceded
his rights of soyei-eignty to the East India Comt>any in 1801.

Madura, life chief towu aud lieaclquarters of Madura
district, is situated on tko south bank of tho Vaig.ai

river in 9° 55' 16" N. lat., and 7S°v9' H" E. long., with

a population (1871) of 51,987, being tho fourth largest

tov\^^ in the JIadras presidency. Its principal architectural

feature is the great temple, forming a parallelogram 847
feet by 744 feet, surrounded by nine gopuras, one of which
is 152 feet high. The principal structure is the "Hall of

a Thousand Pillars " (the actual number being 997). The
other buildings comprise the celebrated palace of Tirumala
Nayak, the most perfect relic of secular architecture iu

Madras. Its ruins cover a large area of ground, and a

considerable sum of money has been recently assigned by
Government for the restoration of the building. Only
second in importance to the palace is the Vasanta or Puthu
mantapam, which still exists in complete preservation, and
is said to have been built as a summer retreat for the god
Sundareshwara, a form of Siva. On the opposite bank of

the river is the Tamakam, a two-storied building of quaint

architecture, -said to have been erected as a stand from
which to view sports and combats. Last is tho Teppu-
kulam or great tank, situated 1 h miles to the east of the

town, and measuring 1 200 yards each way. Once a year

its banks are illuminated by (it is said) 100,000 lamps,

while the idols from the pagoda are drawn round it on.

a

teppam or raft. <

MAD'URA, in High Javanese Madimten, an island of

tho East Indian Archipelago, separated- by the shallow

Strait of Madura from the east end of Java. It extends

trom about 112' 32 to iH' 7 £, long., and is divided
into two nearly equal, portions by the parallel of "'S. lat.;

the area is estimated at 2100 square miles.' , As the Jew
travellers who have visited. Madura have been for the
most part content to follow the liighways which, thougl.

running the whole length of the island, never strike very
far inland either from the north or the south coast, a con-
siderable part of the country is but vaguely known to

Europeans. It may be safely asserted, however, that the
general configuration is fairly simple,—the island being a
plateau-like prolongation of the limestone range of northern
Java, with frequent interchange of hill and dale, culminat-
ing towards the, east in Gunong Pedjudan or Tambuko at

a height of 1542 feet, Hot springs are not unfrequent;
and in the valley between Giinong Gegcr and Candjar liga

the mud volcano of Banju Enlng. Round the coast runB
a girdle of tropical vegetation, broken only here and thero

by small white peaks with steep perpendicular cliffs ; " buf,

except in a few alluvial ti-acts in the lower courses of the

streams, the soil is thin and poor, and. better fitted for

pastoral than agricultural purposes. Maize is by far the

most important of the crops ; it is planted after rice in the

non-irrigable sawahs, and often before it in tho irrigable ;

in the tagal fields it is sometimes sown thrice in a single

year, frequently, along with katjauf/ (various kinds of

native beans). European enterprise has not yet invaded

the island ; there is only one sugar plantation, Tedjeh, near

Pamakasan, established in 1835. Much attention is paid

tn the rearing of cattle,—the small Madura oxen being

greatly prized in Java, and consequently forming a regular

article of export. Petroleum is found in small quantities

in all the departments, bu^ the most valuable product of

tho island is its salt (hence perhaps the jiame Madura
Sausk. Maadura, salt). The manufacture, a Dutch Gov-

ernment monopoly, was formerly carried on in several

places, as at Brantah and Bunder (where the salt pans now
serve as fish ponds), but in 1870 Sumenep was made the

sole establishment for Java and Madura, and it still

remauis by far the most important, though its annua!

production of 875,000 cwts. has since 1S75 to be supple-

mented by Ragung and Pangaringan. The population

of Madura ivas in 1S79 returned «s 768,992,—472

Europeans (mostly at Maringan near Sumenep), 3702

Chinese, 1445 Arabs and other Orientals, 'and 763,373

natives. These last constitute one of the three great race?

of Java and JIadura, and speak a distinct language, foi

which compare Java, voL siii.

The following are the places of chief note in-the' island. Kantal

at the south-west corner is the point where people usnally-cross from
Java. Bangkalang is the large and flourishing chief town of Maduni
proper, with the old palace of the sultan and the residences of the

princes of the blood ; the mosque is adorned with the first three

suras of the Koran, thus ditfering from nearly all the mosques in

Java and Madura, though resembling those of western Islam. In

the vicinity once stood the Erfprins fort. Arisbaya (less correctly

Arosbaya) is the place where the first mosque was built in Madura,
and where the Dutch sailors first made acquaintance with the

natives. The once excellent harbour is now silted up* Ajcrmata,

so called from its salt-springs, is the burial-place of the princes ol

Bangkalang. Pamakasan, though a town of considoi'ablo extent,

presents nothing wortliy of notice apart from the regent's residence.

Sampang, the seat of an important market, seems hardly so llourish.

ing as in Valentyn's days. The town or Icota of Sumenep had

15,000 inhabitants in 1846 ; and there are popidous Malay, Arab,

and Chinese villages between the town ard the European settle-

ment of Maringan. On a hill in the neighbourhood, with a fine

outlook over the Bay of Sumenep, lies Asta, the burial-placa of the

Sumenep princes ; and Nata Kusuma's mansolenm excels every-

thing of the kind in Java.

Madura formerly consisted of three native states—Madura or Bang-

kalang, Pamakasan, and Sumenep. Dutch authority,was represented

by an assistant resident, and the whole island considered part of the

Java residency of Surab.aya. The separate residency of Madura was

constituted in 1S57. On the death of the second sultan of Bang-

kalang (1847) the title had been reduced to that of panembahan ;

XV. —.iff
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ami in 1872 tlic new ruler was deprived of tlic right of collecting

taxes, ami made a Government pensioner, while liis territory was
split into the two Dutch " departments " of Madura and J?ampang,
The sultan of Sumenep was in like manner succeeded by a panem-
Ij.ihan in 1853 ; and the death of the panembahan in 1879 atlbrded

an opportunity of enlarging the Government control. There are

tlius four "departments" in Madura,—Pamakasan, Madura,
Sumenep, and Sampang. The first three are also regencies, and the
lourth a subregency of Bangkalang ; but Pamakasan alone has the
lull regency organization. The number of village communities is

1271.

The best systematic account of Madura will be found in Professor Veth's Java,
vol. iii., the proof sheets of whidi have, bythe author's courtesy, been consulted
for this article. Sec also -Bleekcr, in Indisch. Arc/tie/., i., and Tijds. van Nc<l.

" 1ml., ix.; C. de Groot In Nal. Tijtis. ran lied. Ind., iv.; Hoevell, Rds over Java, \l;

Zollinger, "Jets over de \at. neschicd. van Madoio," in y. TO'Js. tan Ned. Ind.,
xvii. ; Jukes, Voyage of the " /7j/ "

; and Hagemaii in Tijds, van ^ed. Ind., 1S08.

MAECENAS, C. CiLNius, is, from two differeut points

of view, a prominent representative man of the ancient

world. He was the first, and one of the most capable and
snceessful, of those who filled the office of a great minister

under the Roman empire. He was also, if not the first,

certainly the most fortunate and influential among the

patrons of Roman literature. It is in the latter capacity

that he is best known. Among all the names, royal, noble,

or otherwise eminent, associated with the patronage of

letters, none either in ancient or modern times is so

familiarly known as that of Maecenas. Yet, if we had any
contemporary history of the establishment of the empire,

possessing the same permanent interest which the poetry
of Virgil and Horace possesses, it is probable that his

influence in shaping the political destinies of the world
would have been as amply recognized as his influence on
its literature.

The date and place of his birth are unknown. He first

appears in history in the year 40 B.C., when he is employed
by Octavianus in arranging his marriage with Scribonia, and
afterwards in negotiating, along with Pollio and Cocceius
Nerva (" aversos soliti compouere amicos," Hor., Sat., i. 5,

28), the peace of Brundisium, and the reconciliation with
Antony, which was confirmed by the marriage of the
latter with Octavia. From the fact that he was then the

most trusted friend and agent of the future emperor it is

likely that he had been associated with his fortunes from
the time when he came forward to claim his inheritance

after the death of Julius C.Tsar ; and expressions in

Propertius (ii. 1, 25-30) seem to imply that he had borne
some share in the campaigns of Mutina, Philippi, and
Perusia. He may have been a few years older than
Octavianus, who began to play the foremost part iu Roman
politics before he was twenty years of age. The men
of the Augustan age great in action and literature were
all born within a few years of oue another. Agrippa, the
right hand of Augustus in war as Ma3cenas was in peace,
was born in the same year as his master ; and there is no
indication in the relations of Maecenas to Augustus or to
his friend Horace that he stood towards either of them in

the relation of an older to a younger man. Although the
place of his birth is unknown, we learn from Horace and
Propertius that he prided himself on his ancient Etruscan
lineage, and claimed descent from the princely house of
the Cilnii, who, as is recorded by Livy. (x. 3), excited tho
jealousy of their townsmen by their preponderating wealth
and influence at Arretium in the 4th century before our
era. He probably prized the glories of his paternal and
maternal ancestry (Hor., Sat., i. G, 3) as compensating him
for his original social inferiority to the members of the
great Roman houses ; and the fact dwelt on so prominently
liy his panegyrists, that', through all his life, he preferred
the position of a great commoner to the new honours of the
senate and of the Roman magistracies, may have been the
result as much of pride in his provincial aucestry as of a
politic desire to disarm the jealousy of liis master or of the
Rinnan aristocracy. Cii;cro. in his defence of Cluentius,

speaks of a C. ifjecenas as one of the most substantial

members of the equestrian order during the tribunate ot

Drusus (91 B.C.), and as one of those who preferred the
position their fathers had enjoyed before them to the higher
rank obtainable through oflice (Cic, CT?(f )!.«., 56, 153). From
the identity of the pramomen and the rarity of the cognomen
it is not unlikely that he may have been the grandfather,
or perhaps the father, of the future ministbr. It was iu

accordance with the policy of Julius Gssar to choose hi.s

confidential friends from men of this order, as he chose his

tools from a less reputable class ; and the two most trust'id

friends and ministers of his successor would both havu
been regarded as " novi homines" bythe representatives
of the great senjitorian families. The testimony ot jloracc
(Oifes, iii. 8, 5) and his own liteiary tastes imply that Iiu

had profited by the highest educatiou of his time. His
great wealth may have been in part hereditai-y, as there
was no district of Italy in which the inequalities of wealth
and station were greater than in Etruria ;' but he owed his

position and influence in the state to his early adherence to

and close conne.xion with Augttstus. Among the charges
brought against him by Seneca, one of the most prominent
is that he had been spoiled by his excessive good fortune.

From the year 40 B.C. his influence as the confidential

adviser of • Octavianus seems to have been thoroughly
established. ' It was in the following year that Horace was
introduced to him, and he had before this received Varius
and Virgil into his intimacy. In the " Journey to

Brundisium," which took place in the year 37 B.C.,

MiTcenas and Cocceius Nerva are described as "missi
magnis de rebus uterque Legati," and were again success-

ful in patching up, by the treaty of Tarentum, a reconcilia-

tion between the two claimants for supreme power.
During the Sicilian war against Sextus Pompeius in

36 B.C., he was sent back to Rome, and was entrusted

with supreme administrative control in the city and in

Italy. He is again found acting as vicegerent of

Octavianus during the campaign of Actium, when with
great promptness and secrecy he crushed the conspiracy of

the yo'inger Lepidus ; and during the subsequent absences
of his chief in the provinces he held the same position.

During the latter years of his life ho fell somewhat out of

favour with his master, or his services were less needed.

Perhaps the freedom with which, in the earlier stages of

his career, he had offered advice and told unpleasant truths

had become distasteful. One cause for a comparative
coolness between the old friends was said to be the emperor's

relations with Terentia, the wife of Mfecenas, to whom he
was uxoriously attached. Perhaps the ennui resulting

from the cessation of a life of constant vigilance and
activity may account for the state of sleepless restlessness

and fever in which he passed the last three years of his life.

He died in the year 8 B.C., leaving the emperor lieir to liis

wealth, and affectionately commending his friend Horace,

who only survived him a few days, to his protection.

Opinions were much divided in ancient times as to the

personal character of Maecenas ; but the testimony as to

his administrative and diplomatic ability was unanimou.s.

He enjoyed the credit—or discredit, as the adherents of the

republic must have regarded it—of sharing largely in tho

establishment of the new order of things,- of reconciling

parties, and of carrying the new empire safely throngli

many dangers. To his influence especially was attributed

The lines of Propertius (iv. 8, 27-8)—
Et fibi ad effectura vires det CKsar et omni

Tempore tamfaciles inlinnentur opes—
show that his position under the empire also brought very substautiaJ

additions to his original fortune,
^ This is implied by ttie long speech which Dion Casstus puts into

his mouth, reeomiiiending the establishment and prompting the policy

of the new empire fDiou Cass., hi. 14-401



M A E — IM A E
li».-

»Jio humaner policy of Octavianus nftor his first alliance

with Antony and Loiiidus. Even Suncca, who shftws a

very bitter animus against him, admits that he deserved

the credit of clomoncy,—although ho attributes it to

ell'cminacy rather than to true humanity. The highest

tribute paid to him in his capacity of minister la to be

found ill the least eminent of the poets whose genius he

fostered. " The true trophies of Maecenas," says Propertius,

" will bo his loyalty." ' And in another elegy he addresses

liim as " fidele caput." One great testimony both to his

loyalty and to his tact ia the saying of Augustus, when he

had made public the scandal concerning his daughter

Julia, " that all this would never have happened if Agrippa

or Maecenas had lived" (Sen., De Ben., vi. 32). The only

instance iu which he is said to have acted with indiscretion

as a minister was in his betrayal to his wife Terentia of

liis knowledge of the conspiracy in which her brother

Licinius Mura;na was involved.

The beat summary of his character as a man and a

statesman is that of Velleius (ii. 88), who describes him as

" in critical emergencies of sleepless vigilance far-seeing and

knowing how to act, but in his relaxation from business

more luxurious and effeminate than a woman." The latter

is the aspect of his character on which Seneca chiefly

dwells. Ho draws attpntiou to the enervating eflfect which

his good fortune had -even on his literary style. We need

not ask how far "the stately mansion on the Esijuilino"

outdid in luxury the "gardens of Seneca the millionaire"

("Senecse pra.'d)viti3 hortos").- Maecenas was certainly a

man who combined an epicurean love of pleasure with a

thorough devotion to business ; and verses of his own are

quoted against him indicative of an unmanly clinging to life

after the loss of all that makes life valuable. These may
have been written in the feverish unrest of his last years,

when he was no longer himself ; but expressions in the Odes

of Horace (ii. 17, 1), written at a much earlier period, seem

to imply that he was deficient in the robustness of fibre

characteristic of the average Roman. His style of dress

and his indolent lounging walk exposed him to animadver-

sion ; and the Maltinus of Horace's Satires (i. 2, 25) was
supposed by some ancient commentators to be a sketA of

the groat man, drawn before the poet waS' admitted to his

intimacy. Probably there may have been some affectation

or politic dissimulation in this assumption of a character

so alien to the standard of the aspirants to public honours

at Rome. It was an exaggerated form of that indifference

to appearances and conventionalities which made him
satisfied with the position of an eques, and induced him
to choose his intimate associates from poets of obscure and
provincial origin. His ambition was to be the second man
ni the empire, and to enjoy the reality without the show of

power. A similar character is attributed by Tacitus to

Sallustius Crispus, who, after the death of Msecenas, most

enjoyed the favour of Augustus.

His character as a munificent patron of literature is not

inly acknowledged gratefully by the recipients of it in his

own time, but is attested by the regrets of the men of letters

if a later age, expressed through the mouths of Martial

and Juvenal. His patronage was exercised, not from

vanity or a mere dilettante love of letters, but with a view

to the higher interest of the state. He recognized in the

genius of the poets of that time, not only the truest orna-

ment of the court, but a power of reconciling men's minds

to the new order of things, and of investing the actual state

of aflfairs with an ideal glory and majesty. The change in

3eriousness of purpose between the Eclogues and the Geor-

gics of Virgil was, in a great measure, the result of the

direction given by the statesman to the poet's genius. A

Pnpcrt , £!. n: 9, 34 ; ii. 1, ?.(!.

similar change between the earlier odes of Horace, in
which he declares his epicurean indifference to affairs of
state, and the great national odes of the third book is to be
ascribed to the same guidance. He endeavoured also to
divert the less masculine genius of -Propertius from harping
continually on his love to themes of public interest.

But, if the motive of his patronage had been merely
politic, it never could have inspired the ailection which it
did in its recipients. The great charm of Maecenas in his
relation to the men of genius who formed his circle was
his simplicity, cordiality, and sincerity. Although not
particular iu the choice of some of the associates of his
pleasures, he admitted none but men of worth to bis
intimacy, and when once admitted they were treated like
equals. That loyalty which was his own distinction in his
public life was, if we may trust the evidence of Horace,
the characteristic of his own relations to his inlimates, and
of their relations to one another. But, while loyal to all,

to Horace he was bound by a closer tie. Among the great
friendships of history, none is more certainly attested, or
more honourable to both parties, than that between the
poet and the statesman. Much of the wisdom of Miecenas
probably lives in the Satires and Epistles of Horace. It
has fallen to the lot of no other patron of literature to

have his name associated with works of such lasting

interest as the Georgics of Virgil, the first three books of

Horace's Odes, and the. first book of his Epistles. Such a

fortune can scarcely have been altogether undeserved.
Accepting as literally true the disparaging statements of

Seneca, admitting the weakness, and perhaps the vanity,

wliich were the blots in his character, and considering at

the eame time the difficulties of an unprecedented position,

we must allow that few ministers of an irresponsible

monarch have accomplished so much with such immunity
from the baser and more violent passions, for the gratifica-

tion of which that position holds out unlimited oppor

tunities. As a minister and friend of the emperor he
compared favourably, both as regards capacity and
character, not with men of the stamp of Sejanus and
Tigellinus, but with Seneca. Few men have used the

influcncQ of a grand seigneur with such enlightened

beneficence, with such lasting results on human cultni:

and civilization, with such genuine simplicity and cordial

loyalty. . (w. Y.-r.)

MAESTRICHT, .or Maastetcht, the chief town of the

province of Limburg, in the Netherlands, lies, as the ii::ine

expresses, at the trecht or crossing of the Maa^ (Meusc),

where the Romans erected a military post on the road

between Bagacum (Bavay) and Colonia Agrippina (Cologne).

Aix-la-Chapelle is 18 miles east-south-east, and Li(;go IS

miles south by west. The baths discovered in 1 840 in the

Groote Stokstraat show that the settlement at Trajectum

ad Mo.sam became a place of some" considerable importance.

The town is divided by the river into two parts^the larger

portion, or Maestricht proper, on the left bank, and the

smaller portion, distinguished as Wijk, on the right A
stone bridge of eight arches connecting the two took tlio

place of a wooden . structure as early as 1280, and wus

greatly improved in 1828 and 1836. Formerly a fortrcs.'i,

Maestricht is still a considerable garrison town, but its

ramparts were dismahtled 1871-78; formerly the seat of

a bishop, it still bears a strongly Roman Catholic impre.«s :

and, in modern times more especially, it has developed into

a great centre of commerce and industry. The churches

and religious foundations are almost the only buildings ot

note, the chief exceptions being the town-house, completed

in 1683, and the solitary Protestant church, Janskerk (13ili

century). The churcli of St Servatius was, according to

one account, rebuilt and enlarged as early as the time of

Charles the Great. It is now 260 feet in Icngih, and



190 M A F — M A G
in the v.irieil cliaracter of its Gothic architecture bears

evidence of the frequency with whicli it has been restored

and altered. The high altar has a Descent from the

Cross by Anthony Vandyck. The saint whose name it

preserves obtained great reputation in Maestricht by
transferring his bishopric thither from Tongres, and Ids

miracle-working relics became the occasion of a great

septennial fair which was formerly of great service to the

city. The Church of Our Lady (Lieve-Vrouwe-kerk),

possibly founded in the Gth century, has two very ancient

crypts and an 11th century choir of exceptional beauty,

but in the nave has suffered severely from a restoration in

1764. St Matthyskerk was founded by the cloth-weavers'

guild in the 13th century ; and, though the present Gothic

building of St Martin's (in Wijk) was erected so late as

1859, the original church was one of the oldest in the city,

and is said by tradition to have occupied the site of one of

the old heathen temples. The twelve hospitals, the poor-

house, the orphanage, and most of the other charitable

foundations are Roman Catholic institutions, and neither

the administrative bodies nor the educational establish-

ments are free from ecclesiastical influence. Though
Maestricht is no doubt mainly indebted for its commercial

prosperity to its position on the river, it did not begin to

reap the full advantages of the situation till' the removal

of the fortifications and the opening of the railways (Aix-

h-Chapelle, 1853; Hasselt, 185G ; Liege, 1861; Vanlo,

18G5, &c.). At first a trade was carried on in wine,

colonial wares, alcoholic liquors, and salt ; but now, besides

Kegout's. well-known earthenware, glass, and crystal fac-

tory, there are establishments for the making of arms,

tools, lead, copper, and zinc work, &c., as well as tobacco

and cigar factories. The Maestricht beer also is highly

esteemed. The population, which was 18,000 in the

beginning of the century, was 28,917 on January 1, 1S82.

M.iestiichtwas taken and plundered bytlic Normans(881 and 8S4),

by Bishop Henry of Guelders (1267), by AdolpU de la Marck (1334),
and by tho people of Liege (1407 and 1408). In the war witli

Spain it was successively besieged by tho Spaniards, the prince of

Orange, Prince Jlaurico, and Frederick Henry (1679, 1580, 1694,

1632); and ill tho struggle between Louis XIV. of Franco and
William III., and again during the French Revolution and tlie

Napoleonic period, it paid the penalty of its frontier position—wit-

ness tlio .sieves of 1673, 1676, 1701, and 1793. During tho revolu-

tion of 1830 it was invested by the Belgians. Among the nioro
7icaccfi(I memories of the place is the nxvrriage of Otto IV. with
jlary of Brabant. I'iie people of Maestricht have a special dialect of
tlieir own ;

^ but French and Dutch are in ii.so among the upper
classes. In tlie neighbourhood of the town arc the great sandstone
quarrios of Pctersberg, one of tho most extraordinary labyrintlis
of subterranean excavation in tho world.

MAFFEI, Fka.ncf.'sco ScinoNE, Maechese di (1675-
1755), Italian archjeologist and man of letters, was born
at Verona on June 1, 1675. He studied for five years in

Parma at the Jesuit college, and afterwards from 1608 at

Rome ; and in 1703-4 he took part as a volunteer in the

war of succession, fighting on the Bavarian side at

Donaawerth. In 1709 ho began at Padua along with
Apostolo Zeno and Valisnieri the Giornale dei letterali

While the North Limbnrg di.alects, says Professor Gallee of
Utrecht, are largely corrupted with Dutch forms and \TOrds, tho
Maestricht or South Limburg dialect (to which those of Hasselt, St
Fruiilcn, and Sittand are nearly akin) has remained comparatively
free from such admixture. Its phonology is peculiarly interesting
both ill itself and because its history can be traced to an early date
by authentic documents. Tlie Old Prankish psalms and the Limburg
Rermons are written in it ; and it was also the original dialect of the
St Servatius Legend (cd. by Borni.anns) now transcribed in the Belgian
T/imburg di.alect, and of Veldeke's yEyieid (ed. by Behoghel), now
in Middle High German. About these works consult Cosyn, Taal eu
h'lierbmte iii., v., vi. ; anil in regard to the modern diaject Mone's
Anz. fui' Kundc iter leulschcn Vorzeii, 1S36 ; Bdrjisch. Museum, iii.

;

Franquinct in Jager's Archief, iii. ; and Winkler's Nederduitsch
en Friesch dlalecticon i. Specimens will he found in Firmenich's
VlSlkerstimmm and Leopold's Van ds Schelde lot de Weichscl.

d'ltalia, a literary periodical which had but a short career",

and subsequently an acquaintance with the actor Riccoboni

led him to exert himself for the improvement of dramatic

art in Italy. His Merope, a tragedy, appeared in 1713;
2'cat}'0 Italiano, a small collection of works for presenta^

tion on the stage, in 1723-25 ; and Le Ceremanie, an

original comedy, in 1728. From 1718 he became specially

interested in the archseology of his native town, and his

investigations resirlted in the valuable Verona Itluslratq

(1731-32). Maffei afterwards devoted four years to travel

in France, England, Holland, and Germany. He died at

Verona on February 11, 1755. A list of his very

numerous works will be found in the Biographic Generate.

A complete edition of them appeared at Venice (28 vols.

8vo) in 1790.

MAFRA, a town of Portugal, in the province of

Estremadura and district of Lisbon, lies near the Atlantic

coast, about 20 miles to the north-west of Lisbon, and had

a population in 1878 of 3231. It is remarkable for its

cloister-palace, built by John V. in 1717-32, in conse-

quence of a vow made during a dangerous illness to build

a convent for the poorest friary of the kingdom,—which

proved to be a small Franciscan settlement here. The
architect, Ludovici, took the Escorial for his model ; but

the imitation is still less successful than the original. The
building, which is in the form of a parallelogram measuring

upwards of 800 feet from north to south and 700 feet from,

east to west, is said to contain 866 rooms, and to be lighted

by no fewer than 5200 v/indows. The centre is occupied

by the domed church, sumptuously built of marble, and
richly adorned with statues and other objects of art. Tho
conventual buildings (which are no longer used as such)

contain 300 cells; and the library numbers 30,000 volumes.

Adjoining the palace are fine gardens and pleasure grounds.

MAGDALA (more correctly Makdala), a natural strong-

hold in the country to the south of Aby.ssinia, situated

about 200 miles inland from the Gulf of Aden, in 11° 22'

N. lat. and 39° 25' E. long. The basaltic plateau of which

it consists rises 9110 feet above the level of the sea, and

forms along with the neighbouring height of Salassye (9160
feet), with which it is connected by the ridge of Salamgye
(8650 feet), a comparatively small and narrow outrunner

of the Amara Seint plateau. It is about three quarters of

a mile in length by Jess than half a mile in breadth, and
lies more than a thousand feet higher than the neighbouring

plain of Arogye. To the south runs the Kukullo Ravine

and to the north and the west the Bashilo and the Wark
Waha Ravines, all of which ultimately drain into the Ahai.

and thus belong to the basin of the Nile. Chosen by King
Theodore of Abyssinia as his principal .stronghold in the

south, Magdala owes its celebrity to the fact that, as the

place of imprisonment of the English captives, it became tho

goal of the great English expedition of 1 868. At the time of

its capture it contained huts for a permanent population of

about three thousand, a royal residence of the most meagre

pretensions, a still more insignificant church, and a large

treasure-house stored with arms, ecclesiastical furniture,

and vast quantities of Abyssinian manuscripts. The whole

rock was burned bare by order of Sir Robert Napier, and
on the departure of the English it was seized by Mastwat,

queen of the AVoUo Gallas, in whose country it is situated.

Sec llarkham, Tlislory of IJte Abyssinian Expedition, 1869 ; and
Rassam, Britinh Mission to Theodore, 1869. Both contain plans and
views of Magdala.

MAGDEBURG, the capital of the Prussian province of

Saxony, and one of the strongest fortresses in Germany, is

situated in 52° 8' N. lat. and 11° 40' E. long., mainly on
the left bank of the Elbe, which here divides into three

branches. It consists of the town proper and of the

four suburbs of Friedrichstadt. Neustadt, Sudenburg, and
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Ijiickfiu; tlio hstllircc of tlicso arc separated from tlio

town by tlio ramparts and glacis, but arc all inchuled

within tho new line of advanced bastions. In the Elbe,

between the old town and tlio Friedrichstadt, lies an island

called the Werder, occupied by tho citadel, and united with

both banks by bridges. With the 'e.\ccption of the

r.rciter Weg, a handsome thoroughfare running from north

to south, tho streets of the town proper are parrow and

crooked. Along the Elbe', however, extends a fine pro-

menade named the Fiirstenwall, at one end of which stands

a monument in commemoration of tho Franco-German war.

To the south of the inner town is the Friedrich-Wilhelm's

Garten, a beautiful park laid out on the site of the cele-

brated convent of Bergen, which was founded in 937 and
suppre<:sed in 1810 By far tho most important building

in Mij,deburg is the cathedral a handsome and massive

structure of the 13th and 11th centuries exhibiting an

StCathciii
4. St Peter's.

0. Sutiic of A. W. Fra
It Slnhio of Otho

Pl.Tn of Jlagdeburj

7. l!ntlili,%us.

8, St John's Church.
0. School of Art.

10. St Ul/ich's Clmrrh.

13. Diitoh Rcrormcd
Clmvch.

u: Tlifflicr Courts.
15. Post ntTicc.

IC. Oovcrnmunt Ii\iM-

• inss.

17. Cathedra!.

ijitereating blending of llomanesque and Gothic architecture.

The *wo, 'fine towers were completed about 1520. The
interior contains tho tombs of the emperor Otho tho Great
ands his- wife Ediths, an English princess, and the fine

monument of Archbishop Ernest, executed in 1407 by
Peter Vischer of Nuremberg. Tlio Liebfrauenkirche, the

oldest church in Magdeburg, is an interesting Romanesque
edifice of tlie 12th and 13th centuries. The chief secular

buildings are the town-hall, built in 1G91 and enlarged in

1.8G6, the theatre, the governor's house, the central railway

station, and', the exchange. The Breiter Weg and the old

piaj'ket contain numerous fine private houses in the style

of the Renaissance. /In front of the town-hall stands an
equestrian statue of the emperor Otho the Great, erected

towards the close of tho 13th century. The favourable

situation of Magdeburg, in the very heart of Germany, and
on the Elbe below all its principal affluents, has made it

one of tho luost important commorcial towns in the empire,

and it is also tho focus of several important railways. The
chief articles of commerce are agricultural and colonial

products, manufactured goods, and wine. .The town and
its suburbs contain numerous manufactories of woollen,

cotton, and silk goods, sugar, spirits, tobacco, organs and
pianos, chocolate, and chicory. JIagdeburg is tlie head-

quarters of the 4th corps of the German army, and the

seat of the provincial court of appeal and administrative

offices, of a Lutheran consistory, and r>f a superintendent
general of tho Evangelical (Ueformed) Church. It also

contains two gymnasia, two " Eealschulen," schools of art,

medicine, surgery, and mining, and numerous scientific and
charitable institutions. The population of Magdeburg in

1^80 was 97,53D, or/ including Neustadt and Buckau,
137,109.

MagJeburg, which wns in existence ns a small trading settlement
(it the beginning of tho 9th century, owes its early prosi>erity chiefly

to the emperor Otho I., who established a Benedictine convent hero
in 937 (see above). In 968 it became tlie scat of an archbishop,
who was also primate of Germany, and exerci.scd sway over an ex-

tensive territory'. By the ]3th century Magdeburg Iiad become a
flourishing eommei'cial town and an important member of'the
Hanseatic League. Its bench of sheritis {Schojtjiciistjtkl) bec.iinc

celebrated, and " Magdeburg law," securing the administrative

independence of municipalities, was adopted in many parts of Ger-
many, Poland, and Bohemia. During the MitJdle Ages the citizens

were almost constantly at variance with the archbishoiis, and by tlio

end of the 15th century h.-id become nearly independent of them.'

It should, however, bo noted that Magdeburg never became a free

city of the em]iire. The town embraced the lieformation in 1524,

and was thenceforth governed by Protestant adritinistratoi-s or arch-

bishops. On the refusal of the citizens to accept the " Interim,"

Magdeburg was besieged by Maurice of S.axony in 1550, and capi-

tulated in 1551 on favourable tei-ms. During the Thirty YeaiV
War tho city was twice besieged, and suffered ternbly. It succcs.s-

fuUy resisted Wallenstcin for seven months in 1629, but was
stormed and sacked by Tilly in 1631. The whole town, with tlio

exception of the cathedral, the Frauenkirche, and about 140 honscK,

was burned to the ground, and 30,000 of its 36,000 inhabitants were

butchered without regard to age or sex. The town recovered froia

this deadly blow with wonderful rapidity. In 1648 tlio arch-

bishopric was converted into a se'^ular ducliy, to fall to Branden-

burg on the death of the last admiuistrator, which happened in

168i\ In 1806 M.agdeburg was taken by the French and annexe<l

to the kingdom of Westphalia, but it was restored to Prussia in 1814,'

on the downfall of Napoleon. Otto von Gucricke, the inventor of

the air-pump, was burgomaster of Magdeburg at the time of Tilly *•«

siege. Cainot died here in exile, and is buried in -the cemetery, and
Luther was at school here and sang in the streets for bread witli

other poor choristers.

See Rathmann, GcscliicUc dcr Stadt Mmjdchmg, 1800-17r HolT-

mann, Chroiiik dcr Sladt Uarjdchurg,\iiZ-^fi; Barthold, Gcxhichle

dcr dculsclicn Stadtc, 1850.

MAGELLAN, Ferdinand, iu Portuguese Ff.unao dk

JfAGALn.^ES {r. 1470-1521), who, though he did not survive

to return homo with his ship, well deser-es the title of the

"first circumnavigator," was born about 1470, and (accord-

ing to the somewhat questionable authority of his will,

dating from 1504) at Villa de Sabroza in the district of

Villa Real, Traz os Montes. His family was " hidalgo,"

and he seems to have spent his boyhood in the household

of Queen Leonora, consort of John II. of Portugal. For

several years he was in active service in the East. Indies.

It was he who, in 1510, gave Siqueira timely warning of

tho plot of the people of Malacca, thus probably saving his

countrymen from annihilation ; and, along with Serrano,

he commanded the ships sent out under Abreu for the dis-

covery of tho Spice Islands. On his return from the East,

Magellan was sent to Azamor in Morocco ; and'this brief

episode in his career is memorable for the wound which left

him lame for tho rest of his life, and for the beginning 'of the

troubles which determined his future course. Contrary to

what he had a right to expect, the king (Manuel) refused

Magellan's application for an increase of the pay a.ssigucd

tw him as a member of the royal household ; and the

maimer of the refusal added insult to what he considered

injury. In company with another malcontent of Mte,
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Ruy Faleiro the astronomer, he forinally renounced his

nationality, and went to offer his services to the court of

y[iain. Word was no sooner brought to Manuel of the

schemes proposed to the Spaniards than he felt the mistake

lie had committed ; but all the efforts put forth by special

agents to allure his alienated snbjccta back to their

allegiance, ur to thwart their negotiations, proved of no

avail. The bishop of Burgos, Juan Kodriguez de Funseca,

had taken the matter up, and things had gone too far for

Magellan to retrace his steps. On August 10, 1519, the

cx[icditiou set sail ; to find his way by a western route to

the Spice Islands of the East was the task which its com-

mander had undertaken. When more than three years

afterwards, on September G, 1522, the "Victoria" cast

anchor in a Spanish port, the captain, Sebastian del Cano,

had a strange tale to tell of mingled triumph aud tragedy.

While the squadron lay in Port St Julian, on the Pata-

gonian coast, three of Magellan's Spanish captains Lad
dehed him aud consiiired against him, aud it was only by

a rapid execution of summary vengeance that he had main-

tained his authority. At a later date the "Antonio," at

the instigation of Gomez, the Portuguese pUot, his personal

enemy, sailed home to Spain with evil reports, at the

very moment of success, when the Strait of the Eleven

Thousand Virgins, or of the Patagonians, now known as

the Strait of Magellan, had been explored almost to the

I'acific. The strait was passed on November 28, 1520;
and, though Slagellau had not quite reached the Spice

Islands when he fell in condict with the people of Zebu,

27th April 1521, his task was virtually accomplished.

The name Magellan's Laud—long given to Patagonia and
that hypothetical continent of which Tierra del Fuego was
considered only a portion—had disappeared from our

maps, but has again been bestowed by Chili oa the terri-

tory she claims in the extreme soutL
J\'o lecorj of liis exploits li.is been left by Magellan himself ; and

contemporary accounts are less detailed and consistent than could
be wished. The best is that of Antonio Pigafetta, a volunteer in

the fleet. It is printed in Ramusio, and exists in four early IIS.

copies, three in French and one in Italian. The Italian was printed
in 1801 by Amorettl. Along with five minor narratives an English
version appears in Lord Stanley of Alderley's First Voyage round
tlu ]Vorld hy Magellan, 1874 (Hakluyt Society's Publications, vol.

Hi.). Sec also J. G. Kohl, Gcsch. dcr EiUdeckitngsrcise . . . zur
Magellan's SIrassc (Berlin, 1877), and Ramon Guerrero Vergara,
Lt'? descubridoi-es del Esirccho dc Magellancs, Santiago de Chile,

1880.

MAGGIORE, Lago (French, Zac Majeur; in Italian

also frequently Lago Verbano; Latin, Terbanus), is the

westmost of the great lakes of northern Italy. In accord-

ance with its popular name it has long been reputed the

largest of them all ; but though in length it somewhat
surpasses Lago di Garda, it does not cover so extensive an

area. Of the total surface of 82 square miles, 65 belong

to Italy, and the remaining 17 to the Swiss canton of

Tessin or Ticino. The length from t>©rth to south, between
45° 43'*and "46° 10' N. lat., is 38 miles; the breadth,

generally between 2 and 4 miles, is increased to 6 or 7 at

the junction of the Toce valley on the west. The Ticino,

the leading tributary of the Po, enters at the one end of the

lake and escapes at the other. The very interesting geo-

logical problems which Lago Maggiore suggests are not yet

fully cleared up. (See Taramelli, II cantone Ticino meridi-

onn/c C(l i paesi finiiimi, Bern, 1880, forming voh xviL of

the materials for the geological map of Switzerland.) The
whole of the west side and the east side as far south as Val
Travaglia are shut in by a region of gneiss and schists,

while the remaining portion presents dolomites, calcareous

rocks, and conglomerates, mingled with strongly developed

moraines. On Dufour's great map of Switzerland the

greatest depth is given as 2801 feet, opposite Pino ; but

this is probably much in excess, as in G. B. Maggi'a

topographical map of the lake (Turin, 1857) the highest
figure registered along the medial line is only 1233 feet

betweeu Barbe and Lavello, and at the laying of a telegraph
line in 1860 Salis found no more than 337 betweeu Vira
and Locarno. The ordinary height of the surface abovB
the sea is about 640 feet _
Between the lowest ^r^'^

aud highest water-maik

however, there is a dil

ference in ordinary jeais

of nearly 12 feet, and
in very exceptional cases

of twice as much. For
not only is the Ticiuo

subject to floods, but tlie

lake receives a number
of considerable streams

(the Toce, the Maygia,

the Verzasca, the Trcsa,

iSic), and some of the»o

bring down the surplus

waters of other lakes

—

Lugano, Varese, and
Orta. The flood ot

1868, which exceeded

by about 6 feet the

greatest that had been

known for centuries, so
^igo Maggiore

deepened and enlarged the outlet of the river that the

level of the lake was permanently reduced by about a

foot and a half, and alterations had to be made at the

various ports to suit the new condition of things. fSee

Paolo Gallizia in Atti del Coll. deyll Ingegn. ed jLrcldt. in

Milano, 1879.) At least twenty-three species of fish are

caught in Lago Maggiore; and the fisheries are of value

enough to be closely preserved by the proprietors

The principal towns and villages round the lake are the

following,—the first being in Switzerland, and the others

in Italy:— Locarno (population in 1880, 2645), at the

mouth of the Maggia, one of the alternate capitals of the

canton of Ticino ; Cannc.bio (2000), famous from the 15th
century for its tanneries, and with paper-mills and silk-

works; Luino (2000), the original home of the Luini

family, and the scene of one of Garibahli's exploits in

1867, commemorated on the spot by a statue of the victor;

Laveno (1500), formerly an Austrian naval harbour; Intra

(4500), a busy manufacturing town—cotton, glass, silk,

ic; and Pallanza (4200), a flourishing little city with a
large cathedral, a penitentiary, &c., afiA. altogether the

most important place on the lake. The celebrated BoR-
KOiTEAN Islands, lying ofi' Pallanza, have been already

described, vol. iv. p. 64 ; compare Medone, Le isole Bom-
7nee, with views by Falkenstein (Novara, 1840). As the

St Gotthard and St Bernardino routes meet at Bellinzona,

much of the trade between Italy and the north used to

puss by way of the lake and the high roads that skirt its

banks ; and the opening of the St Gotthard railway, which
joins the Italian system at Pino on the east side, and goes

as far as Locarno on the west side, will bring back some
of the traffic which the earlier railways diverted into other

channels. The first steamboat was kunched on the lake

in 1826.

See P. Nomgp^H, Tst. dilla NobilM del Lago Maggiore ; Anioretti,

Viaijgio ai ire laghi ; Vagliano, Eive del Verbano

MAGHIANA, the chief town and headquarters of

Jhang district, Punjab, India, is situated in 31° 17' N. lat.

and 72° 21' E. long., and had a population in 1868 of

10,525 (Hindus, 5192; Mohammedans, 4698; Sikhs, 306;
aud " others," 329). It has a considerable trade with

Kandahar, large exports of country cloth, and a fluctuatmg
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Origin of

term.

Magical

beliefs

aiul

,tusi;;„oa in grain ivum tlie fertile lowlands of the HAvi.

'The civil station lies to the east of tlio town, and consists

<. dly of a r.onrt-houso and treasury, sessions bungalow,

ijail, church, and three or four rcsKlonccs of ollicials.

Maghirtna forms a single municipality with Jhang town,

which- lies 3 miles to the north. Ttio united jiO})ulation is

19,649.

MAGIC tas its name from the maf/i, Greek ftayoi, the

Dcieditary caste of priests among the ancient Persians,

tliought to be of Median origiii (Spiegel, Avesta, vol. ii.

p. vl.). Among the magi the interpretation of dreams

was practised, as appears from the story of the birth of

Cyrus (Herodotus, i. 107) ; later writers describe tliem

in both a sacerdotal and magical capacity, Luciau

(jrakroh., 4) calling them a prophetic class and devoted to

the gods, while Cicero {De Divinatione, i. 23, 41) writes of

them as wise men, augurs, and diviners. In such super-

natural crafts'the magi seem to have much influenced the

Western nations, to judge by their name having passed

into a set of classical terms (fiayiia., /xayevoi, magia, magice,

&c.) applied to sorcery, enchantment, and occult science

in general. In the New Testament soothsaying and
sorcery are so designated (Acts viii. 9, xiii. 6) ; while the

astrologers who divine the birth of the King of the Jews
by the appearance of a star in the east are called magi
(.Matt. ii.).

The word magic is still used, as in the ancient world, to

include a confused mass of beliefs and practices, hardly

ciyreeing except in being beyond those ordinary actions of

cause and effect which men accustomed to their regularity

h ive cime to regard as merely natural. Thus magical

rites are difficult even to arrange in systematic order. A
large proportion of them belong properly to the general

theory of religion, inasmuch as their efficacy is ascribed to

the intervention of spiritual beings. Thus the ghosts of

the dead are called up by the necromancer to give oracles or

discover hidden treasures, er sent to enter men's bodies and
afflict them with diseases or to cure them, or in a score of

ways to do the behests of the magician, whose spells or

incantations are thought powerful enough to control the

will even of such divine beings as can drive the winds and
give or withhold the rain. It must be noticed, on the

other hand, that many magical arts show no connexion

with spirits at all, or, even if ghosts or demons or gods

Lave to do with them, the nature of these beings dges not

of itself account for the processes employed or the effects

believed to result. This non-spiritual element in magic
depends on imagined powers and correspondences in nature,

of which the adepts avail themselves in order to discover

hidden knowledge, and to act on the world around them
by means beyond the ordinary capabilities of men. Thus
by mere effort of will, by traditional formulas and rites, or

by working on symbolic fancies, the sorcerer believes he
can bewitch others to sickness or death, the astrologer reads

the future in the aspects of the stars, the augur attends to

omens from the cries of birds and beasts, the haruspex
prophesies by the heart or liver of a slaughtered animal,

and other classes of diviners judge of the hidden past and
the yet more hidden future by the falling of lots or dice, the

twitching of their own fingers or the tingling of their ears,

and a host of other facts of nature which, as the educated

world has now found out, have no practical connexion with

the magical meanings or effects assigned to them. The
great characteristic of magic is its unreality. Its methods
Lave often an ideal coherence which may be plainly traced,

but practical effect they have none, and so they may be

altered or transposed without being made worse or better.

etymolo::y of the word is seen iu the terms " ait ma^ic," or

asic art , French, art marjigue; -Latin, maglca are.

One remarkable consequence of this is the fixity with
which some magical formulas framed thousands of years ago
hold on almost unchanged to this day. To understand
this, it must be borne in mind that, if there were any
practical use in such rules as those for divining by the
cries of animals, the old rules would have been improved
by experience into new shapes. But, they being worthless
and incapable of improvement, this motive of change i»

absent, and the old precepts have held their ground, handed
on by faithful but stupid traijition, from ago to age.
When the test of practical efficacy comes in upon tlic

magic art, it is apt either to destroy it utterly or to
transform it into something more rational, which passes
from supernatural into natural science.

Magic is to be reckoned among the earliest growths of Jfagi' -jt

human thought. The evidence for its remote antiquity '°™>;'

lies partly in its presence among all races of mankind, ''"*'

the ruder tribes especially showing it in such intelligible

shapes that the beginnings of magical crafts may be fairly

supposed to have arisen in the oldest and lowest periods of

culture. An example D\ay be taken from the wild natives

of Australia, whoso whole life is pervaded by the belief,

and embittered by the terror, of sorcery. They imagine
the sorcerers, armed with their mysterious power called

hoyl-ya, to come moving along in the sky, invisible except
to other sorcerers ; they enter the bodies of men, and feed

stealthily on them, not eating the bones, but con.sumin^

the flesh ; the native feels the pain as the boyl-ya enters

him like a bit of pointed quartz, and in this shape of quartz

crystal the evil can be extracted by another sorcerer. The
sorcerer has other means of attacking his victim : he can

creep near to him when asleep, and bewitch him to death

by merely pointing at him a leg bone of a kangaroo; or he.

can steal away his kidney fat, where^ as the natives believe,

a man's power dwells ; or he can call in the aid of a
malignant demon to strike the poor wretch with his club

behind the neck ; or he can get a lock of hair, and roast it •

witli fat over the fire till its former owner pines away too,

and dies. The Au.'itralians, like other low tribes in tho

world whose minds are thus set on imaginary causes of

death, hardly believe a mau can die unless by being slain

or bewitched. When a native dies what we call a natural

death, they ascribe it to magic. Then other magic must
reveal the hostile sorcerer who has done him to death:

either the corpse itself will seem to push its bearers in the

direction of the murderer, or the flames of the grave-tire

are seen to flicker towards where he is, or some insect will

be seen creeping towards his home ; and, when the next

of kin tlius discover the magic enemy, they set off to take

vengeance with earthly weapons. The sorcerer has kindlier

duties when he sits by a sick man and charms and charms

till he recovers, or sucks out the disease from his body in

the shape of a stone spear-head or a fish bone, or brings

out the ailment along a string, the other end of which he

draws between his own lips till it is covered with blood,

telling the bystanders (who believe it) that this blood came
along the string out 6f the sick man. Not disease and

cure only, but other events of life, come within the scope

of native magic. Storm and thunder are the work of the

sorcerers ; they can bring rain and make the rivers swell,

or burn up the land with drought. Shooting stars and

comets are to the natives omens of disaster ; the great

hawk's cry jn the night portends the death of a child,

whose soul the bird is carrying off; but when a man's

finger-joints crack he stretches out his arm, for in that

direction some one is doing him a kindness.-

- For these and other ' details see Grey, Journals of Expeditionsi

Waitz, AnthropotogU dir ^fhlurvUlker, vol. vi. ; Brough Smyth)

Aborigines of Victoria ; Fisou and Howitt, Kamilaroi aud Kantau
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Taken together, such a repertory of the demonolozy and

witclicraft cf a«,special group of savage tribes shows
remarkable correspondence in principle with the magic
which once flourished in the civilized world, and which
still lingers in peasant folklore. The very details often

agree so much as to raise the question whether the magic
of savages may sometimes have been borrowed from the

lower elass of colonists. The superstitions of the peasant

are in fact 'what the savage would readily assimilate, as

belonging to a state of mind like his own, and there is

even evidence , of European charms and omens having
been sometinaes borrowed by native tribes of Australia or

America. It was necessary to m.ention this, if merely
to point out that such borrowing has been only slight aud
superficial. It in no way upsets the general principle that

the magic of the lower races was developed among them,
fitting as it does with their low level of knowledge. Every
book of travels in savage and barbaric countries shows
the influence of the native magician, who, often at once
sorcerer and established priest, and sometimes even chief

of his tribe, by the aid of spirits and other supernatural

means interferes in every act of life. Thus in the Pacific

islands the Europeans found a whole class of sorcerers

living by making diseases, their method being the familiar

one of burning or otherwise practising on some morsel of

hair or remnant of food, so as to send -disease into its

owner, by a malignant spirit tying knots in his inside till

he writhed with agony. Every sick man was a source of

profit to the sorcerer who was believed to have brought on
the disease by burning his rubbish, and of course had to

be bought off by liberal presents. In these Pacific islands

a fact most important in the theory of magic everywhere
comes into view with particular distinctness—that such
magical arts prove effective through the patient's own
imagination ; when he knows or fancies that he has been
bewitched he will fall ill, and he will actually die unless he
can be persuaded that he has been cured. Thus, wherever
sorcery is practised with the belief of its victims, some
System of exorcism or some protective magical art becomes,

not only necessary, but actually effective, a mental disease

being met by a mental remedy to match it.^ At the

discovery of America', the Spaniards found the native

sorcerers throwing' themselves into delirious ecstasy by
snufEng a narcotic powder, their ravings in this state being

held to be conversation with departed souls, through whose
help they were able to cure the sick by expelling the

disease. - The class to which these sorcerers belong extends

over South America, and- is generally known under the

name oi paye (or allied terms). The sorcerer is descrfljed

as being initiated by living in some wild spot till by fast-

ing and self-torture he attains his supernatural craft,

becoming able to see spirits, to consecrate bits of bone or

stone into powerful amulets, to make good or bad weather,

to gain mystic powers over familiar birds and beasts, to

bake omens from their cries or fronj the itching of his own
skin, which latter symptom an Abipone diviner declared

to portend an attack from a tribe of enemies, in spite of

the missionary, who irreverently set it dow'n to fleas.

The old arts of the pay^s, their malicious witchcraft with
herbs and hair, the use of narcotics to produce ecstasy,

and their mental excitement by drumming, rattling, and
dancing are still to be met with in the wild districts of

Guiana and Brazil In North America practitioners of

the same kind are generally known as " medicine-men,"
from the French colonists calling them mcdecins, as being
the native doctors; the term is really appropriate to

barbaric magicians in all parts of the world, whose

,.' See Ellis, Pol^fminan Researches ; Turner, Ninetea: Years in
folynesia:, Polact-, ManneiijUi<LQustoms 0/New Zealondets; Waitz,
toU, T., Yi«

Qfts. pf causing and curing disease generally include con-
siderable knowledge of herbs powerful as poisons and
remedies,- of simple stopping of wounds and bandaging
hurt limbs, in fact of medicine in its elementary state, as

yet not separated from the magic with which it was at first

inextricably mixed up. The medicine-man's apparatus

includes the sorcerer's usual music, the rattle aud the

drum, simple and primitive instruments whose constant

association with the lower magic bears o-itness to the
beginnings -of music and magic having been associated

together when civilization was yet in its low stages of
development. The American sorcerer carries a "medicine-
bag " made with the skin of his guardian aniniol, which
protects him in fight, cures the bites of serpents, and
strikes at a distance as a spiritual weapon. He knows
magic chants of power over the elements ; he can by
sucking- and blowing extract disease-animals from tlio

sick ; he can make pictures and images and pierce them
with thorns so as to kill the men or animals they represent

;

and he can compel love by practising on the heart of the

picture of the beloved one.^ In Africa the native sorcerer

bears the name of mganrja among the west and central

negro tribes, nyanya among the Zulus of the south. He
is the rain-maker, an office of the utmost importance among
tribes who may perish of famine and disease after a long

drought. In his craft a principal part is played by what
the English in Africa (using the Portuguese word feiti^o^

charm or amulet) call " fetiches," which are claws, fangs-

roots, stones, and any other odds and ends fancied to. be

inhabited by spirits or invested with superhuman power.

These fetiches the negroes trust in for good and against

evil fortune, w-ith a confidence which no failure can shako

further than to cause the unlucky bearer to discard a par-

ticular fetich which has failed, and to repl ice it by a more
successful one. The African mganga has intercourse with

demons ; and, being called on every day to predict the

fortune of a fight or a bargain, or to discover lost or stolen

cattle, he professes, to gain information from the spirits,

orr uses his various modes of divination, such as taking

omens from the cries of the eagle or the owl, the swimming
of berries, or the moving of sticks in his own hands- as

they twitch spasmodically in nervous excitement. As with

magicians everywhere, his trade.is profitable but dangerous,

for if his arts of killing have been successful beyond bearing,

or still worse if public opinion decides that he, has wilfully

withheld the rain, he may be drowned or burned as miser-

ably as one of the many victims he has done to death.*

These instances are selected to give an idea of the sorcerers

of the lower races and their modes of working, which aro

remarkable for their uniformity in the most distant regions,

among tribes who can have had no communication or con-

nexion since remofe ages. Where, however, such races as

the African negroes come in contact with such foreigners

as the Arabs, who though more civilized than themselves

have not outgrown the magical stage, tliey borrow their

more cultured magical arts, such as divination by lots. In

this way the natives of Madagascar appear to have borrowed

from the Arabs a system of lucky and unlucky days uf

birth, which, carried out with stupid ferocity, has cost the:

lives of thousands of children^ born truly in an evil hour,

for when the magician declares their birth illomened their

fate is settled at once by putting them to death.

Turning now to the cultured nations of am'iquity, among

- See Waits, vol. iii. ; M.artius, £ihnographie AmZnnas ; Letters q/
Columbus ; Dobrizhoffer, Abipones j ^Sphpplcraft, -Indian Tribes Oj

North America. -.^
3 See Burton, Lahe 'Megions o/^Cenirnl Africa ; Wood, Natural

History of Man^ vol. i, ; Callaway, Religious System of Amazulu, kc.
* ^ee Ellis, Madagascar loi. ii, chaps, vi., xv,; Dahle ia Antanana-

nvoAniuutl, 187fi.
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EsTi^iin whom the art of writing vjonsolidatod and developed fnlso

pagia ns y,-i,\\ ^s true science, we find magic in full vogue, hardly

diilering in principle from that of tlie illiterate barbarians,

but worked into more elaborate system and ritual. Of
niicient Egyptian magic various original documents have

beeu preserved, containing formulas, mostly of religious

magic,—that is, acting through the aid of deities invoked.

I'Vir instance, there are hymns against dangerous animals in

tlio water, and spells for remaining in the country; and the

) lower ascribed to such formulas appears from passages like

the fuUowing :
—" I confide in the efficacy of that excellent

written book given to-day into my hand, which repels lions

through fascination, disables men, which muzzles the

mouths of lions, hy;cnas, wolves, the mouth of all

men who have bad faces, so as to paralyse their limbs," &c.

Ancient as Egyptian magic is, it has evidently grown up
from still earlier forms, as is shown by that plainest symp-

tom of old traditional lore, the relying^on ancient or foreign

epithets as words of power over the gods. This practice

appears in the ancient papyri, and goes on to later ages,

when the god Set is invoked by other mystically powerful

names which ho must obey, such as "Joerbetb." The
medical art in ancient Egypt shows an interesting cora-

Li nation of practical and magical remedies. The practical

recipe might contain nitre or cedar chips, or deer horn, or

various other ingredients adnunistered in ointment or drunk
in beer, but with this the magical formula was also required

to deal with the demon-cause of the ailment. Thus an

emetic was given with the following formula, "O demon
who art lodged in the stomach of M., son of N., thou whose
father is called Head-smiter, whose name is Death, whose

name is cursed for ever ! " itc. It must be remembered
that such formulas, foolish as they seem to modern educa-

tion, had and still have great efficacy in relieving the mind
of the superstitious patient, and giving a fair chance to diet

and medicaments. Their appearance in medicine .so ancient

as that of Egypt is good historical evidence how the

old magical treatment was encroached upon by natural

remedies, though then and for many ages afterwards the

jihysicians, wise in their generation, thought it best not to

discard the supernatural charm. The Egyptians divided

out the limbs and organs of the human body, putting each

under the special care of a god, a system which, like many
other details of their magic, has lasted on into the modern
world. From the astrological point of view they made a

calendar of lucky and unlucky days, according to which
for instance on the 1 9th of the month Athor one must not

embark on the Nile, while a child born on the 5th of the

month Paopi will be killed by a bull ; traces of this set

of precepts may be discerned still in the modern Egyptian

almanao. Another pnint deserving attention is the appear-

ance in early Egypt of the distinction between good and bad
magic. Magical curative arts were practised by learned

scribes or priests, and were doubtless in high esteem, but

when it came to attracting love by charms or philtres; or

paralysing rnen by secret arts, this was held to be a crime.

As long ago as the time of Eameses III. it is recorded' that

one Hai was accused of making images and paralysing a

man's hand, for which he was condemned to death ; this

was doubtless the ordinary bewitching by an image or pic-

ture, here already mentioned among the lower races, and to

be mentioned again as not forgotten among ourselves.'

Bahy. Still more prominent among the ancient nations who
ionl.in- brought ma.gic into its pseudo-scientific stage were the
Axsyibn Babylonians, whose supernatural arts were adopted and
^' continued among the Assyrians. No savage tribe ever

fdled their world with more swarming hosts of nature-

' Heconls of Ihi Past, vols, vi., ?r • Maspero, lli$t. Aiic. des Pciipla
iU VOricut. p. 84 : F. CV.abas, Lc Pnpyrns I-^^giQii^ Uayy^

spirits and demons; only these more cultured nation.'; dealt
'

systematically with, them by set formulas of propitiation
and expulsion. The cuneiform writings preserve numerous
documents of this kind, such as " From the burning spirit

of the entrails which devours the man, from the spirit of
the entrails which works evil, may the king of heaven
preserve, may the king of earth preserve!"—"The god ....
shall stand by his bedside. Those seven evil spirits ho
shall root out, and shall expel them from his body ; and
those seven shall never return to the sick man again."
The magic power believed to reside in the secret names of

the gods was recognized by the Babylonians, one of whoso
famous myths relates how by the utterance of these mystic
names the goddess Ishtar was delivered from. Hades. In
the rites of the magician priests, this kind of supernatural
power resided in sacred texts, whether chanted or tied on
as phylacteries. In divinatory magic the Babylonians had
elaborate codes of rules, of which many have been preserved.

Thus omens were drawn from prodigies, such as " when a
woman bears a child and at the time of birth its teeth

are cut, the days of the prince will be long." So with
omens from animals ;

" if a dog goes to the palace and lies

down on a throne, that palace will be burned." A
remarkable passage, Ezekiel xxi. 21, mentions three modes
of divination practised by the king of Babylon as he stood

at the head of the two ways :
" he shuffled arrows, he con-

sulted teraphim, he looked in the liver." The arrow-

divination or belomancy here mentioned was done with

pointless arrows marked and drawn as lots. They are often

represented on Babylonian and Assyrian cylinders, and
their use was kept up among the Arabs till the time of

Mohammed. The Babylonian rules of haruspication, or

examining the entrails of animals, were most minute, to

judge from the omens of prosperity or misfortune to be
drawn from the twisting and colour of the intestines of an
ass. Diodorus Siculus (ii. 29, itc), in his account of the

Chaldfean priests, mentions with evidently good information

their hereditary skill in various branches of magic, their

use of purifications, sacrifices, and chants, to avert evil and
obtain good, their foretelling by omens, dreams, prodigies,

&c. But it is on their astrology that he deservedly lays

the greatest stress. The five planets, which they called

"interpreters," they held to portend events by their risiug

and setting and their colour, foretelling the wind or rain

or heat, comets alsQ, and eclipses of the sun and moon, and

earthquakes, and atmospheric changes, beneficial or harm-

ful, both to nations and kings and common men. The
Babylonian calendars still remain to show how eclipses

were brought into connexion with floods, invasions, good

and bad harvests,—such ideas being worked out, not by
mere arbitrary fancy, but from such fancied regularities

as that the same weather and the same famines and
pestilences tended to recur in a cycle of twelve years. To
the Babylonian astrological system belong the stars of

men's nativities, the planetary houses, the twelve signs of

the zodiac (probably invented in observatories in Babylon),

while the fixed stars are associated with the planets and

gods in a system which is seen at a glance to be the

astrology which later nations of Asia and Eurppe have

followed since with servile faithfulness.^

Egypt and Babylon, as these brief notices show, were

the chief sources whence the world learnt what may be

called the higher branches of occult science, and from the

historical point of view the magical rites anil beliefs of

other ancient Eastern nations, such as Asia Slioor and

India, are of little importance. It was mainly through

Greece and Rome that magic was consolidated and

' See Sayce in Records oftlxc Past, vols, i., iii. , v. ; Tram. 6'.-,
. JiMical

ATchmology, vols, iii., iv. ; Lenomiant, M^igis cha !u ChaUliens, ami

Dji'iiiad'oH c/ics Ics Chaldicns.
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dcvclopcfl in Wostorn civilisation. In these classic nations

there may be traced the rude old magic inherited from

barbaric ancestors, to which in later times were added

ceremonies and calculations imported as Oriental wisdom.

Ancient litcri\ture shows the Greeks as a people whoso

reli"iuD ran much into the consultation of oracle-gods at

many temples, of w hich the shrine of Apollo at Delphi was

the chief. No rite could keep up more perfectly the habit

of savage religion than their necromancy {viKpoixavreia,

cEKvo^ai'Tcia) or consulting ghosts for prophecy ; there

was a famous oracle of the dead near the river Acheron

in Thesprotia, where the departing souls crossed on their

way to Hades (HcroJ., v. 02). The myth of Circs turning

the companions of Odysseus into swine shows the barbaric

belief in magical transformation of men into beasts, and

the classic sorcerer was believed to turn himself into a wolf

by spells like the medicine-man of some modern savage

tribe. Kot less cluirly does the story of Medea and her

caldron typify the witch-doctress with her pharmacy

(</>ap/iaKaa) powerful both to kill and bring to life. The

worship of Hecate, the moon, sender of midnight phan-

toms, lent itself especially to the magician's rites, as may be

seen from this formula to evoke her :
" O friend and com-

panion of night, thou who rejoices* in the baying of dogs

and spilt blood, jvlio wanderest in the midst of shades

among the tombs, who longest for blood and bringest terror

to mortals, Qorgo, Mormo, thousand-faced moon, look

favourably on our sacrifices !" This magical record, pre-

served by an early Christian writer, may be compared

with the poetic picture in Theocritus's idyll of the sorceress

(Id;/U., ii.), where the passionate wit-ch cries in similar words

to Hecate, the mson, to shine clear while she compels by

sacrifice her faithless lover, and goes through her magic

ritual of love and hate, striving to force her beloved homo
to her by whirling the brazen rhomb, scattering his bones

with the scattered barley, melting him to love by the

melting wax, casting into the fierce flames a torn shred of

Lis cloak and laurels to crackle and blaze and be con-

sumed that his flesh shall be consumed likewise. This

ancient witchcraft ascribed magic power to such filth as

pounded lizards and the blood of creatures untimely dead,

revolting messes made familiar to moderns by Shake-

speare, who introduces real magic recipes in the witches'

caldron in Machelh. The early Greeks lived in the same fear

as southern nations still do of the arts of " fascination
"

(ftaa-Kavia, Lat. fii^:-intitlo) worked by envious praise, or

ill-wishing, or the evil eye ; and they sought to avei't these

bad influences by the means still in use, spitting and

symbolic gesture.s, and the use of charms and amulets.

As to ancient Rome, much of the magic in the Latin poets,

such as Virgil and Horace, is only Greek sorcery in a Latin

dres-s But severe Roman laws against those who practised

such malefic arts as making hail and spoiling the crops

show that here also the sorcerer was at his usual work.

What is more remarkable is the high oSicial place given to

divination in old Rome, where every public act was done

under magical sanction. The auspex, or bird-viewer, and
the augur, whose similar name seems to refer also to omens
from the flight and cries of birds, in fact carried on super-

natural divination not by omens from birds only, but by a

variety of magical processes forming a complex traditional

system, partly adopted from the Etruscans, as to which

some curious remarks have come down to us in the

treatise On Divination by Cicero, himself an augur, though

living in the days when the ancient lore was falling into

contempt. The Roman divination was, as its name
implies, a religious system of consulting the gods, who
Bent the signs to guide mankind. Jupiter, the Heaven-

father himself, was heard and seen in thunder and

iightning ; wherefore those heavculy manifestations were

of the highest import, observed by the augur in the

tcmplnm or division of the sky marked out with his titnits

or curved wand ; there was no better omen than when
Jove lightened on the left. Among birds, the fierce

eagle, Jove's messenger, gave the highest presage of

victory, while the owl with its dismal cry was unluckiest.

The good or ill signs given by many birds depended on
whether they were on the right or left hand, and the sacred

chickens gave their omens accordingasthey were eager or not

to feed, and dropped crumbs on the ground. All prodigies

were recorded as porteuts in Roman alTairs ; and thoso

which Livy mentions year by year, whether they were real

or fictitious, in either case had their effect on the minds of

men who saw national signs in a heavy hailstorm, a calf

born with two heads, or a bullock found when sacrificed

to have no heart. It was in quest of such portents that

the haruspcx made his professional examination of tho

entrails of the victims, and reported the aspects of tho

head of the liver or cleft of the lungs, .as a sacred guido

to warriors and statesmen in the conduct of national

aflairs. Public divination being on this footing, it is

not to bo wondered at that, in the time of the empire,

foreign soothsayers thronged to Rome to practise their craft

among rich and credulous dupes. It appears that tho

magic of Egypt and Babylon still held a prominent place,

for Juvenal refers to both in his sixth satire, where he rails

at the superstitious women of his time for putting their

trust in Chalda;an astrologers, all the more if under the

laws against magicians they had been put in prison or

banished, while ladies would not go out for a drive or tako

a meal without consulting their book of lucky and unlucky

hours, which bore the Egyptian name of Petosiris.

In the classic world, however, the growth of knowledge

and accurate reasoning began to have their effect in bring

ing magic to the test of facts, and proving its failure.

Greek philosophy, with its physical theories of the universe,

had shaken the old religion, and with it the old magic.

Though the Romans kept it up as a matter of statecraft,

the judgment of statesmen and philosophers revolted from

it, holding rather with Eunius, who pointed out the

absurdity of the hungry fortune-teller promising others

wealth and begging a drachma for himself, or with Cato,

who wondered that one diviner conld meet another and
not burst out laughing. These are both quoted by Cicero,

with other passages argued quite in the modern spirit, as

where he asks on what principle a raven's croak should be

propitious on the right but a crow's on the loft, or how
a chicken eating a cake could help dropping crumbs.

Historically attacks of this kind have a particular value, a?

recording rnany magical details which we do not know
from the believers themselves. Of such details Pliny's

Kattiral Ilistor-ij is full, though he hates magic as the

most fraudulent of arts ; and among the most instructive

accounts of classic astrology must be reckoned the treatise

written against it by Sextus Empiricus. Had sceptical

philosophy had its way, magic would have perished ages

earlier out of the civilized world. But there were other in-

fluences already at work, not only to preserve it, but even

to give it another great expansion before its final decay.

The Pythagorean philosophy, while on the one hand

bringing in the science of Egypt and Babylon, and develop-

ing it into Greek mathematics and physics, on the

other hand favoured the growth of magic by mystical

speculations, such as those on numbers. Not that the

Pythagoreans began this delusive science, which had long

been at home in Babylon, where the occult powers of the

planetary 7 and the zodiacal 12 were recognized, and

spiritual arithmetic was carried so far as to indicate good

deities by whole numbers and evil demons by fractions.

But the Pythagoreans developed it further in their my.stic

Pliilo.

soi.h.c
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symbolism of the active 1 and the passive 2, the sacred 4

of space proceeding from the 1, the 7 of intelligence, the 8

of love, iirul the 10 of the universe. "Whatever rational

thought may at first Lave been veiled under all this, its

literal nonsense suited the magical mind, and its eflects

may be traced in magical literature ever since. With such

speculations was combined an animistic system of spirits

pervading the world, ranging from gods and demons
down to the souls of beasts and plants. Both in mystic

symbolism and in the doctrine of demons the mind of

I'lato followed the Pythagorean track, and at a later

period the tendency towards magical speculation came out

strongly among the Nco-Platonists, when enthusiasts, not

content with speculating about the daemonic powers of the

universe, sought to establish personal relations with them,

and use them for their owu ends. The treatise ou the

Egyptian mysteries ascribed to lamblichus is an interesting

record of this phase of thought. Alexandria became the

especial home of systems of theurgic magic, in which

invocations, sacrifices, diagrams, talismans, were employed
with rule and method, as though they were really effective.

Much of this delusive craft has perished or become
unintelligible, but its once considerable hold on men's

winds may be traced in such relics as the gem-talismans of

the Gnostics, still objects of curiosity to archaeologists

;

among their formulas is the celebrated Ahi-a.ras, the Greek
letters of which (A/?pa^as, A/?pao-a^) stand with astrono-

mical significance ifor the number 3C5. The theurgy

which came dov/n into mediaeval and modern Europe is

strongly marked with Jewish magical speculation. After

the captivity, the Jews worked out a classification and
nomenclature of angels and demons. On the one side are

ranged such celestial powers as Gabriel and Raphael, while

against them stand such beings as Beelzebub (<?.».) and
Ashmodai or Asmodseus (Tobit, chap, iii., &c.), who is

clearly the great evil demon Aeshma-daeva of the Persian

religion. Many centuries afterwards, in European magic
books of the Middle Ages we find the remains of these

theurgic systems still handed on. Their elaborate folly

may be best realized by looking into such books as Francis

Barrett's Magus, or Horst's Zauber-BihliotJuk, where the

actual rites and formulas for raising demons are given.

The evocations, with their uncouth jumbles of sacred

names, have some historical interest from their strangely

mixed traces of ancient religions, preserved by charlatans

whose blunders show how little they understood the words
they copied. We can fancy the magician in his black

robe embroidered with mystic characters, waving his wand
as he invokes at one breath the great demons "Acheront,"
" Ashtaroth," " Asmodi," names which the modern student
recognizes as borrowed from the ancient religions of three

different countries—Greece, Phcenicia, Persia. Of all the

sources of this branch of magic, the Jewish tradition is the

chief. The magician relies on the power of divine Hebrew
names, such as the shem hammephorash or the name Jehovah
in its true pronunciation, with which Solomon and other

wmider-workers of old did marvellous things. He draws
powerful spells from the K.vbbalah (7.!'.) of the later

Jews, with its transposed letters and artificial words,

—

using for instance the name Aght, formed from the initials

of the Hebrew sentence— " Thou art a mighty God for

ever." But in compelling the spirits he can use Hebrew
and Greek in admired confusion, as in the following

formula (copied with its mistakes as an illustration of

magical scholarship in its lowest stage)—" Hel Heloym
Sother Emmanuel Sabaoth Agla Tetragrammaton Agyros
Otheos Ischyros Athanatos Jehova Va Adonai Saday
Homouslon Messias Eschereheye !" One of the most
curious features of the demon-evocation is the use of the

pentagram, an esseutial adjunct of the magic circle, whosa

effect in barring the passage of i[ephistophelc3 is described
in a well-known scene in Goethe's Famt. This synijol is

an interesting proof of tradition from the Pythagoreans.
It is a geometrical figure for the construc-
tion of the regular pentagon (Euclid, iv.

prop. 11), now familiar to school-boys, but
which to the school of Pythagoras was
so wondrous a novelty that they used it

as a sign of fellowship (see Bretschneider,

Geometrie vor EukUdes, p. 85), and it after-
J'™'agram.

wards became a magical symbol, still to be seen in use in

every country from Ireland to China.

The magic of the Moslem world is in part adopted from
Jewish augelology and demonology, and in part carries

on Babylonian-Greek astrology, as systematized by such
writers as Paul of Alexandria and Claudius Ptolemy.
Thus the proceedings of the Moslem magician, as met with
in the Thousand and One Nights, mostly run parallel with
those familiar in Europe, in their fumigations and incanta-

tions, talismans (TETcAco-^icra), horoscopes, and almanacs or

calendars of lucky and unlucky days. In fact a modem
Zadkiel in England would find himself on common ground
with his brother practitioner in Baghdad or Delhi. 1 In
other districts of Asia, more peculiar developments of

magic have been preserved. To mention a few of the most
noteworthy, the Sanskrit literature in India is rich in

ancient magical jjrecepts and hymn-charms.- The ancient

Hindu magic is religious, turning on the actions of demons
(lihitfa) in causing disease by possession, and their exorcism
and compulsion, as well as power obtained over higher

spirits by sacrifices, austerities, and formulas or charms
(mantra). From their connexion with early Aryan customs,

these rites sometimes throw light on European practices

derived from the same stock. Thus the magical practice of

going round " with the sun," well known as deisil in High-
land superstition, and kept up in England in the rule of

passing the decanter "through the button-hole," appears

to be a rite of Aryan sun-worship belonging to remote

antiquity, for (under the name of prodaxina) it forms part

of the Hindu marriage ceremony handed down from Vedic
times.^ Buddhism as well as Brahmauism had its magical

side, and its literature of magic formulas (tantra). The
" red-cap " lamas of Tibet, with their pretended miracles of

breathing fire, swallowing knives, ahd ripping themselves up,

are curious as reminding us of the time when these tricks,

now come down among us to jugglers' feats, were regarded

as supernaturah In the low Buddhism of the Mongols,

mixed with native barbarism, the shamans or sorcerer-

priests, with their rude sacrifices and demon-dances, ard

among the most remarkable types of their ancient cites.

In this part; of Asi,!, and farther east, a somewhat remark-

able system of divinatory magic has grown out of the

reckoning of days, months, and years by a zodiac-calendar,

whose signs ape, horse, dog, itc, are combined in series

with the elements, male and female, so that a year

may be called that of the " female fire-dog." It was
inevitable that such a system should lead the magicians to

draw omens from its signs. They do so in a most elaborate

way, interfering with their presages on every occasion of

life, beginning when the child undergoes its cerenienia)

washing, and has its fate defined by the signs it is bora

under, as " in the element fire, under the red sign in

the year of the tiger, in the month of the sheep and day

of the hog, in the fortieth division of the day under the

influence of the ninth star," ic. This quaint science

seems, however, not altogether native, for the influence of

^ See, for instance, Herklot's tran.sIation of the Qanoov-e-/slom.
2 See Weber, Omina ct Pqrtenta, and volumes of Indisdic StiiiKen.

* Haas, in Indische Sludicn, vol. v. p. 257 ; Pictet, Ori-jincs Inilo-

JEvnylennes, part ii., p, 498.
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Babylonian and Greek scientific and magical ideas has

extended across Asia, even into China. The magic of this

latter country is remarkahle for its various and elaborate

modes of divination. These may be obtained from

mediums possessed by spirits, and giving oracles by speech

or writing with the " descending pencil," as has lately been

done by " spiritualists " in Europe. But higher authority

is given to divination by throwing sacred lots, as the two

wooden ka pwe, which fall with the flat or rounded side

up. The results of such processes of divination, in them-

selves meagre, may be brought to any required elaborate-

ness by the use of the " eight diagrams " obtained by

combinations of the whole line (—) and the broken lino

(—). These, primarily interpreted as representing the

male and the female principle {yang, yyi), perfect and

imperfect, heavenly and earthly, are referred by syste-

matic fancy to elements, qualities, tempers, &c., and inter-

preted in the celebrated Chinese classic book called the

Y-ldng into a collection of oracular responses.^ The

fcng-skni, or " wind-and-water" magic, is a system the

practitioners of which regulate the building of houses and

tombs by their local aspects ; it has of late come under

the notice of Europeans from the unexpected impediments

it has placed in their way when desirous of building or

constructing railways on Chinese soil.-

M.agic in In the lower stages of civilization the distinction between
Clivisten- religion and magic hardly appears, the functions of priest
'^°™' and sorcerer being still blended, as was long since pointed

out by Meiners (Geschichte der Religionen, book xii. ).

As established religions were formed among nations of a

higher grade, the separation became more distinct between

the official rites of the priesthood and those practised by

castes of magicians, rivalry often becoming serious between

them. Thus in ancient Egypt there appear, on the one

liand, the miracles worked by divinities under ofiBcial sanc-

tion of the priesthood, and, on the other hand, the unlicensed

proceedings of sorcerers, who indeed doubtless deserved ill

of society by practices done by detestable means or for

detestable ends, such as bewitching by hurtful demons, or

administering love-potions. Here we come into view of

the distinction still expressed by the terms " white magic "

and " black magic." Laws were made against magic in

these ancient times, but it must be remembered that then

und for thousands of years later, the opposition to magic

had seldom anything to do with the sceptical doubts of its

reality which arose among the classic philosophers. Magic

was none the less believed in for being hated and proscribed

;

and when a soothsayer was looked upon as a false prophet

the inference was, not that magic was unreal, but that this

particular magician was pretending to supernatural power

he did not possess. The Levitical law prohibits sorcery

under penalty of death (Levit. xx. 27). Among the early

Christians sorcery was recognized as illegal miracle ; and

magic acts, such as turning men into beasts, calling up
familiar demons, raising storms, &c., are mentioned, not in

a sceptical spirit, but with reprobation. In the changed

relations of the state to the church under Constantine, the

laws against magic served the new purpose of proscribing

the rites of the Greek and Roman religion, whose oracles,'

sacrifices, and auguries, once carried on under the highest

publie sanction, were put under the same ban with the low

arts of the necromancer and the witch.^ As Christianity

extended its sway over Europe, the same antagonism con-

tinued, the church striving with considerable success to

put down at once the old local religions, and the even older

^ See Mohl, Y-kiiig ; Pauthier, Livres SacxSs de V Orient.

" See Eitel, Handbook of Chinese Buddhism ; Edkins, Fdklorc of
aUrn, p. 65.

•* For ail excellent account of the classical and mediaeval history of

magic see Maury, La Magie ct VAstrologie.

practices of witchcraft ; condemuhig Thor and Woden aa

demons, they punished their rites in common with those of

the sorcerers who bewitched their neighbours, and turned

themselves into wolves or cats. Thus gradually arose the

legal persecution of witches, which went on through the

Middle Ages under ecclesiastical sanction both Catholic and
Protestant. The literature of the Middle Ages does not

contribute many new elements to the study of magic, which

was carried on under the old traditional systems. But it

shows on the one hand how unbroken the faith of even the

educated classes remained in the reality of mRglc, and on

the other hand that its more respectable branches, such as

astrology and alchemy, were largely followed, and indeed

included in their scope much of the real science of the period

(see the works of Thomas Aquinas, Gerbert, Roger Bacon,

Cornelius Agrippa, &c.). The final fall of magic began

with the revival of science in the 16th and 17th centuries,

when the question whether the supposed effects of magic

really take place or not was raised, and decided against it.

In our day the occult sciences are rapidly dying out in

the educated classes of the civilized world, though astro-

logy still has its votaries, and the communications in

"spirit circles " by possessed mediums and spirit-writing

are what would in old times have been classed as necro-

mancy. The magic which holds its place most firmly in

Europe has come down by tradition in popular folk-lore,

which is full of precepts for bewitching and averting

witchcraft, and divining by omens. Among the practices

which occtir to everyone's mind are foretelling changes of

the weather by the moon's quarters, taking omens from

seeing magpies and heariilg a dog howl at night, the fear

of spilling salt, observation of the shroud in the candle

and the stranger in the tea-cup, the girls' listening to the

cuckoo to tell how soon they will be married, pulling off

the row of leaves to settle what the lover's calling will be,

and perhaps even compelling him to come by a pin stuck

through the rushlight. Nor has the wizard forgotten how
to cure inflammation with a " thunderbolt," generally an

ancient stone or bronze hatchet dug up in the fields, nor

how to punish an enemy by means of a heart stuck full

of pins aud hung in the chimney. These are but a few

out of hundreds to be found in Brand's Popular Auti-

quitles and the volumes published by the Folklore Society,

or in the similar collections from every country of Europe.

If any one wonders that popular magic still enjoys much
credit in the peasant class, it should be remembered that

even the educated world still shows a remarkable unreason-

ableness in connecting causes and efl'ects. Thus the old

magical belief survives that a loadstone, because it draws

steel, will also draw out pain. Peasants may well carry

a magnet in their trousers' pocket against rheumatism

when better-informed people will wear with as great con-

fidence a "galvanic belt," though any electrician will tell

them it has not the power to hurt or cure a fly. One of

the most favourable proofs of the changed public opinion

in England is seen in the laws, where the penalties of

the old statute against those who keep familiar demons
are abolished, and the time-honoured charge has disai>

peared from the commission of the peace to inquire of all

" inchantments, sorceries, art magic, trespasses, forestall

ings, regratings, ifcc." But persons pretending to exercise

witchcraft, sorcery, enchantment, or conjuration, or under-

t iking to tell fortunes or pretending by occult or crafty

science to discover lost or stolen goods, may be imprisoned

under 9 Geo. II. c. 5, or fortune-tellers dealt with as rogues

and vagabonds under 5 Geo. IV. c. 83, or they may be

prosecuted for obtaining money under false pretences.

Looked at as a series of delusions, magic is distasteful to Orijiu a{

the modern mind, which, oncesatisfied of its practical futility, inagic

is^apt to discard it as folly unworthy of further notice.
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This, however, is hardly doing it justice, for in the early

tlovelopiuents of the human mind both religion and science

were intimately connected with magic, whoso various

branches, unfruitful as they may be, are nevertheless growths

from the tree of knowledge. The universal diffusion of

iiiagical ideas among mankind, excepting only the limited

class who have abandoned them through higher education,

shows that we arehere inpresenceofao'-eep-seated intellectual

process, while the strong likeness in the principles of magic

among the rudest tribes points to its having sprung up under

most ancient and primitive conditions. The connexion

between magic and religion ia its lower stages is obvious

from the impossibility of separating them, inasmuch as in

gvery country sorcerers and diviners, savage or civilized, are

found invoking the aid of ghosts, demons, or gods, to give

them information or execute their will. So far as magic
is ascribed to the influence of spirits, its theory belongs to

the animistic philosophy developed in the lower levels of

civilization, where all the powers of life and nature are set

down to spiritual beings (see Animism). A chief part of

the magician's business being to converse with spirits and
gain tlitfir help, he sets about this in various ways. More
often than not the spirit is considered to be a human
ghost, which behaves much as it did while it was still

a living man's soul ; or if it is called a demon or deity,

still these are beings modelled on the human soul. Thus
their manner of hearing prayers and receiving offerings is

like human intercourse, especially in the frequent cases

where the sorcerer is a "medium " possessed by the spirit,

who is considered to inhabit his body like his ordinary

soul, and to give oracles speaking by his human voice. In
such supposed interviews with spirits there is plenty of

delusion and fraud, but nothing specially magical ; and, in

fact, were the whole craft of the sorcerer of this spiritualistic

Icind, there would be no practical distinction between the

sorcerer and the priest, and magic would fall into its place

US an inferior branch of religion. It is because magical

practices are by no means accounted for altogether by the

doctrine of spirits, but involve other special explanations

of their own, that it is found convenient to make magic
n department by itself. Such explanation is needed in

ordinary magical practices, like that of the American
medicine-man, who draws a deer on a piece of bark and
shoots at it, expecting thereby to kill a real deer next day,

or of the Tongau soothsayer, who spins a cocoa-nut as a

teetotum, in order to discover a thief by noticing towards

whom the monkey-face of the nut is looking when it stops.

The magical train of thought which leads men to resort to

such devices is childishly pimple. It is merely imperfect

reasoning, the mistaking of an ideal connexion for a real

one, the confusion of ineffective analogy with effective

cause. Our minds go with those of the barbaric magicians

so far as to recognize the analogy between shooting an
animal and its picture ; we see as plainly as they that the

cocoa-nut as it were looks in a particular direction. The
difference is that, in the magical stage of thought, these are

taken to be real connexions, while more advanced knowledge
discards them as ideal. As Wilhelm von Humboldt well

remarks, "Man begins by seeking the connexion even of

external phenomena in the region of thought ; . . . . pure
ol:)servatiou, still more experiment, follow at a wide distance

after ideal or phantastic systems. Man's first attempt is

to govern nature through its idea."

So much of the intellect of mankind has been spent
since remote antiquity on magic that it may seem hard to

believe the chief secret of the occult sciences to be after

nil nothing but bad reasoning. This at any rate is very
uulike the theories propounded by those who have con-

demned magic as a real craft made known to man by dia-

bolical influeuce, or by those who have thought to find in

its mystic precepts relics of antique wisdom. The question
is not, however, an abstruse one, for every reader has tho
means of satisfying himself by inspection of a few magical
processes, as to what amount of reason really goes to
making them. In a large prdportion of cases there may
be perceived, not absolute nonsense, but a kind of half-

formed sense stopping short of practical value. There being
an evident relation between an object and the thought of it,

it becomes one of the chief practices of the sorcerer to try
to make things happen by thinking about them. Thus Lc
so " takes the will for the deed " that when he " ill-wishes

"

his enemies, and looks upon them with the " evil eye," he
believes that he does them direct harm. On the other
hand, those who know or suspect that such influence has
been used against them sufi'er in reality from fear, often

even dying of it. The belief in this mysterious power
furnishes an explanation which is resorted to when any one
falls ill or has any misfortune, and thus the belief in

witchcraft among savages leads to constant enmity and
revenge. Nor is this state of things to be traced only in

what is called the uncivilized world, for those who have
much intercourse with English country folks may still meet
with instances of some cow or child firmly believed to have
been " overlooked," the death of which may possibly be
revenged on a neighbouring cottager, supposed to be the

witch. Whenever a good or evil wish is uttered in words,

it becomes a blessing or curse. 'When these are addres.sed

to some deity or demon, they are in fact prayers, but when
they are merely expressed wishes, without reference to

any spiritual being, then their supposed effects are purely

magical. Thus, in an ancient Hindu love-charm, the girl

expects to bring back an offended lover by repeating the

formula, " May thy heart devour itself for me, may thy dry

mouth water for me I " &c. Still more does this kind of

magic explain itself in the various rites where some object

is used as a symbol, and the association of ideas transfers

whatever is done to it to the person it represents. Thus
Ovid's sorceress {Ileroid.. vi. 91)

—

"simulacraque cerea fingit,

Et niisei-um tenuis iu jecur urget acns."

King James in his Diemonoloyy says that "the devil

teacheth how to make pictures of wax or clay, that by
roasting thereof the persorts that they bear the name of

may be continually melted or dried away by continual

sickness." By a similar association of ideas, any object

which has belonged to a person may be thus practised on,

as has been already here mentioned among the South Sea

islanders, or, to take a case nearer home, when iu IGIS

two women were executed at Lincoln for burying the glove

of Henry Lord Rosse, so that, " as that glove did rot and

waste, so did the liver of the said lord rot and waste." By
like reasoning, when internal disease is ascribed to knots

within the patient's body, ft becomes a branch of witchcraft

to tie magic knots, which produce their corresponding eii'ect

within the victim. Kindlier though not less delusive

operations of misunderstood analogy are found in att-emptc-J

cures by sympathetic magic, on the same principle which

malignant sorcerers would have used in giving the disease

itself. Thus knots are untied in order to untie internal

complications in the sick beast, and weapons treated to

cure by sympathy the wounds they made :—
" But she has ta'cn tlie broken lance,

And washed it from tho clotted gore,

And salved the splinter o'er and o'er.

William of Deloraine in trance, ,

Whene'er she turned it round and round,

Twisted, as if slie galled his wound.
Then to her maidens she did say

That he should be whole man and sound
Withim the course of a uiglit and day."

—Lay of the Last Minstrel, iii. 23.

The her'bs used as medicaments in the iofaucy of
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medicine appear to have been chosen for magical rather

than medical motives, by a kind of reasoning which conie3

out very plainly among Chinese physicians, who administer

the heads, middles, and roots of plants to cure their

patients' heads, bodies, and legs respectively. In like

manner European doctors long followed the "doctrine of

signatures," which was in fact mere magic,—prescribing

euphrasy or "eye-bright" for complaints of the eyes,

because of the likeness of an eye in the flower, and treat-

ing small-pox with mulberries because their colour made
tbem proper to diseases of the blood (see Pettigrew,

Superstitions of Medicine and Surgery). The same easily-

undei'stood though practically absurd principle may be

seen to have guided the processes of divination, many of

wbich show plainly the association of ideas that suggested

them. Thus, in the Roman augury already mentioned,

there is no difficulty in following the fancy which made
the war-eagle give an omen of victory, but attached a

doleful foreboding to the melancholy owl. The same half-

rational meaning explains the reversal of omens accord-

ingly as they come on the right or left, that is, the good

or bad hand. Any one who glances through one of the

cheap dream-books still bought by servant-maids, which

fairly represent the ancient books on oneiromancy, such

as that of Artemidorus, will find many of the analogies

still intelligible on which they are founded, as that to

dream of washing one's hands presages relief from anxiety,

while he who dreams of losing a tooth will lose a friend.

The ancient art of chiromancy, or telling fortunes by the

hand, goes on the evident analogy between the lines of the

palm and the diverging courses of human life ; closely

allied to this is scapulimancy or divinuig by the cracks of

a shoulder-blade put into the fire. Of divination by lots,

so common that the terra for throwing lots {sortes) has

passed into sorcery, there are many varieties. Some are

quite pictorial, such as the Maori diviner's sticks set up in

the ground to show by their standing or falling the fate of

the warriors they represent. But this strong analogy is

not necessary, for it only requires a particular lot to be

mentally associated with a particular idea to make the

diviner believe that the fall of that lot makes that idea true.

It would be tedious to go at length through other details

of magic where the same key of imperfect' analogy applies.

But it may be pointed out that this explanation is nowhere
more conclusive than in astrology. 'The very foundation

of the sciente of the horoscope lies in the mere analogy

between the rising of a star above the horizon and the birth

of a man. Such circumstances as whether a planet is in

conjunction or opposition alter their effect on the " native
"

in corresponding ways. The names of gods, happening to

be given also to certain planets, are taken as omens, so that

because a planet bears the name of Mercury it is brought

into fanciful connexion with wisdom, and in like manner
the planet Venus with love. Each planet having a colour

assigned to it, the aspect of Mars or Saturn is believed to

tell one, when in quest of a thief, whether he will have on
red or black clothes. So the arbitrary names of the signs

of the zodiac are made into presages, a just person being
found under the sign of Libra, and charms against bugs
being effective in the sign of Cancer. For convenience
some of these examples are taken from modern handbooks
of astrology, but in principle the old starcraft has changed
little in the course of ages. In the study of magic it is

necessary ffirther to notice that precepts which seem quite

arbitrary, nit showing even fanciful half-reason, are often

explained on further examination, which gives the key to

the symbolic process by which they are formed. For
instance, it would hardly be guessed why Cancer should

be a sign involving movablenpos, but Scorpio firmness, were
it not known that this result is obtained by arranging the

twelve signs in order as they stand, kseuccessively movable,

fixed, and double (see Proclus, Paraphrasis, i. 15). Con-
sidering the antiquity of magic, the wonder is not that ,so

much of its sense should be lost, but that so much is still

intelligible.' Various other causes may be traced in the

occult sciences, among which can only be mentioned hero

rhabdomancy or the use of the divining rod, by which the

cunning man professel to discover water springs, murderers,

or hidden treasure. Here it is evident that the decision ia

really arrived at by the diviner himself, not by the twig, and
the same is true of various similar arts. From the earliest

times also tricks of sleight-of-hand, &c., have been passed off

by magicians as miracles to deceive their dupes ; our lan-

guage still testifies to this in the use of the word conjuror,

the wonder-worker carrying on the old juggling, although no
longer evoking demons to give him his mysterious power.

Hitherto magic has been dealt with on its delusive aud
harmful side, this being what most practically manifests

itself in history. Yet it must be borne in mind that in its

early stages it has been a source of real knowledge. TruB as

it is that misunderstood facts and misleading analogies have

produced its delusions, its imperfect arguments have been

steps towards more perfect reasoning. Analogy has always

been the forerunner of scientific thought, and, as experience

corrected and restricted it into real efi'ectiveness, from age

to age whole branches of what was magic passed irto the

realm of science. The vague and misleading parts which

could not be thus transformed were left behind as occult

science, and thus the very reason why magic is almost all

bad is because when any of it becomes good it ceases

to be magic. From this point of view the intellectual

position of magic is well expressed by Adolf Bastian

{Rechisaltertliumer, p. 242):—"Sorcery, or, in its higher

expression, magic, marks the first dawning consciousness

of mutual connexion throughout nature, in which man,

feeling himself part of the whole, thinks himself able to

interfere for his own wishes or needs. So long as religion

fills the whole horizon of culture, the vague grojiing of

magic contains the first experiments wbich lead to the

results of exact science. Magic is the physics of ni:iiikind

in the state of nature. It rests on the beginning ol induc-

tion, which remains without result only because in its

imperfect judgments by analogy it raises the pu ' hoc to

the propter hoc, &c." The nature-spirits and deim ns with

which the magician has so much to do represen mdecd
the notion of physical cause in the rudimentary s iice of

the lower races, while the association of ideas on v u'h his

sorcery and divination is based has much the same elation

to the scientific induction which succeeds it. '1 t this

view is sound is best shown by noticing the gre.i depart-

ments of science whose earlj' development is k ivn to

have taken place through magic. Astronomy gi up iu

Babylon, not through quest of mechanical la\. of the

universe, but through observation of the heavens obtain

presages of wars and harvest ; while even in moil i times

Kepler's discoveries in physical astronomy were i up to

through mystic magical speculations. In alcheni ppears

the early history of chemistry, which only en ipated

itself in modern ages from its magical surroundii The
astrological connexion of the metals each with planet

was one of its fundamental ideas, of which tlie ccs are

still to be found in the name of the metal " mer< i
," and

that of "lunar caustic" for silver nitrate. 1. lly, the

history of medicine goes back to the times wli -n primi-

tive science accepted demoniacal possession as the rational

means of accounting for disease, and magical "[lerations

with herbs originated their more practical use iu materia

medica. (e. e. t.)

* For details of the association of idea? in magic see Tj-lo

Uisi. of Mankind, chap, vi., and Primitive Culture, chap, iv.

Early



WHITE JIACIC.J M A (} 1 C 201

MAGIC, White. Under tliis head is included the art

cf performing tricks and exhibiting iUusions by aid of

api)aratii3, excluding featj of dexterity in which there is

iu> deception, together with the performances of such auto-

maton liguros as are actuated in a secret and mysterious

manner. Conjuring by prestidigitation, or sleight of hand,

independently of mechanical apparatus, is referred to under

LEHEnOEMAIN.
Whether or not the book of Exodus makes the earliest

historical reference to this natural magic when it records

Iiow the magicians of Egypt imitated certain miracles of

Closes " by their enchantment.?," it is known that the

Egyptian hieropihants, as well as the magicians of ancient

Greece and Rome, were accustomed to astonish their

dupes with optical illusions, visible representations of the

divinities and subdivinities passing before the spectators

in dark subterr.inean chambers. From the descriptions

of ancient authors we may conjecture that the principal

optical illusion employed in these effects was the throwing

of spectral images of living persons and other objects upon
the smoke of burning incense by means of concave metal

mirrors. But, according to the detailed exposure of the

tricks of the magicians given by Hippoljtus (Ref. Om.
]Lxr., iv. 35), it appears that the desired effect was often

produced in a simpler way, by causing the dupe to look

into a cellar through a basin of water with a glass

lottom standing under a sky-blue ceiling, or by figures on
a dark wall drawn in inflammable material and suddenlj'

j.'uited. The flashes of lightning and the rolling thunders

which sometimes accompanied these manifestations were
tisy tricks, now familiar to everybody as the ignition of

!yco[iodium and the shaking of a sheet of metal. The
ancient methods described by Hippolytus fiv. 32^ were
very similar.

Spectral pictures or reflexions of moving objects, similar

to those of the camera or magic lantern, were described in

the l4thand 16th centuries. Thus, in the Ho'us'c of Fame,
bk. iii., Chaucer speaks of "appearances such as the subtil

t.-egetours perform at feasts "—pictorial representations of

hunting, falconry, and knights jousting, with the persons

and objects instantaneously disappearing; exhibitions of the

same kind are mentioned by Sir John ifandeville, as seen

by hira at the court of " the Great Chan " in Asia ; and in

the middle of the IGth century Benvenuto Cellini saw
phantasmagoric spectres projected upon smoke at a nocturnal

exhibition in the Colosseum at Eome. The existence of a

camera at this latter date is a fact ; for the instrument is

described by Ba^jtista Porta, the Neapolitan philosopher, in

his Mai/ia Ji'aliiialis (1558). And the doubt how magic
lantern effects could have been produced in the 14th century,

wdion the lantern itself is alleged to have been invented by
Athanasius Kircher in the middle of the 17th century, is

set at rest by the fact that glass lenses were constructed at

the earlier of these dates,—Roger Bacon, in his Discover!/ of

the Jliyac/es of Art, Nature, and Magic (about 1200),

writing of glass lenses and perspectives so wsll made as to

give good telescopic and microscopic effects, and to be

useful to old men and those who have weak eyes. Towards
the end of last century Comus, a French conjuror (the

secohd of the name), included in his entertainment a

figure which suddenly appeared and disappeared about

3 feet above a table,—a trick explained by the circum-

stance that a concave mirror was among his properties ; and
a contemporary performer, Robert, exhibited the raising

of the dead by the same agency. Early in the present

century Philipstal gave a sensation to his magic lantern

entertainment by lowering unpeiceived between the audience

and the stage a sheet of gauze upon which fell the vivid

moving shadows of phantasmagoria.

A new era in optical tricks began iu 18G3 when John

Nevil Jfaskelyne, a Cheltenham artist in jewellery, invented
a wood cabinet in which persons vanished and wore made
to reappear, although it was placed upon high feet, with no
passage through which a person could pass from the cabinet
to the stage floor, the scenes, or the ceiling ; and this

cabinet was examined aud measured for concealed space,

and watched round by persons from the audience during
the whole of the transformations. The general principle
undoubtedly was this :— if a looking-glass be set upright
in the corner of a room, bisecting the right angle formed
by the walls, the side wall reflected will appear as if it

were the back, and hence an object may be hidden behind
the glass, yet the space seem to remain unoccupied. This
principle, however, was so carried out that no sign cf tho
existence of any mirror was discernible under the closest

inspection. Two years later the same simple principle

appeared in " The Cabinet of Proteus," patented by Tobin
and Pepper of the Polytechnic Institution, in which two
mirrors were employed, meeting in the middle, where an
upright pillar concealed their edges. In the same year
Stodare exhibited the illusion in an extended form, by
placing the pair of mirrors in the centre of the stage,

supported between the legs of a three-legged table having
the apes towards the audience ; and as the side walls of

his stage were draped exactly like the back, reflexion

showed an apparently clear space below the table top,

where in reality a man in a sitting position was hidden
behind the glasses and exhibited his head (" The Sphinx '')

above the table. The plane mirror illusion is so effective

that it has been reproduced with modifications by various

performers. In one case a living bust was shown through

an aperture in a looking-glass sloping upward from the

front toward the back of a curtained cabinet ; in another

a person stood half-hidden by a vertical mirror, and
imitation limbs placed in front of it were sundered and
removed ; and in another case a large vertical mirror was
pushed forward from a back corner of the stage at an angle

of 45 degrees, to cover the entrance of a living " phantom,"
and then withdrawn. Maskelj'ne improved uiion hisoriginal

cabinet by taking out a shelf which, in conjunction with a
mirror, could enclose a space, and thus left no ai>parent

place in which a person could possibly be hidden. He
introduced a further mystification by secretly conveying a

person behind a curtain screen, notwithstanding that, during

the whole time, the existence of a clear s{iace under the stool

upon which the screen is placed is proved by performers con-

tinually walking round. And the illusion reached its height

when he revealed or "vanished" a succession of persons

out of a light shell obelisk or " Cleopatru's Needle," with a

sheet of paper interposed between this cover and the stool

it stood upon, thus intercepting the apparently only avail-

able avenue of approach. The principle of reflecting by
means of transparent plate-glass the images of highly-illu-

minated objects placed in front, so that they appear as if

among less brilliantly lighted objects behind the glass, was
employed in the "ghost" illusions of Sylvester, of Dircks

and Pepper, of Robin, and of some other inventors,'—the

transparent plate-glass being, in some cases, inclined for-

wards so as to reflect a liiie-lighted object placed below

the front of tho stage, and in other arrangements set

vertically at an angle so as to reflect the object from a

lateral position.

Among the acoustic wonders of antiquity, fabled or real,

were the speaking head of Orpheus, the golden virgins,

whose voices resounded through the temple of Delphi, and

the like. Hippolytus (iv. 4) explains the trick of the

speaking head as practised in his day: the voice was really

that of a concealed assistant who spoke through the

flexible gullet of a crane. Towards the close of the lOlh
ct-niury (Jerbert (Pope Sylvester il.) constructed (sayi
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William of !Malmesbui'y) a brazen Lead whicii answered
questions ; and similar inventions are ascribed to Roger
liaeon, Albertus Magnus, and others. In the first half of

the 17th century the philosopher Descartes made a speak-

ing figure which he called his daughter Franchina ; and
the superstitious captain of a vessel had it thrown over-

board. In the latter part of the same ceotury Thomas
Irson, au Englishman, exhibited at the court of Charles
II. a wooden figure with a. speaking-trumpet in its mouth

;

and questions whispered in its ear were answered through
a pipe secretly communicating with an apartment wherein
was a learned priest able to converse in various languages.

Ceckmann, in his Uistori/ of Inventions (about 1770),
relates his inspection of a speaking figure, in which the

words really came through a tube from a confederate who
lield a card of signs by which he received intelligence from
the exhibitor. Somewhat later was shown in England
the figure of an infant suspended by a ribbon, having a

speaking-trumpet in its mouth,—an illusion in which two
concave mirrors were employed, one of them concentrating

the rays of sound into a focus within the head of the

figure ; and the mirror nearest the figure was hidden by a

portion of the wall-paper which was perforated with pin-

holes. . In 1783 Giuseppe Pinetti de Wildalle; au Italian

conjuror of great originality, exhibited among his many
wonders a toy bird perched upon a bottle, which fluttered,

blew out a candle, and warbled any melody proposed of

improvised by the audience,—doing this also when removed
from the bottle to a table, or when held in the performer's

Land upon any part of the stage. The sounds were pro-

duced by a confederate who imitated song-birds after

Rossignol's method by aid of the inner skin of an onion in

tbe mouth ; and speaking-trumpets directed the sounds
to whateiver position was occupied by the bird. About
the year 1825 Charles, a Frenchman, exLibited a copper
globe, carrying four speaking-trumpets, wLich was sus-

pended in a light frame in the centre of a room. Whispers
uttered near to .this apparatus were heard by a confederate

in an adjoining room by means of a tube passing through

the frame aud the floor, and answers issued from the

trumpets in a loud tone. • And of late years have appeared
more than one illusion of a similar order, in which the

talking and singing of a distant person issue from an
isolated head or figure by aid of ear-trumpets secretly

contained "within parts in which, from their outside form,

the presence of such instruments would not be suspected.

It is probable that the automaton trumpeters of Kaufmann
and of ilaelzel were clever deceptions of the same kind.

As described in the Joiirmd de Mode, 1809, JMaelzel's

life-size figure had the musical instrument fixed in its

mouth; the mechanism was wound up, and a set series of

marches, army calls, and other compositions was performed,

accompaniments being played by a real band. Mechanical
counterparts of the human lips, tongue, and breath, both
in speech and in playing certain musical instruments, have,

however^ been constructed,—as in A''aucanson's celebrated

automaton flute-player, which was completed in 173G; the

same mechanician's tambourine and flageolet player, which
was still more ingenious, as, the flageolet having only

three holes, some of the notes were produced by half-stop-

ping ; Abbd Mical's heads which articulated syllables, and
his automata playing upon instruments; Kempelen's anil

Kratzenstein's speaking-machines, in the latter part of last

century ; the speakiug-machiae made by Fabermann of

Vienna, closely imitating the human voice, with a fairly

good pronunciation of various words; the automaton
clarionet-player constructed by Van Oeckelen, a Dutchman,
and exhibited in New York in 18G0, which played airs

from a barrel like that of a crank-organ, and could take

the clarionet from its mouth and replace it ; and, lastly,
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Maskelyne's two automata, "Fanfare" (1878) playing a
cornet, and "Labial" (1879) playing a euphonium, both

operated by mechanism inside the figures and suppliuii

with wind from a bellows placed separately upon the stage.

Lucian tells of the magician Alexander in the 2d cen-

tury that he received written questions enclosed in sealed

envelopes, and a few days afterwards delivered written

responses in the same envelopes, with the seals apparently

unbroken ; and both he and Hippolytus explain several

methods by which this could be ettected. In this deceptiuu

we have the germ of " spirit-reading " and .'' spirit-writing,''

which, introduced in 1840 by Anderson, "The Wizard of

the North," became common in the rcj>ertoire of modem
co)ijurors,—embracing a variety of effects from an inst.Tii-

taneous substitution which allows the performer or hi-i

confederate to see what has_ been secretly written by tho

audience. The so-called " second-sight " trick depends

upon a system of signalling between the exhibitor, \vlu>

moves among the audience collecting questions to bo
answered and articles t<i be described, and the performer,

who is blindfolded on tLe stage. As already stated, the

speaking figure wLicL Stock showed to Professor Beckuiann,

at Gottingen, about 1770, was instructed by a code of

signals. In 1783 Pinetti had an automaton figure about.

18 inches in height, named the Grand Sultan or Wise
Little Turk, which answered questions as to chosen cards

and many other things by striking upon a bell, intelligence

being communicated to a confederate by au ingenious

ordering of the words, syllables, or vowels in the questions

put. The teaching of Mesmer and feats of alleged clair-

voyance suggested to Pinetti a more remarkable pertormanco

in 1785, when Signora Pinetti, sitting blindfold in a front

box of a theatre, replied to questions and displayed her

knowledge of articles in the possession of the audience.

Half a century later tLis was developed witL greater

elaboration, and tLe system of telegrapLing cloaked by
intermixing signals on otLer methods, first by Piobcrt-

Houdiu in 1846, tLen "by Hermann in 1848, and by
Anderson at a later period. Details of the system of

indicating a very large number of answers by slight and

iinperceived variations in tLe form of question are given

by F. A. Gandon, La Seconde Vne DCvoilCe, Paris, 1849.

Fire tricks, sucL as walking on burning coals, breatLing

flame and smoke from a gall-nut filled with an inflammablo

composition and wrapped in tow, or dipping the Lands in

boiling pitcL, V'ere known in early times, and are explained

by Hippolytus (iv. 33). At tlie close of tho 17th century

Richardson astonished the English public by chewing

ignited coals, pouring melted lead (really quicksilver) upon

Lis tongue, and swallowing melted glass. Strutt, in S/.oiix

and Pastimes of the People of England, relates how he saw

Powel tLe fire-eater, in 1762, broil a piece of beefsteak laid

upon Lis tongue,—a piece of ligLted charcoal being placed

under his tongue which a spectator blew upon with a

bellows till the meat was sufliciently done. TLis man also

drank a melted mixture of pitcL, brimstone, and lead out

of an iron spoon, the stuff blazing furiously. TLese per-

formers anointed their mouths and tongues with a pro-

tective composition.

Galen speaks of a person in the 2d century who relighted

}
a blown-out candle by holding it agaiiist a wall or a stone

I

which had been rubbed with sulphur and naphtha ; and

1 the instantaneous lighting of candles became a famous feat

I

of later times. Baptista forta gave directions forperfor:n-

ing a trick entitled " many candles shall be' lighted prc-

' sently." Thread is boiled in oil with brimstone and

i orpiment, and when dry bound to the wicks of candles
;

;
and, one being lighted, the flame runs to them all. He

i
says that on festival days they are wont to do this among

I

the Turks. "Some call it Hermes his ointment." In ]7Sj
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Pinotti showed two figures sketched upon a wall, one of

which put out a candle, and the other relighted tho hot

wick, when the candle was held to their mouths. By
wafers lio had applied a few grains of gunpowder to tho

mouth of the first, and a bit of phosphorus to that of the

other. A striking trick of this conjuror was to extinguish

two wax candles and simultaneously light two others at a

distance of 3 feet, by firing a pistol. The candles were

placed in a row, and tho pistol fired from the end where

the lighted candles were placed ; the sudden blast of hot

gas from the pistol blew out the flames and lighted the

more distant candles, because in the wick of each was placed

a millet-grain of phosphorus. A mora recent conjuror

showed a pretty illusion by appearing to carry a

flame invisibly between his hands from a lighted to an

unlighted candle. What he did was to hold a piece of

wire for a second or two in the flame of the first candle,

and then touch with tho heated wire a bit of phosphorus

which had been inserted in the turpentine-wetted wick of

the other. But in 1842 Louis Dobler, a German con-

juror of much originality, surprised his audience by light-

ing two hundred candles instantaneously upon tho firing of

a pistol. This was the earliest application of electricity to

stage illusions. The candles were so arranged that each

wick, black from previous burning, stood a few inches in

front of a fine nozzle gas-burner projecting horizontally

from a pipe of, hydrogen gas, and the tw'o hundred jets

of gas passed through the same number of gaps in a con-

ducting-wire. An electric current leaping in a spark

through each jet of gas ignited all simultaneously, and
the gas flames fired the candle wicks.

Robert-Houdin, who opened his " Temple of Magic

"

at Paris in 1845, originated the application of electro-

m.agnetisra for secretly working or controlling mechanical

apparatus in stage illusions. He first exhibited in 1845
his light and heavy chest, which, when placed upon the

broad plank or "rake " among the spectators, and exactly

over a powerful electromagnet hidden under the cloth

covering of tlie plank, was held fast af pleasure. In
order to divert suspicion Houdin showed a second experi-

ment with the same box, suspending it by a rope which
passed over a single small pulley attached to tho ceiling

;

but any person in the audience who took hold of the rope

to feel the sudden increase in the weight of the box was
unaware that the rope, while appearing to pass simpiy over

the pulley, really passed upward over a winding-barrel

worked as required by an assistant. Eemarkable ingenuity

was displayed in concealing a small electromagnet in the

handle of his glass bell, as well as in his drum, the electric

current passing through wires hidden within the cord by
which these articles were suspended. In one of Houdin's
illusions—throwing eight half-crowns into a crystal cash-

box previously set swinging—electricity was employed in

a dill'erent manner. Top, bottom, sides, and ends of an
oblong casket were of transparent glass, held together at all

the edges by a light metal frame. The coins were con-

cealed under an opaque design on the lid, and supported
by a false lid of glass, which was tied by cotton thread to

a piece of platinum wire. Upon connecting the electric

circuit, the platinum, becoming red-hot, severed the thread,

letting fall the glass flap, and dropping the coins into the

box.

Down to the latter part of last century no means of

secretly communicating ad libitum motions to apparently

isolated pieces of mechanism had superseded tho clumsy

device of packing a confederate into a box on legs

draped to look like an unsophisticated table. Pinetti

placed three horizontal levers close beside each other in

the top of a thin table, covered by a cloth, these

levers being actuated by wires passing through the legs

15—10

and feet of the table and to the cojifederate behind a
scene or partition. In the pedestal of each piece of

apparatus which was to bo operated upon when set loosely

upon tho table were three corresponding levers hidden by
cloth ; and, after being examined by the audience, the

piece of mechanism was placed upon a table in such a
position that the two sets of levers exactly coincided, one
being superimposed upon tho other. In one " eS'ect ",

tho confederate worked a small bellows in the base of a

lamp, to blow out the flame; in another he let go n

trigger, causing an arrow to fly by a spring from the bow
of a doll sportsman ; he actuated a double-bellows inside a

bottle, which caused flowers and fruit to protrude from
among tha foliage of an artificyal shrub, by distending with

air a number of small bladders shaped and painted to

represent them ; he opened or shut valves v^hich allowed

balls to issue out of various doors in a model house ae

directed by the audience ; and he moved the tiny bellows

in the body of a toy bird by which it blew out a candle.

Other conjurors added more complicated pieces of appa-

ratus,—one being a clock with small hand moving upon a

glass disk as required by the audience. The glass disk

carrying the numbers or letters was in reality two, the

back one being isolated by ratchet teeth on its periphery

hidden by the ring frame which supported it, and, though

the pillar-pedestal was separated into three pieces and

shown to the spectators, movable rods, worked by the

table levers, were in each section duly covered by cloth

faces. Another mechanical trick, popular with Torrini,

Houdin, Philippe, and Robin, and worked in a similar way,

was a little harlequin figure which rose out of a box set

upon the table, put his legs over the front of the box and

sat on the edge, nodded his head, smoked a pipe, blew

out a candle, and whistled a one-note obbligato to an

orchestra. Robert-Houdin employed, instead of the table

levers, vertical rods each arranged to rise and fall in a

tube, according as it was drawn down by a spiral spring

or pulled up by whip-cord which passed over a pulley at

the top of the tube and so down the table leg to the hiding-

place of the confederate. In his centre table he had ten

of these "pistons," and the ten cords passing under the

floor of the stage terminated at a keyboard. Various

ingenious automata were actuated by this means of trans-

mitting motion ; but the most elaborate piece of mechanical

apparatus constructed by Houdin was his orange tree. The

oranges, with one exception, were real, stuck upon small

spikes, and concealed by hemispherical screens which were

covered with foliage ; and the screens, when released by

the upward pressure of a piston, made half a turn, and

disclosed the fruit. Tho flowers were hidden behind

foliage until raised above the leaves by the action of

another piston. Near the top of the tree an artificial

orange opened into four portions ; while two butterflies

attached to two light arms of brass rose up behind the tree,

appeared on each side by the spreading of the arms, and

drew out of the opened orange a handkerchief which had

been borrowed and vanished away.

It is remarkable how many of the illusions regarded as

the original inventions of eminent conjurors have been

really improvements of older tricks. Hocns Poms Junior,

The Anatomy of Legerdemain (4th edition, 1654), gives an

explanatory cut of a method of drawing di9"erent liquors

out of a single tap in a barrel, the barrel being divided

into compartments, each having an air-hole at the top, by

means of which the liquid in any of the compartments wa.-s

withheld or permitted to flow. Kobert-Houdiu applied the

principle to a wine-bottle held in his hand from which he

could pour four difi'erent liquids regulated by the un-

stopping of any of the four tiny air-holes which were

covered by liis fingers. A large number of very small
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liqueur glasses lieiiig provided on trays, and containing

Irops of certain flavouring essences, enabled him to supply

Citations of various wines and liquors, according to the

glasses into which he poured syrup from the bottle ; while

by a skilful substitution of a full bottle for an emptied one,

or by secretly refilling in the act of wiping the bottle with

a cloth, he produced the impression that the bottle was

"inexhaustible." In 1835 was first exhibited in England

ft trick which a Brahman had been seen to perform at

Madras several years before. Ching Lau Lauro sat cross-

legged upon nothing,—one of his hands only just touching

"iome beads hung upon a genuine ht)llow bamboo which
was set upright in a hole on the top of a wooden stool.

The placing of the performer in position was done behind a

pcreen ; and the explanation of the mysterious suspension

is that he passed through the bamboo a strong iron bar,

to which he connected a support which, concealed by
the beads, his hand, and his dress, upheld his body. In

4849 Robert-Houdin reproduced the idea under the title of

fethereal suspension,—professedly rendering his son's body
devoid of weight by administering vapour of ether to his

Qose, and then, in sight of the audience, laying him in a

aoriisontal position in the air with one elbow resting upon
B staff resembling a long walking-stick. The support was
a jointed iron frame under the boy's dress, with cushions

and belts passing round and under the body. Subsequently

the trick was improved upon by Sylvester—the suspended

person beiug shown in several changes of position, while

ihe sole supporting upright was finally removed. For
the latter deception the steel upright was made with

polished angular faces, apex toward the spectators, and
icted in a dim light on the same principle as the mirrors

of a Sphinx table. Before lowering the light, the reflector

bar is covered by the wood staff set up before it.

Tlie mysterious vanishing or appearing of a person

under a large extinguisher upon the top of a table, atid

without the use of mirrors, was first performed by Comus,
a French conjuror very expert in the cups-and-balls

sleight-of-hand, who, appearing in London in 1 789, an-

nounced that he would convey his wife under a cup in

the same manner as he would balls. The feat was accom-

plished by means of a trap in a box table. Early in the

present century Chalons, a Swiss conjuror, transformed a

bird into a young lady, on the same principle. In 1836
feutton varied the feat by causing the vanished body to re-

•appear under the crust of a great pie. Houdin " vanished "

ti person standing upon a table top which was shown to bo
only a few inches thick ; but there was a false top which
was let down like the side of a bellows, this distension

being hidden by a table-cloth hanging sufficiently low

lor the purpose, and the person, when covered by the

extinguisher, entered the table though a trap-door opening

upwards. Robin, in 1851, added to the wonder of the trick

by vanishing two persons in succession, without any pos-

sibility of either escaping from the table,—the two persons

really packing themselves into a space which, without clever

arrangement and practice, could not hold more than one. The
eword-and-basket trick was common in India many years

^go. In one form it consisted in inverting an empty
fcaoket over a child upon the ground ; after the child had
secreced himself between the basket-bottom and a belt

concealed by a curtain painted to look like the actual

jwicker bottom, a sword was thrust through both sides of

the basket, the child screaming, and squeezing upon the

sword and upon the ground a blood-coloured liquid from a

^pong. When the performer upset the basket, the child

could ffot be seen; but another child similarly costumed

fliiHdenl appeared among the spectator.i, having been up
ID that time supported by a pair of stirrups under the

icloak of a confederate iimone the bystanders. ,. In another

form an oblong basket is used large at the bottom and
tapering to the top, with the lid occupying only the

central portion of the top, and the child is so disposed

round the basket that the sword plunged downward avoids

him, and the performer can step inside and stamp upon
the bottom to prove that the basket is emptj'. In

1865 Stodare introduced the trick into England, but
in a new manner. Upon light tressels ho placed a large

oblong basket ; and after a lady attired in a profuse

muslin dress had composed herself and liev abundance of

skirt within, after the lid had been shut and the sword
plunged through the sides, the basket was tilted towards

the audience to show that it was empty, and the lady

reappeared in a gallery of the hall. The basket was formed
with an outer shell to turn down, leaving the lady with

her dress packed together lying upon the basket bottom
and behind what had formed a false front side, —the
principle being the same as in the clown's box, which, when
containing a man, is rolled over to display the inside

empty. The reappearing lady was a double, or twin

sister.

Among the most meritorious and celebrated mechauical

illusions have been automaton figures secretly influenced

in their movements by concealed operators. In the 17th

century JI. Raisin, organist of Troyes, took to the French

court a harpsichord which played airs as directed by the

audience ; but, upon opening the instrument, Louis XIV.
discovered a youthful performer inside. In 1769 Baron

Kempelen, of Pressburg, in Hungary, completed his chess-

player, which for a long time remained the puzzle of

Europe. It was an illusion,—the merit consisting in the

devices by which the confederate player was hidden in

the cabinet and body of the figure, while the interior was
opened in successive instalments to the scrutiny of the

spectators. The first player was a Polish patriot, Worousky,
who had lost both legs in a campaign ; as he was furnished

with artificial limbs when in public, his appearance,

together with the fact that no dwarf or child travelled in

Kempelen's company, dispelled the suspicion that any
person could be employed inside the machine. This

automaton, which made more than one tour to the capitals

and courts of Europe, and was owned for a short time by
Napoleon I., was exhibited by Maelzel after the death of

Kempelen in 1819, and ultimately perished in a fire at

Philadelphia in 1854. A revival of the trick appeared in

Hooper's " Ajeeb," shown a few years ago at the Sydenham
r>j's'„ai Palace and elsewhere. Still more recently a chess-

playing figure, "Mephisto," designed by Gumpel, has been

on view. No space exists for the accommodation of a living

player within ; but, as there is no attempt at isolating the

apparatus from mechanical communication through the

carpet or the floor, there is nothing to preclude the

moving arm and gripping finger 'and thumb of the figure

from being worked by any convenient connexion of threads,

wires, rods, and levers. In 1875 Maskelyne and Cooke

produced at the Egyptian Hall, in London, an automaton

whist-player, " Psycho," which, from the manner in which

it is placed- upon the stage, appears to be perfectly isolated

from any mechanical communication from without; there

is no room within for the concealment of a living player

by aid of any optical or other illusion, and yet the free

motions of both arras, especially of the right arm and

hand in finding any card, taking hold of it, and raising it

or lowering it to any position and at any speed as demanded

by the audience, prove that the actions are directed from

without. The arm has all the complicated movements

necessary for chess or draught playing ; and Psycho calcu-

lates any sum up to a total of 99,000,000. What the

mysterious means of connexion are has not been dis-

covered ; or, at any rate, down to the time of writing
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this article there has appeared no correct imitation of

this joint invention of John Nevil JIaslttlyue and

'John Algernon Clarke. Perhaps a still more original

lautomaton is Maskelyne's figure " Zoe," constructed in

Il877, which writes and draws at dictation of the aifdieacc,

yet cannot have a living person within, and could not be

more completely severed from all conceivable means of

control without. " Zoe," a nearly life-size but very light

'doll, sits loose upon a cushioned skeleton-stand, of which

the solid feet of the plinth rest upon a thick plate of clear

glass laid upon the floor-cloth or carpet of the stage.

" Psycho," a smaller Oriental figure, sitting cross-legged on a

box, is supported by a single large cylinder of clear glass,

which, as originally exhibited, stood upon the carpet of

tlie stage, but was afterwards sei loose upon a small stool,

having solid wood feet ; moreover, this automaton may be

placed in almost any number of different ways. Thus,

from the precautions observed in the isolation of

Maskelyne's automata, no current of electricity, no
magnetic attraction, no hydraulic or pneumatic force can

reach them, or, if it could, would not account for the many
and delicate movements which they execute ; and there

can be no wires, threads, or hairs, passing in any direction

away from the figures, seeing that persons from the

audience admitted close around the figures while they are

in operation could not fail to observe them. It may be

mentioned that, in the same year in which "Psycho"
appeared, the joint inventors patentsd a method of con-

trolling the speed of clock-work mechanism by compressed

air or gas stored in the pedestal of an automaton, this

compressed fluid acting upon a piston in a cylinder and
also upon a rotating fan when a valve is opened by
" an electrical or other connexion worked by the foot of

the performer or an assistant." But it is not known
whether the principle obscurely described in the speci-

fication was applicable in any way to the invisible

agency employed in " Psycho" or in "Zoe," or whether- it

had reference to some other invention which has never

been realized. The whist-playing automaton is affirmed

to be the only one of Maskelyne's many subtle inventions

in which he received suggestions from another person.

That a mysterious and apparently elaborate mechanical

movemei.t may, after all, possess the utmost simplicity is

illustrated by the familiar conjuring trick known as
" rising cards." Four cards having been chosen by the

audience and returned to the pack, this is placed end
upwards in a glass goblet, or in a thin case not deep enough
to hide the pack, upon the top of a decanter or upon a

stick. At command, the cards rise, one at a time, out of

the pack ; one rises part of the way and si:iks back again
;

one rises quickly or slowly as directed ; one comes out feet

first, and^ on being put back, rises head upwards like the

others ; and one dances in time to music, and finally jumps
out of the pack. At the conclusion there remain only the

goblet or the case and the cards, subject to the minutest
examination of any one from the audience, without a
trace of moving mechanism visible. This was one of the
chiefjetix of Comte, the French conjuror and ventriloquist,

at the end of la.St century, and in varied forms has been
popular to the present day. Probably it was suggested by
the earlier device of the golden head dancing in a glass

tumbler, which is described in The Conjuror Unmasked,
1790. Several crown pieces were put in the glass, a

small gilded head above them, and a plate or other flat

cover laid upon the mouth of the glass
;
yet the head thus

isolated jumped inside the glass so as to count numbers and
answer questions. The secret communicator of motion was
a fine silk thread attached to the head and passing through
a tiny notch cut in the lip of the glass, and so to a con-

federate who pulls it. In the cage of the rising cards the

wliolo cf the movements are effected by arran^ng n single

silk thread in the previously prepared puck, passing over
some cards and under others, and led behind the decanter
or other support to the stage and thence to the confederate.

As this infinitely simple mechanical agent is drawn alto-

gether out of the pack after the last card has risen, liter-

ally no trace remains of any means of coinmuuicating
motion to the cards.

Oriental ingenuity, which furnislfed the original idea of

the ethereal suspension trick, contributed the Chinese rings

introduced into England in 1834 ; also the Chinese feat of

producing a bowl of water with gold-fish ont of a shawl,

first seen in England in 1845, and the Indian rope-tying

and sack feats upon which the American brothers Davenport
founded a distinct order of performances in 1859. Their
quick escape from rope bonds in which they were tied by
representatives of the audience, the instantaneous removal

of their coats in a dark stance, leaving themselves still bound,

and their various other so-called "phenomena" were exposed

and imitated by Maskelyne, who, in 1860, greatly surpassed

any feats which they had accomplished. He proceeded

to exhibit himself floating in the air, to show " material-

ized spirit forms," and to present a succession of wonders
of the spirit mediums in novel performances down to the

present time. One of Maskelyne's cleverest inventions was
the box which he constructed in 1860; it clasely fitted

when he packed himself in a cramped position within ; it

was enclosed in a canvass wrapper, corded with any length

and complicated meshing of rope, and the knot sealed, yet

his escape was effected in the brief space of seven seconds.

Taking more time, he performed the converse of these opera-

tions except the sealing. Provided with the wrapper and
the open box, himself standing outside, he drew a curtain

before him to conceal the modus operandi, and in a few
minutes was found in the box, which, though so small as

to permit no limb to be moved more than a few inches,

he nevertheless wrapped and corded as exactly as if he

had operated from the outside. Partially imitated with

trick boxes of larger size, this feat has never been executed

under the same conditions by any other conjuior ; and the

process of escape and repacking has never beej fully eluci-

dated, (j. A. CL.)

MAGIC LANTERN is the name given to an optical

instrument for projecting on a white wall or screen largely

magnified representations of transparent pictures painted

or photographed on glass.

The invention of the magic lantern is usually attributed

to Atbanasius Kircher, who died in 1680^ although, ac-

cording to some, it was known four centuries earlier to

PiOger Bacon (see p. 207). For long after its discovery

the magic lantern was used chiefly to exhibit comic pictures,

or in the hands of so-called wizards to summon up ghosts

and perform other tricks astonishing to those who were

ignorant of the simple optical principles employed. Within

the last twenty or thirty years, however, and mainly 6n

account of the invention of photograph) , the magic lantern

has been greatly improved in construction, and its use

widely extended. By its means finely executed photographs

on glass can be shown greatly magnified to large audiences.

The scientific lecturer is thus saved the trouble and expense

of preparing large diagrams, besides having his subject

better illustrated. When suitably constructed, the magic

lantern can be used in the form of a microscope to exhibit

on a screen the forms and movements of minute living

organisms, or to show to an audience delicate physical and

chemical experiments which could otherwise be seen only

by a few at a time.

The magic lantern in its simplest form is represented in

fig. 1. A is a dark box surmounted by a suitable chimney

for carrying off the products of com' uslion from the source
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of light L, which is placed in the focus of a spherical

reflector. Ou the side opposite the reflector the box is

pierced by a round hole, into which is fitted the metal tube
D, which may either be cylindrical or slightly tapered.

To the inner end of the tube D is fitted a lens or combina-
tion of lenses C called the " condenser." Immediately in

front of the condenser, and at right angles to the axis of the
tube, is a vertical slit S for receiving

the transparent pictures usually called

("slides." To the outer end of D is

fitted a lens or combination of lenses

O called the "objective" or "project-

ing lens." At a suitable distance from
0 is placed the screen for receivin^

magnified picture —the screen and
being in the conjugate foci of the

lens O. Since the objective reverses,

the picture must be inserted in the slit
'"'

upside down. The objective can be moved backwards and
forwards in the tube D by means of a rack and pinion.

Since the screen and slide are in the conjugate foci of O
the diameter of the picture on the screen has the same ratio

to the screen's distance from O that the diameter of the
picture on tlie slide has to the slide's distance from O.
The ratio adopted is generally 1 to 3 or 4.

Source of Light.—Almost any good source of light can
be used in the magic lantern. In the earlier forms a
simple oil light was u.sed ; and in the toy
forms either an oil light or simple gas-

flame is still employed. Better effects

are obtained from the Argand fountain
lamp (fig. 2) or from the common Argand
gas burner with a glass chimney. In
the Eciopticon (fig. 3)—a handy and ex-

cellent form recently introduced—a speci-

ally constructed paraffin lamp is employed
with three parallel flat wicks set edgeways
to the condenser. With this lamp a clear,

well-defined picture varying from 6 to It)

feet in diameter can be readily thrown Fia. 2.—Argand
on the screen. For the best elTects, Fountain Lamp,

however, recourse must be had to the oxy-calcium light

{fig. 4), in which a small cylinder of lime is heated to

intense luminosity in tlie flame of a spirit lamp through
which a jet of oxygen plays ; the Oxy-hydrogen Light

MAGIC LANTERN

Fia. 3.—Sciopti

(q.v.) ; the magnesium light, in which two narrow ribands

of magnesium are put through slits bya clock-work arrange-

ment and burn as they advance; or, best of all,—unless when
sunlight can be used with the aid of aheliostat (see Heliq-

0RA.P1IY),—the electric light.

Condenser and Objective.—The object of the condenser
(fig. 5, C) is to collect as much light as possible from the
source, and pass it

through the trans-

parent picture in

the slit. For this

purpose the con-

denser should sub-

tend as large an
angle as possible

at the source of

light. To secure

this, the condenser

should be tolerably ^'°- 4-—0.xy-calcium Lamp,

large, and its distance from the light, that is, its focal

length, small. Since effective single lenses of

diameter are neces-

1

sarily of long focus,

a really good con-

denser of consider-

able diameter and
yet of short focus

must be a com-
bination of two or

more lenses.

Let/i and/o be the

focal lengths of two
lenses, and/ the focal

length of their com-
bination. Then, ne-

glecting the thickness of the leu

toegther

Fio. 5.—Condenser antl Objactive.

we have when the two are close

1 1 1

From which we get /— .
'

:. , a fraction which is always less than

either /j or/j provided these are net zero. Suppose, for example,
two lenses of 6 and 10 inches focal length respectively ; the focal

length of their combinajion will be =3j inches.

In the earlier lanterns, as still in the cheaper forms, only a single

plano-conve-x lens or bull's-eye was employed as a condenser. Better

effects are produced by two such lenses. Perhaps the best con-

denser for ordinary work is that proposed by Hersohel and repre-

sented in fig. 5, C, consisting of a biconvex lens and a iieniscus

mounted together with the concave side of the meniscus next the

liglit. The diameter of such a condenser is about 6 inches, and its

focal length a little over 3 inches. The focus must not be so

short as to bring the lens too near the light, and render it liable tn

crack from the intense heat. In some lanterns this is gusr.ffid

against by placing a plata of thin glass between the condens;;r wt.d

the liglit. In the Eciopticon (fig. 3) the condenser consists of two
plane-convex lenses, each about 4 inches in diameter. Candensicrs

of large diameter .ire not so essential now as formerly, seeing that

small pictures can easily be produced by photography.

The function of the objective (fig. 5, 0) is to produce a

magnified inverted image of the picture on the screen. In

toy lanterns it is a simple double-convex lens of short

focus. This, however, can only produce a small picture,

and that not very distinct at the edges. The best objective

is the portrait combination lens used in ordinary photo-

graphic cameras. These are carefully corrected both for

spherical and chromatic aberration, which is absolutely

essential in the objective, although not so necessary in the

condenser. It is essential, however, that the condenser

be free from cracks or flaws, as these would appear and mar
the picture.

Slides.—These are pictures, painted with transparent

water or oil colours, or photographed on pieces of gliss.

The pieces of glass are usually fixed in small wooden frames
for insertion in the slit. If parts of the picture are to be
movable, two disks of glass are employed, the one movable
in front of the other, the fixed part of the picture being
painted on the fixed disk and the movable part on the
other. By means of a lever the latter disk Ls moved in its
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own plane ; and in this way a cow for instance can bo

represented drinking, or a donkey cutting amusing capers.

A lever slide ia represented in fig. fi. In tlie chrnmatrope

Fia 6 —Lever felule.

slide (fig. 7) two circular disks of glas.s are placed face to

face, each containing a design radiating from the centre, and
painted with brilliant transparent colours. By a small

pinion gearing in toothed wheels or endless bands the disks

are made to move in opposite directions in their own plane.

FlO. 7.—Chromatrope.

The effect produced is a singularly beautiful change of

design and colour. In astronomical slides the motions of

the heavenly bodies, eclipses, the phases of the moon, or

the like are similarly represented by mechanical means.

Slides can also be made from narrow glass tanks with

parallel sides. When these are filled with v.'ater contain-

ing delicate living organisms the forms and movements of

the latter are beautifuUy seen. Such tanks can also be

employed to show such phenomena as the gradual growth
of crystals, the electrolysis of water between platinum
electrodes, (fee. A great variety of physical and chemical

experiments can be shown in this way.

Dissolving I'iews.—For this purpose two magic lanterns are

n^'cossarv, arranged either side by side or the one on the top of the
other. The fronts of the lanterns are slightly inclined to each
other so as to make the illuminated disks on the screen due to each
lantern coincide. By means of a pair of thin metallic shutters

teiniinating in comb-like teeth; and movable by a rack or level", the
light from either lantern can be gradually cut off at the same time
that the light from tlie other is allowed gradually to fall on the
screen. In this way one view appears to melt or dissolve into

another. This arrangement was first adopted by Childe in ISll.

Phantasmagoria.—In this arrangement the pictures on the screen

appear gradually to increase or diminish in size and brightness. To
eflect this a semi-transparent screen of cotton or other material is

nsed, the lantern being behind and the audience in front. The
lantern is mounted on wheels so that it can be rapidly- moved up
to or withdrawn from the screen ; and an automatic arrangement
is provided whereby simultaneously with this the objective is made
to approach or recede from the slide so as to focus the picture on
the screen in any position of tlie lantern. In this way a very small
picture appears gradually to grow to enormous dimensions.

Lantern Polariscope.—This, perhaps the most beautiful modifica-
tion of the magic lintem for scientific purposes, consists ofan elbow-

shaped tube, containing mirrors, lenses, tc, and attnchc.l to ih"

front of the lantern in place of the tube containing the objective.

It is represented in section in fig. 8. C is the usual condenser
belonging to the lantern. G is a set of thin glass plates inclined at

the polarizing angle 56" 4.'')' to the axi"? of t!»e tube. Tiie beam
of po!ari?ed light from L reflected from G passes through the Icusea-

Fig. 8.—Lantern Polariscope.

F and the analysing Nicol's prijni P, and falls on the screen. The
objects to be examined by the polarized light are placed in the

transverse slit 0. AVhen thin plates of selenite or other doubly
refracting crystals are placed in O, a most beautiful display of com-
plementary colours is produced on tlie screen by rotating the Nicol's

prism. Almost all tlic experiments on polarized light can be well

sll0^^•n by this arrangement.

The sciojHicon (fig. 3) is an excellent and convenient lantern,

very suitable for all the requirements of the lecturer, as well as for

school use in teaching geography, &c.

See Brewster's Optics ; Gancfs Physics ; and Chadv.'Ick's ilanuat of the ifaijic

Lanlern. (J. DL.)

JIAGIC SQUAKE. A magic square is one divided into

any number of equal squares, like a chess-board, in each

of which is placed one of a series of cocsecutive numbers
from 1 up to the square of the number of cells in a side,

iu such a manner that the sum of those in the same row

or column and in each of the two diagonals is constant.

From a very early period these squares engaged the

attention of mathematicians, especidly such as possessed

a love of the marvellous, or sought to win for themselves

a superstitious regard. They w^rs then supposed to

possess magical properties, and were worn, as in India at

the present day, engraven in metal or stone, as amulets

or talismans. According to the mystic imaginings of the

old astrologers relations subsisted between these squares

and the planets : a square with only one cell, containing

1, symbolized the unity of the deity; a square of two,

containing the four elements, was the symbol of matter;

while those of 3, 4, 5, 6, 7, 8 were consecrated respect-

ively to Saturn, Jupiter, Mars, the Sun, Venus, and
Jlercury. Iu later times such squares ranked only as

mathematical curiosities ; till at last their mode of Cin-

struction was systematically investigated. These squares

were at first mere triumphs of the same dogged persever-

ance as v.-as in later times exhibited by the Dutchma;',

Ludolnh van C'eulen, who, after calculating tt to 35 plac.s

of decimals, directed, like Archimedes, that it should !•?

engraven on his tomb, though his industry was surpa?.^ i

by M. de L-.gry, who continued the decimal to 127 places.

The earliest known writer on the subject was Emanuel
Moscopulus, a Greek, who lived in the 4th or 5th century,

and whose manuscript is preserved in the National Library

at Paris. After him Frenicle constructed magic squares,

such that if one or more of the encircling bands of numbers

be taken away the remaining central squares are still

magical. Subsequently M. Poignard constructed squares

with numbers in arithmetical progression, having the

magical summations. The later researches of M. de la

Hire, recorded in the Uemoires de I'Acadcmie Ro;iale in

1705, are interesting as giving general methods of cod-
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struction. He has there collected the results of the

labours of earlier pioueers; but the subject has now beea
fcilly systematized, and extended to cubes.

In order to understand the rest of this article diagram
A should be carefully examined. A square of 6 has

adjoining it one of the eight equal squares by which any
square may be conceived to be surrounded, each of which
has two sides resting on adjoiuing ones, while four have sides

resting on the surrounded square, and four meet it only at

its four angles. 1, 2, 3 are placed along the path of a knight

in chess ; i, along the same path, would fall in a cell of

the outer square, and a.

is placed instead in

the corresponding cell

of the original square;

5 then falls within the

squara a, b, c, d
are placed diagonally

in the square ; but

e enters the outer

square, and is removed thence to the same cell of

the square it had left o, fi, y, 8, e pursue another, but
regular, course ; and the diagram shows how that course is

recorded in the square they have twice left. Whichever
of the eight surrounding squares may be entered, the

corresponding cell of the central square is taken instead.

The 1, 2, 3, a, b, c, . . . , , a, p, y, . . . . are

said to lie in jiatfis.

Squares whose Roots are Odd.—Diagrams B, C, D
exhibit one of the earliest methods of constructing magic
squares. 'Here the S's in B and 2's in C are placed in

B. C. D.
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- a^ - a, = 0,— u. solution of whicU is readily obtained by
iii3[)oction, aa in diagram P ; this leads to the square, dia-

gram Q. When the root is 8, the upper four subsidiary

rows may at once be written, as in diagram R ; then, if the

square be completed, 65 added to each, and the sums
halved, the square is completed. In such squares as

these, the two opposite squares about the same diagonal

(except that of 4) may be turned through any number of

right augles, in the same direction, without altering the

summations.

A'asik Squares.—Squares that have many more summa-
tions than in rows, columns, and diagonals have been
investigated by the Rev. A. H. Frost (Cambridge 3£ath.

Jour., 1857), and called Nasik squares, from the town in

India where he resided ; and he has extended the method
to cubes, various sections of which have the same singular

properties. In order to understand their construction it

will be necessary to consider carefully diagram S, which
shows that, when the root is a prime, and not composite,

number, as 7, eight letters a, b, . . . h may proceed from
any, the same, cell, suppose that marked 0, each letter

being repeated in the cells along different paths. These eight

paths are called normal paths, their number being one more
than the root. Observe here that, excepting the cells from
which any two letters start, they do not occupy again the

same cell, and that two letters, starting from any two
different cells along different paths, will appear together in

one and only one cell. Hence, if /)j be placed in the cells of

one of the re + 1 normal paths, each of the remaining n normal
paths will contain one, and only one, of these p-^s. If now
we 611 each row with p„, p^, ... />„ in the same order,

commencing from the p, in that row, the p^^s, p^a, and p„'3

will lie each in a path similar to that of ^j, and each of the

n normal paths will contain one, and only one, of the

letters p^, p^, . . . Pn, whose g
sum will be 2p. Similarly, if

q^ be placed along any of the

normal paths, different from

that of the p's, and each row
filled as above with the letters

q.-., ?3, . . . qn, the sum of the

q'i along any normal path dif-

ferent from that of the 5, will

be 2?. The n" cells of the

square will now be found to

contain all the combinations

of the ;)'s and q's; arid, if the g's be multiplied

by n, the p's made equal to 1, 2, . . . n, and the q's to

0, 1, 2, ... m - 1 in any order, the Nasik square of n
will be obtained, and the summations along all the normal
paths, except those traversed by the p's, and q's, will be the

constant 2ft? + 'S.p. When the root is an odd composite

number, as 9, 15, kc, it will be found that in some path.s,

different from the two along which the jo^ and ^j were

placed, instead of having each of the p's and 5's, some will

be wanting, while some are repeated. Thus, in the case

of 9, the triplets ppp^, p^p^p^, PsPePs, and q^q^q., qr,q,^q^,

'ii'la'ig
f'cur, each triplet thrice, along paths whose

summation should be— 2;), 45, and 2'", 36. But if we
make p,, p.^, . . . Pg = 1, 3, 6, 5, 4, 7, 9, 8, 2, and the »•,, r^
. . . rg = 0, 2, 5, 4, 3, 6, 8, 7, 1, thrice each of the above

sets of triplets will equal 2;) and 2? respectively. If

now the q's are multiplied by 9, and added to the p's in their

several cells, we shall have a Nasik square, with a constant

summation along eight of its ten normal paths. In diagram
T, the numbers are in the nonary scale ; that in the

centre is the middle one of 1 to 9-, and the sum of pairs of

numbers equidistant from and opposite to the central 45
is twice 45 ;. and the sum of any number and the 8

numbers 3 from it, diagonally, and in its row and column,
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same way,—and if the Eurronnding space be cinceired thus f.llea

with similar ciibos, and a straight line of unlimited length be drawn

through any two cubelet centres, one in each ot any two cubes,—the

numbMs along that line will be found to recur in groups of seven,

which (except in the three cases where the same/;, q, or r recur in

the "roup) together make the Nasical summation of the cube.

Further, if we take n similarly filled Nasik cubes of n, n new letters,

Ji, s.,, . . s„, can be so placed, one in each of the n' cubelets of this

group of % cubes, that each shall contain a diiTerent combination of

the ;)'s, j's, i-'s, and s's. This is done by placing Sj on each of the n'

cubelets of the iirst cube that contrin pj, and on the m° cubelets ot

the 2(1, 3d, . . . and »th cube that contain -p^, p„ . . . p„ respect-

ively. This process is repeated with s,, beginning with the cube

at which we ended, and so on with the other s's ; the w* cubelets,

after multiplying the g's, r's, and s's by n, n^, and n^ respectively,

1



M A G — M A G 217

bo corrupted. Tliey all bad tlio power of punisuing male-

factors with doiitli. Tbo cliicf among them was called

archon, and tbo year took its designation from him,—the

archon eponi/mus, who was also constituted a sort of state

protector of those who were unable to defend themselves.

The Franks, Lombards, and Saxons appear to have been

jealous of judicial authority, and averse to removing what

concerned a man'ti private right out of the bands of his

neighbours and equals ; every ten families are supposed to

have had a magistrate of their omi election, the tytbing

man of England, the decanus of France and Lombardy.

The decanus was the lowest species of judge.

See Blsckstone's Commentaries, 1825 ; Cowel, Law Did., 1717 ;

Geldart's Hallifax on the Cii-il Law, 1836 ; Halllm, Middle Ages.

MAGLIABECHI, Antonio (1G33-17U), one of the

most remarkable bibliophiles of his time, was born at

Florence, October 28, 1633, and followed the trade of a

goldsmith until 1673, when ho received the appointment

of librarian to the grand-duke of Tuscany, a post for which

he had qualified himself by his vast stores of self-acquired

learning. He died on July 4, 1714, bequeathing his large

private library to the grand-duke, who in turn handed it

over to the city. See Libraries, vol. xiv. pp. 530, 548.

MAGNA CHARTA. See Chaetee, and England,
vol. viii. pp. 306, 308.

MAGNA GR^CIA. See Gr^cia.

MAGNESIA, in ancient geography, was the Dame of

two cities in Asia Minor, both of considerable interest

and importance.

(1) A city of Ionia, situated on a small stream flowing

into the valley of the Mseander, whence it was commonly
called Magnesia ad Mieandrum. It was distant 120 stadia or

15 Roman miles from Miletus, and rather less from Ephesus.

According to tradition, as well as the similarity of names,

it was founded by a body of colonists from the Thessalian

tribe of the Magnetcs, with whom were associated, accord-

ing to Strabo, some Cretan settlers. It was thus not

properly an Ionic city, and for this reason apparently was
not included among the cities of the Ionic league, though
superior in wealth and prosperity to most of them, except

Ephesus and Miletus. It was indeed taken and destroyed

by the Cimm-rians in their irruption into Asia Minor
(about 600 B.C.), but was soon after rebudt, and gradually

recovered its former prosperity. It was one of the towns

tissigned by Artaxerxes to Themistocles for his support in

his exile, and there the latter ended his days (449 B.C.).

In later times it was chiefly noted for its temple of Artemis
Leucophryne, which, according to Strabo, surpassed that at

Ephesus in the beauty of its architecture, though inferior

to it in size and wealth. The. remains of this temple, as

well as of the ancient city adjoining it, are still extant, and
have been laid open by recent excavations. They are

described by M. Texier (Asie M i7teure, vol. Hi.). Magnesia
continued under the kings of Pergamum to be one of the

most flourishing cities in this part of Asia, but appears to

have gradually declined under the Roman empire, and its

name disappears /."om history, though its continued exist-

ence is attested by coins as late as the time of Gallienus.

(2) A city of Lydia, about 40 miles north-east of

Smyrna, which stood on the southern bank of the
river Hernius, at the foot of Mount Sipylus, from which
circumstance it was often called for distinction's sake
Magnesia ad Sipyluni. It is probable from its name" that
it was founded, like the city of the same name in the
valley of the Marauder, by Magnesian colonists from
Thessaly ; but we have no authority for the fact. Nor is

any mention of the town fouiid in history till 190 B.C.,

svhon the Syriau king, Antiochus the Great, was defeated
under its walls by the Roman consul L. Scipio, who
derived from his success in this campaign the surname of

15—10*

Asiaticus. Magnesia became a city of importance under
the Roman dominion, and, though nearly destroyed by an
earthquake in the reign of Tiberius, was restored by that

emperor, and continued to flourish throughout the period
of the Roman empire. It was odd of the few towns in this

part of Asia Minor that retained its prosperity under the
Turkish rule ; and Manisa (q.v.) is at the present day a
large and flourishing town with considerable trade.

MAGNESIUM, a mttallic element (symbol Mg) forming
a basic oxide " magnesia," MgO, which in some form or

other is universally disseminated throughout the whole of

the earth's crust, apart from the large masses of mineral con-

sisting essentially of magnesia compounds. This accounts
for the presence of at least traces of magnesia in the ashes

of all plants and animals, and for its presence in almost all

natural waters. In these, however, it in genei '1 is present

only as a quasi-contamination of the lime ; in cert, in mineral

waters, on the other hand, known as bitter waters 'as those

of Epsom, Sedlitz, Piillna), sulphate of magnesi forms

the principal solid component. All native chloifde of

sodium is accompanied by magnesia salts, includini^- the

cases of salt-springs and of ocean-water, the latter cont-in-

ing about 0'21 per cent, of magnesia as sulphate a -d

chloride.

Of magnesium minerals we may name the following:

—

A. Silicates.—(1) Olivine, Si03.2MgO, occasionally met
with in transparent crystals ("chrysolite"), but more fre-

quently embedded as an admixture in lava, basalt, and
other rocks; also in meteorites. (2) Augite and (3) horn-

blende, both MgO.SiOj. The latter more frequently than

the former forms independent rocks ; both occur abundantly

as components of more ordinary mixed rocks, all basalts

containing augite as a principal component. (4) Ser-

pentine, SiO-22H20.3(Si02.2MgO)-l-2Aq (meaning 2H,0
loosely combined),—a very common mineral ; there are

mountain masses consisting almost of it alone. In all these

silicates, and more especially in (2) and (3), the MgO is

partly replaced by FeO, CaO, MnO, and other isomorphous
oxides, these latter not unfrequently even predominating
over the MgO itself. Their names, in fact, represent genera

of minerals comprising each numerous species. Asbestos

(so remarkable on account of its exceptional structure,

which lends itself for the production of fire-proof textile

fabrics, paper, pasteboard, Ac.) must be mentioned here,

as some varieties fall under hornblende, others under
chrysotil (included in serpentine). Jlore purely magnesian
are—(5) talc, 4SiO.-,.oMgO.H,0 (Rammclsberg), and (6)
meerschaum, 3SiO2.2Mg0 -1- 4(?)H„0 (same authority).

B. Carbonates.—Of these the most abundant are the

dolomites, all compounds of the carbonates of lime and
magnesia, xCa.(l -x)Mg.O.COo, where x may assume
almost any value down to zero, which it actually has in
" magnesite," MgOCOo. Bitter spar, MgOCO.,, is very

similar to and isomorphous with Iceland spar, CaOCO.,.
C Soluble Salts, known chiefly as occurring in the

famous salt-deposits of Stassfurth in Germany :—kieserite,

MgOSOj.HoO (Epsom salt minus 6H.,0) ; camallite,

MgCl,KCl-f 6HjO ; kainite, a hydrated compound of

chlorides and sulphates of magnesium and potassium.

Any of these minerals may be used, and A (4), B. and

C are actually used for the preparation of map^aesium

compounds. Starting from magnesite, we need jnly sub-

ject it to gentle ignition to obtain the oxide MgO ; treat-

ment with dilute sulphuric or muriatic acid produces the

sulphate (Epsom Salt, q.v.) or the chloride, as a solution,

contaminated in general,—chiefly with iron, also with

alumina, and perhap.s lime. The two former, after peroxida-

tion of the iron by chlorine, may be eliminated by digestion

with powilered magnesite, and filtered oS'. The acidified

muriate solution, on evaporation and cooling, deposits trans-
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parent crystals, MgCUGHp, very hygroscopic, very readily

soluble in water, and (like the anhydrous salt) soluble also

in alcohol. When dehydrated by heat it loses acid (HCl),

so that the residue is largely contaminated with oxychlorides,

MgClj.a-'MgO. Certain of these are industrially important

as cements, used by dentists and otherwise. A concentrated

solution of the chloride, made into a paste with the ignited

(C02-free) oxide, in a few hours hardens into a store

susceptible of polishing (Sorel). To prepare the anhydrous

chloride, the crystallized or. dissolved hydrated salt is

evaporated with sal-ammonia to dryness, and the residue

(a stable double salt) is ignited in platinum. Pure chloride,

MgGIo, remains as a clear liquid, solidifying on cooling into

a compact aggregate of flexible crystal leaves of a mother-

of-pearl lustre. From the chloride the metal can be pro-

duced, either, uy electrolysing the fused substance, or (more

conveniently) by Caron and Deville's method : 600 grammes
of the chloride, 480 grammes of powdered fluor-spar, and

230 gramlBes of finely cut-up sodium are mixed, and thrown,

small nortions at a time, into a red-hot crucible, which is

theli WjpU covered. When the reaction, which is violeut,

is ovft-, the contents aFe well stirred with an iron rod to

cause the small metal-beads to unite into bigger lumps,

which, after cooling, are picked from the broken-up mass.

Sonstadt (who, along with Mellor, was the first to prepare

magnesium industrially) substitutes for plain MgCU tlie

double chloride of potassium and magnesium, obtainable

synthetically from the hydrated components without the

use of sal-ammoniac, or si.jply by ignition of pure carnal-

lite. To purify the crude metal Sonstadt and Slellor distil

it "per descensum" out of an iron crucible provided with

a pipe piercing the bottom and reaching up to almost the

lid ; an atmosphere of coal-gas is established to prevent

oxidation of the metal in this operation, as also in the

subsequent casting of the ingot.

The metal magnesium has the colour of silver, and re-

mains unchanged in dry air ; in ordinary air it tarnishes

a little more readily than zinc does. It is malleable and
ductile, but has little tenacity. The specific gravity is 1'75

;

thus it is considerably lighter than even aluminium, whose
specific gravity is 2'6. It fuses and distils at about the

same temperatures as zinc. It is generally sold in the form
of thin ribbon, being used for the easy production of highly

intense light. The ribbon kindles readily in a candle

flame, and then continues burning most intensely by itself,

the solid oxide produced radiating out abundant light. A
wire 0'3 millimetre (='012 inch) thick gives out the

light of 74.stearine' candles weighing 100 grammes (| lb

avoirdupois) a piece (Bunsen and Roscoe). It used to be

employed for photographing at night, but is now super-

seded by the electric light. Magnesium has the excep-

tional property of combining (at a bright red heat) directly

with nitrogen gas into Mg3N2 (Briegleb and Geuther), a

greenish-yellow powder, which, when heated in steam,

yields magnesia and ammonia, NHj.
Of magnesium salts the most important ia the sulphate,

Epsom Salt (q.v.). This salt serves as a raw material

for the preparation of two or three medicinally important

substances, especially magnesia alba. When epsom salt

solution is precipitated by carbonate of soda, the salt

MgOCOo, first formed, loses carbonic acid and takes up
water, forming a precipitate of the approximate composi-

tion 3MgC03.Mg(OH),-l-2 to 3 times H.O. When pre-

pared by cold precipitation it forms a very light, when in

the heat a somewhat denser, white powder (magnesia alba

levis and ponderosa). This substance holds an important
position in the history of chemistry, having served, in the

hands of Black, to prove finally the individual existence of

magnesia as something distinct from lime, and helped him
in^establishing the true relation between "caustic" and

" mild " alkalies. Before his time the " causticity " w.i9

supposed to go into the "mild" substance from the fire;

Black showed that it is owing to the loss of a ponderabla

substance, which he called " fixed air," that is, carbonic

acid. It was in this memorable research that for the first

time in chemistry the balance was used for the precise

determination of quantitative relations.

Magnesia, the oxide MgO, is produced by the gentle

ignition of maguesia alba. It is a white powder, absolutely

infusible and non-»'olatile, and not reducible by charcoal;

and is used medicinally. The gently ignited oxide com-

bines very slowly with water into the practically insoluble

hydrate MgO.H„0. Magnesia when boiled with sugar-

water dissolves into a solution of saccharate, and in this

form is sometimes administered medicinally in lieu of plain

magnesia. Magnesia alba (also the normal carbonate)

dissolves rather largely in carbonic acid water. Accord-

ing to E. Wagner, one part of MgOCO, dissolves in 760
parts of water saturated by carbonic acid under 1 atmo-

sphere pressure. Under 6 atmospheres pressure it requires

only 76 parts of carbonic acid water for its solution.

Dinneford's " fluid magnesia " is a solution of such bicar-

bonate of magnesia. The bicarbonate solution, when
allowed to stand in air, deposits crystals of hvdrated nor-

mal carbonate, MgCOj-fS or 5HoO.
Magnesia preparations play a great part in therapeutics.

The oxide and basic carbonate (also the dissolved forms of

saccharate and bicarbonate) are used in small doses as

anti-acids, in larger ones as very mild purgatives, for

children more especially. For the latter purpose, however,

the sulphate is generally preferred as acting far more ener-

getically. The nauseous bitter taste of the salt can be

concealed, to some extent, by acidification of its solution

with dilute sulphuric acid. . Citrate of magnesia, being

exceptionally free of the "Bittererde " taste, was introduced

some thirty years ago by the French as a pleasant substi-

tute for Epsom salt, and it has since come much into

fashion everywhere, although, weight for weight, it is far

less efficient than the sulphate. The preparation of dry
soluble citrate oflFering difficulties, the French originally

dispensed it exclusively in the dissolved form of " Limon-
ade au citrate de magn&ie," a flavoured, decidedly acid

solution of the salt, rendered efi'ervescent by addition of

some bicarbonate of soda immediately before corking up.

In England it is generally preferred to ofler the dry in-

gredients of the "limonade" in the form of "granular
efi'ervescent citrate of magnesia." Magnesia alba is

pounded up with an excess of citric acid crystals and a
few drops of water to produce a paste of amorphous acid

citrate, which is dried at a temperature below 30° C. At
higher temperatures the salt would pass into a crystalline,

insoluble, and consequently therapeutically valueless modi-
fication. The citrate is mixed with bicarbonate of soda,

citric acid, and sugar, niade into a " dough " with alcohol,

granulated, and dried. The granules, when thrown into

water, dissolve with effervescence. We must not omit to

state here that much of what is sold under the name is a

mere concoction in which Epsom salt figures as " citrate."

To test a solution for magnesia, remove whatever can be
precipitated by means of sulphuretted hydrogen or sul-

phide of ammonium ; then eliminate lime, baryta, and
strontia by precipitation with carbonate of ammonia in the

presence of sal ammoniac The magnesia remains dis-

solved, and can be precipitated (and detected) by addition

of phosphate of ammonia (or soda) and free cmmonia ; the

salt PO^MgNH^.eHoO gradually separates out as a crystal-

line precipitate. This method of course fails when the

magnesia is present from the first as phosphate ; but we
cannot here enter into a consideration of this or any other

exceptionally difficult case. (w. pT)
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MAGNETISM
OoriM- mHE word macinetiam ia derived from the Greek word
tionof J_ ^^yv^9, which was applied to an ore of iron possessing
i^^tri

^ remarkable attractive power for iron, and supposed to
*"''

' have been originally found near the town of Magnesia, in

Lydia.' Thus Lucretius writes:

—

Quern Masncta Tocant pntrio do nomine Gruii,

Maguetuiii quia fit patriis in Cnibus ortus.

This- name is said by Plato - to have been given to it by

Euripides, and he adds that most call it the Heraclean

stone. It is needless here to criticize the above or other

derivations that have been given for the word ; we merely

remark that it is now applied to all the phenomena kindred

to that which first drew attention to the magnetic iron ore,

viz., a selective attraction for iron.

Pi„:i of In the following article we shall give, in the first place,

*!" a sketch of the leading phenomena of strongly magnetic
"^'"^•^ "jodies. We shall then describe a provisional theory suf-

jcient to render a general account of these phenomena,

and shall afterwards proceed to render this theory more pre-

cise, to develop it to its necessary conclusions, and to com-

pare these with experiment, indicating where the theory is

cither incorrect or incomplete. Then we shall discuss the

paramagnetic and diamagnetic properties of all bodies, as

expounded by Faraday; an account will be given of the con-

nexion between the magnetic and the other physical proper-

ties of ' odies ; and, lastly, we shall endeavour to give some
idea of the different physical theories that have been pro-

posed in order to give something more than a mere short-

hand record of the facts of observation.

Leading Phenomena.

^J«gnefS« It appears, from what Lucretius says in the passage
Know- above quoted,' that the Greeks and Komans were aware,
lerigo of

jjq(. p^]y (.j,j^(. jjjg loadstone, or magnetic iron ore, attracted

cicnt-*
iron, but also that it endued iron in contact with it with

its own peculiar property. Thus an iron ring will hang
suspended by the attraction of a loadstone, and from that

ring 'another, and so on, up to a certain number, depending

on the power of the stone and the weight, &c., of the rings.

They were also aware that the attraction was confined to

iron, or at all events was not indiscriminate, and that it was
not destroyed by the intervention of other bodies, such as

brass, h-twcen the magnet and the iron. It appears, too,

from the passagfe

—

Fit quoque ut a lapide hoc torn natnra recedat

Interdum, fu^^ei-e atque sequi consueta vicisstm, &c.

—

that they had an idea that, under certain circumstances,

the attraction might be replaced by a repulsion. If, how-
ever, we understand aright the latter part cif Lucretius's

somewhat obscure description of what seems to have been

an actual experiment of his own, this notion was in reality

a hasty generalization, not justified by the observed facts.*

In any case tliere seems no warrant for assuming, as some
have done, th-at the ancients had any definite conception of

ma'.;netic polarity.

What they wanted in definite experimental knowledge
they supplied by an abundant use of the imagination.

' Gilbert, De Ma^nete, lib, i. chap. IL, says, "Magnesia ad Ma?-
.ardrum" ; but it is uncertain whether thia or Magnesia ad Sipylum is

meant.
^ Elf Tp \i6(j) ^1/ EvpnriSr}^ fifv J>^ayvTJTlv iivofxatrtv, ol Si iroAXol

'HpititAeitti/ (/(Ml, 533 D). See Munro's Lucrctim, vol. L p. 662.
The other name is from Heraclea in Lyuia.

' Bk. vi. line 906 sq., and 104'2 $q.\ comp. Plato, Ion, ut supra,
-whom there is reason to lliiDk ho is quoting.

* Bee below, p. 22S.

Wc are told, for instance, that the magnet attracts wood
and flesh, which waa certainly beyond their powers of

observation; that it is effective in the cure of diseaeo;

that it afi'ects the brain, causing melancholy ; that it arts

as a love philtre ; that it may be used in testing the
chastity of a woman ; that it lo8e<) its power when rubbed
with garlic, but recovers it when treated with goat's blood ;

that it will not attract iron ij the presence of a diamond,
and much else that was eiigerly copied by the wonder-loving
writers of the Middle Ages.

The science of magnetism made no real progress till the Begini,

invention of the mariner's compass. The early history of "'n; ofy

this instrument is very obscure. According to some autho- ""'S""^^

rities it was invented in China, and fonnd'ita way into ji^nuoi-'j

Europe probably through Arabian sources. The light couipW
thrown by recent researches on the literatnro of the Chinese

has apparently thrown doubt npou their claim to this

invention,^ although the knowledge of the loadstone and
its attractive property may have been older among them
thg,n even among the Greeks. The first accounts of lb«

compass in Europe go back to the 12th century, and,

although the instrument described is very rough, it n
not spoken of as a new invention. In its earliest form
it seems to have consisted simply of an iron needle whick
was touched with the loadstone and placed upon a pivol,'

or floated on water, so that it could turn more or lcs»

freely. It was fuund that such a needle came to rest in a
position pointing approximately north and south (soma

accounts say east and west, in which case there must havo

been a cross piece on the needle to indicate what was pro-

bably the important direction for the mariner). As these

compasses were made of iron (steel was not used till much
later), and were probably ill-pivoted, they must have been"

very inaccurate ; and the difficulty of using them must
have been much increasecf by the want of a card, whicU
was a later -addition made apparently by the Dutch,

It is unnecessary to enter into more detail here respect-

ing the early history of the compass, as the matter has

been very fully treated in the article Compass.' We pro-

ceed therefore to show the bearing of the invention Upon

the science of magnetism. It will at once be seen that it

involves two scientific discoveries of capital importance :

—

first, that the loadstone can transmit to iron with which it

comes in contact a permanent property like its own ; and,

secondly, that a loadstone or magnet it suspended freely

will turn so tbMt a certain direction in it assumes a fixed

position relative to the geographical meridian, a certain

part of the magnet turning always towards the north, and

the part opposite towards the south. These opposite parts

of the magnet are called its ."poles."

To fix our ideas we shall describe a process by which Axisi''

we might definitely determine this direction in the magnet "^J^

'

Following the example of Gilbert, let ns consider a mentilly

spherical magnet. Our reason for dealing with this form detiroa

in the first instance is to make it perfectly clear that the

phenomena depend essentially on something apart from

the form of the body. We shall suppose that the magnet

is homogeneous as to its mass, so that its centre of gravity

» See Mollendorff, Z. Ti. 1'. O., xxxv. 76.

^ It may be mentioned that the statement that Peter Adsiger, in

a letter wiitten in 1296, mentions the magnetic declination, appears

to be a mistake, arising from the mistran.sci-iption of a title. Sec

Wenckebach, quoted by Lament, Ilandbitch des Magnetisnius, p. 449.

Tlie passage from Are Frode, quoted by Hansteen, and alluded to in

last edition of this encyclopaedia, appears also to be of doubifui

.antiquity. See Poggendorff, QMchichte dcT Pliysik, p. 99.
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coincides wltli its centre of figure. Suspend tlus spherical

magnet by a fine thread of untwisted silk, attached to any

point of its surface, say P. After the magnet has come to

rest, mark the vertical plane through the centre which falls

in the geographical meridian ; this may be done by trac-

ing a great circle on the surface of the magnet. Next

find the point P' in which the vertical through P cuts

the surface again, and suspend the magnet by P', again

marking the plans which falls in the meridian. Now,

find the plane which bisects the acute angle between the

two former planes, mark it by a great circle, and call it

the axial plane of P. If we thus find the axial planes of

any number of points, we shall find that they all intersect

in one common line passing through the centre of the

eplxere. We may call this line the " axis " of the magnet.

Let us mark the points where it cuts the surface ; we may
call these the "poles" of the magnet. We shall then observe

tliat, however we suspend it, the magnet will alv/ays come

to rest so that the vertical plane through the axis makes a

definite anglewith the meridian. This angle (8) is called the

"declination" (also, by sailors, the "variation"); it varies

from place to place, and from time to time, but very slowly,

so that throughout a limited area of the earth's surface,

and for a limited time, it may be regarded ag constant.^

One end of the axis always turns northwards, and the

other always southwards ; we shall call the former the

"north" and the latter the "south pole," although, for

reasons to be afterwards explained, it would be more appro-

priate to invert the order of these names. Henceforth the

vertical plane in which the axis of the magnet comes to

rest will be called the magnetic meridian, and the two

horizontal directions in this plane magnetic north and

magnetic south respectively.

It must be carefully noticed that there is a certain

amount of arbitrariness in our definition of the axis and
jiolcs of a magnet. In reality it is only the direction of

the axis that is fixed in the body, and not its absolute

position. This will be made plain if we repeat all our

experiments with the spherical magnet after fastening to

it a piece of wax or other non-magnetic body, so as to

leave its magnetic properties unchanged, but to throw its

centre of gravity out of the centre of figure. Everything

will fall out as before, only the axial planes of the difl'erent

jioints of suspension will now meet in a line, parallel, it is

true, to the axis determined before, but passing through the

new centre of gravity. In point of fact, therefore, we
might choose any point in the body, draw a line through it

in the proper direction, and. call this the axis. Hereafter

we shall, unless the contrary is stated, draw the axis

through the centre of gravity of the body,, or through its

ceulie of figure if it has one ; and we define the poles, for

the present, as the pjoints in which the axis cuts the sur-

face of the magnet, supposing, as will be generally the

case, that the line cuts the surface in two points and no
nioie.

c Having now obtained a definite idea of the axis of a

magnet, and seen that it has, in the first instance at least,

nothing to do with the external form of the body, let us

proceed to make an artificial magnet of the particular kind

usvially called a " magnetic needle," and briefly examine its

properties. Take a tolerably thin fiat piece of pretty

hard-tempered steel, of the elongated symmetrical form

NS .shown in fig. 1. We suppose it, in the first place,

in an unmagnetio condition. Let it be pierced by a well-

turned axis ab, passing accurately through its centre of

gravity, and perpendicular to its plane, so that, when the

axis is placed on two horizontal knife edges, the needle will

rest in any position indifferently. Further, let four very

small hooks, c, d, e,f, be attached, two (c, d) to the ends

of the axis, and other two (f,/) to the edges of the needle in

a line perpendicular to NS. Now rub the half of the needle

_A.

' Fnl tl\c eaily obscrvntions on the declination tlie reader is re-

ferred to the tre.itment of tlie subject of terrestli:il magnetism in the

nrticle Mktfouoloct. At the present time the det-Unatiun at Circen-

•vicU is .1 Utile over 18° ; at Ediuburgh it would be about 4° more.

d

Fig. 1.

towards N with the south pole of the spherical magnet
whose properties wo have just discussed, beginning the

stroke at the middle and ending it at the point of the

needle, and for symmetry's sake let us do the same to the

other side of the needle, and then repeat this process

with the north pole of the sjihere on the other half

towards S. Let us examine the properties of the needle

thus " magnetized." If we suspend it first by the hook c

and then by the hook d, we shall find that in both

cases the line joining NS - makes very nearly the same
angle with the geographical meridian. Hence the mag-

netic axis must lie in a plane through NS perpendi-

cular to the plane of the needle. A similar experiment

with the two hooks c, /will show that the magnetic axia

lies approximately in the plane of the strip, which we may
suppose for the present to be infinitely thin. Hence the

magnetic axis may be taken to be coincident with the line

NS joining the points of the needle. This coincidence

is, however, in general only approximate, and in delicate

measurements corrections have to be made on that account,

of which more hereafter. If we now mount our magnetized

needle on a piece of cork or two straws, and float it in a

basin of water, or replace its axle by a small cap and set

it on a pivot, we have the mariner's compass in its early

form. We shall call it a magnetic needle, to distinguish

it from the more elaborate compass of the present day. A
favourite way of showing the directive property of a
magnet, described by Gdbert, is to magnetize a sewing-

needle, and lay it very gently, by means of a fork of wire,

on the surface of water ; it will float and turn until it takes

up its position in the magnetic meridian.

A needle mounted in this way, so as to have great freedom to

move in a horizontal plane, is of great use in magnetic experiments.

Gilbertcalls it a " versoriuiii." When very ilelicate applications aro

in view, the point of the pivot on which it is mounted must be very
hard (say of hard tempered steel or iridium), and the cap shonlil

be fitted with an agate or other hard stone having a polished

cavity of the form of a blunted cone to receive the pivot. A stilt

better arrangement, also used by Gilbert, is to suspend a short and
very light piece of steel wire—a fine sewing needle may be used

—

by means of a single fibre of silk. The most delicate arrangement
of all is to use one of Sir W. Thomson's light galvanometer mirrors
with the magnets attached, and follow its movements by means of

the lamp and scale as usual. See Galv.\nometek.

Such, with as much of modern accuracy imported into

them as was necessary for clearness of exposition, were the

facts of magnetism as known up to the beginning of the

16th century.

Another experiment with our magnetized needle will Discov-

enable us to describe the next important magnetic dis "^
"J.

covery. In its unmagnetized condition the needle rested

indifferently in any position when its axis was placed on

Or the vertical iilaae through it. shoidd it happen to be not quite
hcrizontuL



MAGNETIC M 2-il

Hart-

saun.

two horizontal knife ctlges. In tho magnetized state this

is no longer the case. Tlie axis of the needle now takes

up a fixed position, with its north

end pointing downwards (fig. 2),

and if disturbed will o.scillate

ibout that position, and finally

leltle into it again. The angle

which the axis NS makes with the

horizon is least when the plane of

rotation- of the needle is in the mag-

netic meridian ; the angle (i) in this

case is called the " dip," or (by Con-

tinental writers) the "inclination."

It is gj-eatest, viz., 90°, when the

plane of rotation of the needle is

vertical and perpendicular to the

magnetic meridian. At Greenwich

the dip is about 67° 30' at the pre-

sent time. If we place the needle

with its plane of rotation perpendi

eular to the line of dip, the equili-

brium will be indifferent, as it was ^'S- 2.

in all positions before magnetization ; but there is no

other position of the magnetized needle for which this

is true.

The remarks wjhich we made as to variation in .space

and time of the declination apply also to the dip. The
variation from place to place differs, however, in nature

from that of the declination. Along a line running in the

neighbourhood of the geographical equator, partly north

and partly south of it, the dip is zero. North of this line,

which is called the magnetic equator, the north end of the

needle dips below the horizon ; and the angle of dip

increases as we go northwards, until, at a point in the

Hudson's Bay Territory, the needle dips with its north

pole vertically downwards. South of the magnetic equator

the south end dips below the horizon ; and there is

again a point in the southern hemisphere where the south

end dips vertically downwards. These points are called

the "maguetic poles" of the earth. For further details

on this subject we refer the reader to the discussion "of

terrestrial magnetism in the article Meteorology.
It was in the accurate observation of the declination and

dip of the magnetic needle that the science of magnetism
arose. The dip appears to have been first observed by
Oeorg Hartmaun, vicar of the church of St Sebaldus at

Nuremberg (1469-1561), who seems to have been in

advance of his age in magnetical matters. In a letter^ to

Duke Albrecht of Prussia, dated 4th March 1544, he
writes :

—

" Besides, i find this also in tho magnet, that it not only turns
fioni the north and defleets to the east about 9° more or less, as I

have reported, but it points downwards. This may ho proved ns
follows. I make a needle, a finger long, which stands horizontally
on a pointed pivot, so that if nowhere inclines towards tlie earth,

but stands horizontal on both sides. But as soon as I stroke ono
of the ends (with the loadstone), it matters not which end it be,

then the needle no longer stands horizontal, but points downwards
(fdlU uiUcr sich) some 9° more or less. The reason why this
happens was I uot able to indicate to his Eoyal Majesty."

From this it will be seen that Hartmann had unques-
tionably observed the tendency of the magnetized needle
to dip. His method of observing is of course unsuited for

' Brought to h^ht by Moser. See Dove's Rcperiorium der Phijsilc,

ii., 1838. It does not appear th.at ' Hartmann's letter was ever
bcl'oro puiilisbcd. Moser is therefore scarcely justified in attacking
Norman's priority in tliis matter, still less in attemjiting to deny him
tlie credit of first oliscrving the dij) by a sound method. Had he read
the Ncwc- Attractive he could scarcely have fallen into such an error;
for in respect of clearness and scientific precision Ilartmann's letter,

interesting as it is, cannot for a moment bo compared with Norman's
little woik. •

!,ici/s!(rc»i(:)i(, ana it is not surprising that he got a result

of y° instead of somewhere about 70°.

In 1576 the dip was independently discovered by Robert Norman.

Norman, a skilful seaman and an ingenious artificer,

according to Gilbert. He was in the habit of making
compass needles, and carefully balancing them so as to

play horizontally on tlieir pivots before magnetization.

He found that, after they were magnetized, they constantly

dipped with the north end downwards, so that a counter-

poise had to bo added to bring them back to the horizon.

This led him to construct a special instrument, the proto-

type of the modern dipping needle, to show this new
phenomenon. With this instrument he made the first

accurate measurement of the dip, and found it to be 71°

50' at London.^

The early English magnetic observers, of whom Norman
and Burroughs (who wrote an able supplement to Norman's
work) were admirable examples, must have done much for

the introduction of precise ideas into magnetism. But their

fame was speedilyeclipsed by William Gilbert of Colchester' Gilbert.

(1540-1603), whom Poggendorff has justly called t!ie

Galileo of magnetism, and whom Galileo himself thought

enviably great. In his great work entitled De Magnde
Marjnelicisriue Corporibus et de Magno Marjude TMure
riiysioloc/ia Nova, first published in 1 600, we find a com-

plete account of what was known of magnetic phenomena
up to his time, with a large number of new ideas and new
experimental facts added by himself. We find in Gilbert's

work, in a more or less accurate form, nearly all that we
shall lay before the reader in the first section of this article,

described very much in the language that we shall use.

" How far he was ahead of his time is best proved by the

works of those who wrote on magnetism during the first

few decades after his death. They contributed in reality

nothing to the extension of this branch of physical science." *

Mutual Action of Lila- and Unlike Poles.—If we take a Like

magnet whose poles N', S' have been determined and '-iagnetic

marked as above explained, and bring its north pole N'
f°,,^J.

near the north pole N of a magnetic needle, N will move unlike

in a direction indicating repulsion between N and N'. attract

The same result will follow if the south pole S' of the

magnet be brought near the south pole S of the needle.

But if S' be brought near N, or N' near S, attraction will

bo indicated. Hence the

following fundamental law

of the action between two

magnets :

—

Like poles repel

each other; unlike poles

attract each other. It would
appear, therefore, that the

whole action of one magnet
ujion another is of a some-

what complicated character,

even if we take the simplest

,

view of it that the experi-

mental facts will allow, viz.,
^ '"' "'

that the action may be represented by forces acting between
the two pairs of points in each magnet which we have
defined as north and south poles. On this assumption,

the action of N'S' upon NS.would consist of the four forces

repre-scnted in fig. 3, for all these mnst exist in accordance

with the law just established. Whether this is a sufficient

^ He published a work, of which the following descriiilion is given

in the Rrtiialrls' Cutalosae :
—" The jyrwc AUractive, containing a short

discourse of the Magncs or Lodestone, and amongst other his veituc-s,

of a new discovered secret and suhtill propcitie concei-nyng tho

Dcclyning of the Needle, touched therewith, under the plaine of thn

Horizon. Now lirst found out by Kobert Norman, Hydrograpbcr. 4to
(black letter, scarce), London, 1581."

* For dcl.iils as to his life, see art. Gilblut.
< Poggciiilorif. Ocschichte dtr I'hysik, p. 2S6.
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representation of the most general case, and what the exact

liw of the forces ought to be, we are not yet in a position

to decide. One thing, however, is clear, that the action

between two poles must diminish when the distance between
them increases ; otherwise we should not have been able

to make the action of N or S upon N' prevail, by bringing

the one or the other nearer.

It was perhaps the complexity of this analysis (along

with the fact that the action of the magnet upon soft

iron, which was the earliest discovered magnetic pheno-
menon, is not a pure case of this action, but involves

also another phenomenon, viz., magnetic induction) that

prevented for so long the discovery of the elementary law
we are now discussing. At all events, it seems to have
been a new discovery in the ICth century, if we may judge
from a passage in the letter of Hartmann above alluded to.

He was certainly aware of the existence of magnetic repul-

sion in some form or other. It is somewhat difficult to

gather from his description what it was exactly that he
observed, and he nowhere states the law fully and explicitly.

In Norman's Ncwe Attractive ^ we find it clearly stated,

and demonstrated by means of a needle floating on water
or suspended by a thread ;' yet he does not appear to claim
the fact as his discovery. If, therefore, Hartmann was not
the actual discoverer, we may at least conclude that the
law became familiar to magnetic philosophers during the

thirty years that separated him from Norman.
The Magnetic Field.—We next introduce a method of

conceiving and describing magnetic actions which was
invented and much used by Faraday. Since a magnet acts

upon a magnetic needle placed anywhere in the surround-
ing space,^ we call that space the magnetic field of the
magnet Neglecting the earth's magnetism, we may map
out this field as follows. Conceive any plane drawn
through the axis of the magnet, and place it so that this

plane shall be horizontal. Then at any point in this

plane place a very small magnetic needle, and note the

dtrectioti which its axis a-ssumes under the action of the

magnet; then proceed to move the centre of the needle

in the direction in which its north pole points, and con-

tinue the motion so that at each point the centre is

following the direction indicated by the north pole. The
line thus traced will at last cut the surface of the

magnet at some point lying towards its south pole ; and if

we continue the line backwards, by following the direction

continually indicated by the south pole of the needle, it

will cut the surface of the magnet at some point lying

towards the north pole. Such a line is called a line of

magnetic force ; and, since one such line can be drawn
tljrough every point of the plane, and any number of

planes can be taken through the axis of the magnet, we
can conceive the whole magnetic field filled with such lines.

Fig. 4, taken from Faraday, gives an idea of the distribu-

tion of the lines of force in the field of a bar magnet ; fig.

6 represents the lines in the field due to two neighbouring
like poles.

These diagrams were not obtained by the method we
have just described, but by a much simpler process which
we shall describe by and by. Their use, so far as we have
gone, is to tell us how a small needle, free to move about
its centre in any 4irection, will place itself at any part of

the field, viz., it will place its axis along the tangent to

the line of force which passes through its centre, its north
pole pointing in that direction which ultimately leads to

the south pole of the magnet producing the field.

Suppose we apply these ideas to a spherical magnet (a

terella, or earthkin, as Gilbert calls it). The lines of force

' Chap. i.

- See also Gilbert, De Mag^ieie, lib. i. cap, v.

' Gilbert uses the phrase orbic virlulia In a somewhat similar sense.

in any plane through its axis would be found to run some-
thing like the curves in fig. 6. If, therefore, we carried a
small needle (suspended from a silk fibre so as to be
perfectly free to move in.all directions) round the magnet

in a meridian plane, its axis would constantly remain in the

meridian plane, its north pole always point towards the

south pole of the spherical magnet, but dip more and more

below the tangent plane to the sphere as the centre recedes

from the equator, and end by pointing straight towards

the south pole when the centre reaches the magnetic axis

(see fig. 6). \

\Mien we reflect that in all our e.\periment3 the pro-

perties of magnets, whether native, such as the loadstone,

or artificial, such as the needles magnetized by rubbing
with the loadstone, have proved alike, and tliat every
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purely magnetic action on a magnet has its source in some

other magnetic body, we are naturally led to the con-

clusion that the reason why at every point of the earth's

surface the axis of a freely suspended magnet assumes a

definite position is simply that the earth itself is a great

magnet, and that in observing the declination and dip we

ore simply exploring the magnetic field of the earth. It

is true that, according to the experiment above described,

the declination would every where be zero, and the magnetic

equator would coincide with the geographical, but that

arises merely because we assumed our earthkin, for

simplicity of explanation, to be symmetrically magnetized,

80 that its lines of force ran in planes passing through its

axis. It remains to be discussed whether the most general

assumption, viz., that the earth is a magnetic body, will

not account for the facts of terrestrial magnetism. The
answer to this question h^s been given, as we shall see, by

Gauss.

This idea, whose simplicity is the truest measure 'of its

greatness, is due to Gilbert, and was by him mado the

foundation of his work on magnetism. The boldness of

his theory will be appreciated when we remind the reader

that in his day the dip was but newly discovered, and had

been measured only at London, so that Gilbert's very full

and clear exposition of this phenomenon, which we have

given above, was in fact a scientific prediction, which was

not fully verified till long after'wards.^ Before Gilbert a

variety of wild conjectures had been made as to the cause

of the directive property of the magnet.- Many, like

Columbus, Cardan, and Paracelsus, believed that the

magnet was attracted by a point in the heavens, possibly

some magnetic star. Others supposed that the attracting

point was situated in the earth ; Fracastorius imagined

hyperborean mountains of loadstone situated near but not

quite at the north pole ; and to this theory others con-

tributed the detail that the magnetism of these mountains

was so powerful that ships in these regions have to be built

'.vitli wooden nails instead of iron ones, which would be

instantly drawn out by the magnetic attraction.

It is clear that, if we call that magnetic pole of the earth which
lies in the northern hemisphere ita north pole, we ought, in accord-

ance with our fundamental law of magnetic action, to call the north-

seeking pole of an ordinary magnet a south pole. When it ia

necessary to ?].-ak of magnets from this point of view, the diffi-

culty is got over by calling the north-seeking pole the austral pole,

and the south-seeking pole the boreal pole. In reality the danger of

confusion is more imaginary than real. The reader should be warned,
however, that in soifie French works the ordinary nomenclature is

reversed, and tbat Faraday uses "marked" and " unmarked," and
Airy "red" and "blue," in the sense in which north and south are

commonly used.

The Earth's Action on a Magnet is a Couple.—Norman
in his Neire. Attractive (chapters v. and vi.) discusses very

acutely the question whether there is any force of transla-

tion exertjed upon a magnet. He advances three conclusive

experiments to prove the negative. First, he weighed

several small pieces of steel in a delicate gold balance, and
then magnetized them, but could not detect the slightest

alteration in their weight, " though every one of them had
received vertue sufficient to lift up his fellow." Secondly,

he pushed a steel wire through a spherical piece of cork,

and carefully pared the latter so that the whole sank to a

certain depth in a vessel of water and remained there,

taking up any position about the centre indifferently.

After the wire was magnetized very carefully, without

disturbing its position in the cork, it sank to the same

^ The first verification was by Hudson, who, in 1608, found the dip

in 75° 22' N. lat. to be 89° 30'. Gilbert found 72° at London in 1600.

The place of vertical dip in the northern hemisphere was first reached
by Sir James Ross in 1831. It was found about 70° 5' 17" N. lat.

and 96° 45' 48" W. Jong.
* See Gilbert, De Mu-jnete, lib. i. cap. i.

molecni&l

propertj^

depth as before, neither more nor less, the only difl'erenco

benig that now the wire set itself persistently in a definite

fixed direction parallel to the magnetic meridian, the north
end dipping abqut 71° or 72' below the horizon. Thirdly,
he arranged a magnetized needle on a cork so as to float

on the surface of water, and found that, although it set in

the magnetic meridian, there was not the slightest tendency
to translation in any direction.' He concludes that there

is no force of translation on the magnet, either vertical or
horizontal He was evidently somewhat puzzled how to

put this result into a positive form, and his "point
respective," as he calls it, is not a very clear explanation of

the earth's action. What he wanted- was the modern idea

of a "couple," i.e., a pair of equal but oppositely directed

parallel forces acting on the two ends of the needle ; but
such an idea was not conceived in Norman's day. Gilbert

adopts Norman's result in this matter, adding nothing
essential, reproducing even Norman's diagram of the

spherical cork with the wire through it. It is clear

therefore that Gilbert had a forerunner in the practice,' as

Bacon had in the theory, of inductive science ; for Norman
says, speaking of the mass of fables that had passed for

truth in geography, hydrography, and navigation before

his time, " I wish experience to bee the leader of Writers in

those Artes, and reason their rule in setting it downe, that

the followers bee not led by them into errors, as often

times have beene scene."

The Magnetic Property is Molecular.—Apart altogether Magnet
from the question as to how we are to represent the action

"""' "

of a magnet upon other magnets, there arises another quite

distinct question, as to where the cause of this action

resides. That these two questions are really distinct,

although there Has always been a tendency in the more
superficial treatises on the subject to confuse them, will be
obvious from the fact that we shall afterwards obtain more
than one perfectly general way of representing the action

of a magnet at external points, whereas there must be one
and only one cause of this action. A very old experiment *

at once throws considerable light on this point. If we
break a bar mag- „
net into two i i

pieces, it will be j^, 5' ^> 3
found that each 1 ^ ^ I

of these is itself ,, „',ri7 r-ii > /

a magnet, its axis
; v, i^ ^ j 1

being in much
the same direc-

'^'

tion as that of the original magnet, and its poles in cor-

responding positions, see fig. 7. The same holds if we
break the bar into any number of pieces ; and, quite

generally, if we remove any piece, however small, from a

magnet, this piece will be found to be magnetic, the direc-

tion of its axis usually bearing a distinct and easily

recognizable relation to the direction of the axis of the

whole magnet. We are therefore driven to the conclusion

that the magnetic quality of a body is related to its ultimate

strocture, and not simply to its mass as a whole, or to its

surface alone ; and this conclusion is not to be invalidated

by the fact that we can in general, as will afterwards

appear, represent the action of the magnet at external

points by means of a proper distribution of centres of

attractive and repulsive forces upon its surface merely.

Temporary Magnetism of Soft Iron and Steel in the

Magnetic Field.—Bodies which possess permanent magnetic

* H.artmann (see his letter above cited) was in error on this subject.

He describes a somewhat similar experiment, and distinctly states tb.it

the needle has a motion of translation. " Schuimnit mit dom Orv

wolcher ist mittemachtlich am Stein, bia er kam an den Port.aeB

Schiissel, da das 'Wasser in war.

"

*
Cf. Gilbert^ flu Uagritte. lib. L cap. v.
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^rn;!nctic pioperties, not depending on the circumstances in which
Sniluc- tlicy are placed, we shall henceforth caU " permanent
''""• magnets." The law of the action of one permanent magnet

upon another, as we have seen, is that like poles repel and
unlike poles attract each other. The aciion of a permanent
magnet on pieces of soft iron is, at first sight, ditferent, for

citlicr pole attracts them alike.

Ki-pfri- To fix our ideas let'us take a small thm bar of soft iron
>iiciits or of steel, and test it with a delicate magnetic needle. It

1
',";'''' will usually be found, more particularly if a steel bar is

,]i°(,tiou.
taken, that one end of the bar will repel one or other of

the poles of the needle. This is a sure sign of permanent
magnetism. If, however, we heat the bar to whiteness

and allow it to cool in a position perpendicular to the

cirth's magnetic force,

all permanent magnet-
ism will be found to

Jiave disappeared. If ^
we now place the bar ' -

in a horizontal plane

(fig. 8) with its axis

jierpendicular to the

a.\is of the needle, and
one of its ends A, B
near cither pole of the

needle, that pole will be

attracted, no matter

whether it be the north j
S

pole or the south pole „
of the needle, or which
end of the bar be used. "8- "•

Care must be taken iu this experiment to avoid using a too

strongly magnetized needle, and to keep the needle from
touching the bar, otherwise the bar may receive traces of

permanent magnetism which will disturb the result. It is

very easy, by repeating the above experiment with an nn-

magnetized needle, to show that the power that the bar
acquires of attracting the poles of the needle is temporary
and depends on the presence of a magnetized body.

Keeping to our principle that a magnetic cause is to be
sought for every magnetic action, we are led to explain the

above ex|)eriment by saying that in the magnetic field a

bar of soft iron or of unmagnetized steel becomes magnetic

In such a way tliat its north pole points as nearly as may
be in the positive direction of the lines of force passing in

its neighbourhood (or, in other words, iu the direction, as

nearly as may be, in which a magnetic needle would point

if placed in. its neighbourhood). A body which becomes
magnetic in this way by the magnetic action of another

body is said to be " magnetized " by " induction." T\^e shall

suppose, in the meantime, that it loses all the magnetism
thus acquired when the inducing action is withdrawn

;

although this is not necessarily, and in fact not generally,

the case, as we shall see by and by. The reason why soft

iron is attracted by a permanent magnet is therefore now
said to be that the iron becomes magnetic by induction,

and is then acted upon by the magnet like any other

magnet similarly placed. The accuracy of this analysis

of the phenomenon may be confirmed by many simple but

strikiug eyperiments, such as the following.

In tho experiment above described, instead of placing

the non-magnetic bar in a horizontal plane, place it in the

plane of the magnetic meridian with its axis in the direc-

tion of the earth's force [i.e., parallel to the line of dip).

The lower end of the bar will then be found to repel and

the upper end to attract the north pole of the needle

(figs. 9, 10). This is at onco explained on the above

hypothesis ; for the bar will be magnetized inductively by

the earth's force, so that its lover end becomes a north

pole, and its upper end a south pole.

Let NS (fig. II) be a bar magnet placed horizontally;

so that its axis produced passes through O, the centre of

suspension of the needle sn, then the needle wil] be deflected

A

Fig. 9.

in the direction of the arrow. If now we place between S
and a small sphere of soft iron, this deflexion will 'do

N-

Fig. 10.

increased, the reason being that the sphere is magnetized by
induction, having a south pole towards and a north pole

UQ..

\

Fig. 11.

towards S, and the action of these is added to that of NS.
Let NS (fig. 12) bo a magnet placed in the macnetic

meridian, n's' a small
,

magnetic needle in the ..-—"^ ^

sama horizontal plane, ,.-'''

with its centre in the

line bisecting NS at /

right angles. When j

acted on by NS alone, 1

n's' will place itself ',

parallel to NS, with
\

.

its north pole pointing S' ^N

in the dLreciion NS *'S- ^2.

Let the dotted line represent a line of force. If we move
a small piece of soft iron ne along this line in the direc-

tion from N towards S, it will first deflect the needle a*
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in fig. 13, and Cnally as in fig. 14, and in each position

reversing it end for end wUl not alter the effect. All this

is at once exjilaiued by the above hypothesis.

A variation of tho last exjieriment may be made thus.

Place a magnet verti- ^
cally, in the neijjh

bourhooJ of a mag-
netic needle ; by mov-

ing it up and down a

position will bo found

in which the action of

tho magnet on the

needle is wholly verti-

cal, BO that the needle 5 C

is not deflected from

the magnetic meridian.

Now take a small piece

of soft iron and move
it along a line of force

passingnear the needle,

proceeding from the

north to the south

pole of the vertical

magnet. It will then

bo found, in accord-

ance with our hypo-

Gabart';

eiperi-

Bent.

withir

filiDg:>.

/

Fig. 14.

thesis, that the north pole of the needle is first repelled,

and finally attracted by the soft iron.

If we hang two short pieces of iron wire alongside of

each other by parallel threads, they will be found to repel

one another, and to

hang separated by a

considerable interval

when a magnet is

brought under them
(see figs. 15 and
16). This experi-

ment is due to

Gilbert, who rightly

explains it by saying

that the two ends

nearer the magnetic

pole S become like

poles of opposite

kind to S, while the.

two farther ends are

like poles of t!i«

bame kind as S. The
experiment may be

varied by placing

some little distance

below the pole of a
magnet S a piece of K/V\^
mica or thin card- Fig. 15. Fig. 16.

board M, and placing below that a short piece of soft iron

vfire; it will remain adhering to the mica, and so long as it

t-^^y^
is alone will hang more or

less nearly vertical, but when
another is placed alongside of

it the two will diverge as in

fig. 17.

One of the most interesting

examples of magnetic indue- M

'

.i i._, ^^ M
' tion is furnished by the action

of a magnet on iron filings.

If we plunge a magnet into

a quantity of iron filings

and then remove it, we find it thickly fringed around the
po!a?, where the filings adhere to the magnet and to one
another so as to form short bushy filaments : the thick-

IT
17.

nesa of the fringe dimiQishes very rapidly towards the
middle of the magnet, where very few adhere at all. These
filaments are composed of magnetized particles of iron
adLering by their unlike poles.

If wo place a small bar magnet under a piece of mode-
rately rough drawing paper, strewn as uniformly as possiblo
with fine iron filings, and then tap the paper very gently so
as to relieve the friction, and allow each filing to follow the
magnetic action, then the filings will be seen to arrange
themselves in a series of lines, passing, roughly Speaking,
from pole to pole, as in fig. 4 (p. 222). The explanation of this

phenomenon is simply that each filing becomes magnetised
by induction, and, if it were quite free to move about its

centre, it would not be in equilibrium until it set its longest
dimension along the line of force through its centre. The
roughness of the paper effectually prevents translation, but
does not hinder rotation, especially when the friction is

relieved by tapping ; hence every filing does actually set as

if it were a little magnetic needle, subject of course to

some slight disturbance from the neighbouring filings. The
whole therefore assumes a grained structure, and the
graining runs in the direction of the lines of force. We
have thus an extremely convenient way of representing
these lines to tho eye, which lends itself in a variety of
ways to the illustration of magnetic phenomena. In fig. 5
are shown the lines formed in the field near two like

magnetic poles. These magnetic figures may be fixed in a
great variety of ways, and projected on a screen so as to be
visible to a large audience, but it is scarcely necessary to

dwell here upon details of this kind.

These magnetic curves seem to have fixed the attention

of natural philosophers at a very early period. They were
originally called the magnetic currents, from an idea that
they represented the stream lines of m-agnetic matter, which
explained the magnetic action according to the theory then
in vogue. La Hire mentions them, Jllim. de I'Acad., 1717.
Bazin gives an elaborate account of them in his Description

des Cowans Magncliques dessines d'apres Nature, Stras-

burg, 1753. Mus.schenbroek seems to have beeu the first

to give the correct explanation depending on magnetic
induction, Diss, de Magnete, 1720.

If the filings be laid very thickly on the paper, and one Lucre-

pole of the magnet be brought under them at a short t>"s'8 "-

distance off, they will arrange themselves in a pattern, P'"™"''-

and at the same time bristle up bo as to stand more
or less erect, according as they are nearer or farther

from the magnet. They have thus the appearance of

being repelled from the magnet. It was, in all proba-
bility, this phenomenon that was observed by Lucretius

when he says (vL 1042):

—

"Exultare ctiain Samothracia ferrea vidi,

Ac ramenta simul ferri fiirere intus ahenis
In scaphiis, lapis hie ilagnea cum subditus csset.''

His conclusion, therefore, that iron sometimes flies and
sometimes follows the magnet, was scarcely justified by his

experimental facts, and it is a mistake to suppose, as some
have done, that he was aware of the polarity of permanent
magnets.

If we tap the card in the last experiment a curious Magnetiu

result may sometimes be observed.' The lines ofparaiiox.

filings will be seen to recede from the point of the card

immediately over the pole of the magnet. If, however, the

magnet be held over, instead of under, the card, tapping
will cause the filings to approach the point under the pole

of the magnet. The most probable explanation - of this is

to be found in the fact that the erected filings stand in the

' -Epious, Tcntatiim Theorize EkctricUatis el 3IagnclUi:i(, 1759 ;.

Cavallo, Treatise on Magtietisin, 17S7.
= Roget, Library of Vsefid Knowledge, 1832.

XV. — 20
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former case as shown in fig. 18, and in the latter as

shown in fig. 19; that is, in both cases, owing to the action

of gravity, they are more acutely inclined to the card than

Fig. 18.

the lines of force (represented by dotted lines in the figure).

Consequently, when the fiUng springs up into the air, and
is thus free to follow the magnetic couple, it turns more

Electro

xoagnets.

Induced
and per-

manent
magnet-

ism in

the same
body.

Fig. 19.

into the direction of the line of force ; the effect of this is

to carry its lower end each time a little farther from
the axis of the magnet in the one case, and a little

nearer to it in the other.

By far the most important case of magnetic induction

is the electromagnet. Whenever an electric current flows

in a closed circuit, the surroimding space becomes a field

of magnetic force, and any piece of iron in it will be in-

ductively magnetized. Such an arrangement of an electric

circuit and iron is called an electromagnet. The variety

of form and of application of such instruments in modern
science Ls endless. A few of the more important modifica-

tions will be considered below.

Co-existence of Induced and Permanent Magnetism,—The
fact that a body is already a permanent magnet does not

prevent its being susceptible to magnetic induction. If

we take any piece of iron at random, the chances are that

one end or other of it will repel the north pole of a magnetic
needle,— in other words, it will be to some extent per-

manently magnetic ; but if we bring it slowly nearer and
nearer to the pole of the needle, provided its magnetism be

not too strong, it will by and by attract the pole which it

at first repelled. Again, if we take two steel magnets,

which may be as powerful as we please, provided at all

events that they are unequally powerful, and bring two lU-e

poles together, these poles will at first repel each other in

accordance with the fundamental law of permanent magnets;
but, when the distance is less than a certain amount, the

repulsion passes into an attraction, and' when the poles are

in contact this attraction may be very considerable. These
phenomena are at once explained by the law of induction.

The induced or temporary magnetism is superposed on the

permanent magnetism, and, when the poles are near enough,

.the opposite magnetism induced by the pole attracts it

more than the permanent like magnetism repels it ; and
this happens even with steel, whose .susceptibility for

magnetic induction is considerably less than that of iron.

This phenomenon was observed pretty early in the history

of magnetism, but was not fully explained until the idea of

magnetic induction was fully developed. Michell, in his

Treatise of Artificial Magnets,'^ gives a tolerably clear

account of it. Musschenbroek mentions it,- along with the

fact that a magnet attracts iron more than it does another

magnet, but ofi'ers no explanation of either fact. The latter

result, so far as it is true, can of course be explained by
the smaller susceptibility of steel, particularly of hard

steel, to magnetic induction, which is the main factor in

attraction at small distances. Poggendorfi'^ and others

have experimented on the subject in later times. The
reader should notice the close ana'ogy between these

phenomena and the repulsion and attraction at different

distances between two similarly electrified conductors.

See article Electeicity, vol. viii. p. 33.

Induction of Permanent Magnetism.—The case above

supposed, in which the induced magnetism is wholly

temporary, although it can be easily realized with small

magnetizing forces, is not the general one, but in fact the

exception. Usually a certain proportion of the magnetism

remains after the inducing force is removed. This happena Coorcir?

even with the softest iron, when the inducing force is very Airoe.

great. Just as bodies differ very much in their suscepti-

bility for induced magnetism, so they differ greatly in their

power of retaining this magnetism M-hen the inducing force

ceases, or, as the phrase is, in "coercive force." Thus, while

the inductive susceptibility of steel is less than that of iron,

it retains much more of the magnetism imparted to it,

and is therefore said to have much greater coercive force

;

and the coercive force is greater the harder the steel is

tempered.

It is obvious, therefore, that the principle of " induction,"

along with the idea of "retaining power" or "coercive force,"

furnishes us with the key to the explanation of the com-
munication of permanent magnetism, whether by means of

natural magnets or of artificial magnets, or of the electric

current. In particular, we see at once the reason why the

end of a needle which has been touched by the north pole

of another magnet becomes a south pole, and vice versa,—

a

fact which greatly puzzled the earlier magnetic experi-

menters, and indeed all who were inclined to think that, in

the process of magnetization, something was communicated
from the one magnet to the other.

Mathematical Theoky of the Action op PeemAt
NENTLY Magnetized Bod'es.

In this section we shall suppose the bodies considered to

be rigidly magnetized ; i.e., we shall suppose that magnetic

action exerted on any body produces no change in its

magnetization. It is further to be observed that we ar«

merely establishing a compendious representation of ob'

.served facts, and foreclosing nothing as to their physical

theory or ultimate cause. Our method is therefore to

some extent tentative, and its success is to be judged by

the agreement of the results with experiment.

. There are two main facts to be borne in mind :—(1) that

a magnet is polarized, and (2) that the properties of ita

smallest parts are similar to those of the whole. Adopting

the mathematical fiction of action at a distance, we may
represent the action of such a body by a proper distribution

of imnghisry positive and negative attracting matter through- Positive

out its mass. This imaginary matter, following Sir W. ™'l

Thomson, we shall call " magnetism," as we thus avoid ]"£* .1*

suggesting other properties of matter than attraction, ol jsm.

which in the present case experience has given no evidence.

We assume that magnetism of any sign repels magnetism

1 Cambridge, 1750.
" Fhilosophia Naturalis, §§ 963, 954, 1762.
i Fogg. Ann., xlv. p. 375, 1838.
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of actio

of the same sign and attracts magnetism of the oj^puiile sign.

Magnetism is supposed to be so associated with the matter

of the body that magnetic force exerted on the magnetism

is ponderomotive force exerted on the matter. On the

other hand, magnetic force is always supposed to bo exerted

by magnetism upon magnetism, and never directly by or

upon matter. Into the nature of this association of

magnetism with matter there is no pretence, indeed no

need, to enter.

The elementary law of action assumed is that t/ie attrac-
''

tion or repulsion {as the case may be) between two quantities

' m and m' ofmagnetism supposed concentrated in two points at

Jistauce. ^ distance r apart is —5-' and is in the line joining the Vwo

Unit of points. This supposes that the unit quantity of magnetism
magnet- fg gg chosen that two units of positive magnetism at unit
"^°'' distance apart repel each other with unit force. This

definition, which is fundamental in the electromagnetic

system of units, gives for the dimensions of a quantity

of magnetism [L- M" T~^] . If the electrostatic system be

adopted the result would of course be different.

Strength An accurate meaning can now be given to the phrase
of mag- '1 strength of a magnetic field," or its equivalent " resultant

ti*'l1° Re
°'ag"^''i<' ioice at a point in the field

;

" it is defined to

Bultant ^s '''* force exerted upon a unit of positive magnetism

magnetic supposed concentrated at the point. The force exerted on
force. a unit of negative magnetism would of course be equal in

magnitude, but oppositely directed ; and in general, if R
denote the resultant magnetic force at the point, the

magnetic force exerted on a quantity « of magnetism

concentrated there is kE.

We may, as in the corresponding theory 01 electricity,

introduce the ideas of volume density (p) and surface

density (cr),—so that pdv and o-t/S denote the quantities

of magnetism in an element of volume and on an element

of surface respectively
; p and <r may of course be positive

or negative according to circumstances.

It will now be seen that, mathematically speaking, the

theories of action at a distance for electricity and magnetism
are identical, and every conclusion drawn will have, so far

as the physical diversity of the two cases may allow, a

double application.! jn particular it will 'be found that

the theory of magnetism, when properly interpreted, gives

the theory of dielectrics polarized in the way imagined by
Faraday.

The fact of magnetic polarity requires the conception ot

negative as well as positive magnetism ; the fact that the

properties of the smallest parts of a magnet are similar to

those of the whole requires that in every element of the

body there shall be both negative and positive magnetism.

From the fact that in a. uniform field, i.e., one in which the

resultant magnetic force has at every point the same
magnitude and direction, the force of translation upon a

magnet is nil, it follows that the algebraic sum of all the

magnetism in any magnet must be zero ; for, if R denote

the strength of the field, by the theory of parallel forces

the whole force on the magnet will be 2(kR), = R2k ;

hence 2/c = 0. In other words, in evert/ magnet there must

be as much negative as positive magnetism ; and this con-

clusion also must be extended to the smallest parts of every

magnet, so long as we do not go behind the mere facts of

observation. The positive and negative magnetism cannot

be coincident throughout, otherwise there would be no
external magnetic action, but the separation is in the

elements of the body. Thus, although there is no force

of translation in a uniform field, there will in general be

a couple. Consider the positive and negative magnetism

Volume
and
surface

density

of niag-

actisui.

Total

Kiagnet.

ism zero.

* To prevent needless repetition, we shall adopt henceforth, without

further explauation, the dclinitions, terminology, and results given in

the article Electricity, vol. viii. p. 24 sq.

separately, aud let k denote any element of the former and
K any element of the latter. Let N bo the centre of mass
of the positive, S the centre of mass of the negative

magnetism ; so that, if the magnet be referred to a set of

rectangular axes, the coordinates of N and S are

and

iK<J

Sk'!/

2k' 2k'

. (1).

Let the distance NS = /, and let K = /2k, = - ;2k' ; this Jl.ignetic

quantity K is called the "magnetic moment." By the theory moment,

of parallel forces, if we suspend the magnet in a uniform

field of strength R, the action upon it reduces to two forces

E2k and - R2k, each parallel to the direction of the field,

acting respectively at N and S, in other words to a couple Magnetic

whose moment is R2K/sinv or KRsin v, where v is the couple in

]» , uniform

angle between SN and the direction of the field. Hence, field-

if the magnet be perfectly free to follow the magnetic action
»- »-

of the field, it will set so that the line SN or the line NS
is parallel to the direction of the field, the equilibrium

being stable in the former case, but unstable in the laUer.

The line NS is therefore parallel to what we have already

defined on experimental grounds as the axial direction in

the magnet. N, S, and NS are sometimes called par

excellence the poles and the axis of the magnet ;
we have

adopted the Igoser definition given above because it is more

convenient and nearer the popular usage.

The above results maybe applied to some cases very importaut m Theory

practice. Let the magnet whose centres of positive and negative of

magnetism are N and S be suspended by the middle point of NS, dipping

which, for simplicity, may be assumed to be also its centre of needle.

gravity. Let OX (fig. 20) be a horizontal line drawn northwards, OZ

Fig. 20.

a vertical drawu downwards, both iu the magnetic meridian. Let

the vertical plane through NS make an angle $ with the magnetic

meridian, and let ON make an angle <f with the horizon. If E be

the strength of the earth's magnetic field, and i the angle of dip,

then the horizontal and vertical components of the earth's force oro

H = R cos I and Z —R sin 1.

First, suppose the angle fixed, and the magnet free to rotate

about OZ only ; then the couple tending to diminish the angle 9 is

2. 2k. R cosi-^ cosrtsine, or KRcosicos^sinfl.

In other words tne directive couple varies as the sine of

the angle of deviation from the magnetic meridian. This

conclusion was verified experimentally by Lambert, and

also by Coulomb ^ by means of his torsion balance. It

will be seen that, cjeteris paribus, the directive couple is

greatest when the magnetic axis is horizontaL

' Mem. dc TAcad., 1785.
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Next suppose tlie angle fixed, and the magnet free to rotate

about a horizontal axis inclined at an angle 90" - to OX. The
couple tending to diminish the angle tp is KR (cosi cos0 sin<^-

sim COS0). The position of equilibrium is given by the equation

tan«p = sec0tant.

The angle at which the axis is depressed below the

horizon is therefore least when 6 = 0, and greatest when
= 90°, its value being i in the former case, and 90° in

the latter, as stated above, p. 221.

In general, if V, /i', v and A, /*, v be the direction cosines of the

.direction of the field and of the axis of the magnet respectively, ihen,

resolving the forces acting at N and S, we see at once that the three

components of the magnetic couple are

KKIiV-juV), KE(\V-A), KR(/A.-\V) (2).

Magnetic
moment
resolved

Finite

magnet
replaced

byau
inHnite

number
of in-

finitely

Kmall

Tliese are clearly the ^ame as the components of the couple on a

system of three magnets whose axes are parallel to OX, OY, OZ,
and whose magnetic moments are Ka, K^u, Ki/. Hence, so far as the

action of a uniform field is concerned, we may resolve the magnetic
moment like a vector, and replace a -given magnet by others the

resultant of whose moments is the moment of the given magnet.

It appears therefore that in a uniform field every magnet
behaves as if it were made up of a certain quantity of

positive magnetism and an equal quantity of negative

magnetism placed at such a distance apart on a line

parallel to the magnetic axis that the product of the

quantity of magnetism into that distance has a value equal

to the magnetic moment of the magnet. It is very im-

portant to observe that the magnetic moment alone appears

in the above formulie for the magnetic action. We can-

not therefore separately determine from observations in a

uniform field either the quantity of positive or negative

magnetism in a magnet or the distance between the

magnetic centres of mass.

Let il he any magnet, and P a point whose distance from

any point of M is infinitely great compared with the linear

dimensions of M. Then, since all the lines drawn from P
to different points of M are sensiblj' parallel and equal

in length, we may suppose the positive and negative

magnetism of M to be collected at their mass centres, i.e.,

M to be replaced by an ideal magnet. It is also obvious

that, throughout a region around P whose linear dimensions

are of the same order as those of M, the field due to M may
be regarded as uniform. Hence we conclude that in cal-

culating the mutual action of two magnets M and M' we
may replace each of them by an ideal magnet, provided the

distance between them be infinitely great compared with the

linear dimensions of either. This condition may be satis-

fied either by making the distance between the magnets

very great if their dimensions be finite,. -or by making
their dimensions infinitely small if the distance between

them be finite. The second alternative suggests at once

a method for representing the magnetic action of magnetized

bodies at finite distances. We may divide up the body
into portions whose linear dimens'ons are infinitely small

compared with their distance from any point at which

their action is to be considered ; each, of these portions is

itself a magnet, and may be replaced by an ideal magnet
having the same axis and moment. The whole magnetic

action is obtained by integrating the action of all the ideal

magnets of which the body is thus supposed to be corn-

Intensity Let X, ,u, V be the direction cosines of the magnetic axis of

of any element dv of a magnet, and I such that \dv is the
!°*?°°'' magnetic moment of the element, and let I\ = A, I/j. = B,
iza ion.

j^ _ J-,. \^^xi I is called the "intensity of magnetization" at

the point where the element is taken. I may be regarded

as a vector which specifies the magnetization of the body

;

in general it varies continuously from pqint to point; if it

has the same value and direction at every point, the body
is said to be uniformly magnetized. A line drawn so that

the direction of I at every poiiit of it is tangential to it is

called a " line of magnetization." It is clear from what has

already been shown that we may if we choose replace the

element dv by three ideal magnets whose axes are parallel

to tha coordinate axes, and whose moments are Kdv, Brfv,

Qdv respectively.

If then K be tlie magnetic moment of the whole magnet, SK tfie

moment of any element 5i>, and f, g, r the direction cosines of the
axis of the whole magnet, we have K = ?2/f, = - I^k' ; and, remem-
bering that k'= -K for every element,

2(5Ka)

K
SIaSii

K
2A5i)

Wr may therefore write, replacing summation by integration,

Kp=jXfAdi-, Kq=JX/'Bdv Kq-^Jff'Cdv . . (3).

Let SN be an ideal magnet of infinitely smaD length ?, let m be its-

magnetic moment, and m= Kl. Let Q be its middle point, and the
angle PQN = 0, N being the positive or north-seeking pole ; and let

QP = D. Then the potential at P due to this magnet is

' k\ D=-DZcosfl-f |P }"^-k{ D=J-D;cose-l-JZ= }"*

Line of

magnet-

ization,

Resultant

magnetic
moment
anil

Pot^....,

of in-

finitelj

small

magnet.

Expanding and neglecting powers of

the potential

above the first, we get for

w-

Hence tlie potential at P {|, 17, Q of an infinitely small magnet
Adv at {x^ y, z), having its axis parallel to the axis of a;, is

A ({ - x)/D'^j and similarly for the other two. "We therefore obtain,

for the potential of the whole magnet

V=^{ A(5 - X) ^ B(, - y) -f C(f -
.-) }Idv

=^j,!(i)..!(i).n!(i)!

rotcntie)

of finite

magnet.

-#
dx

d .

*dy

t5).

Taking the second of these expressions and integrating by parts

in the usual way, we get

= ZA-HmB-h?iC = Icos9

<^9\

(6),

\dx d-.j

I, TO, n being the direction cosines of the outward normal to any ele-

ment (ZS of tlie surface of the magnet, and 8 the angle between the

normal and the direction of magnetization at dS.

Hence the action of any magnet may be represented by
means of a certain volume distribution (p) and a certain

surface distribution (cr) of free magnetism. This important

proposition is due to Poisson.'

The fact, in itself obvious, that the sum of all the magnetism of

Poisson's distribution must be zero, gives the theorem

t'oisson's

I'Ntribu-

-/7lcos6rfS

0),

which admits of course of direct analytical proof.

The magnet may also be replaced, so far ^ its external

action is concerned, by a distribution wholly on its surface,

as was shown by Gauss.- This will be seen at once if we
replace the positive and negative magnetism throughout

the body by positive and negative electricity,' and suppose

the surface of the magnet covered with a conducting layer

in connexion with the earth. The surface will thus become

charged with a distrtbution of positive and negative

electricity whose total sum is zero, such that the potential

of the surface is zero, and hence the potential at every

external point zero. The potential of this surface layer

Oans^s
d'stribu-

»in.

» Mim. de tlnstitut, torn, v., 1821.
-J Intcnsitas Vis, % 2 (1832), and Mlocme. : Lekrsiit-j; § 36 (1839).
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at every point esiernal to the body ia thoreforo equal and
opposite to that of the internal electricity. If, therefore,

we change the sign of the surface density at every point,

wo obtain a surface distribution whose potential at every

external point is the same as that of the body. There is

of course only one such distribution : we may call it Gauss's

distribution.

Cflso of Poisson's distributiot\ will coincide with that of Gauss
solonoUl- provided the magnetization be such that

(8);

al mng
'jotiza-

tion.
fte dy dz

when this condition is satisfied. at every point of the Dody,

A is said to be " solenoidally " magnetized; a particular

case is that of uniform magnetization.

Result- So long as the point considered is external to the magnet
ant force there is no difficulty in attaching a definite meaning to the

resultant ma
are given by

iiisidea resultant magnetic force (^)) at a point; its components

ized

body (fV

dy

and the values obtained will bo the same whether V be
calculated by means of Poisson's of of Gauss's distribution.

Inside the body the result is otherwise, for reasons that are

not difficult to understand, when we examine the nature of

our fundamental assumptions. It is therefore necessary

to be careful to define what we mean by resultant magnetic
force in the interior of a magnet. It is defined by the

above equation (9) on the understanding that V is calcu-

lated from Poisson's distribution. Wo can show that p
thus defined is the resultant force in an infinitely small

cylindrical cavity within the magnet, whose axis is parallel

to the line of magnetization, and whose radius a is infinitely

small compared with its axis 'lb.

The removal of the matter filling such a cavity will affect

Poisson's volume distribution to an infinitely small extent ; the
alteration of the force if any, will therefore arise simply from the
surface distribution which we must place on the walls of the cavity
in order to make up the complete representation of the action of the
magnet in the cavity. This distribution reduces to two circular disks
of radius a at the two ends, the densities of the magnetism on
which are - I and -F I respectively. The action due to these is a

force 4TrI(l - J/V ft- + b-) in the direction of magnetization. If a be
infinitely small compared with 6, this force becomes zero, which
proves onr proposition.

Mag- If, on the other hand, the cavity in the magnet be disk-
Di-tic in- shaped—say a narrow crevasse perpendicular to the line of
dactioQ. magnetization—then the force due to the distribution on its

walls becomes 47rl, and the resultant force in the cavity

is no longer ^, but a force g, whose components are

o = a + 4irA, S = /3-F47rB, c-y + inO . . (10).

g is called the " magnetic induction " at the point (x, y, 2).

From the definition of '§ it follows that outside the magnet
d& dy
dy dz

-:!:: + -±7 + -jr = (11).

Inside

d$ dy
+ 777 -^'^Pdy dz

fdA. dB dC\
\dx dy d1 J

(12).

Co.i-

tinuily

and
discon-

linuity

ot ID and

At the surface of a magnetized body the tangential com-
ponent of D is continuous, but the normal component
increases abruptly by 47rIcos^ in passing from the inside

to the outside of the surface.

Outside magnetized matter the magnetic force and the

magnetic induction are coincident. Inside we have
da db dc da. dS dy . fdK rfB dC\ „ ,, ,,

Hence the magnetic induction satisfies the solenoidal con-

dition both inside and outside magnetized matter. It has
normal continuity, and, in general, tangential discontinuity,

at the surface of a magnetized body.

For if V, T and n, t be the normal and tangential components of H
and § just inside, and i/, t' andn', ( the corresponding components
j ust outside the surface near any point, we have »- » -t- *irl cos 9, and
«'->/'; but >/ = >'-f 4irIcosfl, therefore n-n'. On the other hand
t'-C, whereas t is the resultant of ( and 4irlsin0, which ia parallel
to the surface, but otlicrwiso may have any direction according to
circumstances ; hence, since t-t, in general t is not equal to t.

In fact there will bo tangential discontinuity of the
magnetic induction unless the lino of 'magnetization be
perpendicular to the surface of the magnet; in this case
there is complete continuity of tha magnetic induction.
When the magnetization at the surface is tangential, there
is, on the other hand, complete continuity of the magnetic
force._

It follows from the above that the surface integral of Snrface
the magnetic induction taken over any closed surface S integral

vanishes. of mag-

First, let the surface be wholly withm or wholly without con- S**"?-

*"

tinnonsly magnetized matter. We have, integrating all over S and
?"''"°°

all over the space enclosed by S, the analytical theorem " ""'

^.. + .. +«).S=^(g.|..|)... . (U„

hence the result follows, for every element of the right-hand integral
vanishes.^ Next, suppose S to bo partly within and partly without
a magnetized body. Divide it into two parts by a double partition
one of whose walls runs outside the surface of the body and
infinitely near it, the other inside and infinitely near it ; then, on
account of the normal continuity of J5, the surface integral will
be the same in absolute value over each of these walls. Hence the
integral over the whole of S differs infinitely httle from the sum of
the integrals over the two surfaces into which it is broken up by
the double partition, each of which vanishes by the former case.
Hence the theore'n holds in this case also.

We may tlierefore apply to lines and tubes of magnetic
induction without restriction all the theorems proved for
lines and tubes of electric force in space free from electrified

bodies. We may speak of the number of lines of magnetic
induction instead of the surface integral if we choose. And
we have this important theorem :

—

The number oflines ofmagnelic induction thai pass through
an unclosed surface depends merely on its boundary.

There must therefore be a vector ^, whose line integral Vector

round the boundary is equal to the surface integral of y poten-

over the surface.
*^*''

The components F, G, H of ^ are connected with those of '6 by
the equations

dK dG , dY dR dG oF
dy dz dz dx dx oy

as has been shown in the article Electricity, vol viii. p. C9.

Mutual potential energy and mutual action, of two magnclic Mutual
systems.—The potential energy of a small magnet is (((Tj-V)), potential

where Vi and V^are the values ofV at its negative and positive poles, energy
If tlie magnet be infinitely small, of length ds say, the direction of two
cosinesof (isbeing Aj/i,!/, thismay be written /tc(«A7rfj, i.e., mdY/ds, magnets,
or, if we are considering a magnetized element of volume dv.

r dV dY dV\,
[^di+'^di-'-'d^r-1^:7;: +/< 3:7 + ^:t-W (16).

Hence me potential energy of the whole magnetic system in a field

whose potential is given by V is

M'
-f/A

dy =>
(Aa + B3 + C7')dii

(UX

the integration being extended all over the magnetizea masses sup-
posed to be acted upon. Integrating by parts, we get at once

^''/f'^<rd?,-¥///\fd>, (18),

(T and p being the surface and volume densities of Poisson's distri-

bution, a result that might have been expected. W m.iy also be
expressed as a sextuple integral ; for, if I', a', ^', »', ar", i/, / refer

to the acting system, then
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acts

,d_ ,d_ ,d_\l^

'' dx'
"*"

'^ dy' * ' dz! ) D

(19).

A remarkable expression for W may be obtained by supposing

the integration in (17) extended tbrougliout the whole of space, on

the understanding that A, B, C are zero where there is_ do

magnetized matter, and then integrating by parts. We get, since

the surface integral at infinity may be shown to vanish.

rfA*. £B
dy

]dv

(20),

where it must be understood that A, B, C vary continuously, how-

ever rapidly. In point of fact, where, as at the surface of a

magnetized body, there ia discontinuity, a finite portion of the

integral will arise from an infinitely thin stratum near tne surface.

The proper representation of this part will be a surface integral, as

may be. seen by referring to (18), from which we raiglA have started.

If now V be the potential of the magnet acted upon, then

^ rf3V' (PT^ (^^^ +^\ .

da^ dy' dz^ \dx dy dzj
^

whence „

dx^ dy- dsr J

force

and
couple

magnet
in given

fieU.

i- fffi— <iy^ dV dT dV cZV'\

~
^'^JJJ \ dx dx dy dy dz dz )

-UPRR' cosfl dv »

(21),

where R and R' are the resultant forces at any point of space due to

the acting and acted-upon systems respectively, and 6 the angle

between their directions.

In practice "W is expressed as a function of the variables (equal in

number to the degrees of freedom) that determine the relative

position of the two systems ; differentiation with respect to any one

of these then gives the generalized force component tending to

decrease that variable.

We may also calculate the forces directly. For, the components
of force on the element dv, being the differences of the forces acting

on the two poles of the element, are

(.da T>da r>da.\ ,

and the components of couple, in calculating which the field may
be supposed unifoiiu, are {p^^ above, p. 2§81

(-yB - ^0)dv, &c.

Hence, .integrating, we get, with the chosen origin, for the com-
ponents of the whole force and couple,

and similarly for g and %,

J^+C*?"!?-/^J7B-^C+;,(

and similarly for ^ and |t.

dz J

(22).

!n the important case of a uniform field whose components are
O) Pt y> we have

y^=~K{la + 7n$ + ny) (23),

K being the moment of the magnet, and 7, in, n the direction cosines
of its axis. From this formula the results given above (p. 227) can be
deduced with great ease.

Examples.—Some examples of the application of the
foregoing theory are here given, partly on account of their

intrinsic value as types enabling us to conceive the differ-

ent varieties of magnetic action, partly for the Bake of the
light tliey throw on the theory* itself. The reader who

desires more such should consult Maxwell's £lectHciiy

and Magnetism^ or Mascart and Joubert, Lemons snf

r£lectricite et le Magiietismt.

Soleno-idal Magnets hav« already been defined as such that the Sole-

vector I satisfies the solenoidal condition noidal

dA dB dC ,
migneti-

dx dy dz

The lines of magnetization, therefore, have all the properties of

lines of magnetic induction or electric force. In particular, if W'v

consider a portion of the magnet enclosed by a tube of the lines of

magnetization, the product of the intensity of magnetization by tho

section at ea:h point is the same. Such a portion of magnetized

matter taken by itself is called a " magnetic solenoid*" and the pio-

duct mentioned is called its "strength." It is clear {from thegeuernl

definition, or it may be proved directly from the secondary property

just mentioned) that the action of the solenoid may be represented

by the distribution of a certain quantity «I of positive magnetism
on the one end and an equal quantity of negative magnetism on
the other, I being the intensity of magnetization, w the nonnal sec-

tion at the end. The action thereloro depends merely on the

strength of the soJ'inoid and on the position of its ends. The sliap©

T

» See Thomson, RepHtU of Papers on Eleciriciiy and Sfagnetism, r, 433.

Fig. 21.

of the intervening portion is immaterial. If we suppose it straight, nqTUjo-

and if the section be infinitely small so that the magnetism at the tential

ends may be regarded as condensed, at two points, we have an ideal lines an*

magnet of finite length. The equipoteutial lines of such a magnet lines cf

in any plane through iti axis are of course given by the equation fprce,

•

r = const (24),
T r

where r and,/ are the distances of any point P on the line from the

poles.

The equation to the lines of force is easily obtained ;
^ for, if NP Idea!

and SP (fig. 21) make angles 9 and 6' with the axis of the magnet, bar

and 4> and ^' with the line of force, we must have magna
sin tpji^ - sin (p'jr"-^ :

hence, since

ii\n(p = rdeidsy &m(}>'=-r'de'ld3

,

WG get

dd/r - dd'JT^= ; i «. , sin 6 rf0 - sin e'dQ'= ;

which gives for the equation to a line of force

cose- cos^ = const (25).

"We may imagine a magnet of this kind so long that the action Tt\"0

of one of its poles may be altogether neglected at points which are like

at a finite distance from the other. "VVe thus effectively realize what polesr

never occurs in nature, viz., a magnet with one pole only. If we
place the like poles of two such magnets near each other, we get a

field the equipoteutial lines and lines of force in any axial plane of

which are given by the equations

1
(26).

cos9+ cos0' = const (27).

The lines of force given by equations (25) and (27) may be traced

in a diagram by means of the following simple and elegant constnic-

tion.^ Draw two circles A and B, having equal i-adii and N and S
respectively for centres

;
produce the line NS both ways, and,

starting from the centre, divide it into any number of equal parts
;

through these draw perpendiculars to meet the circles A and B ;

2 The first mathematical investigations of the equation to the lines of force i;f

an iileal mnj^et appear to have been made by Flayfair at the request of Roblson,

and by Leslie, Oeom. Analysis, 1821, They had previously been very carefully

consiiiercd from an experimental point of view by Lambeitr Mem. de I'Acad. de
Berlin. 1766.

3 Boget, 'Jour. Ro>/. Inst., 1831.
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from N draw n series of lines to the points of division on B, and
from S a eimiJar eories to tho points of division on A. These lines

w .11 fonn a network of lozenges tho loci of the vertices of which
will be 'ines of force, corresponding to (25) or ("27) according as wo

mind of the reader acqiminted with the analj-sis employed in hydro
kinetical problems the close analogy that subsintM between the two
methods. In foot, by proper aiTangement, every problem in the
one subject can be converted into a problem in the other. For
detiils we refer the reader to Thomson, who was, so far as we know,
the first to work out this mattr-r fully ; in the present connexloQ
he should consult more particularly §§ 573 so. ol the Itepri^U.

pass from point to point along one set of lozenge diagonals or along

the other. Fig. 22 will give the reader an idea of the general

appearance of the two sets of lines. He may compare the ideal with

*he actual cases by referring to figs. 4 and 6, p. 222.

lufin- In the case of an infinitely small magnet, the equipotential lines are

itely of course given by the polar equation ?-^= c^ cos 6, c being a variable

small parameter. It is easily shown that the lines of force, which are

magnet, necessarily orthogonal to these, have for their equation r = c sin"0.*

Tf <^ be the angle between ?• and the tangent of the line of force, we
have tan<p = rd9/dr=^ta.nd; hence the following construction for

the direction of the line of force at P due to a small magnet at :

—

let K be the point of trisection of OP nearest 0, and let KT, per-

pendicular to OP, cut the axis of the magnet in T ; then TP is the

tangent to the line of force at P. This construction in a slightly

different form was given by Hansteen - and by Gauss ^
; the latter

adds that the resultant force at P is given by M. PT/OT.OP^ where II

is the magnetic moment of the magnet, a proposition which the

reader will easily verify. These propositions are of considerable use

in rough magnetic calculations. As this is an important case we
give a diagram of the equipotential lines and lines of force in

Sg. 23.

We may, if we choose, consider a filament of matter magnetized
longitudinally at every point, but so that the strength a>I ( = J, say)

la variable. Such a filament is called a complex solenoid. It may
clearly be supposed made up of a bundle of simple solenoids whose
ends are not all coincident with the ends of the filament. If ds be
an element of such a filament, the notential is Fiven by

Wrf.a <^)_
ds

r, 1 rfj
(28).

That is, its action may be represented by two particles of
magnetism Ji and Jo at its two ends, and by a continuous distribu-

tion of free magnetism along its length whose density is -dj/ds.
This is of course merelj^ a particular case of Poisson's distribution.

When a body is solenoidally magnetized, the magnetic force

^ both external and internal depends solely on the surface distri-

bution, i.e., merely on the ends of the solenoids of which the body
is composed. We may therefore suppose the two ends of any
Bolenoia joined by a solenoid of equal strength l}nng in the surface
of the body. Proceeding thus, we may in an infinite number of

ways construct a surface layer of tangcntially magnetized matter
which \vill represent the magnetic action of a solenoidally

magnetized body. Thomson has shown by means of a highly
interesting piece of analysis how to find the components of this

tangential magnetization. See Reprint of Papers on Electricity and
ITaanetisTii, p. 401.

The magnetic theorems just stated will suggest at once to the

1 Hansteen, Magnetismus der Erde, p. 208 (1819)
* Magnetismvs der Erde, p. 209,
* JiesuUale d. Mag. VfrHns. 1837 and 1840.

Fig. 23.

Jni/ormhj Magnetized Bodies constitute in practice the most im- rotentiat
portant esse of solenoidal magnets. In the first place it is obvious of uni-

tliat the whole magnetic moment of such a body is simply its volume formly
multiplied by the intensity of magnetization, and that the axis of magn«t-
the whole is parallel to the axis of each of its infinitely small parts, ized
The method usually applied to calculate the potential in this case lxidi«a.

niay be presented in two ways. The potential is calculated ac-Td-
ing to Poisson's method in ,

this case merely from a ° -

surface distribution of vary-
ing density I cos 6. We may
replace this by a layer of

uniform density p and vary-
ing normal thickness. Let
the thickness at any point
measured parallel to the

magnetic axis be t ; then
the normal thickness is

t cos ; hence pt cos 6 =
Icosd, and pt = l; i.e., t is

constant. We may there-

fore suppose the magnet
replaced by itself (fig. 24)
with ' a uniform volume
distribution p of positive

magnetism, and itself dis-

placed through a distance ^ in a direction opposite to that of
magnetization with a uniform volume distribution - p ; or, which
comes to the same thing, the potential of the magnet at P is

piU ~ V), where U is the potential at P of a uniform volume distri-

bution of density +1 throughout the magnet, and U' the potential
of the same at a point P' displaced throutrh a distance I in the
direction of magnetization.

If /, m, n be the direction cosines of the magnetic axis, tnis gives
at once

7 /'^^/7_.^U, ,dTJ, \

=AX + BY-t-CZ

(29);

where X, Y,Z are the components of the resultant force due te volume
distribution p- -!- 1 throughout the body, and. A,B,C the components
of tho magnetization,

Tlie same result may also be arrivea at thus. The part of the
potential due to the element dv is Idv cos $/r^, but this is the com-
ponent parallel to the direction of I of the resultant force at P of a
Tolu^"" distribution whose density in dv is ^ • Uence. since the
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direction of I is cverjnvtere the same, the whole potential is the

component parallel to the magnetic axis of the body of the resultant

force at P of a volume distribution p-I throughout its whole

extent. This gives at ouce the expression of (29) for V.

In the case of a uniformly magnetized sphere of radius a, the axis

teing parallel to the axis of x, and the centre at the origin, we get,

f r be the distance of P from the origin, for external points,

V=4,rIa5x/7^ (30);

iu other words, the external action is that of a magnet of infinitely

small dimensions, having the same moment and axis, placed at the

centre.

For internal points
, ,^

V = JfIx . , (31);

whence it appears that the magnetic force inside the sphere is con-

stant in magnitude and in direction, being opposite to the uniform

map;netization, and eq^ual to — ^irl.
^ , . .

SUipsoid. The potential of a uniformly magnetized ellipsoid may be simi-

larly treated. Let the origin be at the centre, and the axes along

the principal diameters of tlie ellipsoid, whose lengths are 2a, 26,

2c, and let I, m, n be the direction cosines of its magnetic axis.

Consider first an external point. Then,' if

^^..alcf-T^ ^
Ja V(a-

from a function <p{x, y, :), which is sometimes called the "potential LameUir

of magnetization, " - so that magneU-
;aUoA.

dx ay dz
(37).

M=&;c., N = &c. (32),
(()- + .f.)(c-- + <p)

where a is the positive root of

3^ !;= ;'

or + <j> h- + <p c- + 4>

we have
X-L^, Y-Mi/, Z-N;,

»nd ,„„,
Y=ALx + BMi/ + CNj (3^),

where it most be remembered that L, M, N are functions of x, y, =,

inasmuch as a is so.

If {x, y, 2) be an internal point, X, Y, Z are the components of

the force due to a similar and similarly situated ellipsoid through

{z, !/, =)

where

Let its axes be pa, pb, pc

X = L.c, Y = My

; now have

Z = N2

L = iTrabc/ lI=J:c., N = &c. . (34).

(55),

L = 2npai)bpc/
, . „ „ „ , o =;i

or, writing (}> =»j)"i(',

yoV'(a-^ + <l')V + +)(«'+ <(')

We thus obtain for Y,

Y-ALs-hBMiz + CNz,

whore L, M, IT are now constants, which remain the same so long as

the ratios of the axes remain unaltered. The components of the

force inside the ellipsoid are

a=-AL, /3=-BM, 7=-CN . . . (36).

The force is therefore uniform ; but its direction does not coincide

with that of the magnetization, unless the latter be parallel to one

of the principal diameters, and then the force is opposite in direc-

tion to the magnetization. It will be observed that the force inside

similar ellipsoids similarly magnetized to the same intensity is

always the same.

For an oblate ellipsoid of revolution, in which 6 = (;=«/'

L=4.(JL-^\in-i.), M = N =2.(^.
For a very ilat oblate ellipsoid of revolution L = 4ir, M=N = 5ra/c.

For a prolate or ovary ellipsoid of revolution, in which

log

;

.=M = 2.(^-^^|!logi±^).

It is obvious at once tliat the family, of surfaces ^(j-, y, ::) = const,

cut the lines of magnetization at right angles ; for, if dx, dy^ dz be

the projections of the element of any line on the surface. -we have

by differentiation

fdx+^yAz=0,
ax ay ^ dz

i. c, Adx + 'Bdy + Cdz = ,

which is the analytical expression of the property in question. We Ma^neti*

may therefore suppose a lamellar magnet divided up by these sur- shells,

faces of magnetization into an infinite number of inhnitely thin

normally magnetized shells or lamells. It can be shown that the

product of the intensity of magnetization by the thickness at each

point of any such shell is the same ; for, if <f,{o', ?/, 2) = c and tp{x, y, ~)

= c + 5c be the eijuations to the two surfaces bounding the shell, 5/

the normal distance between them at any point, wo have

From the formulae for an ellipsoid we could easily deduce those

for an infinitely long elliptic or circular cylinder ; we have merely

to make one of the axes infinite. ^Ve find in this way, for instance,

that the force inside a circular cylinder of infinite length magnetized

transversely is - 27rl.

The reader will find it interesting to examine the values of the

magnetic induction in the foregoing cases, and to verify its normal

continuity at the surface of the magnet.

Lamellar Magnets form another very important class. In them
the components of magnetization are derivable by differentiation

hence

dy •' ds

fd(b dx dip dy d(t> dz V ,

\dx di/ dy dv dz dv j

i.e., I5r = 5c = constant for the same shell, which was to be proTed.

This product is called the strength of the shell.

A shell, which is everywhere normally magnetized, but whoso
strength is not constant, is called a '

' complex shell "
; a magnet made

up of such shells is called a "complex lamellar magnet." The con-?

dition to be satisfied by A, B, C in this case is simply that the lines

of magnetization must be orthogonal to a family of surfaces, i.e.,

kdx + Brfi/ + Cdz must be convertible into a perfect differential by
multiplication by a factor ; otherwise that

The potential at P of a simple magnetic shell of strength i is

given by the formula

^_^i™serfS_^rfW^.^
. . . (38),

where ai is the solid angle subtended at the point P.' There is a

convention here as to sign, viz. , that side of the shell is positive

towards which the lines of magnetization pass, and the solid anglo

subtended at points infinitely near that side is positive, while that

subtended at points infinitely near the other side is negative. If

we cause P to move from the positive side away to infinity, then

back from infinity to the negative side, or to move anyhow from

infinitely near the positive side to a point infinitely near the nega-

tive side without cutting through the shell, it will decrease con-

tinuously by Airi ; if we pass through the shell from a point

infinitely near on the negative side to a point infinitely near on the

positive side, there wiU be a sudden increase of i-iri ; tangeutially to

the shell there is continuity. The potential of a closed shell is

evidently zero for any external point, ±liri for an internal point

according as the positive or negative side is innermost. It appeai-s

also that the potential of a simple magnetic shell depends merely

on its strength and on its boundary, just as that of a magnetic

solenoid depends merely on its strength and the position of its

ends.
J T> f t; 1

A lamellar magnet will in general be made up partly of closed PotenbM

shells, and partly of shells whose boundaries lie on the surface
;
of lamcl-

only the latter of course can influence the potential at external lar mag-

points. The general expression for the potential at any point net.

P(«, r,, is

Y-/// '^
dy dz dz J

e Thomson and Tait, Natural PhilQiophy, vol. L 5 522.

where 8 is the angle between D and the outward normal to dS, and
*' the value of <p at the point f, ti, f (zero of course if f, -q, f be outside

the magnet). The value of V thus found is not discontin"—=
•<

the surface as mipht be supposed, for both the surface irtcg

2 To be dialinguishcd of course from the magnetic potL:;ti;il.

3 Gauss, MgtmeiM Tlxoriis des Erdmagnelismus, 5 3S.

al and
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/A "i^dS.

4iri/)' havo discontinuities there, and they are equal in amount and
cf oppoaite sign.

For an external point tho potential is

Tho immediate intorpre'ation of this is that tho potential is the

Game as that duo to a normally magnetized layer on the surface of

the body whoso strength at dS is
; in other words, qua external

aotion, every lamellar magnet may be replaced by a complex shell

on its surface.

There is, however, another way of looking at the result. Since

A, 13, C are derivable from a potential ip, the diiTerence between the

values of <{) at any two points is simply the value of the line integral

/" (Atfa + Bdy + Cd:) along any path between those points. Hence

if the tangential component of magnetization be given in direction

and magnitude all over any surface, the value of <p, d constant pHSy
is given all over that surface. We conclude therefore that, if a body
bo laraellarly magnetized, and we know the tangential component
of its magnetization all over its surface, its external action is deter-

mined ;' for a constant c added to (j> will sirapiy add to the surface

integral
-- dS/TcoserfS

Vector

p^ten-

yalof
lamellar

magnet.

which, bsing c times the whole solid angle subtended by the surface

at any external point, vanishes. For another very interesting proof

of this result, see Thomson, iiepriiit, p. 398 sq.

The vector potcntial.of a lamellar magnet may be expressed by
means of the formula

"Ml
(40).

energy of

magnetic

ahell,&c

magnetic

poten-

tiaL

These (ormulEe furnish an immediate proof of the theorems of

Thomson above stated.

By means of the last of them, it has been shown in the article

Eleotkicitt .- that tho vector potential of a simple magnetic shell

can, as might be expected, be expressed by means of a line integi-al

taken round its boundary ; in the same place it has also been shown
that the potential energy of such a shell in a magnetic field reduces

to a similar line integral ; and that the mutual potential energy of

two such shells reduces to a double line integral taken round their

boundaries.

An important approximate expression for the potential of a
magnet at a point P, whose distance r from some chosen point in

the magnet is great compared with the greatest linear dimension of

the magnet, may be obtained as follows. Let the coordinates of P
with respect to the chosen point and any axes through it be |, ti, (;
and let the coordinates of any pointin the body referred to the same

axes be aj,
J/,

s. Also let D= |(J-a-)''+(l-!/)' + CC- =)' }\ and

let r= (j2 + „5 + n*, s=(a;'+i/'» + s2)*, t= lx + 7,y + {z. Then the

potential U at (x, y, z) of a unit pole placed at ({, tj, Q is given by

V = 47-
t Zf - rh" 5<' - 3/rV

- +— +
. 2r5

+ &c.

-— + Ui + Ui, + U3 + «tc.,

(41),

by « well-known theorem, where Ui, Uj, TJ.,, &c., are spherical

liarmonics of degrees 1, 2, 3, &c., in x, y, s, and - 2, - 3, - 4, &c.,

in f, 7], X- Now, by the theorem of mutual potential energy, the

potential V of the magnet at (^, ij, Q is the potential energy of the

magnet in tho field due to a unit pole at (J, ri, (); hence by (17)

-Vj-t-Vj-hVj-f&c.

where T, arises from U„ Vj from Uj, and so on. V„ Tj, Vj, &c.,

will be spherical harmonics in {, rj, ^ of the most general kind,

involving essentially 3, 5, 7, . . . 2i + l constants respectively,

tlieir degrees being -2, -3, . . . -t respectively. These con-

stants will, however, depend in each case on a larger number of

integrals taken throughout the magnetized body, thus the constants

in Vj will depend upon 5(t-H)(i + 2) integrals.* There is no diffi-

, Reprint o/ Papers » Elcclvicity and Magnetism, p. S92.

I wanted, that the magnetization of i

culty in writing down these terms except the length of the fonnalie.

Putting

//fA.dv-Y.1, ///Mv--K.m, ff/Cdv'.Kn

•L^fffkxdv, -M-f/fXiydv, ^-ff/CTdv

V =///tfis+Cy)dv , Q=4c., E-&c.

(42)

we get

V = K^ + mjf\-n( (2L-M - N){^ -t- &c. -h SPtiC-H &c. . .„.

It may be shown* that, in tho most general case, if we take the
axis of X parallel to tho magnetic axis, and tho origin at the point

{(2L-M-N)/2K, E/K, Q/K},»

and turn the axes about an angle tan-»P/(M-N}, the above
reduces to

V^l.l^^t-M^'.&c. . . . ,44,

An interesting particular case is that in which the magnet in

symmetrical with respect to tho three coordinate planes. If we
take its axis to be in the axis of a;, then, since all the integrals

L, M, N, P, Q, R vanish, V^ disappears, of the next set only

k-^-fffkx'dv, k^-'/f/kyHv, k^=/f/kzHv (45)

remain, and we get

K| ^ 3{Ai(2e-3^'-3C°) + A,(4„°-f-a + A,(4f'^t^-,')}t
2r'

(46).

The potential to the same degree of approximation ot & positive

and negative pole of strength /i, placed on the magnetic axis at

distances -1- L and - L from the origin (centre of symmetry), ia

2;.Lf ^ '>ixin{n--^T-K-) .

V--

T'=-
2r'

If we attempt now to find p. and L, so that the two magnetic Ideal

systems may be equivalent, we find different values for L for represeD-

diCferent positions of the external point. If, however, the magnet tative

be symmetrical about its axis^ so that A^ = A3, then the expression magnet,

for V reduces to

p K;, 3(Ai-A,)|(2;°-3,^-3r')
(47),

we then get 2/iL= K, and iyl?= 3(Aj- Aj), whence I?= 3(Aj - Aj)/K.

In other words, in the case of a magnet which is symmetncal about
its axis and alfeo about an equatorial plane, we can represent the
external action -by means of a fixed ideal magnet, provided higher

powers of the ratio of the greatest linear dimension of the magnet
to the" distance of the point considered than the fourth can be

neglected. It is to be observed, however, that if Ai<Aj tho

length of the ideal representative magnet will be imaginary.®

A convergent series for tho mutual potential energy of two Series fol

magnets M and M' may be obtaiped from the sextuple integral of mutual

(19). Let the origin. bo a fixed point in M, and let the coor- potential

dinates of a fixed point O' in M' with reference to a set of axes fixed energy,

in be {, j;, f ; further, let x, y, z and a/, >/, ^ bo the coordinates of

any elements dv and dv' in M and JI', the a:;es being in the former

case the system already indicated, in the latter a parallel system

through 0' ; then, if r denote ({--HTj^-Hf^)', and 5„ 5j, 83 stand for

we havo
di 'dv' dC
W- -/(^^/rf!)'(A5l-t•B53^-C53)(A'Sl-^B'!3 + C53)f 1 -1- 5,(„Y

T '
\{x'-x)S, + {y'-v)t,+ (.^-z)SA

W-Wi-f-Wj-t-Ws-l- (48),

where W,, W,, Wj, are spherical harmonics in J, 1;, f of dcgroea

- 2, - 3, - 4, &c.

If we neglect all the terms except those of the first order, which

amounts to supposing M and 11' infinitely small, wo get

+ (m7s'-Hm'ii)S,53+ ...! — .W- - KK'
I

ll\'' +

If Sj, O3 be tho angles between the axes of M and M' and the line

* See Sir W. Thomson, Reprint, p. 3C8.

6 This point is BoroeUmes cnlled tlie centre of the magnet, and the

Y and Z its secondaty ftxes. It should be obsen-ed, however, that tt

ia not necessarily the middle point of the line joining the

poslUve and negative magnetism. On this subject """ - ---

I'oti-nsiale Magnetico," iJnn. i. KolOT., 1882. „,„.„
6 C/ Bleclie in Pogf. Ann., p. 149, 1873 ; «nd Witd. Ann., p. 8, 18i».

.XV. — 30
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from the centre of M to the centre of M', and e^ the angle between

the axes, tliis reduces to

W^ ?^^-(cos9,2 - ScoaSiCoaflj) . . (49).

Action From tnis formula we can derive at once by differentiation the

between force of translation and the couple about the centre of M', which
two in- represent the action of M upon it. An elegant synthesis of this

finitely action has been given for tluj most general case by Tait.^. It will

small be sufficient to confine ourselves here to the case where the magnetic
magnets, iixcs are in one plane. In this case ^12 = 92-62, and W becomes

KK' (sin9,sine„ - 2 cos 9, cos Sj)/?-'. Denoting by X, Y, L the forces

of translation parallel to MM' and perpec

decrease 6^) ana the couple tending to dee

X = —^j^ = _^ (sin fl^ sin 03 - 2 cos d^ cos d^)

lar to MM' (so as to
' 0.., we have

dT

dW 3KK'
+ z:j7r--:r-sin(«i + 9!)

_dW kk;
(bin«i cos 9n + 200961 sin 9j)

(50).

(52),

Force of

transla-

tion =
;<list)-«.

Couple«
;di5t)-3.

one most impoi-tant conclusion follows at once from these for-

mulaj, viz., that the translatory forces vary inversely as the fourth
power of the distance, whereas the directive couple varies only
inversely as the third power. Hence the couple may be quite sen-

sible at distances for which the force of translation is inappreciably
small. These conclusions apply of course equally to any pair of

magnetized bodies, provided the distance between them be suffi-

ciently great as compared with their linear dimensions. This,
applied to the case of the earth, at once explains the phenomena
that puzzled Norman and the earlier magnetic philosophers so
greatly. The following particular cases are important (fig. 25) :

(A) fl,=.e.,= 0, X=-^^,Y = 0, L = 0.

(B) e

<C) e,=o, e,

(D) 6

^, X
3KK' Y-0, L-0.

X-O, Y- 3KK'
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II. The Rurface value of V, and hence its general value

for external points, is determined if the northward com-

ponent of the mugnetic force be known at every point of

the earth's surtace.

This follows at once from the fact that the differonce of tho values

of V at any two places is the line integral of tho"magnetic force

along any lino joining them ; thus, it V,, be the value of V at tho

geographical north polo, we have

y^-a/'xdl + ro (55)-

But the constant Vj does not affect the general value of V; hence

tho proposition is established.

III. The same conclusion follows if the westward

horizontal component be known all over the earth's surface

and tho northward component along any ond meridian.

In fact, if V bo the potential at any place whose latitude is I

and longitude K, then

V~-a/'Xdl- o^^Y cosWa + To

,

the first integration being performed along the given meridian, the

second along the parallel of latitude corresponding to the place.

From I., II., and III. we have the remarkable con-

clusion that, if the vertical component be given all over

the earth; or the northward component, or the westward

component and the northward along one parallel, then in

each case the other two elements are determined.

jtppracT^ G««3s^glves another interesting application of the line integral of

matioii magn^ic force. If this integral be taken all round any closed curve

byraeant: or polygon, the result is zero. Let us express this for any geodesic

of the triangle ABC, at whose vertices, the horizontal force has the values

hue in- ... ^~^

tegral of Hi- l^sj 1^3- If tho inclinations of H to BC at B and C be a and a',

ma<^netic *~^ *~*"

.- ° to CA at C and A j8 and $', to AB at A and B y and y', then, if

the arcs BC, CA, AB be not too long, we may replace the com-
ponent along BC kt every point by the average of its values at B
and C, and so on. We thus get

4BC (HjCosa + HjCosa'j + iCA (HjCOSjS+ HiCcsB')

' -^iAB(HlCOsy + H„cosy) = (56).

If we suppose the values of H at B and C to be known, and the
values of the declination to be known at all three places, the above
equation determines the value of H at A. Calculating in this way
from observed values at Gottingen, Milan, and Paris, Gauss found
for H at Paris 0-51096, the observed value being 0-51804.

Eitemal It has been supposed hitherto that the magnetic causes
and are entirely internal to the earth. The foregoing theory

'"'^'"'''enables us to test how far this assumption is correct,

earth'-s '^ "' suppose that there are external causes, then the potential

magnetic "*• '"ternal points due to these will be

iction.
To-1-Ti-^-ht/-^Y+ . . . T.^-^Y-l-

To, T,, Tj -. . . Ti being tho different harmonics in the surface

value of the part of the potential due to external causes. Suppose
now the whole vertical force deduced from observation for all parts

of the earth's surface, and expanded in a series of surface harmonies,
the i*^ of which is Zi ; then, since this is the sum of the j*** bar-

monies in the p.^rts due to internal and to external causes, we have

-(.i + l)Si+ i"Ti= a7,i (57).

Further, suppose the surface value of V determined from observa-
tions of horizontal force, and let the i*-^ harmonic in it be V,-, then
we have

Si + T,-=Vi (5S).

From equations (57) and (58) we can determine Sj and
T,-, and thus settle how much is due to external and how
much to internal causes. It does not appear from observa-

tion that any sensible part of the mean value, of V arises

from causes external to the earth.

uaussiau "We have seen already that the action of any body can be repre-
distribu- sented at external points by an ideal layer of positive and negative
tion for magnetism.. Gauss linds for the surface density of the layer in

a sphere, the case of a spherical body hke the earth, the expression
(T/a - 2Z)/4ir, which may be deduced immediately from the for-

mul% already given.

If we dravf a series of equipoteutial surfaces correspond-

ing to small equidifferent values ot V, tbe-iie will cut the JIagnetic

earth's surtace in a series of equipoteutial lines, which are P»«>UeU

called the "magnetic parallels." These lines obviously ""^.j^j^^
have the following properties. The horizontal force is every-

"

where perpendicular to them, and is at any point inversely

proportional to the distance between two consecutive
hues there. So that, if these lines -were drawn upon a
terrestrial globe, their crowding would indicate increase of

horizontal force. The lines of horizontal force, or "magnetic
meridians," the tangent at every point of which is parallel

to the horizontal component, are everywhere orthogonal- to

the magnetic parallels, and their positive direction is from
parallels of greater potential to parallels of less potential.

If, as has been tacitly assumed hitherto in accordance with
the results of observation, the potential on the earth's

surface have but one maximum and one minimum, then the
parallels will be closed curves expanding successively from
the maximum point and then closing again round the mini-

mum point, and the magnetic meridians will all run between
these two points. It is clear that at each of these points

the equipoteutial surface and the earth's surface touch ; at

the minimum point the line of total resultant force wiU
pass to the earth, at the maximum point from it ; at the

former, therefore, the north end of a freely suspended
needle will dip vertically downwards, at the latter the sontk

end will do the same. This is the simplest possible case

for a magnetized sphere. It is easy to see that, if we
define a north pole' as a point on. the earth's surface at

which the horizontal intensity vanishes, and the dip is 90°,

there might be more than one such point. Consider the
series of equipotential surfaces 1, 2, 3, 4, 5, 6 in fig.

26,' each of which has two eminences with a depressioQ

Fig. 26.

between them. The lines .a, b, c, d, e,/ are the seetions

of these by the earth's surface. 1 just touches the surface

in a ; and, if the potential increase in the order in which

the surfaces are numbered, a will be a north pole. The
section by 2 is the single oval b. 3 touches the surTFace in

c', which is clearly another north pole, and also meets the

surface in a single oval c equipotential with c. The
section by 4 is the double oval d, d'. The depression on 5 False

touches the surface at F, and meets it in a figure of 8, e, e, po'es.

on which F is the double point. F is therefore yet another

north pole according to our definition ; it difi'ers, however,

from an ordinary north pole in one important respect ; for

the law that the north end of the compass points from

parallel of greater to parallel of less potential shows at

once that near F and inside the 8-shaped parallel the

south end will point to F, whereas at a neighbouring point

outside the north end will point to F. Such a point is

called a false north pole, and we see that the existence of

two true north poles necessitates tie existence of a false

north pole ; and in general it may be established^ that,

- Of course pole as thus defined has nothing to do -with pole in any

of the fonner senses, e.g. , the line joining its N and S poles is not

parallel to the earth's magnetic axis.

^ Gauss, I.e., § 12. Cf. Ifascart and Joubert, Le^ms sur I'Elcc-

tridll et sur le MapiStisme, torn. j. § 436, 1882.

'See G.-iuss, All. Th^orie cUs Erdmagnelismus, § 12; M.nrwell,

vol. i. § 113, vol. il § 468.
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ijowever many poles of the same kind iimre may be, true

and false, the whole number must be odd. This of course

disposes of the notion formerly held by some physicists

that the earth actually had tioo north poles. As alraadj-

Tadicated, Gauss conclsded from his reduction of the

magnetic observations at his disposal that, apart from

purely local disturbances, the earth has, as a matter of fact,

Cnly one north and one south pole.

The effect of a deposit of magnetic ore, or other cause

i.f the kind, might of course produce a disturbance, within

f 'a limited area, of the equipotential lines. It may assist

*'"' the practical magnetist to indicate the nature of this

disturbance in a particular case. Let us suppose that a

magnet is placed some distance underground, vertical, with

its north pole uppermost. Then, if its moment be

sufficiently great, the equipotential lines will be as in fig.

27.1 The upper side of the figure is supposed to be

magnetic north, and it is supposed that the undisturbed

Fig. 27.

parallels .would be straight lines running magnetic east

and west, which is sufficiently near the truth in most

cases. It should be observed that fig. 27 is in reality a

transformation of figure 26, one of tHe poles being projected

to infinity. The reader should notice that the double point

F, due south of the point a vertically over the disturbing

magnet, is a point of equilibrium at which the horizontal

components Qf. the forces of the earth and the magnet

destroy each other; it will be a false pole, south or north

according as the magnet or the earth prevails.

Experimental Foundation foe the Law of the
Inverse Square.

Diffical- From what has already been laid down, it will be
ties of seen that the determination of the elementary law of

*^^^ magnetic action is a very complex problem. The action

as to tha between two magnets depends, not only on their distance

elemen- apart, but also on their relative angular position. Then
tatylaw. we have to distinguish force of translation, which varies

inversely as the fourth power of the distance, and directivG

couple, which varies inversely as the third power. It

must also be remembered that the elementary law results

in part from an hyppthesis as to the nature and distribution

of the cause of the magnetic action, for, until some such

hypothesis is made, no clear conception is possible of what

is to be understood by elementary action. Lastly, we have

the disturbance which arises from magnetic induction, the

consequence of which is that magnetically speaking two

magnets are not the same at different distances apart.

When all these circumstances are considered, it is not

surprising to find considerable uncertainty and difference

of opinion among the earlier magnetic philosophers. The
truth is that the law as now established owes quite as

> fiauss, I.C., 1 13.

much to the development of magnetic theory as to the

work of magnetic experimenters.

The question attracted the notice of Huygens arid

Hooke, but Newton seems to have been one of the first

who propounded any law on the subject. He says

{Principia, lib. iii. prop. 6, cor. 5) that some rough
experiments had led him to the conclusion that the

magnetic force (vis magnetica) decreases according to the

law of the inverse cube of the distance. No account of

the experiments is extant, and it does not appear what ha
means exactly by vis magnetica. If the directive couple

is meant, and the action of the entire magnet is intended,

then, as we have seen, this is in agreement with modern
theory. In a remarkable note in the annotated edition

of the Frirxipia by Le Sueur and Jacquier (assisted by
Calandiini ?) (1742) on the passage in question, a series

of deflexion experiments are described, and an accurate

discussion is given, from which results the law of the

inverse cube for the deflecting couple. Hawksbee - made
experiments with a view to determine the law of magnetic

action, in which a deflecting magnet was moved at various

distances round a compass, and the corresponding deflex-

ions noted. A few years later Brook Taylor ^ and the

same experimenter made a series of observations in which

the " end on " method of deflexion still iu use was adopted.

But in neither case was any definite result arrived at. A
similar uncertainty appeared in the experiments of Whistou,

who indicates the inverse 5th power of the distance as the

law of decrease. Musschenbroek's experiments, which were

extensive, also led to no final result. He used the method of

Hooke, in which the attraction of a vertical bar magnet upon
another suspended from one arm of a delicate balance is

balanced by weights attached to the other arm. From some
of his experiments he deduces as low a power as the inverse

1st, from others the |^th, and so on ; but no attempt is

made to analyse the phenomena. Slichell, in his treatise

on artificial magnets (1750), however, deduces the law of

the inverse square from Musschenbroek's results. Although
.(Epinus does not arrive at any definite result as to the

elementary law, there can be no doubt that his Teniamen
Theorix Eledricitatis et Magneiismi (1759) contributed

powerfully towards the solution of the question. Tobias

ilayer seems to have been the first to publish the law of

the inverse square as the actual result of an experimental

investigation. His paper was read before the Royal

Society of GiJttingen, and was referred to in the Gottinger

Gelehrter Amdger for 17G0, but never fully published;

it is best known from the criticism of .lEpinus, " Examen
Theorise . Magnetics a Tob. Mayero propositre " {Nov.

Comm. Acad. Pelrop., HfiS).-* The most important of the

earlier contributions was undoubtedly that of Lambert.^

Ho seems to have been the first to analyse the physical

circumstances of the problem in a thorough manner, and

to point out the various elements of disturbance to be

provided for. We regret that we are unable to devote

space to an exhaustive account of his memoirs,^ which are

most instructive reading even now. Ho showed thai *,l".o

effect of an oblique magnetic force on the needle vari '. -.s

the sine of the inclination ; and, making allowance.;, f r

this, he deduced the law of the inverse square frcr;; t.j-

fiexion experiments made at difi'erent distances. He Li;:;o

described the method of oscillations, but found diCicultics

in its practical application. It is upon his theoretical worlc,

however, rather than upon his experiments, that his claim

to be remembered rests. About the same time as Lambert,

Huygens,
Hooke,
Newton

Le Sueur
and
Jacquier,

Hawks-
bee and
Taylor.

MusscheL
broek.

Tobias

Mayer.

* Phil. Trans., 1712. ' Phil Trans., 1715 aBd-1721.
* Comp. Haustecn, Mag: d. Erde, p. 283, 1S19.
^ •Hist. d. I'Acad. Roy. d. Sc. Bcriin, 1766.
' An excellent one will be found in Hansteen, MagMtismus der

Erde, pp. 295 s(j.
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Dalla we liave Palla Bella ^ and Eobison,- tLe well-known
Bella piufussor ol' natui-al pliilosopliy in the university of

""'f
. Edinburgh, working at the same subject. The former used

the method of Hooke and Musschenbrock, but discussed

more carefully the exact nature of the resultant action.

His results indicated the law of the inverse square.

Robison used both the method of deflexion and the method

of oscillation, the peculiarity in his apparatus being the

movable magnet, which was composed of two magnetized

spheres connected by a slender rod, and suspended either

in the field of the earth alone, or at difl'erent distances

from a large magnet. He made several independent

investigations, and seems to have arrived in each case at

the law of the inverse square as his final result.

Coulomb. The researches of Coulomb,^ from which many date the

commencement of the modern theory, present many features

of great interest. He used the improved form of Michell's

torsion balance, which had served him so well in his

electrical experiments. In order to realize as nearly as

possible the ideal case of a linear solenoid, whose action

can be represented by positive and negative magnetism
concentrated at its ends, he worked with magnets made of

thin steel wire magnetized longitudinally. The ciiciun-

Etances of the experiment are thus considerably simplified,

for the acting magnet may be so arranged that the action

of one of the poles may be neglected, or, failing that, the

action of both can be easily calculated.

Til one of liis experiments he took a magnetized steel wire 25

inches long, and 1^ lines thieli, and placed it vertically in the
magnetic meridian before a horizontal magnetic needle some 3

inches long, delicately suspended by a silk fibre. The rod was
raised and lowered at a given distance from the needle until the

attraction on the near pole of the needle, as tested by the rapidity

of the vibrations, was a maximum ; it was then found tliat the
lower end of the bar was about 1 inch below the needle. Again,
tlio rod being placed horizontal and perpendicular to the magnetic
meridian on a level with the needle, it was displaced until the
needle returned to the magnetic meridian ; it was then found that

the needle was directed to a point about 1 inch from the end of _the

bar. Both these experiments thus indicate that the magnetism at

one end may be supposed concentrated at a point about an inch
from the end of the bar. It is clear that, in these experiments,

provided the rod is sufficiently long or the distance between it and
the needle not too great, the action of the distant pole may be
neglected, for the double reason that the pole is more distant and
that the force e.xerted by it is nearly perpendicular to the direction

in which it caa be elTective. Making this assumption, Coulomb
observed the number of vibrations, when the vertical rod was absent,

and when it was placed at various distances.

The forces thence deduced were found to vary very

nearly as the inverse square of the distance. Statical

experiments with the torsion balance led to a like result.

Latei re- Later than Coulomb we have the experiments of Bidone,*
se.i'i;liea. Hansteen,^ Steinhauser,^ and Scoresby." By far the most

^

'"'"' important among these is Hansteen, whose methods
were a great step towards the more complete treatment

finally adopted by Gauss. He uses Taylor's "end on"
method of deflexion, and also the method of Hooke and
Musschenbrock. The acting magnet was a bar magnet,
the action of which he represents by a distribution of

positive and negative magnetism on its two halves whose
density at a distance x from the centre is \x'. The force

at distance D due to an element dfj. of positive magnetism
he assumes to be dfj^jD". He finds, that in all his experi-

ments the value n = 1 best represents the results obtained;

but that various values of r may be adopted with almost

equal advantage; he inclines, however, to the value )'=2.

^ Mem. d. Acad. Real d. Sc. d. Lishoa.

See Ency. Brit., supplement to 3d ed. . 18C1.
' Mim. de-TInst, 1785, 1788.
* Gveji'a Journal, 1811 ; Oilb. Ann., 1820.
Magnetismiis der Erde, 1819.

' De Magnetismo Tellnris, 1806-10.
' Jacoieson's ifem Edinburgh Journal, 1831.

In his classical memoir on the absolute measurement of
the earth's magnetic force. Gauss took up the question in Gaim.
the most general manner yet attempted. Assuming that
the force due to an. element of positive magnetism varies
as the inverse ?jth power of the distance, he showed that,
when the distance between the magnets is suflSciently great
comjiared with the greatest linear dimensions of either
(more than four times as great in his own experiments),
the deflexions <ji and 4>' for the "end on" and "brqjidside
on" positions of the deflecting magnet are given by

tan0 =L,t- <'+!) + L37- ("+:)+ jjo.,

tani/)'= L,V-<"+>) + L3V-("+=i+ ic;

where L, L', = n. He made a series of deflexion experi-

ments, and found that his results could be represented

with sufficient accuracy by the formula '

tan0 -0036870i-3-0-002I85r-»,

tan0'= O'O«435r-HO-OO2«9j--».

The following table shows the closeness of the agreement
between theory and experiment (c is measured in metres;
* and <I>' denote observed and

<f>
and </>' calculated values):

—

,.



MAGNETISM

peter-

mination

of mag-
betic

of the

magnetic

declina-

tion.

Colli-

mator
magnet.

238

matter here only in so far as it concerns the work of

a physical laboratory, the rest belonging more properly
to the subject of Terrestrial Magnetism (see Meteoeo-
logy).

Axial Direction and Magnetic Decimation.—The magnet
is suspended, usually by means of one or more fibres of

unspdu silk, so as to be free to move about a vertical axis.

We shall suppose, for simplicity, that the magnetic axis

is in a horizontal plane. If this is not so, instead of deter-

mining the axial direction, we determine a vertical plane
through it. In order to obtain a fixed line of reference in

the magnet, two marks may be made on it as nearly in the

direction of the axis as can be guessed to begin with ; this

arrangement is used with dipping needles and also for

horizontal needles when no great accuracy is required.

For declination needles two contrivances of greater refine-

ment are used.

1. A mirror is rigidly attached to the magnet, so that

the normal to its surface is nearly parallel to the. magnetic
axis. The image of a fixed horizontal scale in this mirror

is observed by means of a fixed telescope, and the angular
motion of the magnet deduced from the motion of the

scale divisions over the wires of the telescope. This is

called the mirror method.^

2. A more compact arrangement is to attach to the

magnet a small photographic scale and a lens, the former
being placed at the principal focus of the latter, so that the

line joining the middle division of the scale to the optical

centre of the lens is nearly parallel to the axis of the

magnet. The scale is viewed through the lens by means
of a fixed telescope, and it is clear that the line just

mentioned gives us a fixed direction in the magnet, and
that the motion of the magnet can be followed by
observing the apparent motion of the scale across thg

wires of the telescope. This may be called the collimator

method.''

The apparatus usually employed in the tinited Kingdom for

observing the magnetic declination,' and also for other absolute
magnetic measurements, is the portable unifilar mague'tometer, the
upper part of which is shown in figs. 28, 29. The lower part con-
sists simply of a tripod stand supporting three T-shaped groves, into
which the points of the levelling screws attached to the fixed limb
of the instrument are set. In making an observation of the
declination the instrument is arranged as in fig. 28. The declina-

tiou collimator magnet is suspended in the box A (the sides of
which are removed to allow the interior to be seen) by means of
the suspension fibre D, attached to the torsion head PH. The
scale o"f the ihagnet is observed through the small telescope QBG.
Tile first step is to remove the torsion as far as possible from the
suspension fibre by hanging to it a brass plummet E of the same
weight as the declination magnet. After this weight has come to
rest, it is replaced by the declination magnet, so that the latter shall
rest as nearly as possible in the magnetic meridian without intro-
ducing torsion of the fibre. The movable limb is now turned till

some division of the magnet scale is on the cross wires of the tele-

scope. It is the^ clamped. The magnet is now inverted, and the
number of the scale division ou the wires again read. The mean
of these readings "ives the point of the scale the line from which
to the centre of the collimating lens is parallel to the axis of the
magnet. This point of the scale (axial point) will remain the same
so long as the magnetism of the magnet does not alter, or the adjust-
ment of the scale and collimating lens is not interfered with. The
tangent screw is now worked until the cross wires of the telescope are
on the axial point of the scale. The verniers of the limb are then

.

^ The mirror method was first suggested by Poggendorif {Pogg. Ami.,
vii., 1826). It was carried out in practice by Gauss.

' There seems to bo some doubt to whom the collimator method is

due. Airy, Lloyd, Laraont, and Weber all did something for it. See
Lament, Haiidb. d. Marinetismus\ p. 154.

' Want of space compels us to omit all but the leading points.
Readers in search of full practical details must be referred to The
Admiralty Mamml of Scicmiijic Enquiry, pp. 84 sq.; Maxwell,
Electricity and Mar/nelism, §§ 449 sq. ; Lament, Bandbuch der
Magnetismus, and Erd-Martneiismus, where references to all the
authorities op to his time will bo found. They should also study the
classical memoirs of Gauss to be found in tbs fifth volume of his col-
lected works.

read. The next step is toobserve the azimuth of the sun or of some
other heavenly body, by means of which we can refer the azimuth
of the magnetic meridian to the true north. For this purpose the
imstrument is provided with a small transit mirror NO, which has
a motion in altitude so aa to bring any object into the field of the
t/,i»=„„„o To use it, the limb is undamped, and it and the

Fio. 28.—Onifilar il.ibiieiuu.cUi, .,.i,.„^^i. lu mni^au- ucilmation.

mirror moved until • the sun or star comes into the field of the'

telescope ; the limb is then clamped and the time noted at which
the heavenly body passes the intersection of the cross wires. The-
verniers are again read. The ditferences of the readings, added to-

the azimuth of the heavenly body found by means of the time from
the Nautical Almanac, gives the declination at the time and place
of observation.

There are several causes of error to be guarded against. (1) Tor-
sion is reduced within as small limits as possible to begin with,
and if there is reason to suspect any residual error we may test the
apparatus by turning the torsion head of the suspension tube first

90^ one way and then 90° the other. If the deflexion of the magnet
is exactly the same and oppositely directed in the two cases, tnen
we may conclude that the toi"sion is zero in the azimuth of

equilibrium. If not, then we may turn the torsion head so as to
reduce the error still further; or we may calculate its amount
(assuming torsion to be proportional to twist) from the two observa-

tions, and allow for it. (2) If the axis of the magnet is not very

nearly parallel to the line of coUimation of the telescope to begir
with, and consequently the two scale readings far apart, an erroi

may arise * from the vertical axis of suspension not being exactly

reversed by the inversion. This error is reduced by repeating the

observation, after adjusting the axis of the magnet and telescope so

as to be more nearly parallel. (3) If mean decUnation for a given
day be desired, correction must be made for the diurnal variation,

and under certain circumstauces this variation may even produce
disturbances in the course of a single observation.

Magnetic Moment, Horizontal Intensity of the Earth's Ma:?iietic

Force.—If merely relative measurements of the magnt-ic '-moment

moment K of a given magnet, or of the horizontal ""''''.'':''

intensity H of the earth's force, are desired, there are two tensity,

methods of obtaining them. The first is the method of

vibrations. Having found the moment of inertia A of the

magnet M about its vertical axis of suspension, and the

' See Swan, Trans. Roy. Soc. £eUn., toL zzt, 1866.



M A (j J^ JK 1' 1 S M 2;^9

time T of its vibration under the earth's force, we obtain

the product KH, "p, say. Secondly, by the method of

deflexion, of which two varieties, tangent deflejuon and
sine deflexion, are in use, the value of the quotient

K/II, —q, say, is found. In this method K is used as the

dtjlecting magnet, and the moment K' of the deflected

magnet docs not appear in the result.' It is obvious that,

if we know the value of H, cr may assume it constant,

either of these methods will enable us to express the

moment of any magnet in terms of that of another
arbitrarily chosen as unit ; and, reciprocally, if we operate

with a magnet of known or of constant moment, we can
determine the values of H at different times and places in

terms of its value at an arbitrarily chosen time and place.

By combining two observations, in one of which a
magnet K is the vibrating and ia the other the deflecting

magnet, we can obtain both K and H in absolute measure,
for W6 have two equations KH =p, and K/H = q, which
give _

K.=\Jpq, aiidH=yp7y.

."nifllar Vibration Experiments.—If 9 bo the angle between the axis of
magneto- the magnet and H at time i, y the angle between the axis and
meter; H in the position of no torsion, tKH the coefficient of torsion,
vibration then the equation of motion of the magnet, when the arc of oscilla-

experi- tion is very small, may bo written
'""''^- A6+KHe + TKH(fl-7)=-0. .... (59).

This gives for the period of a complete vibration ' ,

T^-Iit'A/KHCI+t) (60).

The observations are made with the magnetometer arranged as
for the declination experiment. The swinging magnet is brought
to r§st, and the circle so
clamped that the axial point of
the magnet scale is on the
cross wire of the telescope

;

the magnet is then sliglitly

disturbed so as to oscillate

through a small arc (16' or so).

The time of vibration is found
first ioughly, by taking the
time of a single vibration, then
more accurately by counting a
large number of vibrations and
timing the end of the last aa

accurately as possible. t is

found by observing the de-

flexion ff and &' caused by
turning the torsion head
through an angle 3 in one
direction and then through
an angle 3 in the opposite

direction ; we thus get from
equation (59)

KH»'+TKH(fl'--).-3)=0,

KHe"+TKH(e"-7 + /3)-0 ;

md T-(8'-e")/(23-e'-i-e").
From the same equation we
may also determine y when
necessary.

The most troublesome part
of the whole process still re-

mains, viz. , the determination of A. This is effected by attaching

to the magnet a body whose moment of inertia B can be calculated

from its dimensions. For this purpose Gauss fixed a cross bar of

wood to the magnet, and attached to it at known equal distances

from the axis of suspension two cylindrical weights of known mass
and dimension. Sometimes a cylinder of gun metal is slung below

the magnet by means of two loops. Perhaps the best method is to

nse a ring of gun metal attached to the magnet so that its plane is

horizontal and its centre as nearly as possible in the line of suspen-

sion. The new time of vibration being Tj, and the new coefficient

of torsion (if different) t', we have the new equation

There are several corrections which, although in general negligible
may sometimes require to bo considered. (1) H may vary so much
during the experiment as to cause a scneiblo error

; (2) if tlie arc
of vibration be too large, it may be necessary to apply the reduction
to infinitely small arcs

; (3) if the amplitude of the vibrations
decrease- too rapidly, account must be taken of the resistance to the
motion arising from the viscosity of the air, &c, ;= (4) a correction
has to bo made for the alteration of the moment of the magnet bv
the earths mduction,^ and (5) a temperature correction lor the
magnetic moment and the moment of inertia.

Deflexion Experiments.—In Gauss's arrangement the deflecting Defl«A...«

"1%°!> ^™ .-.P-l" <."'.,*° east-west direction, i.e., end on to the c^peri-~
' '^ '

"
' ' J^^t- The eouation ofnient*

with
uni filar

magn6t4>

original position of the deflected ^„,
equilibrium in this case' is [see equation ifil)]

K'H(H-T)sin
„/'2KK' T, T,

.5(1+1). ?-' +& + (M).

where Pi=T,/2K'K, V^=TJ2'K:'K, he.
In the method of sines the deflecting magnet is turned nntil it is

perpendicular to the axis of the deflected magnet in its final position
of equilibrium ; the equation of equilibrium in this case is

TfH
2K

. P, P.
sir (1= 1 ! + _|; + &c. . . . (62).

The advantage of the method of tangentais that the moment of
the deflector is not affected inductively by the earth's force. In'
the method of sines a correction has on this account to be made

;

but, on the other hand, there is no torsion, and, from the symmetry
of the position of the two magnets, the approximate formulsB
have a more exact application.

The new pattern of the unifilar magnetometer is adapted for the
method of sines. The instrument arranged as in fig. 29 is first

carefully levelled, and fitted with the graduated cross bar D, which

Ti==4,r'(A-l-B)/KHa-t-T').

From this and (60) we get

1 This imnortant fact was first noticed by Lambert

FlQ. 29.—Unifilar Magnetometer, arranged to show deflexion.

is so set in its sockets as to be perpendicular to the line of collima

tion of the telescope A. The box is opened, and the torsion

removed from the suspending fibre by means of a plummet as

already explained. The deflected magnet is then suspended so as

to be at the same height as the deflecting magnet when the latter

is placed in its carriage on the cross bar. The sides of the box are

now closed, and the circle of the instrument turned until the middle

division of the scale B, seen by reflexion from a mirror attached to

the deflected magnet, is on the cross wires of the telescope A ; the

circle is then clamped, and the verniers read. The deflecting magnet

K (the same as that used in the vibrarion experiments) is next placed

in its carriage L on the cross bar at a distance r, (30 cm. oi so) east j

the circle is then turned until the middle division of the scale is

ncrain on the cross wires ; the verniers are read once more. The

difference between the two readings being ffj, we have

2 In this connexion see more especially Lament, Hcmdb. d. Mag*
netUmus, pp. 232 sq.

1 See Lament, Bandb., p. 371 ; Maxwell, vol. iii. § 467.
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2K
= !-- +L.Es. (63).

The deflecting magnet is reversed in its carriage, and the whole
operation repeated. If the deflexion now be d^i irrespective of sign,

then
r,m . ^ , p. p.,=1+— +-I+ (6i).

The mean of these gives

4K
(sinflj + sin9j) = l +—2 +

rj
(65).

The magnet is finally removed to a distance r, west, and the

jtrovious observations repeated ; we thus get

""^{sinSj + sin ej = 1 + 23+ (G6).
4K'

The mean of (65) and (66) is then taken, and we get

2K
(C7),

wiicro S, — i (sin 61 + sin 9, + sin 63 + sin ej, or, what is practically

the same, the sine of the mean of «„ 0^, 63, and 9,. The object in

taking the mean of (65) and (66) is to eliminate any error arising

from the non-coincidence of the middle i^oint of the cross bar witli

the axis of suspension.

In order to eliminate P„, another set of observations are made
with a new distance r^ (2B cm. or so), giving the eijuation

r.'H P.

From (6") and (68) we have finally

H ~
2

,=(r/S. - .'Si)

Measure-

ments by

electro-

magnetic

induc-

.tion.

When great accuracy is required, several corrections have to be
applied:—(1) the moment of the deOector must be corrected for

induction
; (2) the moment of the deflector must be corrected for

temperature
; (3) the lengths r^ and r^ on the cross bar must be

corrected for temperature.

Statical Method.-—There is another method by which we
may determine the product KH, viz., we may oppose a

statical couple to the couple exerted by the earth on the

magnet in a given position, so that there may be equili-

brium ; the statical couple, which may arise from the

torsion of a fibre, from a bifilar su.spension, or other

gravitational force, thus becomes the measure of the

magnetic couple ; and hence KH can be determined in

absolute measure. Coulomb's torsion balance e.xperiments

are an example of this method. It finds numerous ap-

plications in the variation instruments of fixed magnetical

observatories, and also in instruments for magnetic ob-

servations at sea, but it is very little used in the ordinary

work of a physical laboratory.

Magnetic Measurement by Electromagnetic Induction.—
It has been explained in the article Electeicity that, if,

either owing to the variation of the magnetic field, or

owing to the motion of a closed linear conductor in it, the

number of lines of magnetic force N passing in the

positive direction through the conductor vary, this variation

will cause an electromotive force - d'Sjdt in the positive

direction round the circuit, Let us suppose, to take a
simple case, that we have a coil of wire made up of a
number of parallel plane circular windings, and that the

sum of all the areas of the separate windings is A. If we
place this in a field of uniform intensity R, so that the

normal to the windings makes an angle 9 with R, the

•number of lines of force passing through the coil will be

Nj = ARcos0. If we now suddenly reverse the coil, by
turning it through 180° about an axis perpendicidar to

its normal, the value of N in the new position is

^2— -AJlcoaS. Hence the integral electromotive force

during the motion is - /dtd'^jdl = Nj - N; = - 2ARcos(?,

and the whole quantity Q of electricity which passes will

be Q= - 2A-Rco35/S, where S is the resistance of the

coil. If Q be found in absolute measure,^ and A and S

be known, we thus obtain the value ef Rcos^. This is

the principle of _Weber's "earth inductor,"^ by means of Weber's

which the horizontal and vertical components of the earth's earth in-

force can be measured, and in consequence the declination " '"

and inclination determined.

If the test coil be made very small, so that the portion X'crdet's

of the field which it occupies may bo supposed uniform, "plorins

this method may be applied to measure the intensity at.'"

different parts of a non-uniform field.^ The small coil is

placed with its windings perpendicular to the lines of

force, and then suddenly reversed, or, if that be impossible,

suddenly removed to a part of the field where the number
of lines of force passing through it is zero. The integral

electromotive force is of course in the latter case only half

what it is in the former. This method is often of use

where, owing to the great strength of the field and th»

consequent disturbances arising from induction, any othet

method would be utterly useless.

Thp, method of electromagnetic induction may also bs Magnetic

appl'.ed to measure the component of the magnetic moment mo'l"'""'

of any body parallel to a given Hue. mined bj
Let aa'bb' (fig. 30) be the section of a uniform cylindrical coil of electro-

length 21, made up of a f-ingle layer of flat circular windings of nf.ignetic

radius b, n to the centimetre. Let the a.\is of the coil be taken .mi'i-i'.att

for X-axis, aud let K be any magnet within the coil, placed will

Z
Y

the given line parallel to the axis of the coil. Letpq be any single

winding of the coil, then the surface integral of the magnetic
induction for;?'; is given by JJadydz ; hence the whole number of

line:- of force through the coil is given by

S=/ndxf/adydz,

= nJTfadxdudz

,

the integration being extended all over the cylindrical space alb'a^.

Now, since a=a + l7rA— -dV/dx + iirA, wo gel

N - - 71/// jr-dxdydz + iim fffkdxdijdz ,

= - n{ff\-dydz -//\'dyiz) + 4r)iK
,

= +47mK-»i(S-S')

(69).

whero K is tlic component parallel to the axis of the coil of tlio

moment of the magnet, and S and S' the values of the surface

integral of the potential of tho magnet (derived from Poisson's

distribution) over tho two ends of tho coil. * When thero are moro
layers than one, we must of course sum tho different' parts of N
arising from the different layers.

The foriQul^ are quite general, and some applications

will be given later.fr Meantime we see that, if the coil bo

' See arts. Electricitt and Gai-vanometer.
' Pogg. Ann., xc., 1853.
' Cf. \'erdet, Ann. d. Chm. et d,.J'h]^.yili.j 1854.

I
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SO long that Ino magnetic potcnti.il of the body at its two

ends may be neglected, then the integral electromotive

force caused by the sudden removal of the body, or by the

sudden destruction of its magnetism, is 4mt times the

component of the magnetic moment parallel to the axis of

the coil, n being the number of windings per unit of

length of the coil.

Historical Remarks on the Progress of Magnetic Measzire-

' ments.—The method of vibrations came very early into use

ill magnetic measurements. Whiston and Graham made
vibration observations with a dipping needle. Musschen-

broek and Mallet also used a horizontal needle. Lambert

appears, however, to have been the first to thoroughly

understand and appreciate the method. For long it was

the only accurate process in use for obtaining relative

measures of the earth's force. It was so used by Rosscl,

D'Entrecasteaux, and Humboldt. Coulomb, Hansteen,

and Poisson, all contributed more or less to its improve-

ment ; and it finally reached perfection in the hands of

Gauss,' who gave the experimental process for obtaining

the moment of inertia, investigated thp correction for resist-

ance, and, by the introduction of the mirror and scale

method, imparted astronomical accuracy to the determina-

tion of the period of vibration.

The method of deflexion, in one form or another, is

fery old. Its existence as a thoroughly scientific method,

Iiowever, dates from Hansteen. The essential improve-

ment of eliminating the constants depending on the

magnetic distribution by observations at different distances

is due to Gauss. The advantages of the sine method were
first pointed out by Lamont in 1841.?

Poisson seems to have been the first to conceive the

idea of absolute magnetic measurement. In a short but
luminous article at the end of the Conruiissance des Temps
for 1828, he describes a method for obtaining the value of

H in absolute measure. Horizontal vibration experiments

are to be made with two magnets A and A', whose
moments of inertia A and A' are known. The times of

vibration t and t' of A and A', each suspended alone, are

to be observed. Then both are to be placed in the

magnetic meridian at a distance r apart in the same hori-

zontal line, and the periods 6 and ff observed, of A when
A' is fixed, and of A' when A is fixed. If r be very great

coBipared with the linear dimensions of A and A', then

o;_ 8ir'e9'v'AA'

He recommends, howeverj that comparatively small values

of r be taken, and the constants of distribution eliminated
by experimenting at different distances. His fundamental
units are the gramme, metre, and second.

Nothing came of Poisson's proposal until Gauss took up
the subject, both theoretically and experimentally, as above
described. The first absolute measure of the earth's hori-

zontal force was made by him at Gottingen on the 18th
September 1832; the value found was 1-782 3 in milli-

metre milligramme second units. The magnet he used
(about a foot long and weighing about 1 ft) had for its

moment 100877000'' in the same units.

The determination of the distribution ofmagnetism loithin

a lody, in other words, the determination of the magnetic
moments of its individual elements, by observations of

magnetic force at external points, is, as we have seen, an
indeterminate problem. Nevertheless, a considerable part
of the literature of magnetic science relates to it ; and wo
must give some account of what has been done, although

.ng der Schwingungs-

, 1837.

* See his memoir, "Anleitung zur Bestil

.auer einer Magnetuadel," in Res. d. Mag.
' Handb. d. iln9>ietism.us, p. 309.
' 17821, a Q. S.

15—11

' 10087-7, c. a. S.

the results obtained are of comparatively sliyit physical
interest, and of small i>ractical value.

Experimenters have been somowhaiN slow in recognizing "Fre':

the essential indeterminatenesa of the problem. This no magnet-

doubt has arisen from their imi)orfccl^ analysis of the
'™'"

phenomena. Thus, although we cannot determine the „jjJof ',,j
actual internal distribution, yet the probKvm to determine phrase,

the Gaussian surface distribution which wiil represent the
magnetic action at all external points, however'dilficult, U
quite determinate. This surface distribution has been called
by some the "free magnetism" of the body; and some,
all the powerful contrary evidence notwithstanding, have
imagined that this distribution has a physical existence,

and have even spoken of the depth, to which the free

magnetism penetrates into the magnet. Others have con-

founded the free magnetism of Gauss's distribution with
that of Poisson's ; and in many cases it is impossible to

gather what the experimenter meant to indicate exactly by
the phra.se.

The case in which, from the circumstances, the variatiou

of the internal distribution is confined within the narrowest
limits is that of bar magnets, whose length considerably

exceeds their lateral dimensions ; and this is practically

the only case that has been much studied. The most
natural way of attempting to represent the action of such
a magnet would be to suppose it replaceable by a fixed

ideal magnet, and then to determine by experiment tho

strength and position of the poles of this magnet. The
earliest notion was that the poles were situated exactly at

the ends of the bar. It was soon found, however, that, if

the poles did exist, they were not in general exactly at the

ends. Lambert and Kupfer^ concluded from their experi-

ments that in many cases the poles lay outride the bar,

while in weak magnets they lay inside. Coulomb, as we
have seen, and also Dalla Bella, inferred from their results

that the poles fell within. Recent experiments have been
made by Pouillet,^ by Benoit,'' by Petruscheffsky,* and by
others on the same subject ; but it is needless to describe

them here.

The word "pole," like the phrase "free magnetism," lias " Pules,"

been used by different writers in very different senses. difTereut

Some have applied that name to the mass centres of the ^'^""'iP'

positive and negative magnetism of the actual molecules.

But, although as a matter of convenience we have used

these points in our .theoretical development, they have, as

far as physical observations are concerned, no existence.

Others have defined the poles to be tho mass centres of tho

positive and negative parts of Gauss's surface distribution.

These might of course be determined, although the process

would be extremely troublesome, and the result of no

practical value whatever. In point of fact, if the magnet

be in a uniform field, i.e., at a very great distance from

the system that acts on it, the action depends solely on

the magnetic moment, and the magnetic distribution lias

nothing to do with it ; the poles in this case are physically

indeterminate. If, on the other hand, two magnets are
,

within a moderate distance of each other, we may set to

ourselves the problem to find two points in each of them

such that the mutual action will be represented by

quantities of positive and negative magnetism concentrated

there. Then, in general, such points may or may not

exist. Riecke has shown (see above, p. 233) that, if the

distance between the magnets exceed a certain limit, then,
,

as a matter of approximation, these equivalent poles, as h(

calls them, do exist. Except, however, in the case oi

magnets symmetrical about an axis, and also about an

equatorial plane, they are not fixed in the magnets, but

^ See Lamont, Handb. d. Magnetismus, p. 294 sq. __
« Compics Jiend., 1868. ' CompUs Jtc.idT, 1876.

P^g. Ann., clii., 1874, and clx., 1877. ...



242 MAGNETISM

DitTcrent

iiiotlioJs

[iloycJ.

ilciicii'l niion their relative position. Altliuugh his results

uru exticmuly interesting from a mathematical and theo-

retical puiiit of view, we do not see that much [iractical

advantage would Lttend the use of these equivalent poles
;

and wo arc inclined to think that, except m the popular

usage for distinguishing one end of a magnet from lIj;

other, and in the case of ideal magnets, the word pule liad

better be abandoned altogether.

The idea ol representing the action of a linear magnet

by a euntinuotis distribution of free magnetism, positive in

one half and negative in the other, is very old. It

appears in Eazin s worlc on the magnetic curves published

in 1753; and Tobias Mayer, in his memoir above quoted,

assumes that the density of the distribution is proportional

to the di-stance from the middle of the bar. Four distinct

methods have been used in attempting to determine the

law of distribution.

1. The deflexions of a small needle in different positions

near the magnet have been observed, and by means of

these the constants in some formula assumed for the dis-

tribution have been calculated. This was the process

adopted by Lambert ind Hansteen, and. ia some of his

experiments, by Lamont.'

2. Instead of measuring deflexion, we may count the

oscillations of the needle, and proceed as before. This

method was used by Coulomb, Becquerel, and Kupfer, but

it led to no satisfactory results, partly owing to the disturb-

ances arising from induction and the force of translation

upon the needle, partly owing to the difficulty of putting a

satisfactory theoretical interpretation upon the results.

3. Some observers have measured the force required to

detach a small armature of soft iron or steel fromi ditlerent

parts of the bar, thinking thereby to obtain a direct

measure of the free magnetism. It is not very easy to

say what is measured by this process, but it is obvious, on

a little consideration, that the efi'ect is complex, depending

greatly on the nature and e.xtent of the surfaces in contact,

and also upon tho mutual induction between the magnet

and the armature. Experiments of this kiud have been

made by Dub, Lament, and others.

4. Another method frequently employed is to slide along

the bar a small ring-shaped coil embracing it as closely as

possible, and to measure tlie induction currents for a given

displacement. The assumption usually made is that the

integral electromotive force is proportional to the free

magnetism on the jiortion of tho bar passed over, or, wbat
amounts to the same thing, to tho di8"ercnco between the

magnetic moments per unit of length of the sections of

tho bar on which the coil rests at the beginning and end

<if tho motion. This is, however, only an approximation

to the truth, and tho accuracy of this approximation is very

difficult to estimate in tho practical case where the lateral

dimensions of the bar are finite. The following investiga-

tion will show the nature of the difficulty.

Tlic inli-ftr.nl elcrtromotivc force is - (N, - Nj), where N, !ind N^nrc
the .surfai-f iiitei^ials of magnetic iniluclion taken over the coil in its

inili.nl ami final iiositiona. Let us take first a linear solcnoiil SN (fifr

31) or Icn.ijtii /, atul magnetic moment 7n, and A coil of a single

winiliiig Vil, wliich moves so that its centre R is always in tlic line

SN, and its plane .alwaj's iJerpcnJicular to SN ; then

'H~//ad!idz-//a.d<j(lz-\-iirf/A,ly,h,

the former integr.al extending .ill over VQ, the latter over the
infinitely small section of the solenoid at R, a hcing the force duo
,to the cnil distribution at N and S. We thus get

N = ^^-T-(cosei- C0S9')

electromotive forec, whicli is .ts it .-Jiouhl 1)0. If wo were at lilicrty

to .suppose PQ infinitely small, then, when R i« bituern .S an.t iN,

COS - e..s«' would he the snm of two nniti.s, an.l, wljcn K is outsid.>,

the dilfennec. In such a ciise, so lung a.H I'Q moved on tha

magnet, there would he no electromotive force, but if we suddenly

move it over the end, there would he (in elcctromotivo forci)

.(70),

iwhere

lirst pla

nd «' are tho angles TSX and PXX. This shows, in tho
! (see eiiuation (25) above), that if tho coil TQ wero to

nl contract ns it moves, so as always to remain a section
1.- tube of force, th'-re would he no vari.ition of N, and no

' See also Airy and Stuart, Phil, ilna., 1S73.

~ 4frm/I, which is proportional to the nionicnt of the bar. AVhen

PQ is not inlinitcly small, there is a variable part of N, depending

on the dimensions of PQ. which will give rise to an electromotivu

force, oven when the coil is moveil alon^ a nnifoimly magnetized

bar, where there is no free magnetism except at the ends.

It is now easy to form a concejition of wh;tt happens in tlie case

of an oidinary complex solenoidal bar. We may snjtjiose such a

bar made up of a number of simple linear solenoids. A certain

nimiber of these, corresponding to the end parts of Piiisson's

distribution, will have the same length as the bar ; the others,

.corresponding to the lateral surface anil volume jiarts of the

distribution, will be of continuously dimiidshing len"tlis. If we
were at liberty to suppose the lateral dimensions of the bar and

the radius of tho coil to be infinitely snndl, tlicn, as the coil moves

along the bar, we should have an electromotive force due to ]iassagc

over the cntls of the short solenoids, and, as it moves over the end,

an electroraotivo force due to passage over the ends of the long

solenoids. Wo might in this way by a sulhcient number of

observations determine the distribution of the free magnetism

throughout the bar and at its «ids ; and in this case no distinction

would bo neccsrarv betwenn the v<-b.nae jud tha eurfjicc distribution

in any section.

If, however, tho dimensions of tho section ot the bar,_anu con-

sequently of the coil, be finite, a coirection would have to be applied,

depending, not only on the dimensions of the bar and coil, biit also

on the magnetic distribution. All that we ciui then do is to assume

a formula tor Gauss's surface distribution and dctermino. its con-

stauts. We thus get Gauss's distribution, and a formula that will

account for the electrical observations ; but ico obinin no infoi-vifilion

as to the uctical internal distribution of the marfuctistn in iitc bar,

Lenz and Jacobi - appear to have been the first to apply

tho method of induction currents to the measurement of

the magnetic distribution in bar magnets. They attempted

no theoretical analysis of their results, although they

assigned a law of distribution. Van Rees,^ who questioned

their conclusions, gave an imperfect theory, and made some

careful researches of his own. Eothlauf * made further

cxijcriments, and entered more fully into the theory, though

still w'itli insufficient generality. The most recent experi-

ments of the kind we are aware of are those of Scliaper,''

who discusses the theory with complete generality, taking

account of the ends of the bar.

After what has been said, tho reader will scarcely be

surprised to find that the different experimenters assigned

very different formida? for the distribution in bar magnets.

Lambert deduces from his experiments a distribution

whose density is kx,—A being a constant, and x the

distancB from the ends of the bar. ISrugmans, V.

Swinden, and Lenz and Jacobi adopt the law Ax-

;

Hansteen, as we have seen, the law Ax'', where r = 2 or 3.

Biot deduced from Coulomb's e,xperiments the law

A(/i'-/x-') for the density of the- free magnetism, -wliich

would give for the moment per unit of length of the bar

the law a ~ h{^' + n"), see above, p. 231. Becqucre!,

Differe'i*

laws 'S-

- rorj'j. An«., Ixi., 18-14.
'•• Occr de Vt-rUcdinij itui hd ilarjndismus in Mounctcn, Anist,

Po'fi. Ann., cyvi., 18C2. '' K'l'ctZ. Ann., vs.., 1880.
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Van Rcos, Lamout, aud Piotlilauf favour tuis last lorm.iia
;

Jjut none o£ tlicso experimenters give any proper accoulit

of the ends, which must be specially represented in all but

tliose eases where the magnetic moment is zero there.

iSchaper finds that the results of experiment can be

adequately represented by means of end distributions, and

a lateral surface distribution following the law A.!; + Bj;^.

See his paper above quoted, p. 242.'

Currying PotDcr of a 3[agn(t.— It is obvious that the

magnetization of a piece of iron must ad'eot it^ force of

= cohesion. The most familiar case is that of a magnet to

which iin armature is fitted. If the surfaces of the pole

and armature be carefully ground flat, so as to fit, we may
regard the magnet and the armature as continuations of

each other. The force of cohesion here is mainly due to

the magnetism; and the force required to separate the two

is called the " carrying power " of the magneL To simplify

the question, let us consider a cylindrical bar of section u,

uniformly magnetized in the direction of its length with

intensity L Suppose the bar cut so that the normal to

the plane of section mak'es an angle 6 with I, and let the

surfaces of section be separated infinitely little, then the

surface density of Poisson's distribution will be Icos^
on each surface. Assuming that the cohesion is caused

solely by the attraction of these surface layers, we get

for the carrying power P= 2TrIcos5 x Icos^iosecS, i.e.,

P = 27rI-a)COsft The carrying power is therefore greatest,

viz., 277<ijl-, when the surface of the pole is perpendicular

to the lines of magnetization.

A great variety of experiments have been made on this

subject by Joule, Dub, Tyudall, Lamont, and others,

mostly, however, under circumstances that do not admit
of the application of the above theory. For an account

of what has been done, the reader should consult Wiede-
\

mann's Galvanismus, ii. § 425 sq. The most recent inves-

tigations on the subject will be found in the papers of

Rowland, quoted below, p. 255, and in papers by Stefan

and Wassmuth in the Mqnalsbcrichte dor Weiner Alademie
for 18S0 aud 1882.' The facts are not so simple as the

above tlieory would indicate ; but Wassmuth finds a modi-
lied form of it to agree sufEcientlv well with observation

Mathematical Theoey of Magnetic Induction.

The two fundamental axioms of this theory are the

following ;

—

1. The induced magnetism iu any element of a body
i

depends merely on the magnitude and direction of the re-
|

sultant magnetic force {%)) at the element.
i

2. The magnetic moment induced by any force ^) is tlio

resultant of the magnetic moments induced separately by
any forces of which "£j is the resultant.

With reference to axiom I it is to be remarked that
account must be taken of the physical condition of the
body as to temperature, and so forth ; but it is implied that

no account is to be taken of its magnetic state, except in so
far as that affects the resultant magnetic force. In other
words, it is asserted that the moment induced by any force

does not depend upon any pre-existing magnetic moment in

the element, and is the same whatever forces may have
acted on the element previously. The full significance of
these statements will be better appreciated when we come
to consider the exceptions to them in case of strongly mag-
netic bodies. It should also be noticed that it is supposed

'neral

V of IT

rtioQ.

'Various exiicrinicjitei-s li.ive .ittcmpted to dctcvmiuo the "imlif-
fereucezonc" of iMjiu-ti uuclcr diflciciit cilciitiisUnre.«, i.e., tlio line
r.cpai'titiiis tho po-itive .-iiul ncg.itive \mU of tliu .;uli;ico di.'strHiution.
for infonuatiou as to this .ind other ni.itters under the pre.-ie)it head
omitted for w.nnt of space, see Wiedcnianu, Giilvaitismus, ii. §§ 277,
3J0, 306, 401 ; and Lamout, ISaitrlhudi, §| C, 27, 63, 64, 65.

Abstracted iu WiaL Dcibl. 1830 .lud 1882; see also Vou Walten-
liofen, n'lcii. Dc,:, 1870, aud Siemens, BcH. Monaisbcr,, 1881.

that the Dody nas reached a state of magnetic equilibrium,
and that by whole resultant magnetic force is understood,
not only that arising from the given inducing system, includ-
ing pro-existing magnetism in the body itself, but al.-<o

that arising from induced magnetism.
In the mathematical theory no distinction is drawn

between the part of the induced magnetism which dis-
appears when the inducing force is removed, and that
which remains. If anywhere we contemplate what happens
after the removal of the force, it is assumed that all the
induced magnetism disappears. This important restriction
must be borne in mind iu applying the results in practice.
Axiom 2 enables us to assign at once the law connecting

the components of" induced magnetization Aj, Bj, C, with
the components a, /3, y of the resultant force. If ?•„ (j^,p.^ be
the components parallel to the three coordinate axes of the
induced magnetization caused by a unit resultant force
parallel to the axis of .r, then, by the axiom, the components
of magnetization induced by a force a in the same direction
will be r^a, q^a, p.jx; similarly, if pj, r,, cj^ be the com
ponents due to unit forc3 parallel to the y axis, then the
components due to /3 will be p.^P, r.JB, q^fi; and finally,

if q„, p„ j-j be components due to unit force parallel to
z axis, the components duo to y will be q.,y, p,y, r^y.

Compounding all these, according to the axiorn, we"get f

Bi-(73« + '-./3-l-J'i7

(^-P-ja + liB + rzt

Hence the most general expressions for tne components
of magnetization compatible with our axioms are thrc
linear functions of the components of the resultant force.

Here it is necessary to introduce a classification of bodies

accortling to their magnetic properties.

If eipial, similar, aud similnrhj situated elements cut n->ir..->-

from different parts of a body have identical magnetic pro- peneity

perties, it is said to be " magnetically homogcueous," if not, ."""^

" heterogeneous. „ -.

xif 1 T • ! 1 11 poneilj-.

if equal and similar elements cut around the same point lsotrcp>

ill different directions be identical in their magnetic proper- and.t.ilu.

ties, the body is said to be magnetically "isotronic"; if "'"ry-

not, " Kolotropic."

These are not cross classifications ; for a body i^e.fi

,

Iceland spar) maybe oeolotropic and yet homogeneous, and
it might be heterogeneous and yet isotropic. We must
regard the coefficients ;>, q, r of (71) as belonging to a
pcHut of the body ; and we see that in a homogeneous
body they will be the same for all points, whereas in a

heterogeneous body they will vaiy from point to^point, i.e.,

they will be functions continuous or discontinuous of the

position of the point.

In the case of an isotropic body it is obvious a pri ,n Law .f

that the induced magnetization must be coincident iu ""'» •

direction with the resultant force ; the conditions for this
''°"

are that the coefficients p and q should all vanish, and that

)'j = r., = fj = K. The equations (71) thus reduce to

Aj-Ka, B,-/<^, C,-«>. .... (72).

In an aeolotropic body, on the other hand, the coeHicicnts

may be all dili'ereut from zero and from one another; but,

as we shall see, at all events in the ideal case contcniplatnl

by the mathematical theory, the conservation of cner.'y

reduces the number of independent constants by three

;

while a proper choice of axes reduces it by three inure ; so

that the magnetic properties of any element of an a:ul'<troiiir

body depend virtually on three independent conslants.

The theory here given is the generalizati"n of I'liis-^on'-s

theory due to Sir William Thomson. It aims at giving

the simplest possible exposition of the results of experiment

with the fewest assumptions as to the molecular structure

of bodies. We first discuss specially a few of the casfc4
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more important iu practice,^ and then give a brief account

of the general theory with a view to establish some general

principka to guide us in the subsequent account of the

(often very complex) phenomena observed by experimenters.

fyntheiic Homogeneous yEolotropic Sphere, in a Uniform Field of
solution Inductive Force.—We suppose that the sphere, to begin with,

^"^ *
. is not magnetized. If the sphere were uniformly magnet-

mi'form" i^^'''' "i* components Aj, B„ Cj, then (see above, p. 232)

the force inside the sphere due to this magnetization would

have for its components

ai=-JirA,, /3,= -5!rB,, 7i=-j7rC,.

This uniform force combined with the given uniform

force (a^, /S(|, yj) of the inductive field would result in a

uniform force

a=o„-JirA„^= j3„-J:rB,, 7=v„-StCi . . (73).

It is obvious therefore that the assumption "of miiform

magnetization will enable us to satisfy the law of induction.

In point of fact, substituting in (71) and transposing, we get

three linear equations to iletermine Aj, Bj, C, in terms of og, 0o. 7oi

viz.,

(1 + iTTTiJAj + JirJJaB, + ^irqfi^ = r^a^ +fteo + q.y^ , &c. . (74).

It is easy, by means of these and formulje given above,

to calculate the couple exerted on the inductively magnet-

rie'luc- ized sphere. If we put a„ = 0, /3„ = Fcos6, y^= Fsin^, we
tiou in can calculate the work done on the sphere in turning
tlie ""ra- tlirough 180° about an axis perpendicular to the direction

indue- °f ^^^ fi^lil- This, by the conservation of energy, ought

o- to vanish, and we thus get the conditions p^ = j,, /Jo = 221

efficients.
P3 = y3. The equations (7-t) therefore reduce to

B, = P3a-t-r„S-Fp,7 | . . . . (75).

C,=ju„a-hj)ifl-hr37 )

Hence, if o, 3, 7 he parallel to a radius of the central quadric

r^s? -f j-.y- -f r:y? -I- 2pyijz -f Ip^x+ 2p^xij -= 1

,

Aj.^j, Cj will be nonnal to the diametral plane of that radius. We
have, therefore, by the theory of surfaces of the secend degree, the

following conclusions
*

Three 1. The induced magnetization is not in general in the

principal direction of the inducing force ; but there are in general
magnetic

.^j every point three directions, called the three principal

magnetic axes, mutually at right angles to each other, for

which the directions of the induced magnetization and of

the inducing force coincide. If the axes of coordinates

be parallel to these principal axes, the equations (75)

reduce to

A,=r,e, Bi-rjS, C, = r37 .... (76).

Principal The values of ?'p»-.j, r3 in this case are called the "principal
magnetic magnetic inductive susceptibilities." Bodies for which these
''*" coefficients are all positive are called paramagnetic or

"bilities.
ferromagnetic. Bodies for which they are all negative are

called diamagnetic. No substance is known for which
some are positive and others negative, although this is a

mathematically possible case. Since intensity of magnet-
ization and resultant magnetic force are of the same

dimension (_L M T
J, »-j, r.„ r^ are pure numbers; for all

substances except iron, nickel, and cobalt, they are

extremely small. The value of the coefficients r and p for

any other axes can be expressed in terms of the three

principal susceptibilities by means of simple formulse which
we need not stop to deduce.

A physical meaning can be given to r,, as follows. Let
the body bo homogeneous, and let us cut from it a cylindrical

piece whose axis is parallel to the principal axis of

susceptibility r,. Place this cylinder in the direction of

^ Hero and in futtire tlie suiEx denotes components of magnetizing
force, &c. , due to given or pre-existent magnetization ; while the

suHlx 1 denotes those duo to induced magnetization. Letters without
BUlUxos denote totals ; e.g., a = 0|,-^a„ A- A„^ A„ end so on.

the lines of force in a uniform field of unit strength, then,\

provided the cylinder be Infinitely thin, and of longitudinal

dimensions infinitely great compared with its lateral, the

internal force due to the induced magnetization will be
zero (see above, p. 229), and it will be magnetized induc-

tively with a uniform intensity r^ Similarly for r^, r^

The three coefficients Principal

=r, = l-h4irr,, =rj=l-f4)rr2, =r3 = l-l-4jrr3, P*"^^-

used later on, are called by Thomson the three. principal

permeabilities of the body at any point These are of

course pure numbers, and they are positive for all known
substances. •

2. If the susceptibilities for aity two principal axas bo

equal, then every axis in the plane of these two is a
principal axis.

3. If all three principal susceptibilities be equal at any
point, then every axis through that point is a principal

axis, and the susceptibility for every such axis is the same.

The body is therefore isotropic at that point, and the

direction of the induced magnetization coincides with the

direction of the inductive force for every direction of the

lattei

Returning to the problem of the reolotropic sphere, let tis Maguei*
simplify oiu- equatious by taking the coordinate axes parallel to the ization'

common directions of the principal axes throughout the homogene- and
0U3 sphere. We then get for the components of magnetization couple

Ai = B," r^o. Ci-j—f;^7„ . (77). sphere in
' ' a-'i - a"-2 s a unifoi-m

.

Using these formulse, we get, by means of (22), for the corapon- Held,

ents of the couple acting on the sphere (of volume v)

^l+iw^^tl + i-rr/"'"'

(l + iT?-3)(l-)-J:rr,)'
(78).

='
(l-l-^Tri-Jll-l-jTrrj)

"'^"
/

There is of course no force of translation As a special

case let us suppose j-j, r.,, and r.^ to be in descending order

of algebraical magnitude, and suspend the sphere with the

axis of rj perpendicular to the lines of force. We may put

ji^^Y cos6, •yQ = F8in6, where 6 is the angle between the,,

axis of y (?-j) and the direction of the field, then we have
g = hvt\r^-T.^) sin2«/(l-ff^r.)(l+Jrr3).

Hence the sphere tends to turn so as to place the axis

of algebraically greatest susceptibility parallel to the lines

of force. It will be in equilibrium when either principal

axis is parallel to the lines of force ;. but in stable equili-

brium only when the axis of greatest permeability is in

that position. It is to be noticed that the couple is pro-

portional to the square of the strength of the field.

There is another way of expressing these results more
in accordance with the ideas of Faraday.

If N he the surface integral of magnetic induction taken over the

meridian section (w) of the sphere perpendicular to the direction of

the vector ^ inside, or, as we may call it, the number of lines of

force that nass through the sphere, then we have

»= _ 1 (^T.-l-2)(g3-t-2) ritN")

24jr-R CTj •(• =r3 4- jsr^iTj de '

R being the radius of the sphere.

From these formulse we can draw the following conclu-

sions :—

•

1. The number of lines of force that pass through the Daiuc-
sphere is greatest, viz., 3F<u=r2/(='2 + 2)i when the axis o/tionof

^

greatest permeaUlity is .parallel to the direction of the mi- Faraday 1

distiirhed field, and least, viz., 3ForaJ{ag + 2}, when the
^"''

axis of least permeability is in the same position.

2. In any position the number of lines passing through
the spherical space is greater for a paramagnetic body, and

Jl
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less fur a diamaanetic body, ttuni it would be if the "pha-e

*vere absent.

3. The sphere u in equilibi'ivm when tne number oj anes

offeree passing through it is a maximum or a minimum, the

equilibrium being stable in the former case, and unstable in

the latter.

Inducoil Uomogencous Isotropic Sphere in Uniform Field.—This

magDct- case 13 obtained by putting r^ = r„ = r^ — K in the above
ixationof

fu[.[mii;g_ The magnetization is parallel to the undisturbed

•Dhoro ^'^''^ ' ^°'^ '^'^ couple vanishes, so that the sphere is in

equilibrium in all positions. If the strength of the field

be F, we get for the intensity of magnetization

l + jTTK '=r + 2 '

also

sr + 2

In order to familiarize the reader with this important

case, we give two figures of the lines of force from Sir W.
Thomson's Reprint up. 490, 491,—one for a paramagnetic

I
Fixi. 32.—Lines of Force for a Paramagnetic Sphere.

(fig. 32) having sr=2'8, and another for a diamagnetic

(fig. 33) having = = '48. The former represents a para-

magnetic whose susceptibility is something like -j-juth of

the maximum observed for the best Norway iron. The
latter corresponds to a diamagnetic having a susceptibility

some 16,000 times that of bismuth, which is the most
powerfully diamagnetic substance known.

The reader should observe that, although the field inside

the iaotrooio sphere is uniform, this is not the case outside,

Fio. 33.—Tjinea of Force for a Diamagnetic Sphere.

a fact sometimes forgotten by experimenters. Of course
the disturbance in the case of a bismuth sphere would be
infinitesimal

.Soiotro- Homogeneous ./Eolotropic Ellipsoid in a Uniform Field.
pic oIUp- —1„ tiig g^gg of ^ sphere the tendency to set in a uni-

ajdform
^""''^ ^^'"^ " wholly dependent on the leolotropy of the

field sphere, and is independent of its form. It is important,
in order to get a complete picture of the behaviour of

inductively magnetized bodies, to obtain a solution for

some case where the form has an effect upon the result. A
solid bounded by a surface of the second degree affords
such a case.

If an ellipsoid be uniformly magnetized so that the components of
magnetization parallel to its three principal axes a,b.c be A„Bi,Ci,
this magnetization gives rise to a force

o,= -AiL, ei=-BiM, 7,= -C^^,
when L. M, N have the values given above, p. 232. If wo now

(81).

5 =
S Traic

'

place this ellipsoid in a uniform field (oj, iSo, yt), Uio force inside
will be given by

<i-o„-AiL, ;3-)5a-BiL, y-yo-Cii. . . (79).

It is obvious, therefore, that the equations (75) of induction
can, 03 in the case of a suherc, bo satished by the assumption o"'

uniform raaguetization.

There is no dilTiculty in dealing with the general case in whica
the principal magnetic axes are not parallel to the principal axes of
figure ; we shall content ourselves, iiowever, with tlie case in which
the principal magnetic -axes rj, t„, t^ are parallel respectively {o
a, b, c: Equations (76) then give at oncf

A, = r,(c;<,-A,L), B, = r,(/3o-B,M), Ci = r^{y,-CiS) (80):
whence

*'
l + riL-

"'
1 +rM' ^'

l + rjN

The components of the magnetic moment are of course obtained at

once from these by multiplying by the volume.
For the components of couple, y, gl, |1, tending to turn Iho

ellipsoid about the axes a, b, c, we gel

,rj(N-M) >

(l + rjMKl+rjN)'^"'' I . . . (82)

gl = &c., U-&C.
'

From these equations we can draw the following im-

portant conclusions,—first as to the magnetization of the

ellipsoid.

1. When rj, r„, r^ are so small that tneir squares may oe With

neglected, as in fact is the case with all bodies except iron, weakly

nickel, and cobalt, the components of magnetization reduce "'^S""'"^

to j-jttf,, r.i/Sj, j-j-yj. A glance at equations (79) will ,^ {^e

show that what happens is simply that the part of the form docs

internal inducing force which depends on the squares of "o* ^^^'^^

the susceptibilities is not sensible. In other words,- the .

'J'

form of the body is without influence on the induced mamct-
magnetization. Or, what is again equivalent to the same ization.

thing, the induced magnetism may be supposed to produce

no disturbance in the inducing field.

These conclusions are of course not limited to the

ellipsoidal form in particular ; but we have the general

result that, if the squares of the susce}>tibilities are negligible,

then the form of the body has no effect on the induced

magnetism.

2. On the otuer hand, when the susceptibilities (and With

consequently the permeabilities) aie very great, since strongly

Aj = aj/(l/r, + L), &c., it is clear that the iujlitence of the^'^^f^^

form of the body predominates. The extreme ca.se is that t),^ mflu'

of a body of infinite permeability, in which the induced ince of

magnetism ia wholly determined by the form. fofnipre

3. If, however, the ellipsoid be very elongated " the ^^j^^'

direction of a, then L will be very small, and j-jL may bo

very small, notwithstanding the largeness of r,. In thai
^i^^^'

case A, = rjo,,.

4. From 1, 2, and 3 we have tne following most Best form

important results. In experimenting with weakly magnetic for deter-

bodies in a uniform field—in order, say, to determine their "^ """""^

susceptibility—the form of the body is indifferent On the
tjbijity,

other hand, with strongly magnetic bodies an elongated

form must be used, because in that case only does the

induced magnetism depend mainly on the susceptibility of

the material. With bodies approaching the spherical form

differences in form produce far more effect on the

experimental results than differences in the susceptibility

of the material, so that in such cases the experimenter really

measures the accuracy of his instrument maker ' more than

the magnetic susceptibility of his material.

5. For a flat disk (infinitely oblate ellipsoid), having Flat diil

its r, axis parallel to the lines of force, L=45r, and

A, = riaJ(l-l-4«-i) = aj(=-,-l)/4ir=ri. If such a body

were diamagnetic, and had
?"i
= - l/4jr, i.e., had zero

• As a matter of histoiy, Riecke did unwittingly obtain in this way

a tolerable appro.<timation to the ratio of the circumference of a ciicIO

to the diameter. Seo Stoletow, PhU. Mag., 1S74, p. 202.
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ilag-

netic

uple

permeability, the normal magnetization would be infinite

for any finite force.

TSText, we have the following conclusions as to the mag-

netic couple. Let us suppose tha ellipsoid free to move

about its a axis, and let the direction of the field be per-
^voparts

pen^icular lo a, so that iS^ = Fcose, y^ = Fs\a6; the couple

tending to turn the 6 -axis parallel to the undisturbed direc-

tion of the field is the sum of two parts :

—

^alcr-{r,-r,) .... (83),

'""^(l + rjMXl+raN)
i29 (84).

Miial!

.<;isce(>-

l.;>iUties

the effect

of reolo-

tropy

predorai-

natea.

For

suscepti-

bilitiea

the effect

of form
predomi-

.nates.

Isotropic

.Hip.

^did.

JV If the' susceptibilities are so small that their squares

and products are negligible, then J reduces to

2f1- 3 jraicF=(rj - rj) sin 29.

la other words, the form of the body has no effect, and it

behaves exactly like an ajolotropio sphere of the same

volume ; i.e., it will tend to turn its axis of greatest per-

meability parallel to the lines of force.-

2. If the susceptibilities be very large, then the most

important part of ^ will be ^j- Now a glance at the

values of M and N (34) shows that N - M has the same

sign as i^ — c- ; hence the ellipsoid will tend to place its

longest dimension parallel to the lines offeree.^ This is the

general eifect of the influence of.form in the case of strongly

magnetic bodies, or, if we choose to put it so, the effect of

the disturbance of the field by the induced magnetism.

3. It is of course possible in the case of strongly magnetic

bodies that both parts of Jt may be sensible, so that the

resultant action would be affected both by form and by the

magnetic structure, either predominating according to cir-

cumstances ; for by properly shaping the ellipsoid we can

give N — M any value positive or negative from to 2t-. Iu

this way, given an seolotropic body for which l/r^ — l/r^is

not greater than 27r, we might so shape it that it would turn

its longest dimensions parallel to tha lines of force, or so that

it would turn its shortest dimensions parallel to the lines

of force, the shortest axis in the second case being the axis

of greatest" permeability ; or we might so shape it that the

equilibriam would be neutral.

And, in general, given a body seolotropic within certain

limits, we might shape it in. such a manner that the effect

of its form would exactly neutralize the effect due to its

structure, so that, as far as setting in a uniform field is

concerned,^ it would behave like an isotropic sphere.

Homogeneous Isotropic Ellipsoid in a Uniform Field.—
The formulse for this case are of course at once obtained by
putting ri = r2=V5 = K in the above formulse. We thus

™._,iraS«=(N-M)3„7„ «r = &r St = &c

(85);

(86).

The following conclusions are worthy of notice :

—

%. The resultant magnetization will not, as in the case cf

Ifti, isotropic sphere, he parallel to the resultant magnetic

force.

mr.ence 2. The ellipsoid will iend to set its longest dimension
form parallel to the lines offorce ; and, since k is involved in the

10 same numerator in the form k', this conclusion is the same for a

agnetic
diamagnetic as for a paramagnetic body. Of course we

i for a exclude the mathematically possible case of one of the
"•a-

^ factors 1 -I- kM or 1 + kN vanishirtg or becoming negative.
.pietio Pop jjjj weakly magnetic bodies, however, k is so small

body.

' ' Assuming, as is always the case in nature, that rj and r^ have the
same sign.

* In other respects It would not in general behave as if it were
isotropic.

that the tendency of an elongated isotropic body to set in

a uniform field is insetisible.

Ring Electromagnet.—A simple case,'wmch has recently Tore.

acquired practical importance, is that of an electromagnet
having a soft iron core shaped like an anchor ring, whose
mean diameter is R, and radius of section a, wound uni

formly with n turns of a primary coil in which flows a

current i. The lines of force and the lines of magnetiza-

tion will evidently be circles, and, since the Poisson's

surface and volume distributions vanish, the whole mag-
netic force P will be simply that due to the current.

At a distance p from the axis of the ring H = inijp ; for

the whole work done on a unit pole in passing round any
coaxial circle of radius p is ^ x 2:rp = 47mj.'' The inten-

sity of magnetization is, tiierefore, I = 2nKi7/>, and g =
1ni{i-!rK+\)jp=2nmijp. Hence it appears that the total

induction through a secondary coil of n' windings is

2nn'i{i7rKfd&/p+fdS'jp), where fdSjp is taken over the

section of the core, andfdS'/p over the section of the coil.

In the case of an anchor ring of circular section, if T.e

neglect the difference between the radius of the primary

coil and the radius of the core, the expression for the total

induction through the secondary is iTrnn'—i{R - JR- - a'^}.

In a non-miiform field the problem of magnetic Sr.-.tH

induction becomes very diSicult for bodies of finite size, ^'p'":" iu

If, however, we deal with infinitely small bodies we may
J^°"f^,_

suppose the field uniform throughout the body, and apply the i^jU,

results already obtained to find the induced magnetism.

Small .^olofropie Splicre in a Kon-iinifor7n Field.—Let
A], Bj, Ci be the components of the induced magnetization
parallel to the principal magnetic axes of the sphere, ao,0oiTo *-^"^

components of the strenijthof ^e undisttirbed field at the centre of

the sphere in the same direction; then, denoting rj{\ + ^bTj) by Sj,

and so on, we hare Ai = Siao, Bj = S2j8j„ Ci = Sg7o. If the mag-
netization of the small sphere (of volume ?') were rigid, its potential

energy W would bo W »(A,a„ + Bi/3„4-Ci-).„). The actual

potential energy, W, of tlio inductively magnetized sphere is

dilferent, because its magnetism varies as it passes from one part of

the field to another. In any infinitely small displacement, how-
ever, wo may calculate the work on tho supposition that the

macrnetisra is temporarily rigid. In other words, we may ]tut

f^W= rfW, where tho latter is taken on the supposition that Aj, BpC,
do not vary, while on the other hand ag, ^0,70 *lo vary, because tiio

resultant force both alters its magnitude and its direction relative

to the principal a.'tes of the sphere. "We thus get

(TW= - Ji(A,da„ + Bjfi^o + Oid7o) •

In integrating we must take account of the fact that Ai,Bi,Cj aro

variable. Substituting their values, we get

(iW - - ii(s,0(,rfii„ -1- s^^o'^^o + hJo'^yo) •

whence

•W=--|-Vja„= + sA=-H«27o=) . • • (87)-

This important formula contains the whole of the theory

of the movement of small spherical masses of inductively

magnetizable matter in any field of force. ^We can deduce Faraday'i

from it at once the position of equilibrium of an jeolotropii: maKuo-

sphere suspended in a uniform magnetic field, with freedom jrystalic

.to rotate about a given diameter. Am^A
Let A, II, V and I, m, n bo the direction cosines of the given diameter from the

and of the direction of the field relative to the principal magnetic iTinciple

axes of the sphere, and R the strength of the field; then W- of le„st

-fe!R-(SiP-h5j7ft=-l-S37r). For stable efiuilibrium W must be a potwiiiol

minimum, and for unstal^le equilibrium a maximum, i.e., there is cnfrgj-.

stable or unstable equilibrium according as sJ^ + s.m--^Sr^n- is 11

maximum or a minimum under the given kinematical conditicus,

which will be expressed by a relation between \, p., v and I, m, n.

It is needless to work out tho analytical solution; for it leads to

lesults easily obtainable from formulre already given. It is im-

portont, however, to show the identity of this method of treatment

' See art. Electbicity, vol. viii. p. 68.

Kirchlioff, Por/g. Ann., Ergbd. v. 1870. In the same paper Iia

discusses the effect of a rectilinear current in a cylindrical iron wire,

.ind finds that the circular magnetization in a wire of length h gives

rise to .an apparent increase of the coefficient of self-induction equal

to 2irKL.
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Fars-

3ay's

law of

transla-

tional'

torea

deduced.

with Faraday'n view of the matter. If a. h, e bo the coraponcnta

of tho magnetic induction parallel to the principal axes of the

sphere, then wo got ^-(I + SmJRZ, l-kc, c-kc. Whence if_

N denote tho total induction tlirough tho sphere' in tho diredtiou

of tho undisturbed field, we have, a being the area of its meridian

section,

- R + STrR(si2= +%m'+ Sa»').

N is thus a mayiinum or a mmimum when SjP+Sjm'+Sjn- is a

Tiiaximum or a minimum.

We have therefore established quite generally Faraday's

law that an aololropic sphere suspended in a uniform field

with freedom to rotate about any diameier will he in stable

or instable equilibrium according as t/te number of lines of

force tllat pass through it is a maximum gr a minimtim.

A particular case of this theorem has already been proved

above (p. 245) for stfrongly^magnetic bodies.

We next apply, the formula (87) to deduce the force of

translation in a heterogeneous field.

1-. 'We see that in a uniform field W is constant so long

as there is translation merely without rotation, i.e., there

is. no tendency in an seolotropic or isotropic sphere to move
bodily in a uniform field.

2. If we suppose the sphere isotropic (i.e., «. = Sj = % = t),

thenW= - hTv{a'^ + fil + yl) = - i-rvH'. Bence the force

tending to move the sphere in the direction of rfs is J

dW , _d{W) ^dR
iru- (?8).

Id other words, the small sphere is subject to a force of
Isottopii which the scalar potential is irwR-. If- then we draw
sphere,

^^^ isodynamic surfaces R- = const., the force on an

inductively magnetized isotropic sphere will be every^jhere

at right" angles to these ; that is, the direction of this force

at every point will be tangential to the lines o/ slope of the

'resultant force, viz., in the direction in which that force

varies most rapidly. In the case of paramagnetic, bodies,

for which t is positive, the spheres will tend to •move from
places of weaker to places of stronger resultant force ; in the

case of diamagnetic bodies, for which t is negative, from
places of stronger to places of weaker force. This is the

famous law found experimentally by Faraday, and after-

wards theoretically established by Sir William Thomson.

Isodyna It must be carefully borne in mind that the lines of

mic sur- slope of the field are not necessarily coincident with the lines
faces, and

gf force, but may cross them at any degree of obliquity.

slope. -^5 strange mistakes have been made in this matter,^ it may be.

well to illustrate this statement by a few examples.

In the case of an isolated nferth pole the lines of slope coincide

with the lines of force, which are strai.^ht lines radiating from the

pole. Iv this case a paramagnetic sphere would approach and a
diamagnetic sphere recede from the pole along the lines of force.

The lines of force for a rectilinear electric current are circles o^

which it is the axis ; the lines of slope are straight lines radiating

from the current. A paramagnetic sphere would therefore move
towards, a diamagnetic sphere away from the current in a direction

pcrpendicidar to the lines offorce.
In the case of an infinitely small magnet, whose lines of force are

given by r= c siu-0, the lines of slope are given by r= c' sin^fl/ cos d
;

and the angle between the line of force and the line of slope at the

point (r,e) is tan -i{tane(l + cos'9)7(3 + 5 cos-8/}

The theory of isodynamics and lines of slope in the case of plane
fields of force, r.c, those for which the potential is given by the
equation d'V/dx- + d-Vjdy- - 0, is remarkably simple. If i= x+ iy,

jl~x-iy, we know th.at V = <pU) + 'fi{ri), <(> and it being functions
depending on the particular case. When theie are known the
isodynamics are given by

0'(f)'(''('7)= const,

and the lineg of slope by

^« = const

3. Next suppose an Kolotropic sphere allowed to mo^e

* That is, the number of lines of force passiog.through the sphere
.(see above, p. 244),

' See Wiedemann, Oalva •ismt« (ed. 1874), iL 665 ; Todhunter,
Natural Philosophy for Be^ -ers, pt, L § 337.

without rotation in any direction dt. Lot the direction jEdo-

cosines of the field relative to its principal magnetic axes '"I"'^

be l,m,n, then these are constant during the displacement; H'

and, if R bo the intensity of the fielH, a,, = 11/, fi^ = l\m,

y^ = R?i; whence
' dW , , „ , , , „,rf(R') ,OQ%-

-J- = ivis,P -i- s.m- + s.n-y-^^ . • (89)
ds ^ ^ ^ ' ' ' ds

Hence, as before, i?ie resultant force of translation on the

sphere is along the line of slope, in the direction in which the

force increases if the body be wholly paramagnetic, in tfu

opposite direction if it be wholly diamagnetic.

Besides depending on the nature of the field, the force

of translation, on account of the factor Sjif^ + s^m' + s^rfi,

depends on the position of the body relative to the lines of

force, Bearing in mind the theory of the radii of an
ellipsoid, we have the following proposition :

—

The force of translation on an sc'olotropic sphere is greatest

when its axis of {numerically) greatest r/iagnetic susceptibility

is parallel to the lines of force, and least when the axis . of

(numerically) least susceptibility is in the same position.

Or, using permeability instead of susceptibility,

—

The force of translation is greatest for a paramagnetic

sphere when its axis of greatest permeability is parallel to the

lines'offorce, for a diamagnetic sphere when the azi^of least

permeability is parallel to the lines offorcf, and vice versa.

Or, yet again, in the words of Faraday :

—

^

The force of translation exerted upon a paramagnitic
'

sphere is greatest when it is so placed that the greatest number

of lines offorce pass through it, whereas in the case of a
diamagnetic sphere theforce is greatest when it is so placed

that the least number of lines offorce pass through it, and
vice versa.

Approximate Theory of the Action on Bodies ofFinite Siie Appr«xJ.

in a Non-Uniform Field.—We have seen that, if the square ^^'^
of the susceptibility be negligible, the effect of the form of

foj^ijojiie,

the body and the disturbr.nce of the field arising from the of finite

induced magnetism may be neglected. In that case we size,

may replace the spheres of the foregoing discussion by

cubes, and determine the action on a body of finite size

by integrating the action on the elementary cubeaof which,

it is composed. ' Thus the potential energy will be
- lfff(Sial+s.fil+s^yl)dv, and the body need not: neces-:

sarily be homogeneous. From this expression * we can

deduce the force under given circumstances.

It is quite easy to see, without any mathematical calcula-

tion, what will happen in a field of force w^iich dimiiiishes

in intensity outwards from an axial line. . If we suspend

an elongated paramagnetic body with. its centre in the axis

of th.e field, it will evidently be in stable equilibrium with

its longest dimension placed^axidlly ; for if it were slightly

displaced every little cube of it would move into a place

of weaker force, and would therefore tend to return. If^

on the other hand, the body were diamagnetic, it would be

in stable equilibrium in an equatorial position ; for any

displacement from that position, would bring every little

cube nearer the axis of the field, i.e., into a place of

stronger force, and therefore each such cube would tend

to return.

General Problem of Magnetic Induction.—It will be

instructive to consider for a little the theory of induced

magnetism in its most general form.

We shall suppose the induction to arise from given magnetic force

(aa,So.7o)i arising from pe-existing magnetism (A„,Bj,C(i) or other-

wise. . Letters with suihx 1 denote components of induced magnet-

ism, of force arising therefrom, and so on. Letters without suffix

denote components of total force, total magnetization, &c. Thus

Vj, Y„ V.denote the potentials due to pre-existent, induced, and

total magnetism respectively; and we have V = V(|+ Vj, and the

like relation in other cases. .
*

We suppose all the media within the field to have defimto

permeability ; but there may be seolotropy and heterogeneity to

any extent, and discontinuity along given eurface's.-
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; tlie principal magnetic a sat (a:, y, s), wo get, l-y

), (?3, '«i, »'3)

Rcsolvl

lie law of inilut cj magnetism, (ij, m^, Jij), (/j

iciug the din;ction cosines, of tlie axes ar^, Wo, sr.j,

al^ + J-«i + cni= i3-i(a;i + jS^jIj + 7711) + 47r(AoZi + Bo?«^+ CqTIi) ,

nJ. two similar equations.

Multiplying tliuse by l^, 1^, l^ adding and so on, we get

a= s^a-\- 1^$ + t^y + AttAq )

b-^t^a + s^^ + t^y+iirBol .^. . ... (90),

c = La + (^0 + s.^y + iTrCQ '

.'lierc

0. ;—that is to say, ^ven functions o^ x,y,z.

Besides these, we liavc the conditions of normal continuity for

VIZ.,

dn dh dc

dx dy dz
= 0,

and at a surface of discontinuity, \, fi, v hcinj^ the aireciion cosines

of the nprmal at any point from the first medium to the second,

{a - a')\ + {h- h')fi + {<- c')v = ,

dashed letters referring to values on the first side of tht

undashcd letters to values on the second.

From these we get finally, for the determination of V,

"face.

dx\

S '^_ ^ ,''il' ^ f'^-
'cl!/

^91).

(92).

cm.,

'7i f).
<r„= (A„ - A„')A + (B„ - B„V + {C,-C,-)y;

i.e.', tney are Poisson's volume and surface deusitics for the pri>-

cxisting maguetizatioo.

It may be shown by a method ' essentially the same as that used

in the article Electbioity, vol. viii. p. 27, that equations (91)

and (92), with tlio condition that Y be continuous everywliore ami
vanish at infinity, lead to a uniq^ue deteiminatiou of V. "When V
is kno\\n, Ai,B,,Ci can be found at once from (90).

^.,se of In what follows wa shall confine ourselves to homogeneous iso-

iiomo- • cropic media, and we shall suppose that in parts of the medium
geneous indtlctively magnetizable there is no pre-eiisting magnetism. TIio

isotropic equations (91) and (92) then reduce to

medii

with 1

dx-

d-Y cT-y
(93),

dV
^%- (9^),

dvydv being elements of normals drawn Inwards in the trvo media.

Equations (90) reduce to

fl = 3-a , ?* = -zsQ , c = -sry
y

whence

*
i-TT dx ^ in dy ^ 4r di;

T'uluced From tliese last, combined wit:b( 93), we have the Im-

niagnet- portant consequence that the induced magnetization is

:zationin
Jjqj.Jj golenoidal and lamellar. This is true only for homo-

both geneous isotropic media in which the pre-existing magnet-

solenoi- ism, if any there be, is solenoidal.

rial and In all cases such as we are now considering, the part of
lamellar.

j]jg magnetic potentiol due to induced magnetism may be

calculated wholly from surface distributions at the surfaces

of discontinuity. If o-j be this surface density, we have •

,
From equations (94) and (90)

dj_ ,rfV'

^ ^ dv ' dif'
'

where «,-=(=>•- =r')/4irB-', ki^{z/- -a-J ijra

.

Let us suppose th'it a body A of permeability"itTs^sus-

^ See Thomson, Rcjn-int of Papera on EUf.lrostatics and Magnetism,

pp. 518 !q.

pended in a medium of permeability ='. If the suscepti-

bilities be small, the forces arising from the induced
magnetism will be so small that the direction of the

normal force at the surface of A will be the same as if tliti

field were undisturbed by its presence.

First, let the-medium be vacuum, for which we suppose
jr'= 1, tlien, if A be paramagnetic {i.e., t=r>l), Kj will bo
positive, and the surface magnetism will be positive where
the lines of fotce leave the body, and negative where they
enter it. If A be diamagnetic (i.e., =r<l), kj will be
negative, and the magnetic polarity of the body as a whole
will be opposite to what it was in the former case.

Secondly, let the surrounding medium have permeability
=r', then Kj is positive or negative according as sr > or

<i3-'; in the former case A will behave like a paramag-
netic body in vacuo, in the latter like a diamagnetic body
in vacuo.

It appears then that, hy virtue of differential action, a
body may behnve paramagnetically- or diammjneiically

accordini/ as it is placed in a less or in a more permeable
medium than itself.

In practice it is most convenient in general to aetcrmine
Vj instead of V. Tha above equations can be easily modified
to admit of this. In fact we get at once, remembering that
dVf,'/dv'^ -dyjdv, since V, has no iliscoutinuity at the surface of

the merlia,

'^Vi;!. +^ = . . .... i^);
ax- dy dz-

dv di/ dv

Poisson'i

evjuatio^

(98).

These equations, together with the condition that V, be finito

and continuous and vanish at infinity, detci-minc Vj comjiletely.

Since the induced magnetizatiou is lamellar, we may wrilo

A^ = d<pjdx kc.j we then get by ^95^

-(V„+T,)=-K(T„-t-V,) (99).

which give the components of moment in terms of the known
function V.

The number of cases in which the solution of the induc-

tion problem can be worked out is very small. Besides

those already treated synthetically, one or two more,

affording examples of the general method, will be men-

tisned in the historical summary below. Meantime, we
must not omit to mention an extremely elegant transfor-

mation theorem, due to J. Neumann," which enables us to

deduce the magnetic moment of any body as a whole under

the action of any forces whatever, when its magnetization

in a uniform field is known.

Let A,',Bj',Ci' bo the components of induced magnetization pro

duced iu the body A by the uniform field whose components are

a„'.S„',y„' ; A„Bi,Ci the magnetization ^n'odiiccd iu A by any field

uhatever (iio,flo.7o*' Let /lio denote volume integration throughout

A ; and consider the function

V =/St>(a„Ai' -i- P„B,' -I- 700,')

.

tr is known, since we suppose Oo,i3o,7o. A/.B/.C,' to be known.

But, since A, = «(<., -Ha,), ke., A,'= «(<<, +o,'), At. we hay»

J. Neo-'

trunsfor*

roation

tln^orenig

U-/"te
\
(^- a,^(a„ -1-0 + &C

I

=/Ji'(a,'Ai -f &c. ) +/dv(ai'Ai + kc.) -/(fi(ci,A/+ kc.).

Now the last two terms destroy each other ; for they are si-nply

different expressions for the mutual poteutial energies of the in-

duced magnetism duo to (a„, Bj. To) "id to (a,,', P,', y^'), regarded as

separate rigid systems, although coincident in position. Hence we
get

U = a„ydvAi + j3'j/;?dBi + y./dvC^ .

whenos

Crettes Jour., -xxxvii. 44(1848). Tbo proof given is a lliO*U«»

tjon of Kirchhoffs, Crelte, xlviu, a66J185iJ,
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caaee.if For an ellipsoid this gives at onco for tie components of

dnpsoid, uiunicnt

"= rrTu/' •'-
'

^''

- TTzvi/"'- '= - iT^/"y^
All interesting particular case is tuat of an infinite

cylinder. If P be the component of the moment parallel

to its axis, ?= -K/j'Ji/ih (Yc^-Y-a). If tlio inducing

system be magnetic bodies at a finite distance, then

(V„ = V-„ = 0, and P = 0. If the cylinder be magnet-

ized by a spiral current /, of ii windings, of whatever

form, then, > being the radius of the cylinder, P = 47r-K)-'-'«i.'

Genei-atizalioii of ihe Tlieorii for Isotropic Media in

which K is not conslanl.—In the above theory we have

supposed the magnetic susceptibility to be constant. This
Kirdi- is by no moans the case in nature, however. It is of im-
lioira'. portance therefore to consider how the theory must be
cxtcuaton

jmj(^ip,g(i ^iien we assume k to be a function of the

PoUsou's magnetization already induced. Subject to the restriction

lUeoi')-. (obviously necessary for isotropic media) that the resultant

magnetization shall coincide in direction with the total

resultant magnetic force (|)), the most general assumption

hat can bo made is

A=/(I)a, B-/(I)3, C=/(i,7. . . . (100),

.uero/is a function depending ou'the nature of the sub-

•tance. From these equations, by squaring, adding, and
extracting the square root, we get /(I)/I = 1/^i), in other

words, I, and therefore /(I), are functions of D. Hence
we may write the equations (00).

A, = F(yD,i, B,-F(i})/3, C, = F(:tj)v . . . (101).

It is easy by means of these to introduce the requisite

modifications into the general equations of magnetic equili-

brium. For the details we refer our readers to KirchhofTs

memoir in CreUes Journal,- where the matter was firbt

fully worked out. It will be seen at once that the induced
magnetization is in general neither solenoidal nor lamellar.

0-ISC9 IB There is one important class of cases in which the con-
.•rliicli elusions arrived at on the assumption that k is constant
t!i« nmg-

j.[j|] ],,iU^ vi'x., those in which the induced magnetization

tion is
'^ uniform. In such cases I has the same value throughout

ivifonu. tlie body, and k is therefore constant throughout the body
ill an;/ ode case, although it differs from one case to another.

For example, in the case of an ellipsoid the equations

(85) above given for the components of magnetization
still hold good, provided wo understand k to be defined by
the eo nation

It is clear, therefore, that by experiments on an ellipsoid

placed in a uniform field we could determine the function

F(ii), and also test the truth of the mathematical theory.

Fur, Ai,Bj,Cj being obtained by observation, one of the
equations (85) will enable us to determine k, and the,

argument il can be calculated from a„. yG(|, y,, and Aj,Bj,C,
;

the test of the truth of the theory would be the agreement of

the three values of k obtained from the three equations (85).
Historical li'cmarh on the History of the Jfathematicnl

Theori/.—AlHiough the Tentamen of Lflpinus, published
n 1759, and the discoveries of Mayer and Lambert did
much to make clear the exact nature of the problems in-

volved in the modern mathematical theory of magnetism,
,, yet the origin of that theory is usually, and with justice,

llanoAK dated from Coulomb.' Kot only did the results of -his

careful and judicious experiments atfoi-dthe ineans of bring-
ing.a mathematical theory to the test, but the marvellous
sagacity he displayed in analysing the phenomena enabled
liici actually to lay the foundations upon which such a

\' Kirclil.jfr. ;. c.

'^Jlem. ile I'Acud. (U Paris, 17

15—11*

- xlviu. 370 l«5i.

tlieory cou.u ue constructc.- After liim, Biot< ana Han- Biot
Rteon,-' of whose services wc have already spoken, are to be U«n:.ic<!n.
reckoned as pionet'rs. The theory as it now stand.s was
virtually created by Toisson in four of the most admirable Pols-n
niemou-3 to be found In the whole literature of mathemati-
cal physics. In the first two he investigates expressions for
the force due to bodies magnetized in any manner; he ihcii
ai>plics his fornml.x- to the case of bodies inductively lua"-
netized but having no coercive force. Although ho con-
fines his investigations to the case of isotropic bodies, Lo ia
quite aware of the general nature of the consequences of
.-eulotropy, and in fact distinctly predicts as possible the ma"-
uecrystallic phenomena afterwards discovered by I'liicker
and Faraday. The formulae he gives are practically identi-
cal with those given above (p. 248). He works out in
detail the solution for the case of a hollow or solid sphere
exposed to any system of inducing forces having a poten-
tial.^ and in particular compares the results, when the
inducing field is unifbrm, with the experiments of Barlow.
In the second memoir he works out the solution of his
equations for an ellipsoid in a uniform field, examining
specially the case of an ellipsoid of revolution and its

extreme cases (see abovd, p. 245). At the end of this
memoir he discusses the disturbing forces on a compass,
arising from the earth's iuduction on any distribution of
soft iron, and shows that the given components of tho
disturbing force are expressed by linear functions of the
components of the earth's force, involving nine constants
which depend on the quantity and distribution of tho
iron. The third memoir, on magnetism in motion, is aii

attempt to explain the phenomena of the deviation of
the magnetic needle caused by rotating metal spheres or
disks. Although the physical interest of this memoir wa3
ia a great measure destroyed by the discoveries of Faraday
as to tho true nature of this action, yet, as a piece of
profound mathematical investigation, this work of I'oisson's

is still worthy of study; nor is it perfectly certain that
his theory will not after all be required to explain certain
residual phenomena. The fourth memoir develops the
mathematical tlieory of the deviation of the compass
caused by the iron of ships. After Poisson the most im-
portant investigators are Green and Gauss. Green's scr- Circm
vices have already been alluded to in tho article Euv- GaiuC
TEiciTY ; we need only mention here his approximate
solution of the problem of the magnetic distribution on
cylindrical bars, wliich gives a formula agreeing with that
of Eiot. The all-important work of Gauss haB already
'^een detailed.

In Cretin's journal for 1848 J. Neumann worked out Nouiuanii

the solution of the induction problem for an ellipsoid of

revolution under the action of any conservative system
;

and six years later, in the same journal, Kirchhoff worked Kirclihod

out the case of a circular cylinder of infinite length. We
are not aware that the solution of Poisson's equations in

particular cases has been carried any farther, unless we
include as new the case of a hollow ellipsoid treated by A. Grecniiill.

G. Greenhill in the Journal de Physique for 1881.

The most important contributions to the general theory

of magnetism since Poisson are to be found in a series of

memoirs 5 by Sir William Thomson, the first of which Tuomsou.

appeared in the Philoscphiral Trausactions for 1801. He
divests the theory of Poisson of all particular assumptions

connected with the two-fluid theory, and bases it on a

' TrniU lie Physique. 181C.
° Mujnetismus ilcr EnU, 1819.
' ilim. de I'lnst., v., 1821 (two memoirs); vi., i823 ; ami

xvi., 1833.
" He dill not use tlie TToril **i-otciiti.tl," oltltougli lie uses tlie corit-

epoiuling fuuctiou.
" liuiniutcd iu 1872 under tUe title of Papers on Elcdiwlatics i-iid

Ma;]net is-
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•-mall number of principles drawn from olwervation. He
enters more fully than Poisson had done into the specifica-

tion of niaj,'netic distribution. He gives simple SjUthetic

solutions of the induction problem for spheres and illipsoids

in a uniform .field. He gives for the first time with full

generality the theory of induction in aeolotropic media, and
shows that I'oisson's theory thus fully developed leads to all

the laws of paramagnetic and diamagnctic action discovered

by Faraday, and also to the laws of magnecrystallic action

disfovered by Pliicker and Faraday. The value of his

Plui;lier. theory was fully recognized by Pliicker,^ and apparently

also by Faraday ; indeed one of its ablest expositors was
]!oer-tho friend and coadjutor of Pliicker. The experi-

menters who followed these -masters were less intelligent,

and the theory of Thomson was for a number of years mis-

understood or neglected, the result being mucli fruitless

discussion in which the true i-ssues were often confused.

Of late the theory has obtained wide currency and the

adhesiim of every physicist worthy of the name. Quite

recently Thomson's theory has been further developed in

an interesting paper by Helmholtz,^ chiefly with a view to

it; application to the phenomena of dielectric polarization.

For tlic benefit of the mathematical reader we append a list of

tlic more important papere on the mathematical theory of magnet-
ism that liave appeared recently, and are not quoted above:

—

riana, " Jleuion-e sur la tUcorie da magnetisine," .(4.?^ Kaah.^
xxxi.K.,, 1854 ; F. Neumann, VorlcsuiKjcyi iibcr die Thcoric dcs

M'lijnctisnuts. delivered 1857, edited by C. Neumann, 1881
;

liii'inann, Schn-crc, £ledricildl, vnd Mnrpidismus, lectures de-

livered in 1861, edited by Hattendorf, 1876; Lamont, " Beitrag

zu eiiicr mathematiseben Tbcorie dos Mngnetisnnis," Sihhcr. d.

Urnicr. Aknd., 1862; L Weber, Ziir Thcoric dci- Mdrjudisclieii

Jndudion, KieJ, 1877, see Wicd. Bcibl, 1878; Rowland, SiUi-
'inaiCs Jour., 1879 (calculation of coujde on a body snspcu,dcd in

.a heterogeneous magnetic field); Boltzmann, " Maguetisirung
cines Eiseuringes," Wicd. Il.ihI., 1879; IJ., "Ueber die anf
Diamagncto wirkomie Kraft," irien. £cr., 1879; Riecko, IFied.

Ann., 1881 (approximative solutions of tlie probkni of magnetic
iuductioD).

Beer.

llclnv

Uultz.

IC.vperi-

flh'llts of

Barlow

Magnetic

icreeus.

Induction in Strongly 5[.\gnetic Bodies.

f!ie earliest experiments heariiirj on the mathematical
llieory of mnr/nelic indndion are those of Barlow * and
Christie, who determined the deflexion of a compass needle

placed in various positions relatively to splieres of cast

iron inductively magnetized by the earth's force. They
found that the deflexion a of the compass could be repre-

sented by tana= AsinScos^sini^ j-^, where ^ is the angle
between the line of dip and the line joining the centres of

the sphere and compass, and <^ the angle between the plane
of these two lines and the plane of the magnetic meridian.

It was also found that the deflexion produced by a hollow
sphere was as great as that produced by a solid sphere so

long as the tjiickness of the former was not less than the

j-'r--th of its radius.

All these results of Bariow and Christie are in agreement
with the theory of Poisson.'' Another consequence of great

practical importance follows from the mathematical theory,

viz., that inside a hollow iron- sphere of any considerable

thickness the magnetic force is very small in comparison
with the external inducing force. Sir William Thomson
takes advantage of this principle to render his marine
galvanometers independent of external magnetic force by
Burrounding them witk a tube of soft iron.

Along with the experiments of Barlow we may rank

J
See Phil. Trans., 1S5S, p. 5S7.

- See Ids EinlcilHu'j in die Elccirosiatih, die Lchre voi)i Mci{jndismi'.s,

lund die Elcctrodunnmik, published after tlie deatli of its accomplislicd
antlior, under tlie editorship of Pliicker. Tliis is one of the best worlis

on tlie sul)ject.

3 U'tnntslwr. d. Bcr. Akad., 1881.
' Barlow, An Essay on Miujnetic Atlrnctimii, London, ISiO.
? See Poissou's iirst memoir, or MajcwoU. El. and Maij. , vol. ii. § 433.

those of Pliicker" and Dronke" as affording lis the means Pbi.-kdi

of testing the general applicability of the mathematical '"d

theory to the magnetization of soft iron. In Plucker's 'J™""*

experiments an ellipsoid of soft iron was fixed in a gradu-

ated brass ring with its longest and shortest axes (a and /)

in the plane of the ring. ^NTien the ring was suspended

v.ith the longest axis a vertical in the nearly uniform field

between the two fiat vertical faces of the poles of an electro-

magnet, the mean axis h set itself parallel to the horizontal

line of force ; as the point of suspension was moved along

the circumference of the ring a point was reached at w'hich

the plane of h and a ceased to set parallel to the lines of

force, and the plane of a and c began to do so ; m, the

number of degrees between this point and the end of the

axis a, was observed. The times of vibration, T„ and T,,

of the ellipsoid, when suspended so that a and c were vertical,

were theu observed. By the theory we ought to have

tan =c» = Tlil^ -1- c=)/T,;{«^ -^ V)

.

The value of u calculated by means of T, and T„ from

this formula was 30^ 13'; the value observed was about
29°. The relation connecting T„ Tj, T.. according to the

theory is

{a= -1- i")/T; !•((.= -h <=)/Tj - (c= + a=), T? = ;

and the observed values of T„, Tj, T, did, in fact, satisfy

this equation very nearly. Dronke's experiments on ellip-

soids of iron and nickel were of a similar character.

Deviation of the Compass.—One of the earliest and Fn-!it cb

certainly the most important of the applications of the serva-

mathematical theory of magnetic induction was the discus-'!""" .

sion of the deviation of tho comi>ass caused by the magnet-
^tion.

ism of the iron in ships. This disturbance seems to have

been first noticed by Wales the astronomer, who accom-

panied Cook on his voyages of discovery (1772 to 1779).

The same thing was noticed during the voyage of D'Entrc-

casteaux in search of La Porouse; and Beauteinps-Beanpr(?,

who accompanied him, calls attention to the erroi's thence

arising in the surveying of coasts by means of the compass.

Flinders,^ using the numerous observations made by Wales

and by himself, endeavoured without success to construct

empirical formula; for correcting the errors of the compass.

He also attempted to correct the errors partially by means
of a vertical bar of soft iron placed near the binnacle.

Barlow ^ and Scoresby ^^ also occupied themselves with the

problem.

The unusually great deviations observed during the

Arctic voyage of the " Isabella " and " Alexander" in ISIS
attracted the attention of Poisson, and gave rise to his

memoir on the subject already alluded to. Important as

the matter then appeared, it became still more so after the

introduction of iron ships. Investigations both theoretical

and exi^erimental were made in England by Johnson, '^

Airy.i- Evans," Smith," &c. It is to Smith that the

mathematical theory as it now stands is mainly due.

The cause of the deviation of the compass is twofold ; Cuisesoi

it arises partly from the permanent magnetism of the ship, devia.

partly from the temporary or induced magnetism. Tlie ''°'''

permanent magnetism of the ship is acquired for the most

part during the process of building. The earth's force acts

on the iron, and the constant jarring iu the process of con-

struction enables it to induce a considerable permanent

magnetization, which the ship carries with her to sea. Tho
quantity and distribution of this magnetism will depend

greatly on the build of the ship (whether of wood or of

Pin!. Trans., 1853, p. 555.
" P"rjr,. Ann., 186i

» Pliil. Trans., 1805. ' /*., 1831.
'» Ii., 1819 .and 1832, i.-c. " fli.. 1836.

«/?-., 1839, &c.
" Sco-Admiralli/ ilanvo.l for the Dcrialim oj the Comjiass, 4iu ed.,

i874; also a very iuteresting' obitu.iry notice of Smith by Sir W,
Thomson, Proc. Roy. &oc. Lond., 1874.
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Pcrraa- iron), and on her position with respect to the magnetic
nent and [noridiaii during building. A considerable portion of it is

iim''ijnt
"'"''' •'^''y calls ^ubpermanent ; i.e., it diminishes gradually

ina"not- ^>^ ^^° ^^^'P '^ worked. This magnetic settling down will

isD' take place more rapidly in a steamer which is constantly

agitated by the jarring of machinery than in a sailing

ship, unless the latter bo subjected to shocks from the

impact of waves in rough weather. After a time the

ship reaches a more or less ' stationary condition as to per-

manent magnetism. Along with the phenomenon of sub-

pcrnuuient magnetism has to be classed what is sometimes

Caggish- called the sluggishness of ships' magnetism ; this arises

uesa. from the fact that all the temporary magnetism of a ship

which has sailed for sonae time oa any one magnetic course

in any one latitude does not at once disappear when the

course or the latitude is changed, so that to the permanent
magnetism of the ship has to be added a subpermanent
magnetismdepending on her course and position several days
before. It is evident that the cause of disturbance at pro-

sent under discussion is somewhat capricious, and can only be
controlled by constant attention on the part of the mariner.

foDipo- The temporary induced magnetism depends on the ship's
•«ry mag- position on the earth, and on her angular position relative
letisni.

1^, j[jg magnetic meridian ; but, so long as the iron in the

ship 01' the position of the compass is not altered, the con-

stants which determine it remain the same ; the disturbance

can be foreseen, and either allowed for ot mechanically

corrected with much greater certainty than iu the case of

'he permanent magnetism.
MaiheiiuUical Formulm for the Deviation.—Let the origin be at

[the centre of suspeusion of the compass card ; and let the axes of

«, y, ojid z be drawn in thedirection from etem to head, in the per-

pendtcuLir direction from port to starboard, and vertically down-
wards respectively, the ship for the present being supposed to be
on even keel. Let P, Q, R be the components of the magnetic
force parallel to these axes arising from the permanent magnetism
of the ship ; x,y,z the components of tlie earth's force ; and sf, y', /
the components' of the whole force at the centre of the compass
card. . Then

^'•x-rax + hj + cz + V

l/= y'-\-dx + cy+fz-^<i\ (103)

!i= z+ gx + hy+ lz + Vi)

arc( according to Poisson's general theory, the fundamental
equations of the subject. P, Q, R are constants depending on the
permanent, and a,b,Ci^d,c,f,g,h,k constants depending on the
*-emporary induced magnetism.
By a synthetic process of great interest ana importance we may

rods to show that the nine constants a, b, c, d, c,/, g, h, h are all independ-

repre- cut. For example, if wo place a rod of practically infinite length

Bcnttlio with its end before the binnacle, and stretching forward, or with its

indue end abaft tlie binnacle and stretching aft, it will give rise to tho

tion con- terra ax in x'. If a be negative tho rod must be finite and it must
Btauts. run under the binnacle, ending a little fore and aft ; again, to

• represent dx, we must have a pair of infinite rods with their ends
to starboard and port of the binnacle, and running fore and aft or

aft and fore respectively, according as d is positive or negative
;

finally, to represent gx^ a pair of infinite rods with ends above and
below the binnacle, running fore and aft or aft and fore respectively.

The reader will have no uifHculty in completing the scheme, tho

rule being that the ends lie in the direction of s', y", or /, and
the lengths in tho direction of x, y, or z.

' From equations (103) tho deviation of the compass is expressed in

terms of the magnetic or of the compass course as follows. Let
H bo tlio horizontal forco of the earth ; H' the horizontal force of

tlie earth and ship; the dip; ^ tho "magnetic course," i.e., the

azimuth of the ship's head eastward from magnetic north
; (,' the

•'compass course," i.e., the azimuth of the ship's head eastward
from the direolion of the disturhed needle; S = f-^ the easterly

deviation of the compass. Then

-pfSinS-gL-t-gsinf+Ccosf-H Jlsin2f-f€co32f

Poisson's

Nine

Devia-

tiuQ in

term of

magactic

ar^dcoro

courses.

whcrt, „ X = l +

C03 5 = 1 -^ S cos ff C sin f+ g cos 2f- (S sin 2f

, d-b _ a-. ^ d+6

(104),

g4(.tan04). «4(/t,,n.4)

(105),

From (104) we get

tan J- ^^'^8«'^f-^Cco8^f-^^8inaf^-6coa2C

l-t-Scosf-e8inf-t-5cos2f-€ain2f
which gives tho deviation on any given magnetic course.
iTom (105) we got by substitution

6m8-^cos5 + 3§sinf'-^Cco3f'-^pain(2(:'-^J) + «co.(2f' + JXI00i
an equation connecting the deviation with the conipa.ss course.

Wlion the deviation is not greater than 20' or so, then (108) mov
DO replaced with sufficient accuracy bj

•
\ i j

J-A-(-Bsinf'-HCcosf'-HDsin2f + Ecos2f' . . (107),
where g., % ffi, p, g, are nearly the natural sines of A, B, C D E

In tho above it is supposed tliat the ship is on even keel. Stiictly
we ought to take into account both tho jiitch and tho heel of the
ship

; in practice tho pitch is always so small as to be of no conse-
quence, but the heel, especially in a ship under sail, m.ay bo very
considerable. When tho ship heels through an angle i, tho deviation
IS obtained from the above formulse by writing a,-, i,, ic. in place
of a, b, &c., where

ai = a, &i= Jc03r-csini, c,-=ccosi-t-o8ini,

di = dcosi-gsini, ei-c - (/+ 7i) cos jaini - {c - i)sin-t,

/.—/+(c-i-)costsinii-(/-(-A)sin=i, gi^gmsi+dsiai,
hi = h + {e-k)cosismi-{/+Ji,)sla'i,

h= !c+ (f+ h) cos isin i -H (o - k) sin'' i,

Pi= P, Qi= Qcosi-Rsini, R, = Rco3i-l-QsinJ.

If the soft iron be symmetrical with respect to the fore and oft
central Hne, and if i be so small that its square may be neglected,
then

If,^ 'Alt «._»

Effect of

heeliug.

t(— I)€i = d[+- tan^i=C + Ji:

and if 5,- represent tne deviation for the given compass course f
when the snip heels i to starboard, S the deviation on the same
course on even keel, then

^-3.
5; = S + -^i + Jj cos C - -^i cos 2^' .

c+^.
2\ 2\

(108).

The part of the deviation which depends naainly on % is called

the "constant deviation"; it can only arise from horizontal in-

duction on soft iron unsymmetrically placed.

The pait depending mainly on ^ and C, viz., Bcosf' + Csin^',
is jjalled the "semicircular devkition" because it vanishes and
changes sign on two diametrically opposite compass courses, or

neutral points. The principal coefficient of the semicircular devin-

tion is ^ = (ctan^ + P/H)/\ ; ctanOJK arises from vertical induc-
tion in soft iron before or abaft the compass ; P/aH arises from
the permanent magnetism of the ship. The second coefficient fi —
(/tan^ + Q/H)/\ consists of /tan 0/\, arisingfrom soft iron unsym-
metrically placed, and therefore in general very small, and Q/aII
arising from permanent magnetism. ^ can be reduced to zero by
a magnet placed fore and aft with its centre fn a transverse vertical

plane passing through the compass, C by means of a transveree

magnet in a fore and aft plane through the corrtpass.

In wooden ships the courses for which tlie eemicircuiar deviation

vanishes are nearly north and south ; but in iron ships they
approximate to those points of the compass towards which tne stem
and stern lay in building.

Tho tcrmsDsin2^'+ Ecos2f', depending mainly on tne constants

p and 6, are called the "quadrantil deviation," This part is

alternately easterly and westerly in the four quadrants, vanishing

on four compass courses. ^ = (o - c)/2\ is the principal coefficient

of the quadrantal deviation ; it depends on horizontal induction in

symmetrically placed fore and aft or transverse soft iron. It is in

general positive, and in that case can bo reduced to zero by two
transverse rods with their ends eymmetrically placed to starboard

and port of the compass. *In practice two hollow spheres an inch

or so thick are used instead of the rods. Tho other coellicient

lB^{d + b)/2\ is in general small, as it depends on horizon tal induft-

tiou in soft iron unsymmetrically placed. It is only when the

ship heels that this coefficient is in general of any importance.

Whereas the semicircular deviation depends both on tho geo-

graphical position of the ship and on tho state of its subpermanent

magnetism, the quaJrantal deviation is independent of both, and

can bo coiTocted mechanically once for all, or allowed for by meana

of tables constructed from observations made in any one place.

The amount of the semicircular deviation in England does not

exceed 10" for wooden ships of war, but in iron-built ships it fre-

quently exceeds SO' even at the standard compass. The quadrantiil

deviation in wooden ships docs not often exceed 1° or 2* ; in ordi-

nary iron ships it ranges from 3' to 7% but in some armour-plated

iron ships of war it has reached as much as SJ' at tho standard

compass, and 15° for conipasscs less favourably placed.

cnlar do

viatioD.

Qua*..

rantnl
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The -chief part of the heeling deviation is the term Jtcosf,

depending on the coefficient J = {e-k-RiZ)t&D0/\. This coeffi-

cient may be reduced to zero by incfeasiug or diminishing the earth's

vertical force by means of a vertical magnet under the compass.

The usual way of ascertaining the deviations of a ship's

compass is to "swing" the ship gently round so that her

head conies into various positions, and to observe with the

compiss the magnetic bearing of some well-defined distant

point (compass marlc) on shore. The true magnetic bearing

'of this point is then ascertained, which may be done by

taking the compass ashore, carefully placing it in a line join-

ing tlie compass mark with the point on board at which

the compass was formerly placed, and then taking the mag-

netic bearing of the mark once more. Care must of course

be taken that there is no local magnetic disturbance at the

shore station. The differences between the bearings on

board and the bearing on shore give of. course the devia-

tions for the various positions of the ship's head.

When the deviations have thus been ascertained they

may be either corrected by means of tables, by graphical

methods, such as the steering diagram of Napier or the

dygograms of Smith, or mechanically as we have partially

explained. For full details on the subject the reader

should consult the Admiralty/ Manval on the Deviation of
the Compass.

Of late years Sir W. Thomson has devoted his great

scientific knowledge and well-known practical sagacity and
inventive fekill to the improvement of the compass. By
reducing the size of the magnets and increasing their

number he has succeeded in reducing Airy's apparatus

for the mechanical corroition of the quadrantal deviation

within convenient bulk, and by lightening the card and

suspension of the magiuits in a very_ ingenious manner
(at the same time throsving all the remaining weight as

much as possible to the circumference) ho has reduced

the friction on the pivot to a minimum while retaining

a sufEciently long period of vibration to secure perfect

steadiness. He has also contrived apparatus for facilitat-

ing the determinations of the deviation on different courses

and of the heeling error.'

The experimental invetiigalion of induced magnetism

reduces itself mainly .to the investigation of the dependence

of the magnetic susceptibility k ^ (or the magnetic per-

meability it) upon the magnetizing force |'). Confining

ourselves to the strongly magnetic metals, iron, nickel, and
cobalt, it will be seen prefisntly that k depends, not only

upon %5, but also, upon the magnetic condition of the body
at the actual moment whei' ^ is in action, and upon its

previous magnetic history, k also depends greatly on the

temperature, on the state of the body as to purity (notably

in the case of iron and steel on the percentage of carbon

present), and on tTie temper. Thus, if we make one
experiment on a body by magnetizing it in any way, we
permanently alter its magnetic properties, and can restore

it to the magnetically, virgin condition only by heating

it to a high temperature ; but in. this process we are very

apt to permanently alter its molecular condition, so that,

although magnetically indifferent, it is physically changed.

Owing to the fact, already insisted upon, that we cannot
infer the magnetic distribution inside a heterogeneously

magnetized body from its external magnetic action, and to

the fact, presently to be es'tablished, that k varies with ||,

^ For a description of his compass see art. Compass, vol. vi. p. 228.
Detailed descriptions of the compass -with instructions,for its' adjust-

ment are issued in the form of a small pamphlet (Maclehose, Glasgow,
1879)._ :.;

^ K is sometimes called by Continental writers the magnetization
funetion. They have also a habit of speaking aC the ratio of wliolc

magnetic moment of a body of any form divided by its volume to the

stren.c^th of the field in which it is pl;u:ed as tlie ra.agnetization function

S!or that particular form. Tliis is a most inconvenient practice, and
lias lediQ coBsiderabls^coMuaion.

it is of the last importance to choose the experimenlal Import.

circumstances so that both the magnetic field and the in- ^f "^

duced magnetization shall be uniform, orvery approximately "'" ""'

so. A further necessity for the fulfilment of these con- iz^on.
ditions arises from the fact that we must in all cases be
able to render an account of the effect of the form of the

magnetized body, because the true argument of k is not

the strength of the original field but the whole force ^
due to the original field and the induced magnetism
together.

The simplest method for securing a uniform field whose trnifoiq

strength can be controlled is to place the body inside a field,

hollow cylindrical coil (usually called the magnetizing

spiral), whose length so far exceeds that of the body that

the disturbance arising from the" ends of the coil m»y be
neglected in the neighbourhood of the body. The results

in all cases where the length of the body or core is nearly

equal to or exceeds that of the eoil are impure, and cau
only be used with the greatest caution in drawing general

conclusions as to the value of k. The core should always

be either exactly or approximately one of the calculable

forms, but preferably such that the dimension parallel to

the axis of the spiral very much exceeds the others,

because in this case the effect of the form is of secondary

importance compared with the effect of the susceptibility

(see above, p. 245). Thus a very thin cylindrical core

is convenient; because the force inside it differs very little

from that of the undisturbed field, and any small

difference can be easily calculated by supposing the

cylinder replaced by a very elongated ellipsoid. On the

other hand, a thick cylindrical bar is a bad form of core

for the determination of k, both because the magnetizing

force inside it is less than the intensity of the undisturbed

field by a large quantity, which it i.s impossible to calculate,

and because the magnetization at the end is not uniform,

and the disturbance thereby arising is so great that it may
mask the general character of the funetion k altogether.

A further question arises as to how far the time during

which a magnetizing force acts affects the resulting

magnetization, whether temporary or permanent. Jt is also DisturV

important to consider the disturbances arising during the ''""•'' **

make and break of the current in the magnetizing spiral. ™j'"

As the resistance in the circuit is usunlly small, and the breafc

self-induction and capacity sensible, oscillatory currents

may arise ; to these will correspond oscillatory magnetizing

forces, which may even vary in sign. When we consider

that the permanent magnetization produced by any force

may be very much weakened or even altogether destroyed

by a smaller force in the opposite direction, it is evident

that we have no right to conclude that these disturbances,

especially at break, will be without effect upon the per-

manent magnetization. In order to elude these difficulties,

some experimenters have followed the practice of first

establishing the current, then gently' introducing the core

into its place, and finally removing it before breaking the

circuit. In this way the disturbances just alluded to are

avoided ; but another difficulty is raised, for it is clear that

in this operation the core passes through a heterogeneous

field before it reaches the final position where the magnetiz-

ing force is uniform ; different parts of it have therefore

been subjected successively to different influences, and we
are not at liberty a priori to conclude that this fact wUl
not influence the results. Perhaps the best plan would be
to place the core in its position, and allow the current to rise

very slowly to the maximum value required, and then to
fall slowly to zero. This, however, is not the place to

dogmatize concerning the best method of experimenting

;

all that is necessary is to furnish the reader with points of

' Carefully avoiding all shocks or tremors which exercise a very
important influence on the induced magnetism, see below, p. 268. "
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\iev7 from which to criticize the experimental results now
to be cited.

Loiu In the researches of Lenz and Jacobi * the magnetic

Bud inoment of the core was measured by the induction current
Jncobi. j„ .J secondary coil placed upon the magnetizing spiral. A

''il°i'
considerable portion of their work was directed to proving

jirinciples which we here take for granted, e.f/., that the

juagnetizing force is independent of the thickness of the

wire of the magnetizing spiral, of the radius of its wind-

ings, and so on. They concluded from these experiments

that the magnetization is proportional to the magnetizing

force ; i.e., k is constant for a given quality, &c., of metal.

A>«l8. The e.\perimont3 of Joule,- which were made independently

about the same time, led in general to a similar result.

His method consisted in measuring by means of a balance

the attraction P between two electromagnets actuated by
the same current C. If the magnetization of the core were

strictly proportional to the magnetizing force, i.e., to the

current, then P would be proportional to C'-, and P/C^

would be constant. In most ' cases this was bo ; but in

two cases, -where the cores of the electromagnets were very

thiu and the windings more than usually numerous, the

do- ratio P/C- was found to decrease as the current increased.

Moasea This shows that the magnetization tends to a maximum
JM large

yi^]uo gg t]ig current increases, in other words, that, for

very largo values of ^, k decreases.

Miller. Midler,^ using the method of deflexions, arrived at a

similar conclusion. His cores were 56 cm. long and from

9 mm. to 44 mm. thick, his magnetizing spirals from 48'2

cm. to 53 '2 cm. long ; his results are therefore impure, and
the empirical formula by means of which he represents

them of comparatively little importance ; but the approach

Uazi- to a maximum of magnetization (saturation) is quite
"""' of clearly demonstrated. He found, in accordance with

?*f"°'' theory, that if we increase the external magn,etizing force

(|,5o)
saturation is more quickly reached in thin than in

thick bars. Somewhat similar experiments were made by
Von Waltenhofen,* who deduces ^ from some of his own
experiments with very thin cores, and from the experiments

of MiJller, Weber, and Dub, 1678 to 2125 mm. mg. sec.

units of magnetic moment per mg. of iron as the maximum
of magnetization. This would giva from 1317 to 1668

C.G.S. units for the maximum magnetic intensity in iron.

These numbers, derived from more or less impure results,

are merely cough approximations, but thej' agree very well

with those derived at a later date by methods less open to

theoretical objections,

•oosen's The approach to saturation may be very neatly demon-
"P°f'' strated as follows.'' The same current is sent through a

galvanometer and through the coil of an electromagnet

with a thin core. The electromagnet is so placed that its

action on the needle of the galvanometer just compensates

the action of the galvanometer coil for a paicicular strength

of current ; the needle then points to zero. If now the

current be increased,'since the increase of magnetization does

not keep up with the increase of the current, the action of

the coil prevails, and the needle deviates accordingly.

The most extensive and important of the earlier

researches into the general nature of magnetic induc-

tion are those of Wiedemann.'' An epitome ^ of his
' results, with references to contemporary or preceding

researches in the same direction, will put the reader in

possession of almost all the more important general facts

Wicde-
Bunn's

^ Pogg. Ann., xlvii., 1839.
* Sturgeon's Annals of Eleciricily, vol. iv., 1839; Phil. Mag.,

ser."4, vol. ii. ' Pogg. Ann., Ixxix., 1860.
* Silzher. d. Wien. A!:ad., 1865. " Pogg. Ann., cxxxvii,, 1869.
« Kooscn, Pogg. Ami., 1852 ; also Dub, A, 1863.
' Pogg. A7in., c, 1857 ; /b., cvi., 1859 ; lb., cvvii., 1862.
^ Abiuigcd from the author's ovra wpik, aalvanismus,-Bi. ii.

known until the quantitative cxperimenta of Stoletow,
Rowland, and their followers gave a complete account of
the general characteristics of the function k.

In those experiments the method of dedexion was used.
The magnetizing spiral was placed magnetic east and west,
and iu the continuation of its axis was hung a magnetic
steel mirror iu a thick copper box to damp its oscillations.

The deflexions of this mirror, read as usual with a scale
and telescope when the core was not in, gave a measure of
the current ; and the increase of the deflexion on introduc-
ing the core gave a measure of the magnetic moment of
the core. The cores were cylinders 22 cm. long., 1-35 cm.
thick, and the length of tne spiral was only 24 cm.,«—so
that perfectly pure results could not be obtained. To
compensate to some extent for the shortness of the spiral,

the bars were gently drawn to and fro several times
before being placed in the fiual position for which the
reading was taken. In order to measure the permanent
magnetism the core was removed, the current broken, the
core returned to its former position, and a reading again

taken. The conclusions arrived at were as follows.

I. When a steel or iron bar is magnetized for the first

time by a current C, the temporary moment K produced
during the action of the current at first increases faster

than the current, then more slowly, and finally tends to a

maximum, as shown by Joule and Jliiller. The period of

quicker increase is more marked in long than in short

bars; it shows itself even on remagnetizing bars that have
been several times magnetized and demagnetized. As C
increases, the maximum of K is reached sooner in thiu and
long bars than in short and thick bars. Between the

period of increase of K/C and its period of decrease there

is no period of any considerable length for which it is con-

stant. This last fact may be shown by means of the

experiment of Koosen described above ; viz., if the com-
pensation be made for very small currents, when tlie

current is increased, at first the electromagnet prevails,

and the needle goes to one side of zero, then tlic current in

the coil prevails, and the needle returns towards zero, and
finally deviates on the other side.

The point at which the ratio K/C has its marximum for

any particular electromagnet is called by Wiedemann the
" turning point " (Wendepunkt). The turning point relates

to the body as a whole, and the value of the external

magnetizing force |0(, for which it occurs depends both on the

form of the body and on the nature of the metal. It haa

therefore no very definite physical meaning. It must be
carefully distinguished from the "saturation point." Any
element of a body is said to be m-gnetized to saturation

when no increase of the magnetic force can increase its

magnetization any farther. It may happen, however, that

some parts of a body are magnetized to saturation while

others are not. With regard to the turning point. Dub '

has shown that with similar and similarly wound cores the

turning point occurs for the same value of the current.

This is of course in agreement with an obvious corollary

of the general theory of magnetic induction.^"

II. In a freshly^^ magnetized bar the permanent moment
which remains after the action of the current has ceased

at first increases quicker than the producing 'current; but

for stronger currents a turning point is reached ; and then

the moment increases more slowly than the current, and
approaches a maximum.

III. In- attempting to destroy the permanent magnetism

of a bar by means of a demagnetizing current, it may
happen that a current, which, during its action, already

Expcri-

fOiat.

" See Thomson, quoted by Joule, Phil. Trans., vol. cdvi., 185S.
" That is, after being heated white hot to destroy all pre-eBsting

magnetianu
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Ocmag- produces a temporary magnetic moment of opposite sign,

nutiza- still leaves on ceasing to act a permanent magnetic moment
''"" of tlie same sign as before, altliougli less in amount.^ On
°j^'^' increasing the demagnetizing current still farther the per-

inagnct- mancnt moment is at last destroyed. In this process the

ualimt. permanent magnetism decreases faster than the demagnet-

izing current increases,—so that the current required to

destroy a given permanent magnetism is less than the current

that originally produced itj^

Uni- IV. When a fresh bar has been magnetized with any

lateral permanent moment, and then demagnetized by a current
liropcrty _ Qi^

opposite to the magnetizing current C, a second

Bia'-'nct- application of-C, or of any weaker current in the same

iiedb.ir. direction, will not produce a reverse permaiient moment,

although a current C in the same direction as C will

magnetize the bar permanently in the original direction

more or less strongly. It foUows therefore that demagnetiz-

ing by an opposite magnetic force, although it may destroy

the permanent magnetism of a body, does not render it

magnetically indifferent, as heating to a wHite heat would

do. The body remains in fact more easily magnetizable in

one direction than in another.'

V. In certain cases a fresh bar was magnetized by a

current C, and then partly demagnetized ; it was then

found tJiat a current C was rei^uired to bring it back to its

original permanent moment.

VI. In another case a fresh bar was magnetized by a

current C to permanent moment K, then reduced by a

demagnetizing current C to permanent moment K', then

by a direct current C" less than C brought to permanent

moment K". It was then found that a current C was

necessary to bring it back to permanent moment K' ; and

this held whether K' was positive, zero, or negative.

RepeatcJ VII. When a bar is repeatedly magnetized and demag-
iiet- netized by currents of the same intensity, the permanent

magnetic moments corresponding to a given force become,

to begin with, a little greater than at first ; to begin

with, they increase faster than the magnetizing force,

though not so fast as at the first. The turning point,

however, occurs for a weaker current than before.

The magnetization obtained with the strongest current

gradually decreases a little. The moments left by the

demagnetizing current decrease less rapidly than before,

so that a current at first capable of demagnetizing the bar

altogether leaves after repeated magnetization and demag-

netization a slowly increasing residual moment. After a

large number of repetitions of the operation of magnetiza-

tion by a current C and demagnetization by a current

C, the bar finally reaches a constant state, so that each

j.:;ltioll

ami .le-

magliet-

izatiou.

porary moment in soft iron reaches its maximum sooner

than in soft steel, and still sooner than in hard steel.^

The earliest experiments from which definite values of Earlier

K have been calculated are those of Weber.^ A cylindrical ^'jl"™

bar, 1002 cm. long and '36 cm. thick, was placed inside a " '^

spiral so long that the magnetizing force throughout the

length of the bar could be assumed to be uniform. The
nioment of tlie bar was measured by the method of deflex-

ion, the action of the spiral on the deflected magnet being

compensated by means of a part of its own circuit suitably

arranged. The intensity of the current in the spiral was
found in absolute measure by means of a tangent galvano-

meter. Assuming that the bar could be replaced by a very

elongated ellipsoid, Kirchhoff calculated by means of the

theory explained above (p. 249) the values of k for values of

*) ranging from 29-6 to 248-4 (C.G.S. units), and found that

it decreased steadily from 25-0 to 5 '6. In the experiments

of Von Quintus Icilius " bars were used which had been Quintns

reduced by filing as nearly as possible to the form of IcUiua.

ellipsoids of revolution. The magnetic moments were

measured partly by the deflexion method, partly by the

method of electromagnetic induction. In this last method

a secondary spiral is placed upon the magnetizing spiral,

and the induced current in it, caused by reversing the

magnetizing current, is observed first when the ellipsoid is

in the magnetizing spiral, secondly when it is not. When
these currents are known in absolute measure, the moment
of the ellipsoid can be calculated. The experimenter did

not himself reduce his results so as to obtain k, but con-

tented himself with remarking that the ratio of the whole

moment of the ellipsoid K to the strength of the

undisturbed field |)u reached a maximum as '^^ was
increased, this maximum occurring for smaller values

of Pd the more elongated the ellipsoid. The true meaning

of his results was brought out by Stoletow,* who Stoletow'i

reduced them, and established the interesting fact that, deduc-

as the magnetizing force^ ^ increases from very small
°°^'

values, K at first increases rapidly, then reaches a maximum,
and afterwards decreases more slowly. For one ellipsoid

K increased from 30-5, for |i = '24, to a maximum 120"4,

for |5 = 4'56, and then decreased to the value 39'4, for

|) = 30'07. In another, the initial value was 20-1 for

|5 = -518, the maximum value 107 '5 for ^ = 4 '92, and the

final value 2 -SG for D = 454-1.

Thal(5n, adopting a method indicated by Weber,!" Thalei.

determined the value of k for small magnetizing forces. -

Long bars were placed in the axis of a cylindrical coil con-

siderably exceeding them in length. This coil was caused

to rotate 180" about a horizontal axis, so that the
magnetization .^id demagnetization leaves a corresponding magnetization induced by the earth's vertical force was

Tcm-

UMll

invariable permanent moment. When we pass beyond the

limits C and - C.', these phenomena are repeated in the

same order as before.*

VIII. A.U the above phenomena are most cleariy seen

in hard steal, less clearly in soft steel and iron. For small

magnetizing forces the temporary moment in hard steel is

TOt- Isss than in soft steel, and greatest of all in soft iron. The
in general rule is, the harder the material the less the tem-

porary and the greater the permanent moment for a given

I X. If, however, we consider the ratios of the temporary

8oit iioa. moments in soft steel and iron to the temporary moment
in hard steel, all for the same force, then these ratios

decrease gradually as the force increases ; so that the tem-

' ScQ PoggoiulorH Pogtj. Ann., 185'2.

- Tlii.s result liad also been arrived at by Abria, Ann. d. Chim. et

i. Plii/s., 1344 ; and by .foulc, Phil. Mac,., 1847, Phil. Trans., 1855.
^ Similar conclusions were arrived at by Ritchie, Phil. Mag., 1833 ;

Jacobi, Pngg. Anil., 1S:!4 ; M.aiianini, Ann. Clam, et d. Phys., 1846.
* Oil ^e same subject see Joule, Phil. Trans., 1856 ; also Von

Waltouhofcn, Po^jj. Ann., 1864.

reversed relatively to the coil. The current thus caused
was meaured by means of the swing of a galvanometer in

circuit with the coil; from this (see above, p. 240) the

moment of the induced magnetism was calculated ; and
thence, assuming the bar to lie replaceable by an ellipsoid,

K was calculated. From three bars of the same metal
each 400-4 mm. long, having diameters of 36-4, 29-94,

and 23-87 mm. respectively, the values of k deduced were
32-32, 31-80, and 32-04. For other specimens of iron

ke found values of k r.anging from 27-24 to 44-23.

^ Similar results by Pliicker, Pogg. Ann., 1852 and 1855.
^ Elecirodynamische Maasbcstimmungcn, Bd. iii. § 26.
' Pogg. Ann., cxxi., 1864. Similar results were obtained by

Oberbeck, Pogg. Ann., cxxxv., 1868.
* Pogg. Ann., cxlvi. p. 443, 1872.
^ fi here means the whole magnetizing force, arising partly from

the inducing field and partly from the induced magnetism. Experi-
menters have needlessly complicated the already 'complex problem of
ferro-magnetic induction l?y neglecting the all-important distinction
between ^] and '^^.

" AUi. d. am. Gesdlsohaft, Bd. G.
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A set of oliservalions on ellipsoids of revolution were

made by Rieclce,' by the metiiod just described. Tlic

ellipsoids, seven in number, were all cut from the same
piece of soft iron, but varied in volume and in eccen-

tricity. The resulting values of k were found to be

imlependent of the volume of the ellipsoids and of the

part of the iron from which they were cut ; but, on the

other hand, with one slight exception, they increased with

the eccentricity of the ellipsoids. Kohlrausch, in com-

municating these results to Poggcndorff's A nnalen, remarked

that they stand in contradiction with the theory of Poisson

and Neumann ; in so saying he probably considered the

constant vertieal force of the earth (f]^ to be the argument

of the function k ; but this is not so, as Stoletow points

out in the jxiper already quoted. The actual magnetizing

forces are greater in the more elongated ellipsoids ; and

Riecke's results simply prove that for values of |) varying

from -031 to '072 « increases from 13-5 to 25-4.

In order to establish the initial increase of the

magnetization function k beyond all doubt, Stoletow (/. c.)

made a new set of experiments on a carefully annealed iron

ring- of rectangular section (exterior diameter 20 cm., in-

terior diameter 18 cm., height 1'47 cm.). The ring was care-'

fully wound throughout with a primary coil of ti ( = !fOlJ)

winding.s ; over this, in one or more shorter or longoi

stretches, was wound a secondary coil of ;/( = 50 to VOO)
windings. The induction current in the secondary, due tu

the reversal of a known current i in the primary, was sent

through a galvanometer, and thus measured. If E be the

electromotive force of this current, then (see above, p.

246) E = 4ji«V(4;rKM -)- P), where M and P can be cal-

culated from the dimensions of the ring and its primary
coil. All then that is necessary is to know E i in absolute

measure. We refer the reader to the original paper for

the details of the measurements. The results are very
interesting, and fidly confirm the conclusions drawn from
the results of Von Quintus Icilius and Riecke. The smallest

value of '£) was '43, and the corresponding value of k
21-5; the maximum value of k was 174, for *) = 3-2;

the last value observed was k = 42'], for 59 = 30'7. The
temperature varied from 15° C to 20° C, but it appeared
from the experiments that k did not alter nnich for moderate
changes of temperature. In figure (34) is given a
transcription of the curve that represents the results of

Stoletow'a experiments ; the abscissae represent the values

of "4] in C.G.S. units, and the ordinates the correspond-

ing values of k.

About the same time as Stoletow, and independently,

Rowland ' made a much more extensive series of experi-

ments, the results of which form one of the most important

contributions yet made to our knowledge of magnetic

induction. The experiments were made partly on very

long bars ; but the published results were mostly obtained

from rings, it having been found that the effect of the ends

of the bar was sensible even when the length was as much
as 144 times the diameter. About a dozen rings of iron,

nickel, and cobalt were used ; the section was circular in

all cases ; and a primary and a secondary coil were used

as in Stoletow's experiments. The primary current was
measured by means of a tangent galvanometer in which 1,

3, 9, 27, or 48 coils could be brought into operation

according to the sensibility required. The induction

current in the secondary was measured by the swing of a

Thomson's g.ilvantmieter fitted with a heavier needle than

usual. The indications of this last were reduced to absolute

measure by taking the swing caused by turning over a

' Porjr/. yinn., cxli., 1870.
* A method suggested by lyrchllu£F, Po^j. A 1

lPlul.Ma3., 1873, 1871.

i.,Ergbvl. v., 1S70.

horizontal coil of known area, inserted in its circuit, so an

to produce the full induction current due to the earth's

vertical force. In order to obtain the total induced

magnetization the primary current was reversed. To
obtain the permanent magnetism it was simply broken

;

this gives the part of the induced magnetism that

disappears with the inducing force (temporary magnetism

Rowland calls it) ; subtracting this from the total mag-

netization, we get the permanent magnetization. Care

was taken in these experiments always to work with

magnetizing forces of ascending magnitude, as it was

found th.it the efi'ect of any force is considerably modified if

a greater force has previously acted on the body,—in other

words, that the magnetic permeability of iron or steel is

much affected by pre-existing permanent magnetism. This

fact raises an objection to the ring method ; for per-

manent magnetization in a ring is not easily discoverable,

and would give it a one-sidedness, so that a magnetizing

force would produce much more alteration when exerted in

one direction than it would when exerted in the other.'

Rowland pubUshes about thirteen different tables, relating

to rings of iron and steel in difi'erent states, and also to

nickel and cobalt, under different conditions as to temper.

1 See Kowlaud, PMl. Mag. (i). IS, p. 330 ; also above, iv 25*.
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tna^nttizatinn, and so on ; the results for cobalt are, how-

t-vci-, licld to 1)0 less satisfactory tlian those fur irou and

uiul-cls fur a variety of reasons which ho aissigns.'

In Ireatin;^ his results grarphically, two method^ are

Tulluwud. lu the fn-bt the magnetic induction g is plotted

a"aiij^t the magnetizing force '£) as abscissa. Figure 31

s>h[jw=. the curve obtained in this way fi-om one of his

tiblus. .In the second method (1) the permeability =7 is

plotted against the magnetic induction |3, or (2) the

hu.scej'tibility K is plotted against the intensity of magnet-

ization Ji. Either variety of the second method leads

to a curve having the general form shown in figures 35

and 3G.

Fio. 36.—Cu

iOC?0 4000 6WJ0

ij; for Nickel at different tcnipLTatiircs.

it reaches a maximum, and after that diminishes dov.-n to

a very small value. The maximum value^ is reached when
the metal lias attained a magnetization of from -24 to 33
of the maximum. The following table will give some idei

of tlio order of the magnitudes involved; -^ denotes tho

permeability for ^ = 0, =r' the maximum permeability,

and 'ij' the force for which it occurs. In some cases thj

actual maximum is given, iu other cases simply the greatest

recorded in the tables of experimental results, and tUj

values of '£] are stated roughly ; strict accuracy is of no
consequence, owing to the great variability of all the

niacrnitudes.

The curves obtained, whether for ct and g, or for k and

^, fall very rapidly, and ultimately to all appearance almost

straight, towards the axis of ^ or |. This suggests that

&J or Ji or both reach a maximum when |) is increased

indefinitely. Supposing such an increase of |i possible, the

question arises as to which it is that actually reaches a

maximum. jMost experimenters seem to assume that %
does so, but it must be remarked that this is simply an

assumption.! Several delicate points of great physical

interest might be discussed here, but it will be sufficient to

refer the reader to the introduction to Rowland's second

Iiajjcr.

The general conclusions to be drawn from these experi-

ments are as follows :

—

1. The magnetic properties of iron, nickel, and cobalt

at ordinary temperatures differ in degree but not . in

rpTality.

2. As the magneiizmg fores |j increases from upwards,

the permeability of iron, nickel, and cobalt increases until

All tho more so tli.it it Iina been founil by some expcrinienteis that

the rurve (k J) actually has a point of inflexion and becomes convex

to tho axis of 'i for very large valaes of 2i-

Slinpe.
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6. Tho permeability of any metal depends on the quality

of tlic metal, on tho amount of permanent magnetization,

on the total magnetization, and on tho temperature.

lEITcct of 7. Tho permeability of nickel and cobalt varies very

tempcia- nuich with temperature. In nickel for a moderate amount
*""

of magnetization the permeability increases with rise of

temperature, but for high magnetization it decreases.

This is very well shown in iig. 30, where the permeability

curves for 15° C. and 220° C. intersect each o'ther. In

cobalt, on the other hand, the permeability ai^pears to be

always increased. The permeability of iron is not much
affected by moderate changes of temijorature.

8. The maximum of magnetization of iron and nickel

decreases with rise of temperature, at least between 10°

C. and 220° C, the first very slowly, the second very

rapidly. At 220° C. tho maximum for- iron is g = 17200

or I = 13G0, and for nickel g = 4900 or | = 380.

The researches of Stolctow and Rowland have undoubtedly

made clear the main phenomena of magnetic induction
;

but in so doing they have raised a host of other qur.^tions

which have not as yet been settled. There is no lack of

recent work bearing on them, but it would be a dilEcult

matter to give succinctly a complete account of the con-

clusions arrived at. The results of the different experi-

menters are not seldom contradictory, and the circumstances

of experiment are often so complicated that criticism with

the view of reconciling them seems hopeless in the meantime.

While, therefore, we shall give a fairly complete li.st of the

literature, the reader must not expect in this article an

exhaustive analysis of the different memoirs that have
recently appeared. Any remarks we shall make have
chiefly for their object to call attention to the prominent
questions that have been raised by the different workers.

Experi- Riecke ^ made a series of experiments on ellipsoids of
menta goft iron ; he expresses his results in terms of p the

^. magnetization function for a sphere, and finds, as he ought

Boids to do, that, for a considerable range of values of the

and magnetizing force, p is approximately constant." In point
spherea. of fact this method of representation is bad, for the quality
Riecke, of the metal only begins to affect p about the fourth or fifth
Frommc,

(jecinial place. Similar experiments on spheres and

jjjij^
ellipsoids of soft iron were made by Fromme ;

^ and a very

extensive series oy A. L. Holz'' on ellipsoids of iron and
steel, in which he gives tables and curves showing the

values both of p (to a large number of decimals) and of

K ; and tho values of the temporary, permanent, and vanish-

ing magnetisms for a considerable range of magnetizing
forces. The results, although wanting in regularity and
smoothness for the harder kinds of steel, agree in the main
with those of Stoletow and Rowland. Holz enters largely

in this and in a former paper * into speculations concerning

the effect of the molecular structure of the metal upon its

magnetic properties.

Boaly. Relating more particularly to the phenomena of the per-

manent and temporary magnetization of steel we have
important memoirs of recent date by Bouty, Fromme, and
'Auerbach. Bouty's papers,'' besides copious references to

the general literature of the subject and interesting critical

discussions of magnetic theory, contain the results of

careful investigations as to the permanent magnetization

attained by repeated applications of magnetic force under
various circumstances, and verifications of the formulae of

be remembered tliat t.ie maximum of permanent magnetization which
a body can nttuiu is essentially conditioned by its form ; since the
more elongated the form tlie less the demagnetizing force arising r."om

the existing magnetization.
' Pogg. Ann., cxlix., 1873. » =3/4ir= -2387.
^ Pogg. Ann., clii., 1873. This paper contains also some results

as to the permanent magnetism of soft iron,

*Pogg. Ann., Erclvl. viii., 1877. 'Pogg. Ann., cli., 1873.
• CompUa liend., 1875; Jour. d. l'£c. Norm. Suji., 187S, 1876.

Green for the magnetic distribution in thin needles and
cylindrical bars of steel. Two points as to his methods are

wortliy of notice. He employs a very simple method of

measuring the magnetic moment of small pieces of steel : Mcaanre.

a small needle of moment m attached to a stiff stem," which ment of

carries a mirror, is freely suspended and allowed to come ^'"•'''*

to rest in tho magnetic meridian ; the needle whose
^jj„tj_

moment a; is to be measured is then inserted into a tube
fixed to the stem with its axis at right angles to the former
needle. The deviation a of tho compound system being
measured by means of the mirror, we have x = m, tana. He
studies the magnetic distribution in very thin hard needles

by the method of rupture, finding that, if the needle be Sgpdirf
carefully broken, so that the distortion or shock caused by of

the bending does not extend far from the point of rupture, needles.

the magnetic moment of tlie different parts is little, if at

all, affected. For thicker magnets he uses the ordinary

method of deflexion.

Bouty found, in agreement with Hermann Sclioiz and Effect of

Frankenheim," that, although the continued application of repeated

a magnetizing force does not increase the resulting per- VP''<^-

manent magnetization, the repetiiiorfi of its application ^^"nel-
will He finds for the magnetic moment y oi a. thin needle iztng

passed x times through a magnetizing spiral the formula force.

y = K- B/j, where A and B are constants : e.g., in one
case, A = 57-78, and B = 6-32. The ratio A/(A-B), that

is, the ratio of the moment attained by an infinite number
of applications of the magnetizing force to that attained by
one, decreases as the force increases ; on the other hand, if

R' be the force required to produce by a single application

the same effect as R produces by an infinite number, he finds

the ratio R'/R fairly constant" (viz., from 1-060 to 1-065 in

his best experiments) for values of R ranging from 10 to 42.

In certain cases where the magnetization was effected by in-

duced currents, he finds the formula y = h. + ^ (!-«-")
to represent the results better.'"

He found that Green's formula,

y = Art- 1 X
2 eJgJ-c-iM
3 ei^^^.e-if':}'

where

giving the -moment of a cylinder of length x and diameter

a, was sufficiently accurate both for temporary and for

permanent magnetism, and for hard or soft tempered steel,

whether saturated or not, provided the bars were in a

virgin condition before magnetization. For example, in a

saturated bar of soft steel (a = 7 mm.), for the temporary

magnetism A = -1-0S1, 3=1/7-142; for the permanent

magnetism A = 2-34, B= 1/17-857. In a non-saturated bar

of soft steel (a = 10 min.), for temporary magnetism A =
•9966, B= 1/7-142; for permanent magnetism A = -723,

B = 1/17-857;, so that B is independent of the magnetic

force. With hard tempered bars, A was less, both for

temporary and permanent magnetism, than with soft bars
;

B was independent of the magnetizing force for temporary

magnetism, but increased for permanent magnetism with

large magnetizing forces. He calls the magnetic distribu-

tion long or short according as B is small or great, and

'' Pogg. Ann., c.x.xiii., 1864.
^ In a very interesting paper (PAl?. Mag., 1869 and 1870) dealing

with certain phenomena of uiduced currents, Lord Rayleigh incident-

ally arrives at the conclusion that the macrnetizing force of a currcnfc

depends on its maximum intensity more tlian on its duration, or'on

the whole quantity of electricity that passes. This observation has an

important bearing on certain experiments of Bouty as to the effect of

the "extra current,'' which it does not seen* necessary to mention

I.cre.

" Tliis conclusion is not in agreement with the results of Fromme.

"The formula y= B(l-e-") was used by Quctelct for Uie

mojueut iaduced in a .<tecl bar by rubbing it x times with a magnet.

XV. — .-I
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explains the phenomena of demagnetized or remagnetized

Ijars by the superposition of long and short distributions.

His final conclusion is that there is a greater independence

between permanent and temporary magnetism than is

usually admitted ; and he starts a theory that magnetic

bodies are composed of a mixture of two kinds of magnetic

molecules, one kind retaining all the induced magnetism,

the other wholly devoid of coercive force.

It is obvious, from the results of Wiedemann, Franken-

heim, aud Bouty just alluded to, that the assumption made
in the mathematical theory, that the effect of a magnetizing

force is independent of the previous magnetic history of

the body, is not even a first ajjprosimation to the actual

trutL It becomes a matter of importance therefore to

study the modification in the induced magnetism cor-

responding to any force produced by the forces that have

preceded it. This effect has been cilled by German
experimenters the magnelic i if i-r- effect (Mftgnetische

Nachwirkdng). Fromme and Aliefbach tave recently

occupied themselves with this subject, and it may be of

some interest to the reader to indicate a few of their con-

clusions.

In his first paper ' Fromme experiments with rotational

ellipsoids of soft steel, using partly the method of Weber,
Thalen, and Riecke, partly the ordinary method of deflexion.

He found, in the first place, that the generalized theory

of magnetic induction was applicable for values of p vary-

ing from '0061 to •132, k decreasing between these limits

from 23'5 to 8'68. He attempted to find the maximum
force for which permanent magnetism first appears, and

fixes it with some reserve at from '2 to 'S.^ The curve

which he indicates for the temporary magnetization of soft

steel has two points of inflexion, being first concave to the

^xis of p, then convex, and finally concave again.

He confirms the observation of Frankenheim that

Repeated applications of the magnetizing- force increase

the permanent magnetization up to a certain limit, and
finds that when that limit is reached the body behaves

towards all smaller forces having the same direction as if

it were devoid of coercive force. Experimenting on

Bllipsoids permanently magnetized in this way, he found

hliB mathematical theory of Kirchhofl' to be inapplicable, it

being impossible to fit the I'esults obtained with the

different ellipsoids together; and the discrepancy was

greater with the softer than with the harder steel. For

forces that are not sufficient to alter the permanent

magnetization, k decreases with decreasing force, as is the

case with soft iron, so long at all events as the forces are

not very great ; and, again, for such forces the variation of

IK is more regular the greater the permanent magnetization.

The number of impulses required to saturate with per-

manent magnetism was greater the greater the ratio of the

moment of saturation to the initial moment, e.ff., greater

for hard than for soft steel. It was found, in extension of

a result of Frankenheim's, that, if U be the original moment,

R] that produced by one and R that produced by an infinite

number of impulses of the magnetizing force, then

(U + R])/(U -1- R) is tolerably constant ; but RJR decreases

with increasing magnetizing force.

With reference to the non-permanent magnetism of a

bar repeatedly magnetized by the same constant current,

he concludes from his researches that it diminishes, but in

euch a way that the total induced magnetism remains con-

stant,—so that what is lost in non-permanent is gained in

permanent magnetism.

In his second paper' Fromme experimented both with

' Pogg. Ann., Ergbd. vii., 1875.
* So far confirmiug Maxwell's conclusions from liis modification of

Weber's theory of molecular magnets, £1. and Has., to' ii. § 445.

' WiedAnn.,iy., 1878.

iron aild with steel cylinders, pointed at the end, of lengths

varying from 140 to 220 mm., and of thicknesses from

1 '5 to 8 mm. The method of deflexion was used, the

efl^ect of the magnetizing spiral itself being compensated

by an auxiliary spiral suitably placed. The cores were

carefully introduced into the spiral after the current was

established, removed before it was broken, and then

replaced when the permanent magnetism was determined.

In the following extract from his conclusions T„ denotes

the total induced magnetization, R„ the whole residual or

permanent magnetization, V„ the non-permanent or vanish-

ing magnetization, after 7i impulses of a given magnetizing

force, the suffix being dropped when the number of

impulses is not in question, and replaced by oo when the

number is so great that by further increasing it no altera-

tion in the effect is produced.

A constant force greater than all preceding induces a T
which varies with successive impulses, sometimes increas-

ing, sometimes decreasing. If a bar previously heated

white hot be subjected to a large force, successive impulses

usually give a decrease of T. If, however, the force is

preceded by one somewhat smaller, successive impulses

usually give an increase. It depends merely on the

magnitude and the number of impulses of the preceding

force P whether the repeated impulses of a force p will

give an increasing or a decreasing T.

R always increases with successive impulses until the limit

is reached, and always faster than T; hence increase of R and

decrease of V go hand in hand ; the magnitude of this

increase depends on P and p, aud approaches zero with

T-p.
In order that the action of a force p may not be

influenced by the after-effect of smaller forces preceding

it, it must be applied so often that its further application

ceases to increase R. When saturation for R is thus

reached, then T, R, and V have the values corresponding

to frequent impulses of p for a fresh

Rj/Rjo, Ro/Rco I '^'"^•i sll starting from unity, decrease

as the force p increases from zero, diverging more and

more until they all reach minima for the same value of p ;

they then converge again towards unity, which they all

reach at the maximum of permanent magnetization. The
values of p corresponding to the maxima of R^^ /p

B.,Ip, RJp are in ascending order of magnitude, and the

first of them is the value corresponding ti^ihe minima of

Ri/R^ , RJR^ , &C.

What was stated for Ej/Roo i ^2/^00 1 ^^^ holds word for

word fir Too /Ti, T^q jT.,, &c. Hence the decrease of T is

conditioned solely by the increase of R ; so that it would

appear that the after-efi'ect of a preceding force P depends

on the R which it produces. It would therefore be more

correct to say that the after-eft'ect depends on r-R than

to say that it depends on p-V.
When a bar has been magnetized by any force P, all

smaller succeeding forces leave R unaltered, yet by repeated

impulses of p (<P) T decreases until it reaches a certain

limit. We may repeat the process as often as we please

by always beginning with a new application of a larger

force P ; if we vary P, keeping p constant, Tj, T,, &c.,

vdry, but the limit T^^ is always the same. In these

experiments it was indifl'erent whether a few seconds or

several hours elapsed between the applications of P and p ;

time had no influence on the vanishing of this species of

magnetic after-effect. On the other hand,- several impulses

of the greater force gave no more after-effect than a single

impulse, of whatever duration. If N denote the after-eflect

- of a greater force P upon the action of a smaller p, the

law of the phenomenon is

whe'6 c is a constant and a and 6 are constant positive
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nnmbers, h being a proper fraction, and a possibly very

near unity. Tbis of course gives N = for ^ = and for

p = 1', and gives a maximum value of N for Bome value of

ip between and P.

The interposition of a force P' between P and p increases

the after-eflect if P'>P, diminialies it if P'<P; and tbis

holds irrespective of the sign of P' -;;.

If we denote by k the susceptibility of a body for

vanishing magneti.sm (V) induced by any force p, the

question arises bow far this is influenced by the jiermanent

magnetism R induced by precediug greater forces. Jamin
holds that k is approximately, and Chwolsou that it is

absolutely, independent .of euch permanent magnetism.

Fromme finds that, when a force p, capable of itself

producing a permauent magnetism r, acts on a bar already

possessing a permanent magnetism R>r, then k is

increased (by the presence . of R) if R - r is small, but

diminished when R-r is great. ^ The after-effect for

small forces p may therefore be either increase or decrease

of J S
but for large forces p it is always increase.

At the conclusion of his paper Fromme points out the

contrast between magnetic and elastic after-effect, and
dwells upon the analogy between his results and those

of Thaliin - concerning the limits of elasticity in solid

bodies.

The experimental method followed by Auerbach ^ was

much the same as that of Fromme, except that the core

was left in the magnetizing spiral during the make and

break of the current. The core was generally a hollow

cylinder of soft iron 148'1 mm. long, 17 '8 mm. in

iliameter, 1'6 mm. thick; with end plates 1'5 mm. thick.

He distinguishes two kinds of magnetic after-effect. The

first kind consists \n alteration of the magnetization of the

body during the action ot a constant force, or after it has

ceased to act. The second kind is that already mentioned,

in which the action of any force is influenced by preceding

forces. It is this second kind of after-effect that is dealt

with in the paper from which we are quoting.

The leading peculiarity of his view of the phenomenon

is the introduction of the force sero, both as a preceding

and as a final force. The fundamental principle laid down
is the following :

—

When the force p, which, following immediately after

the force 0, would produce a magnetization T^, is preceded

by a series of forces P^ P, . . . .?„, the magnetization

which results is T, differing from T^ by an amount N called

the after-effect. K is wholly determined by the first of

tlie preceding forces P„ which is such that all the forces

that act ivetween P, and p lie in magnitude between P,

and/).

This general law is, however, subject to exceptions. For

example, let the whole series of forces acting be Pj^, p, Pg,

p (evidently an extreme case), then experience shows that

neither Tj,, nor Tg is the resulting magnetization, but

something intermediate, much nearer to Tj^, however, than to

T9. In c-.der to obtain Tg a force P|,<p must be interposed

before Pg ; even then the magnetization varies a little with

Pg, but, if the stationary condition for Pg, p be established

by alternating Pg, p many times after applying P^, thus

1*10' P' ''o' ^9' P' Po' P' ^o< P> • the limit is found to

be independent of P,,, and is held to be the true value of

In this way, for a given p, T can be determined as a

function of P. It is necessary, however, to attend to the

following principle,—that, of two preceding forces lying in

magnitude on different sides of p, the second determines

' These conclusions are in agreement mfh the results of Herwig

obtained from experiments on the longitudinal and cii'cular magnetiza-

tion of iron tubes, Pogg. Ann., clvi., 1875-
' Pogg. Ann., cxxiv., 1865. ' Wit4. Ann., xiv., 1881.

the after-effect exclusively only when it differs more from
p than the first ; in other ca.ses both contribute to the after-!
cfi'ect

; in no case does the first exclusively determine the
after-effect. In the case where both preceding forces lie'

on the same side of p, the exceptions to the general law are
far less marked; only where the second force is very
nearly equal to ;; does it exercise a disturbing influence on
the after-effect of the first.

The process used for obtaining T as a function of P, for
a given p, say 10, is therefore to cause the influencing forces!
to alternate with the influenced, the succession of the
former being such that the one preceding p always differs
less from p than the one following. The stationary con-
dition is supposed to be established for each pair as above
explained; e.c/., starting with P=ll, the series might be
11, 10, 8, 10, 13, 10, 6, 10, 15, 10, 4, 10, kc In
this way T^, Tg, Tjj, &c., can be determined
When the values of T are plotted against the values of Cnrves,

P, the curves corresponding to different values of p have of t^"^

all a similar character (see figure 37). They consist of I'""''^

two congruent parts lying on the two sides of a point of l".^'!!!
inflexion, which is the only point that has any marked after-

character. To the right of the inflexion the concavity effec^

is towards the axis of P, to the left in the opposite
direction. The infinite branches appear to approach

Fig. 37.

asymptotes parallel to the axis of P. The abscissa of

the point of inflexion for any particular curve p is P=^
;

the ordinate is T^, which may be called the nonnal

magnetization corresponding to p when p alone has acted

before. This of course is an ideal case ; but a process is

indicated for determining T, directly.* The dotted curve

in the figure is the curve of normal magnetization, whose

abscissa and ordinate are p and T,.

From the symmetry of the curves representing the after-

effect Auerbach concludes that the after-effect of forces

on opposite sides of 7) as to magnitude, and equidifferent

from it, is equal and opposite, and ascribes the failure to

observe the after-effect of forces smaller than p to the

interposition of the force iiero. He further concludes that

the after-effect depends in the same way op P-p as T,

depends on p.

There is one of the curves of after-effect, that, viz., for

p = o, which has a special meaning. It is clearly the curve

* A particular case of this process is interesting and practicallj

uiiportant; viz., in order to demagnetize s core (i.«., to find Tj

possessing a moment T. Apply in succession the forces - P, -f (P - <)j

-(P-2e), -^{P-3€), &c., down to 0, P being chosen of suffidenf

magnitude, ratber too great thaa too small (the smaller e the Iwtterl
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of permanent or residual magnetism, which is thus in

Auei'bach's view a particular case of after-effect. To it we

can apply the general rule given above, subject of course

to like exceptions.

It would be piemature to pronounce any opinion as to

the ultimate value of Auerbach's results ; but the elegance

of his representation of the phenomena will scarcely be

disputed. In the latter part of his paper he applies his

views to explain the peculiarities in the curve of magnetiza-

tion with forces of ascending magnitude! obtained when the

after-effect is neglected, and to the cyclical process dis-

cussed.by Warburg. ^ He also discusses the influence of

Effect of the duration of the impulse of the magnetizing force and
duration q( the sudden closing and opening of the current. His

""jl.T^' conclusions agree in the main with those of fromme : in

ofim-° particular he inclines to Fromme's view ^ that there is a

pulse. specific magnetic effect produced in certain cases by the

breaking of the current while the core is in the spiral

This effect in certain cases (with short thick cores) is so

great that a permanent magnetization of opposite. sign to

the total induced magnetism remains.^ This "anomalous

magnetization " was first observed by Von Waltenhofen,*

who also establishes the more general result, of which tliis

is an extreme case, viz., that the residual magnetism of the

core depends upon the rapidity with which the magnetizing

force is reduced to zero. Auerbach lays down as a general

principle that when the variation of the magnetizing force

is slow and continuous the velocity of the transition does

not influence the final magnetization ; but sudden transition

causes the final magnetization to be less or greater than

that obtained by gradual transition, according as the

passage is from a greater to a less or from a less to a

greater force.

Addl- The reader who wishes to pursue the present suhject farther

tional should consult the worlis of che following experimenters :

—

titera- Jamiu,^- who holds what he apparently regards as a new theory of

ture. magnetization. It is in point of fact merely a modification of the

theory of solenoids, somewhat restricted in its application to the

Ehenomena of magnetic induction. His special point is that the

nes of magnetization in a bar magnetized (say) by a magnetizing

spiral only penetrate to a limited depth, lyhich is gieater the greater

the current. The following experiments ^ are adduced in confir-

mation of his views. The steel tube of a Chassepot rifle was plugged

at both ends by sere ..'ing into it bolts of the same metal. Inside

was placed a. cylindrical rod. It was found that, so long as the

current in the spiral was not very great, the rod was not sensibly

magnetized ; but, as the current increased, it became more and nioi-e

affected, and by and by was as much pemjanently magnetized as if

the enveloping tube had been absent. Again, the rod having been

magnetized to saturation and inserted in the tube, a demagnetizing

force was applied to the whole, and it was found possible to render

the tube and core together seemingly neutral, or even oppositely

m.ignetie, while the rod wlien taken out proved to be still power-

fully magnetized in the original direction. Again, a bar was
magnetized by a powerful current, and then magnetized in the

opposite direction by another current. The suiface of the bar was
then eaten away to a certain depth ; and it was found that the

original magnetization reappeared. These experiments, although
most interesting in themselves, do not appear to warrant the inter-

pretation which their author puts upon them. Jamin has made
extensive researches on tlie magnetic distribution in bars and
ribbons of steel, partly with a view to obtain empirical rules for the

construction of powerful permanent magnets, in which ho has been
very successful.

Gaugain, Comptcs Eendvs, passim ; Ann. d. Ckim. ct d. Pliys.f

(0) xl.

' Wied. Ann., xiii., 1S81 ; cf. Fromme, It>., xiii., 1881 ; also

Hirastedt, 2b., xiv., 1881. A similar phenomenon was obsei-ved by
Meyei? and Auerbach during their experiments on the gr.amnio

machine, Wud. Ann., v., 1878.

'See an elaborate paper which we cim only mention here, Wied.
Ann., v., 1878.

' Experiments on the sal ne subject have been mado.by Ricdii. Comjtics

Rendus, 1880, or Wied. Beibl, iv., ISSO ; and by BartoU and Ales-

«andro, .y. Cim., 1880, or Wied. Beibl, iv., 1880. Cf. Fromme,
Wied Ann., xiii., 1881. * Wicn. Ber., 1863.

' Comptes Hfiidus, p.isjiin. " Comptes Rendus, Ixxi., 1876.

Christiansen, "Researches on the Magnetic bistribution in an
Iron Bar, on oue part of which is placed a Short Magnetizing

Spiral," rrici. Bcibl, i., 1877.

Ruths, " Ueber den JIagnetismus wcicher Eiseneylinder und
verscliieden barter Stahlsorten " (Dortmund, 1876), Wied. Bcibl.,

i., 1877.

Whipple, "Induction Constants of Permanent Magnets of vari-

ous shapes, from the determination at Kew," Proc. Bey. Soe. Ltnd.,

1877.

Oberbeck, " Ueber die Fortpflanzung der magnetischen Induc-

tion im weichen Eisen " (Halle, 1878), IFicd. Bcibl., ii., 1878.

Kiilp, " Experimentaluntersuchungen iiber magnetische CoSr*

citivlcraft," Oarl. Sep., 1880.

Baur, "Experiments with an Iron King on the Magnetization

Function for very smaU Forces," Wied. Ann. xi., 1880.

Riecke, "On the Experimental Test of Poisson'a Theory," W'icd,

Ann., xiii. p. 485, 18S1.

Siemens, a very interesting paper, '* On the Effect of the Rfag»

netization of Iron in any Direction upon its Permeability in the

Perpendicular Dh-ection," Wied. Ann., xiv., 1881.

Righi, "Contributions to the Theory of the Magnetization of

Steel," Mem. d. Ace. d. Bologna, 1880 ; Wied. Beibl., v., 1882. •

For a succinct account of several of the foregoing memoirs, see tho
" Nachtr.ige " to Wiedemann's Galvanismus, and a paper by tho

same author in Poggendorff s Annalen, clvii. p 257, 1876.

Influence of tlie Hardness and Structure of Iron and Influencf..

Steel on Permanent Magnetistn.—Some information has of hard-

already beeu given incidentally on this subject, and "j^^^^^.

a lengthy discussion would be out of place hero. The tura.

statements of the various authorities are very contra-

dictory. This is not to be wondered at ; for those best

qualified to prepare the materials for experiment are

generally deficient in the scientific knowledge requisite to

enable them to form a sound judgment as to the result,

while thoroughly trained scientific men have not as a rule

acquired a command over the delicate manipulation of the

forging and tempering of steel, an art which those who
possess it usually find difficult to describe in words or

reduce to rules. There is the further circumstance that

many who have been successful in making good steel for

magnetic or other purposes have found it for their interest

not to publish the process by which success was attained.

Fineness of grain and uniformity of temper are tho ?inentBk

greatest requisites in steel for permanent magnets. The "f graii"

latter in bars of any size is never attained in perfection,
J^

.r".

for the surface is always harder than the interior. The ^f

mischief which thereby arises may be understood by taking tempet

the extreme case of a thin steel tube magnetized to satura-

tion, and then fitted with a perfectly soft iron core. It is

clear that the core will act very much like the armature of

a horse-shoe magnet ; the lines of force will run back

through it, and the external action will be iu a great

measure destroyed.

The different tempers of steel may be roughly classified

as glass hard, straw colour, blue, and soft. The current

statement is that the harder the steel the more diQicult it

is to magnetize, but the better it retains its magnetism. If

this were so, provided suflScient magnetizing force to pro-

duce saturation v/ere at command, the best temper for

magnets would be glass hard. Lamont, however, whoso
experience was great, states that ho found the loss after

magnetization to be as great, and to continue as long, witli

glass hard as with blue tempered magnets. The same
experimenter gives it as his opinion that great diflferences

in the quality of magnets arise more from defects as to

homogeneity, continuity, and uniformity of temper than

from tlie quality of the steel in other respects ; he inclines,

however, to a preference for English cast steel.

Purity and homogeneity of structure are equally necessary

in- iron of high magnetic inductive susceptibility and small

coercive force. Hammering, rolling, and drawing diminish

the susceptibility and increase tho coercive force. Rolling

does 80 more in the direction of rolling than transversely,

so that the iron becomes seolotropic. It is advisable in aU

cases where high susceptibility is wished to anneal the
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Body carefully after manufacture, by heating it in a wood

fire and allowing it to cool very gradually ; this proceua is

still more effective when the iron is covered all over before-

hand *ith half an inch or so of clay.

The reader who wishes for. furtlier (h'tails bn this subject should

consult Lamont's Ilandbnch des Magnet isimis, chap. v. The foUow-

ina references to tlio literature may be useful.

ilichell, Treatise of Arlifidul Magnets, 1750 ; Coulomb, Mim.
deVAcad., 1784 ; Bailow, Phil. Trans., 1822; Kater, Pliil. Trans.,

1821; Sabine, Phil. Trans., 1843; Hanstecn, Pogg. Ann., 1825;

Hacker, Fogg. Ann., 1848 ; Poggendorff, ]b., 1850 ; Miillcr, lb.,

1852; Matthiosson, Phil. Mag., 1868 ; Airy, Jb., 1863; Von Walten-

hoTen, Pogg. Ann., 1864 ; Trtive, Ccmiples Ecndiis, 1869 ; A. L.

H0I2, Wied. Ann., v., 1878 ; Ruths, Wied. Beibl. i. 1877 ; Chees-

man, Wi£d. Ann. 1882.

Special Magnetic Character of Nickel and Cobalt.—Besides the

results of Rowland above quoted, we have on record experiments by
the following physicists:—Biot, Traite de Phys., 1809 ; Gay Lussac,

Ann. d. Chim. et d. Phys., 1824 ; Lampadius, Schxoegger'a Jour.,

1814; E. Becquerel, Comptes Rendus, 1845 ; Plucker, Pogg. Ann.,

1854; Arndtsen, lb., 1858; Hankel, Wied. Ann., 1877;
Becquerel, Ann. d. Chim. et d. Phys., 1879 ; Gaiife, Comptes

Sendus, 1881 ; Wild, Wied. Beibl, 1877.

Experiincnts with Finely Divided Magnetic Metals and with

Slectrolytie Jron.—These have been made by various physicists,

mostly to test the theory of molecular magnets. The earliest of the

experiments with finely divided iron was made by Coulomb, who
mixed iron filings with wax, and found that the magnetic moment
v.'SL'i proportional to the mass of magnetic metaL Similar cxperi-

'menta were made by the elder Becquerel,^ his result being that the

magnetic moment was proportional to the weight of magnetic sub-

stance, so long as the filings were not too densely distributed; with

increasing density the mixture acquires magnetic properties more
like those of a continuous metallic mass. Several modem experi-

Imentei's have gone into the matter with considerable care ; but

their results are not sufficiently concordant, or of sufficient general

- interest, to justify us in dwelling at length upon them here. A few
References to recent memoirs will suffice.

Bcemstein, Pogg. Ann., 1875 ; Toepler and Von Ettingshausen,

^., 1877 ; Von Waltenhofen, IVied. Ann., 1879 ; Auerbach, lb.,

1880; Baur, lb., 1880.

Experiments on electrolytically deposited iron have been made
by Bsez, Pogg. Ann., 1860 ; Jacobi, Jb., 1873 ; Beez, lb., 1874 ;

Holz, lb., 1875 ; Baur, fFied. Ann., 1880.

Using a fine scratch on a varnished silver wire as electrode, Beez
deposited a thread of iron between the poles of an electromagnet,

and thus obtained a permanent magnet of extreme tenuity. It was
found that the inductive susceptibility of this linear magnet was
very small, and that considerable magnetizing force produced no
increase of its perriianent magnetism. Thus in one case the

original magnetism was 360, the total magnetism under the induc-
ing force 370, the magnetism remaining after the force ceased

to act 360. Broader, but equally thin, magnets deposited in a strong
field in the same w^y gave more temporai-y magnetism than the linear

magnets, but never more permanent magnetism than they possessed
originally. Thicker plates exhibited greater temporary magnetism,
and also an increase of the permanent magnetism acquired during
deposition. With continued reversals of the magnetizing force

electrolytic iron gave a continual decrease of the temporary magnet-
ism down to a certain limit (as does steel) ; but the negative per-

manent magnetism never approaches so near the positive after many
reversals as in the case of steel. On the other hand, Jacobi found
that iron reduced electrolytically from ferrous sulphate and sul-

phate of magnesia, even after tempering, took a considerable

temporary moment, but retained very little permanent magnetism.
Holz found that the iron redticed from the solution of Jacobi and
Klein was not sensibly hardened by heating and suddenly cooling,

although its density was increased, and th.at its coercive force was
diminialied. On the other hand, it was found that hard tempering
^decreased the density of steel. He draws the conclusion that the
'coercive force is gi-eater the farther apart the molecules. Baur's
inain result is that the maximum of m.ognetization with electrolytic

iron occurs for much larger forc<?s than with ordinary iron. These
results are not jvlwUy concordant ; but the discrepancies may bo
reasonably assigned to differences in the preparation of the metal.

'Magnetic PKOPEEirES of Matter in Geneeai«

Among the earlteat etatem»nU of the properties of the

loadstone we find aceounta of its action on other bodies ; but
it is clear from tkeir »Hrroundings that these statements

'

are "purely fabulous. • 'ilauy experimenters at a later ..date

' TraiU Complet du Magnltisme, chap. \\. j^Jl&l

found indications of magnetic action In other metals besides
iron

; but with praiseworthy caution they ascribed t!icn>

for the moat part to the admixture of small cfuantilies of
iron.= There can be no doubt that the results of Cavallo' £arly
obtained with brass (especially hammered bras*) were due "'"'crvt

to impurity, for Beniiet^ failed to obtain any indications
""""'

of magnetism with pieces of brass made from pure zinc
and copper, whereas he was imnrcdiately sno easful oO
adding small traces of iron to the metal.

It very soon appeared, however, that an independent
ma.gnetic property mnst be ascribed to nickel and cobalt,

and to these were by and by added with more or teas

certainty manganese and chromium.'
Brugmans '^ eeems to have been the first to observe the

repulsion by a magnet of a body not permanently magnet-
ized. He found that a piece of bismuth floating upon
mercury in a email paper boat was repelled by both poles

of a magnet. Lebaillif " confirmed the observation of

Brugmans, and found that antimony po.ssessed a like

property. Saigey,^ who experimented on the same subject,

concluded that all bodies when suspended in air behave
like bismuth, unless they contain traces of iron.

Notwithstanding the.'se results and others which we pass
over,^ the whole matter remained in obscurity till the
repulsion of neutral bodies was rediscovered by Faraday in

1845. H'o speedily unravelled the laws of the phenomenon, raR{3«y
showing how much depends on the nature of the body, reilis-

and how much upon the nature of the magnetic field. His '^°77,,

observations enabled him in fact to comprehend under a i^yesti

'

few general principles the action of all magnetic bodies gallon

whether of the nature of iron or of the nature of bismuth.
The earlier observers had fallen into difficulties by neglect-

ing the effects due to heterogeneity of field ; these were
pointed out for the first time by Faraday, and since then
order reigns where there was formerly confusion.

The best arrangement for testing the behavionr of Experl.

weakly magnetic bodies is to suspend either a small sphere mental^

ot the substance or else a small cylinder in a heterogeneous ''"*°S»

magnetic field. This field is usually produced by placing f^^ ^^^
two pointed soft iron poles (6g. 38) on the arms of a power- in»

ful electromagnet. The line joining these poles is called weakly

the axial direction of the field ; directions perpendicular to "".S"'*'*

this line are called equatorial. The magnetic force varies

^<^
Fig. 38. Fig. 39.

along the axial line, being less in the middle than at the

poles ; and it decreases everywhere from the axial line

outwards. For some purposes poles of the shape shown
in figure 39 are used ; here the line along the upper edges

of the poles are lines of greatest force, whereas the line in

the plane of the upper faces equidistant from the upper"

edges is a line of weakest force ; the force also decreases to

the right of ah and to the left of cd.

In suspending small spheres the best plan is to hang
them from one end of an arm of wood db (fig. 40). At the

other end of this arm is placed a counterpoise 6, and the

whole is suspended by a fibre of unspun silk 11 from a torsion

head t, by means of which the arm db can be brought iutc

^ Cf. Lehmann, Nov. Comm. Petrop., 1766 ; Bnigraans, Mag'
iieiismus sen de AiJUnitatibus Mttgnctieis Observations Acadeniic^
Leyden, 1778; Coulomb, Mho. de I'Inst., 1812; Biot, Tfaiti dt

Physiqite, 1816, &c.

^Phil Trans., 1786 ; or Trcatisi on Magnetism, 1787.

*Phil. Trans., 1792. • Ritt«r, Gilb. Ann., 1800.
« Loc. cit. ' Pogg. Ann., 1827.
i BuU. Cmv. d. Si., 1828.
" See Von FdUtach, Karsten's Ency., Bd. xvi. ; Wiederaaan'i Oaii

vonismm, Bd. ii. p. 516.
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any repaired position, and if necessary kept there by the

exertion of a known torsional couple. The arm and

Buapension must be carefully guarded from draughts by

enclosing it in a glass case, which fits over the poles of the

electromagnet, and is provided with a door and with means

for bringing th^ torsion head t over any given part of the

magnetic field. When a cylindrical piece is to be tested

In every experiment the magnetic behaviour of the

support should be tested by itself beforehand, so that

if any residual effect be present it may be allowed for.

The greatest caution is also requisite in choosing the

material to be experimented upon. There must be no

chemical impurity, especially no trace of iron ; the spheres

and cylinders must not be worked with iron tools or even

with dirty hands. A source of error i to be specially

guarded against in experiments with metals, or other good

conductors, is the action arising from induced currents in

the mass of the tested body caused by the increase and

decrease of the strength of the magnetic field when the

circuit of the electromagnet is made and broken. This

error is wholly avoided by waiting till the suspended body

has come to rest, and attending only to deflexions which are

permanent after the intensity of the field has become steady.

Be- The first substance with which Faraday experimented
hiiviotu' ^as a bar of the heavy glass with which he had discovered
of heavy

^j^g rotation of the plane of polarization of light. It took
'

'

' up the equatorial position between the poles of the electro-

magnet as soon as the current was established. There

was no distinction between its ends, or according to the

direction of the lines of force; the bar always took the

shortest course to the equatorial position, and remained

there in stable equilibrium. When placed in the axial

position it was in unstable equilibrium, and on the slightest

displacement either way it moved off in that direction to

the equatorial position. A further action was observed Setting

when the bar was placed with its centre of mass out of the f'™^''''

centre of the field ; it was then repelled as a whole away ^^,3'^*

from the nearest pole (no matter which). On testing a transh-

small cube or sphere of the substance, no pointing tendency tionof

was observed, but the mass as a whole when it was placed spheres

unsymmetrically with respect to the poles tended to pass '^^^

away from the poles towards the centre of the field, and

from the axial line outwards.

Faraday sums up the matter by saying that every element Experi-

of the heavy glass tends to move from places of stronger to mental

places of weaker resultant magnetic force. This is exactly
_

the opposite of the law for bodies like iron (see mathematical ^\g[
theory above, p. 247). All bodies that follow the same law netica

as heavy glass he calls diamagnetics, all that follow the and dia

opposite law, like iron, paramar/neiics. For the purposes of "^?'

experimental demonstration it is better to take some weaker

paramagnetic than iron, e.g., a tube filled with a solution

of ferric chloride ; for the order of magnitude of the

effect obtained is then the same as with diamagnetics, and

there is no danger of complications arising from the mutual

action of the particles of the substance (see above, p. 245).

Faraday found the following substances to be dia-

magnetic; i.e., pieces of them tended to set their longest

dimension equatorial between pointed poles, and spheres

and cubes of them tended to pass from places of stronger

to places of weaker force :—rock crystal, sulphate of lime, List

sulphate of baryta, sulphate of soda, sulphate of potash, of d>«-

sulphate of magnesia, alum, muriate of ammonia, chloride™^'

of lead, chloride of sodium, nitrate of potash, nitrate of

lead, carbonate of soda, Iceland spar, acetate of lead, tar-

trate of potash and antimony, tartrate of potash and soda,

tartaric acid, citric acid, water, alcohol, ether, nitric acid,

sulphuric acid, muriatic acid, solutions of various alkaline

and earthy salts, glass, litharge, white arsenic, iodine, phos-

phorus, sulphur, resin, spermaceti, cafi'eine, cinchonia, mars
garic acid, wax from shellac, sealing wax, olive oil, oil of

turpentine, jet, caoutchouc, sugar, starch, gum arabic, wood,
ivory, mutton (dried), beef (dried), blood (dried or fresh),

leather, apple, bread.

In testing liquids Faraday used a very thin glass tube Liquid.',

of -the form shown in figure 41 ; the opening being very,

fine, there was no need for a cork or other stopper which
might have caused disturbance ; the slight diamagnetic
effect arising from the glass was
allowed for. Another way of

testing a liquid- is to place it

in the bottom of a watch glass

which rests on the edges ot the

pole of the electromagnet. AA'hen

the fluid is paramagnetic, it

collects in the places of greater

force, forming a depression in the

centre of the field as in figure

42; when it is diamagnetic, it

collects in the places of weaker

force in the centre of the field,
'''= ""'

as in fig. 43. Yet another method ^ is to put a small

quantity of the fluid in a narrow tube, and place the tube

horizontally in the equatorial line so that the end of the

liquid column is just on the axial line. When the electro-

magnet is excited the liquid will be driven away from the

axial line or drawn in according as it is diamagnetic or

paramagnetic.

Faraday found that breaking a weakly magnetic body Pomltrs.

into pieces, or even reducing it to powder, produced no
effect upon its magnetic behaviour provided its general

form was unaltered. In order to avoid disturbance from

' See Faraday, Exp. Res., 2309 s^. ' Plucker, Pogs. Ann.. 1848. » Quet, Compics i?f«*K, If54.
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the magnecrystallio effect to be described presently, it is

often advisable to reduce certuiu subslancoa to powder

before testing them ; the powder is filled into a thin glass

tube and then tested like a liquid. By means of powdered

bismuth the tendency of a diamaguetic to pass from places

of stronger to places of weaker force can be very prettily

shown. If the powder bo strewn upon the circular end of

the core of an electromagnet, it will leave the edges and

collect in the centre, whereas iron filings will leave the

centre and arrange themsjolves round the edges, the fact

being that at the edges the force is much more intense

than in the centre.'

FaraSay arranges the metals in the following order of

descending magnetic fusceptibility :

—

Paramagnetic.

Chromium. PallaJium.

Cerium. Platiuum.
Titanium. Osmium.

Trou.

NiokeL
Cobalt.

Manganese.

BUmuth.
Antimony.
Zinc.

Tin.

Cadmium.
Sodium.

llcrcury.

Copper.

Gold.

ITraniunf.

Rhodium.
Iridium.

Tungsten.

AdJii

tional

list of

UietaKy.

Early

results.

Faraday'

Bxperi-

Bieiita.

Silicium is given as strongly paramagnetic, and beryllium,"

aluminium, potassinm, and sodium ^ as weakly magnetic

;

the last three were given as diamagnettio by Faraday

;

the magnetic character appears to depend on the method

by whicii the material is prepared, being doubtless deter-

mined by the presence or absence of slight impurities.

The copper of commerce is magnetic, owing to traces of

iron ; but when it is reduced by means of zinc from the

chloride or sulphate it is diamagnetic. It would appear

that the paramagnetism, of titanium, palladium, platinum,

and osmium is due to iron impurity.* Platinum ^ reduced

from very pure chloroplatinate of ammonium by heating

iu a current of air is diamagnetic. According to Graham
the magnetism of palladium when charged with hydrogen
is dae to the presence of hydrogenium ; Blondlot," however.

Las recently found that palladium is less magnetic when
charged with hydrogen than when uncharged, from which
he concludes that condensed hydrogen is pretty powerfully

diamagnetic. Tellurium, sulphur, selenium, and thallium

are strongly, and niobium and tantalum weakly diamagnetic.
Magnetic Properties of Gases.—The earliest results of

Faraday were of a negative description, but the discovery

by Bancalari " of the powerful diamagnetic gction of flame

again drew the attention of Faraday,^ Pliicker,^ and
s Becquerel '" to the subject. Faraday caused the gas under
examination to stream vertically upwards or downwards
(according as it was lighter or heavier than the surround-

ing gas) between the poles of an electromagnet, and
observed how the stream was deflectecT. In the case of

colourless gases the deflexion was observed by allowing

small traces of hydrochloric acid to mix with the gas, and
then placing in different parts of the field small tubes con-

taining pieces of filter paper moistened with ammonia ; by
noticing in which of these the white fumes of ammonium
chloride were formed the course of the gaseous current
could be determined. Another method employed was to

fix two thin glass tubes containing gases to be tested to the
ends of a cross piece on one end of the arm of a torsion

^ This fact explains the astonishing hehavionr of a fiat disk of thin
^rpn when placed on the centre of the pole.

' See Wiedemann, Qalvanismus, Bd. ii. § 552.
' Laing, Ann. d. Chim. et d. Pkijs., 1857.
* Wiedemann, I.e. ' Wiedemann.
? Comptes Rcndm, 1877. ' Zantedeschi, Pogg. Ann., 1848.

fPhil. Mag., 1847 ; or Exp. Res., vol. iii. p. 467.

i~Pogg. Ana., 1348. &c. '» Ann. d. aUm. et d. f/iys., 18B0.
j

balance
;
the tnbo containing the most magnetic then moved

towards the axial line. Another method, employed botli
by riiicker and by Faraday, is to blow toap bubbles with
the gas to bo tested, and observe their behaviour iu the
magnetic field, allowing of course for the feeble dianiagnet-
ism of the water film. I'^raday's results are as follows :—
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Busceptibility may be neglected, it is clear that the resultant

ttctioQ on any body is the difference between the action

upon it and the portion of the medium which it displaces.

This principle, which is the analogue of the Archimedean

law for floating bodies, is of great use in quantitative

jPIuckei- magnetic experiments. It was exemplified by Plucker,'

Mwi and extensively applied in magnetic observations by
P"" BecquereL^ Becquerel found, for instance, that the
guereJ

tiigerences between the couples tending to set a small rod

of sulphur in water and in air, in magnesium chloride .and

in air, and in nickel sulphate and in air were very nearly

the same as the corresponding differences for a rod of wax.

Very curious qualitative illustrations of differential

magnetic action are obtained by scattering drops of

'alcoholic solution of chloride of iron in olive oil ; ^ the

drops of chloride collect and displace the olive oil in the

places of stronger force. . Another form ^ of the same
experiment consists in placing a layer of oil of violets over

iKfferent a layer of solution of chloride of iron. When a narrow cell

^quida. filled in this way is placed equatorially with the interface

of the two liquids in the axial line, on exciting the electro-

magnet the iron solution rises in the equatorial plane

forming a disk-shaped mass around the axial line. Not-

withstanding these results the general opinion of experi-

menters seems to be that no separation of the parts of a
solution can be effected magnetically once the constituents

Constitu- have been thoroughly mixed. Thus Faraday^ could obtain
puts ot a Qo evidence of the concentration of an iron solution near

^^"^ the pole of a magnet, although it was exposed for days

Wt sepa- together in the magnetic field, and found no separation of

rated. the oxygen and- nitrogen of atmospheric air, although they

differ greatly in their magnetic character.

Rarefac- Pliicker ^ endeavoured to show that the air enclosed in a
tion of vessel placed between the poles of an electromagnet was

doabttul
''2'i'efied by the magnetic action. Faraday, however, with

'almost identical experimental Arrangements arrived at a

negative result.

Magnetic Elaborate investigations of the magnetism of chemical

^^ . compounds have been made by G. Wiedemann with a view

lof chemi- *° connect their magnetic properties with their composition.,

[cal com- A full account of these researches will be found in

ypimds. Wiedemann's Gahanismus, Bd. ii. § 590 sq^ The follow-
wiede- jyg ^re some of the more important of Ms conclusions as to
™ the effect of composition.

1. The magnetic susceptibility of the dissolved salt by
itself is nearly independent of the solvent, being propor-

tional to the concentration.

2. If the magnetic moment m induced by a field of

unit intensity iu a unit of weight of the salt dissolved iu

water be called the "specific susceptibility," and the product

^ = km, where A is the molecular weight of the salt, the

"molecular susceptibility," then the molecular susceptibility

of the dissolved salt of the same metal with different acids

is approximately the same. The mean molecular suscepti-

bilities for nickelous, cobaltous, ferrous, and manganous
salts are as 142 : 313 : 387 : 468.

3. The molecular susceptibility of cobaltous salts stands
about midway between the molecular susceptibilites of

nickelous and manganous salts ; and the ferrous salts stand
midway between cobaltous end manganous.

4. The molecular susceptibility of dry salts (combined
with water of crystallization) is for the most part nearly
the same as their molecular susceptibility in solution.

A similar law holds to a certain extent for insoluble

» Pogg. Ann., 1849. 2 Ann. d. Chim. et d. Fhys., 1850.
^ Matteucci, Comptes Rendus, 1853.
* Marangoni, Wied. Beibl, 1881.
° Exp. lies., 275? ; see also Eighi, Wied. Beibl, 1878.
Poyg. Ann., 1848; see also Beer's tre.-itise referred to above,

P- 250. ' See also Phil. Mag., 1877.

sar:^ freshly precipitated ; and generally, with like chemical
properties of the metallic molecule, the molectdar suscepti-
bility remains the same.^

5. Two diamagnetic elements may give a magnetic com-
pound ; e.g., copper and bromine, both diamagnetic, give
bromide of copper, which is paramagnetic.

6. When two solutions are mixed and the salts exchange
their constituents by double decomposition, the specific
magnetism of the solutions taken together is unchanged.
Whence the conclusion is drawn that the susceptibility of
a binary compound is made up by addition of the suscepti-
bilities of its Constituents, and that these constituents pre-
serve their susceptibilities unaltered when their constitution
or atomic arrangement in composition is unaltered.

Mwjnecrystallic Action.—In what precedes we supposed Magne-
the inductively magnetized body, whether paramagnetic or crystallic

diamagnetic, to be isotropic, and all experiments on its
'"'''«>•

magnetic properties to be conducted in a heterogeneous
magnetic field. In a uniform field such a body would be
acted upon neither by force of translation nor by rotational

couple. The case is otherwise if the body be magnetically
seolotropic. In this case, according to the mathematical
theory, (1) the body ought to set in a uniform field so as Two
to place its axis of greatest magnetic permeability {i.e., of ^^^ "*

greatest paramagnetic and of least diamagnetic suscepti-

bility) parallel to the lines of force, and (2) jn a hetero-

geneous field Faraday's translational force from places of

less to places of greater resultant force in the case of parar

magnetic, and from places of greater to places of less in

the case of diamagnetic bodies, ought to be greatest when
the axis of greatest susceptibility is parallel to the lines of

force, least when the axis of least susceptibility is in the same
position, and intermediate for other positions of the body.

In observing the first class of phenomena above men- Approrf.

tioned, poles with flat faces are placed on the electro- "^'t^'y

magnet. Faraday recommends that the faces should be S^ij°""
placed at a distance of about one-third of their breadth, between

He warns the experimenter, however, that the uniformity flat poles

with this arrangement is by no means perfect, although in ^^^^ f°^

general sufficient. The best arrangement would be to use "^^''"°"

the magnetic field in the interior of a cylindrical coil of magne-
sufficient length were it not for the difficulty of attaining crystallu

the reqmsite intensity in this way. In Cases where there ia action,

any doubt it is well to give the body under examination a
spherical or cubical shape, and so eliminate the tendency
to set arising from heterogeneity of field.

The first observations of the magnecrystallic couple wtre Magno-

mado by Pliicker,' and elaborate investigations of the crystalli

phenomenon were made by him in conjunction with Beer,^"
couple

in the course of which the magnetic properties of a large covered

number of crystalline bodies were examined. Pliicker also by

detected the magnecrystallic property in a rapidly cooled Plucker.

cylinder of glass. Shortly after Pliicker's first results

were published, Faraday discovered the magnecrystallic Faraday

action of crystallized bismuth. At first, misled no doubt
by the language in which Pliicker stated the newly dis-

covered facts, he did not recognize the identity of the two
phenomena; but on further investigation he was able to

class all the observations under a fer simple laws,'' which

in .the mathematical form given to them by Thomson con-

stitute the theory already given. To the observations of

Pliicker and Faraday Knoblauch and Tyndail added the Knob

important discovery that bodies in which the linear density '='"':'>

in one direction is greater than in another, whether as a ^Lj^n
consequence of compression' or of stratification artificial or

natural, exhibit magnetic a;olotropy.

^ For qualifications see Wied., Oalv., I.e.

» Plucker, Poag. Ann., 1847, 1848, 1849, 1852.
!» Plucker and Beer, Pogg. Ann., 1850, 1861.

"£xp. Res., 2797 sj., J850.
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It is convenient, following the analogy of physical optica,

to divide magnetically ceolotropic bodies into (a) "uniaial"

bodies, i.e., those that are symmetrical about one principal

axis of magnetic susceptibility, or, in othec words, have two

of the principal coefficients of magnetic susceptibility equal

{k.2 = k^; and (6) "biaxal" bodies, i.e., thoso that have

the three principal susceptibilities unequal.

Class (a) naturally divides itself into those in which the

susceptibility parallel to the axis of symmetry is greater

and those in which it is less than that iu the plane perpen-

dicular to it. The former (where k,>ko) are said to be

positive, the latter (k[<k.,) negative uniaxals. We have

also to attend to the distinction which arises according as

the mass of the crystal is paramagnetic or diamagnetic

(kj and K,, both + , or both -). We have then the follow-

ing esiierimental behaviour in uniasal bodies :

—

^
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Tyndall
verifies

the pre-

diction

of Fara-

day and
Thom-
son for

Sxland
spar.

Thomson belongs the credit of throwing the Jaws of magne-

cryatallic action into the appropriate mathematical form,

and of showing that t1iey range themselves quite naturally

under the theory of Poissoa.'

Tyndall succeeded, where Faraday had failed, in showing

the magnecrystallic phenomenon of the second kind iu

Iceland spar. It is particularly instructive to compare his

results for carbonate of iron and carbonate of lime, both

positive uniaxals, but the. one magnetic and the other

diamagnetic. His results are as follows :

—

Substance.
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Eirirer

re.'iultS,

Poisson himself, and demonstrated that Faraday's con-

ception of the phenomena was only another method of

viewing the facts leading to identical conclusions. Faraday
himself seems in tho end to have considered that tho

MiiwcU. dilferonco was a matter of phrases. Since Clerk Slaxwcll's

elaborate mathematical reconstruction of the theories of

Faraday tliis seems to be universally recognized, and the

discnssion has subsided. For a full account of the various

interesting experiments that were made during tho contro-

versy the reader may be referred to Wiedemann's Gal-

ranismus, § 558 s^.,'anJ to tho reprint of Tyndall's Papers

oil Diamafjnettsm .mid Mugnec7-ysiallic Action, pp. 76 sq.

Numerical Data reapiecling the Suscepiihilily of Weakly
Magnetic Bodies.—The earlier experimenters arrived for the

most part at the conclusion that the susceptibility k of

,weakly magnetic bodies is constant. Among these may bo
mentioned Weber, who experimented with bismuth, E.

Becquerel,- Tyndall,' 'Joule,* Reich,^ and Matteucoi,'' who
experimented on various substances by means of the

torsion balance ; Christie," who worked witli bismutli,

aud Arndtsen,^ who worked with ferric sulphate and
ferric chloride, botli using Weber's diamagnetometer ; and
Wiedemann," who experimented with solutions of a variety

of salts. E. Becquerel, however, in some of his experi-

ments, e.g., with sulphate of nickel, found that k showed
a tendency to decrease for very large values of the

magnetizing force ; Pliicker,'" who tested a great variety of

substances (powdered or in solution) by measuring wdth a

delicate balance the attraction or repulsion exerted upon
them by an electromagnet, arrived at a similar conclusion

;

but the methods of both these experimenters are open to

suspicion.

A. large number of relative results were obtained by the

earlier experimenters,'^ but in some cases th? methods
einployed were not satisfactory, and in others the results so

evidently depend on the state of aggregation of the material

that they are of little importance. The following tables

will give the reader some idea of the relative magnitudes
of the susceptibilities of different substances :

—

PliicJccr's TahUfor Magnetics.

R«lativ

results,

Iron 100,000

Jliignetic iron ore 40,227
Ferric oxide 28G
Horaatite 131
Specular iron ore S33
Hydrated fmic oxijo .... 156
Ferric sulphate Ill
Green vitriol 78
Nitr.ate of iron, cone. soln. 34

T!io numbcis hero denote specific magnetic susceptibility
;

equal weights of the substances are compared.

Ecsults of Farada]] and Bccq^icrcl.

Hydrogen

.

Ferric cliloride, cone. som.
Ferric snlplmte „
Ferrous chloride ,,

Ferrous sulpliate „
Kicl;eloU3 oxide :

Hydrate of do
Hydrated manganic oxide
Mangano-manganic oxide.

aud Fcrmus chloride, cone.
'f . *-_

Bee- solution (

^^^^

quorel. Ammoniacal solution of

cuprous oxide +134
Do. of cupric oxide +120
O.xygeu ;.... +17'5
Air +3-4
defiant g.is +0-6
Nitrogen +0'3

* Vacuum O'O

Carbonic acid Q-O

Ammonia gas

Cyanogen
Glass
Pure zinc

Ether
Alcohol absolute .

Oil of lemons
Camphor
Campliire
Linseed oil -85

^ See a letter to Matteucci dated Kovember 2, 1855, published in

Bence Jones's Lif^ ajld Lcttas of Faraday, reprinted in Tyndall's

Diaviagnetism and MagnccrijstaUic Action, p. 180
'^ Ann. d. Chim. H d. Phys.
» Phil. Mag., 1851. « Phil Mag., 1S52.
5 Pogg. Ann., 1856. » Ann. d. Chim. ct d. Phys., 1859.
' Fogg. Ann., 1858. ' Pong. Ann., 1853.
'Fogg. Ann., 1865. " Form. Ann., 1854.
" E.g., Plucker, Pogg. Ann., 1848, ISJl, &o. '; E. Becquerel, Ann.

d. Chim. ct d. Fhys., 1350, 1851, lS.'i5, kc. Matteucci, Comptes
Fcndus, 1853, and Cours d'lmh'ction, 1854; Wiedemann, Fogg.
Ann., 1305, 1868, &o.

Olive oil
,

Wa.\
Chloride of arsenic - -12i
t'uscd borate of lead - 1 37
Pho»i,horus* -167
Selenium* - 163
Pure coppui** -171
Pure silver* -'i-'Ji

Pure gold* - 350
Bismutli .-1967

Nitric acid -68
Water - 9C'

Ammonia solution -93
Bisulphide of carbon .... - 1 00
Sat. solution of nitre. ... -100
Sulphuric acid - 104
Sulphur -118
Tho results marked with an astei-isk are taken from Becqncrel

;

the rest are from Faraday. The numbers relate to equal volumes
of the substances, and the medium is supposed to be vacuum ; so
that water in air would be rejiresentcd by 100.

Tho numbers of Faraday, Becquerel, aud Slattcucci agree very
fairly-; e.g., according to Faraday the susceptibilities of w,itcr,

oxygen, and air are as - 100 : + l'8 :+ '352, .according to Becqnercl
as - 100 : + 1 -82 : + '382. Pliicker's results do not agice so wi-U
with those of F.araday aud Becquerel ; but liia method was faulty.

Within the last five years a large number of absolute

determinations of k have been made, chiefly for bismuth and
ferric chloride. Toeiiler and Vou Ettingshausen '- in their

experiments on bismuth used with some alteration the

method of induced currents employed by Weber " in the

Ciirliest attempts that were made to determine the

susceptibility of bismuth. Like Weber they compare
bismuth with iron, an unsatisfactory procedure on account

of the great variability of the susceptibility of iron for

different magnetizing forces', and for different samples with
the same magnetizing force.

Silow worked with ferric chloride. In his first set of

experiments " he observed the time of vibration of an
astatic needle suspended over a cylindrical vessel filled

with the solution ; in his second investigation '^ the solution

was placed in a glass globe, on the outside of which
insulated wire was wou»d so that a given current in it

produced a uniform magnetic field whose strength could be
calculated ;

"» the deflexion of a properly astatized needle

suspended inside the globe, was nbserved wheu the globe

was empty and when it was full, and thence k was calcu-

lated ; in his third determination ^" he used the method of

Toepler aud Von Ettiugshauseu so improved as to allow an
absolute determination of « to be obtained directly.

Borgmann'^ enclosed one coil witliiu another, and filled

the hollow cylindrical space between them with the solution

of ferric chloride to be tested ; he also used tl'.e ring

method of Stoletow and Eowland.

Jacques,!^ folkiwing a method elaborated by Eowland,
measm'ed the repulsion of crj-stals of bismuth and Iceland

spar placed with their magnetic axes axially aud equatori-

ally between the poles of a Buhmkorff's electromagnet, the

field of which was carefully explored after the manner of

Verdet by means of a small coil moved thro«gh a known
distance in different parts of it ; from these observations

the two principal magnetic susceptibilities were calcu-

lated.

Schuhmeister -" experimented with ferric chloride,- using

the same method as Rowland and Jacques.

In the experiments of Eaton -• the method formerly

employed by Wiedemann was adopted;. tho data in his

paper are, however, insufficient for an absolute determina-

tion either of the magnetizing force or of k ; in fact he

determines merely the force with which tlie magnetic body
is attracted and the magnetic moment of the electromagnet,

assuming that the strength of the magnetic field at a given

point is proportional to the latter,—which is not necessarily

true, for tho magnetic distribution in the cove of tlie

electromagnet may alter with increasing current.

Recent

abiiulnl

dcter-

Tocple

Jacquef

and
Kowlaa

Scbub-

meister.

" Fnng. Ann., 1877. " F.l. Mnaii-st., Tld. iiL

" w;cd. Ann., 1877. " Wicd. lieihl., 1879.
'" See Maxwell, El. and Mag., vol. i). § 672.
'" Wied. Ann., 1880. '» WIed. Beihl, 1879.
" Sillim.w's Jonr., 1879. Tlie published results are riti.iteJ by-

some eiTor of calcuLition ; but the experiments are to be repgated.
-' n'ien. JBer.. 1882. «' Wied. Ann., 1882.
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Ton Von Ettingshausen ' in the most recent research on the
Ettings- subject with which we are acquainted has made determina-
hausen. jj^u pf jjjg susceptibility of bismuth by four different

methods. The first of these was that formerly used by
Toepler and himself, with the addition that the action of

the bismuth bar was compared with that of a solenoid of as

nearly the same dimensions as possible through which
flowed a current of given strength (an artifice previously

used by Christie). The second method consisted in

measuring the force with which a portion of the diamag-
netic substance hung in the axis of a coU and near one of

its ends was repelled out of the coil when a known current

passed through it. The third method was that of Eowland
and Jacques. The fourth consisted in measuring the

deflexion of a magnetometer needle produced by placing a
piece of the diamagnetic substance between the poles of a
powerful magnet under whose action the magnetometer
needle had come to rest in the first instance.^ The
agreement between the results obtained by all the different

methods was very fair considering the smallness of the
effects to be measured in some of them. The second
method is pronounced to be the best, and by means of it

he gives also a determination of k for ferric chloride.

Results Some of the results of the different experimeuters for
[<" bismuth are given in the following table :—
bismuta.

Mofflietizlng Force
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original length. This residual extension was due in part to

permanent magnetism, but ho found that the permanent

magnetization due to a current 1088 was reversed from - 1'3

to+ '25 by a current 175, while two-thirds of the permanent

extension was still left. The actual elongation of an iron

bar magnetized to saturation was found to be. from

Tao'uoat*' *" i o'u ^^ "f ''^ whole length. The exten-

sion varied approximately as the square of the intensity

of magnetization (temporary or permanent). The general

character of the phenomena is tho same in soft or hard iron,

and in soft or hard steel ;
' but the effects are smaller with

hard than with soft bars.

Effect of It was found that longitudinal compression of the bar

leusioB. influenced the magnetic extension little if at all ; on the

other hand, longitudinal traction was found to diminish it,

and in the case of thin wires under considerable tension

the magnetization caused a contraction. Thus in the case

of a bar 1 foot long, \ inch in diameter, with a weight of

600 B), there was neither extension nor contraction, even

with a current of 1600; with weights of 1040 1b and

1680 lb, and a current of 1804, there was a contraction of

•00002 inch and -000032 inch respectively. The contrac-

tion under tension was found to vary approximately as the

product of the magnetizing current and the intensity of

magnetization. After the magnetizing force was withdrawn

the wire regained its original length, permanent magnetiza-

tion notwithstanding,

go alter- Joule made careful experiments to determine whether
ition of tjjB magnetization of an iron bar produced any alteration of
i-olttme.

jjg volume, but could find none. He therefore concluded

that the longitudinal extension of a magnetized bar is accom-

panied by an equal lateral contraction ; and, in accordance

with this conclusion, he found that when an iron tube is cir-

cularly magnetized, perpendicular to its length, by passing

a current along its axis, it contracts longitudinally.

The results of Joule have been verified and to some extent added

to by Wertheim,2Bulf,'Beez,''Tyndall,= Mayer," Rif!hi,' and Ader.'

Tho three first e.xperimented with magnetizing coils shorter than

the bar, and found that the extension was much greater when the

coil was uear the free end than when it was near the fixed end of

the bar. This of course raises the question how far the extension

is due to electromagnetic action between tho coil and the bar, and
Low far ta internal molecular disturbance.^ Mayer's results are in

agreement with Joule's except in the case of bars of soft steel, which
(not under' traction) when the masnetizing current was first estab-

lished, elongated in some cases and retracted in others,—at the first

break elongated, and subsequently retracted at make and elongated

at break. Righi's results for longitudinal magnetization are in

agreement with those of Joule ; he also gives a variety of interest-

ing results regarding the effects of circular and longitudinal mag-
netization on the leugth of iron wires. Barrett"' has recently

arrived at the interesting result that nickel behaves oppositely to

iron,—retracting about nAmith when magnetized to saturation
;

he gives for the elougation of iron and cobalt under like circum-

stances aaa'oiin th and -rriVinrth respectively.

Effect of Effect upon Magnetization of Traction along the Lines of
traction Mapnetization.—Matteucci^^ seems to have been the first
on mag-

^^ discover that when a bar subject to a magnetizing force

in the direction of its leugth is stretched in the same

direction its temporary magnetization increases. When
the stretching force is removed the magnetization again

diminishes. Wertheim'^ confirmed Matteucci's observation.

Villari,^' however, found that, after the first effect, which

tion.

Mat-
teuc^i.

^ In the case of a bar, of hard steel he found a considerable increase

in length every time the magnetizing current was interrupted. This

he attributes to a state of "tension " in the hardened steel.

= Ann. d. Chim. el d. Phi/s., 1848.
' Cited by Wiedemann, Oalv., ii. § 504. * Pogg. Ann., 18j66.

° Durmagniiism and Magnecrystallic Action, 1870.
« Phil. Mag., 1873. ' Num. Cim., 1880.
^ Comptes Rendus, 1880.
» See Wiedemann's remarks, Qalv.. ii. § E03.

'» Nature, vol. xxvi., 1882.
" Comptes Rendus, 1847 ; Ann. d. Chim. el d. Phys., 1868.
" Ann. d. Chim. et d. Phys., 1857, 1868.
" Pogg. Ann., 1868, also 1866, 1869.--

is always increase, the application of the traction will causa

increase if tho intensity of magnetization is not beyond

a certaiti critical value, but decrease if that value ia

surpassed ; the removal of tho traction causes in each case

the opposite effect to tho application.

The effect of tho first traction on the permanent mag-

netization, whether of iron or steel, is a diminution ; the

effect of subsequent tractions in steel is a diminution on

application, with increase on removal ; in soft iron an

increase on application, a diminution on removal. Partial

demagnetization of a steel bar by an opposite magnetic

force causes it to behave like soft iron ; when the demagnet-

izing force is sufficient to reverse its polarity, the effect of

even the first traction may be to increase the magnetization.

Sir W. Thomson " has carefully studied the phenomena Thorn

in question, as exhibited in a very soft iron wire '075 cm. so",

in diameter permanently stretched by a weight of 1 lb, and

alternately stretched by weights of 7 lb, 14 lb, or 215), and

unstretched (so that there was no permanent elongation).

As the magnetizing force was increased, the increase of

magnetization caused by the application of traction increased

to a maximum, then diminished, and became zero for a^

certain critical value of the magnetizing force ; after the

critical value was passed, the traction caused ^diminution

of the magnetization, which increased asymptotically

towards a fixed limit as the magnetizing force was increased

more and more. The following table will give an idea of

the results.

I denotes the maximum increase, and D the limit of the decrease,

roughly estimated in the same arbitrary unit ; S' is the force corre-

sponding to I, and ISj the critical force, each expressed in terms of

the earth's vertical force at Glasgow as unit ; T is the traction, ( th«

temperature.

T
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Jlelationshetu'fien Torsion andMagnetization.—These were

investigated by Matteucci,^ and after him by Becquerel

and Wertheim.2 ^j^q whole sul^ject was carefully studied

ty G. W. Wiedemann,^ who has doae more than any liviug

physicist both in discovering new facts in this interesting

field and in coordinating those formerly known. We
extract from his Galvanismus * the following series" of

parallel statements, which will serve the double purpose of

making the reader acquainted with the principal facts, and
of drawing his attention to the close analogy bstweea the

mechanical and magnetic properties of bodies, and to the

almost perfect reciprocity of their experimental laws,

1. The permanent torsion of I.. The permanent magnetiza-^

.iron wires is diminished by tion of steel bars is diminished'

magnetization in a proportion by torsion in a proportion de-

decreasing*with increasing mag- creasing with increasing tor-

uetization. sion.

2. Repetition of magnetization II. Repetifion of torsion in

in the same direction diminishes . the same direction diminishes
permanent torsion yery little rermaneiit magnetization very

farther ; but magnetization in . little farther ; but* torsion in

the opposite direction causes a the opposite directioa causes- a

fiesh and considerable diminu- fresh and considerable diminu-
tion, tion.

3. When the permanent torsion IIL When the permanent
of a wire "has been removed as magnetization of a bar has been
far as it can bS by magnetizations removed as far as it can be by
within certain limits repeated twisting, within certain limits

alternately in oppbsitedirections,

it takes a maximum of torsion

when magnetizedin one direction,

a minimum when magnetized in

the other direction.

4. A permanently- twisted

repeated alternately in oppo-
site directions, it takes a maxi-
mum of magnetization when
twisted in one direction, a mini-
mum when twisted in the other
direction,

IV. A permanently magnetized
wire partially untwisted loses bar partially demagnetized loses

less of its twist when magnetized less of its magnetization when
than an ordinary permanently twisted than an ordinary per-

twiated wire. If the untwisting

has been considerable, feeble

magnetization causes an increase

of torsion, which rises to a
maximum and then decreases as,

the magnetization is increased.

The greater the untwisting the

manently magnetized bar,
'

If

the demagnetization has been
considerable, feeble twist causes

an increase of magnetization,
which rises to a maximum and
then decreases as the twist is

increased. The greater the de^

stronger the magnetization corre- magnetization the greater the
spending to this maximum, and, twist corresponding to this maxi-
when the untwisting is very mum, and, when the demagnet-
great, the maximum may not be izatiou is very great, the maxi-
»^ached at all. mum may not be reached at all.

6. If a wire under the influence V. If a bar under the influence
of a twisting stress is magnetized, of a longitudinal magnetizing
the twist increases with weak force is tAvisted, the magnetiza-
bnt decreases again with strong tion increases with small twists
magnetization. The first effect but decreases again with large
of magnetization is usually to twists. The first effect of twisting
increase the twist; but, if the isusually to increase the magnet-
wire be jarred beforelmnd, the ization ; but, if the bar be jarred
magnetization at once causes beforehand, the twist at once
tintwisting, which disappei
When the magnetization ceases.

6. If we magnetize an iron
wire so that its free end has north
polarity, anJ then pass a current
from the fixed to the free end.

causes a decrease, which disap

pears when the twist ceases.

•TI. If we twist the free end
of a wire in the direction of the
hands of a watch as seen from
the fixed end, while a current

r first pass the ciHTent and then from fixed end to free end either
magnetize, the- free end of. the is passing through it or has
wire as_ seen from the fixed end passed through it, the wire be-
twists in the direction of the comes longitudinally magnetized
hands of a watch. The reversion so that its free end has north
of current or of magnetization polarity. The reversion of c-ur-

reverses the twist; reversion of rentoroft\vist reverses the mag-
both Ifeaves it unaltered, netization; reversioa of both

[It would appear that when the leaves it unaltered,
magnetizingforce and thecnrrent
are both in action the twist tends
to a maximum when either is

Increased, the other remaining
constant.]

The alterations of the longitudinal and circular magnetization of

* Comptes Rendus, 1847.
^ Pogg. Ann., 1858, 1859, 1860.

3 Comptes Rendtu, 1852.
* Bd. uv § 492.

iron wires may he eho^ by the induced currents thereby caused in
a coil surrounding the wire or in the wire itself. For example, if an
iron wire be circularly magnetized by passing a current through it,

and then twisted in either direction, an induction cuirent Hows
tlirough the wire in the same direction as the original current ; and
an opposite current is observed when the v/ire is untwisted again.

This shows that twisting the wire diminishes the permanent circular

magnetization, while untwisting partially restores it.'

The relation between bending stiHJss and magnetization has been
studied by Guillemin,' "Wertheim,^ Ader,^ and Kimball ;8 but the
results are not of snfiicient interest to be cited here. The question
has also been raised whether magnetization affects the elasticity o(

bodies, and has been answered b^ Wertheim and "Wartmann in the
negative. Both Kimball* and Piazzoli^'* find that the breaking ten-

sion of iron wires is i:;creased by lortgitudinal magnetization ; the
former puts the increase ax '9 per cent, when the wire is saturated.

This is the place to mention the so-called " magnetic Rfagncti.;

sounds " which accompany the paagnetizatioh and demag- souuda

netization of the strongly magnetic metals. It is now
established beyond all doubt that these sounds have their

origin partly at least in the mechanical strains accompany-
ing magnetization. In many cases direct magnetic or

electromagnetic action, and even electrostatic and thermal

actions, concur in producing them, and it is often diB5-

culb to say how much is due to each of these several

causes. This is especially to be observed where the sounds

are produced by the passage of interrupted of undulatory

currents through wires of the strongly magnetic metals,

A full discussion of the Inatter belongs more properly to

the subject of electric telephony ; but a few notes oa tho

history and literature of the subject may be given hvjre.

• Page ^* seems to haro been one of the first to notice phenomena oi

the kind ; but Joule ^^ appears to have first stated clearly that mag-
netic-mechanical strain was a specific cause. He says that tha

magnetic extension iu the core of an electromagnet takes place so

Buddtnly that the shock is sepsible to the touch, and is accom-
panied by a musical note arising from vibration in the metal.

Harrian,^ Matteucci," Beatson, and "Werfcheiu) ^^ all took up the
matter ; and De la Kive ^*^ published many investigations concerning

it.- In 18G1 Kciss published the invention of an electric telephone

for the transmission of music and speech, which depended essen-

tially on the magnetic sounds produced by a varying current in an
iron core. This instrument was the prototj-pc of the telephone of

Gray, and of the still more famous instrument of Bell, whose actiODj

althongh often described as purely electromagnetic, is no doubt in
part due to the magnetic strains. Among the more recent investi-

gations on this subject may be mentioned Ferguson, Proe. Roy.
Soc. Edin., 1678 and 1880 ; Adcr, Comptes P^endus, 1879 ; Da
Moncel, /&. ; Chi-ystaJ, A'ature^ voL xiiL, 18S0 j Hughes, Proc,

Roy. Soc. Zond., sxxi. and xxxii., 1881.

General RemarJcs.
—"Wiedemann has remarked with

justice that most of tho effects of strain upon magnetization

and vice versa are complex. Apart from the possible

admisture of direct magnetic action, we must distinguish

(1) the mere disturbing eflfect of jarring : thus the first Effect*

application of a mechanical stress has the same effect as a*^"*?!*^

shock, i.e.^ it loosens the molecules of the body, as it were,

and renders them more ready to follow any inductive

magnetic force, while the first effect of magnetization upon

a body under stress is precisely similar, and may m fact be

imitated by mechanical jarring pure and simple; (2)

after-effect, whether mechanical or magnetic, the conse-

quence of which is that the effect due to any mechanical

stressor magnetizing force is affected by pre-existing -stress

and magnetization*; (3) the proper effect of mechanical

Btress or magtietic force, which appears at once where .one

or the other is applied, and disappears when it is removed.

' See Wiedemann and Villari, Ic. ; also GOre, Phil. Trans., 1874 ;

H. and F. Strenitz, Wicn. Ber., 1877; Hughes, Pros. Hoy. Soc.

Lond., 1881.
» Comptes Rendus, 1846. ' Ih., 1846, &c;
» lb., 1879. " Sill Jcmr., 1879.

"> Wied. Bcibl, 1880 ; see also Hoffmann, lb.

'^ Pogg. Ann., 1838.

"Sturgeon, Arm. EL, 1842; Phil, Mag., 1847.
" Phil. Mag., 1S44. " Wied., Oah., ii. § 515. " lb.

" Comptes Rendus, 1845 ; Phii. Trans., 1847, &c
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In his excellent analysis of tbo phenomena, Wiedemann
coordinates tlieui throughout by muans of an extension of

Weber's theory of " molecular magnets " (Drehbare Mule-

ciUayma(/nelc). This of course involves an attempt to pass

beyond the mere results of experience ; and there can be no

question that, on the whole, this theory explains the facts

in a highly instructive and suggestive manner. The main
defect in it is the multitude of assumptions and the want
of clearness and defiuiteness in its conclusions. Tims it is

sometimes not easy to see why exactly the opposite conclu-

sion should not be drawn ; and it appears hopeless to bring

it to the test of a quantitative comparison with experiment.

Without entering into the ultimate causes of magnetism,
we might endeavour to reduce the phenomena to the

smallest number of experimental facts. Thus, assuming

merely the effects of longitudinal and transverse traction

upon magnetization and the magnetic extension and com-
pression along and perpendicular to the lines of magnetiza-

' tion, we might explain many of the results concerning the

relation between torsion and magnetization.

Let U3 take for example No. V[. of Wiedemann's parallel state-

ments. In fig. 44 let the upper end of the wire be the fixed emi,

nnd let P be a poiat in any of the thin coaxal cylindrical shel.s

into wiiidi the wire may bo supposed divided. Tirst suppose the
wire to be circularly magnetized by the action of

a downward current, the resultant magnetic
force at P being in the horizontal direction PB.
If now the wire be twisted in the direction of

the arrow T, it acquires two axes of greatest

nnd least magnetic susceptibility P*; and P?-.

The resultant magnetic force PB being resolved

along these axes will induce mora magnetism
ftlong Pc than along Pr ; hence the teolotropy

will cause the resultant magnetization to taise

tbo direction PB' ; it will therefore have a posi-

tive vertical component downwards, which agrees

with statement VI. In fact the twisting converts

the circular lines of magnetization into right-

handed helices.

Next let us suppose the wire untwisted to

begin with, but magnetized both circularly and
longitudinally, the components bein^ PB and
PA. Tbe resultant magnetization will then have
6ome direction such as Pc, but, by Joule's prin-

ciple, this will cause extension along Pc and
compression along the perjiendicular direction Pr ; conseqiiently

tlie wire will twist in the direction of the arrow T, which agrees

with statement 6. Moreover, since magnetization along PB alone

would simply cause the tube to expand along a horizontal section,

and magnetization along PA alone would simply cause longitudinal

«xtension, it is clear that when either A or B is given the twisting

reaches a maximum and then diminishes when the other is in-

creased.^

It does not seem unreasonable to expect that a general

mechanical theory of this kind will yet be found to co-

ordinate all the facts ; although there are difJicuUies in its

way at present.' The phenomena will then be reduced to

two or three experimental facts at the utmost, which it

will be the business of some ultimate dynamical theory of

magnetism to explain.

EJTect of Temperature.—Some information on this subject

Las been given incidentally above, p. 256. We collect here

i few additional facts ; but a complete account of all that

has been done could not be compressed within our available

'«p>\ce, owing to the great diversity of opinion upon the

subject. That the question is a very difficult one will

appear at onee, if we reflect that variations of temperature

influence the density and molecular structure of magnetic

bodies to a remarkable degree, and that thus secondary

Fig. 44.

^ According to the results of Villari and Thomson, if the magnetiza-

tion were beyond a certain critical value, Pe would become an axis of

compression and Pr an axis of extension, in which case the wire would
twist in the opposite direction.

2 See Thomson, Phil. Trans., 1879, p. 73. Not the least of these

arise from gaps in our experimental knowledge ; e.g., regarding the

effects of permanent set caused by traction and compression.

influences arise in addition to the proper effect of tempera-
ture.

That very high temperatures destfoy both the magnetic Dratni*
susceptibility and the power of retaining niagueti-.ui '""' »'

altogether has been known since the fnfancy of niagnetu; '"'W't-j

science. Thus Gilbert found that a loadstone and a piece \'Z,
"

I

of iron equally lost their power of affecting the magnetic ;

needle when heated very hot, and remarks that the
'

magnetic property returns to the iron after it has cooled a
'

little, but that the magnetic virtue of the loadstone is

altogether destroyed.^ Similar results were obtained by
Brugmans, Boyle, Cavallo, Barlow and Bonnycastle,
Christie, Ritchie, Erman, Scoresby, Seebeck, and others.
Faraday • found that a steel magnet lo.st its permanent
magnetism rather suddenly at a temperature a little under
the boiling point of almond oil ; it behaved like soft iron
till it was raised to an orange-red heat, and then it lost

its magnetic susceptibility and became indifferent. Tha
temperature at which retentive power for pemianent
magnetism was lost appeared to vary in steel with the
hardness and structure ; in fragments of loadstone it was
very high : they retained their permanent magnetism until

just below visililB ignition in the dark, but, on the other
hand, they lost their susceptibility at dull ignition, i.e., at
a much lower temperature than iron. Nickel was found
to lose its magnetic susceptibility at a much lower tem-
perature than iron, viz., about .330° to 3iO°C.* Cobalt
is much more refractory, for it retains its susceptibility,

according to Faraday, nearly up to the melting pomt of

copper, i.e., to a white heat. The writer had occasion to

verify these results in the course of some experiments on
the magnetic sounds in wires of iron, nickel, and cobalt
traversed by an interrupted current of electricity.*

The effect of extreme cold, produced in the ordinary EiTict .f

way by means of solid carbonic acid and ether, was, accord- extreme

ing to Trowbridge,' to diminish the moment of a steel '^"''^

magnet (magnetized at 20° C.) by about 60 per cent.

The effect of moderate alteration of temperature varies Jiode-

greatly according to circumstances. We shall consider rata

separately the effect upon the magnetic susceptibility and ""a-

upon the permanent magnetism ; but it must be noticad
f|,™''

",.

that no such separation is possible in actual experiment. ture.

The temporary magnetism of bars of cast iron, smithy Effect «a
iron, soft iron, soft steel, and hard steel magnetized by the uiaj-

earth's vertical force was found by Scoresby* to be insensible "^^'^

at a white heat, but to be much greater at a dark red
^'Intv^*^'

heat than at the temperature of the air. The difference

was most marked in the case of hard steel, no doubt partly

because of the softening of the bar. Similar experiments
were made by Barlow, Seebeck, and others. Kupfer

'

experimented on the subject using variations of temperature
between 0° and 100° C, and found the susceptibility of soft

iron to increase with the temperature. Wiedemann's con- Wiede-

clusion is that the first alteration of temperature, whether mann'u

increase or decrease, increases the temporary magnetism of
'^'""^

iron or steel, whatever the temperature at starting. If tha

temperature be repeatedly altered and brought back to its

initial value, the magnetization continues to increase, hut
after a time becomes more and more nearly constant at

the initial temperature. After this state has been reached,

an increase of temperature causes increase of magnetiza-

tion in very hard steel bars, a decrease of temperature a
decrease of magnetization : the behaviour of soft steel bars

is exactly opposite.

i

i

" De Magncte, lib. ii. cap. 3.

* Erp. Res., vol. ii. p. 220, 1836.
* According to Becquerel about 400" C, according to Pouillet about

350° C. ^Nature, vol. xxii., 18S0.
' Sm. Jour., 1881. « Fha. Tram. Jioi/. Soc. Edin., vol. ii.

» Wied., Galv., u. §521. h

f I
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anr's Baur ^ and Wassmuth' have recently taken up the matter

esults. with all the advantages of modern experience. The former

concludes from his experiments on iron by the ring metho'l,

at temperatures between 0° and 150° C, that the magnetic

susceptibility for a given magnetizing force increases with

the temperature if tlie force be below a certain critical

value (3'6 or so), but decreases as the temperature in-

creases if the force be above that value.* The smaller the

magnetizing force the greater the influence of temperature

on the magnetic susceptibility. The result of his experi-

ments at very high temperatures is that, for small

magnetizing forces, the susceptibility at first increases

rapidly as the temperature increases, reaches a maximum
at red heat, and then falls suddenly to zero. For large

forces, the susceptibility decreases gradually until red heat,

and then falls suddenly to a very small value. According

ti> him, if a bar be cooled from white heat the first traces of

susceptibility are observed at a very bright red, the

brighter the greater the magnetizing force. He gives a

variety of interesting results concerning the phenomenon of

Gore,'' all in accordance with what we have just stated.

Diamag- In his earlier researches Faraday was unsuccessful in

nptiam obtaining any evidence of the influence of temperature on
«f llame.

j|jg susceptibility of weakly magnetic bodies, such as the

chlorides of the magnetic metals or of diamagnetic bodies.^

His earliest results were obtained with gases, and that too,

su-ange to say, before the magnetic character of gases was

Banca- fully investigated. It was Bancalari's discovery of the

1"". extraordinary behaviour of ' flame between the poles of

Far.i. an electromagnet that led Faraday to resume his magnetic
^^y'^ experiments .on gases. Flames of all descriptions are
npen-

3j„f,g]y repelled from the axial line of a heterogeneous

on magnetic field,—so much so that it is impossible to induce

heate<t the flame of a candle to go between the pointed poles of a

gases. powerful electromagnet when they are placed at a short

distance apart. The flame is blown aside, or even down-

wards, as if by a strong current of air issuing from between

the poles. If a flat pointed flame is placed with its centre

a little below the axial line, when the magnet is excited it

drops down>and spreads out below and around the axial

Vine, assuming a fish-tail shape. It appears that the effect

is not due to the solid matter in the flame but simply to

the hot gases in it ; for the upper and cooler part of the

stream of smoke from a freshly extinguished taper is

scarcely affected, while the lower and hotter part is most

powerfully acted upon, being blown aside and often split

into two independent streams. A careful investigation led

Faraday to the conclusion that oxygen, carbonic acid,

and coal gas are rendered more diamagnetic, or, what is the

same thing so far as the resultant differential action is

concerned, less magnetic by heat,^ and that this effect was

much greater than could be accounted for by the mere

rarefaction of the gas. He likewise obtained an increase of

the susceptibility of oxygen by cooling it with ether and

solid carbonic acid. Nitrogen appeared to be altogether

Effect ot indifferent. He found in a later series' of experiments

tieat on that the magnecrystallic property of bismuth was destroyed
rascepti-

j^(. ^ temperature a little below its melting point, and that

ia'wsak '^^ ^'^'"^ thing happened to crystalline antimony a little

mas- below red heat. In the thirtieth series of his experimental

netics. researches he states that between 35° and 142° C. the

susceptibility of a specimen of spathic iron ore perpendi-

cular to its magnetic axis decreased by '333 per cent, per

degree centigrade of rise of temperature ; this agrees very

closely with the formula which was found by Wiedemann to

» Wied. Ann., il., 1880. " iFicn. Ber., 1880, 1801, 1882.
' See the results of Faraday, Exp. Res., ser. lix. 3424, &c.

* Phil. Hag., 1869, 1870.
» Exp. Res., 2359, 2397, 1845. « Exp. Res., vol. iiL p. 486.

^ Exp. Res., 2B70«}., 1848.

represent very approximately the temperature effect for

salt solutions, viz., A-, = i„ (1 - '00325 t). For the decrease

in the magnecrystallic couple, or, which is the same thing,

in the difference between the susceptibilities along and
perpendicular to the magnetic axis, he found for the spathic

iron ore '482 per cent, between 0° and 138° C, and the

percentage of decrease was four times as great betweea
- 14° and 0° as between 129° and 143°. The cor-

responding decrease in the case of crystalline bismuth
between 36° and 137° C. was '53 per cent. The experi-

ments of Pliicker and Matteucci led them to conclude that

the susceptibility of diamagnetics diminishes with increase

of temperature ; in the case of bismuth the decrease

between ordinary temperatures and its melting point is

said to be about one-sixth or more.

Canton seems to have been one of the first to study the Effect of

effect of moderate variations of temperature on the per- ''^'' ""

mauent magnetism of iron and steeL The results of his J^J^„„j

and Hallstrom's experiments went to show that permanent niag-

magnetization decreases wlien the temperature rises, and netism.

increases again when the temperature falls. In reality,

however, as was shown by Kupffer, Riess and Moser, G.

Wiedemann, and others, the phenomenon is complicated

;

for,- if we repeatedly heat a magnet and allow it to cool to First

its initial temperature, the magnetization lost at each heat- ^^ P*'

ing" is only partially recovered on cooling, and thus a
jj^^j^

progressive loss goes on, until at last a constant state is

reached, in which the magnetization lost on heating is

completely recovered on cooling. In this respect, as well

as in the effect on the magnetic susceptibility already

discussed, there is an analogy between the effect of

temperature and the effect of strain ; i.e., there is a first or

permanent effect and a proper or temporary temperature

•effect. The permanent effect is that any alteration of

temperature, be it increase or decrease, diminishes the

permanent magnetization just as a shock or a jar would

do, and probably for a similar reason. The proper or Proper

temporary effect consists in a decrease of magnetization *«»-

with increase of temperature, which is completely recovered ^"^f^

on decrease of temperature and vice versa.^ If this be

borne in mind, together with what has already been said

above, it will not be diflicult for the reader to see that

the order and amount of the temperature variations, the

hardness and form of the bar, and its magnetic history

will all Influence the temperature coeflicient.

To take one e-tamiile, Wiedemann found that a bar magnetized

at 0". C. and then partially demagnetized by an opposite force, lost

magnetisn* wheu Iieated ; if the demagnetization was not carried too

far, it did not when cooled again to 0° wholly recover what it had
lost. If the demagnetization was carried a certain length, it

recovered all that it had lost ; if farther still, more than it had lost.

It was in fact found possible to demagnetize a bar, so as to render

it apparently unmagnetic, and then to restore part of its original

magnetism by merely heating and cooling it again. Similar

phenomena were observed with a bar magnetized and de-

magnetized at 100°, and then alternately cooled and heateA

Unverdorben,* who arrived somewhat later at similar results,

represents the matter by saying that the bar in thia case has two

magnetizations superposed, each having its own temperature

coefficient.

The following are a few additional references to sources of

information concerning the present subject; ilauritius, Pogg. Ann.,

1863, and Phil. Mag., 1S64 ; Jamin and Gaugain, Comptcs Rendus,

passim ; Fave, li., 1876 ; Poloni, IVied. Beibl, 1878.

^ To give the reader an idea of the magnitude of this effect, we may
mention that Whipple in determining the temperature corrections for

magnetometer magnets at Kew^ according to the formula

K.,-K^{l-q(t-t^)-q\t-t,f},

found for the coefficient q values varying from 000762 to '000044,

with a mean of -000161 ; and for q from -00000398 to -00000001,

with a mean of -00000048 {Proi:. Roy. Soc. Land., 1877). -

' Quoted in Lament, Handb. d. Mag.
, § 82. An accouat of Lament's

own researches will be found in the same plac«.
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Development nf Heat during Magnetization.—Reasoning

on piiruly thermodynamic piinciplea from the results of

Faraday, as to the infiiieuco of tomperaturo on the mag-

netic properties of bodies, Thomson' has concluded—(1)

that a piece of soft iron at a moderate or low red heat,

when drawn gently away from a magnet, experiences a

cooling effect, and, when allowed to approach, a heating

effect, and that nickel at ordinary temperatures and cobalt

at high temperatures (between the melting point of copper

and some lower temperature) experience the same kind of

effect
; (2) that cobalt at ordinary temperatures and up to

the temperature of maximum permeability experiences a

cooling effect when allowed to approach a magnet, and

heating when drawn away
; (3) that a crystal in a

magnetic field experiences cooling when the axis of

greatest paramagnetic or of least diamagnetic suscepti-

bility is turned from along to across the lines of force, and

vice versa.

Besides these considerations, the fact that those who
adopt the molecular magnet theory are obliged to assume

something of the nature of a frictional resistance to the

turning of the magnetic molecules, and generally, without

reference to any particular theory, many of the phenomena
of coercive force,^ lead us to suppose that some specific

development of heat may accompany magnetization and
demagnetization. The experimental verification of this

suspicion is, however", a matter of great difficulty, owing to

the enwmous generation of heat arising secondarily from

induced currents in the mass of the metal The develop-

ment caused by magnetization and demagnetization was
taken advantage of by Joule in one of his determinations

of the mechanical equivalent of heat, but he makes no
attempt to separate the effect of the two causes, indeed it

did not concern his purpose to do so.' Notwithstanding

that several experimenters have attacked tlie problem, it

cannot be said that it is yet completely solved. It wiH

therefore be best simply to call the reader's attention to

some of the papers that have been published ou the subject,

and leave him to form his own judgment.

See Von BreJa, Fogg. Ann., 18-J6 ; Grove, PAt7. Mag., 1849;
EJlund, Fogg. Ann., 1864; Villari, N. Cim., 1870; Cozin, Complcs
Jicndus, 1874 ; Herwig, mcd. Ann., iv., 1878 ; Trowbridge,
tried. Bcibl, 1879.

Miscellaneous Relations of Magnetism to other Physical

Properties.— According to Maggi* the thermal conductivity

of magnetized iron is less along the lines of force than

across them. Naccari and Bellati^ were unable to verify

this result ; Tomlinson,' however, found that the cou-

ductivity of iron and steel bars was diminished by
longitudinal and increased by transversal magnetization.

Abraham, Ediund, Mousson, and Wartmann dll made
experiments in search of a magnetic alteration of the electric

conductivity of iron. Thomson seems, however, to have
been the first to arrive at any definite result.^ He found
the conductivity to be diminished along the lines of

magnetization and increased across thenL Beez ^ verified

the former result, but doubts the latter, which he is inclined

to explain as a secondary effect caused by the compression
of the iron arising from the external magnetic action on the

plates used in Thomson's experiments.

Thomson also found ' that the thermoelectric quality of

iron was affected by magnetization ; the thermoelectric
current flowed from unmagnetized ' to longitudinally
magnetized, and from transversely magnetized to un-
magnetized or longitudinally magnetized iron through the

' Phil. Mag., 1878 ; or Nichol's Cijclopiediu, 2d ed., 1860
^ See the paper of Warburg quoted above, p. 260.
' Joule, Phil. Mag., 1S43.
Archives de Oenhv, 1850 : or Wied., Galv., ii. § 510.

» tried. BeiU., 1877. « Proc. Roy. Soe. Lond., 1S7S.
f Fhil. Tram., 1856. » Fogg. Ann., 1866. » Lcc tit.

15—12

hot junction. In the case of nickel, the current flowed

from longitudinally magnetized to unmagnetized through

the hot junction, i.e., nickel behaved oppositely to iron.

Thomson's results have been in part confirmed by a recent

investigation of Strouhal and Barus.

A relation between magnetism ana light was first

established by Faraday's discovery of the magnetic rotation

of the plane of polarization of a ray passing along the

lines of force. This subject belongs more properly to

physical optics, but there is one magnetic phenomenon
apparently closely connected with it which falls to be
mentioned here. This is Hall's discovery'' that, if an
electric current flow in a thin metallic strip in a direction

AB, the effect of placing the strip in a magnetic field with

its plane perpendicular to the lines of force is to cause a
transverse electromotive force perpendicular to AB, which
changes in sign when the direction either of the current or

of the magnetic field is changed. This transverse electro-

motive force is proportional to the product of the current

intensity and the strength of the magnetic field ; cecteris

paribus, its direction in the case of iron is oppo.'site to that

iu other metals, and its magnitude is also greatest with iron.

This discovery establishes the existence of the rotatory

coefficient of resistance mentioned by Maxwell '- in his

discussion of seolotropic conductivity ; and Rowland hap
shown that the phenomenon is probably due to the same
cause as the magnetic rotation of the plane of polarization."

If, as modem physicists suppose, magnetism be a dyna-

mical phenomenon, time must enter as a conditioning

element. The question has been raised how long any
magnetizing force takes to develop the maximum magnetiza-

tion that it is capable of producing. There are many /acts

that go to prove that this time is very small, or, at all events,

that any force develops a very large fraction of the total

magnetization due to it in a very short period of time.

Perhaps the most wonderful evidence on this head is the fact

that the telephoue, which depends essentially on varying

magnetic action, can reproduce the sounds of human speech
even to the consonants.'^ Experiments bearing directly on
the subject have been made by Villari.'^ A flat circukirdisk

of flint glass was placed between the poles of a Ruhmkorff's

apparatus for measuring the magnetic rotation of the plane

of polarization. The axis of the disk was perpendicular to

the axial line, so that rotation brought the different radii

successively into fhe line of sight. When the disk was
at rest the magnetic action in one experiment caused a rota-

tion of 19 divisions; spinning the disk at the rate of 110,

121, 143, and 180 turns per second reduced the magnetic

rotation of the plane of polarization by 2, 5, 10, and 17
divisions respectively ; the reduction was less the greater the

magnetic force. From this Villari concluded that in flint

glass not less than 0'001244 second is required to produce

such a diamagnetic intensity as can be observed by the

rotation of the plane of polarization, and that 000241
second at least is required to develop the greatest

diamagnetization of which this substance is capable; he

also states that the diamagnetism lasts for less than
'000 13 second after the inducing force is withdrawn. A

series of interesting experiments on the oscillation of the

plane of polarization caused by the oscillatory discharge

from a Leyden jar recently made by Bichat and Blcndlot ""

led them to a different conclusion, viz., that if any lagging

of the induced magnetization behind the magnetizing force

MogDcf-

Ugbt.

Hall's

phcno-

I

Effected

tims.'^

'" JT'ifd. Ann., xiv., 1881. " FhiL Mag. [5], ir.. and i., ISSO.
" EL and Mag., vol. L § 303. See also Stokes, Cami. and D'lb,

Math. Jour., vi.. 1851 ; and ThomsoD, Trans. R.S.E., vol xs\. p.
1C5, 185-!.

" Am. Jour, of Math., 1880 ; Phil Mag. [5], I., 1880. and li.,

1S81.
'^ See also an article by the writer, Phil. Mag. [5], ii. 1876.
« Fogg. Ann., 1379. " Comptas Rcndns, 1882.
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exisls it is icis than 0-000033 second. No exptanatioii

'us been given of ibo discrepancy of these results.

In the early part of this century there was au animated
: controversy as to whether light exerted a direct influence

upon magnetization, in which Morichini, Mrs Somer-

viile, Christie, Riess and Moser, and many others took

part. Nothing definite, however, was established. A
similar fate befell the attempts to trace the iniluence of

magnetic force upon crystallization, and to detect a relation

between magnetism and gravity,^ although both quests at

one time or another engaged the shill of Faraday.

Forms, Construction, and Pkeservation of Magxets.

This subject occupied a large portion of most of the

earlier treatises on magnetism. Much of the information

given, however, either has now been recognized to be of

tiuestionable value or has been superseded by recent pro-

gress, and retains a merely antiquarian interest ; a few brief

remarks, mainly iiistorical, will therefore be sufficient.

Tlie oldest form of magnet was a piece of magnetic iron ore or

loadstone. The power of these natural magnets varied exceedingly
fiom one specimen to another. An elaborate discussion of the

various kinds of loadstone
will he found in Gilbert's

De Magnetc.^ In order to

increase the carrying power,
the loadstone was usually
fitted with armatures of

soft iron upon its polar
regions ; figure 45, takeu
from Gilbert, represents one
of the oldest arrangements.
Figure 46 is taken from a loadstone in the collection of physical

apparatus belongiug to the university of Edinburgh, the carrying

,

power of which is 205 lb. A loadstone in the Teylerian Museum
iit Haarlem has a carrying nowcr of 230 lb ; and one at Lisbon, pre-

sented Dy rne emperor of China to Kiiifj John V. of Portugal, is said

to support as much as 300 lb. Small loadstones are often very

powerful in proportion to their weight; e.g., Newton is said to have
worn in a ring one that weighed only 3 grains, and yet was able to

c^irry about 746 grains; and one in the physical collection at Edin-
burgh, formerly belonging to Sir John Leslie, weighing itself 3^
grains, had at one time a carrying power of 1560 grains.

The introduction of steel magnets, and the perfection to which
they were gi-adually brought, caused the loadstone to fall into disuse.

It is said that Galileo possessed the art of making steel magnets
;ibout the beginning of the 17th century. It was early- discovered
ti:at the earth's force could be «tilized in magnetizing steel.

* For the literature, see Wied., Oalv., g§ 683, 689.
^ See also GeUler's Physikalischcs W'i^rterbuch, art. "Magnetismus."

Gilbert was aware that a feeble maguetization could be produced in
this way; and ilichell, in his treatise on artificial magnets, minutely
describes how weak magnets may be made by means of the earth's
force, then combiued into bundles or "magazines" and used in
turn to produce stronger magnets, these used In produce still
stronger, and so on.

The earliest process of all was no aouut tlie metiioa of mo-
bing or touching by another nuiguet. Tliis method of making
magnets was studied with much attention by the naturjd
philosophers of tlie 18th century, among whom we may men-
tion Savery, Knight, Duhamcl, Le ilaire, Canton, Michell,
jEpinus, Coulomb, and Euler. The method of single touch Smgle
consists simply in stroking the bar to be magnetized alternately touch,
on its two halves with the south and north poles of a loadstone
or bar magnet, the stroke beginning always at the middle and
ending at the end. According to Lamont, the best plan is to Lay the
magnet flat, overlapping one half di the bar to be magnetized, and
then draw it off ; when the magnet is held perpendicular to the bar
during the process, the result is apt to give an irregular magnetiza-
tion : e.g., we may even get a magnet with its two ends north poles
and with a south pole in the middle, or one with four poles, a north
and south pole at the two ends and a south and north pole in the
middle.^
The first improvement on single toucn was uouoie touch with Double

separate magnets. This consists in using two magnets sinml- touch
taneously on the two halves of the bar undergoing magnetization.

The north pole of one and the south pole of the other are placed

either close togetlier, or at a small distance apart near the middle
of the bar, and then each is drawn towards the end of the half

on which it lies ; according to Lamont, here, as in single touch,

the magnets should be laid fiat on the bar.* Michell introduced the
further improvement of using two bar magnets (or bundles of such)
fastened together and kept parallel at a small distance apart by
means of small pieces of wood, the north pole of one being conter-

minous with the south pole of the other. This pair is placed verti-

cal with one, end on the middle of the bar, drawn towards one
end aud slipped ofl", then replaced on the middle and drawn to the
other end, and so on alternately until the moment of the bar cpasos

to increase any farther. Instead of the pair of bar magnets a horse-

shoe magnet might of course be used.

Le Maire^ introduced the essential improvement of pia*.ing the

bar to be magnetized upon a larger bar, and then magnetizing

the two together. The advantage of this is best seen in the form
of the same device adopted by Canton^ aud Duhamel,^ who mag-
netized steel bars in pairs, connecting them up parallel to eflcli

other by means of two pieces of soft iron, and then magnetizing

them in opposite directions. It is easy to see that the magnetiza-

tion of the one reacts on the magnetization of the othtir and
strengthens it. Michell '^ obtained a similar advantage by
magnetizing a number of bars placed end to end in a line

;

he found, as was to be expected, that the end bars were weaker,

but this defect he remedied by repeating the process with the

bars arranged in a different order. Coulomb's method was to

place the ends of the bar on the north and south poles of two
bar magnets arranged in line at the proper distance apart. This
process of connecting up the bars to be magnetized in a closed

magnetic circuit is sometimes called circular touch ; it can be

applied to horse-shoe magnets by placing a pair of them with
their ends together, and then passing round ana round upon tiiem

a horse-shoe magnet or a pair of bar magnets arranged as already

described.^

Immediately alter (Ersted's discovery of ine magnetic action of Electro-

the galvanic current, Arago,^ Boisgiraua,^'*and Davy almost simul- magnet*,

taneously applied this property to the magnetization of iron and
steel." Powerful electromagnets, with cores of soft iron, were first

constructed a few years later by Sturgeon and Brewster. Pohl, Moll,

and Pfaff in Germany, and Henry and Ten Eyck in America, may
be mentioned as the most successful'of the early constructors. One
of the electromagnets of Henry and Ten Eyck reached a carrying

^ Poles situated abnormally in this way are called " cousecntive

point
* This method appears to nave oeen invented by Knight (about

1740), and used in producing the powerful magnets for which lie waa

famous. The secret of his process was never divulged by himself, but

was'published by Wilson after his death. See art. MiGNETlSM, 8th

edition of Encyclopaedia Britannica.
* Mem. d. VAcad. d. Paris, 1745 and 1750.
« PJiil. Trans., 1751.
7 Treatise of Artificial Magnets, 1750.
^ For fuller information on the present subject, sec Gehler's Pkysi'

kalisches WOrtcrbuch, ait. " Magnetismus, " K"
9 Ann. d. Chim. et d. Phys. 1820

^^ Phil. Trans., 1820-21.
^^ The anomalous magnetization of needles oy the discharge from

Leyden jars had been observed earlier, but not properly understood.

See ait. Electricitt, vol. viii. p. 82.
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power of 20G1 lb ; but magnets ejieciiilly constructed for carrying

power have surpassed this limit. As a specimen of scientific toys

of this description may bo mentioned tho electromagnet of Roberts

(tig. 47), which consists of a square block of iron deeply slotted

with four p;irallol grooves into which three layers of copper wire

cable aro wound in zigzag fashion so tliat the current converts the

ilanges alternately into north and south

l)oles ; tho armature is a square block

planed to fit the face of the magnet. The
t-arrying po\ver of a machine of this kind
was 29i9 lb, i.e., more ?han IJ tons I

Tho forms of electromagnet used in the

arts,- e.g., in electric bells, fire aliirms,

telegraphs, telephones, electric light regu-

lators, dynamo machines, &c. , aro simply
innumerable. It will be sufficient to allude

to those constructed for the purpose of pro-

ducing an intense magnetic field, uniform
or -non-uniform, over a larger or smaller

ni-ea ; these find their practical application

in the construction of dynamo-electric

machines, but they are mainly interesting

to purely scientific men on account of their

use in the investigation of the properties of

weakly magnetic bodies. Figure 40 shows
the usual arrangement adopted for large

laboratory magnets. In considering the
greatest available strength of such magnets,

it is necessary to bear in mind the fact ^'S' ^'*

that magnetic saturation of iron is practically reached with mag-
netic forces much under the greatest that we can command. Tho
Gtrength of field in a narrow crevasse perpendicular to the lines of

magnetization in saturated iron is less than 18,000 C.G.S. units;^

and this is practically the utmost at present attainable; for any
addition to the strength of the fielJ, aiising from direct action of

the magnetizing helix, would not under ordinary circumstances

affect the hundreds in this num'uer. Further increase of magnetizing
current after we have reached witiiiu a small percentage of the limit

of saturation is a waste of power.

Elias^ of Haarlem seems to have been the first who applied the

electric current directly with success in the manufacture of powerful

permanent magnets. He used a short flat magnetizing coil which
was pushed backwards and forwards along the bar, the ends of which
were caused to abut against two pieces of iron, which becoming in-

ductively magnetized reacted on the bar, and also served to keep the

magnetization at the ends more uniform. The famous Logeman
magnets were constructed by this process.

By far the most convenient way of magnetizing steel is to use an
electromagnet.^ The bar to be magnetized may be laid flat on tlie

pole of the magnet before it is excited, and after excitation drawn
slowly off. By repeating this process several times, with the north
pole of the electromagnet for one half and the south pole for the
other half, saturation can be very quickly obtained. Perhaps a
better plan is to lay the bar with its ends on the two poles, and
then excite tho electromagnet. For reasons already sufficiently

explained, it is advisable to hammer the bar \vith a mallet while
the magnetizing force is in action, and to turn the current off and
on several times in succession.*

On account of the difficulky of tempering steel to any great depth
from the surface, and for specific magnetic reasons as well, it has

=. been customary in constructing powerful permanent magnets to

build them up of thin laminae of steel, each of which is separately

magnetized. Figure 48 represents an arrangement of this nature

Fig. 48.

adopted by Coulomb, and figure 49 a horse-shoe magnet constmcted
ill the same way. It will be observed that the ends of the laminae
are not exactly conterminous, the middle ones projecting more than
tho others ; this arrangement was adopted with the view of getting
vid to some extent of the weakening effect which the induction of

one lamina has upon tho other. That such an effect exists and is very
groat was conclusively shown by Coulomb ; how far the modification

1 See above, p. 256. ^ Pogj. Ann., 1844 and lS46.
^ Frick, Pogg. Ann., 1849, was one of the earHest who practised

this method. •

^ It has been several times proposed to magnetize steel bars by heat-

in;^ them red hot, allowing them to cool to the proper temperature
under the mngnetizing force, and then tempering while the force is still

rficting. Gilbert, Knight, Robison, Haman, Gaugain, Aim^, and Holz

( Wied. Ann., vii. , 1879) have all experimented with this method, but it

does not appear to possess any advantage over the ordinary modem
process, and need not be discussed here.

Fig. 49.

in question cures it is another matter ; much no doubt depends on
tlie purpose for which the magnet is required ; but it is scarcely
worth while to disc^uss the subject hero. Wo may call attention to
a farther point in tiio construction of Coulomb's magnet, viz., that
the ends of the lamina; are embedded in two soft iron terminals N
and S ; there can bo no doubt that, for somo
purposes at least, this is an advantageous
arrangement. Among tho famous modern
makers of permanent magnets Hacker ot
Nuremberg, Logeman and Wettercn^of Haar-
lem," Willward, and Jarain deserve to be

|

specially mentioned.*
In the preservation of permanent magnets it

'

is essential to avoid extreme changes of ti-m-

nerature and shocks. "When the magnet is

laid aside it should be made part of a closed
magnetic circuit ; in tho case of a horse-slioe

magnet this is attained by simply laying a
piece of soft iron, called the keeper, across the
poles ; bar magnets should be kept in parallel

pairs, i^orth pole to south pole and south pole

to north pole, with two pieces of soft iron

between the poles. "When this is done the induced magnetism-
reacts on the magnets and diminishes the deinagnptizing forco;
the action of shocks then ceases to destroy the permanent magnet-
ism, and may even increase it.

Ultimate Theories of Magnetic Phenomena.

If we pass over the stream theory, which, although Su-cam

partially developed by Eulcr, has never taken root ia theory.

modern physical science, the first great theory that we
find proposed with a view to the explanation of magnetism
ii tho two-6uid theory of Coulomb and Poisson, This is

nut an ultimate theory in the modern sense, inasmuch as

it is not dynamical; but it was," doubtless, looked upon as

ultimate in the days when the imponderable fluids had a
recognized role in the physical sciences. In the two-fluid Two-

theory tho imaginary positive and negative attractive *'"'*^

agents (called magnetism in the empirical theory developed pLI^-oi,

above) are regarded as imponderable fluids; but the
essential point in the definite form of the theory due to

Poisson is that he regards a body susceptible to magnetic
induction as made up of an infinite number of particles of

infinite permeability immersed in an impermeable medium.
After pointing out that, if the particles were of elongated

form, and arranged so that the axes of elongation had on6 pre-

ponderating direction, or if tliey were arranged so that the

linear density in different directions varied, the result would
be aeolotropy, he assumes that they are ^heres uniformily

distributed in the impermeable medium so that th6 volume
of the magnetic particles in unit volume of the substance is

the fraction h The problem of magnetic induction under
the influence of a uniform force ia then the same as the

problem of electric induction for an infinite number of

perfectly conducting spheres uniformly distributed in a
non-conducting medium. He finds, for the permeability

Maxwell has pointed ou^ one fundamental objection to this

theory, viz., that the value of k calculated from the formula just
given by means of observed values of zr in the case of iron is

greater than it would be even if the magnetic spheres were packed
in the closest possible manner. Another objection is that the
theory affords no explanation of the variability of k with different

forces. We might of course modify the hypothesis, as was done bj
Pllicker, by supposing that a resistance depending on the magnitudo
of the force opposes the separation of the fluids in the magnetic
molecules, and that in certain cases a frictional resistance tends to

prevent their reunion. We might in this way explain magnetic
saturation and permanent magnetism ; but the theory thus bur-
dened has no more scientific value than the purely empiric theory,

and, moreover, affbids no clue to the phenomena of diamagnetism.

•* Advised by Elias and Van der Willlgen ; see Natitre, vol. xix.

p. 552, 1S79.
^ Further details as to the advantages and disadvantajjes of %*arion9

fonns of magnets will be found in Wiedemann's Galvanismus, and
Lament's ffajtdbuch dcs Magnetismus. See also a recent paper by W.
Holz, IVied. Ann., 1880, on hollow cylindrical magnets, and another

by Grov on the moments atUinable with hard steel b?j^, Phil^

Mag., 1378,
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In a very important class of modem theories, the funda-

meutal assumption is that the molecules, or at all events

a certain proportion of the molecules, of magnetic sub-

stances are small permanent magnets. In a body which

is to outward appearance unmagneti^ed, the axes of these

molecular magnets are turned indifferently in all directions

;

in a body which is magnetised in a certain direction a

larger proportion than usual of the molecular magnets have

their axes more or less in that direction. Magnetic

induction is supposed to consist, not in any alteration of

the molecular magnets themselves, but in the orientation

of their axes under the action of the inducing force. The

reader may figure to himself the nature of the action by

imagining a lino of small magnetic needles with their axes

all horizontal, but all pointing in different directions ; tlie

whole system thus arranged will have no determinate

magnetic moment, and will represent an nnmagnetized

body. Next, suppose a magnetizing force to act parallel to

the line joining the centres of the needles, they will then

arrange themselves in that line, and the magnetic moment

of the system will be the Bum of the moment of the

different parts ; we have thus an image of a body magnet-

ized by induction.

I
The notion of molecular magnets seems to have been suggested

by Kirwan ; but it was not until a definite form was given to

it by Weber that it acquired any importance. The mathematical

problem presented is one of great complexity. In the position

of equilibrium any molecule is acted on by the magnetizing

force, by a magnetic force due to the combined action of the other

molecules, and possibly by a force arising from the displacement as

well. Weber assumes that the couple tending to restore the mole-

cule to its original position is that due to a constant mcgnetic force

D, parallel to the original direction of its a.\i3. If m be the magnetic

moment of a molecule, and there bo n. molecules in a unit of volume,

then the magnetic intensity | due to the magnetizing force i is

(riven by |-2mn5§/3D, if S<D; and by 3 = ;n«(I - D=/3g2), if

^i > D. In other words, the curve (|, S) is straight till it reaches the

point (Smn. D), it then becomes concave towards the axis of P, and

rises towards an asymptote parallel to the axis of 1; the maximum

value of I is mn. The theory does, therefore, give a general explana-

tion of the phenomena of magnetic induction. The reader will be

able by comparison with the experimental data given above to see

how far it falls short of a complete explanation.

If the magnetic substance be devoid of coercive force, we must

suppose that the molecules return to their original positions when

file magnetizing force is removed. In substances capable of being

permanently magnetized, we must imagine somethmg of the nature

of a frictional resistance to the motion of the magnetic molecules
;

80 that, when they are deflected through mo.e than a certain angle,

they retain a permanent set after removal of the mametmng force.

Maxwell has worked out the particular hypothesis that each mole-

cule which is deflected through an angle less than ^„ returns when

the magnetizing force ceases to act, but that a molecule deflected

through an angle g>/3„ retains the deflexion 3-P„. .J?enotmg

Dsinlo by L, he finds as the result of the above supposition that

the cuvve of temporary magnetization is a straight line from S - «

to 1 = L : after that it is concave to the axis of S. ™'l rues to an

asymptote, the ma.ximum value of | bei.^ mn as before. The -nirve

of residual magnetization begins when #=L ; it « concave to the

axis of i, and rises to an asj-mptote corresponding to the maximum

|'-im!i{l + Vr-L"/D"}^- It results from the hypothesis that,

when a bar is pcmanently magnetized by a positive force ^„ ita

magnetism cannot be increased by a positive force
<\^''\J"''7

to diminished bv a negative force <%; and when the bar is

^actly demagnetized by a negative force S„ it cannot be mag-

netized in the opposite direction without the apphcahon of a force

>!;; but a positive force < S, is sufficient to begin to remagnetize

the bar in the original direction.

Auipfir';'

hypo-
thesis.

Behind the molecular magnet theory there arises the

question, What Is the nature of the magnetic molecule I

One answer to this question is given by the hypothesis of

Amp&re, that around each such molecule a current circulates

in planes perpendicular to the axis of the molecule.^ That

Buch an arrangement will be equivalent to an infinitely small

macnet in the axis of the molecule, so far as external action

is c^oncerned, we know from the laws of electrodynamics.

It remains only to inquire what the nature an^ P^f^^;^
these molecular currents must be, to trace the full logical

consequences of the assumption, and to compare them with
experience. This was first done by Weber, and afterwards
more completely by Clerk Maxwell.

It is obvious in the first place that the circuits in which the
molecular currents flow must be perfectly conducting ; for other-
wise the electrokinetic energy of the molecular cunents would
be continually transformed into heat, and a constant supply of
energy from without would be necessary to support the magnetism
of a permanent magnet, which is contrary to experience. Let A
be the eSective area of a molecular circuit, L its coefficient of self-

induction, e the inclination of its axis to the inducing force ^, y,
the primitive current, and 7 the cunent after the inducing force is

iu action. Then 'y= ')',j- ^Acos^/L ; and the component of the
moment parallel to ^ will be A(7i,- ^Acos9/L)ccse. There are
throe different cases to consider.

1. Let either y^ be so great, or SA/L he so small, that the effect

due to the electromagnetic induction may be neglected in compari-
son with the effect due to the deflexion of the molecule

;
puttiug

«t = A7„, we have thus merely the theory of molecular magnets
already explained.

2. Let the force resisting the turning of the molecules be in- Wcbev'i-
finitely great, we then find for the magnetic susceptibility the value theory t

K= - inA'IL. This is the theory originally proposed by Weber to diamag
explain diamagnetism. uetism.

3. If the efl'ects due to deflexion of the molecules and to electro-

magnetic induction in the molecular circuits he both considered, we
have a theory intermediate to (1) and (2), inclining to the one or

the other according to the assumptions made as to the relative

values of 7^, A, and L.

The reader will find a full discussion of the different cases in

Maxwell's Elcctncity and Magnetism^ vol. ii. chap, xxii.

The most important attempt that has yet been njadc to Max-

realize a mechanism affording a dynamical explo.nation of well's

magnetic phenomena is the theory of molecular vortices, °j^^*'

published by Clerk Maxwell in the Philosophical Magazine vortex

for 1861 and 1862 (4th ser., vols. 21 and 23). The general theory,

results, stripped of all particular assumptions, will be found

embodied in his great treatise on Mlectricity and Magnetiem;

but the following summary, taken from the original paper,

may be of some interest.

1. Msgnetoelectric phenomena are due to the existence of matter

under certain conditions of motion or of pressure in every part of

the magnetic field. The subsnnce producing these effects may ht

a certain part of ordinary matter, or it may be an tether associated

with matter.

2. The condition of any part of the field through which lines of

mafnetic force pass is one of unequal pressure in dinereut directions,

the^pressnre being least along the lines of force, so that they may

be considered as lines of tension.

S. This inequality of pressure is due to vortices coaxial with

the lines of force. The density of the revolving matter is propor-

tional to the magnetio permeability of the medium. The direction

of rotation is related to the diiection of the line of force ; and the

velocity at the circumference of the vortex is proportional to the

resultant magnetic force.

4. The vortices are separated from each other by a single layer

of round particles ; so that a system of cells is formed, the partitions

being layers of these particles, and the substance of each cell being^

capable of rotating 'as a vortex.

6 The particles forming the layer are m rolling contact with

both the vortices which they separate, but do not rub against each

other. They are perfectly free to roll between the vortices and so to

change their place, provided they keep within one ampletfi moUnik.

of the substance ; but in parsing from one molecule to another

they experience resistance and generate irregular motions whicti

constitute heat. These particles play the part of electricity. Their

motion of translation constitutes on electric current ; their rotation

serves to transmit the motion of the vorticeo from ono part c! the

field to another ; the tangantial presonras thus called into play

constitute electromotive foice ; and the elastic yielding of the

connecting particles constitutes electric dispk<Sement

Maxwell deduces without difficulty all the principal

electrical and magnetic phenomena from this theory ;
and

he points out that its general conclusioDs have a value

which does not depend upon the somewhat intricate

kinematical arrangements supposed to exist m the magnetic

medium. The theory certainly affords U8 a most instruc-

tive dynamical picture of the phenomena of electricity and .

magnetism ; and it remains, so £sr as "va '"'°'^;^'''^°°^

sQccesBfttl attempt of its kind. " '™(O. CH.)
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MAGNETISM, Animal. Tho teems animal mar/netism,

eUctro-biologti, meamcrism, clairvoyance, ml i/lic or odic force,

and hypnotism have been used to designate peculiar nervous

conditions in which tlie body and mind of an individual wero

Kupposcd to bo influenced by a mysteriou.s force emanating

froni' another person. With tho exception of mesmerism,

a name given to the- phenomena in honour of quo of

their earliest investigators, F. A. Mesmor, each of these

terms implies a theory. Thus the phenomena of animal

maynetism were supposed 'to be due to some kind of

magnetic force or influence peculiar to living beings and

analogous to the action of a magnet upon steel or certain

metals ; eUclro-hiolocjy, a more modern ternv introduced in

1800 by two American lecturers, referred the phenomena
to the action of electrical currents generated in the living

body, and capable of influencing electrically the bodies of

others ; clairvoyance implied a power of naental vision or

of mental hearing, or of a mental production of other

sensations, by which the individual became aware of events

happening in another part of the world from where he was,

or could tell of tho existence of objects which could not

affect at the time any of his bodily senses ; odylicforce was

a term given to a,force of a mysterious character by which

uU the phenomena of animal magnetism might be accounted

for ; and hypnotism, from vm-o';, sleep, was a name applied

to a conditipn artificially produced in which the person was
apparently asleep and yet acted in obedience to the will of

the operator as regards both motion and sensation.

History.— It was natural that the apparent power of

influencing the bodies and minds of others should attract

much attention and be eagerly sought after for purposes of

gain, or from a love of tho marvellous, or for the cure of

diseases. Hence we find that, whilst not a few have
investigated these phenomena in a scientific spirit, more
have done so as quacks and charlatans who have thrown
discredit ou a department of the physiology of man, of the

deepest interest. Recently, however, as will be shown in

this article, physiologists and physicians have set about
investigating the subject in such a manner as to bring it

into the domain of exact science, and to dispel the idea that

the phenomena are due either to any occult force or to super-

natural agency. It would appear that in all ages diseases

were alleged to be aflfected by the touch of the hand of

certain persons, who were supposed to communicate a
healing virtue to the sufferer. It is also known that

among the Chaldasans, the Babylonians, the Persians, the

Hindus, the Egyptians, the Greeks, and the Romans
many of the priests effected cures, or threw people into

deep sleeps in the shades of the temples, during which the
sleeper sometimes had prophetic dreams, and that they
otherwise produced effects like those now referred to

animal magnetism. Such influences -were held to be
supernatural, and no doubt they gave power to the priest-

hood. In the middle of the 17th century there appeared
in England several persons who said they had the power
of curing diseases by stroking with the hand. Notable
amongst these was Valentine Greatrakes, of Afl'ane, in the

county of Waterford, Ireland, who was born in February
1628, and who attracted great attention in England by
his supposed power of curing tho king's evil, or scrofula.

Many of the most distinguished scientific and theological

men of the day, such as Robert Boyle and R. Cud worth,

witnessed and attested the cures supposed to be efl'ected

by Greatrakes, and thousands of sufferers crowded to him
from all parts of the kingdom (see Colquhoua's History of
Mar/ic, kc, vol; ii. p. 146).

Phenomena of a marvellous kind, more especially such
as imply a mysterious or supernatural power exercised by
one person over another, not only attract attention, but
take BO firm a hold ou the imagination that belief ia

them breaks out now and again with all the intensity of

an epidemic. Thus since the time of Greatrakes, at short

intervals, men have arisen who have led the public captive

at their will. About tho middle of the 18th century John
Joseph Gassncr, a Roman Catholic priest in Swabia, took
up the notion that the majority of diseases arose from
demoniacal possession, and could only be cured by exorcism.
His method was undoubtedly similar to that followed by
Mesmer and others, and he had an extraordinary influence

over tho nervous systems of his patients. Gassner, how-
ever, believed his power to be altogether supernatural and
connected with religion.

Friedrich (or Franz) Anton Mesmer was born at Weil,
near the point at which the Rhine leaves the Lake of Con-
stance, on May 23, 1733. He studied medicine at Vienna
under the eminent masters of that day. Van Swieten and De
Haen, took a degree, and commenced practice. Interested

in astrology, he imagined that the stars exerted an influ-

ence on beings living on the earth. He identified the sup-

posed force first with electricity, and then with magnetism;
and it was but a short step to suppose that stroking

diseased bodies with magnets might effect a cure. He
published his first work (De Tlajietarum Influxu) in 1706.

Ten years later, ou meeting with Gassner in Switzerland,

he observed that tho priest effected curea without the use

of magnets, by manipulation alone. This led Mesmer to

discard the magnets, and to suppose that some kind of

occult force resided in himself by which he could influence

others. He held that this force permeated the universe,

and more especially affected the nervous systems of men.
He removed to Paris in 1778, and in a short time the

French capital was thrown into a state of great excitement

by the marvellous effects of mesmerism. Mesmer soon

made many converts ; controversies arose ; he excited the

indignation of tho medical faculty of Paris, who stigmatized

him as a charlatan ; still the people crowded to him. He
refused an offer of 20,000 francs from the Goverument for

the disclosure of his secret, but it is asserted that he really

told all he knew privately to any one for 100 louis. He
received private rewards of large sums of money. Appreciat-

ing the effect of mysterious surroundings on the imagina-

tions of his patients, he had his consulting apartments

dimly lighted and hung with mirrors ; strains of soft music

occasionally broke the profound silence ; odours were

wafted through the room; and the patients sat round a kind

of vat in which various chemical ingredients were concocted

or simmered over a fire. Holding each others' hands, or

joined by cords, the patients sat in expectancy, aud theu

Mesmer, clothed in the dress of a magician, glided amongst
them, affecting this one by a touch, another by a look, and
making "passes" with his hand towards a third. The
effects were various, but all were held to be salutary.

Nervous ladies became hysterical or fainted ; some men
became convulsed, or were seized with palpitations of the

heart or other bodily disturbances. The Government
appointed a commission of physicians and members of the

Academy of Sciences to investigate these phenomena

;

Franklin and Baillie were members of this commission,

and drew up an elaborate report admitting many of the

facts, but contesting Mesmer'a theory that there was an

agent called animal magnetism, and attributing the effects

to physiological causes. Mesmer himself was undoubtedly

a mystic; and, although the excitement of the time led him

to indulge in mummery and sensational effects, he was

honest in the belief that the phenomena produced were

real, and called for further investigation. For a time,

however, animal magnetism fell into disrepute ; it became

a system of downright jugglery, and Mesmer himself was

denounced as a shallow empiric and impostor. He with-

drew from Paris, and died at Meorsburg in Switzerlaud
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on 5tli Marcli 1815. He left many disciiiles, the moat

distin<;ui»hed of whom was the Marquis de Puysegur.

This noblemiu revolutionized the art of mesmerism by

showing tliat many of tlie phciomeua might be produced

by gentle manipulation causing sleep, and without the

mysterious surroundings and violent means resorted to by

Mosmer. The gentler method was followed successfully

by Deleuz?, Bertrand, Georget, Eostan, and Foissac in

France, and bv Dr John Elliotson in England up to about

1830.

In 1815 considerable attention was drawn to the an-

nouncement by Baron von Reichenbach of a so-called new
"impunderable" or "influence" developed by certain

crystals, magnets, the human body, associated with heat,

chemical action, or electricity, and existing throughout the

universe, to which he gave the name of odyl. Persons

sensitive to odyl saw luminous phenomena near the poles

of magnets, or even around the liauds or heads of certain

]iersons in whose bodies the force was suf^osed to be

concentrated. In Britain an impetus was given to

this view of the subject by the translation in 1850 of

Ileichenbach's Researclies on Magnetism, <tc., in relation to

Vital force, by Dr Gregory, professor of chemistry in the

university of Edinburgh. These Researches show many of

the phenomena to be of the same nature as those described

previously by Mesmer, and even long before Mesmer's

time by Swedenborg. The idea that some such force

exists has been a favourite speculation of scientific men
having a mental bias to mysticism, and it makes its

appearance not unfrequently.

The next great step in the investigation of these

phenomena was made by James Braid, a surgeon in

Manchester, who in 1811 began the study of the preten-

sions of animal magnetism or mesmerism, in his own
words, as a " complete sceptic " regarding all the

phenomena. This led him to the discovery that he could

artificially produce "a peculiar condition of the nervous

system, induced by a fixed and abstracted attention of tlie

mental and visual eye on one object, not of an exciting

nature." To this condition he gave the name of neuro-

hi/pnotism (from vevpov, nerve, vhtos, sleep) ; for the sake

of brevity, neuro was suppressed, and the term hypnotism

came into general use. Braid read a paper at a meeting

of the British Association in Manchester on 29th June 1842,

entitled Practical Essay on the Curative Agenty of Neuro-

Hypnotism; and his work Nenrypnology, or the Ratio7iale of

Nervons Sleep ccnisidered in relation with Animal Magnetism,

illustrated by numerous cases of its successfid application in

tlie relief and cure of disease, was published in 1843. It

is necessary to point this out, as certain recent Continental

writers have obtained many of Braid's results by following

his methods, and have not adequately recognized the value

of the work done by him forty years ago. Braid was
undoubtedly the first to investigate the subject in a

scientific way, and to attempt to give a physiological

explanation. In this he was much aided by the physiologist

Herbert Mayo, and also by Dr William B. Carpenter,—the

latter being the first to recognize the value of Braid's re-

searches as bearing on the theory of the reflex action of

the ganglia at the base of the brain and of the cerebrum

itself, with which Carpenter's own name is associated.

Recently the subject has been reinvestigated by
Professor Weinhold of Chemnitz, and more particularly by
Dr. Rudolf Heidenhain, professor of physiology in the

university of Breslau, who has published a small but

interesting work on animal magnetism. In this work
Heidenhain attempts to explain most of the phenomena
by the physiological doctrine of inhibitory nervous action,

as will be shown hereafter.

Phenomena and Physiological Explanation.—The usual

method of inducing the mesmeric or hypnotic state is to

cause the person operated oa to stare fixedly at a faceted

or glittering piece of glass held at from S to 15 inches
from the eyes, in such a position above the forehead as

will strain the eyes and eyelids. The operator may stand
behind the patient, and he will observe that the pupils are at

first contracted from the effort of accommodation of each
eye for near vision on the object ; in a short time the
pupils begin to relax, and then the operator makes a few
"passes" over the face without touching it. The eyelids

then close; or the operator may gently close them with the
tips of the fingers, at the same time very gently stroking

the cheeks. Often a vibratory motion of the eyelids may
be observed when they are closed, or there may be slight

spasm of the eyelids. The eyes may afterwards become
widely opened. The patient is now in a sleep-like condi-

tion, and the limbs often remain in almost any position in

which the operator may place them, as in a cataleptic con-

dition. At the .same time the patient may now be caused
to make movements in obedience to the commands of the

operator, and to act according to ideas suggested to him.

Thus, he may eat a raw onion with gusto, apparently

under the impression that it is an apple ; he may make
wry faces on drinking a glass of water when told that what
he is taking is castor oil ; he may ride on a chair or stool

as in a horse race ; he may figlit with imaginary enemies,

or show tokens of affection to imaginary friends ; in short,

all kinds of actions, even of a ridiculous and a degrading
nature, may be done by the patient at the command of the

operator. Another class of phenomena consists in the

production of stiffness or rigidity of certain muscles or

groups of muscles, or even of the whole body. For
example, on stroking the fore arm it may become rigid in

the prone or supine condition ; the knee may be strongly

bent, with the muscle? in a state of spasm ; the muscles of

the trunk may become so rigid as to allow the body to rest

like a log, head and heels on two chairs, so stiff and rigid

as to bear the weight of the operator sitting upon it ; or

various cataleptic conditions maybe induced and as readily

removed by a few passes of the hand. Many disorders of

sen.5ation have been observed, such as defective colour

perception, the hearing of special sounds which have no
objective existence, or deafness to certain tones, or perverted

sensations, such as tingling, prickling, rubbing, &c.,

referred to the skin. The patient may remain in this

condition for an hour or more, and may then b'S roused

by holding him for a few minutes and blowing gently into

the eyes. Usually the patient has a vague recollection,

like that of a disturbed dream, but sometimes there ie an

acute remembrance of all that has happened, and even a

feeling of pain at having been compelled to do ridiculous

actions. Certain persons are more readily hypnotized than

others, and it has been observed that, once the condition

has been successfully induced, it can be more easily induced

a second time, a third time more easily than a second, and

so on until the patient may be so pliant to the will of the

operator that a fixed look, or a wave of the hand, may
throw him at once into the condition. Such are the

general facts in artificially induced hypnotism, and they

belong to the same class as those referred to animal

magnetism, electro-biological effects, odylic influences, &c.,

according to the whim or theory of the operator.

It is not surprising that such phenomena have been the

cause of much wonder and the ijasis of many superstitions.

Some have supposed that they were supernatural, others

that they indicated the existence of a specific force exerted

by the experimenter upon the passive subject. Many
operators have no doubt believed they possessed such a

force; such a belief would not affect the success of their

experiments except to make them more likely to be
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successful, a3 the operator woulJ readily comply with all

the conditious; but most of these phenomena can be

explained physiologically, and those which cannot be so

accounted for will remain hidden until wo get further light

on the physiology of the nervous system.

The symptoms of the hypnotic state, as shown by

Heidenhain, may be grouped under four heads :— (1) those

referable to conditions of the scnsorium or portion of the

brain which receives nervous impulses, resulting in move-

ments of a reflex and imitative character
; (2) insensibility

to pain, and various forms of perverted sensation
; (3)

increased irritability of the portion of the nervous system

devoted to reflex actions; and (-4) states of the nervous

centres controlling the movements of the eye, the accom-

modation of the eye to objects at various distances, and the

movements of respiration, ifec.

1. The State of the Sensorium.—By the sensorinm is

meant that portion of the nervous system which receives

impulses from the nerves coming from the organs of sense,

such as those from the eye, ear, nose, tongue, and skin.

Each of these nerves brings its message to a portion of the

central nervous system in intimate connexion with the rest

of the nervous system. This message may possibly arouse

nervous actions associated with consciousness, or it may
not ; or the nervous actions of consciousness may be so

transient as to leave a faint impress on the memory, so

that it can be revived only if no great interval has elapsed

since the impression was made on the sense organ. If,

however, the impression bo vivid, then it may be revived

long afterwards. This impression may be consciously

perceived, and then any apparent effect may end ; but it

may set up a set of actions, resulting in motion, which are

apparently of n reflex character. Thus, suppose a person

in the dark ; light is suddenly brought before the eye
;

this afi'ects the retina, and through the changes in it the

optic nerve and central organ ; there may be consciousness

or there may not ; if the person be wide awake he will see

the light ; if he be asleep he will not see it, at all events

he will give no indication of seeing it ; on awaking, he

may have a recollection of a dream in which light has

a place, or his memory may be blank ; but nevertheless

the light will cause the pupil of the eye to contract by
reflex action without his consciousness ; and perhaps, also,

without consciousness, the sleeping person may make an

effort to avoid the light, as has been noticed in the case of

somnambulists.

Now, when a patient has been thrown into a weak
hypnotic state, there may be a vivid recollection on awaking
of all that happened during the apparent sleep. This

implies, of course, that conscious sensory perceptions took

place during the condition. Memory depends on the

direction of the attention to sensations. If the effort of

attention be strong, the recollection will probably be vivid,

and the converse is true. But this does not preclude the

supposition that sensory perceptions may come and go, like

the shadows of clouds on a landscape, without any attempts

at fixing them, and consequently with no recollection

following their occurrence. The sensory perceptions may
have existed for so short a time as to leave no impress

behind. This may explain how it is that in the deeper

forms of hypnotism there is either no recollection of what
occurred or the recollection can only be aroused by hints

and leading questions. Attention is necessary, therefore,

to form a conscious idea arising out of a sensation.

It is generally admitted by physiologists that the

cerebral hemispheres are the seat of the higher mental

operations, such as attention, ifcc, although the interdepend-

ence of theso hemispheres with the lower sensory ganglia,

which receive all sensory impressions in the first instance,

and with motor ganglia, which are, in like manner, the
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starting-points of motor impulses, is not understood. The
one portion of the nervous system may work without the

other. Thus, during free cerebral activity we pay little

attention to what wo see or hear, and consequently we
remember nothing. A man in a reverie may have many
impressions of sight or of hearing of which he has been
really unconscious. On tlie other hand, the cerebral

apparatus may be so attuned with the recipient portion

that if the latter receives a message the former sympa-
thetically responds. For example, a mother sound asleep

is disturbed by tho slighttst cry of her child, although

loud sounds of other kinds may not awake her.

It would appear then that impressions on the senses

and the consciousness of impressions are two separate states

which may occur in a manner independently ; that is to say,

there may be purely sensory operations, in which conscious-

ness is not involved, or there may be the conscious repetition

of old impressions, or what is called memory. Now it is

a law of nervous action that processes which at first are

always of a conscious kind may by repetition become so

habitual as to be performed without consciousness. Thus
a child learns to perform a piece of music on the pianoforte

by conscious efforts, often of a painful kind ; each note has

to be recognized, and the appropriate muscular movemenls
required for its production on the instrument executed

with precision and delicacy ; but by and by the music may
be performed accurately even while the attention is directed

to something else. In like manner, all movements which

are the results of sensory impressions may becoma

unconscious movements ; the sensory impressions are at

first paid attention to ; but as they become habitual l!ve

mind becomes less and less engaged in the process, uniii

the movements resulting from them are practically

unconscious. A familiar illustration is that of a mau
in deep reverie walking along a street. Immersed in

thought, he pays little or no attention to passers by ; as

his eyes are open, their images, or those of adjacent

objects, must affect his visual apparatus, but they arouse

no conscious impression, and still those impressions,

evanescent as they are, are sufficient to excite the

appropriate movements of locomotion. These movements

are in all respects like voluntary movements, but they are

not really voluntary, showing that, by the machinery of

the nervous system, movements like voluntary movements

may be executed without volition. It is important to

observe, however, that these movements are the result of

sensory impressions. A man in the deepest reverie, with

bis eyes blindfolded, could not execute the requisite

movements ; aud when we see the blind walking in the

streets, they afford no contradiction to this view, as their

minds are busily engaged in noticing anotiierset of sensory

impressions derived from the sense of touch, muscular

movement, and hearing, a set of impressions of the

greatest importance to them, although of little importance

comparatively to ordinary people, who are guided chiefly

by visual impressions.

A person in a state of hypnotism may be regarded

as in a condition in which the part of the nervous

apparatus associated with conscious perception is thrown

out of gear, without preventing the kind of movemeuts

which would result were it really in action. Impres-

sions are made on the sensory organs ; the sensory nerves

convey the impression to a part of the brain ; in the

deepest condition of hypnotism these impressions may not

arouse any consciousness, but the result may be the kind of

movement which would naturally follow supposing the

person had been conscious. The movements made by the

hypnotic are chiefly those of an imitative kind. It has

often been noticed that the mere suggestion of the mt>ve-

ment may not be enough to excite it ; to secure success,
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the movement must be mide before the eyea of the person.

For example, it is a common part of the exhibitioa of such

persons for the operator to clench his fist ; the patient at

once clenches his ; the operator blows his uose ; the patient

floes likewise ; but if the operator performs these actions

behind the back of his patient the chances are that the

patient will not repeat the movements.

The condition seems to be one in which the sensory

impression leads to no conscious perception and to no

voluntary movement, but is quite sufficient to arouse those

nervous and muscular mechanisms which lead to uncon-

scious imitation. The patient is in a sense an automaton

played upon by the operator through the medium of the

patient's sensory organs. It is important to observe that

in deep hypnotism the patient has no idea corresponding

to the movements he makes in obedience to the example

of the operator. For example, suppose he is swallowing a

glass of water and the operator tells him it is castor oil, at

the same time making the requisite grimaces, the patient

will imitate these grimaces without having any idea either

of water or of castor oil. The grimaces are purely

imitative, without any connexion with the idea which

would naturally excite them. This is the case only with

those deeply hypnotized. In some cases, however, the

hypnotism is so deep as to resemble coma, and in these

there is no trace of any sensory impressions or of move-
ments. In cases where the hypnotism is slight, there may
be a curious mixture of effects. Here the patient may be

partially conscious of the requests made to him, and of the

imitative movements executed before his eyes ; to some
extent he may resist the commands of the operator, he
may feel he is being fooled, and yet he may perform many
ridiculous actions; and when he awakes he may have a

vivid recollection of the events in which he participated.

A hypnotized person, in fact, is in a state similar to that

of the somnambulist, who acts the movements of a dis-

turbed dream. There are many degrees of the sleeping

state, from-the profound condition resembling coma to that

of the light sleeper who starts with every sound. In some
sleeps there are dreams in which the sleeper is so occupied

with the phantoms of thought as to pay no attention to

external impressions, unless these be sufficiently powerful

to awake him, whilst there are other sleeps in which the

boundary between the conscious reception of new impres-

sions and the reproduction of old ones is so thin as to

pel nit of a blending of the two. In this kind of sleep, a

spoken word, a familiar touch, the suggestion of something
iu keeping with the thoughts of the dreamer, are sufficient

to change the current of the dream, and even to excite

movements. When the ideas of the dreamer cause

movements corresponding to these ideas, then the dreamer
becomes a somnambulist. He acts the dream ; according to

the depth of the semi-conscious state will bo his capacity

for responding to external impressions. Some somnambu-
lists respond to external suggestions readily, others do
not; and in all there is almost invariably no recollection of

the state. Artificial hypnotism is a condition of the same
kind, though usually not so profound.

The question now arises as to how this artificial state

may be induced. In one awake and active, all sensory
impressions as a rule are quick, evanescent, and constantly
renewed. New successions of images and thoughts pass

rapidly before the mind during walking, working, eating,

or in the leisure hours of social life ; but none last so long

as to cause fatigue of any particular part of the body. By
and by there is a general feeling of fatigue, and then sleep

is needed to restore exhausted nature. But if the aitention

be fixed on one set of sensory impressions, fatigue is much
sooner experienced than if the impressions are various in

kind and degree. Thus one or two hours spent at a

picture gallery or at a concert, if the attention be devoted
to the impressions on the eye or ear, usually cause fatigue.

It would appear that the method of exciting hypnotism by
causing the patient to gaze at a bit of glass or a bright
button depends in the first place on the feeling of fatigue

induced. At first there is a dazzling feeling; then the
eyes become moist ; images become blurred and indistinct,

and seem to swim in the field of vision ; the field of vision

becomes unsteady, and just about this period ideas do not
pass iu the mind in orderly .sequence, but irregularly, as in

the few minutes immediately before passing into sleep.

At this stage also the pupils become widely dilated, and
the eyeballs become more prominent than usual. The
innervation of the iris must be understood, so as to

appreciate the physiological meaning of these changes.

The muscular structure of the iris is supplied by two
nerves, the third cranial nerve and the sympatlietic nerve.

If the third nerve be cut the pupil dilates ; if the distal

end of the nerve be irritated the pupil contract! On the
other hand, if the sympathetic nerve be cut the pupil
contracts, whilst if the distal end be irritated the pupil
dilates. These experimental facts show that the radiating

fibres of the iris which dilate the pupil are under the
control of the sympathetic nerve, whilst the circular fibres

which contract the pupil are supplied by the third.

Further it can be shown that the corpora quadrigemina,
two ganglionic masses in the brain, are the reflex centres

for the regulation of these movements. The optic nerve

from the retina supplies the sensory stimulus which causes

the pupil to contract. Thus, suppose light to be brouglit

before the eye while the pupil is dilated ; the retina is

affected, a stimulus is sent to the corpora quadrigemina
along the fibres of the optic nerve, and from the corpora

quadrigemina a nervous influence passes along the fibres of

the third nerve to the circular fibres of the iris, causing

the pupil to contract. It is also very probable that the

corpora quadrigemina act as reflex centres for nervous

impulses regulating the calibre of the blood-vessek of ths

eye, the vaso-motor nerves. If we apply these facts to the

case of a hypnotized person, we find that (1) the pupil of a

hypnotized person contracts energetically when light falls

upon the eye, showing that tho reflex mechanism is still

intact; (2) just before the hypnotic state is induced the

pupil dilates, indicating feeble nervous impulses passing

along the third from the corpora quadrigtmina; (3) at

fir.st, the eyeballs seem to sink in, but when hypnotism is

complete they project in a manner similar to what has

been observed in an animal when the arteries supplying

the head have been compressed so as to make the brain

anaemic or bloodless ; and (4) the ophthalmoscope has

not shown any change in the calibre of the blood-vessels

of the retina in the hypnotic state. From a consideration

of these facts and inferences Heidenhain was at first

inclined to believe that hypnotism might be due to a reflex

influence on the vessels of the brain, causing them to

contract so as to permit the passage of only a smaU
quantity of blood, and make the brain anaemic. This

vicv/, however, had to he abandoned, as the faces of

hypnotized persons are usually red, and not pale, as they

would be were the arterioles contracted. Further, Heiden-

Kain performed a crucial experiment by giving to his

brother nitrite of amyl, which causes dilatation of the

vessels by vaso-motor paralysis, when he still found

hypnotism could be readily induced, showing that the state

was not caused by deficient blood supply.

Heidenhain has advanced another and more probable

hypothesis. During the past twenty years a new mods
of nervous action, known as inhibitory action, has been
discovered by physiologists. A good example is supplied

by the innervation of the heart. This organ has nervous
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ganglia in its substanco by wUicli it3 rliytUmic contractions

are maintained. Further it is supplied by the vagus or

pneumogastric nerve and by the sympathetic. Section of

the vagus is followed- by quickening of tho heart's action,

and stimulation of the lower end causes slowing and, if

tile stimulation bo strong cnougli, stoppage of the heart,

not, however, in a tetanic state (which would bo the case

if tho fibres of the vagus acted directly on the muscular

structure of the heart, as a motor nerve), but in a state of

complete relaxation or diastole. Opposite results follow

section and stimulation of the sympathetic fibres. It has

been clearly made out that the terminal fibres of both

nerves do not act on muscular ftbres but on ganglion cells,

those of the vagus "inhibiting" or restraining, whilst

those of the sympathetic "accelerate" the action of the

cells. Inhibition is now known to play an important part

in all nervous actions, and it would seem that any power-

ful impression in a sensory nerve may inhibit or restrain

motion. This is strikingly seen in some of the lower

animals. A ligature applied loosely round the thigh of a

frog whilst it lies on its back apparently deprives it of all

power of motion. The weak seusory stimulation in this

case seems to stop voluntary motion. Pressure on the

internal organs of such animals as tho rabbit, although

gentle, sometimes causes paralysis of tho lower or hinder

limbs. Again, it has been ascertained that, whilst the

spinal cord is tho chief reflex centre, the reflex activity can

bo inhibited by impulses transmitted to it from portions of

the cerebral hemispheres which are in a state of high

activity. It would appear then that, if wo suppose one set

of sensory or recipient cells in the brain to be brought into

1 state of exalted irritability by the preliminary operations

of hypnotism, the result might be inhibition of the parts

devoted to voluntary movement. In like manner, the

activity of sensory nerve cells may become inhibited.

Thus stimulation of a certain cutaneous area, say the arm,

by a mustard plaster, has been found to lower the sensi-

bility of the corresponding portion of skin on the opposite

arm. Tho theory then offered is that " the cause of the

phenomena of hypnotism lies in tho inhibition of the

activity of tho ganglion-cells of the cerebral cortex, . . .

the inhibition being brought about by gentle prolonged
stimulation of the sensory nerves of the face, or of the

auditory or optic nerve."

According to this viow, the portion of the brain devoted
to voluntary movements is as it were thrown out of gear,

and the movements that follow, in tho hypnotic state, are

involuntary, and depend on impressions made on the senses

of the patient. To understand how this is possible, we
must now consider shortly some of the views presently

held as to the action of the brain. The researches of

Hitzig, Fritscb, Ferrier, Hughling's Jackson, and many
others indicate that certain movements initiated as a

consequence of perception, and of the ideas thereby called

forth, are due to nervous actions in the grey matter in

certain areas on the surface of the cerebral hemispheres,
and that there is another class of movements which do not
require the agency of the cortex of the brain, but depend
on tho activity of deeper centres. These deeper centres

are tho optic thalaifii, which receive sensory impressions
from all parts of the skin ; the corpora quadrigemina,
which receive luminous impressions from the retina ; and
the corpora striata, which are the motor centres whence
emanate influences passing to the various groups of

muscles. No doubt other sensory centres exist for

hearing, taste, and smell, but these have not been clearly

ascertained. In the case of conscious and voluntary
movements carried out as the result of external impres-
sions, the excitatiou wouIJ pass lirst to the thalami optici

[tactile) or corpora quadrigemina (visual), thence to the

15—12*

cerebral hemispheres, where ideas would bo called forth

and volitional impulses generated ; these would then bo
transmitted downwards through the corpora striata (motor)

to the crura cerebri and spinal cord, and from thence to

special groups of muscles, thus causing specific movements.
Suppose now that tho portions of cerebral hemispheres
connected with ideation and volition were thrown out of

gear, and that a similar sensory imprcssio.n was made on
tho person ; again the path of nervous impulses would be to

the thalami optici (tactile) or corpora quadrigemina (visual),

and from thence directly through corpora striata (motor) to

crura cerebri and spinal cord, then passing out to muscles,

and causing movements as precise as those in tho first in-

stance, and apparently of the same character. The difference

between the two operations,however, would be this :— in the
first there would be movements following perception, idea-

tion, and volition ; in the second the same class of move-
ments would be efi'ected by anautomatic mechanism without

anyof the psychical operations above alluded to. Thistheory
has the merit of simplicity, and is in accordance with most
of the facts. The chief difficulty in the way of accepting

it is to understand why, if hypnotism- be so induced, it is

not induced much oftener. One would suppose that, if

gazing at a coin and having a few passes made with the

hand were sufficient to bring about physiological changes

of such importance, men would be oftener hypnotized in

daily life than they are. But it is to be remembered that

attention is seldom fixed on one object so long as in the

experiment of producing hypnotism. The first occasion

the experiment is m.ade, even with so-called susceptible

persons, the time occupied may be from 10 to 20 minutes,

and during all that time the attention is on the strain, and
feelings of fatigue are excited in the way above described.

Again it is well known that sudden and strong sensory

impressions often paralyse voluntary action for a time,

even in ordinary life, and what is called "presence of

mind " really means that power of self-control which
prevents the bodily energies being paralysed by strong

sensory impressions. A carriage bearing down on a
nervous lady in a crowded street may deprive her of all

power of movement, or she may automatically run here or

there in obedience to the shouts of the bystanders ; but
one with coolness can thread her way among the vehicles

without fear or trouble.

A hypnotized person is therefore to ba regarded as an

automaton. " To cause him to move his arm, the image of

a moving arm must pass over his retina, or an unconscious

sensation of moticn must he induced through passive

movement of his arm."

2. Insensibility to Pain.—It has often been noticed

that in the mesmerized or hypnotized person there may be

complete insensibility to pain, so that deep pricks with a

needle are not felt. During deep hypnotism a pin may
be jun into the hand without, pain, but pain will be felt

on awaking, and pulling out the pin in the waking state

will cause acute pain. It would appear that certain nerves

may convey tactile sensibility whilst others convey only

painful impressions, and in certain forms of paralysis tho

patient may have tactile sensibility without pain, or the

reverse. In hysterical women, as has been shown by

Charcot and others, disorders of sensibility of this kind

are not uncommon, indicating changes in the nervous

centres.

3. Increased Reflex Spasm ofMuscles.—One of tho most

striking phenomena of the hypnotic state is the ease with

which certain voluntary muscles may be rendered stiff.

For example, if the operator stroke tho skin over the biceps

muscle in the upper arm, the limb will be at once power-

fully flexed, and the biceps can be felt stiff and rigid. To

understand the physiological explanation offered of this
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lihenomcnon it will bo necessary shortly to describe the
mechanism of reflex acts. If a sensory nerve be irritated

at its periphery, say in the skin, a nervous impulse is trans-

mitted to a central nervous organ, such as the spinal cord,

and through the agency of nerve cells in this organ
impulses are then transmitted by motor nerves to muscles,

causing movements, without any operation of the will.

Thus a particle of food getting into the larynx irritates

sensory nerves of the vagus, and there is a reflex spasm of

various muscles of expiration, causing a violent cough.

That such reflex acts not only can occur without the will,

but in spite of it, is shown by the want of control over a

sneeze when the nostril is irritated by snufi". Now these

reflex centres in the cord are partially under the control of

higher centres in the brain. If the agency of the latter be
removed, the activity of the cord-centres is increased, and
reflex actions are more easily induced. This we have
assumed to be the state of the hypnotic. If a portion of

his skin be stroked, first one muscle, say the one imme-
diately under the skin stroked, will become stiff, then in

obedience to a law regulating reflex actions,—namely, that

they tend to become diff'used according to the strength and
duration of the stimulus,—other muscles become rigid, and
BO on until the whole trunk becomes cataleptic. This
phenomenon is so well described by Heidenhain that we
quote as follows (pp. 23, 24) :

—

" Willi slight inoionso of reflex irrita1)ility, those muscloa alone
contract wliick lie immediately under tlie area of skin whicli has
hccn stroked. In this condition it is easy to bring single muscles
Qntl groniis of muscles into isolated action, and thus demonstrate
tlieir special motor function. Stroking tiro ball of the thumb causes
adduction of the thumb (towards the palm). Stimulating the skin
ovir the sterno-mastoid causes the head to assume the well-known
oMiquo position Tvhicli it has when one has got a '* stiff neck ";

stroking the skin at one corner of the mouth leads to distortion of
tlio mt nth on that side, owing to the contraction of the muscles
iusortcd there. When the irritability is somewhat more increased,

we are able, by continuous irritation of a defined group of skin, to

6et in activity neighbouring and distant groups of muscle, according
to the degree of irritation. Thus, when I gently stroke the ball of

the thumb, only the flexors and the adductors of this member are

Bet in activity. If I stroke somewhat harder, the forearm muscles,
esjjocially tho flexors of the fingers, contract. Our patient can,

however, still bend and stretch his arm at the elbow, the upper arm
muscles being still unaffected. Through further increase of the
jnitntion, the latter too and the shoulder muscles are thrown into

spasm, so that the whole limb appears immovably fixed. But the
highest degree of reflex irritability is not yet attained. Mr A.
H-idenhain sits (juietly here on a chair. I now once stroke the
i>ali of his left thumb. Please observe the exact succession in

which the spasm slowly spreads from one part of the body to tho
other. You will see the following muscle groups successively

nifocted, some seconds intervening in the passage from one group to
auothei :—left thumb, left hand, left forearm, left upper arm and
shouldei, right shoulder and arm, right forearm, right hand, left

leg, loft thigh, right thigh, right leg,' muscles of mastication,
muscles of the neck. But now I must put an end to it. I strike

forcibly the left arm, and the rigor at once disappears. Instant
relaxation of the whole body occurs also when I forcibly extend a
finger of the clenched fist. Probably the reflex excitement would
extend still farther, but I naturally consider it out of the question

to try Mhethortho muscles of respiration would become aifected.

It U easily understood that such experiments require the greatest

".lulion, and may bo very seldom carried out."

This condition of the muscles is exactly like that in

catalepsy, a peculiar nervous disease ; and hypnotism may
be regarded as an artificial catalepsy.

4. Other Peculiar Nervous Phenomena of the Hypnotic
SttUe.—Tho changes in the eyes have been already alluded

to. The pupils dilate, the eyelids open widely, and the

eyeballs protrude. Occasionally the upper eyelid droops,

Eo that the eyelids seem closed. It has often been asserted

that clairvoyants see with the eyelids closed, but they are

really partially open. The movements of respiration are

often quickened from 16 to 30 or 35 per minute, indicat-

ing stimulation of the respiratcrv centres in tho medulla
oblongata. Sometimes the flow of Baliva is increased.

Hallucinations of sense may occur, though they are rare.

One man in the hypnotic state experienced a strong odour

of violets.

There is a class of phenomena referred to the hypnotic

state of a very doubtful character, inasmuch as we have
to depend entirely on the statements of the person operated

on, and no objective tests can be employed. Such, for

example, are various disturbances of sensation, hearing

with the pit of the stomacla more acutely than when the

sound is made in the usual ways towards the ear, and the

application of the hand of the operator to the body giving

rise to profound sleep or dreams, induced dreaming, &c.

Again it is asserted by Heidenhain and Giutzner (Breslauer

Aerztl. Zeitsch., No. 4, 28th February 1880) that unilateral

hypnosis is possible. Thus stroking the left forehead and

temple caused immobility of the right arm and leg.

"Stroking on both sides causes catalepsy of all four limbs ; iio

facial paralysis or aphasia. Unilateral stroking causes crossed

catalepsy and facial paralysis, accompanied when on the left by
aphasia. If in addition to unilateral strokirig, and this being still

maintained, tho other side be stroked, then the same result is

brought about as if both sides had been stroked from the begin-

ning. , . . Measurement of the volume of the a-m by means of

Mosso's volumeter [an instrument for estimating iho bulk of the

limb by displacement of water and movements of a recording lever]

proves that in the cataleptic arm the quantity of blood (in con-

sequence of the vascular contraction) sinks enormo*isly, whilst it

simultaneously rises in the other arm. When the catalei)sy is gone
by, the quantity of blood in the cataleptic arm increases, whilst in

the other arm it sinks" (Heidenhain, p. 91).

Charcot has pointed out that in certain kinds of hysteria

in women there are remarkable unilateral disturbances

or perversions of sensory impressions of colour. Pheno-
.

mena of the same kind have been observed by Cohn,

Heidenhain, and othera in hypnotized persons. Thus A.

Heidenhain became completely colour blind in the eye of

the catalepticf side. All colours appeared grey in different

degrees of brightness, from a dirty dark grey to a clear

silver grey.

**If one eyo be treated with atropin, whilst tho effect of the

latter is making its appearance, the phenomena of colour blindness

are changed as follows :—red and green still appear as different

shades of grey ; blue and yellow, on the other hand, do not appear

grey. They appear differently in the difl"erent stages of atropin

action :—first stage, yellow appears grey, with a glimmer of blue;

second stage, yellow appears pure blue; third stage, yellow appears

blue with a slight tinge of yellow, somewhat as in the so-called

struggle of the fields of vision,— yellow is seen, as it were, through

a blue mist
; fourth stage, yellow appears mostly yellow, with

a tinge of blue. When blue is tried, the corresponding result is

obtained ; that is, at last blue with a slight yellow tin^e is seen.

During the action of atropin the sensation of yellow or blue passes

from grey through tho contrast colour to the right colour, whilst

red and green only appear as different shades of grey " (Heiden-

hain, p. 95).

These facts are interesting as showing perverted sensa-

tion in the particular individual affected, but they throw

no light on the condition of hypnotism.

It is evident then that animal magnetism or hypnotism

is a peculiar physiologioal -condition excited by perverted

action of certain parts of the cerebral nervoui organs, and
that it is not caused by any occult force emanating from

the operator. Whilst all the phenomena cannot be ac-

counted for, owing to the imperfect knowledge we possess

of the functions of the brain and cord, enough has been

stated to show that just in proportion as our knowledge

has increased has it been possible to give a rational

explanation of some of the phenomena. It is also clear

that the perverted condition of tho nervous apparatus in

hypnotism is of a serious character, and therefore that these

experiments should not be performed by ignorant empirics

for the sake of gain, or with the view of causing amuse-

ment. Nervous persons may be seriously injured by being

subjected to such experiments, more especially if they

undergo them repeatedly; and it should be illej^sl to
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have public exhibitions of the kind alluded to. The
medical profession has always been rightly jealous of the

employment of hypnotism in the treatment of disease,

botli from fear of the effects of such operations on the

nervous systems of excitable people, and because such

practice is in the border land of quackery and of imposture.

Still in the hands of skilful men there is no reason why
the proper employment of a method influencing the nervous

system bo powerfully as hypnotism should not be the

means of relieving pain or of remedying disease.
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MAGNOLIA, L., the typical genus of the order

Marjiioliacem, named from Pierre Magnol, professor of

medicine and botany at Montpellier. It contains about

fourteen species, ilistributed in Japan, China, and the

Himalayas, as well as in North America and Mexico (De
CandoUe, Prod., i. 79 j Bentham and Hooker, Oen. Pi., i.

18 ; A. Gray, Gen. III., xxiii., xxlv.).

Magnolias are trees or shrubs with evergreen or deciduous

foliage. They bear conspicuous, and often large, fragrant,

white, rose, or purple flowers. The sepals are three in

number, the petals six to twelve, in two to four series of

three in each, the stamens and carpels being numerous.

The fruit consists of a number of follicles which dehisce

(contrary to the rule) along the outer edge to allow the

scarlet or brown seeds to escape, but which are suspended
by a long slender thread. Of the Old-World species, the

earliest in cultivation appears to have been M. Tutan,
Desf. (conspicua, Salisb.), of China, of which the buds
were preserved, as well as used medicinally and to season

rice (Pickering, Chron. Hist, of PL, p. 600). It, together

with ^^. fuscala, Audr., was transported to Europe in 1789
(Paxton's Bot. Die.) and thence to North America, and is

now cultivated in the middle States. Of the Japanese
magnolias, J/. -Kohus, DC, and the purple-flowered M.
ohovata, Thim., were met with by Kaempfer in 1G90. They
vere introduced into England in 1709 and 1804 respect-

ively. The species M. pumila, KuAx., the dwarf magnolia,
from the mountains of Amboyna, is nearly evergreen, and
bears deliciously scented flowers. It was introduced in

178G. The Indian species are three in number, M. </hbosa,

H. f. et T., allied to M. conspicua of Japan; M. sphenocarpa,
Rpxb., and the most magnificent of all magnolias, M.
Campbellii, H. f. et T., which forms a conspicuous feature
in the scenery and vegetation of Darjiling. It was
discovered by Dr Griffith in Bhutan. It is a large, forest

tree, abounding on the outer ranges of Sikkim, 80 feet

high, and from 6 to 12 feet in girth. The flowers are 6 to

10 inchea across, appearing before the leaves. They vary
from white to a deep rose colour (Hook, hi., III. Him. PI.,

pis. iv. and v.).

The first of the American species brought to Europe (in

1688, by Banister) was M. glauca, L. It is found iu low
situations near the sea from Massachusetts to Louisiana,

—more especially in New Jersey and Carolina. In 1712
Catesby visited Virginia end found M. acuviinata, L., the

so-called cucumber tree, from the resemblance of the young
fruits to small cucumbers. It ranges from Pennsylvania

to Carolina. The wood is yellow, and used for bowls;

the flowers are rather small It was introduced into

England in 1736. He also found M. umbrella, Lam.
(tripetala, L.), called the umbrella tree. The flowers are

very large, white, and highly scented. It was brought to

England in 1752. M. pyramidata, Bart., discovered by

Bartram in 1773, is a native of the western parts of

Carolina and Georgia. The most beautiful species oJ

North America is M. grandijlora, L., discovered by Catesby

in 1719 in South Carolina and Florida, and introduced

into England in 1734. It grows a straight trunk 2 feet in

diameter, and upwards of 70 feet high, bearing a profusion

of large powerfully lemon-scented creamy-whito flowers.

In England it is customary to train it against a wall

;

and the original species is surpassed by the Exmouth
varieties, which originated as seedlings at Exeter from the

tree first raised in England by Sir John CoUiton, and

which flower much more freely than the parent plant. The

remaining North-American species are M. auriculaia.

Lam., M. macrophylla, Michx., and M. cordata, Michx.

The Mexican species is M. mericana, DC. The tulip

tree, Liriodendroii talipifera, L., frequently cultivated in

England, is also a member of the seme family. It is the

sole species, and is a native of North America.

For a description of the principal species of magnolia nndet
cultivation see Hemsley's Handbook of Hardy Trees, <Lc., D. 24 •

Loudon's Arboretum, vol. i. p. 260.

MAGNUS, Heinkich Gustav (1802-1870), an eminent

German chemist and physicist, was bom at Berlin May 2,

1802. He early showed a strong scientific bias, which was

well fostered and strengthened by his education; Six years

of thorough study at Berlin university were supplemented

by a year's course at Stockholm in Berzelius's laboratory

(1828). After some time spent in Paris under Gay-Lusaac

and Tht5nard, Magnus settled at Berlin in 1831 as lecturer

on technology and physics in the university. In 1834 he

was elected extraordinary and in 1845 ordinary professor

of these subjects. He died April 4, 1370. His numerous

papers, which appeared chiefly in Poggendorff^s Annalen and

in the publications of the Berlin Academy of Sciences,

cover a wide range of chemical and physical subjects. His

first memoir, published in 1825, while he was yet a

student, was a discussion of the spontaneous inflammability

of finely divided iron, nickel, and cobalt. From 1827 to

1833 he was occupied mainly with chemical resetrches,

which resulted in the discovery of sulphovinic, ethionic,

and isethionic acids and their salts, and, ir conjunction

with AmmermiiUer, of periodic acid. The absorption of

gases In blood (1837-45), the expansion of gases by heat

(1841-44), the vapour pressures of water and various

solutions (1844-54), thermo-electricity (1851), electrolysis

(185G), induction of currents (1858-Cl), conduction of heat

in gases (1860), and polarization of heat (18GG-68) are

some of the many subjects of which he treated. From 1861

onwards he devoted much attention to the still vexed

question of diathermancy in gases and vapours, especially

to the behaviour in this respect of dry and moist air, and

to the thermal effects produced by the condensation of

moisture on solid surfaces. Many of his papers were

translated end publiohed in the Philosophical Magazine.
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MAGNUSSON, Aeni (1663-1730), a scholar to wuom

we are largely indebted for the preservation of the old

Icelandic literature, was born in the west of Iceland in

1663. In ills youth he resided for a time at Hvamm,
then the residence of his mother's father, Ketil the priest,

who was a well-known copyist of manuscripts. In 1683
he came to Copenhagen, and was employed by Bartholinus

at first as a copyist, and afterwards to investigate the

monuments and ancient customs of Norway. In 1697 he
was appointed secretary of the archives of the kingdom.
Before this he had begun to collect Icelandic manuscripts,

his earliest acquisition {Hv.lda) being in 1687. From that

time he steadily persevered, but his great acquisitions were
chiefly made in Iceland, whither he went in connexion with

the royal survey in 1702-12. The old and important

manuscripts were by that time falling into neglect, and it

is more than probable that without Ami's intervention the

greater part would have been lost to us. On his return

from Iceland he was appointed professor of history and
Danish antiquities in the university of Copenhagen. He
is said never to have recovered the shock caused by the

mischief done to his library by the great fire of Copenhagen
in 1728. He himself had never the courage to ascertain

exactly what he had lost ; but it appeared afterwards that

Bcarcely any MS. of real importance had perished. On
Lis death on 6th January 1730, he bequeathed his property

to the university of Copenhagen for the purpose chiefly of

publishing Icelandic manuscripts (Arna-Magnsan Bequest).

The first volumfe published under the bequest was Njala,

which appeared in 1772, and was .succeeded by a number of

valuable publications of the samfi class. Arni left behind
Lim no literary work of any consequence, and his notes and
historical material were mostly destroyed in the conflagra-

tion. The signal service which he rendered to Icelandic

literature lay in his judicious and extensive collection of

the old manuscripts, and investigation of their history so

far as attainable, at a time when they were rapidly being
superseded and disappearing through neglect.

MAGO was one of the most common Carthaginian

names, borne among others by the reputed founder of the

military power of Carthage, and the Punic admiral in the

war with the elder Dionysius (see Cakthage). The most
famous of the name was the youngest of the three sons of

Hamilcar Ban a. He accompanied his brother Hannibal
on his expedition into Italy, and held important commands
in the great victories of the first three years. After the

battle of Cann:e he marched through southern Italy and
sailed to Carthago to report the successes gained. He was
about to return to Italy with strong reinforcements for

Hannibal, when the Government ordered him to go to help

his other brother, Hasdrubal, who was hard pressed in

Spain. He maintained war there with varying success in

concert with the two generals Hasdrubal, until, in 209 B.C.,

his brother marched into Italy to help Hannibal. Mago
remained in Spain with the other Hasdrubal. In 207 he
was defeated by JI. Silanus, and in 206 the combined
forces of Mago and Hasdrubal were scattered by-Scipio in

the decisive battle of Silpia. Mago maintained liimself

for a lohg time in Gades, but afterwards received orders to

carry the war into Liguria. He wintered in the Balearic

Isles, where the fine harbour Tortus Magonis, Port Mahon,
still bears his name. Early in 204 he landed in Liguria,

where he maintained a desultory warfare till in 203 he was
defeated in Cisalpine Gaul by the Roman forces. Ho
received orders soon after to return to Carthage, but on
the voyage home he died of woands received iu the
battle.

The name of Mago—but which Mago is uncertain—is

attached to a great work on agriculture which was brought
to Rome and translated by order of the senate after the

destruction of Carthage. The book was regarded as a
standard authority, and is often referred to by later writers.

MAGPIE, or simply Pie (French, Pie), the prefix being
the abbreviated form of a human name (Margaret') applied
as in so many other instances to familiar animals, as this

bird onco wa3 throughout Great Britain, though of late

years almost exterminated in many parts, and now nearly

everywhere scarce. Its pilfering habits have led to this

result, yet the injuries it causes are unquestionably ex-

aggerated by common report ; and in many countries of

Europe it is still the tolerated or even the cherished neigh-

bour of every farmer, as it formerly was in England if not

iu Scotland also. There is ample evidence- to prove that it

did not exist in Ireland in 1617, when Fyncs Morison^
wrote his Itinerary, and that it had appeared there within

a hundred years later, when Swift mentions its occurrences

in his Journal to Stella, under date of 9th July 1711. It

is now common enough in that country, and there is a
widespread but of course unfounded belief that it was in-

troduced by the English out of spite. It is a species that

when not molested is extending its range, as WoUey ascer-

tained in Lapland, where within the last century it lias

been gradually pushing its way along the coast and into

the interior f ronr one fishing-station or settler's Louse to

the next, as the country has been peopled.

Since the persecution to which the Pie has been subjected

in Great Britain, its habits have undoubtedly altered greatly

in character. It is no longer the merry, saucy hanger-ou

of the homestead, as it was to writers of former days, who
were constantly alluding to its disposition, but is become
the suspicious thief, shunning the gaze of man, and knowing
that danger may lurk in every bush. Hence opportunities

of observing it fall to the lot of fev/, and most persons

know it onlj' as a curtailed captive in a wicker cage, where
its vivacity and natural beauty are lessened or wholly kst.

At large few European birds possess greater beauty, tlio

pure white of its scapulars and inner web of the llight-

feathers contrasting vividly with the deep glossy black on

the rest of its body and wings, while its long tail is lustrous

with green, bronze, and purple reflexions. The Pie's nest

is a wonderfully ingenious structure, placed either in high

trees or low bushes, and so massively built that it will

stand for years. Its foundation consists of stout sticks,

turf, and clay, wrought into a deep, hollow cup, plastered

with earth, and lined with fibres ; but around this is

erected a firmly-interwoven, basket-like outwork of thorny

sticks, forming a dome over the nest, and leaving but a
single Lolo in the .side for entrance and exit, so that the

whole structure is rendered almost impregnable. Herein

are laid from six to nine eggs, of a pale bluish-green freckled

with brown and blotched with ash-colour. Superstition as

to the appearance of the Pie still survives even among many
educated persons, and thereareseveral versions of a rhyming
adage as to the various turns of luck which its presenting

itself, cither alone or in company with others, is supposed

to betoken, for some of these versions contradict one

another in details, though all agree in this that the sight

of a single Pie unquestionably presages sorrow.

The Pie belongs to the same Family of birds as the Ceow
(vol. vi. p. 617), and is the Corvus pica of Linnasus, the

Pica caiidata, P. melanoleuca , or P. riislica of modern

' "Magot" and " MaJge," with the same origin, .nvo names fre-

quently given in England to tlie Pie ; while in France it is commonly
known as Jlarjot, if not termed, as it is in some districts, Jaquelle.

- A compendious snmmary of this will be found in Yarrell's Briiish

Birds, ed. }, ii. pp. 318-320.
•' His predecessor DeiTiche, in 1578, said :

—

" No Pica to pludtc tite Tlintch from house,

•-.re breed in Irishe Ri-ounde :

But worse flicn Tics, tlic same to burnc,

a Ihousandc maic bo foundc."

— The Imarje of Irclandc, London, ICSl.
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ornithologists, who liavo recognized it an forming a dis-

tinct genus, but tlio number of species tliereto belonging

iias bucn a fruitful source of discussion. Examples from
tlio south of Spain differ slightly from those inhabiting

the rest of Europe, and in some points more resemble the

P. m<iuriianica of north-western Africa; but that species

has a patch of bare skin of a fine blue colour behind the

oye, and much' shorter wings. No fewer than five species

have been discriminated from various jrarts of Asia, extend-

ing to Japan ; but only one of them, the P. leucaptera of

Turkestan and Tibet, has of late been admitted as valid.

In the west of North America, and iu some of its islands,

a Pie is found which extends to the upper valleys of the

Missouri and the Yellowstone, and has long been thought

entitled to specific distinction as P. Imdsonia ; but its claim

thereto is now disallowed by some of the best ornithologists

of the United States, and it can hardly be deemed even a

geographical variety of the Old-World form. In California,

liowever, there is a permanent race if not a good species,

P. nullaUi, easily distinguishable by its yellow bill and the

bare yellow skin round its eyes ; and it is a curious fact

that on two occasions in the year 18C7 a bird apparently

similar was observed in Great Britain (Zoolorjist, ser. 2, pp.
TOG, lOlC). (.V. N.)

MAHABALESHWAR, a hill station in SatAra district,

and the principal sanatarium in the Bombay presidency,

India (17° 58' N. lat., 73° 42' E. long.), occupies the sum-
mit of a range of the Western GhAts, with a general eleva-

tion of 4500 feet above sea-loveh It was established by Sir

John Malcolm, the governor in Bombay in 1828, who
obtained the site from the rdjA of Satdra in exchange for

another patch of territory. The superior elevation of

MaliAbaleshwar renders it much cooler than MitherAn
(24G0 feet), but its heavy rainfall (about 240 inches) makes
it almost uninhabitable during the rainy season.. It forms

the retreat usually during spring, and occasionally in

autumn, of the governor of Bombay, the commander-in-chief

of the Bombay army, and the chief officers of their establish-

ments, and has the usual public buildings of a first-class

sanatarium. The population was returned in 1872 at

2759.

MAHABHARATA. See Sanskeit Literature.

MAHANADI, or Majianuddy ("The Great River"), a

river of India, rising in 20° 10' N. lat., 82° E. long., 25

miles south of RAipur town, in a wild mountainous region

of the Central Provinces. At first an insignificant

stream, it flows in a tortuous easterly course through the

hills in a rocky bed until it reaches Dholpur in Orissa.

From this point it rolls its unrestrained waters straight for

the outermost lino of the Eastern GhAts. This mountain

line it pierces by a gorge about 40 miles in length, over-

looked by hills, shaded by forests, deep and tranquil, and

navigable at all seasons. It pours down upon the Orissa

delta at NarAj, about 7 miles west of Cuttack town ; and

after traversing Cuttack district from west to east, and

throwing oif numerous branches (the KAtjuri, Paika,,

BinlpA, ChitartalA, kc), it falls into the Bay of Bengal at

False Point by several channels.

The JlahanaJi has an estimated basin of 43,800 miles, and

its rapid flow renders its maximum discharge in time of flood second

to that of no other river in India. During unusually high floods

1,800,000 cubic feet of water jiour every second through the Nardj

gorge, one-half of which, uncontrolled by the elaborate embank-

ments, pours over tlie delta, filling tho swamps, inundating the

rice-fielda, and converting the plains into a boundless sea. In the

dry -s-aather the discharge of the Jlahanadi dwindles to 1125 feet

per second. Efforts have been made to husband and utilize the vast

water supply thrown upon the Orissa delta during seasons of flood.

Each of the three branches into which the parent stream splits at the

delta head is regulated by a weir. Of the four canals which fonn

the Orissa irrigation system, two take off from the Bmipa wen', and

one, with its branch, from the Mahdnadi weir. On tho 31st Decem-

ber 1868 the Govornment took over the whole canal works from

the Eaist Indian In igation Company, nt a cost of £941,308, sinco
winch time the gr((dunl prosecution of tho Orissa sclicnio to com-
pletion has been sanctioned. Tho canala tUua taken over and
since completed, or carried to an advanced stage of construction, are
the High-Level Canal, the KendrApira Canal, tho Tdldanda Canal,
and tho MAchhgaon Canal, with their distributaries, designed to
1 rrigate a total of 1 , 600, 000 acres.

MAHANOY CITY, a post borough of the United
States, in Mabanoy township, Schuylkill county, Pennsyl-
vania, lies at a height of 1211 feet above tho sea, 50 miles
north-east of Harrisburg, with a station both on the Lehigh
Valley and on the Philadelphia and Reading Railway, it
was founded in 1859, and owes its existence to the great
anthracite mines in the neighbourhood. Two public halb,
a public library, two weekly newspapers, and the increase
of its population from 5533 in 1870 to 7181 in 1880,
betoken its prosperity.

MAIIASEER, or Mahseek (Darius mosal), a kind of
barbel, abundant in the rivers of India, especially in pools
of the upper and more rapid streams where they issue from
the mountainous part of the country. It is one of tho
largest species of the family of carps, attaining to a length
of from 3 to 5 feet, and- exceeding sometimes a weight of

70 lb. Its body is well-proportioned, rather elongate, and
somewhat like that of the European barbel, but covered
with very large scales, of which there are only twenty-five

or twenty-seven placed along the lateral line; the dorsal

fin is armed with a long and strong spine, and the mouth
provided with four slender and short barbels. The lips

are sometimes produced into fleshy lobes. To tho fisher-

man in India the mahaseer afi'orda the same kind of sport

as the salmon iu the British Isles, and it rivals that fish as

regards sIeb, strength, and activity. Its flesh is likewise

much esteemed.

MAHDI. i.e., " he who is guided aright," the third caliph

of the house of 'AbbAs (see Mohammedan Empire). The
name of Mahdi is also that which tho Shi'ite Mohammedans
give to their Messiah, the last of the ImAms of tlie house
of "Ali. It was under the name of al-Mahdl that Mokhtdr
proclaimed 'All's son Mohammed as the opponent of the

caliph'Abd al-Malik, and, according to Shahrastani, p. Ill,

the doctrine of the Mahdf, the hidden deliverer who is ono
day to appear and fill the oppressed world with righteous-

ness, first arose in connexion with a wild notion that this

Mohammed had uot died but lived concealed at Mount
KadwA, near Mecca, guarded by a lion and a panther. The
hidden ImAm of tho common Shi'ites is, however, the twelfth

ImAm, Mohammed Abu'l-KAsim, who disappeared mysteri-

ously 879 a.d. The belief in the appearauce of the Mahdf
readily lent itself to imposture. Of the many pretendants

to this dignity known in all periods of Moslem history

down to the present day ' the most famous was the first

caliph of the Fatimite dynasty in North Africa, 'Obaid-allAh

al-Mahd(, who reigned 909-934 A.D. From him was named
the capital of the dynasty, the once mighty city of Mahdl'ya,

the port and entrepot of KftirawAn (see Mohammedan
EiiPiKE under tho reign of Moktadir). Another great

historical movement, headed,by a leader who proclaimed

himself the Mahdf (Mohammed ibn Abdallah ibn Tilmrut),

was that of the Almohades (q.v.).

MAHfi, a French settlement and town, iu the Malabar

district, Madras, India, is situated in 1 1° 41' 50" N. lat. and
75° 34' 25" E. long., to the south of the river Mah^ with an

area of 1445 acres. It is the only French possession on

the west coast of India, nnd is in charge of a chef-deservite,

subordinate to the governor-general at Pondicherri. It

is now a decaying place, with most of its chief buildings

• Thus there are at the present date (1SS2) three actual pretendants

to the dipiity of Mahdi, Sheikh Mohammed of Dongola in tho

Egj-p"^" Sudan, tho Sheikh El-Semisi iu Tripoli, and a tliinl in tba

vilayet of Aidin,
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picturesquely situated close to the river mouth. The

papulation in 1871 was 8492. It contains a Roman

CathoUc chapel, a school, and a British post-office
; and a

long wooden bridge maintained by the British Government

gives access to the British territory beyond the river.

JIAHI KANTHA, The, a group of native states forming

a political agency under the Govemment of Bombay, India,

lying between 23° 14' and 24° 28' N. lat. and 72° 40' and

74° 5 £. long., vtith an area of about 4000 square miles, and

an estimated population of 447,056. It is bounded on the

N.E. by the KAjput states of Ud4ip,ur and Dunyarpur, on

the S.E. by Rewa Kanthi, on the S. by Kaira district, and

on the W. by the native states of Baroda and the Palanpur

agency. The Mahi Kanth4 territory is divided among a

number of chiefs, of whom the rAjA of Edar is by far tlie

most important. In May 1877 these chiefs were classified

in seven divisions, according to their importance and the

extent of their jurisdiction. There are two states of the

second cla.s3, three of the third, nine of the fourth, nine of

the fifth, fourteen of the siith, and fourteen of the seventh

class. The entire revenues amount to about £110,000.

MAHMCD of Ghazni (971-1030), known also as

Mahmiid, son of Subuktigin, was bom October 2, 971.

His fame rests chiefly on his successful wars, in particular

his numerous invasions of India. His military capacity,

inherited from his father, Nasir-ud-din Subuktigin, was

strengthened by youthful experience in the field. Subuk-

tigin, a Turki slave of Alptigln, governor of KhorAsdn

under Abd' ul Malik Niih, king of the SiniAni dynasty of

BokhAra, early brought himself to notice. He was raised

to high office in the state by Alptigin's successor, Abi'i

IshAk, and in 366 a.h. (977 a.d.), by the choice of the

nobles of Ghazni, he became their ruler. He soon began

to make conquests in the neighbouring countries, and in

these wars he was accompanied by his young son Mahm\id.

On one occasion, when Mahmiid was fourteen years of

age, his advice with respect to a military operation in the

hills was approved and adopted by the generals. Before

he had reached even this age he encountered in two expedi-

tions under his father the Indian forces of Jaipil, raja of

Lahore, whom Subuktigin defeated on the Punjab frontier.

lu 994 Mahmiid was made governor of KhorAsin, with

the title of Saif-ed-daulak (" Sword of the State"), by the

SAmAni emir, Abd' ul Malik Nuh. Two years later, his

father Subuktigin died in the neighbourhood of Balkh,

having declared his second son, IsmAil, who was then with

him, to be his successor. As soon as IsmAil had assumed

the sovereignty at Balkh, Mahmiid, who was at NishApilr,

addressed him in friendly terms, proposing a division of

the territories held by their father at his death. IsmAil

rejected the proposal, and was immediately attacked by

Mahmiid and defeated. Retreating to Ghazni, he there

yielded, and was imprisoned, and Mahmud obtained undis-

puted power as sovereign of KhorAsAn and Ghazni (997).

The Ghaznavi dynasty is sometimes reckoned by native

historians to commence with Subuktigin's conquest of

Biist and KusdAr (978). But Subuktigin, throughout his

reign at Ghazni, continued to acknowledge the SAm.Ani

suzerainty, as did Mahmiid also, until the time, soou after

succeeding to his father's dominions, when he received

from the caliph of Baghdad, Al KAdir Billah, a khilat or

robe of honour, with a letter recognizing his sovereignty,

and conferring on him the titles Tamin-ed-daulnh (" Right

Hand of the State"), and Amin-nl-Millat ("Guardian

of the Faith "). From this time it is the name of

the caliph that is inscribed on Mahmud's coins, together

with his own new titles.^ Previously the name of. the

' Even before sacccerting his father ho struck coins in his own ninie

at iNisibiir (Nishdpur), whvu lie was covemoi' of KiorAsau.

SAmAni sovereign, Manaiir bin Niih (aucce^or of Abd' ul

Malik) is given along with his own former title, Saifed-
daulah <Mahmiid. Tiie earliest of those of the new form
gives his name Mahmiid bin Subuktigin. Thereafter his

father's name does not appear on his coins, but it is

inscribed again on his tomb.

The new honours received from the caliph gave fresh

impulse to Mahmiid's zeal on behalf of lelaai, and he
resolved on an annual expedition against the idoliters of

India. He could not quite carry out this intention, but a

great part of his reign was occupied with his Indian

campaigns, lu 1000 a.d. he started on the first of these

expeditions, but it does not appear that on this occasion be

went farther than tlie hill country near Peshawar. The
hostile attitude of Khalaf ibu Ahmad, governor of SlstAn,

called Mahmiid to that province for a short time. He was
appeased by Khalafa speedy submission, together with Iho

gift of a large sum of money, and further, it is said, by his

subdued opponent addressing him as tultdn, a title new at

that time, and by which Mahm6d continued to be called,

though he did not formally adopt it, or stamp it on liis

coins. Four years later Khalaf, incurring Mahmiid's dis-

pleasure again, was imprisoned, and his property con-

fiscated.

Mahmiid's army first crossed the ludus in 1001,

opposed by JaipAl, raja of Lahore. JaipAl was defeated, and
Mahmiid, after his return from this expedition, is said to

have taken the distinctive appellation of Ghdzi ("Valiant

for the Faith "), but he is rarely so called.^ On the

next occasion (1005) Mahmiid advanced as far as Bbera

on the Jhelum, when his adversary Anang-pAl, son and

successor of JaipAl, fled to Kashmir. The fi)llowing year

saw Mahmiii at Multan. When he was in the Punjab at

this time, he heard of the invasion of KhorAsAn by Ilak

Khan, ruler of Transoxiana (whose daughter Mahmiid had

married). After a rapid march back from India, Mahmud
repelled the invaders. Ilak Khan, having retreated across

the Oxus, returned with reinforcemeuta, and took up a

position a few miles from Balkh, where he was signally

defeated by Mahmiid.
Two years had elapsed since his last visit to India when

Mahmiid again entered the Punjab (1008), this time

for the express purpose of chastising S^wah PAl, who,

having become a Mussulman, and been left by Mahmiid in

charge of Multan, had relapsed to Hinduism. The Indiar

campaign of the following year (1009) was a notable

one. Near the Indus Mahmiid was opposed again by

Anang-pAl, supported by powerful rajas from other parts

of India. After a severe fight, Anang-pAl's elephants were

so terror-struck by the fire-missiles flung amongst them by

the invaders that they turned and fled, the whole army

retreating in confusion and leaving Mahmiid master of the

field.' Mahmiid, after this victory, pushed on through the

Punjab to Nagar-kot (Kangra), and carried oflt much spoil

from the Hindu temples to enrich his treasury at Ghazni.

In 1011 Mahmiid, after a short campaign against the

Afghans under Mohammed ibu Siir in the hill country of

Ghor, marched again into the Punjab. The next time

(1014) he advanced to Than^sar, another noted stronghold

» The emperor Bib.ir Rives him this title (1526). He himself was

the second Moliammo.lan king who had conquered India, the first being

Sultan Mahmud Ghazi. «. . r
3 The terras in wliich native historians have described the effects of

these missiles—not unlike the account given by De JoinviUe of th«

Greek fire which caused such consternation to the army of St Louis

something more than two centuries later-gavo rise at one time to the

i.lei tl..at something like modem artillery was meant. The fact that

naphtha is distinctly mentioned as having been used by M.ahmud on a

l,-,ter occasion, and the knowledge that petroleum is f"""l »' \"«."1

phiccs on botli sides of the Indus near the scene of the fight with.

Anang-pil, furnish the moat probable explanation.
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of Hinduism, between the Sullej and tlic Jumna. Having

now found his way across all the Tunjab rivers, he was

induced on two subsequent occasions to go still farther.

But first ho designed an invasion of Kashmir (1015),

which was not carried out, as his progress was checked at

L6h-k6t, a strong liill-fort in the north-west of the Punjab.

And then beforeundertaking his longer inroad intoHindustan

ho had to march north into KhwArizm (Khiva) against his

brother-in-law Mamiin, who had refused to acknowledge

Mahnrtd's supremacy. Tlie result was as usual, and

Mahmiid, having committed Khwirizm to a new ruler,

one of Mamiln's chief officers, returned to his capital.

Then in 1018, with a very large force, he proceeded to

India again, extending his inroad this time to the great

Hindu cities of Mathra on the Jumna and Kanauj on the

Ganges. To the glory of reducing the one and receiving

the submission of the other he added, as was his custom,

the further satisfaction of carrying back great stores of

plunder from both to his own country. Three years

later he went into India again, marching over nearly the

same ground, to the support, this time, of the raja of

Kanauj, who, having made friendship with the Jlohammedan
invader on his last visit, had been attacked by the raja of

Kalinjar. But Mahmild found he had not yet sufficiently

subdued the idolaters nearer his own border, between Cabul
and the Indus, and the campaign of the year 413 (1022 a.d.)

was directed against them, and reached no farther than
Peshawar. Another march into India the following year
was made direct to Qwalior.

The next expedition (1025) is the most famous of

all. The point to which it was directed was the temple of

Soninath on the coast of the Gujcrit peninsula. After an
arduous journey by Multan, and through part of Rajputana,
he reached Somnath, and met with a very vigorous but
fruitless resistance on the part of the Hindus of GujerAt.
Moslem feet soon trod the courts of the great temple. The
chief object of worship it contained was broken up, and
the fragments kept to be carried off to Ghazni. The story

is often told of the hollow figure, cleft by JIahmud's battle-

axe, pouring out great store of costly jewels and gold.

But the idol in this Sivite temple was only a tall block or
pillar of hewn stone, of a familiar kind. The popular
legend isa very natural one. Malimud, it was well known,
made Hindu temples yield up their most precious things.

He was a determined idol-breaker. And the stone block in
this temple was enriched with a crown of jewels, the gifts

of wealthy worshippers. These data readily give the
Somnath exploit its more dramatic form. For the more
recent story of the Somnath gates see Ghazni, voL x. p. 660.

After the successes at Somnath, Mahmiid remained some
months in India before returning to GhaznL Then in
1026 he crossed the Indus once more into the Punjab.
His brilliant military career closed with an expedition to
Persia, in the third year after this, his last visit to India.
The Indian campaigns of Mahmud and his father were
almost, but not altogether, unvarying successes. The
Moslem historians touch lightly on reverses. And, although
the annals of Rajputana tell how Subuktigfn was defeated
by one raja of Ajmir and Mahmiid by his successor, the
course of events which followed shows how little these and
other reverses affected the invader's progress. Mabmiid's
failure atAjmir, when the bra^e raja Bisal-deo obliged him
to raise the siege but was himself slain, was when the
Moslem army was on its way to Somnath. Yet Mahmiid's
Indian conquests, striking and important in themselves,
were, after all, in great measure barren, except to the
Ghazni treasury. Mahmiid retained no possessions in
India under his own direct rule. But after the repeated
defeats, by his father and himself, of two successive rajas
of Lahore, the conqueror assumad the right of nominating

the gincrnors of the Punjab as a dependency of Ghazni, a

right which continued to be exercised by seven of his

successors. And for a time, in the reign of MasAiid 11.

(1098-1114), Lahore was the place of residence of the

Ghaznavi sovereign. Certain silver coins of Mabmiid's

reign bear inscriptions in Sanskrit characters as well as

Arabic, betokening sovereignty in India. They are dated

418 and 419 .\.ii., the two years immediately following his

last vi*it to the Punjab, and are struck at a place called by
his name, Mahmudpiir, supposed to be Lahore. There arcs

also copper coins struck at Lahore (now retaining legible

dates) bearing Mahmiid's name and the caliph's, in Arabic

characters only. Mahmiid's coins are numerous and histori-

cally important^ They were issued from mints at Nisibiir,

HirAt, Ghaznah (a common alternative form of the name),'

FarwAn, and Balkh, besides Mahmiidpiir and Lahore, just

mentioned. Mahmiid died at Ghazni in 1030, the year

following his expedition to Persia, in the sixty-first yeai

of his age and thirty-third of his reign.

Mahmud stands conspicuous for his military ardour, his ambi*
tioD, strong will, perseverance, watchfulness, and energy, combined
with great courage and unbounded self-reliance. But his tastes

were not exclusively military. His love of literature brought men
of learning to Ghazni. His acquaintance with Moslem theology

wan recognized by the learned doctors. Mahmud is accused of

avarice. It has been said that the prospect of booty was as strong

a motive power in these repeated invasii."ns of India as his love of

military glory and desire to shine as a champion of the faith. An
illustration commonly given of his want of liberality is his treat-

ment of the poet Firdousi. Delighted with a portion which was
' read to him of the poet's metrical romance narrating the deeds of

the early kings of Persia, Mahmud presented him with a thousand
dinars, one for ecuch couplet, with an implied promise, or at least

expectation on the part of the author, of p.ayment on the same scale

for the rest. The completed Shdh Kdmah, presented in dne course,
contained no less than sixty thousand couplets, and the reward this

time was given in dirhcms instead of dindrs. Firdousi retired in
disgust to his native place, Tiis, and satirized the sultan. At a
later time, it is said, Mahmud sent him the larger sum; but the
poet died just before it arrived. Mahmud had the general repu-
tation of giving liberal and discerning encouragement to learned
and literary men. Among those who took up their abode at Ghaziii
in his time, the most noted, after Firdousi, were the poet Unsuii of
Balkh, whose compositions were largely devoted to the praise of
the sultan Mahmud ; another poot, Asjudi of Mcrv, who wrote .1

grand ode ou the Somnath expedition ; El U.tbi of Khorasan, author
of the Kitub-i- Yaminl, a history of Subuktigin and of Mahmud (to

about the middle of his reign); and the accomplfshed historian,
Abu Rihin, called Al Biruni, author of the Tarikh ul Bind, aswcU
as of a number of scientific works. The sultan established large
educational institutions at Ghazni.
Mahmiid also found time to bestow attention on other arts of

peace, and did not neglect iis capital and the countiy around.
Large sums were devoted to important pubUc works. The building
of the great Jama' Masjid of Ghazni is described by El Utbi in
admiring terms. A splendid palace which Mahmiid built induced
wealthy nobles at Ghazni to erect great mansions for themselves.
Two fine towers or minarets at Ghazni, 140 feet in height, bearing
Mahmiid's name (though one is said to have been built by bia
successor) have attracted the attention of travellei^. They ar^ of
a remarkable construction, the lower part with a zigzag or star-
shaped outline, the upper part round, like the third and fourth
stories of the Kutb Manar at Delhi, built two centuries later.
Like the Kutb pillar too, they are isolated, and may, like it, have
served as the minarets for a separate mosque or mosques. The
dam called the Baiid-i-Snltdn, which Mahmud constructCHi to form
an artificial lake for irrigation, appears to have been a really great
and substantial work.
Mahmud, besides being marked by small-pox, had an ill-

favoured countenance, and knew it. (Sourtiers met his allusioM
to his personal appearance by the familiar complimentary remarks
about inward graces more tlian counterbalancing outward defects.
He himself is said to have observed, after looking in the glass,
that he saw so many faults in himself he was ready to excuse those
of others.

M.ihmiid's tomb stands in a garden a short distance from Ghazni,
called Sauzat-i-Sultdn ("the sultan's tomb," or "garden"—the
word means both). On one of the minarets is an inscription which
gives all his titles. On the massive tombstone within the building
he is named more briefly NizAm-ed-din Abu'l Kasim Malimiid, son
of Subuktigin. He was succeeded by his son Muhammad, who Vi23
soon displaced by his more vigorous brothur Jlusaiid.
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Tho principal histories of Jlahmud's reigu are

—

Kildh-i-Taminl

(Utbi); TaHkh-us-tSubuklirjin (bnihaki) ; TabahUi Kasiri {iVixAi]

cl-Sirdj); Hauzal-us-Safa (Mir KhonJ) ; Hahih-us-Siyar (Khoii-

ilamir). See Elliot, Histonj of India ; Elphinstone, Uislorij of

Itulia ; JoitT. Roy. As. Soc, vols, ix., xvii. ; Jour. As. Soc. Bciuju^

vol. xii. ; As. lies., vols, xvi., xvii. (R. M'L*.)

JIAHOGAjSTY, a familiar dark-coloured wood largely

used for household furniture, and supplied by a large tree

indigenous to Central America and the Antilles. It was

originally received from Jamaica; 521,300 feet were ex-

ported from that island in 1753. Swietenia Mahogani, L.,

is the sole species of the genus of the order Meliacex

(Bcuth. and Hook., Gen. PL, i. 338). It bears imparipin-

iiate leaves, like those of the ash, and panicles of small

pentamerous flowers with 10 monadelphous stamens. The
fruit is a pear-shaped woody capsule, with many winged

seeds. The dark-coloured bark has been considered a

fsbrifuge, and the seeds were used by the ancient Aztecs

with oil for a cosmetic, but the most valuable product is

the timber, first noticed by tho carpenter on board Sir

Walter Raleigh's ship in 1595, for its great beauty, hard-

ness, and durability. Dr Gibbons brought it into notice

as well adapted for furniture in the early part of the 18th

century, and its use as a cabinet wood was first practically

established by a cabinetmaker named WoUaston, who
was employed by Gibbons to work up some mahogany
brought to England by his brother. Since its introduction

no wood has been more generally used for cabinet-making

purposes, and none possesses like advantages of combined

soundness, large size, uniform grain, durability, beauty of

colour, and richness of figure.

In tho ti-aJo tho wood is generally classitieJ under tlio two hoiuls

oE Spauislx Mahogany and Honduras Mthogany or Baywood. The
former comprises the rich, solid, and heavy varieties, suscejptible of

a high degree of polish, and frequently showing ricli wavy figuring,

in which case the wood is enormously enljanccd in value, and used
only in the form of veneers. Under tho name of Honduras maho-
gany or baywood is embraced the liglit open-grained and plain

classes of mahogany, uniform in colour, and valuable for tlio ease

witli which they can bo worked for an endless variety of uses

wliere sound straight timber, free from aU tendency to warp, is

refiuired. By importers, however, several classes of mahogany are

recognized. The original Spanish mahogany is the produce of tlio

island of San Domingo, whence only small auppUes now come, and
these mostly in logs of not more than 8 to 10 feet in length by
12 or 13 inches in thickness. Cuba mahogany is in richness of
figure and other properties little inferior for ornamental purposes
to San Domingo wood, while it possesses tho advantage of being
obtained in logs up to 35 feet long and 2 feet square in cross sec-

tion. Squared Honduras logs are sometimes obtained 40 feet long
and 2 feet thick, and, although the wood is generally plain in

character, richly figured logs are occasionally got. It appears that
the Honduras wood obtained in the north, near the Mexican bound-
ary, is mucli more ricli, dense, and solid than tho soft swam])-grown
timber, which commonly goes by the name of Honduras or bay-
wood. In Mexico the mahogany tree attains its greatest dimensions,
and thence logs squared to 40 and even 48 inches are sometimes
obtained, whilst the common size of logs varies 'wtwecn 15 inches
and 3 feet. The Mexican wood is cut into lengths of from 18 to 30
feet, for convenience of shipment, and, while in general the wood is

plain and somewhat soft in tho core, the produce of some provinces,
Tabasco especially, is firm, solid, and not unfrequently richly
figured. Occasionally the wood which has been floated in tropic.ll

seas is found to be badly "wormed" or attacked by marine borers.
The cutting, squaring, and shipment of tho wood in tha tropical
regions which are its home are conducted undc'r circumstances of
great difficulty.

_
The tree has recently been introduced into the

north-west provinces of India under very favourable conditions,
and its successful cultivation there is likely to prove a n atter of
considerable economic importance. Mahogany is included among
the seciond-class woods in Lloyd's list for ship-building purposes

;

it is a good deal employed in internal joiner work both in ships and
houses

; it is a favourite turnery wood, and is equally preferred by
wood-carvers. The imports of mahogany into the United Kingdom
during 1881 were 42,412 tons, of an estimated value of £390,418,
liUIy one-half of which came from Mexico.

MAHOMET. See Moh.oimed.
MAHONY, FKANC13 (1804-1866), "Father Prov.t,"

Eoman Catholic priest, scholar, journalist, song-wriler,

and humorist, was born at Cork of a respectable middle-

class family in 1804. His classical education was chiefly

obtained at a Jesuit college at Amiens, and after studying

theology at Paris he received clerical ordination, and

served in Switzerland and Ireland. He then came to

London, and officiated for some time in the chapel of the

Bavarian Legation. While there he fell in with the coterie

of wits and men of letters who were then engaged on

Fraser's Marjazine, and, soon finding their society and

pursuits more congenial to him thau those of the Romish
priesthood, he, about 1834, began to contribute his cele-

brated Prout papers to Frasei: These consist principally

of translations of well-known English songs into Latin,

Greek, Frencli, and Italian verse, which he humorously

represents as being the true originals from which the

English authors had merely plagiarized them. The songs

of France, and those of modern and ancient Italy (includ-

ing among tho latter many most felicitous renderings of

Horace's odes), were then given in English versions,

accompanied by a running commentary full of queer

]mmour and often acute criticism. Front's translations

have been universally admired for the estraordiuary

command which they display of the various languages into

whicli his renderings are made, and for their spirit and
,

freedom both of thought and expression. Perhaps, how-

ever, tlie wonder at his polyglott learning has led to less

attention than is deserved being paid to tlie remarkablo

excellence of many of his English versions of French and

Latin odes. In happy abandon they are often almost

unequalled, and most of them have all the unfettered

character of original compositions. It might have been

expected that with his great gift of poetical expression he

would have left behind him more of what was exclusively

his own. What he has given us in this line tends chiefly

to show that with all his sarcastic and cynical wit his

genius had also its tender, serious, and sentimental side.

His " Bells of Shandon" have always been greatly admired;

and " The Mistletoe," " The Redbreast of Aquitaine," " The
Lady of Lee," and the "Legend of Arethusa" are not

without a certain sweetness and beauty. In 1846 Mahony
became " own correspondent " at Rome to tho Daily News,

and his letters from that capital gave very vivid pictures,'

and contain much valuable and interesting information, of

the first years, so full of liberal promise, of the reign of

Pius IX. The last twelve or fifteen years of his life were

spent at Paris, from which he supplied the Glole with a

series of piquant letters on the incidents of tho day. His

death took place in May 18G6. Mahony was not less dis-

tinguished as a conversationalist thau as a writer. He had

great stores of very various knowledge, had seen much of

the world, and had a quick power of repartee and no end of

sharp cynical wit. It is difficult to suppose that he could

ever have been in his true place as a priest of the Roman
Catholic Church. Bohemian as he was, however, he never

separated himself from it, or seems to have lost his attach-

ment to it; and it is creditable to his character that, though

living much among scorners and indifl'erentists, he would

never sufi'er injurious reflexions either upon his church

or upon Christianity to pass without sharp rebuke.

The T.cliqucs of Father Prout were collected from Fraser's

Magazine and published in two handsome volumes in 1836, a con-

siderably enlarged edition appearing in 1860. A biographical

notice of him by his friend Mr Sheehan was prefixed to the Bentley

Ballads ; and many additional details were given, with a consider-

able amount of his fugitive work contributed to the Daily Xeva
and the Olobc, edited by Mr Blanchard Jerrold, in tho Final Eeliques

of Father Proul, published in 1876.

MAHRATTAS. The Mahrattas inhabit that portion of

India which is known by the ancient name of Mahirashtra

(Sanskrit for the great kingdom or region). This large

tract, extending from the Arabian Sea on tha west to tha
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Sutpura inountiiiiis in the nortli, comprises a good part of

western and central India, including the modern provinces

of the Concan, Kliandcsh, Berar, the British Deccan, part

of Nagpur, and about half the Nizam's Ueccaii. Its area

amounts to about 120,000 square miles, and its population

to about 12 millions of souls, or 100 to the square mile.

Tho population has increased greatly in the 19th century

under British rule ; but there had boon much decrease

during the 17tli and 18th centuries owing to war and
devastation. Frightful depopulation occurred from tho

famine which was at its height in 1400 a.d., and was
called the Dftrga Divi or the goddess of destruction.

Much mortality was also caused by famine between 1801

and 1803. There was probably a period of high prosperity

during the first centuries of the Christian era, under a

number of petty indigenous sovereigns, among whom these

wide territories had become parcelled out before the first

invasion of the Deccan by the Moslems about 1100.

The etymology of the word Mahratta (or Marhatta, as

it is written in the vernacular) is uncertain. The name
does not indicate a social caste, or a religious sect ; it is

not even tribal. It embraces tjie people of all races who
dwell in the region of Maharashtra, both high-caste and
low-caste Hindus ; it is applied, of couj'se, to Hindus only.

Thus there are Mahratta Brahmans, next Mahratta Kumbis
or cultivators, and Mahratta Rajputs or warriors, though

the latter have but a small infusion of real R«jput blood.

Tbe Mahrattas, then, are essentially Hindus in religion and

in caste ordinances, not differing in these respects from the

Hindus in other parts of India. They have a language of

their own, called the Mahratti, a dialect of the Sanskrit,

-^a copious, flexible, and sonorous tongue. .

_But the Mahrattas have always been a separate nation

or people, and still regard themselves as such, though now-
adays they are almost all under British or Mohammedan
jurisdiction ; that is, they belong either to British India or

to the Nizam's Dominions. A few states or principalities

purely Mahratta,—such as Kolhapur and scftne lesser states

clustering round it in the southern Deccan,— still survive,

but they are under close supervision on the part of the

British Government. There are indeed still three large

native states nominally Mahratta, namely, that of Sindhia

nearthe borders of Hindustan in the north, that of Holkar
in Malwa in the heart of the Indian continent, and that of

the gaekwar in Gujerat on the western coast. But in

these states the prince, his relatives, and some of his

ministers or employiis only are Mahrattas ; the nobility

and the mass of the people are not Mahrattas at all, but
belong to other sections of the Hindu race. These states

then are ndt to be included in the Mahratta nation, though
they have a share in the Mahratta history, and are con-

cerned in the extraneous achievements of that people.

In general terms the Mahrattas, as above defined, may
be described under two moin heads, first the Brahmans,
and secondly the humble or low-caste men. The ^Mahratta

Brahmans possess, in an intense degree, the qualities of

that famous caste, physical, intellectual, and moral. They
have generally tho lofty brow, the regular features, the

spare upright figure, the calm aspect, the commanding
gait, which might be expected in a race maintained

in groat purity yet upon a broad basis. In modern times

they have proved themselves the most able and ambitious

of all the Brahmans in the Indian empire. They
are ' notably divided into two sections—the Concanast,

coming from the Concan or littoral tract on the west coast

below the Western Ghdt mountains, and the Dfeshast, coming
from the uplands or Deccan, on the east of the mountains.

Though there have been many distinguished Dcshasts, yet

the most remarkable of all have been Concanasts. For
instance, the peshwas, or heads of the Mahratta confedera-.

tion which at one time dominated nearly all India, wore
Concanast Brahmans. The birthplaces of these persons are
still known, and to this day there are sequestered villages,

nestling near tho western base of tho.GhAts, which are
pointed to as being the ancestral homes of men Svho two
centuries ago had political control over the Indian empire.

Apart from the Brahmans, the Malirattas may be gen»r
rally designated as Siidras, or men of the humblest of the
four groat castes into which the Hindu race is divided.
But, as indicated' above, the upper cla-sses among the
Mahrattas claim to be Kshattriyas or Rajputs. They prob-
ably are aborigines fundamentally, with a mixture of what
are now called the Scythian tribes, which at a very early
time overran India. They have but a slight admixture
of the Aryans, who victoriously immigrated from Central
Asia and established the Hindu system.

These ordinary Mahrattas, who form the backbone of the
nation, have plain features, an uncouth manner, a clo\\'nish

aspect, short stature, a small but wiry frame. Their
eyes, however, are bfight and piercing, and under excite-

ment will gleam with passion. Though not powerful
physically as compared with the northern races of the
Punjab and Oudh, they have much activity and an unsur-
passed endurance. Born_ and bred in or near the Western
Ghilt mountains and the numerous tributary ranges, they
have all the qualities of mountaineers. Among their native

hills they have at all times evinced desperate courage.

Away from the hills they do not display remarkable valour,

except under the discipline which may be supplied by other

races. For such organization they have never, of them-
selves, shown any aptitude. Under civilized authority,

however, they are to be reckoned among the good soldiers

of the empire. In recent times they enter military service

less and less, betaking themselves mainly to cultivation and
to tlie carrying business connected with agriculture. As
husbandmen they are not remarkable; but as graziers, as

cartmen, as labourers, they are excellent. As artisans they
have seldom signalized themselves, save as armourers and
clothweavers.

Those Mahrattas who dwell in the extreme west of

Maharashtra, within the main range of the Western Ghilts,

and in the extreme north of Maharashtra near the Satpura

mountains, are blessed with unfailing rainfall and regular

seasons. But those who dwell at a distance from these

main ranges, or among the lower or subsidiary ranges, are

troubled with variable moisture and uncertain seasons,

frequently, too, with alternations of drought and of flood.

Periodically they are afflicted by scarcity, and sometimes

by severe famine. They have within the last half century

largely extended their area of cultivation. Their industry,

which is chiefly agricultural, has grown apace. Their

tendency is undoubtedly to increase in numbers ; and,

despite occasional depopulation from disasters of season,

they have increased considerably on the whole. But in

some districts, owing to the famine of 1877, and the sick-

ness which ensued when excessive rainfall followed the

drought, the population has been stationary, while in

others it has actually retrograded because epidemics and

plagues of vermin were added to the misfortunes of season.

Among all the Mahrattas the land is usually held on the

tenure technically known as " ryotwari." This tenure is

now established under the British Government by surveying

and assessing operations comprehended- under the official

term "settlement." It practically means peasant pro-

prietorship. The proprietor, or ryot, is a cultivator also.

His holding may be on the average 20 or 30 acres,

divided into small fields. Of these fields he cultivates

some, himself "working at the plough, and his family weed-

ing and cleaning the soil. .He will also hire labour, and

thus tho farm-labourers become a considerable class. He
>XV. - 37
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pays to the Government direct the land tax, which is

assessed on his holding for the long term of thirty years, so

that he may have the benefit of his improvements. His

property in the land is absolute ; it descends according to

the Hindu lav^ of inheritance ; it can be sold or otherwise

transferred by private arrangement ; it is pledged or

mortgaged for debt, and money is largely borrowed on its

security. It is liable to sale for default in regard to land

revenue ; and Government as a creditor has the first claim.

Thus, as a peasant proprietary, the Mahrattas are in the

best possible position, and have been so for many years

since the completion of the British settlement. Their only

fault is a disposition to live beyond their humble means.

They have thus been of late years led into debt, which has

produced disputes between them and the money-lenders,

ending sometimes in agrarian disturbance.

In the Concan there are some superior proprietors termed

Khotes. With this and perhaps some other exceptions,

notably that of Nagpur, there are not in the Mahratta

country many large landlords, nor many of the superior

tenure-holders whose position relatively to that of the

peasantry has caused much discussion in other parts of

India. There are indeed many Mahratta chiefs still resi-

dent in the country, members «f the aristocracy which

formerly enjoyed much more wealth and power than at

present. They are sometimes in the position of landlords,

but often they are the assignees of the land revenue,

which they are entitled under special grants to collect for

themselves instead of for Government, paying merely a

small sum to Government by way of quit-rent. Under

them the cultivators are by British arrangements placed in

the position of peasant proprietors. The village community
has always existed as the social unit in the Mahratta

territories, though with less cohesion among its members
than in the village communities of Hindustan and the

Punjab. The ancient offices pertaining to the village, as

those of the headman (patel), the village accountant, kc,
are in working order throughout the Mahratta country.

The Mahratta peasantry possess manly fortitude under

Buffering and misfortune. Though patient and good-

tempered in the main, they have a latent warmth of

tem>'3r, and if oppressed beyond a certain endurable limit

they would fiercely turn and rend their tormentors. Cruelty

also is an element in their character. As a rule they are

orderly and law-abiding, but traditions of plunder have

been handed down to them from early times, and many
of them retain the predatory instincts of their forefathers.

The neighbourhood of dense forests, steep hill-sides, and
fastnesses hard of access offers extraordinary facilities to

plunderers for screening themselves and their booty. Thus
gang robbery is apt to break out, gains head with rapidity,

and is suppressed with difficulty. In time of peace, it is

kept under, but during war, or whenever the bands of civil

order are loosened, it becomes a cause of anxiety and a
source of danger. The women have frankness and strength

of character ; they work hard in the fields, arid as a rule

evince domestic virtue. Conjugal infidelity, however, is

not unknown among them, and here, as elsewhere in

India, leads to bloodshed.

The peasantry preserve a grave and qmet demeanour,
but they have their humble ideas of gaiety, and hold their

gatherings on occasions of births or marriages. They fre-

quently beguire their toil with carols. They like the

gossiping and bartering at the rural markets and in the

larger fairs, which are sometimes held in strikingly pictur-

esque localities. They are utterly superstitious, and will

worship with hearty veneration any being or thing whose
destructive agency they fear. They will even speak of the

tiger with honorific titles. They are Hindus, but th(iir

Hinilnism is held to be of a nou-Aryan type. They are

sincerely devout in religion, and feel an awe regarding " the

holy Brahmans," holding the life and the person of a

Brahman sacred, even though he be a criminal of the deepest

dye. They of course regard the cow as equally sacred.

There are two principal sects among the modern Hindus

—

those who follow Vishnu, and those who follow Siva.

The Mahrattas generally follow Siva and his wife, a dread

goddess known under many names. The Mahratta war-

cry, " Hur Hur Mahadeo," which used to be heard above
the din of battle urging the soldiers to onset with victorious

elan, referred to Siva. All classes high and low are

fond of the religious festivals, the principal of which,
" the Dasserah," occurs in October, when the first harvest

of the year has been secured. and the second crops sown.

This has always been held with the utmost pomp and
magnificence at every centre of Mahratta wealth and power.

The people frequently assemble in bowers and arbours con-

structed of leafy boughs to hear " kathas " recited. These

recitations are partly religious, partly also romantic and

quasi-historical. After them national resolves of just re-

sistance or of aggressive ambition have often been formed.

Apart from the Mahratta Brahmans, as already men-

tioned, the Mahratta nobles and princes are not generally

fine-looking men. Their appearance, notwithstandingjewel-

lery and rich apparel, is still that of peasants. There cer-

tainly are some exceptions, but there is general truth in

what was once said by a high authority to the efiect that,

while there will be something dignified in the humblest

Rajpilt, there will be something mean in the highest

Mahratta. Bluflt good-nature, a certain jocoseness, a

humour pungent and ready, though somewhat coarse, a

hot or even violent disposition, are characteristics of

Mahratta chieftains. They usually show little aptitude for

business or for sedentary pursuits ; but, on the other hand,

tfhey are born equestrians and sportsmen. As a rule they

are not moderate in living, and are not unfrequently

addicted to intemperance. Instances of licentiousness and
debauchery hava always been found among them. They
have generally sprung from a lowly origin, and they have

been proud of this fact even after attaining greatness. For

instance, tjiree Mahratta chiefs, each of whom established

a large kingdom—Sindhia, Holkar, and the gaekwar

—

declared the lowliness of their birth. Holkar was the

descendant of a shepherd ; Sindhia boasted of having

begun life by keeping his master's slippers ; and by his

very title the gaekwar perpetuates the memory of his pro-

genitor having tended the cow (gJie). Mahratta ladies and

princesses have often taken a prominent part in public

affairs and in dynastic intrigues ; in some instances their

conduct has been of the highest type, in others their in-

fluence has been exerted for evil.

Though they have produced some poetry, the Mahrattas

have never done much for Oriental literature. Kor have

they been distinguished iu industrial art. Their archi-

tecture in wood, however, was excellent ; and the teak

forests of their country afforded the finest timber for build-

ing and for carving. They had also much skill in the

construction of works for the supply of drinking water on

a large scale, and for irrigation.

On the wliolc the Mahrattas will bnrdly be regardeu hy Europeans
.as being among the most interesting of the Indian races. Tlu-

admirable Historij of the Mahrattas, by Captain Grant Duff (1826),
may possibly awaken enthusiasm, as written under personal ad-

vantages and witb a living knowledge which will uover again be
possessed by a liistorian of the later Mahratta times. At all events,

a stranne interest gathers itself around the Mahratta history.

la the first place the Mahratta country is for the most part

.strategically important as well as highly picturesque. Some parts
of tlie Deccan are indeed almost irretrievably ugly. The stretches

of lowliill have long been disforested, and even laid bare of lesser

vegetation, and the champaign tracts are treeless as far as the uyo
can reach. Still much of the tlahratta country lies iu the bosom
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or near the skirts of mountains. The geological I'ormations nmy
bo popularly described ns consisting of trap, basalt, and indurated

la^a m magiiiliccnt layers. The black precipices, scarped for

thousands of feet, and striped with marks of the layers, are superb.

The summits, though generally flat with horizontal outlines, are

often broken into towers and cones. The vapours from tho Arabian

Sea arc propelled by the south-west monsoon against these nioun-_

tain tops, and produce aii excessive rainfall. Hence arise a luxuri-

ant vegetation and the surprising spectacle {at certain seasons) of

cascades tumbling down the perpendicular flanks of tho mountains.

Tho forests have sullered during, ages from wasteful cutting ;' but
of late yeare a system of conservancy has been established, and
many great forests remain.

Tho mountains stand in the midst of a fertile and populous
country ; on both sides of them are rich valleys, cultivated plains,

numerous villages, and large tow,ns. Thus insurgents or warriors

had here a complete niilitary base, with sources whence supplies

could bo drawn, and strongholds for organizing })owcr or for secur-

ing refuge. This hill country has been regarded by strategists as

one of thestrongest, in a military sen^e, to bo found in India. It

extends over nearly 500 miles from north to south, and lias at least

twenty fortresses which in uncivilized warfare were virtually im-
pregnable 'f resolutely defended, and wliich, though of course un-
able to resist a scientitic attack in these times, would yet prove
diflBcult of approach. Several of these are surrounded with historic

tAditions. In former times there was no load worthy of the name
across these mountains. No means of passage existed save steep
rugged pathways for footmen and pack animals. AVithin the last

generation the British Government has, in Oriental phrase, lifted

up the veil of these mountains, piercing them with well-made roads
and with railways. Tliere are now.seven of such roads, and two
lines of railway open, a third being projected. Guns and troops as

well as goods and produce can now be moved up and down these

once impassable mountains.

Tt is the range of the "Western Ghats which enabled the Mahrattas
to rise against their Mnharamedan conquerors, to reassert their

Hindu nationality against'^the whole power of the Mogul empire,
and to establish in its place an empire of their own. It is often

held that in India British conquest or annexation succeeded
Mohamniodan rule ; and to a considera-ble extent this was the case.

But, on the other hand, the principal power, the widest sovereignty,
which the British overthrew in India was that of the filahrattas.

iJuring the earlier Moslem invasions in 1100 and in subsequent
yeats, the Mahrattas do not seem to have made much resistance.

They submitted to several Mohammedan kings under the changing
circumstances of those times. They were despised by their con-
querors, and were called "mountain rats" in derision. It was
against the Mohammedan king of Bijapnr in the Deccan that Sivaji,

the hero of Mahratta history, first rebelled in 1657. Sivaji and
his fighting officers were Mahrattas of humble caste, but his ministers
were Mahratta Brahmans When the Mogul empire absorbed
Jhat kingdom he defied.' tfie. emperor. He imparted a self-reliant

Enthusiasm to his countrymen, formed thero, into an, army, und
organized them as a political community ; his-mountaineor inlantry,

though limited in numbers, proved desperately courageous ; his

cavalry was daring and ubiquitous. Having once overcome the
Hindus in almost all parts of India, often after heroic resistance,

the Moslems had not for centuries met with any noteworthy up-
rising. Sivaji, however, planned their expulsion, q,nd before the
end of his restless life made much progress \n the execution of that
design. The new Mahratta state which he founded was maintained
ttnder various vicissitudes afteT his death. StiU Mahratta resist-

ance, once aroused by him, was never extinguished, and the im-
perial resources were worn out by ceaseless though vaiu efforts

to quell it. The great Mogul emperor's impoverished apd en-,

fenbled successor was fain, to recognize the Mahratta state by a
formal instrument, The Mahratta king, a descendant of Sivaji,

was a roi faineant, and the arrangement was negotiated by his
Brahman minister, whose official designation was the peshwa. The
office of p^ahwa then became hereditary in the minister's family,
and grew in importance as the Mahratta kingdom rose, while the
king sunk into the condition of a puppet. Thus the Mahratta
power was consolidated throughout nearly the whole of MahJirashtra
u~pder the Brahman peshwa as virtual sovereign, with his capital at
Poona, while the titular Mahratta. raja or king had his court at
the neighbpuriug city of Sattara. Despite his political importance,
however, the raja was still venerated as the descendant of Sivaji.

Then several chiefs carved out principalities of their own from
among tho ruins of the Mogul empire. Thus Raghoji Bhonsla
established himself ju the tracts -lying underneath the southern
base of the Satpura range (namely, Nagpur and Berar), overran
Orissa, and entered Bengal. Dammaji Gaekwar descended from
the Western Ghats upon the alluvial plains of Gujerat around
Baroda ; Takaji Holkar subdued the unlanrls of Malwa beyond the
Vindhya range on the north bank of the Nerbudda ; and Madhaji
Sindhia obtained possession of large tracts immediately south of

&graand Delhi, marched into Hindustan, and became virtually the

master of the Mogul emperor himself. Princes of SivnjiV own
family founded a dominion at Tanjore, in the rich delta of theKaven south of Madras
But these principalities, though really independiMit rc^peotin-

internal administration, and makmg war or peace with their m-i-ir.
oouvs according to opportunity, yet owned allegiance to the la^hhwa
at Poona as the head of tho Mahratta body. On state occasions
heads of principalities wouhi visit Poona by way of acknowlcd-iu"
the superior position of tho pishwa. On the other hand the i)e3Tiua
wai careful to obtain the sanction of his nominal sovcicV'n at
Sattara to every important act of state. Thus a confederation wo*
formed of which the Brahman peshwa or head was at Poona
governing the adjacent territories, while the members, belonging to
the lower castes of Mahrattas, were scattered throughout the con-
tlnent of India. Such was the Mahratta einpirc'which suiqjlanted
the Mogul empire. The Mahratta power grew and prospered till it
embraced all India with certain exceptions. Its culminating point
was reached about 1750, or about a century after Sivaji fiist rebelled
against his Mohammedan sovereign.

Its armies drew soldiers from all parts of India. The infantry
was not of good quality ; but its cavaliy was really an euoimous
force, numbering fully a hundred thousand in all. The horsemen
were splendidly audacious in riding for long distances into tho
heart of a hostile country, without support, striking some terrific
blows, and then returning rapidly beyond reach of pursuit They,
could truly boast of having watered their horses in evciy Indian
river fioin the Kaveri to the Indus. If attacked, however, in a
competent manner they would not stand ; and afterwards, in con-
flict with the British, whole masses of them behaved in a dastardly
manner. As their ambition grew, the chiefs began to organize
their troops after the system learnt from the English and Fivnch.
In this way several Frenchmen—De Boigne, Perron, and others

—

rose in the Mahratta service to a position dangerous to the British.
But the new system was unsuited to the Mahratta genius ; it

hampered the meteoric movements of the cavalry, which was
obliged to manceuvre in combination with tlie new artillery and.the
disciplined battalions. Mahratta elders hence uttered prcdictioua
of military disaster which were in the end more than fulfilled.

While , the Mahrattas collected vast quantities of treasure and
valuables, the ordinary revenue of the confederation hardly exceeded
ten millions sterling annually. Largo amounts, however, * were
drawn by feudal tenure-holders, which never appeared in the public
accounts. . The area aud population under the dominion or the
control 01 the confederation could hardly have been less than
700,000 square miles and 90 millions of souls.

The rapid and amazing success of the Mahratta confederation
rendered it the largest Hindu sovereignty that ever -existed in
India. But it lacked the elements of true greatness. . It was
founded by plundering expeditions, and its subsequent existence
was tainted by the baseness of this predatory origin. * With the
exception of the peshwas, its chiefs were little more than freebooting
warriors, for the most part rude, violent, and unlettered. Their
custom was to offer their neighbours or victims the alternative of
paying *'chouth," that is, one-fourth of the revenue, or beMig'
plundered and ravaged. Tlius the Mahratte chouth came to have
an ominous significance in Indian histoiy. Desultory effoi'ts were
made to establish a civil government, but in the main there was no
administration farmed on statesmanlike principles. The peshwas,
OD the other hand, as Brahmans, were men of the highest education
then possible in India. But they were absorbed by the direction
of military and political combinations, and by intrigues for the
preservation of their own pov.-er ; and, even allowing for allthi.i,

they failed to evince the civil capacity which nrught haVe been
anticipated. While several displayed commanding abilities, and
some possessed many virtues, one only attempted to conduct an
administration in an enlightened manner, and he died prematurely.

There were at the same time powers existing in India to keep the
Mahrattas in check, and it has just been mentioned that some paita

of India were excepted from their 'depredations. The English
power was rising at Calcutta, Madras, and Bombay. The imscent
Sikh power prevented Mahratta incursions from being permanentlx
successful in the Punjab. As the Mogul empire broke up, somn
separate Mohammedan powers rose upon its ruins. The uizam of

the Deccan e.=;tablished himself at Hyderabad, comparatively near
the headquarters of the peshwa. Hyder All was proclaimed sultan

of Mysore in the south. Ahmed Shah Abdali bui-st upon India

from Afghanistan. The Mahrattas bravely encountered him at

Panipat near Delhi in 1761, and were decisively defeated. Th.>

defeat, however, did not essentially shake the Jlahratta empire,

ft was collision with the English that.broke that wonderful fabric

to pieces.

Ihe first colhsion with the English occurred in 1780 ; it arose

from a disputed succession to the poshwaship. The English
Government at Bombay supported one of the claimants, and the

affair became critical fbr the English as well as foi: the Mahrattas.
It was at this conjuncture that Warren Hastings displayed his

political geniua aud leudeied signal service to his countr}-.
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The next collision happened in 1803. The peshwa had fallen into

grave difficulties with some of the principal members of the

Mahratta confederation, namely Sindhia, Holkar, and the Bhonsla

raja of Nagpur. He therefore placed himself under British protec-

tion, and this led to the great Mahratta war, in which the Marquis

Wullesley displayed those talents for military aud political combina-

tion which have rendered him illustrious. It was during the cam-

paigns which ensued that General. Arthur Wellesley defeated Holkar

ami the Bhonsla raja at Assaye, and General Lake won the victories

of Farrukhabad, Dig, and Laswari over Sindhia and Holkar. The
three confederates, Sindhia, Holkar, and the Bhonsla, concluded

ipeace with the British Government, after making large sacrifices' of

territory in favour of the victor, and submitting to British control

politically. Thus the Mahratta empire was broken up. It was

during these events that the British won the province of Orissa, the

old Hindustan now known as the North-Western Provinces, and a

part of the western coast comprising Gujerat.

The third collision came to pass between 1815 and 1818, through

the conduct, not only of the confederates, hut also of the peshwa
himself. During the previous war the peshwa had. been the

protege and ally of the British ; and since the war he had fallen

more completely than before under British protection and guidance,

British political officers and British troops being stationed at bis

capital. He apparently felt encouraged by circumstances to rebel.

Holkar and the Bhonslas committed hostile acts. The predatory

Pindaris offered a formidable resistance to the British troops. So

the pfeshwa-ventured to take part in the combination against the

British power, wliich even yet the Mahrattas did not despair of

overthrowing. After long-protracted menaces, he attacked the

British at Kirki, but failed utterly, and fled a ruined man. Ulti-

mately he surrendered to Sir John Malcolm, and was sent as a state

pensioner to Bithilr, near Cawnpur. Thus tlie last vestige of the

Mahratta empire disappeared. The British, however, released the

raja of Sattara from the captivity in which he had been kept during

tile p^sliwa's time, and reinstated him on the throne. Owing to

these events the British Government became possessed of the Con-

can and of the greater part of the Deecan.

it remains to mention briefly the fortunes of each remaining

member of the once imperial confederation. The principality of

Sattara was held to have, lapsed in 1649 by the death of the raja

without lineal heirs, and was annexed by the British Government,
riie Bhonsla raja of Nagpur and Berar was obliged to surrender

Berar to the nizam, as the ally of the British, in 1803. Berar then
remained under the nizam till 1854, when it came under British

administration, though it is still included in the nizam's dominions.

The raja of Nagpur died without Imeal heird in 1853, and his terri-

tory, being held to have lapsed, was annexed to the British

territories. The house of Holkar h.as, during the last sixty years,

remained faithful to its engagements with the British Government,
and its position as a feudatory of the empire is well maintained.

In Sindhia's territory, by reason of internal feuds, the British had
to undertake measures which wero successfully terminated after the

battles of Maharajpur and Panniar in 1843. But on the whole the

house of Sindhia has remained faithful. Sindhia himself was
actively loyal during the war of the mutinies. The gaekwar
gradually fell under British control towards the close of last cen-

tury, and his house has never engaged in hostilities with the British

Government. The gaekwar Khande Rao signalized himself by
Joyalty during the war of the mutinies. His successor, Malhir Rao,

has. recently been deposed by the British Government on account of

gross maladministration. ITie ex-pishwa lived to old ageat Bithflr,

and died in 1851. His adopted son grew up to be the Nana Sahib,

of infamous memory, who took a leading part in the war of the
mutinies. (K. T.)

MAHZ.OE (inno), or Mahazoe,i as some write the

word (from the root nin, to go round, to return),

signifies a cycle. The term is used hy the Jews in a

threefold sense ;—(1) astronomically, as Mafpor Kalan for

the cycle of nineteen years, Mahzor Gadol for that of

twenty-eight years, Mahzor Gadul lallehmiah ^ for the

Metonic cycle; (2) liturgically, for the "Larger Prayer-

Book," whether in its narrower or its wider meaning
(see below)- and (3) ritually, for a book containing

religious laws and directions, as, for example, Mahzor
Vitri by R. Simhah b. Shemuel of Vitri-le-Frani;ais,

Mahzor Rabb'enu Tarn by R. Yaakob b. Meir of Eameru,
&c. In the first sense the plural is either Mahazorotk,^

• Targum Yonathan on Genesis i. 14 (Pl'ltn'OI), which is the pliir.al

of MaliazorOf and mediately of Mahazor.
^ This must not bo mistaken for Mahzor Oadol skel Lebanah, which

consists of twenty-one years. See Pireke R. Eli'exr, cap. vii.

.

' See Pirek', R. £h'exr, cap. vi.

or Malizorim,* or Mahttiorin;^ in the second and tliird

it is exclusively MaJy.orim. As most ancient prayer-
books contain more or less fully elaborate " tables," ex-

hibiting calendar matter, in connexion with the fixing of

feasts and fasts and of the lesEons from the Pentateuch
and the Prophets, we cannot be in doubt as to the true

cause of the application of the word Mahzor to the
" Larger Prayer-Book." It is not applied because it is

the equivalent of the Syriac hiidru, as some think, but
simply because Mahzor ic the equivalent of the Greek'
cyclos (kukA.os).''

The Mahzor, meaning prayer-book, is capable of division

from different points of view. According to its contents
we may divide it into two parts,—the Smaller and the
Larger. The Smaller Mahzor contains the ordinary prayers,

together with the poetical insertions and the lessons from
the Pentateuch and the Prophets used on the Yamim
JVoraitn, or " Awe-inspiring Days " (i.e., New Year and the

Day of Atonement), and those used on the Yamim Tobim,
the three principal festivals (Passover, Pentecost, and
Tabernacles). The Larger Mahzor is, indeed, the only

one which really deserves this name, since it embodies the

ordinary prayers, together with the poetical insertions for

the whole year, and the lessons from the Pentateuch and
tlie Prophets for all feasts and fasts and the other extra-

ordinary occasions. According to its various " uses " the

Mahzor may be divided into the Eabbanite. and the Anti-

Rabbanite. The Anti-Rabbanite Mahzor comprises the
Karaite,' used by the so-called Karaites, or Scripturalists,

inhabiting Russia (especially the Crimea), Galizia(Austrian

Poland), Egypt, Palestine, &c., and the Semi- Karaite,

adopted by the . so-caUed " Reformed Jews " of England,

in reality the "Congregations of British Jews" of London,
Manchester, and Bradford.^ The Rabbanite Mahzor may
be divided into that of the Ashkenazim, the Sepharadiai,

and the Italiani. The Italian Mahzor, though embodying
large Ashkenazic and Sepharadic elements, is yet a distinct

" use." It branches out at home into three subdivisions

—

(l)the Roman,^ (2) the Neapolitan'" (now extinct), and (3)

the Italian proper;'' and abroad into (4) the Greek Rites

of Kaffa,'- Crete, &c. (Crete having very early received a
large influx of immigrauts from France and Germany, but

chiefly from Italy), and (5) the Romanian,'^ i.e., the " use"

obtaining, among others, at Constantinople and other

Byzantine cities. The Italians who, long beftrre the year

1000, had given Jewish learning and poetry, not merely to

* See Pireke R, Eldzcr, cap. vi. ^ See note ' above.
* For the sake of completeness we may mention the term '* Mahazor-

to," which occurs in the Massoreth. It is not so called, as some have

thought, because the Mahzor Vitri (or, indeed, any other Mahzor),

ever gave the text of the whole Bible. The Mahazorio was a pattern

codex of the Bible, and. got its name simply from its containing the

cycle of the sacred Scriptures,—the Law, tlie Prophets, and the Hagio-

grapha. It {or a similar codex) is also sometimes called Mahazoro
Ruhbo, in contradistinction to smaller codices, which contained only

some part of the Bible. It sliould he also borne in mind that the

Babylonian Jews '(as we are distinctly told of those of Neliardea)

used in olden times to read on Sabbaths in the synagogue not merely,

as nowadayn, the Pentateuch and portions of the Prophets, but, in tlie

afternoon service, portions of the Hagiographa also (T. B., ShaiboUit,

1166).
' See Daili/ and Festival Prayers, in 4 vols., Venice, 1528-29, 4to

;

in 3 vols.. Kale, 1806, 4to ; in 4 vols., Eupatoria, 1836, 4to; do.,

Vienna, 1854, 8vo.

^'Forms of Prayer, &c., in 6 vols., London, 1841-43, ^vo.

" Soncinali, Sontiuo, Casal Maggiore, 1485-86, iologna, 1540,

both in folio.

'» Cambridge MS. Add. 491.
" Prayers, &o., Venice, 1545, 16mo, ko.
" Cambridge MS. Add. 542.
" Prayers /or the Whole Year, &c., in 2 vols., Venice, 1517-49,

folio ; Constantinople, 1573-76, folio. Tlie copies of both editions in

the Cambridge University Library are, 50 far as we know, the liuost to

be found in England.
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normany, but to tho whole Roman empire, received in tlio

1.4th century numerous immigrants from northern France,'

in the 10th century from Spain and Portugal, and at all

times from Germany. Tlio " uses" of these immigrants

aro practically preserved side by side with the native

[talian to this day. Tho pure Sepharadic Ritual- repre-

ionrs, in the first instance, of course, the "use" of the

(fevva formerly inhabiting Spain and Portugal, who now
form the minority in Hamburg, Amsterdam, Manchester,

London, Paris, Vienna, Budapest, Temesviir, Seralin,

Bucharest, Venice, Home, and some other Italian and

Greek cities, as also in Canada and the United States,

and the majority in India, Persia, Morocco, Leghorn, Corfu,

Belgrade, all Bulgaria, Constantinople, Palestine, Egypt,

South Arabia, and other parts of the Turkish empire, in the

French possessions in Africa, and in the south of France.

Some of these, although characteristically Sepharadic, are

listiuct enough to claim a ritual of their own, as those of

' Catalonia," ^ Algiers,'' Tunis,^ Tripoli," Tlemcen,'' Ceylon

and Cochin in India,' the Comtat in France,' and Provence,

as a whole, in bygone days.'" The " use " of the

Ashkenazim," i.e., of the majority of the Jews inhabiting

Germany, the Austrian states, Hungary, Russia, Denmark,
Sweden, France, Belgium, Holland, the British empire
India excepted), the United States, Ac, branches out

into two rituals, the German proper'- and the Polish.

This latter has soma differences of use between Great
Poland and Little Poland." The German proper had in

times past the separate rituals of Worms and other cities

in the empire, which are all now extinct. Those of Frftnk-

fort-on-the-Maiu and of other towns are not sufficiently

marked to deserve separate notice. It should, however,
be mentioned that there are scattered everywhere, both at

home and abroad, " Reformed congregations," whose
separate uses and practices are more or less an imitation
of the " Temple " (Reformed congregation) of Hamburg.'''

' Tliere are to this day three congregations in Italj' (Asti, Fossano,
Moncalvo), which use tlie ancient ritual of northern Franco (see MS.
Add. G67, in the Cambridge University Library).

* Seder Tejihilloth, kc, Amsterdam, 1642, 16rao ; in 4 vols., 1644
;

in'6 vols., London, 1789-93
; Mahzor, kc, 'Vienna, 1820, 8vo.

' Mahzor, &c., Salonika, 1863, 8vo.
* Hokhmalh Hmnmiskcn, &c., 1793

j }'3np, 1823 ; ilahzor
Flatan, kc, 1861, all at Leghorn, inSvo.

^ MahzoT, kc, Pisa, 1794; Sdihoth, 1845; Pe?ie Haragd, 1866,
all at Leghorn, and in 8vo.

' Siphethe Rcnanoth, kc, 2 vols,, Venice, 1648, 1711, 4to, Leg-
horn, 1837 ; Kisshurin Lcya'akob, Leghorn, 1853 ; Readings Venic"e
1736, all three in Svo.

' Mahzor, kc, 1842 and 1861, both at Leghorn, and in Svo.
" Order of Prayers, &o., Amsterdam, 1757 and 1769, Leghorn,

1849, .all in Svo..
b

.

' Or Venaissin, i.e., the four congregations of Carpentras, Avignon,
Lisle, and Cavaillon. See Seder Haitamid, kc, Avignon, 17^7,
Aix, 1855, 8vo

; Seder hyamim Noram, kc, 1739 ; Seder leshalosh
Itegalim, 1759-1762, both at Amsterdam, and in Svo ; Seder Jfakun-
teris, kc, Avignon, 1765 ; Seder slid yom Kippicr, 1766, and Seder
Haashmurath, 1763, both at Amsterdam, and all three in 4to.

'" It ought not to be omitted that in the old Provenjal ritual and
he South Arabian there are several points of contact existing. A
icacher or teacliers must have come from tho one country and
settled in the other. Wo will give but one' example. The phrase,
Kto^m n'bm\:f2') xti'npm n-r:n3, which occufs in the Path-
shegex, (on Genesis n. 1), by an anonymous author, and published by
Dr Nathan Adler, and which the editor modestly says ho has not
Bucceeded in finding, is in reality to'be found in the service of the
Bosha'noth, both in tho old Provental Mahzor (Camb. MS. Add. 752,
leaf 2056 ; only that, instead of Ntynpol, it reads NU'ipD 71*31)
and in that of Yemen (Camb. MS. Add. 1200, leaf 626), though in
no other so far as we kiiow.

" Mahzor, Pcsarp, 1520, Augsburg, 1636, Venice, 1567, all in
folio

; 6 vols., London, 1807, 1824, 1826, &c., Svo.
'^ Mahzor, 2 vols., Sulzbach, 1794, folio.

" These diifoTenoes show themselves first in tho prayer " Ei erekh
•ppayim" in the service for Monday and Thursday.
" Ordnur.tj der offcnlUelun Andacht, kc, 1818; Seder JIa'ttbodah,

.c, both at Hamburg, and ia Svo.

Some of these havo only introduced choirs, others liavf
introduced instrumental music, and others again have con-
siderably curtailed not merely the poetical insertions, but the
ordinary prayers themselves, and have introduced hymns
and prayers in the vernacular. (s. m. s. 3.)
MAI, Angelo (1782-1854), cardinal, well known OB

tho discoverer and editor of numerous ancient text?, was
born of humble peasant parentage at Schilpario, a mountain
village in the province of Bergamp, Lombardy, on March
7, 1782. For the excellence of his early education, received
at Bergamo, he was indebted to a Jesuit priest named
Mozzi, whom the suppression of the order had caused to
settle in the neighbourlfood. He afterwards accompanied
Mozzi to a college at Colorno, in the duchy of Parma, where
the Jesuits had been permitted to re-establish themselves;
and there he entered the noviciate of tho society in 1799.
In 1804, after the brief which restored thi Jesuits to the
Two Sicilies had been granted, he was reraov 2(1 to Naples as
teacher of classics in the college there. Next, after com-
pleting his theological studies at the CoUegiu.^ Romanum,
he lived for some time at Orvieto, where he was admitted
to priestly order.s, and was engaged partly in teaching and
partly in the palseographical studies for which he had
already manifested a strong partiality. The political events
of 1808 necessitated his withdrawal from Rome (to which
he had meanwhile returned) to Milan, where he assumed
the functions of a secular priest, and in 1813, through the
influence of Mozzi, was made custodian of the Ambrosiaa
library. He now threw himself with characteristic energy
and zeal into the business of carefully exploring the
numerous and valuable MSS. committed to his charge, and
in the course of the next sis years was able to restore to
the world a considerable number of long-lost works. With
the full approval of all concerned he now withdrew from
his connexion with the Society of Jesus, and in 1819 he
was invited to Rome as chief keeper of the library of the
Vatican. Soon after his installation there he found the
palimpsest from which he edited the De RepuUica of
Cicero ; this, probably the most important work of his life,

was followed by the publication of a vast number of
fragments of Greek and Latin fathers and historians. In
1833 Mai was transferred from th:) office of Vatican
librarian to that of secretary of the congregation of the
Propaganda; on February 12, 1838, he was raised to the
dignity of cardinaL In this rank he successively discharged
the functions of prefect of the congregation lor the super-

vision of the Oriental press, prefect of the congregation ol

the council of Trent, and cardinal librarian of the Romar
Church. He died at Castelgandolfo, near Albano, oc
September 9, 1854, bequeathing his valuable private

library at half its estimated value to the Vatican, the

proceeds to be applied to the relief of the poor of his

native village.

To tho period of his Milanese activi fy belong if. T. dceronii
trium oralionum, jnv Scauro, pro Tidlio, pro Flacco, paries medila
(1814, from a palimpsest containing the poems of Sejulius); M. T.
Ckeronis trium orationum, in Clodium ei Curiomm, de tere aliatc
Milo7us, de rcge Alexandrino, fragmcnla incdita (1814, from a MS.
containing a Latin translation of the .Ada of tho council ol
Chalcedon) ; M. Com. Frontonis opera inedila, cum cpistolis, iUm
inedilis, Anlonini Pii, Marci Aurelii, Lucii Veri ct A)>piani, nee-
non aliorum veterumfragmcniis (1815) ;

portions of eight speeches
of Quintus Aurelius Synimacbus, fragments of Plautus, the oration
of Isreus De liereditalc Cleonymi, the last nine book.') of the
Antiquities of Dionysius of Halicamassus, and a number of otliei

editorial labours. M. Tullii Ciccronia de Ecpuhlica qum mpersunt
appeared at Rome in 1822 ; Smplorum Vitcrnm nam coUedio, i

Vaticar.is eodicibus edita (10 vols. 4to), in 1825-3S ; Classicorvm
Auctomm Colledw e Falicmiis eodicibus edita (10 vols. Svo) in
1S2S-38; Spicilegium Jiomamim (10 vols. Svo) in 1839-44: and
Patrum nma Bibliothcea{S vols. 4to) in 1845-53. His edition of the
celebrated Codex Vaticanus, completed in 1838, but not published
(ostensibly on the ground of inaccuracies) till four years after his

death (1868, S yola. 4to), is unsatistactory and has been superseded
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by the subsequent magnificent edition of Vercellone and Cozza
(Rome, 1868), which in turn leaves much to be desired. Generally
8peal;iag, it may be said that the services rendered to scholarship by
Mai (great though they were) were merely those of a laborious and
lieracvoring pioneer; aa a textual critic he does not rank high,
cither for sagacity or for accuracy.

MAIA was the eldest and fairest of the Pleiades, the

seven daughters of Atlas and the Oceanid Pleione. Her
aame marks her as the " fruitful mother "

; and the seven

sisters have no individuality escept as the mothers of

famous families. They were all born on Mount Cyllene in

Arcadia, and are sometimes called mountain goddesses.

In a cave of Cyllene, in the darkness of night, Maia became
by Zeus the mother of the god Hermes. Maia bears one

of the most characteristic names of the Phrygian mother,

Cybele or Ma, the goddess whose home is on mountains

and in caves ; and in a common class of votive reliefs

Hermes-Cadmilus is represented as a youth bearing a vase

standing beside the throne on which Cybelo sits. Mala
was also an epithet of the Bona Dea, who is a form of

Cybele, in Rome. See Couze, " Hermes-Cadmilos," in

Arc/i. Zlg., 1S80.

MAIDENHEAD, a municipal borough and market-

town in Berkshire, England, in the diocese of Oxford, 22|
miles from London, 13i from Reading, and 6 from Windsor.

It was formerly called Maidenhytkt, a wharf for timber

and a wooden bridge across the Thames having existed

there from very early times. In 13.52 Edward III. incor-

porated a guild to keep the bridge in repair. In 1400 the

duke of Surrey and the followers of Richard II. held the

bridge against the new king, Henry IV., and at nightfall

made good their retreat. In July 1647 a meeting took

place at the Greyhound Inn between Charles I. and his

three children. The church, dedicated to St Andrew and
St Mary Magdalene, was originally founded by Margaret

of France in 1270, and it was rebuilt on the same site in

1734 ; but in 1826 it was entirely taken down, and a new
clmrch was erected at the east end of the High Street. A
church dedicated to St Luke was erected in 1867, and
enlarged in 1869. The town contains a small town-hall,

a large hall recently erected for concerts and lectures,

schools, almhouses, and Roman Catholic, Wesleyan, and
Baptist places of worship. There are numerous charities

for the education and maintenance of poor persons. The
principal trades are in malt, meal, and timber. A fine

stone bridge across the Thames was erected at a cost of

£20,000 in 1772, connecting Berkshire with Buckingham.
The scenery around Maidenhead is extremely picturesque,

and several noblemen's seats are in the neighbourhood.
Population in 1871, 6173 ; in 1881, 8219.

MAIDSTONE, a municipal and parliamentary borough,

and the county town of Kent, England, situated almost

midway between London and Dover. It lies prihci-

pally on the eastern bank of the river Medway, the

modern part spreading over the western slopes of a

picturesque valley, which is intersected and environed by
orchards and hop gardens. Although antiquaries have
conjectured that Maidstone was a military station of the

Romans, few Roman remains have been found in the

neighbourhood. The Saxon spelling of the name was
Medwegestun, "Medway's town." The manor, valued in

Domesday Book at X35, IDs., had from a very early period

belonged to the see of Canterbury. Archbishop Boniface

in 1250 established a hospital here for poor pilgrims, the

chapel of which, with modern additions, is again used for

public worship. The parish church of St Mary, which had
etisted from Norman times, was demolished in 1395 by
Archbishop Courtenay, who erected on the site thereof the

present church of AH Saints ; he also, at a short distance,

founded a college of secular canons, the ruins of which
are an interesting specimen of 14th century architecture.

From the reign of John until the Refurmatiju \\i<, arch-

bishops had here a residence, at which Stafford and

Courtenay died ; but the existing building known as the

palace dates chiefly from Elizabethan times. The loctory,

with the manor^ passed into lay hands at the Reformation;

and, having been a perpetual curacy for three hundred and
twenty years, the living became a Vicarage in 1866. All

Saints is one of the largest parish churches in the kingdom,

and contains, besides many excellent monuments, the richly

carved sedilia and the twenty-eight oak seats used by the

collegiate priests. The pari.sh has, since 1837, been divided

into nine ecclesiastical districts, each with a church. The
grammar school was founded in 1549, and endowed with

the estates of the local Corpus Christi fraternity, then dis-

solved; the hall in which the guild assembled still remains.

Broadcloth and linen thread, introduced by Dutch settlers,

were at one time manufactured here ; but brewing and
papermaking have long superseded these industries. Of
the barges trading on the Medway, about sixty belong to

Maidstone wharfingers. The river is crossed by a stone

bridge of three arches, completed in 1879. A museum,
with public library attached, was opened in 1858. The
endowed charities yield an annual income of £3000. Since

the beginning of the 17th century the Kent assizes have

generally been held at Maidstone. From Saxon times

down to 1830 condemned malefactors were executed, and

all the great county meetings were held, on Penenden

Heath, a common situated about a mile north-east of the

town, and recently enclosed by the corporation. The area

of the municipal borough is 4008 acres, of the parliamentary

borough 4576 acres. The population haa steadily increased

during the present century; in 1801 it was 8027, in 1881

29,632.

With general nistory Maidstone has been intimately associated.

Wat Tyler broke into the prison, liberated John Ball, the rebel

preacher, and committed other depredations. Several of the lead-

ing inhabitants joined Jack Cade's rising. Sir Thomas Wyatt,
who resided at Allington Ca.stle, now au ivy -clad ruin a mile and a

half north of the to\vn, raised the standard of rebellion at Alaid-

stone on 25th January 1554. As a punishment for their complicity

with Wyatt, the burgesses were for the ne.\t five years depiired of

their charter of incorporation. The rising of the Kentish royalists

in 1648 collapsed at Maidstone, where, on the 1st June, Fairfax,

after five hours' obstinate fighting, captured the town at midnight.

Anciently governed by a portreve, Maid.stone was first incorporated

by Edward \1., and since the beginning of lili^beth's reigu it has

sent two representatives to parliament. Andrew Broughton, one

of its mayors, as clerk of the court which tried Charlea I., read the

fatal sentence to the king.

See EusseU's History of Maidstone, and Poste's History cj the

College of AU Saints.

MAIMANSINH, or Mymensing, a aistrict in the lieu-

tenant-governorship of Bengal, India, lying between 23° 56'

and 25° 25' N. lat., and 89" 43' and 91° 18' E. long., with'

an area of 6287 square miles, is bounded on the N. by the

G4ro Hills, on the E. by Sylhet, on the S.E. by Tipperah,

on the S. by Dacca, and on the W. by the river JamunA,

which separates it from Pabna, Bogra, and Rangpur dis-

tricts. It is, for the most part, level and open, covered

with well-cultivated fields, and intersected by numerous

rivers. The Madhupur jungle is a slightly elevated tract,

extending from the north of Dacca district into the heart

of Maimansinh, almost as far as the Brahmaputra; its

average height is about 60 feet above the level of the

surrounding country, and it nowhere exceeds 100 feet.

The jungle contains abundance of sdl, valuable both as

timber and for charcoal. During the cold season the open

parts of the jungle afl'ord grazing grounds for cattle. The

only other elevated tract in the district is on the southern

border, where tho Susang hills rise. They are for the most

part covered with thick thorny jungle, but in parts are

barren and rocky. The JamuuA forms the western

boundary of Maimansinh for a course of 94 miles.'' It is
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Davigablo for large boats throughout the year ; and during

the rainy season it exiiands in majiy places to 5 or 6 miles

in breadth, overflowing a considerable portion of low-

lying land. The Brahmaputra enters Maimansinh at its

north western corner near Kardibari, and flows south-east

and south till it joins the Meghna a little below Bhairab

B/izAr. The gradual formation of chars and bars of sand

iu the «pi)er part of its course has diverted the main

volume of water into the present channel of the JamunA,

which has in consequence become of much more importance

than the Brahmaputra proper. The MeghnS, only flows

through the south-east portion of the district for a short

distance. The eastern and south-eastern parts of the

district abound in marshes. The wild animals include

tigers, leopards, deer, bears, elephants, and an occasional

rhinoceros. Small game is abundant.

Tho censLW of 1872 returned the population of Maimansinh at

2,340,917 (males, l,187,9t;2; and females, 1,161,955),—Mohamme-
dans numbering 1,519,635; Hindus, 817,963 ; Christiana. 124. Of
aboriginal tribes the most numei-ons are tho Hajongs (24,936) and
Garos (10,997). The semi-Hinduized aborigines number in all

205,592, of whom more tiian one-half are Chandils (123,262), the

most numerous caste in the district, employed as cultivators,

fishermen, labourers, and menial servants. Among high-caste

Mindns, Brahmans number 33,414. Five towns contain upwards
of 6000 inhabitants: — Maimansinh or Nasir.-ibad, 10,068;
Jamalnur, 14,302; Kisorig.anj, 13,637; Shernur, 8015; and
Dhanilcliola, 6730. Ulakandi on Bhairab Bazar, although with only
a population of 1500, is the most important commercial mart,
with a large trade in jute and a well-supplied cattle-market.

Rice, of which three crops are raised annually, forms the staple

food crop of the district. Other agi-icultural products are wheat,
oats, maize, pulses, linseed, mustard, (i^,- indigo, tobacco, sugar-

L*ane, pan, and Jlito. The last constitutes the chief commercial
itaple. filaimausinh suffers occasionally from blights and floods,

but never to any serious extent. The chief imports are piece goods,
law cotton, wheat, betel nuts, chillies, sugar, and cattle ; the exports
consist of rice, jute, indigo, reed-mats, hides, brass and cojiper

utensils, cheese, ghi, kc. Tobacco and muslins are also exported to

a small extent. Besides a little muslin, the only manufactures are

coarse silk cloth, sitnlpati mats, cheese, and ghl. Apart from the
rivers, means of communication are afforded by about 146 miles of

good and 124 miles of inferior roads. Although the general revenue
(£166,938 in 1830-81) has mora than doubled in seventy-five years,

tho land revenue has remained almost stationary ; in 1880-81 it

was only £75,226, excise amonnting to £23,652, and stamps to

£48,680. Education in 1872-73 was afforded by 17.'i state-sup-

ported schools attended by 6372 pupils, besides 71 unaided schools,

with 2425 pupils. Except towards the close of the rainy season, the
climate is fairly healthy. The average annual rainfall is 105 inches.

MAIMBOURO, Louis (lGlO-1686), a FrencE historical

writer, was born at Nancy in 1610. At the age of si-tteeh

he entered the Society of Jesus, and after completing his

theological studies at Rome he became a classical master
in the Jesuit college at Kouen. He afterwards devoted
himself to preaching, but with only moderate success.

After having taken some part in minor controversies he
threw himself with energy into tho dispute which had
arisen as to the Galilean liberties ; for his Trake histor-ique

sitr Ics prerogatives de V£glise de Rome (1082) he was by
command of Innocent XL expelled from his order, but
rewarded by Louis XIY. with a residence at the abbey of

St Victor, Paris, and a pension. He died on August 13,

168G. His numerous works (exhaustively enumerated in

the Biographie Generale) include histories of Arianism, the

iconoclastic controversy, the Greek schism, Lutheranism,
Calvinism, and of the pontificates of Leo L and Gregory
[. ; they are mere compilations, written indeed in' a very
lively and attractive style, but inaccurate throughout, and
wherever matters of controversy are touched on, specially

untrustworthy.

MAIMONIDES (1135-1204). Among the great men
to whom Mohammedan Cordova' has given birth—and

^ Hcnc6 he is called '* Al-Kortubi" (and not al-Kordovi, or
n.'ijcordori) by Arabic wlitciis, and " Hasscpliardi " by himself (preface
'•o ilishnch Torah).

these are not a few—the greatest is unquestionably Rab-
benu Mosheh b. Maimun - Haddayyan.' Like the lives

of so many great men, that of this " last of the Geonim as

regards time and tho first of them as regards worth "^ is

surrounded by a halo of fables, some of which, though
fictitious, are instructive in many respects, whilst others

are telling in dramatic efi'ect and touching in the extreme.

Some of these fables, however, are merely amusing, whilst

others are simply ridiculous.* The present article confines

itself to facts and a few criticisms founded on them.
"Rambam," or Maimonides, was born March 30, 1135,

and died at Cairo, December 13, 120'1; consequently he did
not quite attain the age of seventy,"—a short space of life,

when we take into consideration all the work he did for

his contemporaries and all the works he left to posterity.

Like many other great and con^ientious rabbis of all

times, who considered it a sin to make of religious learning

a means of gaining bread, Maimonides adopted the medical

profession. That he must have greatly excelled in it is

not merely known by the medical works he composed, but

is best testified to by tho fact that, although a Jew (and

the times and the country he lived in were certainly not

more tolerant than ours), he held the lucrative and im-

portant oflice of court-physician to Saladin of Egypt.

Maimonides was master of Greek-Arabic philosophy, as

maybe seen from his Technical I'erms of Logic,' h.\a Guide,

and his other works. That he was a mathematician and

astronomer of no mean standing appears from Ihe Maaniar
Ua'ihbur^ (calculations of the calendar, which he wrote at

the age of twenty-two), the IlileJchoth Kiddnsh Hahodesh

(in the book Zemauinm of the Mishrteh Torah), and the

commentary on T. B., Hosh Hasshanah. That he was a

great Talmudist we know from his commentary on the

Jfishnah and his chef-d'oeuvre the Mishneh Torah^ That

he was, as philosopher and theologian, a profound thinker

we know from his Guide of the Perplexed and his other

works. To sum up in a few words the merits of

Maimonides, we may say that, with all the disadvan-

tages of the times in which he lived, he was the greatest

theologian and philosopher the Jews ever produced, and

one of the greatest the world has seen to this day. A?
a religious and moral character he is equalled only by a

few and surpassed by none.
The works of Maimonides were composed by him partly in

Hebrew and partly in the vernacular Arabic,—a portion of the

latter eing translated into Hebrew by himself.

I. IVorhs composed hy Maimonides in Hebrew.

1. Aishneh Torah, i.e., the systematic codification of th« whole

of the Jewish law, as it is to be found in the Bible, the Mishnah,
Toscphia, Mekhilta, Siphra, Sipkre, both Talmndim, the ShecUoth,

Halakhoih Ocdoloth, the Itesponsa of the Geonim, the Hilckhoth,

Hab Al-phesi, &c. This work is drawn up in fourteen (T'* — Yad*.

® From the initials of his name, with '* R" (for *' Rabbenu") pre-

fixed, and his father's name with " B" (for son of) prefixed, thoJows

call him RaMBaM ; among Christians he is, more Qrseco, called

Mahjwnides, from his father's name Maimun or Maitnon.
^ See end of the commentary on the Mishnah (** Ani Mosheh bai

Maimun Haddayyan ").

* So ^laimonides is designated by the famous Eubonet Abrara (ol

Yedn'yah' Happenini Bederesi, i.e., of Beziei-s) at the end of hi?

Behmath 'Olam.
' Wlioever wishes to know more of these fables may gratify hi.-

desire, if he knows Rabbinic, by reading Ibu Yahya's SialsheUtl.

Uakkabbalah ; if ho understands German, by re.iding jost's Geschichte

,

and if he understands only English, by reading Benisch, Txca Lectwres,

tec, London, 1847, 8vo.

* Note at the end of the author's commentary on T. B., Sosl

Hasshanah, by his grandson E. David {Jiallebanon, ii. p. 60).

^ This work w.as translated from the Arabic into Hebrew by R
Mosheh Iba Tibbon, and printed for the first time at Venice, 1550,

4to. Tlie third edition (Frankfort-on-the-Oder, 1761, 4to) has a com
raentary by Mendelssohn.

8 See tho collection Dibere IJakhamim (Metz, 1849, 8vo), p. 23,

Tho translation is by R. Mosheh Ibn Tibbon.
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boots, ^vitli a view to which fact and to the author's name {Moslich)

admiring and grateful posterity called it, from Deut. xxxiv. 12,
Ilarjyad MahazaJcak,-—a title which has eclipsed, if it has not
actually superseded, that given to it by the author liimself. Great
has been the success of this work, if Maimonides has not suc-
ceeded in superseding by it the Babylonian Talmud {as some
think was his purpose^), he has certainly succeeded {probably
against his will) in making of it a second Talmud of Babylon
in the Talmudic acceptation of this term.^ The Mishnch Torah
has become an arena of endless, though happily bloodless, strife.

It is to this day a place of tournament for all Talmudists. The
ihundredsof folios on Rabbinic literature, written since the author's
jtimc, constantly draw the Rambam,'^ naturally or artificially,

into the discussions they contain. To clear up a difficult Ravi-
haMy or to "answer a Eamham," i.e., to remove an ajiparent

idifficulty in the Mishnch Torah, is the great test of the fitness

or learning of a rabbi to this day. Moreover, all Sepharadim
have received its dicta, though only cum grano, whilst the
congregations of Arabi^ (as those of Yemen and others) not
only live absolutely according to its teachings, but have actually
neglected the study of tlie Talnmdim through it. The work
itself is to be found in IIS. in numerous libraries (probably
one of tlie oldest MSS. lying in the University Library of Cam-
bridge, Add. 1564). Printed editions are also numerous, some
without "strictures" {Hassagoth) and without a commentary,
others with the. *' strictures " of the great rabbi* of the little

town of Pesquiers (in Provence), others with commentaries varying
from four to eight, and even more. The earliest edition, which
has neither place nor date, appeared somewhere in Italy, about
1480 ; the second at Soncino, 1490 ; the third at Constantinople,
1509 ; the fourth, fifth,- sixth (with the Sepkcr Hammisvoth, &c.),

and seventh editions at Venice, 1524, 1550, 1550-51, and 1574-75
respectively ; the eighth (with the Antichristiana) at Amsterdam,
1702-3, all in folio ; the most recent and incomplete edition being
that of Leipsic, 1862, 8vo. The Mishneh Torah stands, and has
stood for centuries, even among non-Jews, in such respect that
"parts of books" {Halakhoth) have been rendered into other
languages, notably into Latin. Extracts from this work have been
translated into English by the late H. H. Bernard of Cambridge
(Cambridge, 1832, 8vo) and E. Soloweyczik of Poland (London,
1863, 8vo).

2. Commentary on the treatise of Hosh HassUanah according to

the Babylonian Talmud. We know from Maimonides himself that
he commented on almost the whole of the second, third, and fourth
Sedarim and on one treatise {Hullin) of the fifth Seder of the
Babylonian Talmud. But of all this none but his Bosh Hnsshanah
jias beeu preserved. Tliis commentary is extant in four ilSS., one-
of which, however, is a mere transcript, whilst two of the others
are imperfect. The only edition existing {Eallcbanon, ii. p. 61, &c.)
is from these imperfect MSS. The one perfect MS. copy known to

us is preserved in the University Library of Cambridge (Add. 494).

3. Some of the numerous letters ascribed to Maimonides. These
are inextricably mixed up both with letters written by him in
'Arabic and translated by others into Hebrew, and with letters

addressed to him by others.

4. Religious poetry. There is a short liturgical piece (it is

recited on the first day of New Year by the Arabic-speaking Jews
of Algiers, Tunis, kc.) which bef^ins Sth Sha'are Jlatzon, and
which bears the acrostic Aiii Moshch hinbbi Maimon Hazak. It
is an "'Akedah." But because there is a composition of the same
nature ami beginning, but of greater length and by another author
('Abbas V'ehudah Shemuel), this is, in contradistiuction, called
\Akcdah JCctaimah. Since the name of Mosheh, however, is com-
mon among all Jews and that of Maimon among those of the
Maghrib (see Schiller-Szinessy's Cambridge Catalogue of the Hebrew
^Manuscripts, li. p. 28, note 2), this little poem may, perhaps, be-
long to another (and inferior) rabbi of this name. If it really

does belong to our Maimonides, we have a key to his contempt for

the liturgical poets.* Being a poor poet himself, he judged them
^y his own merits, or rather demerits.

II. Works composed hy Maimonides in Arabic.

1. The commentary on the whole Mishimh. The author began
this work whilst yet in Spain, continued it on 'his flight through
Morocco, and finished it at his ease at Fostat (Cairo). The nicrit

of this work is that the author explains therein the Mishnah in a
very lucid and brief way ; and, having privately digested the Tal-
mudical controversies regarding each paragraph, he gives the result

^ Luzzatto, Kcre7!i Hemcd, iii. 67. " T. B., Synhcdrin, 24a.
" So this work is commonly and especially .called from tho author's

* Ii. Abraham Ben David [Rabad) was the authors contemporary
and the only literary man wlio ever conquered ^him, according to his
own confession.

fi See introduction to the Sepkcr Uammiszoth,

of it in the decision of the Salakhah. But this work has also ita

demerits. (1) It is occasionally incorrect in itself. (2) Being
to most Talmudists accessible only in a translation, which they .

cannot gauge, the smallest clerical error produces confusion. (3)
Nor were all the translators equally qualified for their task. Some
were good Talmudists, but indifferent Arabic scholars ; some weie
good Talmudists and good Arabic scholars, but not fine Hebraists.
(For the translators see Schiller-Szinessy, ut supra^ ii. pp. 16, 17.)

2. The Sephcr Bamvvisvoth is a preliminary to the author's
masterpiece, the Mishnch Torah. This small b"^ important
work has been twice translated,—first by R. Mosheh b. Shemuel
b. Yehudah Ibn Tibbon {Tabbon ?), and secondly by R. Shclomoh
b. Yoseph Jbn Aiyub. The former translation is known by printed
editions ^ and the latter by MSS. Ibn Aiyub's, though less
known, is the more correct translation. There is a copy of it in the
University Library of Cambridge (Add. G76, 2).

3. But the most important and most learned and to us the most
interesting of Maimonideo's Arabic works is the Guide of the Per-
plexed (Dalalatu T-Hairin in" Arabic, and March Hannchokhim in
Hebrew). It is the result of deep research in Bible and Midrash oii

the one hand and in Greek philosoi^hy, as interpreted by Aristotle
and his followers, together with various religious systems, on the
other.

_
The purpose of its composition and publication was to

reconcile Jewish theology willi refined heathen philosophy.
Maimonides deservedly held Aristotle in very high estimation ; his
traducers, however, said that he placed him in the Guide next
to, if not above, Moses.. No wonder, then, that religious Jews -of a
certain type in the. author's lifetime took offence both at the book
and the author. But serious warfare broke out only after Maimon-
ides's death, which raged for more than a full century, and is not
entirely extinguished even at this day. His followers, chiefly in
Provence at the end of tlie 13th and the beginning of the
14th century, some of whom had ouly eyes for the master's nega-
tions and nonfe for his affirmations, declared the whole history of
the Bible to be mere symbolism. Abraham was, according to
them, the Morphe, Sarah the Hyle, and so forth. ^ These absurdities
were considered by the religious as highly irreligious, and provoked
active opposition and even excommunication. These, in their

turn, provoked again tlie strong remonstrance of the moderate
middle party and the ultimate excommunication of the excom-
municators by the excommunicated. But long, before that time
the Guide had been publicly burned,—an act quite un-Jewish, but
in unison with an age which had more faith than knowledge, .antj

which, dwelling in darkness, hated the iight. People in our day4
cannot understand this ; they cannot understand the fierce oppo*
sition to the Guide, and much less the attachment to it. They
ask, Is this the great work of the great Maimonides ? These ex-*

planations of the Scriptures we have long ago outgrown, and the
philosophy it contains is not worth mention by the side of that olj

Schelling, Fichte, andTIegel ! But the fact is that, if one wishes
to form a proper estimate of this work, he must not merely read it,

but earnestly btudy it. Then again, its contents must be viewed
historically, i.e., both in connexion with the theological end philo-

sophical systems of past ages and with the influence it has exercised

uninterruptedly from the time of its appearance down to almost

our own days.^ Isolated portions of it may have become antiquated.

The symbolism of the Pentateuch and the meaning of the words of

the prophetic books and Hagiographa may be clearer to us than they

were in the author's lime, by reason of our discoveries in science, oui'

Erogress in philology, and our knowledge of history. Our know-
;dge of Greek philosophy may be much greater than Maimonides's

was, owing partly to our acquaintance with the original writings of

Aristotle and others, accessible to Maimonides olily through a trans-

lation of a tianslation, and partly owing to our collation of numer-
ous MSS. , by which the errors are rectitied of the copies from which
the first translators made their version,—a rectification by which
parts of the foundation and of the superstructure of tlie Morch go
down at one and the same time. But, when all this is considered,

the Gidde still remains a great work,—a product; indeed, of the

Sliddle Ages, but truly immortal.^

® The first edition appeared without place and fl:tte, hut _Coustauti-^-

nople about 1516, 4to.

' See Schiller-Szinessy, Catalogue, &c., i. p. ISS, notes 1 and 2.

^ Moses Mendelssohn, for example, became one of the greatest

philosophers of his day through studying the Merck. .

^ This book was till within the last few years known only through

the translation of R. Shemuel b. yehudah Ibn Tibbnp, which has been

printed numerous times, the 'edit io princeps being without place or

date, but somewhere in Italy (Bologna?) before 1480. There is, how-

ever, also another translation from olden times in existence.^ It is by

the famous R. Yehudah Al-Harizi, and has been edited by Schlossljerg

(i., Loudon, 1851 ; ii. and iii., Vienna, 1874 and 18^9 respectively,

all in 8vo). The late S. Munk has, however, surpassed in correctness

both his predecessors -in his Guide des Egaris, which contains the

Arabic original with u French translation. It nppe:ircd at Pari^

1856-66, in 3 vols. 8vo.
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t. Hcsponsa and otlier letters (Tcshuhoth Slicclo'h vc-IngCivth).

These do not belong exclusively to Maimonidoa. The first edition

camo out without place or date, but at Constantinople about 1520,

folio.

5. Hcspotisa (printed under the title Peer Haddor) translated by
11. MorJokhai Tammah, Amsterdam, 1765, 4to.

III. Works composed by Maimonidcs in Arabic and translated

into Ecbrew by himself.

1. TSe commentary on tlio Mishnah of the whole Seder Tohoroth.

As is well known, the translation of this Seder lias been hitherto

regarded as anonymoiis. But the writer of this ajtida has shown

ru the Cambridge Catalogue, lit supra, ii. p. O, note 2, the high

probability, amounting to amoral certainty, that nobody else could

have been, . and that Mairaonides hiuiseU must have been, the

translator of this Seder, which more than any other demanded the

three necessary qualifications of a good translator.

2. The letter on the sanctification of the name of God {Tggereth

Rasshemad, ov Maamar Kiddush Hasshcm^). Although the proofs

which one can adduce for the translation by the author himself of

this treatise are not so telling as those in the case just mentioned
before, the moral certainty is not less. The treatise details (1)

how much a Jew may yield, and how much ho must resist, if

forced to embrace another religion, and (2) that Mohammedanism
is not a heathenish religion. It is generally held, though not quite

conclusively proved, that Maimonides wrote this treatise pro domo
sua, he and his family having been themselves forced to embrace
Mohammedanism during the perrecution by Ibn Tamiut. It

ought to be borne in mind that the Jews generally look upon
Christianity and Mohammedanism as having each taken a large

share in their mother's (Judaism's) inheritance, and that, whilst

the former looked more for her raoi'4l,.the latter coveted her doc-
trinal possessions. Since morality, however, cousists more in

negatives than positives, and since doctrines are more openly
challenged and openly avowed than morals, the Jews have always
manifested less repugnance to profess, under nressure, Mohammed-
anism than Christianity^

There are other works both in Hebrew ana in Arabic extant by
our author. These relate mostly either to ritual affairs, and consist

of letters to various rabbis, and colleges of rabbis, notably in the
south of France, to congregations in Yemen and elsewhere, or to
medical matters, and consist of short treatises, sucli as aphorisms,
&c., but do not come up in interest to the great works already
named. (S. M. S.-S.)

MAINE, a province of France, was bounded on the N.
by Normandy, on the W. by Brittany, on the S. by Anjou
and Touraine, and on the E. by OrUanais; along with the
northern part of Anjou it is now represented by the depart-
ments of Sarthe and Mayenne. Together with a portion
of Perche which was conterminous with it on the north-
east, and the countship of Laval on the west, it constituted
a great military governiiient, of which Le Ma&s was the
capita!. Eefore the Roman conquest Maine was'held by the
Auleroi Cenomani, whence probably its name. Le Mans,
a great city, was connected by the conquerors by good roads
with Chartres, Orleans, Vendome, Tour.s, Angers,. Jublains
(capital of the Aulerci Diablintes, inhabiting the western
portion of Maine), and S(5e3. Under the later C^sars the
Cenomani became almost independent, and joined the
Armorican republic. Christianity was first introduced in
the 3d century by St Julian, first bishop of Le Mans.
Down to the time of Hugh Capet the bishops were the
real rulers of the country; but in consequence of the
incursions of the Northmen, who came up the Sarthe and
Mayenne, the' erection of strongholds became necessary,
and Hugh Capet made the countship of Maine hereditary
in the person of Hugh L One of the descendants of the
latter, Count Herbert, having acknowledged the suzerair-ty
of William, dulie of Normandy, the people of Le Mans
availed themselves of the absence of the Conqueror in
England to rise against him, and were ultimately success-
ful in gaining their freedom. Maine became united with
Anjou by the marriage of its heiress with Fulk of Anjou,
father of Geoffrey Plantagenet. Henry IL of England, the
son of Geoffrey, was born at Le Mans. On the confiscation
of the estates of King John, Maine passed to Philip
Augustus of rran:e ; by Louis IX., the grandson of

' See Geiger, M.oses b. MaUiioii,, Brsdiu, 1S50, 8vo.

Philip, it was handed over in 1245 to Charles, count of
Provence, afterwards king of Naples; and in 1328 it was
reunited to the domains of the crown by Philip of Valois,
who was count of Maine. It was again separated by his
grandson Louis of Anjou, the brother of King Charles V.
During the Hundred Years' War, Maine was a continual
battlefield

; the English were at last driven out by Dunois,
who took possession of Le Mans in 1447. In 14B1, on tha
death of Charles of Maine, the last scion of the house of
Anjou, Maine was again united to the French crown by
Louis XL

.
The province suffered much during the wars of

religion ; its strong places were disn.antled by Henry IV.
and Richelieu. At the Revolution the troops of Li
Vendue entered Maine, and took possession of Laval,
Mayenne, and Le Mans at the end of 1793; after they
had been defeated by the republican forces under Marceaa
and Westermann, their place was taken by the Chouans

;

and the pacification of the proviucej begun by General
Hoche, was not completed until 1800. Towards the close
of 1870 the second army of the Loire, retreating before the
Prussians, was reformed in Maibe, and in the neighbour-
hood of Le Mans one of the last great struggles in the
F-anco-German war took place in January 1371.

MAINE.

MAINE is the northeastern state of the Union. It PHte v

lies between 4;!° 4' and 47° 27' 33" north lati-
tude and between 6()» ."JO' 48" and 71^6' 41" lon-

gitude west from Greenwich. Its extreme length, north
and south, is 302 miles and its greatest width is 285.
Quebec bounds it on the north. New Brunswick on the
east, the Atlantic ocean on the south. New Hampshire
and Canada on the west. It has an area of 33, .500
square miles; about 4,000 square miles are Water.
Maine was settled in 1631, and admitted as a state into
the Union in 1820. It is the largest of the New Eng-
land states.

Topography.—The surface of Maine is much diversi-
fied. The Appalachian chain crosses the northern part
of the state, running through Aroostook and Piscata-
quis counties, forming part of the boundary line, on
the west, between Maine and Queliec. The mountains
do not form a C(jntinuous chain, but appear *n patches
or isolated peaks. This is the "lake region" also of
Maine. The coast is for several miles inland low. flat
and marshy, usually unfit for cultivation. Mount
Agamenticus, Mt. Desert and the Camden Hills are ex-
ceptions, and present a rugged shore. Mount Aga-
menticus is 670 feet above the sea level, Camden Hills,
on the Penobscot river, about 1,500 feet, and Mt. Desert
2,800 feet. The northern portion of the state, from the
Appalachian mountains, slopes gradually down to the
valley of the St. John river, which for some distance
is the boundary between Maine and New Brunswick.

Coast.—Maine is deeply cut and indented by bays and
inlets, which give her a coast line of 2,500 miles. The
actual coastline, however, measured in a straight line
would be 225 miles. This shoreland is remarkable,
being battered and frayed by sea and storms, and
worn by arctic currents, and, as Dana suggests, by
glaciers, which plane off the shore, making these in-
numerable Fiord valleys. At an average distr.nce of
about three miles from the main land si retches a chain
of more than 300 islands. This coast line in its stretch
of sea line, its beauty of sea and land, of island, inlet,
bay, river and harbor, surpasses any other equally ex-
tensive portion of the Atlantic coast, and has been com-
pared by travelers of different countries with the famej
archipelago of the Aegean sea.

These islands, on the west, are low, wooded and
grassy to thewater's edge, but rising eastward, through
bolder ones, culminate in the crowns and cliffs of Mt.
Desert, and the still more rugged islands about Quoddy
Head. Behind these arc harbors and river mouths,

XV.—38
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convenient and spacious enough to float the navies of

nations. Somes' Sound is probably the most commo-
dious and advantageous position for a naval station for

the U. S. on the whole Atlantic coast.

In 1869 an effort was made to draw the attention of

the government to this important fact.

Mountains.—Mt. Katahdin is the highest point in

Maine. It is in the center of the state, and 5,385 feet

high. Mount Abraham, in Franklin county, is 3,400

feet high. Mars Hill marks the entrance of the Appa-
lachian mountains into Maine, from New Brunswick;
Mt. Blue, Mattatuck, Saddleback and Bigelow, are

prominent peaks of the range. Maine, however, should
be considered hilly rather than mountainous, and roll-

ing rather than rough. The higher peaks are not
wooded on the tops and are usually conical in shape.
The country to the north of the Appalachian peaks
slopes gently to the northeast. The highest part of the

state is the region of the White Mountains, where the

extreme elevation is about 2,000 feet. From this it

falls off to about COO feet on the east. The southern
part of the state slopes to the south from the Appala-
chian mountains, so that it may be said that there are

two general drainage slopes. The course of the rivers

in the northern part of the state is northeast, following
the general direction of the land slope and running at

right angles to the strata of the rocks, as do also the
larger rivers pouth of the Appalachian water-shed.
The rivers in the south flow to the southeast. The pe-

culiarities of the rivers of Maine lie in the fact that all

thobe which flow towards the ocean have broad valleys,

and either find their source in lakes or spread them-
selves out into such bodies of water. The lakes are

usually found in groups and are drained by the princi-

pal rivers or their tributaries.

The Penobscot river is one of the chief rivers of
Maine; with its tributaries it drains one-third of the en-
tire area of the stale. Pamadumcook, Chesuncook, Car-
ibou, and a great many find their outlets through
this river. The Saco river rises at the altitude of 1,890

feet, and drains several lakes, emptying itself into the
Saco bay. The Moosehead Lake, and a long chain of
smaller lakes discharge their waters through the Ken-
nebec river, which flows nearly south, through a broad
valley, and finally empties through several mouths into

the ocean. The St. John river, in the north, has nearly

a hundred lakes of varying size for which it is an out-

let. The total water area of the state is 5,500 square
miles. Indeed, the water power of Maine is

mighty and exhaustless. It is useful, available, con-
trollable and constant. The land, after many vicissi-

tudes of elevation and subsidence from the ocean level,

by one of which (according to Dana, 1875,) the Labra-
dor current was turned aside by the closing of the
straits of Bellitle and a union of Newfoundland with
the continent was expected, lifts to a mean elevation of

600 feet above sea level more than 1,600 lakes. Wal-
ter Wells, in his "Water Power of Maine," estimates

that the great rivers in their descent to the sea yield a
gross total of 6,600,000 horse power—a power equal to

80,000.000 men.
Lakcsand Uariors.—The mountains, scattered as they

are and forming no really continuous chain, afford

abundant and extensive basins for the waters to spread
out in wide bodies or lakes. These lakes cover an area
of about 3,800 square miles, and form one of the pleas-

ant and distinguishing features of this New England
state. Their mean elevation is 600 feet above sea
level. Rangley Lake is 1,511 feet above, and is the
source of the Androscoggin river. Moosehead Lake,
chief source of the Kennebec river, has an elevation of

over 1,0(J0 feet. This lake is the largest in Maine. Its

length is 35 miles, taken at the extreme points, and its

width 10 miles. The St. John river finds its source in

Chamberlain Lake, 925 feet above the sea. Most of

the lakes lie in the vast counties of Piscataquis and Aroo-
stook. They are as yet outside the line of civilization,

in the heavy timbered regions and fi'rests. They are
nearly all connected with the great rivers of the state,

forming a most complete drainage and irrigation system.
As might be expected in the deeply indented coast,

there are a great many good bays and harbors Among
them are Casco, Saco. Sheepscolt, Piscata<|ua. Penob-
scot, Passamaquoddy, Machias, Quohog, Frenchman's,
behind Mt. Desert, Muscongus, Kennebunk Port, and
many others all along the coa.^t. There are fourteen
customs districts in Maine. There is quite a large
amount of foreign trade, both of exports and imports,
and trade with New Brunswick and Canada and the
coastwise trade with the states south.

Oeology, Minerals and Soil.—The many geological
disturbances to which Maine has been subjected, the
upheavels, foldingsandfaults in the rock strata, make it

an exceedingly interesting state, from a geological point

of view. Dana (p. 561, edition of 1875.) has an inter-

esting note on the famous Indian shell heaps, and the
quahog and oyster of Maine. The formations of
Maine are among the oldest, belonging to the Eozois
and Silurian periods. The strata which have been
tilted up in every position, are of the crystalline meta-
morphic rocks. Fossiliferous rocks occur in some
places in the interior, and among the Pliocene clays,

which are found beneath the drift, near the sea. Much
of the state has been scattered over with this drift from
passing glaciers.

There is a belt of granite running the entire length of
the sea coast, where are found many tine granite quar-

ries. Granite also forms the principal outcrop in thR

western part of the state. In the region of Passama-
quoddy IBay are found outcrops of the old red sand-

stone. Argillaceous slates, useful for roofing or for

writing slates, are found along the Piscataquis river.

Between the Kennebec and Penobscot rivers are found
ledges of marble, fit for building purposes, and amons'
trap dikes in the slate, quarries are formed of galena aid
red hematite. There is also a bed of hematite in

Aroostook county, and iron of very pure variety is

fonnd in quantities suflicient for industrial purposes,

near the Katahdin Mountain. In the region of tl e

larger lakes there are frequent outcrops of the Devonian
and lower Carboniferous strata. Syenite occurs along
the coast, exhibiting itself in many beautiful varieties.

The granite on the coast is much finer and more fitted

for working, as a general rule, than in the west. It

occurs in all combinations, making all colors and varie-

ties. The ingredients, feldspar, quartz, and mica, oc-

casionally occur in veins or mixed so coarsely in the
granite that they are easily separable. Limestone is

found in the interior and in the north, in the Aroos-
took region. Many of these crystalline limestones are

used for making lime and are found to be immensciy
valuable. The principal minerals of Maine are thus
found to be of economic value to the state and form a

great source of wealth. They are granite, limestone,

slate, marble, galena and iron. The precious minerals
are very rare. Gold has been found, but not in quanti-
ties sufficient for mining. Several colors of tourmaline
are found, also garnets and beryl.

The drift from glacial action spreads over the entire

state and forms the body of the soil, which in conse-

quence is rocky and generally sterile in the mountain
regions; the valleys, however, are fertile. In the north-
em part of the state are swamps filled up with a heavy
growth of cedar trees. The sea coast is also sterile

and does uot repay cultivation. About three-fifths of

the state is yet covered with forests. But the l?ke beds
and river bottoms are fertile and quite rich in alluvial

soils. Clays of the "Champlain epoch'' are found in

the south of Maine; these contain fossils which indi-

cate that Maine had once a much colder climate than
now, as the forms of life here represented are found at

the present time only in Arctic seas.

C/i'nai/'.—'The climate is nscally favorable to life, the sea wlnjs
bring salubrious aira, and the drainage bauieheB malaria! taintb.
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pro..^perity. The product is n?„.^""

measure, depend for their
^urjSses^or whicf l^'^ilt u.^r^i:t^lJ?1 1^!^^ ""

iT„ f
'"''^'r.liiarries run north and south •

in'wrd't'r Td'^£fty''',"o"'-''>?"'"^'^''--"'
«'>•

carried on
and Cijmden.
one and one-

hundredTnH* fiftri,;""
^""^""^ '^•''

' lime aodTn'th?? Sf?' kilus.«hieli produced l.SOo;'.

000 cords of ,Zd. valneS»V'i^ .5,™'!."/.!.'"".!?^ ^ilns consumedSS,
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to tumish casks for the kilns of Knox county in um The average

Drice Der cask of lime is 97 cents. Directly and indirectly employ-

ment was given to about 3,000 men. Over three-quarters ol a

million of dollars are employed in these works,
„„,v™»r,

Maine has 41 ship yards n operation employing 1 967 workmen^

The total eross tonnage built and launched was 4d, lS9.9b, i he class

of vessels that have been built are generally of large tonnage, many

of them schooners of more than 1,000 tons. The prospect of in-

creased activity in this important Maine industry is encouraging.

Another proraihent industry of Maine is the cutting and shipping

of ice It is used for ballast in vessels, and the shipment of it

fnuth costs but little. Among her other industries Maine has:

4,481

ESTABLISHMENTS.

Boot and Shoe...
Cotton goods—
Lumber, sawed..
Tanned leather..
Woolen goods

—

Flouring and grist

[ills

Total of all industries

CAPITAL.

$ 1,369,000

15,3y3,078
6,3il9,396

2,459.700
3,876,028

993,,'iOO

49,988.171

MATERIALS.

1 3,880.446
7,320,153
4,951,957
5,555,427
4,294,043

PRODUCTS.

$ 5..S23,441

13,319,363
7.933,868
7,100,967

6,686,073

3,966,023
79,82tl,793

Besides these are 76 foundry and machine shops; 46 carriage and

wagon factories; 18 fruit and vegetable canning establishments;

48 printing and publishing houses; furniture, iron and steel, sad-

dlery and harness, starch, sugar and molasses, clothing, brick and

tile, meat-packing and other establishments.
..^ _ » „„„„

THe total number of steam craft amounts to 112, with a tonnage

of 16,991,66; valued at $1,135,700. These boats employ 824 persons

Fisheries ofMaine.—'^'ke fisheries of Maine constitute one of the

oldest and most valuable interests of the community. Priny m
1603 and Weymouth in 1605 both foresaw the uncommon advantages

here afforded for fishing and trading. In 1614 Capt. John bmlth

carried 47,000 dried fish from Monhegan home to England. The

Plymouth colony, finding the fisheries in this section of the coast

much more produciive than those further south, purchased them

in 1628 of Monquim, Sagamore of Kennebec, As the population in-

creased, the fishing industry was made subject to more systematic at-

rangements and regular business forms. In 1636 Folsoni obsen-es

that fishing was the mostcommon occupation of the inhabitants. 1 he

fisheries of Maine continually grew into a business of magnitude

and importance. During a term of nearly 100 years of »;i>r with

the Indians, the chief dependence of the people was upon the fish-

eries In 16tM a duty tax was put upon the fishermen for purposes

of revenue. At present Maine ranks second in the list of states in

her catch of fish The salt water fish taken are the cod, mackerel,

halibut, herring, haddock, hake and pollack. The catching and

caring for these fish give eraplovment to about 13,000 persons. The

freshwater fish are the salmtm, shad, smelts, alewives and bass.

At Eastport there is a thriving sardine canning department

Maine also does the bulk of the lobster canning m the United

States. There are hatcheries at Orland and at Grand Lake stream.

Sea salmon eggs can be obtained for propagation from the Penob-

scot river. aI this is the only river on the whole Allanlic coast

where these eggs can be procured, Maine, Massachusetts, I\ew

Hampshire and Connecticut have formed an association with the

United States for procuring these eggs, which are distributed

amongthedifferentstates. Prom these hatcheries manyof the riv-

ers and lakes are being supplied with fish, such as the lake salmon,

Bhad bass, alewives and smelts. There has been considerable in-

terest taken In this industry, and the lower lakes, ponds and rivers

are being rapidly replenished.

There were in M aine in

:

. 472 miles of railroads.

. 786 "

.1,005 "

.1,135' "

.1,149 "

1887 l.I*>2 '

1888 1.321
;;

1889 1,340 "

Length of line operated inl888, 1,160 miles. .,„,„„ „,^
Capital stock *m'!5S'rqo
Funded debt fA^^Mi
Total investment .A^a^a
Cost of railroads and equipments

o'3l-u'ini
Earnings from passengers o'T'ioaTw
Earnings from freight ^Rm'Sno
Earnings from all sources ?'™'S5;
Net earnings Mmrr,
Interest paid on bonds 'iJo kko
Interest paid on stock sj^,t)t)B

Forests.—Tae great forests of Maine, which long covered the cen-

tral and northern portions of the state with a heavy growth of pine,

spruce, hr-mlock, fir and the common deciduous trees, are fast being

turned into lumber. The lumber business, which was once the

great industry of Maine, has fallen oS so that it is now more than

equalled in the state by the single and comparatively recent indus-

try of cotton manufacture. In the eastern part of the state the

white cedar is quite common. White and black oak, hard and soft

maple, beech, cherry, ash are found in abundant growth In the

south, ch«stnu- white and black walnut are found, while basswood

and poplar are common to all portions of the state. The great

northern region of the Aroostook and Piscataquis is the principal

region for lumber at the present time. For business purposes the

sprace, hemlok'k and cedar form the staples. Great quantitns^

lumber come down the Penobscot river to Bangc

irain shipping port for lumber in Maine,
Savings ,ffai*j,—The number of savings banks

(or saving at the close of the year 1889 was fltty-Bi

Total deposits *^^'?Io?S
Depositors ""'o?; ro
Average to each » om^'iw
Increase of deposits ' i^vx
Increase of depositors —ooq;
Total reserve fund *

'i'i?'^q°
Increase during the year , '-'' '"-

Regular semi-annual dividends 3H to 5 per cent per annum.

Assets in real estate *
i'«Sn'n?.i

Loans on mortages of real estate b,C(iU,UK>

Nine trust companies have a capital stock paid in of $767,500;

their total deposits amount to $1,653,125,
., , , »„„ n.io

Twenty loan and building associations have a capital of ,*319,04^,

This amount is divided among 3,381 shareholders ; 492 arc borrow-

ers and 2,889 are non-borrowers or investors. The 492 borrowers

received loans to the amount of $387,956, an average loan to each of

Prohibition in Maine.-'V\\e. Prohibition party has existed as a

local or state organization for many years, and a number of states

have experimented with prohibitory laws. Local temperance sen-

timent was first organized into a state party in Maine in 1S46,

throu.'h the efforts of Ncal Dow, The legislature of this state

passed a bill in 1»16, forbidding the traflic in liquors, but this

proved so imperfect in detail that it could not be enforced An-

other attempt was made in 1851, when the famous "Maine Liquor

Law " was enacted. This is still in force in that state, and in 18»1

its specifications were put In the form of a constitutional amend-

ment, and adopted by a large popular majority. The Maine

Law " in substance provides that: The sale of all intoxicating liq-

uors shall be controlled exclusively by a special agent, appointed

by the state; and he shall superintend their lawful sale for medic-

inal mechanical and manufacturing purposes. All other persons

are prohibited from selling any hquors, except unadulterated cider

and wine, and from manufacturing the same for unlawful sale.

The authorized commissioner violating the law shall be fined not

less than $30 and imprisoned for not more than three months A
common seller shall be fined not less than $100 nor more than $250,

with imprisonment for from three to four months. Anyone receiv-

ing an iniury from an intoxicated person may sue the one who sold

the liquor. The lessee or owner of the saloon is also liable. A
persorf convicted of keeping a saloon is liable to the punishment of

a fine of $100 and costs, or imprisonment for three months, with six

months' additional imprisonment for each subsequent offense. A
person convicted of being intoxicated is liable to a fine of $10, or

one month's imprisonment for the first offense, and a fine of $«
and three months' imprisonment for the second. Unadulterated

cider in quantities not less than five gallons may be sold, but no

cider in small quantities, wine, beer, ale. porter or malt liquors of

any kind. All intoxicating liquors of this nature found, which

have been kept for sale, are contraband goods, and, when seized, go

to the town and by the town are to be destroyed. The state com-

missioner is allowed 7 per cent commission for his salei, and is put

under $10,000 bonds to the state. The state commissioner and mtl-

nicipal oflicers are prohibited from selling liquor to any minor, sol-

dier; Indian or intoxicated person, or to any person of whose intem-

perate inclinations he has been informed by friends or officers. It

IS made the duty of sheriffs and county attorneys to see to the en-

forcement of these laws. „ , .^ >

Statistics show that during the year 1875, m the supreme court

alone, there were 276 convictions, 41 commitments to jail and ItJU,-

898 coUectedin fines under these laws, more of each than in any other

vear and four times as many convictions and ten times as many
fines' as in 1866. when the general enforcement of these laws was re-

sumed after the close of the war. It is significant also that during

these nine or ten years of gradually increasing efliciency of the en-

forcement of the "laws against saloons, the number of convicts in

the state prison has fallen off more than one-fourth. The present

law is effective against the crime rather than effective in raising the

moral sentimcht. It works to the suppression of the tramc as

other criminal laws work for the suppression of the crimes they are

intended to prevent. Governor Chamberlain said of their efficiency

that the laws against intoxicating liquors are as well executed and

obeyed as the laws against profanity, unchastity and murder As

a rule, the Prohibitionists are satisfied with this efficiency, but not

with the sufficiency of the legislation. The cause of temperance

has been greatly aided by the " Maine Law, and the progress has

been as great as could be expected. .,.»-.„„
History —Maine was the objective point, not only of poetic fancy

and dreams of empire, but of the earliest actual colonies and set-

tlements upon which more than one kingdom of the old world

based its title to the new. The region between the Piscataquis and

Penobscot was especiallv attractive to the early explorer.s, on ac-

count of its beauty of "shore sea, islands rivers and harbors,

Thevet visited it in 1556 and Weymonth in 1605, English, French,

Snanish, Portuguese, Dutch and Italian ships were accustomed to

rendezvins about Pemaquid and Monhegan, They sought a way o

the Indies at first ; then they sought gold, fish and furs, and final y

to bring the land under the hand of civilization, England for nearly

a hundred years allowed this country to pass from her thoughts.

As a natior ihe exhibited no strong policy toward these colonies.

Her interest was fitful and manifested chic^J
j^y„'Pfj3.',<'°^"'f;,nui'

was the early settlement
"-'- -' i-,"i'

which

stitutions

„„ iucca,>, ..;...=,..„^. ... this territory which confirmed the title

of old England to the new. Years before the Pilgrims set foot on

Plymouth sands. English settlements were established at vanous

points on the shores of Maine. It was at Pemaquid that bamoset

fcamed the language of the English so that h" was able to say to

the Plymouth colony, as they landed "M"'''!
Yi!'™,""";,^"^, ?^;

men 1
""
and it was to Pemaquid that the Plymouth colony sent for

food in that bitter winter. The first incorporated city of America

was within the limits of Mnine-the city of Georgiana, founded in

1641 on the site of the present town of York, Maine was at one

time a county palatine, and is the only portion of Amenca which

was ever under a purely feudal tenure.
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The liiBtoryof Maine niiturally Rronps Itself In two goncral di-

vinions: I. Maine as a province; V. >Iame as indcpenjout.
The eves of Europfuns in previous centuries had been drawn to

this land, and Th:)rwald, Erick'a eon, in ltW4 landed in the Gulf of

Maine toeeekadwolling pbire. Later three vessels with 160 per-

sons landed to make a settlement. But thiw settlewnt became ex-

tinct, and the land rehip.sed into the nhadow, eo that Columbus
practically made the discovery of an iinknnwn world fonr or five

hundred years later. The Knglish Wero slow to comprehend the

great opportuniticy afforded by the discovery of America. In IfiffG

Andr6 Thevet, a Frenchman, visited Penobscot buy. In 1604-6-6

I)e Monts andChampIain ni;i'lo a ureriil uludyof Cascobayand
Saco. Settlements W'Ti i,,,. n ;>i' I'.m ii,a )<\ tluilower Pe-
nobscot ret^ion, wbirli ill!, ,11 .-(ine. In this

T7ay France had good
i

> .
i of the present

state of Maine. In l("i ^i .i
. n l^ n , hj i;ii ii- imian, tnade the

inlands in Penobscot bay, which he naninj Fox islands, sailed on to

Kennebec, into Cusco bay and up the Saco river. In 1605 Captain
Weymouth pursued the same course and object. On the 17th of
August, 1607, a company under George Popham and Raleigh Gil-

bert from Plymouth. Eng.. landed at the mouth of the Kennebec
river. The severe winter that followed was the means of breaking
up and destroying this first English colony in Maine. But the fact

of theexistence at one time, if for a very short period, of an English
settlement in Maine was enough to establish the title of England as
against France in the whole New England territory. The French
tlaim to America was founded, Ist, on the voyage of Verrazzano,
1524, who first discovered the gulf of Maine, and called the country
New France;2d, on the grant of Henry the IV, 1603, to De Monte, and
on the voyage and occupation of the country under De Monts »nd
Champlain. The English title was defended on the charter of 1606,

and on consequent occupation by Popham Georges ; on the voyages
and landing of Go?nold, Priny and Weymouth, and on the discov-
ery of Cabot. The great question between the English and French
as to the right of possession turned on the occupancy of America
under charter. The charter to De Monts had been granted in 1603

by the French. England made the Virginia charter in 1606. But
the charter of De Monts had been revoked in 1607, and the Eng-
lish claimed that the settlement made under the charter of 1606 at
Kennebec gave them undisputable right, eo that the English claim
to America finally came through Maine.

Sir Ferdinando Georges never swerved from his great thought of
building up a Christian civilizatitm on the shores of the gulf of
Maine. In March, 161n, he set sail again from England, but was
driven back. On the 24th of June he renewed his voyage, but was
again frustrated, fet beforethe Puritans set footon Mansacbusetts
bay, the Pilgrims had been made welcome to establish themselves,
or rather their settlements and trading posts, at Pentagoet in 1626,

and at Kennebec in 1038. They had a grant of a million and a half
of acres, over which John Alden was chief. The encroachments of
the French on Pectagoet gave Miles Standieh occasion to use his
strong sword. In 1620 a charter was granted the territory from the
fortieth to the forty-eighth degree of north latitude; that is, from
the latitude of Philadelphia to the bay of Chaleur, and through
the mainland from ocean to ocean, to be known as the New England
in America. August 10th, 1623, a patent was given to Gorges and
Mason, conveying to them the country between the Merrimac and
Kennebec to the farthest head of said rivers, and 60 miles inland,
together with all the islands and islets within five leagues of the
ehore, which the indenture states "They intend to call the Provittce

of Maine.'''' In 1G29 Gorges and Mason divided their territory,
raaeon took the western portion between theMerriraac and the Pis-
cataqua, which he named New Hampshire, and Gorges took the
Test, from the Piscataqua to che Sagadahoc, whicn ten years after-

ward received the name of Maine. It is commonly fiaid " Maine is

Ihe daughter of Massachusetts ;
" the reason lor this is that Maesa-

thusetta was the stronger party.
The Great Council of New England, having encountered many

vexations, agreed to surrender its charter in 1635, and determined
to divide its territory into eight provinces, two of which were
within the present limits of Maine. The region between the 8t.

Croix and the Kennebec, already claimed by the French, was to be
given to Sir William Alexander. Earl of Stirling, and was to be
called the country of Canada. This extended to the St. Lawrence.
The coast from the Kennebec to the Piscataqua, and extending
gixty miles into the mainland, was assigned to Georges and Mason,
and by them named New Somersetshire. In 1636 William Gorges
Bet up a court at Saco. This was the first organized go-vernment
In the state of Maine, Amidst distractions of the times in old
England and new, to assure himself of his title between restless
Frenchmen and encroaching Puritans, Gorges in 1637 succeeded in
obtaining from King Charles I a new and notable charter, the most
eitraordmary ever given to a subject in modern times. It con
firmed the old boundaries, the Piscataqua and Sagadahoc, extend-
ing 120 miles, however, inland, and was uow and for the first time,
and by charter, named the Provi,tre of Maine; eo called because
of the distinction between the 7?iain and the islands so much fre-

quented along the shore.
The political status of this province was that of a Palatinate, of

which Gorges was lord palatine. Massachusetts began to encroach
little by little on the province of Maine, till in 1663 she had gained
so strong a hold, and so many of the people of the province had put
themselves under her protection that she felt justified in sending a
mandatory address to all the people of Maine, requiring them to
give obedience to her laws. Trouble arose, which was settled in
16T7 by the king in council declaring that the north line of the
Massachusetts colony was three miles from the north bank of the
Merrimac at its mouth. Massachusetts then purchased for £1,250
the province of Maine, or eo much of Mameas Gorges' title covered,
from the Piscataqua to the Sagadahoc, and 120 miles back from the
sea. In 1684 the Massachusetts charterwas annulled, and she loos-
ened her hold snmewhat on Maine. The subsequent charter of
SVilUam and Mary did not restore former rights and titles, and did
ttot even confirm the equitable claims of Slassachusetts to Maine.

In fact, this charter did not put Maine under Maai^achaeettH as a
province or dependency at all, but made it a constituent part of the
new royal province. In IGGo Masf-achuseltH had established a local
court in all the towns. It is al^o of intcrcht to note that the last
act of the old Maine province before she lost hernarae in Ma^^sa-
chusetts bay was, on July 15, lOliO, to pass a law, "That from
henceforth there shall not be any rum or other strong liquor . . .

sold, except in cases of great necessity." A still earlier "liquor
law" had been in force in Maine issued by the Duke of York, Sep-
tember 11, 1677. In the French and Indian wars Maine was an ex-
posed frontier for nearly a century. In fact, she wan ho patriotic
in these sirugclea in the employment of men and means that her
territory was almost depnpiilaied.
There is nodfjubt that the one thing which attached Maine to

New England and led h«'r t<» cast in her lot with the fortunes of
free America was the inrtuence of a Congregational church system.
Political and religious divisions being at that time so nearly coinci-
dent, the puritan and pilgrim churches have had an honored place
in the march of political freedom. D'Aulney and La Tour had
struggled to carry Acadia to the banks of the Penobscot. The
Dutch had effected a Iinl^'tiMut (m Penobscot bay in 1676, but the
English had driven tin in :iwfiy. There were Dutch, German, Scotch,
Irish and French sritlfiii-TH- also in the province. Almost a cen-
tury of wars borne hv the ilitT.n-nt colonies had knit them together.
The brunt of these frontier wars fell upon Maine. The fleet which
took Port Royal was manned chiefly here, and commanded by her
son, Sir Wm. Phipps. At the siegr (.f Louisburg the whole Eng
lish armament nearly were men of JIaine, which was conducted by
Sir Wm. Pepperell. Maine was also represented on the Heights of
Abraham. Such was the draught on her in these French wars that
Massachusetts had, at one time, to send 100men to garrison her forts.

But when the dearly defended liberties of the colonies were threat-
ened by the mother country herself. Maine was among the very first

to come to their defense. "Our swords have not grown rusty,"
said the town of Gorhara. "We offer our Jives a sacrifice in the
glorious cause of liberty," were the words of Kittery in 1773, two
years before Lesingtoa and Concord. Soon after, the patriots of
Machias, under the O'Briens, boldly attacked the king's ship, the
Margaretta, and after a sharp engagement tte British flag was
struck for the first time on the ocean to Americans. In that war
for independence Maine, drained as she was by the French and In-
dian wars, lost 1,000 men. And when it was over, the burden of the
public debt that fell upon her was greater in proportion to her
wealth and population than her share in the cost of the war of the
rebellion.
Had not Maine been incorporated with the rest of New England

by the charter of 16yi, there is no doubt that the English, perceiv-
ing the great strategic advantages of her position, would have
seized upon the territory and overawed the inhabitants, and when
at last lines were drawn they would have included that dukedom of
York bounded by the Kennebec, or the eastern boundary of the
United States would have been the Piscataqua. This charterot
1691 gave to Massachusetts bay colony all the territory east of the
St. Croix river and Nova Scotia, and Maine became a constituent
part of Massachusetts, as much as Plymouth or Boston. When in-

dependence of England was declared, Massachusetts and Maine
were spoken of as one. For the better administration of maritime
affairs, congress in 1779 made Maine a separate district with a
United States court and officers as at the present time.
Early in KSt public meetings were held and conventions called

to consider the expediency of aseparation from Massachusetts, the
connection with which had been an unnatural union from the begin-
ning. The growth of the state also increased the demand for sepa-
ration. From a population of five thousand at the beginning of
the century she had advanced to more than seventy -five thousand
in 1776, and at the close of the centnry her population exceeded a
hundred and fifty thousand. The war of 18l2brought many changes.
Maine again contributed her aid to the country against Great
Britain. The English directed several of their attacks against tbi^

coast, which was poorly defended. The sea fight off Seguin was <-

creditable one to our navy ; and a gallant enterprise in capturine ii

British privateer off Bristol, redounded to the credit of that neigh-
borhood. Maine was then pre-eminently a commercial state; her
shipping amounted to 150,000 tons a year; her exports to almost a
million dollars a year. But many of her sailors were liable to im-
prisonment under the embargo act of 1808. The war and the em-
bargo increased party feeling. The patriotic spirit prevailed, and
the majority sustain>^d the government. The war stimulated local

industries. The manufacture of woolen, cotton, glass and metal
started up all over the state. When the war ceased and foreign
goods came in the home industry was ruined. There was no longer
a demand for her agricultural products, and the result was that the
discouraged farmers rushed to the west. This was known as the
•'Ohio Fever" of 1815-1816. by which the state lost 15.000 of her
people. The question of separation had now become a parly issue,

the Federalists adhering to Massachusetts, the Republicans con-
tending for independence.*

•These party names furnish a striking Instance of misnomer. They
were really the Nationalists, who came to be called Federalists. They
held to the unity of the nation as opposed to a confederacy, and were
led by Hamilton and Jay. The old Federals, supporters of the Ideas
of the confederation, were afterwards, under Jefferson, known as Re-
publicans and then Democrats.

—

From Von Holst
In 18^ the point was carried; and the connection which was be-

gun in violence, bat has continued for 130 years in growing good-
will, was ended, and Maine was admitted as a state to the union.
That portion of the state north of Georges Palitinate was never sub-
ject of ^rant to any party. The title, therefore, was vested directly

in the United States by the treaty of 1783 with Great Britain, and
was virtually transferred to Maine on her admission to the union.
For many years there was, however, a contest as to the northern
and northeastern boundary. The result, though unsatisfactory to

England, was felt by Maine to be for the advantage of the United
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States at the esponse of Mnine. The United States received a tract

on Lako9 Champlain and Superior, and Maine the merely nominal
sum of $150,000. Thepopuhiiion of thenew state was nearly 300,-

(00. Up to the year 18r>0, each decade showed an average gain of

80,000 inhabitants. Fr«m that time there was a falling oti in the

rate of increase. Maine was as prompt to respond to the call for aid

when the war for the union broke out as she had been when her
ownliberties were threatened in 1776. Seventy-five thousand men
answered the Bumraons of the president on sea and land, and one-
third of that number went out to die. The state incurred a debt of
$12,000,000 in raising and equipping these soldiers and sailors. The
United States, in consideration of this fact, paid back over 8000.000
of the amount, which Maine applied as a sinking fund to provide
for paying off the war debt at its maturity. Mame also provided
for her disabled Bailors and soldiers by p^meions for th- m or for

their families. B.C. H.

MAIlSrE DE BIRAN, FRANgOIS-PlERRE-GoNTHIER

(1766-1824), a distiDguished philosoplier of France, the

joD of a physician, was born at Bergerac November 29,

1766-, After studying with distinction under the doctrin-

aires of Perigueux, he entered the life-guards of Louis XVI.,

and was present at Versailles on the notable 5th and 6th of

October 1789. On the breaking up of the garde du corps^

Maine de Biran retired to his patrimonial inheritance of

Grateloup, near Bergerac, where his sequestered residence

and limited income preserved him from the horrors of the

Revolution. It was at this period that, as he says himself,

lie " passed per saltnm from frivolity to philosophy," The
forced leisure of this fearful time decided the vocation of

his life. He combined, in a more than ordinary degree,

subtle sensitiveness to external influences with singular

acuteness iu surveying and analysing internal phenomena.

The modes of the mind and their organic causes or condi-

tions were alike submitted to his scrutiny. He began his

philosophical studies with psychology, and he made psycho-

logy the study of his life. When the Reign of Terror was

succeeded by calmer days, Maine de Birau was called to

take part in the administrative and political afl'airs of his

country. After his exclusion from the council of the Fivo

Hundred on being suspected of royalism, he took part with

his friend Lain^ in the commission of 1813, which gave

expression for the first time to direct opposition to the will

of the emperor. After the Restoration he held the office

of treasurer to the chamber of deputies, and habitually

retired during the autumn recess to his native district

to pursue his favourite study. He died 16th July 1824.

Maine de Biran'a philosophical reputation has suffered from two
causes—the rfbscure, laboured quality of his style, and the un-
fortunate mode of publication of his writings. In all his work
there is evii'erice of thorough originality of thinking, but in the

expression of his thoughts this very originality is so far a disad-

vantage in that it imposes ou him a mode of exposition Uttle

calculated to attract and retain the attention of a reader. During
his life, moreover, but few, and these the least characteristic of his

works, were fonnally published. An essay on habit {Sur VInfluence
de VHahitvde, 3803), a critical review of Laromiguiere^s lectures

{1817), and the philosophical portion of the article Leibnitz in

the Biographic Univiirselte {1819) appeared during bis lifetime.

A long memoir on the analysis of thought (Sur la Decomposition de

la Peiisie), crowned by the Institute in 1805, was sent to press, but,

for some reason, was not finally printed. His manuscripts,

very large in quantity, were not made accessible in their entirety

to Cousin when that writer desired to prepare a collective

edition of De Biran 's works. In 1834 the writings above enumer-
ated, together with the important essay entitled Nouvdhs con-

sldcraiioiis sur Ics rapports du physique ci du moral de fhomme,
were published by Cousin, and in 1341 there were added three

volumes by the same editor, under the title (Euvrcs philosoj^hiquvs

dc Maijie de Biran. The manuscripts from which Cousin
had prepared this edition were, however, in a most imperfect
condition, and it was known that some memoirs to which De Biran

attached the greatest importance were still in obscurity. In 1845
a large mass of manuscript was placed by De Biran's son in the

hands of F. M. E. Naville. The labour of preparing these for

publication, interrupted by the death of Naville in 1846, was
continued by his son, E. Naville, and completed, with the aid

of M, Debrit, in 1859. The (Eurrca imdites de M. de Biran,

3 vols., rendered it possible for tlio (irst time to obtain a connect i

view of a very remarkable monument of philosophical development.

In these volumes the most important work is that entitled Essai

sur lesfon/lemciiis de la psychologie ct sur ses rapports avcc Vititde de

li nature^ which represents the completest stage of De Biran's
thinking. A later stage is represented by the fragments of a
projected work entitled Nouveaux Essais d"Anthropologies in
which the psychology of the earlier treatise is developed in the
direction of a somewhat mystical metapbysic.
De Biran's first essays in philosophy were \vritt9n avowedly from

the point of view of Locke and Coudillac, hut ever, in them he was
brought to signalize the essential fact on which his later speculation
turns. Dealing with the formation of habits, he is compelled td

note that passive impressions, however transformed, do not furnish
a complete or adequate explanation. With Laromiguiere he dis-

tinguishes attention as an active effort, of no less importance than
the passive receptivity of sense, and with Butler distinguishes .

j>assively formed customs from active habits. Prolonged medita-
tion, evidenced in the occasional writings, prize essays, and the like

of the subsequent years, brought him to the far-reaching conclusion
that Condillac's notion of passive receptivity as the one source of

conscious experience w-as not only an error in fact but an error of

method,—in short, that the mechanical mode of viewing conscious-

ness as formed by external influence was fallacious and deceptive.

For it he proposed to substitute the genetic method, whereby human
conscious experience might be exhibited as gro%ving or developing
from its essential basis in connexion with external conditions.

The essential basis he finds in the real consciousness of self as an
active striving power, and the stages of its development, correspond-

ing to what one may call the relative importance of the external

conditions and the reflective clearness of self-consciousness, he
designates as the affective, the perceptive, and the reflective. These
stages are characterized with much skill and psychological acuteness,

and in connexion therewith De Biran treats most of the obscure

problems which arise in dealing with conscious experience,

such as the mode by which the organism is cognized, the mode
by which the organism is distinguished from extra-organic things,

and the nature of those general ideas by which the relations ol

things are known to us—cause, power, force, &,c. His views are

always suggestive, and the best recent psychology in France is but
a reproduction of some of them.

In the latest stage of his speculation De Biran distinguishes the

animal existence from the human, under which the three forms above
noted are classed, and both from the life of the spirit, in which
human thought is brought into relation with the supersensible,

divine system of things. This stage, as above said, is left imperfect.

Altogetlier De Biran's work presents a very remarkable specimen

of deep metaphysical thinking directed by preference to the
psychological aspect of experience. It is almost a solitary instance

of an effort to treat psychology in a wide and philosophical

manner.
The (Euvrcs in^dites of De Biran by Naville contain an intro-

ductory study. Special monographs on him are—llerten, Etud\
critiqv.e sur Maine de Biran, 1865 ; E. Naville, Maine de Biran^ $n

vie et ses pcnsies, 2d ed., 1874 ; Gerard, Maine de Biran, essai ^uj

sa philosophie, 1876.

MAINE-ET-LOTRE, a western department of France,

lying between 47' and 47* 50' N. lat., and between 15

E. and 1* 20' W. long., consists of the southern portion oH

the former province of Aujou, and is bounded on the N.

by the departments of Mayenne and Sarthe, on the E. by

Indre-et-Loire, on the S. by Deux-Sevres and Vend(ie, on

the W. by Loire-inf^rieure, and on the N.W. by Ille-et--

Vilaine. The extreme length from north-east to south-

west is about 78 miles ; the breadth from north to south

ranges from 25 to 50 miles, and the area is 2750 square

miles. The capital, Angers, lies 162 miles south-west

from Paris. The department is made up of two distinct

regions, the line of demarcation running from south-east

to north-west, and passing through Angers ; that to the

south consists of granites, felspars, and a continuation of

the geological formations of Brittany and Vendue ; to the

north, on the contrary, schiflts, limestone, and chalk pre-

vail. The general elevation of the latter region is but

small, and none of its eminences exceed 330 feet in height

;

the former, on the contrary, has a surface richly varied

with deep winding valleys clothed with woods and

thickets, though the highest points are under 700 feet.

The department belongs entirely to the basin of the

Loire, which traverses it from east to west by a valley

varying in breadth from about 1 to 5 miles ; the bed is

wide but shallow, and full of islands, the depth of the

water in summer being at some places little more than 2

feet. The floods which occur are sudden and destructive.
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Tlia cliief araaout of tho Loire witliin the dopai-tment is

the Maine, formed a little above Angers by the junction

of the Majenne and the Sarthe (the latter in turn having

previously received the waters of the Loir). All three

rivers are navigable. Other tributaries of the Loire are

the Thouet (with its tributary the Dive), the Layon, the

Evre, the Divatto on the left, and the Authion on the right.

The latter, which has a course parallel to that of the Loire,

h:\s been supposed, but erroneously, to occupy an ancient

bod of that river. The Mayenne is joined on the right by

the Oudon, which can be navigated below Segr6. The

Erdre, which joins the Loire at Nantes, and tho Moine, a

tributary of the Sivre-Nantaise, both take their rise within

this department. The climate, which is very mild, shares

the characteristics both of the Sequanian and of the

Armorican districts. The mean annual temperature of

Angers is 3° Fahr. above that of Raris ; the rainfall at the

same place is only 18'64 inches, but rises to 236 inches

farther down the river, and 27 '75 as the sea is approached.

Notwithstanding this deficiency of rain, the frequent fogs,

combined with the peculiar nature of the soil in the south-

east of the department, produce a degree of moisture

which is highly favourable to meadow growths. The
winter colds are never severe, and readily permit the culti-

vation of certain trees which cannot be reared in the

adjoining departments.

Of the entire area more than one-half is arable ; one-tenth is

occupied by meadows ; and considerably smaller aieas are occupied

by woods, vineyards, and beatb respectively. Oxen number
226,000, pigs 100,000, and sheep 68,600 ; these figiires represent a

considerable commercial activity, as most of the animals are pur-

chased out of neighbouring departments for the purpose of being

fattened. "Cholet alone exports annually 100,000 cattle, 160,000 or

200,000 sheep, and 25,000 or 30,000 pigs. The number of horses

in tho department is 55,000, chiefly of a race much used for light

cavalry service. The cavalry school is at Saumur within tliis

department The production of cereals is in excess of the con-

surnption ; there are extensive areas in the valleys of the Loire and
Sarthe under hemp, and linseed and colza oU are produced in

quantity. The legumes of Saumur and Angers are specially prized.

The wine of the department (14,000,000 gallons in 1880) is fairly

good, and the white wine of Saumur is exported and sold as spark-

ling champagne (about 6,000,000 bottles yearly). Cider is pro-

duced, and large quantities of apples, pears, and plums are exported

to the markets of Paris, England, and Russia. Floriculture is an

important industry, and the forests of oak and beech abound in

game (stag, roebuck, wildboar). Near Angers are slate quarries in

which 3250 workmen are employed ; and the " Layon-et-Loire
"

coal-bed produced in 1881 15,288 tons of coal and anthracite, which,

however, did not supply the demand of the department. There are

sandstone quarries in the arrondi^ssements of Saumur and Baug^.
Cholet, the chief manufacturing town, is famous for its pocket-

handkerchiefs ; it bas also manufactures of linen cloths, flannels,

and cotton stuffs, worsted and cotton thread factories, and bleach-

ing works. Similar manufactures are caiTied on at Angers ; the
.speciality of Saumur is the making of enamels and beads, in which
it employs 600 workmen, producing goods to the annual value of

1,500,000 francs. The population of the department was 517,268
in 1876, being an increase of 141,714 since 1801. There are fivs

aiTondissements,—Angers, Bauge, Cholet, Saumur, andSegre. Thj
capital is Angers.

MAINPURI, or Myttpooeee, a district in the lieutenant-

governorship of the North-Western Provinces, India, be-

tween 26° 52' 30" and 27° 30' N. lat., and 78° 27' 45"

and 79° 28' 30" E. long., is iounded on the N. by Etah,

on the E. by Farrukh.-ibAd, on the S. by Etawah, and on

the W. by Muttra and Agra, and has an area of 1697 square

miles, of which 949 are cultivated, and 190 cultivable.

It consists of an almost unbroken level plain, intersected

by small rivers, but unvaried by any greater elevations than

a few undulating sand ridges. It is wooded throughout

with mango groves, and isolated clumps of bdbul trees

occasionally relieve the bareness of its saline usar plains.

On the south-western boundary the Jumna flows in a deep

alluvial bed, sometimes sweeping close to the high banks

which overhang its valley, and at others leaving room for

a narrow strip of fertile soil between the river and the
upland plain. From the low-lying lands thus formed a
belt of ravines stretches inland for some 2 miles, often
covered with jungle, but affording good pasturage for cattle.

Moving north-eastward from this point, one reaches in

succession tho small rivers Aganga, Sengar, Rind, laan,
and KAli Nadi, most of which supply water to a small
tract on either side, besides giving origin to rich deposits
of cultivable silt. The Etawah and Cawnpur branches of

the Ganges canal intersect the district for irrigation

purposes, and the Lower Ganges canal, when completed,
will furnish additional facilities in the same direction.

The census of 1872 returned the population of the distnct a)

765,783 (males, 426,956 ; females, 338,828). The Hindus nnm
bered 724,663, Mohammedans 40,965, Christians 85. Amonf
high-caste Hindus, the Brahmans number 67,072, and form t

wealthy landholding class. Rajputs are returned at 60,155.

amongst whom the Chauhans form the largest clan. They hav(

iong formed the aristocratic class of the district, .'\nd in 187i
owned 44 per cent, of the total area. Much of their hereditarj

property is, however, passing out of their hands into those o;

merchants and traders. Of the lower castes, the most importanl

are the Ahirs, numbering 123,358, who own over 12 per cent
of the soil. For many centuries this tribe consisted of lawlert

robber hordes, who held the fii„stnesaes of the Jumna ravines

and, though they have now been reduced to a comparatively in*

dustrial liie, they still continue to afford the local anthoritief

much trouble and anxiety. The Chamars, 103,193 in number, &Ti

mere hewers of wood and drawers of water for the landholding

classes, who held them in a condition of absolute serfdom undej

native rule. Other important Hindu tribes are Kachhis (72,898X
Lodhis (53,658), Gadariyas (28,047), and Kahdrs (25,273). Th(
Moslems are for the most part poor and without social influence

Only four towns in the district contain a population exceeding 6000

Mainpuri, 21,117; Shikohibad, 10,069; Bhongaon, 6271; and
Karhal, 5574.

Mainpurf is one of the districts where the question of female

infanticide has long engaged the attention of Government, and

even as late as 1872 this practice was so common as in a great

measure to account for the large preponderance of males in the

general population. In 1842 measures were first introduced foi

the supervision of the Chauhdn Rajputs and Phatak Ahirs, amoo^
whom the practice was most common. Every female birth had to hi

duly reported and authenticated, together with a subsequent report

on thi child's health. Hlncss had to be immediately announced to

the police, who held an investigation. These rules remained in force

until supplemented by those of the Infanticide Act of 1870. In 184g

there was not a single female child among these tribes ; in 1847

therewere but two hundred and ninety-nine. In)861 a convention ol

the heads of clans was held, when a body of rules was drawn np and

subscribed to, but they were never observed. In 1865 a census of the

Chauhdn and Phatak villages was held, when six of the former

were found without a single female infant. In some cases a daughter

had never been known in tho village. In 1870 it was found

necessary to impose more stringent rules, and a special Infanticide

Act was passed by the viceregal council. Inquiries instituted in

connexion with the census of 1872 revealed the fact that many
other tribes than the Chauhans and Phataks yere implicated in the

practice. In 1875, although a large proportion of the community
had so far reformed in this respect as to be exempted from the

special supervision provided by the Infanticide Act, there were still

two hundred and seventy-six villages on the "proclaimed list"

under the surveillance of a specially organized police, maintained

by a tax levied on the guilty communities.

In Mainpuri almost every acre of available soil is under tillage.

The total area under cultivation at the date of the last settlement

was 607,991 acres. JDuirif or rain crops included cotton, 48,901

acres
;
joar, 120,497 ; bajra, 74,028 ; indigo, 6389 ; with a little

maize, rice, hemp, &c., making up a total of 299,850 acres. Raifi',

or spring crops were the following :—wheat, 105,483 acres ; barley,

60,443; wheat and barley mixed together, 66,488; with gram,

poppy, &c., making a total of 282,376 acres. There were also

17,623 acres under sugar-cane. Of the 607,360 acres cultivated in

1881, 337,726 were nnimgated, 180,416 were irrigated by private

individuals, and 89,219 by Government Two-thirds of the land

'is held by tenants with rights of occupancy, and one-third by

tenants-at-will. Mdinpuri suffers little from floods or blights,

but in former years it used to be severely afilicted by drought

The means of communication, added to the large and increasing

irrigation system, are now probably sufiicient to protect the

district from extreme distress in years of famine.

The district trade is almost entirely of ^ rural character. The
chief exports are cotton, grain, indigo, j/^i, and miscellaneous

agiicultuial produce ; while metals, English piece goods, sugar.
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tiedlar's wares, tobacco, ami rice are imported. Cotton thread is

fcirgely manufactured, and thero is some trade in bangles, hukds or

pipes, inlaid wood-work, and other fancy articles. Saltpetre is

retined at several factories. The district is thoroughly supplied

with land and water communications. Good metalled roads connect

all the principal towns and' villages ; the East Indian Railway runs

for 23 miles through the south-western angle ; the navigable branch

of the Ganges canal intersects the central plateau ; and. the natural

highway of the Jumna skirts the district to the south.

The gross amount of assessment in 1880-81 was £115,132.

Education was afforded in 1880-81 by 151 schools with 4145

pupils. The climate is hot but not excessively sultry during

the summer months, and damp or foggy during the cold weather

rains. The average annual rainfall for the five years ending

1870-71 was 32'20 inches. The chief endemic disease is malarial

fever.

K- Mainpiua anciently formed part of the great kingdom of Kanauj,

and after the fall of that famous state it was divided into a number
of petty principalities, of which Rapri and Bhongaon were the chief.

In 1194 Rapri was made the seat of a Moslem governor. Mainpuri

fell to the Mughals on Babar's invasion in 1526, and, although

temporarily wrested from them by the short-lived Afghan dynasty

of Sher Shah, was again occupied by them on the reinstatement of

Humayiin after the victory of Panipat. Like the rest of the lower

Doab, Mainpuri passed, towards the end of the last century, into

the power of the Mahrattas, and finally became a portion of the

province of Oudh. When this part of the country was ceded to the

British in 1801, Mainpuri town became the headquarters of the ex-

extensive district of Etawah, which was in 1856 reduced by the for-

mation of Etah aud Mainpuri into separate collectoratea. On the

outbreak of the mutiny in 1857, the-regiment stationed at Mainpuri
revolted, and attacked the town, which was successfully defended
by the few Europeans of the station for a week, until the arrival of

the Jhdnsi mutineers made it necessary to abandon the district.

KIXiNPURi, tne cliief town and headquarters of the

toove district, is situated in 27° 14' 15" N. lat., 79° 3' 5"

E. long., and had a population in 1872 of 21,117, viz.,

Hindus, 17,596 ; Mohammedans, 3-135 ; Christians and
"others," 146. The town consists of two separate

portions, Mdinpurl proper and Mukhamganj ; the former

traditionally dates from the prehistoric period of the

Makdbkdrata, while the latter was founded by Riij4

Jaswant Sinh in 1803. Holkar plundered and burned part

of the town in 1804, but was repulsed by the local militia.

Since the British occupation the population has rapidly

increased, and many improvements have been carried out.

The Agra branch of the Grand Trunk Eoad runs through

the centre, and for;ns a wide street hned on both sides by
shops, which constitute the principal bazaar. Besides the

usual Government offices, kc, in the civil station, the chief

buildings are the police station, opium warehouses, jail,

post-office, dispensary, two large schools, American Presby-

terian mission, church, reading-rooms ; there are two public

gardens. The town carries on a considerable trade in

cotton, indigo seed, country produce, and iron ; and there

is a manufacture of wooden articles inlaid with wire.

MAINTENON, Fran^oise d'Aubign^i, Marquise de
(1635-1719), the second wife of Louis. XIV., and unac-
knowledged queen of France for the last thirty years of his

reign, was born in a prison at Niort on November 27,
1635. Her father Constant d'Aubign(5, was the son of
Agrippa d'Aubign^, the famous friend and general of

Henry FV., and had been imprisoned as a Huguenot
malcontent, but her mother, a fervent Catholic, had the
child baptized in her religion, her sponsors being the Due
de la Rochefoucauld, father of the author of the Maxims,
and tlie Comtesse de Neuillant. In 1639 Constant
d'Aubigni .was released from prison and took all his family
with him'to Martinique, where he died in 1645, after
having lost what fortune remained to him at cards. Madame
d'Aubign(S returned to France, and from sheer poverty
unwillingly yielded her daughter to her sister-in-law,

Madame de YiHette, who made the sfeild very happy, but,
unfortunately for her, converted or pretended to convert
her to Protestantism. When this was known, an order of

state was issuer! that she should be entrusted to Madame

de Neuillant, hcs godmother. Every means, every

indignity even, was now used to convert her back to

Catholicism, but at the last she only yielded on the con-

dition that she need not believe that the soul of Madame
de Villette was lost. Once reconverted, she was neglected,

and sent home to live with her mother, who had only a

small pension of 200 livres a year, which ceased on her

death in 1650. The Chevalier de Mer^, a man of some
literary distinction, who had made her acquaintance at

Madame de Neuillant's, discovered her penniless condition,

and introduced his "young Indian," as he called her, to

Scarron, the famous wit and comic writer, at whose house

all the literary society of the day assembled. The wit,

who was of good legal family, and had a kind heart, took a

fancy to the friendless girl, and offered either to pay for

her admission to a convent, or, though he was deformed

and an invalid, to marry her himself. She accepted his

offer of marriage, and became Madame Scarron in 1651.

For nine years she was not only his most faithful nurse,

but an attraction to his house, where she tried to bridle

the licence of the conversation of the time. On the death

of Scarron in 1G60, Anne of Austria continued his pension

to his widow, aud oven increased it to 2000 livres a year,

which enabled her to entertain and frequent the literary

society her husband had made her acquainted with; but on

the queen-mother's death in 1666 the king, in spite of all

the efforts of her friends, refused to continue her pension,

and she prepared to leave Paris for Lisbon as lady attendant

to the queen of Portugal But before she started, she met
Madame de Montespan, who was already, though not

avowedly, the king's mistress, at the Hotel d'Albret, and
the lady in question took such a fancy to her that shC

obtained the continuance of her pension, which put off for

ever the question of going to Portugal Madame de

Montespan did yet more for her, for when, in 1669, her

first child by the king was born Madame Scarron

was established with a large income and a largo staff of

servants at Vaugirard to bring up the king's children in

secrecy as they were born. In 1074 the king determined

to have his children at court, aud their governess, who
bad now made sufficient fortune to buy the estate of

Maintenon, accompanied them. The king had now many
opportunities of seeing Madame Scarron, and, though at

first he was prejudiced against her, her even temper showed
so advantageously against the storms of passion and
jealousy exhibited by Madame de Montespan that she grew
steadily in his favour, and had in 1678 the gratification

of having her estate at Maintenon raised to a marquisate,

and herself entitled Madame de Maintenon by the king
himself Such favours brought down the fury of Madame
de Montespan's jealousy, and Madame de Maintenon'e

position was almost unendurable, until, in 1680, the king
severed their connexion by making the latter second lady

in waiting to the dauphiness, and soon after Madame de
Montespan left the court. The new " amie " used her

influence on the side of decency, and the queen openly

declared she had never been so well treated as at this time,

and eventually died in Madame de Maintenon's arms in

1683. The queen's death opened the way to yet greater

advancement ; in 1684 she was made first lady in waiting

to the dauphiness, and in the winter of 1685, or, Voltaire

says, in January 1086, she was privately married to the

king by Harlay, archbishop of Paris, in the presence, it is

believed, of P^re la Chaise, the king's confessor, the

Marquis de Montchevreuil, the Chevalier de Forbin, and
Bontemps. No written proof of the marriage is extant,

but that it took place is nevertheless certain. Her life

during the thirty -years of lier second married life must
be studied from more than one side, and can be so fully

from her letters, which are masterpieces even of an aga
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when Madamo de Sovign(5 wrote, and of which man^
Quthontic examples arc extant. As a wife she is wholly

admirable; islie had to entertain a man who would not

be amused, and had to submit to that terribly strict

court etiquette of absolute obedience to the king's inclina-

tions which Saint-Simon so vividly describes, and yet be

always cheerful, and never complain of weariness or ili-

health. Her political influence has probably been over-

stated, but it was supremo in matters of detail. The
ministers of the day used to discuss and arrange all tho

business to be done with the king beforehand with her,

and it was all done in her cabinet and in her presence, but

the king in more important matters often chose not to

jqonsult her. Such mistakes as, for instance, the replacing

of Cartinat by Villeroi may be attributed to her, but fiot

whole policies,—notably, according to Saint-Simon, not the

policy with regard to the Spanish succession. Even the

revocation of the edict of Nantes and the Dragonnades have

been laid to her charge, but there can be no doubt that,

in spite of ardent Catholicism, she retained a liking for

Tier father's religion, and opposed, if not very vigorously, the

cruelties of the Dragonnades. She was probably afraid to

say much, or peril her great reputation for devotion, which
had in 1692 obtained for her from Innocent XII. the right

of visitation over all the convents in France. Where she

deserves blame is in her use of her power for personal

patronage, as in compassing the promotions of Chamillart

and Villeroi, and the frequent assistance given to her

brother Comte Charles d'Aubign^. Her influence was on
the whole a moderating and prudent force, and the king,

when he wanted her advice, used to say, " Qu'en pensez

votre SoliditiS 'i " or " Consultons la Eaison." Her social

influence was not as great as it might have been owing to her

holding no recognized position at court, but it was always

exercised on the side of decency and morality, and it must
not be forgotten that from her former life she was intimate

with the literary people of the day, and never deserted her

old friends. Side by side with this public life, which
wearied her with its shadowy power, occasionally crossed

by a desire to be recognized as queen, she passed a nobler

nnd sweeter private existence as the foundress of St Cyr.

Madame de Maintenon was a born teacher ; she had so won
the hearts of her first pupils thai, they i^referred her to their

own mother, and was similarly successful later with the

young and impetuous Duchesse de Bourgogne, and she had
always wished to establish a home for poor girls of good
family placed in such straits as she herself had experienced.

As soon as her fortunes began to mend she started a small

homo for poor girls at Rnel, which she afterwards moved
to Noisy, and which was the nucleus of the eplemlirl

institution of St Cyr, whidi the king had endowed in 1G86
lit her request out of the funds of the Abbey of St Denis.

She was in her element there. She herself drew up the

rules of the institution; she examined every minute detail;

she befriended her pupils in every way; and her heart often

turned from the weariness of Versailles or of Marly to her
" little girls " at St Cyr. It was for the girls at St Cyr
that Racine wrote his Esther and his Athalie, and it was
because he managed the aflfairs of St Cyr well that

Chamillart becims controller-general of tiie finances. The
later years of her power were marked by the promotion of

her old pupils, the children of the king and Madame de
Montespan, to high dignity between the blood royal and
tho peers of the realm, and it was doubtless under the

influence of her dislike for the Due d'Orleans that the king
drew up his will, leaving the personal care of his successor

to the Due de Maine, and hampering the Due d'Orleans

^y a council of regency. On or even before her husband's
death she retired to St Cyr, and had the chagrin of seeing

all hor plans for tho advancement of the Due de Maine

15—13

overthrown by mean^ of the parlement of PariB. However,

the regent Orleans in no way molested licr, but on tlio

contrary visited her at St Cyr, and continued hor pension

of 48,000 livres. She spent her last years at St Cyr
in perfect seclusion, but an object of great interest to all

visitors to France, who, however, with the exception of

Peter the Great, found it impossible to get an audience

with her. On April 15, 1719, she died, and was buried io

the choir at St Cyr, bequeathing her estate at Maintenon

to her niece, the only daughter of her brother Charles, and
wife of the Martichal de Noailles, to whose family it still

belongs. Such was the life of the extraordinary woman
who kept till the last the heart of Louis XIV., marked by

a virtue almost amounting to prudery, in strong contrast

to the generations which preceded 'and followed her, by a

love of power, and a use of it which can indeed be

excused by her early life, but which was not exercised for

the good of France, and by a religious devotion which

was narrow, if not violently fapatical, but sweetened

throughout by her ardent love for her " little girls," whom
she had saved from the diflaculties of life, and whom she

loved with all a mothei-'s love.

La Bcaumelle published the Lettres de Madame de Maintenon^
but much garbled, in 2 vols, in 1752, and on a larger scale in 9 vols,

in 1756. He also in 1755 published Mhnoires de Afadame de
Maintenon, in 6 vols,, which caused him to be imprisoned in the
Bastille. Next must be noted Madame de Maintenon peinte par
elle mime, by filadame Suard, 1810 ; Histoire de Madame de Main-
U:non, by Lafont d'Aussonne, 1814 ; Lettres inidites de Madame de
Maintenon ci la princesse des Urdna, 1826, reviewed by Sainte-

Beuve, Catcseries du Lundi, vol. v. ; and Histoire de Madame da
Maintenon, by the Duo de Noailles, 1848-58. All materials for her
life have, however, been superseded by Theophile Lavallee'a His-
toire de St Cyr, reviewed in Causeries du Lundi, vol. viii., and by
his edition of her Lettres historiques et edijiaiitcs, &c. , in 7 vols.

,

and of her Correspondance Ginirale, in 4 vols., which latter must,
however, be read with the knowledge of 'nmny forged letters,

noticed in P. Grimblot'e Faux Atitographcs de Madame de Main-
tenon. Saint-Simon's fine account of the court iu her day and of

her career is contained in the twelfth volume of Cheniel and
Regnier's edition of his Memoires. (H. M. 3.)

MAINZ, or Mentz (in French, 5L4Yence), the largest

town in the grand-duchy of Hesse-Darmstadt, one of tlie

strongest fortresses in Germany, and formerly the seat of

an archbishop and elector, is situated on a rising ground
on the left bank of the Rhine, nearly opposite the influx

of the Main. The fortifications, which consist of three

enceintes with a series of outlying forts, embrace the small

town of Castel on the opposite bank, and have recently

been widened so as to admit of a large extension of the-

town. Mainz is connected with Castel by a bridge of

boats, and the Rhine is also spanned there by a railway

bf IdgOi The interior of the town consists chiefly of narrow

and irregular streets, but the oldest part of all, to the west,,

was almost eutiiely destroyed by the explosion of a powder-

magazine in 1857, and has been rebuilt in a much improved

style. There are also several handsome modern streets on

the side next the Rhine, which is bordered by a fine quay,

upwards of 300 feet in breadth. To the south lies the

Neue Anlage, a park laid out on the site of the chateau

of Favorite, where the duke of Brunswick signed his famous
manifesto to the French people in 1792. The principal

object of historical and architectural interest in Mainz is

the grand old cathedral, an imposing Romanesque edifice

with numerous Gothic additions and details. It was
originally erected between 975 and 1009, but has since

been repeatedly burned down and rebuilt, and in its present

form dates chiefly from the 12th, 13th, and 14th cenDuries.

The largest of its six towers is 300 feet in height. The
whole building was restored by order of Napoleon in 181 i,

and another thorough renovation has been recently in pio-

gress. The interior contains the tombs of Boniface, ihc

first archbishop of Mainz, of Fraueulob the minnesinger.
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and of most of the archiepiscopal electors. Mainz possesses

other eight Roman Catholic churches, the most noteworthy
of which are those of St Ignatius, with a finely painted
ceiling, and St Stephen, built in 1318, and restored after

the explosion of 1857. The old electoral palace, erected

iu 1527-78, cow contains valuable collections of Eoman
and Qermanic antiquities, a picture gallery, and a library

of 130,000 volumes, including several productions of

Gutenberg, Fust, and Schoffer. Among the other principal

buildings are the palace of the grand-duke, built iu 1731-39
OS a lodge of the Teutonic Order, the theatre, the arsenal,

the Government house, the commandant's residence, and
several fine private houses. A. handsome statue of

Gutenberg, by Thorwaldsen, was erected at Mainz in .1837,

Plan of Main2.

1. Cathedral. I 6. Theatre. ( 9. Government Honse.
S. Palace. 6. Gutenberg'sMonument. 10. St Stephen's Chtii-ch,

8. Coaita of JufltJce. 7. Seliiller's MoDument. 11. Action Beei house.

4. Town-House. | 8. Neubrunnen. | 12. Eichelstein.

and the town is also embellished with a status of Schiller

and two architectural fountains. Mainz still retains many
relics of the Roman period, the most important of which

is the Eigelstein, a monument believed to have been erected

by the Roman legions in honour of Diusus. It stands

within the citadel, which occupies the site of the Roman
castrum. A little to the south-west of the town are the

remains of a large Roman aqueduct, of which upwards of

sixty pillars are still standing. The educational and
scientific institutions of Mainz include an episcopal

seminary, a gymnasium, a society for literature and art, a

musical society, and an antiquarian society, the fine collec-

tion of which has been mentioned above. The university,

founded in 1477, was suppressed in 1791.

The site of Mainz would seem to marlt it out naturally

as a great centre of trade, but the illiberal rule of the arch-

bishops and its military importance seriously hampered its

commercial and industrial development, and prevented it

from rivalling its neighbour Frankfort. It is now, however,

the chief emporium of the Rhenish wine tra£5c, and also

carries on an extensive transit trade in grain, timber, flour,

and oil The natural facilities for carriage by water are

supplemented by seven railways. The principal manu-
factures of Mainz are leather good."!, furniture, carriages,

chemicals, musical instruments, and carpets, fur the first

two of which it has attained a wide reputation. Mainz is

the seat of the administrative and judicial authorities of

the province of Rheinhessen, and also of a Roman CathoKo
b'shop. The population in 1880 amounted to '61,322,

including a garrison of about 8000 men. Fully two-thirds

are Roman Catholics. Castel has about 5000 inhabitants.

Mainz, one of the oldest cities in Germany, was orig nally a

Celtic settlement. Its strategic importance was early recognized by
the Romans, and in 13 B.C. Drusus, tlie son-in-law of AugustuE,
erected a fortified camp (caslrum) there, to which a smaller castcllum
(the modern Castel) on the opposite bank was afterwards added.
The Celtic name became Latinized as MagmUiamm or Moguntiacum,
and a town, Maguntia, gradually arose, which became the capital

ofGermania Superior. In the " Volkerwanderungen," or migra-
tions o£ peoples during the gradual dissolution of the Bomao
empire, Mainz was destroyed on different occasions by the
Alemanni, the Vandals, and the Huns (451 A.D.). Christianity
seems to have been introduced at an early period, and soon aft«r its

recovery from the last of these calamities wa find it the seat

of a bishop. In the middle of the 8th century, under Boniface,
the see became an archbishopric, to which the primacy of Germany
was annexed. Charlemagne built a bridge here and granted the
town important privileges, and in the following centuries it was the
seat of several diets and ecclesiastical council.s. \n 1254 Mainz waa
the head and mainspring of the league of Rhenish towns, and bad
attai»ed to such a pitch of commercial prosperity that it was
known as the " Goldcne Mainz." Soon after this time it is believed
that the population was as numerous as at the present day. In
1462, during the strife between the rival archbishops Diether vcm
Isenburg and Adolph von Nassau, Maiuz espoused the cause of the
former, but was taken by the latter, who had the support of the
emperor, lost its imperial privileges, and was henceforth subject to

the archbishops. Many of its citizens were driven into exile, and
carried into other lands a knowledge of the art of printing, which
had been invented at Mainz by Gutenberg in 1440. In the Thirty
Years* War Mainz was occupied by the Swedes and the French. In
1792 it enthusiastically welcomed the principles of the French
Revolution, and opened its gates to the Republican ti-oops under
General Custine. It was recaptured in the following year, but was
ceded to France by the peace of Campo Formio in 1797. In 1814
it was restored to Germany and handed over to the grand-duchy
of Hesse, remaining, however, a fortress of the German Confedera-
tion, garrisoned in common by Prussian, Austrian, and Hessian
troops. Since 1S71 it has been a fortress of the German empire.

For furtlier information consult Schaab, Geschichte der StacBt

Mainz, IS41~44 ; K. Klein, JJ/a;?i3 mid seine Umgcbwigcn, 1868;
Uockenheimer, Bcitragc zur Gcschichte der Stadt Maim, 1874, and
Maijiz wild Umgehungcn, 1880; Werner, Z)cr />(W)i t7o?i Mainz und
seine Denkmdlcr, 1827-36. (J. F. M.)

MAISTRE, Joseph de, diplomatist and polemical,

vriter was born at Chambery on the 1st April 1751,

and died at Turin on the 26th February 1821. The
family was an ancient and noble one, enjoying the title of

count, and is said to have been of Languedocian extraction.

The father of Joseph was president of the senate of Savoy,

and held other important ofiices. Joseph himself, after

studying at Turin, received various appointments in the

civil service of Savoy, finally becoming a member of the

senate. In 1786 be married FranQoise de Morand. The
invasion and annexation of Savoy by the French Re-
publicans made him an exile. He did not take refuge in

that part of the king of Sardinia's domains which was for

the time spared, but betook himself to the as yet neutral

territory of Lausanne. There, in 1796, he published his

first important work (he had previously written certain

discourses, pamphlets, letters, &c.), Considerations sur la

France. In this he developed his views, which were those

of a Legitimist, but a Legitimist entirely from the religious

and Roman Catholic point of view. The philosophism of

the 18th century, as shown in its political views, or rather

the second as a consequence of the first, was Joseph de

Maistre'a life-long object of assault.

After the still further losses which, in the year of the

publication of this book, the French Revolution inflicted on
Sardinia, Charles Emmanuel summoned Joseph de Maistre

to Turin, and he remained there for the brief space during;

which the king retained a remnant of territory on tiie

mainland. Tlien be went to the island of Sardinia itseK.
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and beU office at Cagli.iri. In 1802 ho was appointed

envoy extraordinary and niiniater plunipotentiary at St

Petersburg, and journeyed tliitlicr tlio next year. Although

his post wa3 no sinecure, its duties were naturally less

engrossing than the official life, with intervals of uneasy

exile and travelling, which he had hitherto known, and

his literary activity was great. lie only published a single

treatise, on the Principe generatcnr des Constitutions ; but

ho wrote hia best and most famous works, Du Pape, De
I'Eijlise Gallicane, and the Soirees de St Petershourff, the

last of which was never finished. Z)k Pape, which the

second-named book completes, is a treatise in regular form,

dealing with the relations of the sovereign pontifiF to the

church, to temporal sovereigns, to civilization generally,

ond to Schismatics, especially Anglicans and the Greek

Church. It is written from tlie highest possible standpoint

of papal absolutism. The Soirees de St Petersbonrg, so far

as it is anything (for the arrangement is somewhat
desultory), is a kind of fhcodicee, dealing with the fortunes

of virtue and vice in this world. It contains two of De
Maistre's most famous pieces, his panegyric on the execu-

tioner as the foundation of social order, and his acrimonious,

and^iu part unfair, but also in part very damaging, attack

on Locke. The Du Pape is dated May 1817 ; on the

Soirees the author was still engaged at his death. Besides

these works ho wrote an examination of the philosophy of

Bacon, some letters on the Inquisition (an institution which,

as maybe guessed from the remarks just noticed about the

executioner, was no stumbling-block to him), and, earlier

than any of these, a translation of Plutarch's " Essay on

the Delay of Divine Justice, " with somewhat copious notes.

After 181 D Ee returned to Savoy, and was appointed to

liigh office, while his Du Papa made a greai sensation.

But the world to which he had returned was not altogether

in accordance with his desires. He had domestic troubles
;

and chagrin of one sort and another is said to have had
not a little to do with his death by paralysis at no very

advanced aga Most of the works mentioned were not

published till after his death, and it was not till 1851 that

a collecti(m of Lettres et Opuscules appeared, while even

since that time_ fre3lLmatter_haa-bean published.

Joseph de Maistre was one of the most powerful, and
by far the ablest, of the leaders of the Neo-Catholic and
anti-revolutionary movement. The most remarkable thing

about his standpoint is that, layman as he was, it was
entirely ecclesiastical Unlike his contemporary Bonald,

Joseph de Maistre regarded the temporal monarchy as an
institution of altogether inferior importance to the spiritual

primacy of the pope. He was by no means a political

absolutist, except in so far as he regarded obedience as the

first of political virtues, and he seldom loses an opportunity

of stipulating for a -tempered monarchy. But the pope's

power is not to be tempered at all, either by councils or

by the temporal power or by national churches, least of all

by private judgment. The peculiarity of Joseph de Maistre

is that he supports his conclusions, or if it be preferred his

paradoxes, by the hardest and heaviest argument. Although
a gi'oat master of rhetoric, he never makes rhetoric do duty
for logic. Every now and then it is possible to detect

fallacies in him, but for the most part he has succeeded in

carrying matters back to those fundamental diiTerences of

opinion which hardly admit of argument, and on which
men take sides in consequence chiefly of natural bent, and
of predilection for one state of things rather than for

another. The absolute necessity of order may bo said to

have been the first principle of this thinker. He could

not conceive such order without a single visible authority,

reference to which should settle all dispute^ He saw that

there could be no such temporal head, and in the pope he
thought that he saw a spiritual substituta The anarchic

tendencies of the revolution in politics and religion were
what offended him. It ought to be added that be was
profoundly and accurately learned in history and philosophy,

and that the superficial blunders of the 18th centoTy
philosophes irritated him as much as their doctrinea To
Voltaire in particular he shows no mercy.
A good and complete edition of De Maistre has j-ct to appear.

Of the two works nnmcd as liis masterpieces, Du I'apc is to b«
found in the Bibliolhtque C'harycnticr, and the Soirics de St Film-
bourg is printed in two volumes, the fifteenth edition, F„-calIed,
bearing d.ite Lyons, 1878. (O, &A.) •

MAISTRE, Xaviee de, the younger brother of Joseph,
was born at Chambery in October 17C3, and died at St
Petersburg on the 12th Juno 1852. lie served whea
young in the Piedmontese army, and wrote his Voyage
autour de ma Chamhre when he was in garrison at Turla
This, a delightful fantasy piece which may have owed
something to the example of Sterne in its conception, bnt

which is quite original in execution, he showed to his

brother Joseph, and on his approval it was published at

Turin in 1794. Xavicr, however, shared the politics and
the loyalty of his brother, and the annexation of Savoy,

followed as it was at no long date by the extinction of

Piedmontese independence, made him quit his country.

He served in the victorious Austro-Ilussian campaign in

which Suwaroff performed such wonders, and accompanied

the marshal to Piussia. For a time he was in very reduced

circumstances, and is said to have supported himself by
painting. But on his brother's arrival in St Petersburg

he was introduced to the minister of marine. He was

appointed to several posts in the capital, but also saw

active service, was wounded in the Caucasus, and attained

the rank of major-general. He married a Russian lady

and established himself in his adopted country, even after

the overthrow of Napoleon, and the consequent restoration

of the Piedmontese dynasty. For a time, however, he lived

at Naples, but he returned to St Petersburg and died there.

Ho was only once at Paris (in 1839), when Sainte-Beuve,

who has left some pleasant reminiscences of him, met him.

Besides the Voyage already mentioned, Xavier de Maistre's

works (all of which are of very modest dimensions) are Le
Lepreux de la Cite d'Aoste, a touching little story of human
misfortune, Les Prisonnicrs du Cancase, a powerful sketcli

of Russian character. La Jeune Silerienne, and the

Ex],editio>i Nocturne, a sequel to the Voyage autour de m*
C/iambre. But his Voyage is, with the Lepreux, his title to

fame. Both have a certain resemblance to Sterne, the first

ii. its quaintn&ss and desultory arrangement, the second in

its sentiment. Xavier de Maistre is, however, much less

artificial than his forerunner, especially in his pathos, and

he is also much better bred. His style is of remarkable

ease and purity. The works of Xavier de Maistre, with

the exception of some brief chemical tractates, are usually

printed in a single volume, which figures in the collections

of Charpentier, Garnier, &c.

MAITL.AND, a town of Australia, in New South Wales,

93 miles north of Sydney, in the valley of Hunter river,

and communicating with Newcastle and Port Hunter botL

by steambo.it and railway.- It consists of two distinct

municipalitics^East Maitland, incorporated in 1'62, and

West Maitland, in 18G3. The former, which is the seat

of a Roman Catholic. bishop, contains a court-house, a

large prison, and a mechanics' institute ; the latter a court-

house, an excellent hospital (Campbell's Hill), a school of

arts with a considerable library, a benevolent asylum, a

theatre, and a Dominican nunnery. The district is a rich

agricultural country, growing maize, barley, oats, wheat,

tobacco, grapes, and oranges ; coal and shale are regularly

worked near the town ; and a good trade is carried on with

the interior townships. The inhabitants number 7881,

East Maitland having 2500 aud West Maitland 5381.
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MAITLAND, John (1614-1682), earl and afterwards

duke of Lauderdale in the peerage of Scotland, was a great-

grandson of Sir Richard Maitland (q.v.). In early life

a Presbyterian, he attended the Westminster Assembly
in 1643 as an elder of the Church of Scotland; and

he was a party to the surrender of Charles I. to the

English army in 1645. Soon afterwards, changing his

politics, he became a zealous supporter of the royal cause,

and promoter of the Engagement for raising forces for the

king's rescue. He was taken prisoner at the battle of

Worcester; and, on being set at liberty in 1 660, he repaired

to the Hague and accompanied Charles 11. to Scotland.

From 1663 he was virtually ruler of Scotland,—at first

moderate in his counsels, but afterwards severe in his

measures against the Covenanters. In 1672 he was made
duke of Lauderdale and a Kuight of the Garter ; and he
had also an English peerage conferred on him (with the title

of earl of Guildford) iu 1674. One of the administrative

council known as the "Cabal," he eventually fell into

disgrace, and died in 1682. His dukedom and English

honouts expired with him ; the earldom of Lauderdale
passed to his brother Charles, and is still in possession

of his descendants. The voluminous correspondence of

Lauderdale, which is still extant, shows that, in addition to

a remarkable power over men of all classes, great watchful-

ness and reselution, and very clear ideas of what was needed
to keep Scotland peaceful and in a state of usefulness for

further ends, he was possessed of no slight learning.

MAITLAND, Sib Richard (1496-1586), an early

Scottish lawyer and poet, was born in 1496. His father,

William Maitland of Lethington and Thirlstane, fell at

Flodden ; his mother was a daughter of George, Lord
Seton. He studied law at the university of St Andrews,
and afterwards in France. He was in 1552 one of the
commissioners to settle matters with the English about the

debatable lands on the borders, and about that time had
the honour of knighthood conferred upon him. In 1554
lie was made an extraordinary lord of session. About
1561 he seems to have lost his sight, but this did not
render him incapable of attending to public business, as

he was the same year admitted an ordinary lord of session
by the title of Lethington, and in 1562 was nominated
lord privy seal. He resigned this latter ofiice in 1567,
in favour of John, prior of Coldingham, his second eon,
but he sat on the bench till he attained his eighty-eighth
year. He was an amiable and accomplished man, and died
in 1586, aged ninety, after having been employed in public
offices for upwards of seventy years. His eldest son,
William, forms the subject of next article. His second
son, John, was a lord of session, and was made a lord of
parliament in 1590, by the title of Lord Maitland of
Thirlstane, in which he was succeeded by his son John, also
for some time a lord -of session, who was created earl of
Lauderdale in 1624. The latter was the father of John
Maitland, duke of Lauderdale, noticed above. One of Sir
Eichard's daughters, Mary, assisted her father in his
studies, and also wrote verses.

The poems of Sir Eichard Maitland, none of them lengthy, are
somewhat satirical, and are principally directed against the abuses of
his time. He must, however, be regarded as the industrious collector
and preserver of many pieces of ancient Scottish poetry. These were
copied into two large volumes, one in folio and another in quarto,
the former written by himself, and the latter by his daughter.
After being in the possession of his descendant the duke of Lau-
derdale, these volumes were purchased at the sale of the duke's
l:brary by the celebrated Samuel Pepys, who was one of the first
collectors of rare books in England. They have since been pre-
served iu the Pepysian Library, Magdalene College, Cambridge.
They lay there unnoticed for many years till Bishop Percy pub-
lished one of the poems in his Ecliques of English Poetry. Several
of the pieces were then transcribed by John Pinkerton, who after-
wards pubUshed them under the title of Ancient Scottish Poems,
«mvrisiny Pieces Vjritlqifrom about 1420 liU 1586, with Notes and

a Glossary, 2 vols. 8vo, London, 1786. Sir Richard left in manu-
script a history of the family of Seton, and a volume of lejil
decisions collected by him bet^veen the years 1550 and 1565. Both
are preserved in the Advocates' Library, Edinburgh, and the latter

work is still unpubUshed. The Poems of Sir Richard Maitland were
printed in 1830 by the Maitland Club, a literary society, founded
iu Glasgow in 1828, which took its name from him. The MS.
used for the purpose was one preserved in the Drummond col-

lection in the library of the university of Edinburgh. It seems
to have been written shortly before the year 1627, when it was
presented by Drummond to the library. In 1829 there waa also
printed for the club The History of the Boitse of Scytoun to tlie

year 1559, with a continuation to 1687 by Alexander, Viscount
Kingston.

MAITLAND, William (c. 1525-1673), best known in

Scottish history by the name of his father's estate of

Lethington, near Haddington, where he resided, was the

eldest son of Sir Richard Maitland, noticed above. Born
about 1525, and partly educated in France, he was at

an early age initiated into public life. He was nwde
secretary of state by Mary of Guise in 1558 ; but the favour
with which he regarded the views of the reforming party

Boon exposed him to the queen mother's resentment. He
became one of the "lords of the congregation," and waa
also one of the Scottish commissioners who negotiated with

Queen Elizabeth regarding the terms on which she would
agree to aid the Reformers. Soon after Mary's arrival

in Scotland, he was employed in two embassies to Eng-
land, and was made first an extraordinary and then an
ordinary lord of session. He had a controversy witli

Knox, whom he accused in the General Assembly of 1564
of teaching seditious doctrine. He went again to Eng-
land as ambassador to notify the queen's marriage to

Darnley, and was implicated both in the conspiracy against

Rizzio and in the Kirk of Field tragedy, though he was
also a member of the secret council at which the deposi-

tions of Darnley's murderers were taken, and signed the

act of council accusing Mary of being the author of the

crime. He fought against the queen at Langside, but at

the conference at York identified himself in a measure
with her interests. At the instance of the regent Murray
he was iu 1569 arrested as a participant in the king's

murder, and would have been brought to trial but for a
ruse of Kirkcaldy of Grange, who, as commander of Edin-

burgh Castle, conveyed him thither as a prisoner. The
two principal representatives of Mary's cause, Lethington

and Grange, who may be described as the forlorn hope of

the captive queen, held the castlo of Edinburgh for some
time against the regent Morton and an English force; and,

when surrender became a matter of necessity, they made
their submission, not to the regent, but to the English

queen. Kirkcaldy was executed ; but Maitland died in

prison, it was generally believed of poison administered

by his own hand, on 9th June 1573. "Secretary Mait-

land" was a man of great learning and power of repartee,,

wanting in integrity, but skilled in intrigue, and reputed

the most accomplished and most versatile statesman

that his country has produced ; in the opinion of his con-

temporaries his capacities were too great for the narrow
sphere of Scottish politics.

MAITTAIRE, Michel (I668-I747), bibliographer and
editor, was a native of France, and was born in 1668.

On the revocation of the edict of Nantes his parents,, who
were Protestants, removed to England, where he waa
educated at Westminster and at Christ Church, Oxford,
graduating in 1696. From 1695 to 1699 he taught in

^Westminster School, but afterwards devoted himself exclu-

sively to private teaching and editorial work. He died on
August 4, 1747.

Maittaire "was a great lover of books, hut no critic; and his

numerous editions take rank oply as compilations.. His works in-

clude De Gr'seem Lingiiss Dialcclis, 1706 ; Stephanorum Historia,
vitas ipsorum et libros compleclens, 1713 ; Historia Typographoruvi
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tliquel ParisimsUim, m'laa el libros complcckns, 1717 ; Annalcs
Typographici, 9 vols. 4to, Tho Hague, Amsterdam, aiul London,
1719-41 ; Mar^nora Oxonicjtsiti, 1732 ;

editions of a largo number
of Latin authors (Lucretius, Phrednis, Sallust, Terence, &c.), aa well

as an edition of Anacrcon (1725), aiidLilinccUanca QreccorMm aliquot

scriptoruni Carmina, 1722.

MAIZE, or Indian Corn, Zea Map, L., from fta or

^£iu, \vhic]i appears to have been "spelt" {Triticum spclta,

Jj.), according to the description of Theophrastus, is of the

tribe Phalaridex of the order Graminese or grasses. It is

unknown in the native state, but is most probably indi-

genous to tropical America (Endlicher, Gen. PL, No. 742).

Small grains of an unknown variety have been found in

the ancient tombs of Peru. Bonafous, however (Histoire

naturelle du Mais), quotes authorities (Bock, 1532, Ruel

and Fuchs) as believing that it came from Asia, and maize

wa3 said by Santa Rosa de Viterbo to have been brought

by tho Arabs into Spain in the 13th century. A drawing

of maize is also given by Bonafous from a Chinese work

on natural history, Li-chi-tchin, dated 15G2, a little over

sixty years after the discovery of the New World. It is

not figured on Egyptian monum'ents, nor was any mention

made of it by Eastern travellers in Africa or Asia prior to

tho 16th century. On the authority, however, of Mr J.

Crawford, who resided for nine years in Java, Bonafous says

it had been cultivated from a very ancient period in the

Asiatic islands under the equator, and that it was received

thence into China, and so passed westwards into India and
Turkey, hence its name of " Turkej' corn," under which title

Gerard in 1597 figured and described seven kinds, as well

as one called " Corne of Asia." Both Gerard and Bonafous
think that it first came from the East, but that on the dis-

covery of America it was reintroduced into Europe from
that country. The former observes :

— " These kinds of

graine were first brought into Spaine, and then into other

provinces of Europe out of Asia, which is in the Tnrkes'

Dominions ; as also out of America and the Hands adioyn-

ing from the East and West Indies and Virginia, &c."

Humboldt and others, however, do not hesitate to say that

it originated solely in America. It had been long and
extensively cultivated there at the period of the discovery

of the New World. The plant is monoecious, producing

the staminate (male) flowers in a large feathery panicle at

Pio. 1.— Male. Fia. 2.— Male.

the summit, and the (female) dense spikes of flowers, or

"cobs," in the axils of the leaves below, the long pink
styles hanging out like a silken tassel. They are invested

by the sheaths of leaves, much used in packing oranges in

South Europe, and the more delicate ones for cigarettes

in South America. The accompanying figures are after
Nees von Esenbeck, Gen. Pi. Fl. Germ. Fig. 1 shows u
branch of the terminal male inflorescence. Fig. 2 is a
single spikelet of tbq same, containing two florets, with
the three stamens of one only nrotruded. Fig. 3 ia a

Fio. 3.— Female,

spike of the female inflorescence, protected by the sheaths

of leaves,—tho blades being also present. Usually the
sheaths terminate in a point, the blades being arrested

Fig. 4 is a spikelet of the female inflorescence, consisting

of two outer glumes, the lower

one ciliated, which enclose two

florets,—one barren (sometimes

fertile), consisting of a flowering '

glume and pale only, and the

other fertile, containing the pistil

with elongated style. The mass

of styles from the whole spike

is pendulous from the summit
of the sheaths, as in fig. 3.

Fig. 5 shows the fruit or grain. ""• * ^^maie.

More than three hundred varieties are known, which

diff'er more among themselves than those of any other

cereal. Some come to maturity in two months, others

require seven months ; some are as many feet high as

others are inches; some have

kernels eleven times larger than

others. They vary similarly in

shape and size of ear.s, colour of

the grain, which may be white,

yellow, purple, striped, &c., and also in physical characters

and chemical composition,—in short, in all those char-

acters in which the different species of a genus difi'er

among themselves. The varieties grown most abund-

antly in the United States may be roughly grouped into

four great classes. The "Flint" varieties are most common
east of Lake Erie and north of Maryland, and the "Dent"
varieties are the common ones west and south of the.se

points. The "Horsetooth" varieties are grown extensively

only in the south, and there they are grown along with

the dent. These three classes pass into each other by

every gradation, and the grain from all is similar in

chemical composition. The "Sweet" varieties are not grown

for the ripe grain, but for boiling corn, and that the stalks

may serve as "corn fodder." "Green corn " was an im-

portant food with the native Indians. Many of the tribes

celebrated its season with religious ceremonies and festivals.

In the large cities of America " green corn " is a table

luxury, but in the smaller towns and country districts it

is an important article of food. Chemical analysis, as

well as common experience, shows that this i.« a very

nutritious article of food, being richer in albiiminoids

Fio. 5.—Grain.
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ti..iii any other cereals when ripe (calculated in the cUy

weight). It is capable of being grown in the tropics

'rom the level of the sea to a height equal that of the

I'yrenoes, and in the south and middle of Europe, but

•t cannot be grown in England with any chance of profit,

except perhaps as fodder. Frost kills the plant in all its

stages and all its varieties ; and the crop does not flourish

well if the nights are cool, no ma'„.;r how favourable the

other conditions. Consequently it is the first crop to dis-

appear as one ascends into the mountain regions, and com-

paratively little is grown west of the great plains of North

America. In Erittany, where it scarcely ripens the grain,

it furnishes a strong crop in the autumn upon sandy soil

where clover and lucern will yield but a poor produce. It

prefers a deep, rich, warm, dry, and mellow soil, and hence

the rich bottoms and fertile prairies of the Mississippi

basin constitute the region of its greatest production.

Illinois leads in total amount, producing in 1879 nearly

326 millions of bushels, or 105 bushels per head of

population. The region of chief production in the United

States may be described as a rude ellipse 900 miles long

from east to west by GOO miles wide, with Springfield

(the capital of Illinois) as its centre. This region pro-

duces annually from 1000 to 1400 millions of bushels, or

nearly three-fourths of the total crop of the country.

As an article of food, maize is one of the most extensively

used grains in the world. Although rich in nitrogenous

matter and fat, it does not make good bread. A mixture

of rye and corn meal, however, makes an excellent coarse

bread, formerly much used in the Atlantic States, and a

similar bread is now the chief coarsa bread of Portugal

and some parts of Spain. When the harder "flint"

varieties are roasted, the grains " pop," the skin bursts,

Rud the white interior swells up, emitting a pleasant

odour. It is either baked into cakes called tortilla by
the Indians of Yucatan, or made into a kind of porridge,

as in Ireland. When deprived of the gluten it constitutes

oswego, maizena, or corn flour (see Letheby's Lectures on

Food, p. 19 ; and Foods, by E. Smith, 156). Maize con-

tains more oil than any other cereal, ranging from 3'5 to
9 '5 per cent, ia the commercial grain. This is one of the

factors in its va'ue for fattening purposes. In distilling

and some other processes this oil is separated and forms

an article of commerce. When maize is sown broadcast

or closely planted in drills, the ears may not develop at

all, but the stalk is richer in sugar and sweeter, and this

is the basis of growing "corn-fodder." The amount of

forage that may be produced in this way is enormous

;

60,000 to 80,000 tt) of green fodder are grown per acre,

which makes 8000 to 12,000 lb as field-cured. Sugar
and molasses have from time to time been manufactured

from the corn stalks, but at present this manufacture is

not commercially successful.

lu the treeless western prairies maize is often grown for

fuel, as in many places fuel can be procured so cheaply in

no other way. A hundred bushels of ears is equal in

heating power to a cord of the beSt hard wood, and may
be grown for a price less than a cord of hard wood brings

iu the large cities. The use of corn in the industries, as

the raw material for the manufacture of alcohol, whisky,'

starch, glucose, oil, and various food products, increases

year by year, with the increase of facilities for production

and the increasing applications of chemistry to the arts.

For fuller details see a paper by Professor W. H. Brewer, Yale
Col., Conn., from which some of the above detail.^ are taken, as

well as the Special Report on Cereal Products, Wa.sbington, 1882,
.iiid the 38th Annual Rcimrt of the New York State Agricultural

Society, 1878. (0. H.)

MAJL.4Th, J.i.Nos or John, Count (1786-1855),
Hungarian historian and poet, was born at Pest o" the

Otli of Octoljer 1786. First educated at home, he subse-

quently studied philosophy at Eger (Erlau) and law at'

Gyi-ir (Raab), his father. Count Joseph INIajlAth, an
Austrian minister of state, eventually obtaining for him bq
appointment in the public service. The weakness of his

eyesight having rendered it necessary for him a few years

later to resign the Government secretaryship to which he
had been promoted, Majliith turned his attention to litera-

ture, especially devoting himself to historical research, and
the translation into German of Magyar folk-tales, and of

selections from the works of the best of his country's

native poets. Moreover, as an original lyrical writer, anJ
as an editor and adapter of old German poems, Majhlth
showed considerable talent ; and, in general, his activity

as an author was remarkable, his various literary produc-

tions in German and Hungarian amounting together to

more than sixty volumes. During the greater part of his

life he resided either at Pest or Vienna, but a few years

before his death he removed to Munich, where he fell into

a state of destitution and extreme despondency. Seized

at last by a terrible infatuation, he and his daughter

Henriette, who had long been his constant companion

and amanuensis, determined to put an end to their depend-

ent position by drowning themselves in the Lake of Starn-

berg, a few miles south-west of Munich. This fatal resolu-

tion was carried into efi'ect on the 3d of January 1855.

It is generally admitted that in his great historical treatises

Count Majlath has failed in a critical disciiniiiiation between tiie

merely mythical or poetical and the true historical element,—the

former not unfrequently being allowed to unduly influence and
obscure the latter. The political tendency of his wTitings, more-
over, has been objected to, especially by his own countrymen, as

being too conservative and over-favourable to Austria. 01' his Ids-

torical works the most important are the Gcschichtc dcr Magynren
(Vienna, 1828-31, 5 vols. ; 2d ed., Ratisbou, 1862-53), and his

Gcschichtc des ostcrrcichischcn Kaiscrstaats (Hamburg, 1834-50, 5

vols.). Specially noteworthy among his metrical translations from
the Hungaiian are the Magyarischc GediJitc (Stuttgart au'l

Tubingen, 1825) ; and Himfy's aiiscrlcscnc Licbcslicdrr (Test, 1S29 ;

2d. cd., 1831 ; see KisFALt'DT, S.iNnon). A v.aluable contribution

to folk-lore appeared in the Magyarischc Sagcn, Miirchcit, vnd
Erzahhoigcn (Brhnn, 1825 ; 2d ed.. Stuttgart and Tiibingeu, 1837,

2 vols.).

MAJOLICA. See Pottery.

MAJOR, or JMair, John (c. 1470-1550), a theological

and historical writer, was born at the village of Cleghorn,

near North P)erwick, Scotland, about the year 1 470. After

a short period spent at Canrbridge, he entered the university

of Paris in 1493, studying successively at the colleges of

St Barbe and Montaign, and graduating as master of arts

in 1496. Promoted to the doctorate in 1505, he lectured

in philosophy at Montaign College for some time, and had

several distinguished auditors. From 1518 to 1522 he

held the olEce of principal in the university of Glasgow,

John Knox being among the number of those who attended

his lectures there ; he was afterwards removed to St

Andrews, where George Buchanan was one of his pupils

in 1525. He appears again to have returned to France

for some time, but we find him once more at St Andrews

in 1530, where he was head of St Salvator's College from

1533 until his death, which took place about 1550

He wrote In Lihros Sciitcntiaruin comvicntarius, Paris, 1509-

19 ; De Historia Gcnlis Scotorum lihri sex, Paris, J521 ; Commcn-
tanus in Physica Arislotclis, Paris, 1526 ; and Iti Qnatuor Evart-

gclia Expositioncs Lnctdcntse, Paris, 1529. By Knox he is spoken

of as having been in his day an oracle in religious ni.itters ; and it

has been conjectured that-botli the great Reformer and Buchanan
were largely indebted to him foi tlieir advanced opinions on politi-

cal and ecclesiastical questions. His writings do not now, however,

possess any interest or importance apart from this circumstance;

and even Buclianan has allowed himself to speak of his old pre-

ceptor as "Joannes solo cognomine major."

MAJORCA. See Balearic IslaKds.

MAJORIANUS, Julius Valeiuus, emperor of the

West from 457 to 461, was the successor of Avitus. H»
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had been a distinguished soldier under Aetius, and also

after the death of that general ; for his election to the

purple ho was indebted to the powerful Count Ricimer,

patrician of Rome. To put a stop to the harassing incur-

Bions of tho Vandals he, in 458, resolved to lead an expedi-

tion agii'ust Genseric himself; for this purpose he got

together a largo army, composed chiefly of barbarians, and,

passing tho Alps in November 458, made Lyons, and

afterwards Aries, his headquarters until tho preparations

for tho invasion of Africa had been completed. Having

during his stay in Gaul succeeded in pacifying Theodoric,

he, in the beginning of 460, crossed the Pyrenees for the

purpose of joining his armament at Carlhagena. Genseric,

however, after all overtures for peace had been rejected,

succeeded through the treachery of certain officers in surpris-

ing the Roman Heet, most of the ships being either taken

or destroyed. Majorianus returned at once to Gaul, where

lie made peace with Genseric in the following year. Soon

afterwards, while at Tortona in Lombardy, he was sur-

rounded by partisans of Ricimer, and compelled to

abdicate (August 2, 4G1). He died, most probably by

violence, five days afterwards, and was succeeded on the

throne by Severua. He was the author of several laws,

which, " remarkable for an original cast of thought and
expression, faithfully represent the character of a sovereign

who loved his people, who sympathi2ed in their distress,

who had studied the causes of the decline of the empire,

and who was capable of applying (as far as such reforma-

tion was practicable) judicious and efi'cctual remedies to

the public disorders" (Gibbon, Decline and Fall, chap.

39).

MAKALLA, or Maculla, a port on the south coast of

Arabia, in 14° 31' N. lat. and 49° 13' E. long. The
town, which appears to be of no great antiquity, is described

by Wellsted as built on a low projecting point, with many
lofty and substantial houses, and a suburb of huts, chiefly

inhabited by slaves, Somalis, and Arab sailors, on the slopes

leading up to a lofty chalk-hill (Jebel el-KAra) which
overhangs the town. The Arab inhabitants are of the

Beni 'Isd tribe. The Somali traders do not settle perman-
ently in Makalla, but they fortn an important element in

the population. There are also Indian residents (Banians).

The harbour is good, and the town, which may be regarded
as the port of Hadramaut, rose during the decline of Aden
fQ the rank of the chief emporium between India and the

Somali coast. It still exports, among other productions of

Hadramaut, tobacco, mother-of-pearl, and incense to

Jeddah and shark fins to India, but has lately declined
in the general transformation of the character of the
Eastern trade. According to the latest Arabic accounts
(see Badger in the Academy, March 4, 1882), the town
contains about a thousand houses. Makalla is governed
by a prince or nakib who is esteemed one of the chief

minor potentates of that coast. The present prince Salah
el-Kes.'idi has made himself quite independent of the sur-

rounding Bedouins, and is even reported to have mado
conquests in the interior.

MAKKARi. Abu'l-'Abbas Ahmed ibn Mohammed el-

Makkarl, Arabic historian, was born at TilimsAn (Tlemcen)
in Algeria, towards the close of the 16th century, and
studied at Fez, where he remained occupied with literary

p^irsuits till, for some unknown cause, he was driven into
exile and, after visiting Mecca, settled in Cairo. In 1628
he came to Damascus after a pilgrimage to Jerusalem.
Warmly received by the scholars there, he delivered lec-

tures on the traditions of the Prophet, and in the evenings
entertained his friends with stories oi tht glories of Moslem
Spain, a subject of interest to all Arabs, and especially to

those of Syria. His friends made him promise to reduce
bis narrative to writing, and on returping to Cairo he

devoted three years to this task. Ho had divorced his

wife and mado other preparations to settle definitively in

Damascus when death overtook him in 163!.

Mnkknry'3 great work, Tke llrcath of Pcr/umcfrom the Branch of
Oreni Andalusia, and Mtmoriala of its Vizier Liadn et-Dtn ibn
cl Khutih, consists, as tlie iiamo indicates, of two parts. Tlie firht

is a f'tjKiiil liistory and de.scriptioii of Molianjinidan Spain, mainly
in tile form of analccta from a number of authors, witli many
verses interspersed. This part, whieh is of great historical value,
was published in an (incomplete) English version by P. do Gayangoa
(London, 1840-43) and in Arabic by Wright, Krehl, Dozy, and
Dugat [Analedcs sur Vkistoirc ct la littirature des Arabes dEspagnc,
Leyden, 1855, 1856, 1858, 1861). An edition in four volumes,
published at Cairo (1863), contains also (in vols. iiL and iv.) the life

of tlio famous statesman and author Lisan el-Din, vizier of Granada
(o6. 1374). Further references to literature are given by I'ertsch,

Aral. Ildschr. zu Gotha, No. 16D7. Among other works of Makkaii
a commeutarv on the iirolegomcna, of Ibn Khaldiin u meutioued
(H. Kh., 8043).

MAK6, a corporate town of Hungary, and capital of

the trans-Tisian county of Csandd, is situated near the

right bank of the Maros, about 15 miles east-south-east of

Szeged, in 46° 13' N. lat., 20° 28' E. long. The town
consists of the three wards of Bujik, Szent-Loriucz (Saint-

Lawrence), and Ujviiros (New Town), and has, besides tho

usual official buildings connected with the administration

of a county, Roman and Greek Catholic, Lutheran, and
Calvinist churches, and a synagogue ; also an elegant

(Calvinist) gymnasium, the bishop of Csanid's palace and
gardens, royal and circuit courts of law, barracks, tax and
salt offices, a timber trading agency, a manufactory of

agricultural implements, and numerous mills. The sur-

rounding country is fertile. The communal lands aro

extensive, and afford excellent pasturage for horses and
sheep, as also for large herds of horned cattle, for the sizo

and quality of which Mak6 has obtained a high reputo.

An abundance of fish and aquatic fowl is supplied by the

Maros, the water of which river is used also for drinking

purposes, that from the wells being unpalatable. The town
is protected from inundations of the Maros by a powerliil

dike, but the commune nevertheless sometimes suffers

during the spring floods (see Hungary, voL xii. p. 363).

The population, which is chiefly agricultural, amounted in

1880 to 30,077,' mostly Magyars by nationality. A grea!;

part of the business of the town is in the hands of Jews.

MAKRfzl. Taki el-Din Ahmed ibn 'All el Makrizf

(1364--1441), one of the most meritorious of Arabic

historians and archa?ologist3, was descended on both sides

from families of scholarly distinction. His hereditary

surname of Makrizi, by which he is usually known, was
derived from Makriz, a suburb of Ba'lbek, with which
town his paternal ancestors had been connected. Takl
el-Din himself was born in Cairo, and 8[ient his life mainly

iu Egypt, where he was brought up as clerk in a Govern-

ment office, and at a later date he became Mohtesib (a sort

of police oflicer in charge of the markets) for Cairo and
northern Egypt, and afterwards inspector of the KalAnesf

foundation at Damascus. He declined tho post of cadi

in the latter town. He was, however, mainly engrossed in

scholarly pursuits as a traditionist and a jurisconsult, but
especially as an indefatigable student of history. He is

reproached by his contemporaries for a somewhat inordinate

zeal in theological controversy, but otherwise passed ii

quiet and uneventful life. Makrizl's literary activity was

very groat ; he was not a man of original power, and his

books are largely compilations, in which he is not alway.s

scrupulous in naming the sources to which he is indebted,

but his learning was vast, his observation accurate, and his

> Komaii Catholics, 11,17S ; Greek Catholics, 1456 ; Greek Easteni

Church, 50; Calvinists, 15,492; Lutherans, 445; Jews, 1*52;
Unitarians, 4.

= The year of his birth is variously given as 760. 766, 769 a.h. ;

but 766 A.H. (1364 a.d.) is the date best autbcutioiUd.
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judgmeot eagacious. His most important work is the

hist°orical and topographical description pt Egypt {El-

Mawd 'iz wa'l-ftibdr/i dhikr d-Ifitat wa'l-Athdr), of which

an edition in 2 vols, folio has appeared at Biilik (1270

A.H., 1854 A.D.). This is in many respects a monumental

work ; the elaborate description of medieval Cairo i3_ of

unique interest.^ It has enjoyed a great reputation, having

even been translated into Turkish.

Besides this work Makrizi wrote a variety of othei books bearing

on Egypt. The unfinished Mukajfi is a vast alphabetical cyclopedia

of Egyptian biograpliy ; 'hree volumes of the author's autographare

at Leyden (dcccxx of the printed catalogue), and one is at Pans.

He also wrote three works on the history of Egypt under the Moslems.

An imperfect copy of the second in the author's autograph, containing

the history of the Fatimites, is at Gotha (Pertsch, No. 1652 ;
Kose-

garten, ChrcsL, p. xvii.), while the third (history of the Ayyilbite

and Mameluke sovereigns) has been in great part translated by

Quatremere (Eistoire des Sultans Mamlouks de I'Egypte, 2 vols.,

1837-45). Of a biographical dictionary of Makrizi's contemporaries

one autograph volume is preserved at Gotha (No. 1771).^ A number

of minor works of our author are known in Europe in MS., and

several have been published, viz., on the Moslems in Abyssinia, by

Pink 1797 ; on Mohammedan Coinage, by Tychsen, 1797, and

French translation by Do, Sacy, 1797 r on Arab IFeights and

Measures, by Tychsen, 1800 ; on the Arabic Tribes that Migrated

to Egypt, by Wuestenfeld, 1847 ; History of Hadramaut, by

Noskowy, 1866. Of a great work on the earliest history of the

Arabs part at least is still known in Egypt.

For further details as to Makrizi and his writings Bee the con-

temporary biographies published by De Sacy (Chrest. Arabe) and

Haniaker {Spec. Cat. Cod. Lugd. Hat.), and the introduction to

Quatremere's work already named.

MALA.BAR, a district in the Madras presidency, India,

between 10" 15' and 12° 18' N. lat., and 75° U' and

76° 52' E. long., is hounded on the N. by South KAnara, on

the E. by Coorg, the Nllgiri hills, and Coimbatore district,

on the S. by Cochin and Travancore states, and on the W.

by the Arabian Sea. The extreme length is U5 miles,

while the breadth varies from 25 miles in the north to 70

miles .in the south; the area is 5763 square miles. Mala-

bar is singularly diversified in its configuration ; from

tiiB eastward, the great range of the Western Ghits,

only interrupted by the PalghAt gap, looks down on a

country broken by long spurs, extensive ravines, dense

forests, and tangled jungle. To the westward, gentler

slopes and downs, and gradually widening valleys closely

cultivated, succeed the forest uplands, till, nearer the

seaboard, the low laterite table-lands shelve into rice plains

nnd backwaters fringed with cocoa-nut palms. The coast

runs in a south-easterly direction, and forms a few- head-

lands and small bays, with a natural harbour in the south

at Cochin. In the south there is considerable extent of

table-land. The mountains of the Western Ghits run

almost parallel to the coast, and vary from 3000 to 7000

feet in height One of the most striking features in the

ciiuntry is the Palghit gap, a complete opening in the

Western GliAts some 25 miles across. The chief rivers

are the Beliapatnm, Kota, Mahe, Beypur, Kadelundi, and

PonAni. One of the most characteristic features of Malabar

is an all but continuous chain of lagoons or backwaters

lying parallel to the coast, which have been formed by the

action of the waves and shore currents in obstructing the

waters of the dyers. Of these backwaters the most

important aro the Kavdi and Beliapatam in the north,

the Payangadi, Quilandi, and Elatur in the middle, and

the Chetwii nnd Kodungaliir in the south. Connected as

they are by artificial canals, they form a cheap and abundant

mf-ans of transit ; nnd a large local trade is carried on by

inland navigation. Fishing and fishcuring is an important

* Various extracts have been published in Europe, e.g., the History

of the Coptt, in Arabic and Gcniian, by Waestenfeld (Giitt , 1845).

For other extracts, list of MSS., ic, see Pertsch, Arab. Hand-

tchriflm eu Ootha, No. 1676 ; andCo^. Codd. MSS. Or. Mvs. Brit.,

V. J66.

industry, the value of the exports of salt fish to Ceylon

being about £20,000 per annum. The forests are extensive

and of great value, but they are almost entirely private

property. The few tracts which are conserved have .come

into Government hands by escheat or by contract. Wild

animals include the elephant, tiger, panther, bison, samhhar,

spotted deer, hog, Nllgiri ibex, hyaan^, and bear. Small

game is very abundant.

The census of 1872 returned the population of the district at

2,261,250, namely, Hindus, 1,637,914 ; Mohammedans, 681,609 j

Europeans, 2579 ; Eurasians, 6409 ; native Christians, 32,280 j

Jains, 31; and " others," 1428. The Moplas or Mapilas, who form

a leading section of the Mohammedans, are the descendants of

Malayalam converts to Islam, mainly confined to the coast tract.

They are fjnatical and bigoted, and their outrages, partly fanatical

and partly agrarian, have for long been a distinct feature in Mala-

bar history. Many of these outbreaks have necessitated the use

of European troops for their suppression. A few Syrian Lbri"

tians are found in the south of the district, where they have one

church. 'The Roman Catholics have several churches and villages,

the chief occupation of the people being fishing and cultivating

vegetables. The existing Roman Catholic mission dates from 1656,

having been founded by the Carmelites. The Protestant Basel

mission, established in 1839, has founded churches and schools at

Calicut, Cannaiiore, Tellicheni, and Palghat, with branch establish-

ments at Chombla and Todakel. The native Christian population

is steadily increasing, mainly through the conversion of low-caste

Hindus, who gain in social position by the change. The five largest

towns, which aro all municipalities, are Calicut, the capital, popula-

tioi' 48,338; Palghat, 31,115; Tellicherri, 20,479; Cochin, 13,588;

and Cannanore (Kananur) town and cantonment, 10,265.

In 1880-81 926,359 acres were under cultivation, and 2,869,966

wore returned as cultivable. Rice, which occupied 580,281 acres

in 1881, forms the principal food crop, but it is also largely

imported from ntighbouring districts. Other crops are-cholam,

ragi, chama, gingelly seed, castor-oil seed, gram, coffee, pepper,

ginger, arrowroot, cardamoms, chillies, onions, cocoa-nut, areca

nut, cinnamon, &c. Cocoa-nut gardens form one of the greatest

sources of commercial wealth; the value of the exported produce

from Madras in 1880-81 was £141,800, chiefly from Malabar, this

being a decrease of 18 per cent, on the year preceding. Peppet

and spices yield over a quarter of a million. As a rule, the

peasantry are well off and free from debt. The district is not liable

to blight, flood, or drought. AVhen, however, the neighbouring

districts to the east sufi"er from scarcity, Malabar, which ordinarily

imports grain, is affected by the prevalence of high prices. .

The district is fairly supplied with means of communication,

and possesses 400 miles of good metalled roads, besides minor

cart tracks. The water communication provided by the backwaters

and their canals baa already been reterred to. The Madras rail-

way traverses the southern part of the district for a total dis-

tance of 89 miles from Walliar to Beypur. Except cloth wearing,

and the making of tiles, bricks, &c., at the mission stations at

Calicut and Cannanore, and the weaving of coarse cotton cloths

and mats, at Palghat, there are no local manufactures worthy of

mention. The weaving of calico, which derived its name from

Calicut, seems, to have altogether died out ; while unsuccessful

attempts have been made to manufacture canvas at Beypur and

silk at Palghat. The principal seats of commerce arc Calicut,

Cannanore, Tellicherri, Cochin, Palghat, and Badagara. In 1876-

77 the valne of the imports (which were abnormally increased by

the famine demand for rice) amounted to £1,706,200, of which

£1,118,000 was for rice ; exports £2,465,000, of which £960,000

represented coffee. European banks are represented at Calicut,

Cochin, and Tellicherri.

The revenue has largely increased of late years. In 1880-81 the

land revenue amounted to £176,062, and the gross revenue to

£332,628. The nunjber of pupils connected with the various

schools at the same date was 20,971. The principal educational

institutions are the provincial school at Calicut, the mission school

at Tellicherri, the PalghAt high school, and the "Kerala Vidya

Sala," recently established by the zamorin, for the instruction of the

young noblemen of his family and of other influential persons in the

district. Nearly one hundred schools are exclusively confined to

Moplas. There are several printing presses at Calicut and Cochin,

and at the latter port are published two English and two Malay-

alam newspapers. The climate of the district is, on the whole,

healthy; tne rainfaU is heavy, averaging 120 inches a year, ol

which about 80 inches fall in June, July, and Angnst. The tem-

perature varies from 60° in December to about 92° in the hot

weather in May. The principal diseases are small-pox, dysentery,

and fever.

MALACCA. The town of Malacca lies on the south-

. west coast "f the Malay Peninsula, ip 2° 14' N. lat. and
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102° 12' E. long. It [3 situated on a Email river bearing

its name, whichi Bepara'tes it into two parts. That on tlie

right hank is occupied by the old Dutch town, and that on

tho left by the business quarter, which is connected with

the former by a small bridge, and is chiefly Inhabited by

Chinese and native traders. Tho view of Malacca from

tho harbour is picturesque and pleasing to tho eye. From
flagstaff Hill on tho luit—whose slopes are always of a

height emerald green—to St John's Hill on the right, on

Which stand the ruins of the old " Dutch redoubt,".—bidden

in a mass of wild vegetation,—stretches for a distance of

about half a mile a row of spacious dwelling houses belong-

ing to European and wealthy Chinese and Arab residents.

Those houses are roofed with neat red tiles, and have

windows opening to a stone verandah facing the sea. Each
house is surrounded by a large " compound," laid out with

a flower garden in front and a " plantation " or orchard at

tho back. Adjoining this European quarter lies a large

suburb of native and other dwellings almost concealed in

» dense forest of beautiful fruit trees. Behind this we see

H prominent green hill, formerly used as a fort, and nov.'

as a Chinese burial-ground, and beyond this the horizon is

hemmed in by a long chain of the Bruong and Kumbow
Hills, while far in the extreme east rises the jagged cone

of Mount Ophir, blue as sapphire in the distance.

Since the destruction (in 1807) of the old Portuguese

fort erected by Albuquerque, the " antiquities" of Malacca

are reduced to a mere name. At tho foot of Flagstaff

Hill, however, are the remains of the massive wall which

surrounded the hill, with an arched and carved gateway.

On the summit of the hill, where a fine view is had of the

harbour and the Water Islands, are the ruins of the first

Christian church planted in Malayan territory, and also a

portion of the old convent. At the back of this hill to the

right may be noted the barracks, hospital, and convict

Unes,' and passing under some fine "ansana" trees—the

shady elms of the East—we reach the garden of the old

Dutch stadthouse, and then a green square, facing

which are the court-house and other Government build-

ings, and the old Dutch church. All these buildings

have sloping roofs covered with small square tiles after

the Dutch style of architecture of the IGtb century. This

is quite a unique example of Dutch domestic architecture

in the East, and several of the adjoining streets still bear

their Dutch designation, as "Heren Straat," "Jonker
Straat," &c. The stadthouse is approached by a fine

flight of stone steps, forming a covered way to tlie upper
rooms, "hese are occupied by the governor of the Straits

Settlements and the judge during their annual or biennial

visits, and those in the lower story are used as Government
offices. From the interesting ruins of the Dutch redoubt

on St John's Hill an extensive view may be had of the

luuntry running around and to the north and south of

Malacca. Its general aspect in the immediate vicinity is

ihat of a flat country covered with luxuriant " dusoons " or

plantations of fruit trees, and extensive forests of tall

iimber ; beyond this is an open country, interspersed with

;xtensive plantations of tapioca, which at a distance

resemble fields of clover; then follow rice-6elds, and
marshes or fens, and at the foot of the hills patches of

virgin forest, the whole being walled in by a range of blue

liills. The climate of Malacca is very healthy, and the

thermometer in the shade ranges from 72° to 84° or even
90° Fahr. The population, which is not very large, con-

pista of Malays of the surrounding countries, of Malacca
Portuguese (the mixed descendants of early Portuguese
settlers), of Chinese proper and a large number born of

Malay mothers. There is also a sprinkling of natives of

India and ot arabs. The Malacca Portuguese employ
themselves as fishermeir, servants, and clerks; the rest
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are chiefly engaged in agricultural and commercial purj
Buits,

In consequence of its shallow harbour, Jlamcca hns been com-
pletely outstripped^ as a seaport by Singapore and Peuang, though
it still carries on a brisk trade with the surrounding couutiies iii

Malacca canes, stuiTed bii-ds of beautiful jilumagu, poulliy, auil
large rvj.^.ntitics of tho most luscious fi-uits. The import and ei^port
rctuii.a show a largo apparent increase in tho trade,—the imiJ0i-t3
in 1S80 amounting to $3,817,848 (£812,308), and the exports to
$3,634,640, aa against an average of $2,S05,175 and $3,577,020 re-

spectively for 1869-72 ; and, though Malacca has been a drag on
the revenue of the colony generally, a marked increase is shown iu
the principal items of revenue, viz., in land rents, tenths in paddj-,
tapioca, aud fruits, royalty oh timber, and sui-vey fees. In 1880
the revenue was $182,323, and the expenditure $174,333, while tha
income and expenditure of the municipality in the same year wera
$22,428 and $18,899 respectively. The Government is improving
the drainage of the country by clearing its natural water. course.
The municipality has no debts, and the general progress of the
settlement during the year ending 1880 must be. regarded as satis-

factory, with an increase under almost every heading of revenue that
bids lair to continue.

See (J. A. Cameron, Our Tropical Possessions in Malayan Indi.f^

and Papers Eclating to H. M. Colonial Possessions, 1879-1881.

MALACHI. According to the title (Mai. i. 1) the last

book of the minor prophets contains the word ot Jehovah

to Israel by the hand of Malachi. The word '?N70 may
either be an adjective, '' angelic," or may signify " the angel

(messenger) of Jehovah." In either case it seems a strange

(though hardly an impossible) name for a man to bear,

and from ihe tinio ot the Septuagint, which translates " by
the liand of His messenger.'' it has often been doubted
whether Malachi is the real name of the author, or only an
epithet assumed by himself, or attached by the collector

to a work which he found anonymous (so Ewald), with

reference to iii. 1.^ A Hebrew tradition given in the

Targum of Jonathan, and approved by Jerome, identifies

Malachi with Ezra the priest and scribe ; but, though this

opinion is ingeniously supported by reference to ii. 7, where

the priest and custodian of the law is called the messenger

of Jehovah of hosts, it is unlikely that Ezra's name would
have been lost had he been the real author.

-

The tradition, however, may n"- least be taken as imply-

ing the perception of a real afiinity between the prophet

and the great restorer of the law. The religious spirit of

Malachi's prophecy -is that of the prayers of Ezra and
Nehemiah. A strong sense of the unique privileges of the

children of Jacob, the objects of electing love (L 2), the

children oi the Divine Father (ii. 10). is combined with an

equally strong assurance of Jehovah's righteousness amidst

the many miseries that pressed on the unhappy inhabitants

of Judsea. At an earlier date the prophet Haggai had
taught that the people could not e.vpect Jehovah's blessing

while the temple lay in ruins: In Malachi's time the

temple was built (i. 10) and the priests waited in their

office, but still a curse seemed to rest on the nation's

labours (iiL \j). To Malachi the reason of this is plain.

The " law of Moses " was forgotten (iv. i [iiL 22]) ; let

the people return to Jehovah, and He will return to them.

It was vain to complain, saying, " Every one that docth

evil is good in the eyes of Jehovah," or "Where is the

God of judgment?''—vain to ask "Wherein shall we
return !" Obedience to the law is the sure path to bless-

ing (ii 17-iii. 12).

1 Stadc (Z. /. ATliche yViss., 1882, p. SOS ; comp. 18S1, p. 14)

thinks that the title in Mai. i, 1 is by the same hand as that in

Zech. xii. 1, and th.at both are copied from Zech. ix. J, under tho

misconception that ^<t^*D was to be construed with the following wwrds.
- The LXX. rendering of i. 1 gave rise to strange fancies. Jerome

and CjTil mention that some .supposed the prophet to have been an

angel in bodily form ; and tUe Vifw Prophetarum of Pseudo-Epipbanina

have a 'word-mj-th" to the effect that his prophecies wer& regularly

confirmed by an angelic apparition. The same book will Bave it that

Malachi was of tlie tribe of Zebulon, bora in a town 3opha or Soplrera,

had his name £rom his great beauty, and diiU 3*oang,
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It is not easy to say whether the law to which Malachi

recalls the people is that which was established by the

covenant t-vken under Ezra, or whether tlie prophet wrote

before that event. It is at leart the Deuterouomic law

tliat is most familiar to him, as a[.pears from his use of the

name Horeb for the mountain of the law, and the Deutero-

nomic phrase " statutes and judgments "' (iv. i), froni his

language as to tithes and offerings (iiL 8, 10, comp. Deut.

xiL 11, xxvi. 12),- and especially from his conception of

the priesthood as resting on a covenant with Levi (ii. 4 sq.).

The abuses of which he particularly complains are such as

were found rampant by Ezra and Nehemiah,—marriage

with foreign women (ii. 11, comp. Ezra ix., Neh. xiiL 23

sq., Deut. vii. 3) and failure in payment of sacred dues (iii.

8 sq., comp. Nell. x. 34 sq., xiii. 10 sq., Deut. xxvi 12 sq.).

Add to this that the position of the priests had fallen into

contempt (iL 9), and that the oral law is still one of their

chief trusts (ii. 6 sj.), and we shall be disposed to conclude

that, if Malachi's work did not precede the reformation of

Ezra, it must have fallen very little later, and before the

new order was thoroughly established.^ The prophecy of

Joel shows the new theocracy in much fuller development.

The object of Ezra and Nehemiah was to establish the

law by means of the organs of government under warrant

from the Great King. Malachi looks for reformation in

another direction. He calls the people to repentance, and

he enforces the call by proclaiming the approach of Jehovah

in judgment agunst the sorcerers, the adulterers, the false

swearerr., the oppressors of the poor, the orphan, and the

stranger. Then it shall be seen that He is indeed a God
of righteous judgment, distinguishing between those that

serve Him and those that serve Him not. The Sun of

Righteousness shall shine forth on those that fear Jehovah's

name ; they shall go forth with joy, and tread the wicked

under foot. The conception of the day of final decision,

when Jehovah shall come suddenly to His temple (iii. 1)

and confound those who think the presumptuous godless

happy (iii. 15), is taken from earlier prophets, but it receives

a special character from an application of a thought based

on Isa. xl. 3. The day of Jehovah would be a curse not

a blessing if it found the nation in its present state, the

priests listlessly performing a fraudulent service (i. 7-ii. 9),

the people bound by marriage to heathen women, wlcile the

tears of the daughters of Israel, thrust aside to make way

for strangers, cover the altar (ii. 11-16), all faith in divine

justice gone (ii. 17, iiL 14 sq.), sorcery, uncleanness,

falsehood, and oppression rampant (iii. 5), the house of

God deprived of its dues (iii. 8), and the true fearers of

God a little flock gathered together in private exercises of

religion (perhaps the germ of the later synagogue) in the

midst of a godless nation (ill 16). That the day of

Jehovah is delayed in such a state of things is but a new
pjroof of His unchanging love (iii. 6), which refuses to con-

sume the sons of Jacob. Meantime He is about to send

His messenger to prepare His way before Him. The

• Malachi had the law of Deuteronomy iu its pieseut historical

frame-wolk (the opening chapters), acconling to which all "the laws

and statutes " apart from the Decalogue were given to Moses for

Israel upon Horeb. This description would not hold good of the

priestly legislation, which accordingly is hardly contemplated in

Mah iv. 4.

^Malachi indeed- assumes that the "whole tithe"—the Deutero-

nomio phrase for the tithe in which the Levites shared—is not stored

in each township, but brought into the treasury at the temple. But

this was a modification of the Deuteronomic law naturally called for

under the circumstances of the return from Babylon, and Neh x. and

xiii. produce the impression that it was not introduced for the first

time by Ezra and Nehemiah. though the collection of the tithe was

enforced by them.
' As the "governor" in i. 8 is hardly Nehemiah, Kohler imd other

recent writers tnink of the period between Nehemiah's first and second

visit to Jerusalem, when the evils complained of by the prophet broke

oat afresh.

prophet Elijah must reappear to bring back the hearts of

fathers and children before the great and terrible day of

Jehovah come. Elijah was the advocate of national

decision in the great concerns of Israel's religion; and it is

such decision, a clear recognition of what the service of

Jehovah means, a purging of His professed worshippers

from hypocritical and half-hearted service (iiL 3) that

Malachi with his intense religious earnestness sees to be

the only salvation of the nation. In thus looking to the

return of an ancient prophet to do the work for which later

prophecy is too weak, Malachi unconsciously signalizes

the decay of the order of which he was one of the last

representatives ; and the somewhat mechanical measure
which he applies to the people's sins, as for example when
he teaches that if the sacred dues wei'e rightly paid pro-

sperous seasons would at once return (iii. 10), heralds the

advent of that system of formal legalism which thought

that all religious duty could be reduced to a system of set

rules. It was left to a greater Teacher to show that

hypocrisy and vain religion might coexist with Pharisaic

exactness in the observance of the whole letter of the law.

Yet Malachi himself is no mere formalist. To him, as to

the Deuteronomic legislation, the forms of legal observ-

ance are of value only as the fitting expression of Israel's

peculiar sonship and service, and he shows himself a true

prophet when he contrasts the worthless ministry of

unwilling priests with the pure off'ering of prayer and praise

tiiat rises from all corners of the Hebrew dispersion (L 11),

or when he asserts the brotherhood of all Israelites under

their one Father (IL 10), not merely as a ground of separa-

tion from the heathen, but as inconsistent with the selfish

and cruel freedom of divorce current in his time. It is

characteristic of later Judaism that an arbiti-ary exegesis

transformed this anticipation of the doctrine of marriage

laid down iu the gospel into an express sanction of the

right of the husband to put away his wife at will.''

The style of MalachL like his argument, corresiionds in

its generally prosaic character to that transformation or

decay of prophecy which began with Ezekiel ; and Ewald
has rightly called attention to the fact that the conduct of

the argument already shows traces of the dialectic manner
of the schools. Yet there is a simple dignity in the manner

not unworthy of a prophet, and rising from time to time

to poetical rhythm.

The exegetical helps to the studyof Malachi are mainly thesameas
have been alreadycited ill the article HAGO.il. liefercuce mayalsobe
made to the lengthy commentary of Keinke (Roman Catholic), 1856;
to Bl. Sanger, Afaleachi, einc cxcgctisclu Scudie, 1867 ; and among
older commentades to th.at of Pocockc (Sd ed., 1692). (W. R. B.

)

MALACHITE, an ore of copper, presenting in its finer

varieties a beautiful green colour which has led to its use aa

an ornamental stone. It is chemically a hydrated basic

carbonate of copper, and appears to have been formed in

most cases by the action of meteoric agencies on native

copper, red oxide of copper, copper pyrites, and other ores.

Upon these minerals the malachite frequently forms an

incrustation. Although occasionally found in crj^stals

belonging to the monoclinic system, its usual mode of

occurrence isin stalactiticand stalagmitic forms,—frequently

with a globular, botryoidal, or mammillated .surface ; while

in other cases it forms compact and even earthy masses.

The stalagmitic varieties display, when fractured, a beauti-

ful internal structure, being made up of concentric zones

of light and dark tints ; and it is upon this structure that

much of the beauty of polished malachite depends, fhe
colours include various shades of apple-green, emer&ld-

* In ii. 16 the Targum reuders " If thou hatcst her put her away,"

and this translation seems to be intended by the Slassoretic

punctuation. We should probably point N.3^ in the sense of Arabic

irMhmh, used of actions not iUe„-al but olleusive to right feeling;
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greon, and verdigris-groen. Certain varieties of the mineral

cxliiliit, when fractuiud, a finely fibrous texture and soft

silky lustre. The name malachite is derived from /iaXa^)}

(the mallow), in allusion to the resemblance of the colour

of the mineral to that of mallow leaves. Malachite was prob-

ably one of the green minerals described by Theophrastus

under the general name of o-/iapaySos, or emerald. It is

believed to have been the smarar/dus medicus of Pliny,

iwhile tlie molochills of that author does not appear to have

reiiresented our moded-u malachite. Malachite is a mineral

of very wide geographical distribution, being found more

or less abundantly in the upper part of most deposits of

copper ore. The finer varieties, such as lend themselves

to purposes of ornament, are, however, found only in

Siberia, in Australia, and at Bembe on the west coast of

Africa. Probably the finest deposits in the world were

those discovered some years ago in Prince Demidoft's mines

at Nijni Tagilsk, in the government of Ekaterinburg, on

the Siberian side of the Ural mountains. The mineral

is highly prized in Russia for use in mosaic work, and for

the manufacture of vases, snuff-boxes, and otlier small

ornaments. Magnificent examples of malachite work, in

the shape of mantelpieces, folding doors, tables, chairs,

and other articles of furniture, have occasionally been

executed. Such objects are veneered with thin slabs of

malachite ingeniously fitted together so as to preserve the

pattern, and having the interspaces between the com-

ponent pieces filled up with a cement formed of small

fragments of the malachite itself. The mineral is sa^fn

into slabs, ground smooth with emery, and finally polished

with tripoli. Although its degree of hardness is only from
3 '5 to 4, it takes an excellent polish. It is rather denser

than marble, its specific gravity being 37 to 4 ; but it is

much more difficult to work, iu consequence of its tendency

to break along the planes of deposition. Malachite is

occasionally used for cameo-work, but not with great

success ; some fine antique cameos in malachite are,

however, known. The mineral has also Leen ground to

powder, and used as a pigment under the name of mountain-

green. The coarser masses are extensively used as ores of

copper, malachite containing about 57 per cent, of metal.

The mineral called aznrite or chessylite, a hydrated basic

carbonate of copper closely resembling malachite, save in

colour, rs occasionally known as blue malachite.

MALACHY, St (c. 1094-1148), otherwise known as

JIaelniaedog Ua Morgair, for some time archbishop of

Armagh, and afterwards papal legate in Ireland, was born

of noble parentage at Armagh about the year 1094, early

gained a high reputation for sanctity, and was ordained to

the priesthood at the age of twenty-five (thirty being at

that time, according to his biographer St Bernard, the

canonical age). For some time he was employed as vicar

by Archbishop Celsus or Ceallach of Armagh, and in this

capacity was successful in eflecting throughout the diocese

many important reforms iu the direction of increased con-

formity with the usage of the Church of Rome ; afterwards

he undertook tlie government of the decayed monastery of

Bangor or Benchor, in what is now known as county Down,
and made it a flourishing seminary of learning and piety.

When thirty years of age he was chosen and consecrated

bishop of Connor ; after the sack of that, place by the king

of Ulster he withdrew into Munster and built the monastery
of Ibrac. Meanwhile ho haa been designated by Celsus

(in whose family the see of Armagh had been hereditary

for many years) to succeed him in the archbishopric

;

reluctantly but dutifully in the interests of reform he
accepted the aignity, and thus became involved for some
years in a struggle with the so-called heirs. Having finally

settled the diocese he, as had been previously stipulated

by himself, was permitted to return to liis former diocese.

or rather, it having in the meanwhile been divided, to the
smaller and poorer portion of it, the bishopric of Uowii,
where ho reorganized a house of regular clergy. In 113!)

he set out from Ireland with the purpose of soliciting from
the pope the pallium for the archbishop of Armagh ; on
his way to Rome he visited Clairvau.t, and thus began a
life-long friendship with St Bernard, who survived to write

his biography, ilalachy was received by Innocent II.

with gretit honour, and made legate ui Ireland, though ho
did not at once obtain the pallium ; on his way homeward
he revisited Clairvaux, and took with him from theuco
four members of the Cistercian order, by whom the abbey
of Mellifont was afterwards founded in 1 141. For the next
eight years after his return from Rome Malachy was
active in the discharge of his legatine duties, and in 1148
he received from the bishops of Ireland a commission to

return to Rome and make fresh application for the pallium;

he did not, however, get beyond Clairvaux, where he die<i

on November 2, 1148. The object of his life was realized

four years afterwards, iu 1152, during the legateship of his

successor (see Irel.Vnd, vol. xiii. p. 255). Malachy was
canonized by Clement IV.

MALAGA, a maritime province of Spain, one of the

eight modern subdivisions of Andalucia, is bounded on the

W. by Cijdiz, on the N. by Seville and Cordova, on the K
by Granada, and on the S. by the Jlediterranean, having
an area of 2S23 square miles, and a population (1S77) of

500,231. The rise from tlie sea is rapid, and the average
elevation of the province is considerable. Of the numerous
sierras may be mentioned that of Alhama, separating the
province from Granada, and atone point rising above 7000
feet ; its westward continuation in the Sierra de Abdalajis

and the Axarquia between Antequera and Malaga; and
not far from the Cadiz boundary the Sierras de Ronda, de
Mijas, de Tolox, and Bermeja, converging and culminating

in a summit of nearly 0500 feet. The principal river is

the Guadalhorce, which rises in the Sierra de Alhama, and
after a westerly course past the vicinity of Antequera,
bends southward through the wild defile of Peuarrubia and
the beautiful vega or vale of Malaga, falling into the sea

near that city. The only other considerable stream is the

Guadiaro, which has the greater part of its course within

the province, and flows past Ronda. The mountains are

rich in minerals,—lead, nickel, and (in the neighbourhood

of Marbella) iron being obtained or obtainable in large

quantities. There are much frequented warm springs of

sulphuretted hydrogen at the baths of Carratraca. Though
the methods of agriculture are for the most part rude,

the yield of wheat in good seasons is considerably in

excess of the local demand ; and large quantities of

grapes and raisins, oranges and lemons, figs and almonds,

are annually exported. The oil and wines of Malaga
are also highly esteemed ; and in recent years, especially

since the phylloxera invasion, the growth of the sugar-

cane has developed into a considerable industry. In 1880
the total production of wine within the province was
estimated at about 5,250,000 gallons; of this amount
about 1,575,000 gallons were exported (1,000,000 gallons

to Great Britain and the continent of Europe, and the

remainder chiefly to South America and the Spanish

colonies). In 1879 about 1,400,000 gallons of olive oil

were exported, chiefly to tho Baltic. The sugar produced

in 1880 was calculated to amount to about 5650 tons.

The internal communications of the province are in many
parts, owing to tho broken nature of the surface, very

defective ; it is traversed, however, from north to south by
the Cordova-Malaga Railway, which sends off a branch,

recently made continuous, from Bobadilla to Granada.

The only towns with a population exceeding 10,000 aro

Malaga (tho capital), Autequei-a. Ronda, and Velez Malaga.
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jvIi>j.AGA, the capital of the above province, and, nest

to Barcelona, the most important seaport of Spain, is

finely situated on the Mediterranean coast, at the southern

base of the group of hills' known to history as the

Axaronia, and at the eastern extremity of the fertile vega

of Malaga (36° 43' N. lat., 4° 25' W. long.). The popula-

tion in 1877 was 115,g82. In the clearness of its sky,

which a cloud rarely obscures, and the beautiful sweep of

its bay, Malaga has sometimes been compared to' Naples.

The climate is one of the mildest and most equable in

Europe, the mean annual temperature being 66°-7 Fahr.

{55°-6 in winter, 80°-4 in summer) ; the yearly average of

rainy days is thirty-nine, and the rainfall is slightly under

16 inches. The town lies principally on the left bank of

a -mountain torrent, the Guadalmedlna ("river of the

city") ; the streets near the sea are spacious'and compara-

tively modern, but those in the older part of the town,

where tha buildings are huddled arpund the ancient

citadel, are narrow, winding, and often dilapidated.

There are various squares or plazas and public promenades:

of the former the most important are' the Plaza de Kiego

1. Cathcd.il. 1 S. Custom House. 1 3. Pilson. 1 4. Hospital.

(containing the monument to General Torrijos, who, along

with forty-eight otliers, was executed in Malaga in 1831)

and the Plaza do la Constitucion ; adjoining the quay is

the fine Paseo de la Alameda. The town has no public

buildings of commanding importance architecturally or

liistorically. The cathedral, on the site of the ancient

mosque, was begun about 1528, in the Grseco-Eoman style
;

after the works had been once and again interrupted and

resumed, it was completed to its present state in the 18th

century, and is in consequence an obtrusive record of the

degeneration of Spanish architecture. The woodwork of

the choir, however, is worthy of attention. The church of

El Cristo de la Victoria contains some relics of the siege

by the "Catholic kings." Of the old Moorish " Atarazanas"

or arsenal only a single horse-shoo gateway now remains,

the rest of the site being chiefly occupied by an iron

itructure used as a meat and provision market; the
' Alcazaba " or citadel has entirely disappeared. The
:astb of Gibralfaro, on a bold eminence to the north-east,

lating from the 13th century, is still in fairly good

|)reservation. The harbour, which in the beginning of

Jie present century was deep enough to float a line-of-

battle ship, has in recent years been permitted to silt up,

so that it is not now safe for vessels drawing more than

18 feet to enter. These are consequently obliged to lie

n the roads outside, and receive and discharge cargo by

means of lighters. New harbour worka \rer6 begnn ifi

1880, but from time to time have been suspended, and

only some 280 yards of the new eastern mole (about one-

fourth of the intended length) have been constructed in

October 1SS2. The trade of the port is chiefly in the

products of the province,—lead, wine, raisins, oranges,

lemons, figs, and esparto being the staples. The mo:,";

active period is from the middle of August to the end of

October. In 1880 the total quantity of muscatel raisins

exported was estimated at 1,864,000 boxes (of 23 fc each),

35,500 frails (of 25 &), and 15,000 barrels (of 50 lb) ; dl

this amount more than half was sent to the United St:,tes of

America, and the remainder to other countries (chiefly Great

Britain, France, and Germany). In the same year 50,000

boxes of lemons and 21,500 boxes of oranges were shipped,

besides 20,000 barrels of muscatel grapes. The wine ex-

ported in 1879 was only 1,400,000 gallons as against

3,108,000 in 1878; the lead 310,251 cwts. as against

481,021 cwts. in 1878. The olive oil is sent chiefly to

the BaUic. The principal imports are coal (41,822 tons

in 1878), codfish, timber, pig-iron, hardware, machinery,

and rails.

Malofra is the MiSXoko of Strabo (iii. 156) and Ptolemy (ii. 4, 7),

and the Malnca faderatornm of Pliny (iii. 3). The placo seems to

have been of some importancceven during the Carthaginian period
;

under the Koraans it became amnnicipium, and under the Visigoths

an episcopal see. After the battle of Guadalete it passed into the

possession of the Arabs, and soon came to be regarded as one of

the most important cities of Andalucia. It was attached to the

caliphate of Cordoba, but on the fall of the Omayyad dynasty it

became for a short time the capital of an independent kingdom;
afterwards it was dependent on Granada. In 1487 it was taken

and treated with great harshness by Ferdinand and Isabella after

.V protracted siege. In 18.10 it suffered much from the French
L^rneral Sebastiani.

MALARIA, an Italian colloquial word (from mala, bad,

and aria, air), introduced into English medical literature

ly Macculloch (1827) as a substitute for the more restricted

terms marsh nii.ism or paludal poison. By very general

consent the word is understood to mean an actual poisonous

substance existing as a separate entity, and giving rise to the

definite unhealthy condition of body known by a variety

of names, such as ague, intermittent (and remittent) fever,

marsh fever, jungle fever, hill fever, "fever of the country,"

and "fever and ague." By a figure of speech, the namo
of malaria is often applied to the disease itself ;' strictly

speaking, the eff'ects on the human body are "malarial

fever," or manifestations of the "malarial process." The
existence of a specific malaria-jjoison is a pure hypo-

thesis ; and it has been attempted by a respectable minority

to dispense with the hypothesis of an actual poisonous agent,

and to find the cause of intermittents and remittents in the

excessive and sudden abstraction of heat through damp
and cold after sunset from the bodies of individuals wlio

had previously endured ^reat solar heat. In either view,

the unknown cause of ague is denoted with suflicient

etymological accuracy by the word malaria.

A single paroxysm of simple ague is much the same in

all countries, temperate, subtropical, or tropical. It may
come upon the patient in the midst of good health, or il

may be preceded by some malaise. The ague-fit begin."

with chills proceeding as if from the lower part of the baclj

and gradually extending until the coldness overtakes th,

whole body. Tremors of the muscles, more or less vioient^)

accompany the cold sensations, beginning with tlio muscles'

of the lower jaw (chattering of the teeth), and extending to

tlie extremities and trunk. The expression has meanwhile

changed: the face is pale or livid ; there are darlrrings undei

the eyes; tfife features are pinched and sharp, and the wholl

skin shrunken'; the fingers are dead white, and the nails blue

All those symptoms are referable to spasmodic' constriction

of the small surface arteries, the pulse at the wrist being
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itself small, Lard, and quick. In the interior organs there

arc indications of a compensating accumulation of blood,

such as swelling of the spleen, engorgement (very

rarely rupture) of the heart, with a feeling of oppression

in tho chest, and a copious flow of clear and watery urine

from tho congested kidneys. The body temperature will

luvve risen suddenly from the normal to 103° or higher.

This first or cold stage of the paroxysm varies much in

length; in temperate climates it lasts from one to two

Iiours, while in tropical and subtropical countries it may
be shortened. It is followed by the stage of dry heat,

whicli will be prolonged in proportion as the previous stage

is curtailed. The feeling of heat is at first an internal

one, but it spreads outwards to tho surface and to the

extremities ; the skin becomes warm and red, but remains

dry; the pulse becomes softer and more full, but still quick;

and throbbingg occur in exposed arteries, such as the tem-

poral. The spleen continues to enlarge ; the urine is now
scanty and high-coloured ; the body temperature still ilses

(up to 104" or 105° or even higher); there is considerable

thirst ; and there is the usual intellectual unfitness, and it

may bo confusion, of the feverish state. This period of

dry heat, having lasted three or four hours or longer,

comes to an end in perspiration, at first a mere moistness

of the skin, passing iuto sweating that may be profuse and

even drenching. Sleep may overtake the patient in the

midst of the sweating stage, and he awakes, not without

some feeling of what he has passed through, but on the

whole well, with the temperature fallen almost or altogether

to the normal, or it may be even below the normal, the pulse

moderate and full, the spleen again of its ordinary size

;

the urine that is passed after the paroxysm deposits a thick

brick red sediment of urates. The three stages together

will probably have lasted six to twelve hours. The
paroxysm is followed by a definite interval in which there is

not only no fever, but even a fair degree of bodily comfort

and fituess ; this is the intermission of the fever. Another
paroxysm begins at or near the same hour next day
(quotidian ague), or the interval may be forty-eight hours

'(tertian ague), or .seventy-two hours (quartan ague). It is

the general rule, with frequent exceptions, that the

quotidian paroxysm comes on in the morning, the tertian

about noon, and the quartan in the afternoon. Another
rule is that the quartan has the longest cold stage, while

its paroxysm is shortest as a whole ; the quotidian has

the shortest cold stage and a long hot stage, while its

paroxysm is longest as a whole. The point common to

the various forms of ague is that the paroxysm ceases

about midnight or early morning. Quotidian intermittent

is on the whole more common tlian tertian in hot

countries ; elsewhere the tertian is the usual type, and
quartan is only occasional.

If the first paroxysm should not cease within the

twenty-four hours, the fever is not reckoned as an inter-

mittent, but as a remittent.

lieiniiient is a not unusual form of the malarial process

in tropical and subtropical countries, and in some localities

or in some seasons it is more common than intermittent.

It may be said to arise out of that type of intermittent in

which the cold stage is shortened while the hot stage tends

to be prolonged. A certain abatement or remission of the

fever takes place, with or without sweating, but there is

no true intermission or interval of absolute apyrexia. The
periodicity shows itself in the form of an exacerbation of

tho still continuing fever, and that exacerbation may take

place twenty-four hours after the first onset, or the interval

may be only half that period, or it may bo double. A
fever that is to be remittent'will usually declare itself from
the outset: it begins with chills, but> without the shivering

and shaking fit of the intermittent; the hot stage soon

follows, presenting the same cLaractcrs as the jirolonged

hot stage of a quotidian, with the frequent addition of

bilious symptoms,, and it may be even of jaundice' and of
tenderness over the stomach and liver. Towards morning
the fever abates ; the pulse falls in frequency, but docs not
come down to the normal ; headache and aching in tho
loins and limbs become loss, but do not cease altogether;
the body temperature falls, but does not touch the level

of apyrexia. Tho remission or abatement lasts generally
throughout tho morning ; and about noon there is an exacer-
bation, seldom ushered in by chills, which continues till tlio

early morning following, when it remits or abates as before.

A jiatient with remittent may get well in a week, under
treatment, but the fever may go on for several weeks ; the
return to health is often announced by the fever assuming
the intermittent type, or in other words, by the remissiona

touching tlie level of absolute apyrexia. Remittent feveis

(as well as intermittents) vary considerably in intensity; some
cases are intense from the outset, or pernicious, with aggra-

vation of all the symptoms—leading to stupor, deliriam.

collapse, intense jaundice, blood in the stools, blood and
albumen in the urine, and, it may be, suppression of urine

followed by convulsions. The severe forms of intermittent

are most apt to occur in the very young, or in the aged,

or in debilitated persons generally. Milder cases of

malarial fever are apt to become dangerous from the com-
plications of dysentery, bronchitis, or pneumonia. Severe

remittents (pernicious or bilious remittents) apjiroximate

to the type of yellow fever, which is conventionally limited

to epidemic outbreaks in western longitudes and on the

west coast of Africa. Blood in the urine has bee«

described by several recent writers as distinctive of a form
of bilious remittent occurring at a number of malarious

localities in the tropical zone of both hemispheres. The
remittent type occurs wherever and whenever the malarial

conditions are severe ; when it has appeared ib colder

climates, it has usually been at the height of an epidemic

of intermittent. With all the foregoing statements, it

should be borne in mind that anomalies are frequent.

Of the mortality due to malarial disease a small part

only is referable to the direct attack of intermittent, and
chiefly to the f^yer in its pernicious form. Remittent
fever is much more fatal in its direct attack ; it often kills

in the first fe>v da>s, according to its initial intensity

or the severity of the complications. But probably the

greater part of the enormous total of deaths set down to

malaria is due to the malarial ca-chexia. The malarial

cachexia may be either the sequel of one or more actual

attacks of fever, or it may arise insidiously in those who
inhabit a malarious district and have never experienced

the sharp paroxysms of fever. In the latter case, malaria

IS almost as much an ethnological as a pathological factor.

The dwellers in a malarious region like the Terai (at the

foot of the Himalayas) are miserable, listless, and ugly,

with large heads and particularly prominent ears, flat noses,

tumid bellies, slender limbs, and sallow complexions ; the

children are impregnated with malaria from their birth,

and their growth is attended with aberrations from the

normal which practically amount to the disease of rickets.

The malarial cachexia that follows definite attacks of ague

consists in a state of ill-defined suffering, associated with a

sallow skin, enlarged spleen and liver, and sometimes with

dropsy.

Nearly allied to the malarial cachexia is the so-called

state of maslced ague. ^lany common ailments have been

set down to malaria, without sufficient reason ; but there

is hardly any doubt that intermittent paroxysms of

neuralgia, especially of the supra-orbital nerve (Irotc-agne)

and of the infra-orbital (tic douloureux), are often malarial

in origin. These non-febrile effects are apt *o follow
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exposure to malaria; they occur (not exclusively) in those

who have had fever and ague ; they are sometimes accom-

panied by suggestions of the cold, and hot, and sweating

stages of the true paroxysm ; and they often yield to the

great anti-malarial remedy, quinine. Such patients have

the general ill-health and suffering, as well as the pallor, of

the malarial cachexia.

The morbid anatomy of malarial fevers is chiefly confined

to congestions and enlargements (with textural changes)

of the spleen and liver. One of the most salient patho-

logical facts is the occurrence of black pigment in the

blood, and deposits of it in the spleen, liver, and other

parts. The malarial process sometimes leads to ulcera-

tions and sloughing of the raucous membrane of the great

intestine, not distinguishable from those of dysentery. The

malarial fever of Rome is often associated with more or

less of swelling and, it may be, even ulceration of the

lymphatic follicles of the small intestine, as in typhoid

fever ; the same anatomical condition was associated with

much of the malarial fever of the American Civil War
(typho-malaria).

Geographical Distribution ajid Prevalence.—Malaria has

been estimated to produce one-half of the entire mortality

of the human race ; and, inasmuch as it is the most

frequent cause of sickness and death in those parts of the

globe that are most densely populated, the estimate may
be taken as at least rhetorically correct.

In the British Islands, sporadic cases of ague may occur

anywhere ; but malaria is not now endemic except in a

few localities, among which may be mentioned certain

parishes on the Essex side of the Thames estuary. In

France there are .several districts that are still notoriously

malarious. In the interior these are chiefly found in the

yalley of the Loire (Sologne) and of its tributary the

Indre (Brenne), and also in the valley of. the Hhone,

more particularly near the confluence of the Saone

(Dombes, Bresse). France has two great coast regions

of malaria,—the one on the Atlantic seaboard, fror the

estuary of the Loire to the Pyrenees, with especial intensity

in the Charentc, and the other on the Mediterranean coast,

from the Pyrenees to the Rhone delta. The most con-

siderable malarious district of Switzerland is in the Rhone
valley from Sion to the Lake of Geneva. In Germany,

the upper valley of the Rhine and the sources of the

Danube have a certain character for malaria ; but it is

chiefly on the western seaboard of Schleswig-IIolstein and

in the moors and marshes of Oldenburg, Hanov^er, and

Westphalia that the disease is endemic. Scarcely any

province of Holland can be said to bo quite free from it,

while Groningen, Friesland, and Zealand (with brackish

marshes) are the most unhealthy. The parts of Belgium

that are almost or altogether exempt are the high-lying

districts of Brabant, Namur, and Li^ge. In Sweden,

malaria is endemic in the central depression of the country

(especially on the shores of Lake Wener), and it has of late

years spread northwards in epidemic outbreaks. For the

countries of southern and eastern Europe (Spain and
Portugal, Italy, Hungary and other Danubian states,

Turkey, Greece, southern Russia), the language used to

describe the prevalence of malaria has to be pitched in a

somewhat higher key. There are certain pestilential

districts of those countries where almost the half of the

population suffers from ague, and there are even limited

areas which are too malarious to be inhabited. The lower

basin of the Danube (from above Vienna to the Black Sea),

and the basin of its tributary the Theiss. are in the first

rank. Both sides of tho Adriatic have malarious localities,

the chief being the delta of tho Po and tho Gulf of Com-
ac( io ; among ithcr unhealthy parts of Italy are the strip

of coast frr>m Pi'^a to Civita Vecchia (Maremma), the

Roman Campagna, the Pontine 5Iarshe9, the neighbourhood

of Capua, and the Neapolitan and Calabrian coasts. Sicily,

is highly malarious, both in tha plains and in tliJ

higher districts ; and that is equally the character or

Sardinia, Corsica, and the , Balearic Isles. Greece, the

Ionian Islands, and Crete take a high place among
European malarious countries ; there are also numerous

unhealthy Ipcalities on the shores of the Caspian and

Black Seas and in Asia Minor. For countries in both

hemispheres situated between 35° N. and 20° S., to

describe the prevalence of malaria in detail would be

practically to give the whole geography within those lati-

tudes. The regions of special intensity are the west coast

of Africa, the American seaboard (with the West Indies)

from the Gulf of Mexico to Pernambuco, parts of India

(the Terai, the Doab, the Sunderbunds), parts of Sumatra,

of Java, and of Borneo. Gibraltar, Malta, Aden, Singa-

pore, and Manila enjoy a comparative immunity from
fever ; the healthiest islands of the West Indies are

Barbados, St Vincent, and Antigua.

In England, the fen district of the eastern counties,

Eomney Marsh in Kent, and the marsh district of Somer-

set have in great part ceased to be malarious within recent

memory; and there has been a proportionate improvement,'

through drainage, in most parts of Holland, in some of

the malarious districts of France and Italy, and iu

Algiers. Portsmouth in England and Rochefort in France

are examples of towns that have entirely lost their evil

repute for malaria ; and there are many towns in the

United States, as well as in the East, which are much less

malarious than they used to be. Wherever malarial fevers

have become less frequent, they have also become milder

in type. On the other hand, malaria has become intense

where it was formerly unimportant or altogether unknown.

It is incredible that the Roman Campagna could have been

so malarious at the time of the empire as it is now
;
places

on the coast, such as Ostia and Palo (Alsium), which are

now almost uninhabitable in summer, were then the

favourite summer resorts of the rich ; while the Campagna,

which is now almost entirely given up to pasturage, was
not only densely populated, but was even specially com-

mended 33 salubrious. In North Africa, Asia Minor,

and the East, malaria has taken possession of the ruined

sites of ancient cities, and of large tracts of land that

must have been at one time highly cultivated, but are

now treeless, barren, and sometimes marshy. Of recent

years malaria has appeared in Reunion and Mauritius, and

it has reappeared in Connecticut ; in the two islands the

associated circumstances are somewhat complicated, but

they relate to changes in the cultivated area. The re-

appearance of ague in New England and the recent

appearance of a form of masked ague in New York and

elsewhere are at present unaccounted for. Earthquakes

were said by older writers to have brought malaria to a

locality ; a recent and well-authenticated instance is that of

Amboyna in the Moluccas, which has become strikingly un-

healthy since the earthquakes that occurred in it in 1835.

Among the numerous military enterprises into whose

records malaria enters largely, may be mentioned the

expedition against Carthagena (1741), the Walcheren

expedition (1810), and the capture of Rangoon (1824).

Recent enterprises in which malarial fever has been a

great factor are the expedition against Achin by the Dutch

(1873), the occupation of Cyprus by the English (1878),

and the subjugation of Tunis by the French (1881).

Schemes of colonization, such as the Darien scheme (1701),

have sometimes been frustrated by malaria. Of historical

personages, James L and Cromwell died in London of

malarial fever, the latter of a pernicious tertian.

There have been numerous historical epidemics of inter-
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iiiit>cnt and remittent fever, from ihat of 1557 -58 (which

spread over all Europe) down to that of 1872, whicli

prevailed simultaneously in Europe, North . America, and

southern India. The epidemic or pandemic prevalence

of intermittent and remittent fever in certain years

probably finds its explanation in the meteorology of those

years, but no uniform law has been discovered. Whenever
malaria has settled endemically in a new locality, there

had been epidemics coming and going for some time

previously.

Malarioui Localities.—The most malarious localities are

the deltas and estuaries of rivers (Ganges, Euphrates,

Po, Mississippi, Orinoco), low-lying country that is apt to

be inundated (Danubian states), tropical or subtropical

forests in which there is a moist atmosphere, with stagna

tijn of the air and rank vegetation (jungles), tracts of laud

that liave been cleared of trees and liave gone out of

cultivation, being in more cases dry than wet (Roman
Campayua, Tuscan Maremma, many parts of Persia,

Asia Minor, and North Africa, including the sites of

ruined cities), inland swamps and marshes (Pontine

Marshes), and situations on the coast where the tidal and
fresh water join to form brackish marshes (mangrove

swamps of the West Indian, Central American, Brazilian,

and West African coasts). The mangrove is associated

with the most pestilential localities ; it springs " like a

miniature forest out of the greasy mud-banks, the bright

green colour of the bushes reminding one of the rank grass

in a churchyard" (C. Dsrwin). In all those localities

there is a soil, usually vfet but sometimes dry, rich in the

products of vegetable decay ; the soil has been eitlier

deposited by rivers and tides, or it has formed on the

spot out of- the undisturbed accumulation of decaying
vegetation season after season over a long period. There
is, however, a second great class of malarious localities,

distinguished by characters that are to some extent the

opposite of the foregoing. These are barren rocks (Ionian

Islands, Hong Kong, parts of Baluchistan, De Los Islands

near Sierra Leone) ; high table-lands more or less barren
(Deccan, Mysore, Persia, New Castile) ; mountainous regions

(Andes, Rocky Mountains)
;

prairies of North America
and savannas of Venezuela and Brazil ; sandy plains

(North Africa, Rajputana, Sindli). A somewhat excep-
tional locality for malaria is on board ship at sea ; there are

several well-authenticated instances of epidemic outbreaks
at sea, in most cases referred to the putrid bilge-water, and
in one case to a cargo of wet deals from the Baltic.

There are several localities whose exemption from
malaria has been thought remarkable. Among these,

Singapore has long been noted ; other instances are the
/.TEazon (as compared with its tributaries and with the
Orinoco), the pampas of the La Plata and the Parana,
marshy parts of Australia, New Zealand, and New
Caledonia, and the marshy Bermudas. The explanation
given of the exemption of Singapore, where many of the
supposed malarial conditions are present, is that the range
ci temperature (diurnal and annual) is small ; the explana-
tion for the Amazon is that a wind constantly blows up
the river from the sea (not reaching the side streams),
which serves to equalize the day and night temperature
and to obviate the nocturnal radiation of heat.

Malarious Seasons.—In temperate climates autumn is

tae season when malaria prevails most. " In the autumn,
and after the harvest has been gathered, when the ground
is covered with its debris, when the rain falls in torrents
and when the solar heat has acquired its greatest intensity,
all the conditions of greatest qiiantity of vegetable matter,
of moisture, and of highest temperature are united, so that
the season which realizes the hopes of the husbandman
.is the period of pestilence and of his greatest danger"

(P.. Williams). In the equatorial regions of the East

Indies, Africa, and America, the rainy season (May to July

ot August) is most unhealthy, and especially the time of

commencement of the rains and the time of cessation;

on the west coast of Africa the months of February, March,

and April, which are the hottest months of the year, are

at the same time the most healthy. But while autumn
and the time of the rains are the malarious season for

those localities that are distinguished by wet soil, rank
vegetation, &c., it is summer, or the time of extreme heat

and drought, that is the unhealthy season for the localities

distinguished by dryness of the soil and often by barren-

ness. The hill fever of the Deccan and Mysore is often

most prevaletit and most severe in the hottest and driest

seasons ; in Algeria there is most fever when the country

is parched to a desert. The malarial season in the Tuscan
Maremma is from June to the middle of September. In
military experience it has frequently happened that malaria

has attacked the troops in the hottest weather after camp-
ing in the dried-up water-courses of uplands, or in parched
meadows and sandy levels that are apt to be flooded only

ill winter.

Condiiions of Origiji.—In all localities and at all seasons,

it is at or after sunset that the malarial infiueuce prevails,

and it tells most when a cold night follows a hot day.

Perhaps the most constairt fact relating to malaria is that

it goes with watery exhalations and with the fall of dew.

On wet soils, and over marshes, swamps, and jungles, the

aqueous vapour condenses as the air cools ; while on dry
surfaces the rapid radiation of heat causes a heavy dew-fall.

The occurrence of malaria on bare rocks, parched uplands,

and treeless tracts of dry fallow land may have several

associated circumstances ; but that which has been most
uniformly observed in such localities is great diurnal range
of temperature, with rapid radiation of heat after sunset,

and copious fall of dew. The " hill fever " of Mysore occurs

among bare rocks and stones and brown earth; at the

liottest season (March to June) the diurnal range of the

shade temperature may be '20° to 30°, while the rocks in

the sun may show a surface temperature up to 220°, and
undergo a rapid cooling after sunset. The most malarious

locality at all times of the year on the Orinoco is around
the great cataract, where the banks of the river for some
distance are covered with bare black rocks piled to a con-

siderable height ; the rocky substance and the black surface

combine to produce the greatest absorption of beat and the

most rapid radiation, and the rocks there, as well as in

other parts of South Americu and in India, are credited by
the natives with giving oif poisonous exhalations which
cause the fever. Among the conditions of origin the pre-

disposition of the human subject takes a prominent place.

Those who have been habituated to extreme heat, and are

on occasion exposed to cold and damp, are likely to acquire

intermittent or remittent fever ; and those who are poorly
clad, housed, and fed are most likely. Fires at night in a,

malarious locality are a well-known protection from fever;

the cover of trees (preventing the radiation of heat) is also

a protection. Those who have had ague before are liable

to have it again on exposure in a malarious locality, or to

chill anywhere.

Diffusion of Malaria.—On the hypothesis that malaria

is a poisonous substance, it is permissible to speak of its

difl'usion. It acts for the most part only within a few feet

of the ground ; in the East Indies the raising of dwellings

on piles serves to keep off, or at least lessen, the liability

to fever, and the Indians in South America escape it by
sleeping in the branches of trees. Although it is not

known to act beyond a few feet from the earth's surface,

it may produce fever in localities situated at a height of

7000 to 9000 feet above the sea-leveL It sometimes acts
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at a distance from its supposed place of origin. Thus, it

it is said to have caused fever on board ships lying 2 or 3

miles off a malarious shore, although it is more usual for

ships at even a short distance from the shore to escape.

In West Indian experience it has been known to render

the high limestone ridge more unhealtliy than the swamp

at its foot, and a similar experience has occurred on the

Kentish shore of the Thames estuary, and at other^ parts

of the English (Channel) coast. There are instances where

it has, so to speak, travelled along a narrow valley from

an unhealthy marsh to a salubrious situation. Although

a still night is most favourable to its production, there is

a popular opinion that it is carried by the wind. In many
malarious localities there is a definite " ague line," beyond

which the noxious influence is not felt. A. belt of trees, or

even a wall, will " keep it ofi"." It clings to those surfaces

that are most easily bedewed. Situations to windward of

n malarious swamp are usually reckoned safe.

Hypothesis of Malaria.—Malaria is known only by its

effects on the animal body ; the effects, although they vary

much in intensity, are uniform, definite, or specifie, and are

characterized by a truly.remarkable periodicity. The oldest

and most prevalent hypothesis of malaria is that it is a

specific poison generated in the soil. Perhaps not every

soil is capable under circumstances of causing malaria, but

it is difficult to assign limits to its potential presence.

There are seemingly well-authenticated cases of malarial

disease appearing during the making of railway cuttings,

canals, and other excavations in places where malaria had

not previously been known; and there is sufficient evidence

.<l)at malaria has appeared in the track of cultivation in

the western States of America, and that it follows on the

upturning of virgin soil, and even of soil that has been

long fallow. Attempts have been made, without success,

to separate a malarious poison from the gases generated by

swamps, or from the air of malarious localities. Still more

frequent and elaborate attempts have been made to dis-

cover the hypothetical poison among the numerous minute

vegetable organisms that occur in the soil of malarious (and

Inon-malarious) places; and these also have hitherto yielded

jHO solid result. Another hypothesis is that malaria is a

." telluric intoxication," generated by the vegetative power

of the soil when that power is not duly exhausted by plant

growth. Lastly, there is an hypothesis that malarial fevers

are caused by the excessive and sudden abstraction of heat

from the body under the influence of cold and damp, and

that the speciQc effects of the nocturnal chill, amounting

to intermittent and remittent fever, are most usual and

most marked in hot climates because of the antecedent ex-

posure of the body to great solar heat.

Remedies.—Cinchona or Peruvian bark (with its alkaloid

quinine) is a remedy universally applied with good effect

iii the treatment of malarial fevers. The treatment is

usually commenoed during the first intermission or remis-

sion. There is no good evidence that the taking of quinine

wards off the attack of malaria. The extent of cinchona

planting in southern India, Ceylon, Jamaica, and elsewhere

is the best measure of the value of quinine as a remedy,

and more particularly as a remedy for ague. .
Arsenic has

proved one of the most efficient substitutes for quinine.

The dwellers in malarious localities have found in opium

a palliative of the misery induced by the malarial cachexia.

Literature.—Ylmcix, Geographisch-Jiistorisclie Pathologic, 2d ed.,

Stuttgart, 1881, pt. L- sec. 7 (the bibliographical references ap-

pended to Hirsch s chapter on malaria include upwards of eight

hundred names) ; W. Ferguson, " On the Nature and History of the

Marsh Poison," Tran^. Roy. Soc. Edin. , ix., 1823 (omitted by Hirsch

;

was the first to dwell upon the fact that malaria is often associated

with heat and drought, and elevated rocky localities) ; MaccuUoch

Malaria, an Essay, &c.. London, 1827 ; llobert WUliams, Morbid

iWs™, London, 1836-41, vol. ii., chapter on •_' Paludal Diseases ;

Colin, Traitd dcs filvres intermiltentes, Paris, 1870 (ejtpounds the
tlicory of "intoxication tellurique *') ; C. F. Oldham, IVTtat ii

Malaria ? and Why is it most Intense in Hot Climates ? Londoiii
1871 (a comprehensive review and acute criticism of established

facts and current theories, with the motive of showing that there

is no specific malarial poison) ; Morehead, Clinical licscarehes <m
Disease in India, London, 1856, vol. i. (for symptoms, diagnosis,

and treatment of intermittent and remittent fevers) ; Fayrer,

Climate and Fevers of India, London, 1882 (both general and

cUiiical). (C. C.)

MALATIA, less correctly Malatiyah, the ancient

Melitene of Cappadocia, a town of Kurdish Armenia in

the vilayet of Diarbekir, about 8 miles to the south-west of

the Euphrates below the confluence of the Tokh na-su, and

about half way between Baghdad and Constantinople, on o

route which for ages has been one of the most important

in that part of Asia. Asbuzi or Aspuzi, a place about

5 miles distant, which was formerly inhabited by the people

of Malatia during the summer only, has become the per-

manent residence ot a large part of the population '(about

20,000, including both), but Malatia proper remains the

administrative centre of the sanjak. The remains of the

ancient town are much dilapidated.

In the time of Stralio (xii. 537) there was no town in the districi

of Meliteno. Under Titns the place became the permanent station

of the 12th legion ; Trajan raised it to a city. Lying in a very

fertile country at the crossing-point of important routes, it grew in

size and importance, and was the capital of Armenia Minor or

Sccunda. Justinian, who completed the walls commenced bj

Anastasius, made it tlie capital of Ai'mcnia Tertia; it was then a

very great place (Procop., De jEd., iii. i). The town was bnnil

by Chosrocs on his retreat after his great defeat there iu 577,

Taken by the Saracens, retalcen and destroyed by Const.antiiic,

CopronjTiiua, it was presently recovered to Islam, and rebuilt uudcij

Mansiir (757-58 A.D.). It again changed hands more than once.,

being reckoned among the frontier towns of Syiia (Istakhry, p. 55,

62). At length the Greeks recovered it in 934, and Nicephorus 11.,

finding the district much wasted, encouraged the Jacobites to settle

:

iu it, which they did in great numbers. A convent of the Virgin,

,

and the great church which bears his name, were erected by th?

bisliop Ignatius (Isaac the Runner). From this time Malatia coi.

;

tinued to be a great seat of the .Jacobites, and it was the birth-

place of their famous maphrian Baihebraus (or Abullaragius).

At the commencement of the 11th century the town was said to

number 60,000 fighting men (Assem., Bih. Or., ii. 149 ;
comp.

Barheb., Chr. EccL, i. 411, 423). _ At the time of the first crusade,

the city, being hard pressed by the Turks under Ibn Danidimend,

was relieved by Baldwin, after Bohemund had failed and lost hii

liberty in the attempt. But the Jacobites had no cause to love.

Byzantium, and the Greek governor Gabriel was so cruel and faith-

less that the townsmen were soon glad to open their gates to Ibu

Danishmend (1102), and the city subsequently became part of the

realm of Kilij Arslan, sultan of Iconium.

MALAY PENINSULA, Malacca, or TInah Um.Lyv Pku
(" Malay Land "), the southernmost region in Asia, attached

to Further India by the isthmus of Kr;l, in 10° N. lat.,

whence it projects for about COO miles, first south, then

south-east parallel with Sumatra, to Cape Ramiinia

(Romania) in 1° 23' N., within 95 miles of the equator;

it varies in width from 45 miles at the isthmus of

Krii, and again at Talung in 7° 30' N., to 210 at Perak

in 5° N., and 150 at SeUngor, 3° 20' N. The area>«s

about 70,000 square miles, with a populatio'n of at least

650,000.^ The peninsula, which is washed on the west

by the Bay of Bengal and IMalacca Strait, on the east

by the Gulf of Siam and China Sea, belongs geogra-

phically a!:d ethnically rather to^ the eastern archipelago

than to the Asiatic continent. Hence, whenever the

proposed canalization ^ of the isthmus of Krd is carried

• A careful calculation made by T. J. Ncwbold in 1838 gave a total

population of 375,000, since which date the British possessions have

increased about fourfold, from 90,000 to 330,000. Hence, allowing for

a slight increase elsewhere, the present population must b- at least

650,000 (Political and Statistical Account of the British Settlements

in the Straits of Malacca, Loudon, 1839, vol. i. p. 418).

' The several projects of canalization are fully discussed by M. Li'on

Dra in L'Exploration for March 9 and 16, 1882. Tlic most feasible,'

but cot the shortesli loUons th« line of railway already projected iri
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out, thi3 region will fall into its natural position as one of

the great islands of Malaysia. In a wider sense the

peninsular formation begins properly at the head of tho

Gulf of Siara, about tho parallel of Bangkok. But this

northern section between 10" and 13° 30' N. being com-

prised within the limits of Siam proper and British Burmah,

is not usually included in Malacca, whose political frontier

towards the north-west'is thus traced by the lower course

of the river Pakshan, which there separates it from

Tenasserim, the southernmost division of British Burmah.
But east of that river there is no natural or political

frontier towards Lower Siam, which embraces all the land

ns far south as the river JIuda on the west coast in 5" 33'

N., and on the east side as far as the state of Pahang in

4° N. Tho seaboard, which is generally flat and overgrown

with mangroves for 5 or G miles inland, is fringed with

numerous islands and insular groups, of wdiich the chief

are Salanga (Junk Ceylon), Langkawi, and Pulo Penang
on the west side ; Singapore, Batang, and Biatang at the

southern extremity; Tantalem and Bardia on the east

coast. All these island.s, which may have a total area of

some 5000 square miles, seem to have originally formed
part of the mainland, of which they may be regarded as

scattered geological fragments.

Although known to Europeans since the beginning of

the l(3th century, and nowhere more than 100 miles from
the sea, the interior still remains one of the least known
lands in Asia. D'Souza's large map, prepared in 1879 for

tl.e British Government, is still in many places almost a

complete blank; the mountain ranges are traced only for

short distances, chiefly on tho west side below Kedah ; the

river courses and political boundaries are often merely
conjectured, while the elevation of some of tho highest

peaks is absolutely unknown. Accurate surveys, however,

have since then been made, especially by H. S. Deane in

the Perak and Selangor states, by D. D. Daly in most
of the British native states,' by Dru in the extreme north,

and by others in tho extreme south about the Endau river

basin and at several other points, from which a rough idea

may be formed of tho general orographic and geological

features and hydrographic systems. The surface seems to

be everywhere essentially mountainous, and considerably

more elevated than had till recently been supposed. The
land is traversed in its entire length by a somewhat
irregular and ill-defined backbone, forming a southern
continuation of the Arakan and Tenasserim ranges, but
here falling to a mean elevation of perhaps 3000 feet, and
constituting a distinct water-parting between the streams
flowing east and west to the surrounding seas. The
surface is further varied by numerous spurs and detached
ridges running mainly north and soutli, besides isolated

masses often vying in elevation with the central ranges.

Little space is thus left for upland plateaus, broad valleys,

or lowland alluvial plains of any extent, except about
TringgAnu and Pahang on the east, and Seldngor on the
west side. The highest ascertained altitudes are the Titi

Bangsa range (7000 feet), between Kedah and Perak; the
Gunong Inas (.5000) ascended in 1881 by Deane; the
Gunong Bubu (5G50), and Gunong Ulu Tumulang (6435),
near the right and left banks of tho Perak river; the

1861 by Fraser ami Forlong across the neck of the isthmus in 10° 30'
between tho estuavies of the rivers Pckshan and Champon. Tliis
scheme; which might bo carried out for about £5,000,000, would
shorten the sea route from India to China by four days, besides avoid-
ing tho dangerous navigation of the Straits.

' A detailed account of Mr, D,aly's surveys, which extended over the
years 1875-82, appeared in the Proceedings of the lioyal Geosrapliicctl
Society for July 1882. Jt is accompanied bv a large map which tills

up Mveral gaps left in that of D'Souza. Yet the surveyor remarks
that "thcro is a vast extent—more tliau half—of tho JIalavau
Peninaaia still uneifloreJ," p. 409. '

.

Slim range (0000 to 7000) in soutli-east Perak; the
Gunong Kajah (G500), in tho main range; a pei»k (7000)
in the Endau river basin, nearly double the height of
Gunong Ledang, or Mount Ophir (3849), hitherto sup
posed to be tho highest point -in tho extrema south.
But an uuexplored ridgo towards the west frontier ol

Kelantan, with a probable elevation of 8500 or 9000 feet,

is taken by Miklucho Maclay as the culminating lanH of
the whole peni.nsula. These mountains are scarcely any-
where traversed by. recognized beaten tracks, the natural
passes between the eastern and western watersheds being
still mostly overgro\vn by dense jungle. Deane, however,
came upon a forest path across the main water-parting
from Kedah to Patini, and a route is said to lead from the
Bemani river basin across the main axis to Pahang on the
east side.

Owing to the formation of the land, the rivers, although
numerous,, are necessarily of short length, and, as their

mouths are generally obstructed by bars and coral reefs,

they are on the whole more useful for irrigation than as
water highways. Nevertheless some are navigable by
light craft for considerable distances, and in 1881 Deane
steamed Up tho Bornam between Perak and Seldngor to

Kampong Chankat Bertiham, 76 miles from the coast

He proceeded by boat thence for 9 miles to Simpang,
where the stream divides and shallows. For about 80
miles it is 10 to 17 fe'et deep, while the Perak, with its

chief tributaries, the Plus, Kinta, and Batang Padang,

presents a total navigable w-aterway of perhaps 200 miles.

The Perak on the west and the Pahang on the east slope

are by far the largest river basins in the peninsula, each

draining an area of 5000 to COOO square miles. The other

chief streams are the Seldngor and Klang on the south-

west coast, the Johur facing Singapore, and on tho east

side the Endau, Kelantan, aod Patdni.

As far as has been ascertained, the main geological

formations would appear to be Lower Devonian sandstones

and unfoasilized clay slates, with a basis of grey stanni-

ferous granite everywhere cropping out. Although no
trace has been found of recent volcanic action, there are

several isolated and unstratified limestone masses from
500 to 2000 feet high, of a highly crystallized character,

with no fossils of any kind. Earthquakes also are frequent,

while numerous hot springs attest the presence of still

active igneous forces beneath the surface. In the south

porphyry occurs, associated with granite and clay ironstone

;

and laterite, resembling that of the Malabar coast, abounds,

especially along tho west slope. The rich stanniferous

granites forming the backbone of the peninsula render this

region the most extensive storehouse of tin in the world.

Vast deposits of tin ores, sometimes associated with gold and
silver," occur almost everywhere, and are continued in the

neighbouring islands as far south as Banca on the Sumatra
coast.2 Gold, whence the land was known to the ancients

as the Aurea Chersonesus, is also found in considerable

quantities, either disseminated in quartz or in alluvial

deposits, especially about Mount Ophir, in Pahang, Gomichi,

Tringgdnu, and Kenidman. The total yield has amounted
in some years to 25,000 and 30,000 ounces. Iron ores

abound especially in tho south, and coal has recently been

found in the isthmus of Krd conveniently situated for the

future ship canal across tho peninsula.

The climate, everywhere moist and hot, becomes

" Although the Perak river is named from the M.i!ay viori perak,

*' silver," the presence of this raetal h.is been doubted. M. Alfred

Marche, however, who recently visited the west coast, found it in

Laroot, associated with the rich tin oi-es of th.it district {Covi)ita

Rendiis of the French Gcol. Soc. for April 14, 1882, p. 165).
' "The allurtal tia deposits permeate the whole length of tho

JIal.-iyan Fcmusuls Oil the western side of the dividing nuise"
(Daly).-^

XV. — 41
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oppressive anil even malarious along the low muddy banks

of tbo coast Btieains. Higher up, although cooler, it is not

always more healthy, and the uplands, especially about

Mount Ophir, have the reputation of being extremely

dangerous to Europeans (Wallace). Yet the mean temper-

ature, thanks to the general elevation of the laud and the

pievailing sea-breezes, is much lower than that of many

Asiatic lands lying much farther from the equator. While

the glass'rises normally on the MakrAn coast and in the

Peraian Gulf to 110°, 120°, and even 125° Fahr., the mean

summer range in the peninsula scarcely exceeds 90°,

while at an dltitude of 2.^00 feet it is under 70° for the

whole year. There is strictly speaking no winter, nor

a distinctly marked rainy season, the alternate north-east

and south-west monsoons distributing the moisture over the

east and west slopes throughout most of the year. The

average number of rainy days is about one hundred and

ninety, and the mean rainfall from 100 to 130 inches.

The west coast is exposed to suddeu squalls of short

duration, known as " Sumatras " from the direction whence

they blow, while the opposite side is often visited by

tornadoes during the monsoons.

Except in some limestone tracts, especially in Perak and

Kedah, the soil is generally poor, and the country, which

may be described as of comparatively recent formation

slowly undff'going decomposition, is incapable of growing

eufficieut rice even for the local demand (D. D. Daly).

The laud, however, is almost everywhere clothed with a

moguiCcent tropical vegetation, in which the most con-

spicuous and useful plants are the gutta-percha (here first

discovered), the camphor tree, ebony, sapan, ratan, eagle

wood, bamboo, nibung, and nipa palm. Unfortunately the

work of reckless destruction has already commenced, and

the Chinese miners have in many places cleared extensive

tracts, cutting down the finest trees to serve as fuel for

smelting the tin ores. Of fruits the most characteristic are

the durian and mangosteeu ; and of cultivated plants the

most common are rice, the sugarcane, cotton, tobacco,

yams, batata, cpcoa and areca palms. Tea and coffee might

be successfully cultivated along the slopes of the Perak and

Selangor rivei-s-(Deiue). A species of climbing indigo and

the wild nutmeg are indigenous, and the true nutmeg,

cinnamon, and cloves have long been introduced, and thrive

well (Ne\Vbold).

The fauna of the peninsula, which is unusually ricb, is

allied, like the flora and the inhabitants, rather to that

of the Eastern Archipelago thau the mainland. Here are

the one-horned rhinoceros, Malay tapir (tdnau), elephant,

and hog, all of the same species as those of Sumatra. Here

is also a small bear (bruangh). found elsewhere only in

Borneo, as well as the Sunda ox of Java, besides tivo kiuds

of bison said to bo peculiar to the peninsula (Crawfurd).

Ou the other hand, tho Asiatic tiger has extended his range

thr')ur;hout the whole region, even crossing over to

Singapore and other adjacent islands. Of quadrumanes

there arc no less than nine species, including the diimpanzee

{Simla tro^/lodytes), the kukang {Lcmnr tardigrachis), the

black and white unka, but apparently not the orang-outan,

although the word is in common use among the JIalays,,

who oftcu apply it iu its natural sense to the Sakai and

other wild tribes of the interior. Of birds perhaps the

most characteristic are the rhinoceros hornbill {Buceros),

the bangu or Javanese stork, the argus and pencilled

pheasants, birds of paradise (Paradlsea rtgia and P.

rjttlaris)<, myna or grackle {Gracula religiosa), murei or dial

bird (Gracula i,aidarls), the humming bird, besides king-

fishers, flycatchers, doves, and pigeons in endless variety.

Tho island.s are frotiucntod by tlie lilrando esculeiUa, or

sc-allow tlvit builds edible nests. The forests swarm with

coluoiiteru, IcpiJoptrea, wid othc iuticcta, including tho

magnificent butterfly Ornlthoptera Brookeana, till recently

supposed to be peculiar to Borneo (Deane). The sur-

rounding waters are mhabited by the halicore, or " mer-^

maid," a sirenian whose Malay name duychig has bees

corrupted to dugong in our natural history books.

Politically the peninsula is partly held directly by Siam
aud Great Britain, and partly divided among a dumber of

petty Malay states, either tributary to or in treaty with

those paramount powers. The Siamese territory and states

embrace the whole of the northern section southwards to

5° 35' N., and thence on the east side as far as tbe southern

frontier of Tringginu in 4° 35' N. A line drawn from this

parallel on the east coast across the peninsula north-west-

wards to Kedah on the west coast will thus mark tb^

southern limits of all the land directly or indirectly subject

to Siam. The rest of the peninsula is occupied by the

British possessions grouped under the collective- name of

the Stkaits Settlements (q.v.), and by the more or less

independent Malay states proper, which may be regarded

as forming part of the British system. Subjoined is a

table of all the political divisions of the peninsula :

—

Siamese Political System.

Ligor, Sengora. These two provinces of Lower Siam proper

comprise the isthmus of Krd between 7° and 10° N., with a coast-hne

of 240 miles on the east and 260 on the west side ; area perhapj

17,000 square miles; population, 50,000 (?).

Kedah, betwee. Ligor and Perak, 7° to 5° 35' K., with 120 miles

on west coast; area, 3600 squme miles; population, 30,000.
|

Patani or Raman, between Sengora and Kelantan, 7° to 5° 30' K.,

with coast-line on east side 50 miles; area, 5000 square miles;

population, 30,000.

kelantan, between Patdni and Tringginu, 6° to 4° N., 60 milea

coast on east side; area, 7000 square miles; population, 20,000.

Tiiugjjinu with Kemiman, between Kelantan and Pabaug, 5° 30"

to 4° N\, with 80 miles coast-line on the east side; area, 6000

square miles; population 50,000 (?).

British Political System.

Perak, between Kedah and SeUngor, 5° 30' to 4° N., with 80

miles coast-line on west side; area, 6500 square miles; population.

30,000.

Selangor with Kalang, between Perak and Malacca territory, 4'

to 3° N., with 120 miles coast-hne on west side
;
population, 16,000.

Jobor, soutlieru extremity of tho peninsula from 2° 40' N. to

Cai>o Romania; area, 10,000 square miles; population, 20,000.

Pahang, between Johor and Tringginu, 3° to 5° N., 90 milcj

coast on east side; area, 3500 square miles; population, 20,000.

Jelehu, Sungei Ujong, Sri Jlenanti, Jumpol, Johol, Rambau..

Jclai, Segamat or Moar. These inland states, lying between 2° and
4° N., formerly constituted with Naning (Malacca territory) the

so-called Negri Sambilan, or " Nine Lands," governed by nan-

ghiilus or chiefs, feudatory first to the sultans of Malacca and theu

to tliose of Jolior. It is now proposed again to consolidate them

in one state under the suzerainty of or in alUance with Great

Britain. They lie surrounding Malacca territory, between Johor on

tho eastjPahang on tho north, and Selangor on the west and north-

west. Total area probably not more than 5000 square miles ;" popu-

lation, 50,000 {?). The more important are Ranibau (Lingsji river

basin), Segamat (Moar river basin), Johol (north from Mount
Ophir), and Sungei Ujong (Ldngat river basin).

Straits Settlements: parts of Perak, Malacca, Pulo Penang, and

Singapore; total area, 1445 square miles; population (1881),

314.000.

Excluding the Chinese, Klings, Bugis, and other moru

recent arrivals, the inhabitants of all these states belong to

three distinct stocks—the Tai (Siamese), JIalay, and

Negrito. The Siamese of pure blood occupy the extreme

north with scattered communities as far south as the

town of Sengora (7° 10' N.). A mixed Malayo-Siameso

people, commonly known as Samsams, form the bulk of

the population in the lower parts of Ligor and Sengora,

and iu the north of Kedah. Although entirely assimilated

to the Siamese in speech, customs, and religion, these

Samsanii appear to be allied physically much more to the

Malay than to the Tai stock. Yet their national sympathies

seem to bo altogether with the dominant rai-^, and the

people, especially of Ligor, have during the present century



M A L— M A L :?95?

iealously co-operated with the Siamese In their persistent

efforts to subdue the Malays of the neighbouring states.'

All the rest of the peninsula, from about 7° N. to Capo
Romania, luay be regarded as essentially " Malay land," as

it is in fact called by the people themselves. But whether

the Malays are here indigenous, or intruders from Sumatra,

is a question still warmly discussed by ethnologists. Those,

however, who support the latter view by appealing to the

undoubted historic migrations of civilized Malays from
Menangkabo or Palembang in the 12th century, or even

to Btill earlier arrivals from Java, do not understand the

poitit at issue. For the peninsula is occupied, not only

by these civilized Orang MalAya of cultured speech,

Mohammedans and mostly no doubt originally from
Sumatra, but also by the Orang Benua, that is, "men of

the soil," or aborigines, of Malay stock and of rude Malay
speech, nature worshippers, and settled here from prehistoric

times. Similar uncultured Malay tribes, such as the

Orang Kubu of Palembang, are no doubt also found in

Sumatra. But it is unlikely that any of these people ever

crossed the shallow intervening Straits of Malacca, which
were probably dry land when the race was gradually

diffused over the common area. Whether the migration

proceeded eastwards or westwards is therefore a point which
cannot be determined pending the settlement of the further

and broader question of the origin and dispersion of tlie

Maliy race itself. If the Malays are a branch of the

Mongol stock, as many hold, then the Orang Benua must
have passed through the peninsula southwards to the

archipelago at a time when most of it still formed part of

the Asiatic mainland. But if they originated in the

archipelago itself, as others maintain, then the stream of

migration must have been reversed.

In any case the Orang Benua are not the only aborigines

iu the peninsula, for the most recent research has fully

confirmed the somewhat vague statements of earlier writei"s

regarding the presence in this region of a Negroid element

differing fundamentally from the Malay type, andapparently

to be affiliated to the Negrito of the Andaman Islands and
Philippines. " Purely anthropological observations and
considerations lead me to accept the supposition of a
' Melanesian ' element (a remnant of the original race),

which, through intermixture with the Malays is being more
and more supplanted In the mountains of Pahang
and Kelantan as far as Sengora and Ligor, I have
discovered a Melanesian- population. This people undoubt-

edly belongs to the Melanesian stock " (Miklucho Maclay
in Elhwlor/ische Excursion ill Johm').^

The Malay and Negrito aborigines are collectively known
to the civilized Malays as Semang and Sakei • respectively,

although much confusion seems to have arisen in the use

of these terms, nor is this surprising, seeing that the two
races themselves, who have been in contact for ages, have
become largely intermingled and assimilated in customs,

and even in speech. The original Negrito dialects, which
Maclay has compared with those of the Philippines, are

everywhere yielding to the Malay, which is spoken

throughout the peninsula with little dialectic variety as far

* The horrors attending the reduction of Kedah iu 1821 T\"erc caused

chiefly by llie ferocity of the Samsam-s of Ligor in the Siamese

* This writer applies the term " Melanesian " to al] the dark races

|of the. Oceanic area, and not merely to the natives of the Melanesian

Archipelago.
' See also the Field, April 23, ^378 ; Journal of the Straits Branch

of the Roy. As. Soc. for 1878-81, passim; and the paper of Mr
paly, who s.ays, '* The true Orang Sakei is a Negrito, and leminda

one of the Papuans of New Guinea, whom I have seen in Torres

Straits," p. 409.
* Tlie aborigines of the neighbouring island of Billiton arc also

collectively known as Sakah (Annates de CBxtrime Orient, 1879,

P.-13Q).

as G° and 7" N., where it is replaced by Sinmcsa Tlio
aborigines, who are said not to number altogether more
than some 10,000, are divided into a great many tribe, of
which the best known are the Jakuns, widespread in tho
south, the Udai, Bisisi, Sabiinba, Mintira (.Mantra), and
Hala. All are in a very low state of culture, holding aloof
from the settled populations, living entirely on tho chase,
and pursuing the game with poisoned arrows. It is note-
worthy that even the more or less civilized JIalays,
especially of Rambau and other inland states, still JDld to
the tribal organization, the very names of many of their
tribes, such as the Anak Achi ("children of Achlu ") and
Sri Lumniah Meuangkabau, betraying their comparatively
recent migration from Sumatra.

Other ethnical elements iu the peninsula are the Bugis
from Celebes, formerly powerful on the west coast ; the
"Jfcors" (Arabs), now mostly absorbed by the civilized

Malays; the Klings^ from India, chiefly traders in the
seaports; the Topas (Topazio), half-casto Portuguese
Christians, still numerous esiiecially in Malacca territory, a
few Europeans, Battas, and African slaves; and, lastly, the
Chinese, by far the most numerous of all, who are gradually
converting the Malay peninsula into a second China. They
have already monopolized the mining and agricultural

industries, as well as the retail trade and local shipping.

Although v.-igudy known to the ancients as the Aurea Cliprsoncsu.s,
and even by. tlicin already described as a " Regio Latronum," or
piratical land, tlie Jlalay peninsula possesses no historic tr.iditions
earlier than the ISth century. According to the native writers tho
first settlement was made at ^inga-pura, or the "Lion City," about
1250 by emigrants from tlic banks of a river Slaldyu in Suniatrx
Expelled from Singapore by tho Javanese king Majapahit, tho
colonists founded the city of Malacca on the south-west const of tlie

mainland in 1253. From this point the cultured and Mohammedan
Malays of Sumatra are supposed to have rapMly spread ovcp the
whole peninsula, where they had already established a number of
petty piratical states, when the Portuguese under Albufiucrtiuo
reached Malaysia and reduced Malacca in 1511. Bcin;; thu.s, so to
say, taken ou the flank by the Europeans, while their, progrcsp
northwards was barred by the Siamese continually pressing forward
from Indo-Chiua, tho Malays of tho peninsula, ever prone to piracy
and lawlessness, have remained in a more or less unsettled stato

almost down to the present time. The Portuguese held Malacca for

one hundred and thirty yeai-s, when thoy were supplanted in 1641
by the Dutch, who yielded in 1795 to the English, ajid finally iu

1824 sun=cndered all their possessions on tho raaiuland to Great
Britain in exchange for Bencoolen in Java. Penang and Singapoio
had already been occupied by the British, who, by the suppression

of piracy and the old monopolies, the proclamation of free trade

principles, the example of a wise administration and treaties witji

the surrounding states, have gi-aJually laid a solid foundation for

the future prosperity of this distracted land. (A. H. K.)

MALAYS (Orang MalAyu, " Malay Men"), the domin
ant people in Malacca and the Eastern Archipelago (hence

often called Malaysia), where they are diversely inter-

mingled with other races, and where they have represented

the local cultured element for over two thousand years.

The Malays proper, that is, those who call themselves by
this name,'' who speak the standard Malay language, and

who possess a common sentiment of racial unity, are found

iu compact masses chiefly in the Malay peninsula as far

north as 8° or 9° N. lat.; in the adjacent islands of Penang,

Bintang, Lingen, &.C., and iu Sumatra, of which they

occupy fully one half, mainly in the soutu, along the

east coast, and on parts of the west coast. In these lands

^ The term Kling, a corrupt form of Telinga (Telugu), is npiiliccl

throughout Malaysia to all the natives of India settled in that region.

^ The origin'^of this word h.is given rise to much controversy. Its

derivation from the Javanese ma-layu, to run or flee, must bo

rejunted as grammatically impossible, for this is a true verbal form,

whereas the national name is strictly adjectival, hence always acooni-

panicd by a noun. Valentyn points out (Ueschryvinije twji Snmntra,

p. 13) that the name is specially applied in Sumatra TO the great

Siingci-pagii-Malayu tribe of the Sungei-iidgu auriferous ili.stiicL, uikI

It seems on the whole most probable that it was originally tin; naiiw

of some looal tribo, which robe to frc-cniinnnce.
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alone thoy are really indigenous, and rcgai-d themselves

as the aboriginal. population. Elsewhere they are met in

scattered communities chiefly round the coast of Borneo,

in the Sulu Archipelago, in Tidor, Ternate, and some other

membera of the Molucca group, where they are held to

be intruders or immigrants from Sumatra.

Long considered as an independent division of mankind,

the Malays are now more generally affiliated to the Mongol

stock, of which A. B. Wallace, De Quatrefages, and other

eminent naturalists regard them as a simple variety more

or less modified by mixture with other elejnents. " The

Malayan race, as a whole, undoubtedly very closely

resembles the East-Asian populations from Siam to

Manchuria. I was much struck with this when in the

island of Bali I saw Chinese traders who had adopted the

costume of that country, and who could then hardly be

distinguished from Malays ; and, on the other hand, I have

seen natives of Java who, as far as physiognomy was con-

cerned, would pass very well for Chinese.''.^ In fact, the

typical Malay can scarcely be distinguished anthropologi-

cally from the typical Mongolian. He is described as of

low stature, averaging little over 6 feet,^ of olive-yellow

complexion inclining to light brown or cinnamon, brachy-

cephalous, with somewhat flat features, high cheek bones,

black and slightly oblique eyes, small but not flat nose,

dilated nostrils, mouth wide but not projecting, hands

and feet small and delicate, legs very thin and weak, coarse

black hair, always lank and round in section, scant or no

beard. ^

The departure from this description so frequently noticed

in the archipelago must be attributed to intermixture with

the black Papilan stock in the east, and with a distinct

pre-Malay Caucasic element in the west. The presence of

this " Indonesian " element, as it is called by Dr Hamy,

may now be regarded as an ascertained fact, the recogni-

tion of which will help to remove many of the difficulties

hitherto associated with the natural history of the Malay

race. It at ones explains, for instance, the apparent dis-

crepancy between the foregoing description of the ordinary

Malay and that of the Battas, Orang Kabu, and many

other Sumatran and Bornean peoples described as tall and

robust, with regular features, symmetrical figure, light

complexion, brown and wavy hair, and general European

appearance.*

These considerations also enable us to fix the true centre

of dispersion of the Malay race rather in Malacca than in

Sumatra, contrary to the generally received opinioa If

they are to be physically allied to the Mongol stock, it is

obvious that the earliest migration must have been from

High Asia southwards to the peninsula, and thence to

Sumatra, possibly at a time when the island still formed

part of the mainland. The national traditions of a disper-

sion from Menangkabo or Palembang in South Sumatra

must accordingly be understood to refer to later movements,

and more especially to the difTusion of the civilized Malay
peoples, who first acquired a really national development

in Sumatra in comparatively recent times. From this

point they spread to the peninsula, to Borneo, Sulu, and

other parts of Malaysia, apparently since their conversion

to Islam, although there is reason to believe that other,

waves of migration must have reached Further India and
especially Camboja, if not from the same region at all

events from Java, at much earlier dates. The impulse to

these earlier movements must be attributed to the intro-

' Wallace's Miilay Archipelago, Bth etl., p. E91.
' Muller says 4 ft. 6 ia. to & ft. ; Wallaco 6 ft. 2 in. to 5 ft, 4 in. ;

Flower 6 ft. 3 in. ; others 5 ft.

' See Dr A. B. Meyer, M'mahassa auf Cdeles, Berlin, 1876, p. 7.

* See Scliouw-Santvoort, in Annalcs de I'JfJxtr^nic Orient, 1878-79,
p. lis ; and Uontauo, P^roc. Roy. Oeol, Soc, 18SI, i>. fi93.

duction of Indian culture through tha Hindu uiidBuddhi^

missionaries, perhaps two or three centuries beiiore_ the

Christian era. During still more rembte prehistoric times

various sections,of the Malay and Indonesian stocks were

diffused westwards to Mad'^gascar, where the Hovas, of

undoubted Malay descent, still hold the political supre-

macy, and eastwards to tlie Philippines, Formosa, Micro-

nesia, and Polynesia. This astonishing "spansion of the

Malaysian peoples throughout the Oceanic area is suffi-

ciently attested by the diffusion of a common Malayo-

PoljTiesian speech from Madagascar to Easter Island, and

from Hawaii to New Zealand. See Polynesia.

The M.ilays proper have long been ilivided socwUy into three dis-

tinct groups,—the Oranff Hauia, or " Men of the Soil," that is, tlio

UEcivilizcd wild tribes ; the Orang-laut, or " Men of the Sea," that

Is, the semi-civilized floating population ; and the Orclng MaUyu,
or " Malay Men," that is, the civilized Malays with a culture, a

literature, and a religiou. The Orang Beniia, called also Orang

Gunnng, or "Highlanders," and sometimes even Orang-utan, or

"Wild Men," constitute the aboriginal Malay element, the "raw
material," so to say, of the race, which has hitherto remained

wholly unaflected by foreign influences, and which is still grouprf

in small tribes at a very low stage of culture, living nearly exclusively

by tho chase, and almost destitute of all social organization. They
are found chiefly in the more inaccessible wooded uplands ot

Malacca and Sumatra, in the former region more or less intimately

associated for ages with tlie Negrito tribes, and in the latter island

apparently the sole occupiers ot the land from the first. Interme-

diato between tho Orang Bcnua and Orang Malayu are the Orang-

laut, the *'Sea Gipsies" of English writers, wlio still occupy th«

same low social position that they held when the Portuguese first

reached Malaysia. They were then described by De Barros uudei

the liame of CcUates, or "people of the Straits," as "a vile peopla

dwelling more on the sea than on the land," and "living by fish-

ing and robbing "
; and this description is still largely applicable,

although piracy is now all but suppressed in the Eastern waters.

The Bajau and Millanau of the Sulu Archipelago and neighbouring

coast lands also belong to this class of sea nomads. Lastly, the Orang
Malayu are that section of the race which, under the inlluencc fii-st

of the Hindus and then of the Arabs, has developed a national life

and culture, and which has founded more or less powerful political

states in various parts of the archipelago. But here again it ia

necessary to distinguish between the civilized Malays proper, ani
the other civilized branches of the race, to whom the term Malay
is never applied, and who speak languages which, while belonginj

to the common Malay linguistic family, dilTcr greatly from tl»

standard Malay speech. The chief divisions of all these civilized

communities are as under :

—

Orang Malayu : Blcnangkabo, Palembang, and Lampong fs

Sumatra
;
petty states of tlio Malay Peninsula ; Borneo ; Tidor

;

Ternate.

Sumatran group : Achinese, Rejangs, Passumahs,
Javanese group : Javanese proper, Sundanese, Madurese, Balincsc.

Celebes group ; Bugis, Mangkassara, and others.

Philippine group ; Tagalas, Bisayans, Bicol, Sulu, and other*.

Outlying groups : Hovas of Madagascar, FoiTOOsan Islandera.

In all these the distinctly Malay physical type decidedly pre-

dominates, whereas elsewhere in the archipelago the so-c.illej

Malays are often rather " Indonesians," in whom the distinctly

Caucasic physical type predominates. Such especially are tho
Battas and Orang Kubu of Sumatra, the Nias and Slentawey
islanders, the Kayans, and many of the Dyak tribes of Borneo.*

In their temperament no less than in their features the Malaj's
still betray their Asiatic origin. They are described as of a taciturn,

undemonstrative disposition, little given to outward manifestations
of joy or sorrow, yet extremely courteous towards each other, and
as a rule kind to their women, child/en, and domestic animals.
Slow and deliberate in speech, neither elated by good nor depressed
by bad fortune, normally impassive and indolent, they are never-
theless capable of the greatest excesses when their passions are
roused. Under tho influence of religious excitement, losses at gamb-
lingi jealousy or other domestic troubles, they are often seized by
the so-called "amok " fever, when they will rush wildly through
tho crowded streets armed with their sharp krisses, CTitting down
all who cross their path with incredible fury and without the least
discrimination. Amongst the practices and propensities which
connect them with the Mongoloid inhabitants of Indo-China tho
most striking are pile-building, especially in Java and Borneo;
cock-fighting, universal throughout the archipelago; a pronounced
tosto for putrescent fish, with a corresponding dislike of milk ; head-
hunting (Borneo and Celebes); large ear-ornaments, greatly dis-
tending tho lobe ; husband entering tho w ife's family, and father

' S«» Carl Back's ilead-UunCers o/ Borneo, p. £9,
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eichan^ing his own tor liia cliild's name ; counting by numeral

auxiliaiies, such as iicI-Ulo, chief, log, mountain, ft-utbur, &c.,

accoiding to the nature of tho object.*

Tlio race is ou the whole of a sluggish intellect, iuferior in

natural intelligence even to the Bunouudiug Paniiau populations.

Dr Muntano tells us that in tho gills' school at Malacca, conducted

by tlio Koman Catholic sistci-s, tho Chinese children take tho first,

tho Mautrna (aboiigines) the second, and tho Malays the last place

in ordor of capacity.'' Unaided by foreign influences they never

attained a bigner culture than that of tho *' Sea Gipsies" ; aud for

tfccir lottei-p most of tlroir arts, and their religions they aro in-

debted cilucr to tho IliuJus or the Arabs. f A. H. K.)

Malay Langitaqe and Lileraturf.
The Malay laneuMge is a inemoer of the Malayan section of the
Malayo-Polynesian class of Innpuajres. hut itlsby no means a rep-
f^^piitativo ty|i'^ of tho s<ction uhich has taken its name from it.

Th<' iifa o\ pr whi.-h it is spoktin enmpriiJes the peninsula of Malacca
with fhead.iai-eiit ishinds fthf Rhio Li njjgaArchipelago). the greater
p;irt iif tlit^ -'oji.-^t districts of Sumatra imd Borneo, the seaports of
.Tiivii, the Sun.hi and Banda Islands. Tt is the general medium of
communication throughout the arehipelatro from Sumatra to the
Philippine Islands, and it was so upwards of three hundred and
fifty years ago when the Portuguese first appeared in those parts.

There ai^e no Malay manuscripts extant, no monumental rcconls

with inscriptions in JIalay, dating from before the spreading of

Islam iu the archipelago, about tho eud of tho IStli ccuturj'. By
some it has been argued from this fact that tho Malays possessed

no kind of writing prior to the introduction of tlie Arabic
alphabet (W. Itobinson, J. J. do Hollander) ; whereas others Iiavo

maintained, with greater showof prob.ability, that tho Malays wcro
iu possession of an ancient alphabet, and that it was tho same as

the Rechan;^ (Jlarsden, Fricderich), as the Kawi (Van dcr Tuuk), or

most like the Lampong (Kern),—all of which alphabets, with the

Battak, Bugi, and Macassar, are ultimately traceanle to the ancient

Cambojan characters. "With the Molnuamedan concjuest tho Fcrso-

Arabic alphabet was introduced among tho Mala)"s ; it hascoutinacd
ever since to be in use for literary, religious, and busine^ luirposcs.

V.'hero Javanese is the principal language, JIalay is sometimes
found written with Javauesc charactci"s ; "and iu Palcmbang, in

the Menangkabo country of Middle Sumatra, tho Rcchang or

Kenchoug character are in general use, so called from tlie sharp
and pointed knife with which they are cut ou the suiooth side of

bamboo staves. It is only siuce the Dutch have established their

Bttpremacy in the archipelago that the lloman character has come
to be largely used in writing and printuig Malay. This is also tho
case in the Straits Settlements.

By the simplicity of its ])houotic elements, the regularity of its

grammatical structure, and the copiousness of its nautical vocabu-
lary, the Malay language is singularly woU-fittcd to be tho Jlnrjiia

fra)ica througnout the Indian archipelago. It possesses the live

vowels ft, t, ti, c, 0, both short and long, and one pure diphthong
(lu. Its consonants are A", g, iifj, ch^ j^ il, t, d, ?), p, h, m, y, r, /,

«.', s, A. Long vowels can only occur in open syllables. The only
possible consonantal nexus in puroly Malay words is that of a nasal
end mute, a liquid and mute and vice versa, and a linuid and nasal.

Final k and h are all but suppressed in the utterance. Purely Arabic
letters are only used in Arabic words, a great number of which have
been received into the Malay vocabulary. But the Arabic charac-
ter is even less suited to Malay than to the other Eastern languages
on which it has been foisted. As the short vowels arc not marked,
one would, in seeing, e.g., the word hntng, think first of hiniang, a
star ; but the word miglJt also mean a large scar, to throw down,
to spreadj, rigid, mutilated, enceinte, a kind of cucumber, a redoubt,
according as it is pronounced hanitavg, laniing, hcntang, luntang,
huntung, bunting, bontcng, henicng.

JIalay is essentially, with few exceptions, a dissyllabic language,
and the syllabic accent rests on the penultimate unlessjthat syllable
is open and short ; e.g., datang, namafta, besar, diumpatkanflalalu
Nothing in the form of a root word indicates the grammatical cato-
gory to which it belongs ; thus, kdsih, kindness, air<ctionato, to
love

;
ganti, a proxy, to exchange, instead of. It is only in deriva-

tive words that this vagueness is avoided. Derivation is etlectcd
by infixes, prefixes, aflB_\es, and reduplication. Infixes occur mc.ro
i-arely in Malay than in the cognate tongues. Examples aro

—

guruh, a rumbling noise, gumuruh, to make such a naise ; tunjuk^
to point, iduvjul; the forefinger ; chuchuk, to pierce, cltcrUckuk,
a stockade. The import of the prefixes—me (ineng, me&, men,
mem), pe (peng, peh, pen, pern), ber(bi!I), per, pel, ka, di, tor,—and
a^es—an, kan, i, lah—will best appear from tlio following
examples : root word ajar, to teach, to learn ; trOhigdjar, to instmct
te^tpresses an action)

; l^ldjat, to study (state or condition)

;

mhigajdri, to instruct (some one, trans.) ; iriZdodjarkan, to instruct
(in something, ca'sa'lve)

;
_p^i^o/ar, the instructor

;
^^^o/ar, the

^ Col. Yule, in Jour. AniJtrop. Soc, for Febriiaiy ISSO.
^Jour. d'AntliTopologie fcr March 1S82.

learner
;
pf^gajdraji, tho lesson taught, also the Echool ;

pi^ajdrnn,
the lesson Icarut ; didjar, to be learnt ; Urajar, learnt ; t^&Jarkan,
taught ; t^ajdri, instructed

; [pSrdja (from raja, prince), to recog-

nuio as prince
;
p^ajdkan, to crown as prince ; karajgxin^ royalty]

;

djarkmilah, teach ! Examples of reduplication are

—

djar-djar, a
saiuted person ; djar-bSrajar (or bSldJar), to be Icaming and teach-
iug by turns ; shnilarly there are forms like djar-mhigdjar, bh-ajar-
ajdran, djar-ajdri, m^mpCrdJar, mf^m^^Srdjarkau, 'niSmp&rajdrit

tirlSldJarkaJi, pp-bSldjarkaji, &c. Altogether tfaere are upwards of
a hundred possible derivative forms, in the idiomatic use of which
the Malays exhibit much skill. See especially H. von Dewall, Da
vonnvcrandcHngcn dcr Malcische taal, Batavia, 1864 ; and J.

Pijnappel, Malcisck-EoUandsch IVoordcnboek, Amsterdam, 1875,
"lulciding." In every other respect the language is cliaracteiizcdJiy
great simplicity and indcfiniteness. There is no inflexion to dis-

tinguish number, gender, or case. Number is never indicated when
the sense is obvious or can be gathered from the context; othenrise
idurality is expressed by adjectives such as sagdla, all, and bdiibk,

uiauy, more rarely by the repetition of the noun, and the indefinite

singular by sa or sdtu, one, with a class-word. Gender may, if

necessary, be distinguished by the words laki-ldki, male, and
ptrampuan, female, iu the case of pei'sons, and o(jantaii and bUhia
in tho case of animals. The genitive case is generally indicated by
the position of the word after its governing noun. Also adjectives

and demonstrative pronouns have their places after the noun.
Comparison i^ etiected by the use of particles. Instead (tf the per-

sonal pronouns, both in their full and abbreviated forms, conven-
tional nouns arc in frequent use to indicate the social jwsition or
i-elation of the respective interlocutors, as, e.g., hamba titan, the
master's slave, i.e., 1, These nouns vary according to the different

localities. Auother peculiarity of Malay (aud likewise of Chinese,
Shan, Talainc, Burmese, and Siamese) is. the use of certain class-

words or coeificients with numerals, such as orong (man), when
spcalving of persons, ckor (tail) of animals, k?pmg (piece) of flat

things, blji (seed) of roundish things ; e.g., lima biji tllor, five eggs.

Tho number of these class-words is considerable. Malay verbs have
neither person or number nor mood or tense. The last two are
sometimes indicated by particles or auxiliary verbs ; but these ai-e

generally dispensed wiUi if tixe meaning is sufficiently plain without
them. The Malays avoid the building up of long sentences. The
two main rules by which the order of the words in a sentence is

regulated are—subject, verb, object ; and qualifying words follow

those which they quahfy. This is quite the reverse cf what isihe
rule in Burmese.
The history of the Malays amply accounts for the number and

variety of foreign ingredients iu tlieir language. Hindus appear to
have settled in Sumatra and Java as eatly as the 4th century of our
era, aud to have continued to exercise sway over the native popula-
tions for many centuries. These received from them iuto their
language a veiy large number of Sanskrit tenns from which we can
infer the nature of the civilizing influence imparted by the Hindu
rulers. Not only iu words concerning commerce and agiiculture,

but also iu terms counected with social, religions, and administra-
tive raattei-s, that influence is traceable in Malay. See "W", E.
Maxwell, Manual of the Malay Language, 18S2, pp. 5-34, where
this subject is treated more fully than by previous writers. This
Sanskrit element forms sucli an integial pait of the Malay vocabu-
lary that in spite of the subsequent infusion of Arabic and Persian
words adopted in tho usual course of Mohammedan conquest it has
retained ita ancient citizenship in the language. The number of

Portuguese, English, Dutch, and Chinese words in Malay is not
considerable ; their presence is easily accounted for by political or
coniftiercial contact.

Tho Malay language abounds in idiomatic expressions, which con-

•stitute the chief diHiculty in its acquisition. It is sparing in the

use of pei-sonal pronouns, and prefers impersonal and elliptical

diction. As it is rich in specific expressions for the various aspecte

of certain ideas, it is requisite to employ always the most appro-

priate term suited to the particular aspect. In Maxwell's Manual,

Sp.

120 sq.y no less than sixteen terms are given to express the
ificrent kinds of striking, as many for the different kinds of speak-

ing, eit^bteen for the various modes of carrying, &c. An unneces-

sary distinction has been made between High Malay and Low
Malay. The latter is no separate dialect at all, but a mere brogue
or jargon, the medium of intercourse between illiterate natives and
Kuropeans too indolent to apply themselves to the acquisition of the

lan?;uage of the people ; its vocabulary is made_up oi Malay words,

with a convent'.- nal admixture of words from other languages; aud
it varies, not ou.y in different localities, but also in proportion to

the individual speaker's acquaintance with Malay proper. The use

is ditferent as regards the term Jdwi as applied to the Malaji

language. This has its origin in the names Great Java and Lessei

Java, by which the mediaeval Java and Sumatra were called, and
It accordingly means the language spoken along tho coasts r' the

two great islands.

Malay is pro^'ably spoken with greatest purity in tho Uhio-

Lirmga Archipelago ar^d in tho independent statta of Perak auJ



g.,^ BI A L — M A L

states of the |icninsnln (Jolior, Tringganu,

divci-mncii's both as to pronunciation and the >iso ot ..-.-.- -_- -

hen noteil. The most inipoitant and the most interesting ot alt

the Malay .'ialeets is that of Menangkabo (Menangkarhan) in the

resiliency of Pailan" and in Upper Jambi, in Central Sumatra. It

abound, in diphthongs, and prefers vocalic to consonantal termina-

tions, thus changing final al and ar into a\ il and ir into xyc, id

jind ar into uwc, nj and at into c', iisinto uwi; final « mostly passes

into 5. so that tor siidara and sudatjar they say aiuRro, sudpo
;

the emphatic -hih is tnined into -malah or mcdah 7«ij the prefi_xe_3

blr, lie,; lir are changed into iii, J)^, «, or itim, jyiya, iura.

Anion" other changes in pronunciation may be noted uraiig tor

crcmg, mnnijko for maka, lai for lagi ; they use imii for ycni m
f.jr kcwlak, dch for oU!i, ba' for bSrjai, pai for pcrgi, ko' tor jikalaii,

iic. In some districts of Jlenangkabo (Palcmbang, Lebong) the

Uonchoiig character is in general use in writing tins dialect, for

which i>nrposc it is far better suited tlian tlio Arabic. As early as

1822 n small tract on the customs and traditions of Moko-Moko,

in this dialect, was printed with a translation at Bencoolen. But

it is only iii recent years tliat the Dutch have commenced to pay

the dialect the attention it deserves, by publisliing texts, with

transliteration and translations, and supplying other materials for

its investigation. Sec tlie Tmnsactions and Journal of the Asiatic

Societies ol' Batavia and the Hague, the IndiscU Gids, and more

tspccially the philological portion, by A. L. van Hasselt, of Middai-

Smiwtm, iii. 1 (Lcyden, 18S0), where also the best and fullest

account of the Eenchong character is to be found. Of other Jlalay

dialects in Sumatra, only the one spoken at Acliih (Achin) deserves

mention ; in Java the Batavian dialect shows the most marked

peculiarities. The immerous and greatly divergent dialects spoken

in the Jlolucca Islands (valuable information on which has been

supplied by F. S. A. dc Clercq, G. iV. W. C. van Hoevell, and A.

van Ekris) and in Timor differ so materially from the Malay of the

peminsnla and of Menangkabo that they cannot be called Malay

dialects at all ; whereas the Malay spoken in some parts of tlio

Minahassa (Celebes) scarcely differs from Malay proper.

There is no grammar of Mal.ay by a native writer with the solo

exception of a small tract of 70 pages, entitled Bustanu 'Ikatibln,

by Kfija Ali Hajji of Rhio, which was lithographed in the island

of Pcuengal in 1857. A. Pigafetta, who accompanied Magellan m
his first voyage round the globe, was the first European whose

vocabulary of Malay ^.•ord3 (460) has come down to us. Next in the

field were the Dutch, who provided a medium of intercourse between

their traders and the Malays. F. Houtman's roclcbulary and

Conversations, iiC Dutch, Malay, and Malagasy, appeared at

Amsterdam in 1603 ; and it may bo noted that the Malay spoken

in those days doej not appear to have materially altered since.

The same dialogues appeared in English and Malay in 1614. Since

then numerous grammars, dictionaries, and conversation books havo

been brought out by English and Dutch writers. As the best

helps at present available for the study of Jlalay may be recom-

mended W. E. Maxwell's Manual of the Malay Language,

London, 1882 (especially valuable for its full treatment of the

i.lioms) ; P. Favre, Grammairc dc la langue Malaise, Vienna and

Paris, 1876 ; and Dictionnairc Malais- Fran^ais, ib., 1875, 2 vols. ;

Dicliommire Frani;ais-Mulais, ib. , 1880, 3vols. ; J. J. de Hollander,

Ifamllciding bij dc beoefcniug dcr Maleischt taal ut Icttcrkiinde,

Brcdn, 1882 ; J. Pijnappel, Maleisehe Spraakkunsl, Hague, 1866 ;

and Malcisch-Hollandsch IVoordenbock, Amsterdam, 1875. The

printing of Von Dewall's Didioimry, edited by H. N. van dcr

Tnuk, is still in progress at Bata\ia.

Literature.—Iheie are two kinds of Malay popular literature—

the one in prose, the other in poetry. The former comprises the

proverbs, thelatterthe "pantuns." "Agriculture, hunting, fishing,

boating, and wood-craft are the ocdupations or accomplishments

which furnish most of the illustrations, and the number of beasts,

birds, fishes, and plants named in a collection of Malay proverbs

will be found to be considerable" (W. E. Maxwell, Malay Proverbs).

H. C. Klinkert published a collection in the Bijdragen tot dc

Inalkundc van N. T. (Journal of the Asiatic Society of the Hague)

for 1866, pp. 39-87. See also J. Habbemaon ihe Menangkabo pro-

verbs, in vote. XXV. and xxvi. of the Batavian Tijdsehrift, and

Favro's Dietionnaire Malais-Fram-ais, passim. The pantuns are

improvised poems, generally (though not necessarily) of four lines,

in which the first and third and the second and fourth rhyme.

They aro mostly lofe poems ; and their chief peculiarity is that the

meaning intended to bo conveyed is expressed in the second couplet,

wherou3''the first contains a simile or distant allusion to the second,

or often h.as, beyond the rhyme, no connexion with the second at all.

The Malays are fond of reciting such rhymes " in alternate contest

for several hours, the preceding pantun furnishing the catchword

to that whicn follows, until one of the parties be silenced or van-

quished. " See T. J. New-bold, Account of the British Settlements in

the Straits of Malaeca, vol. ii. 346 ; Klinkert in the Bijdragen for

1868, pp. 309-70 ; L. K. Hannsen in the Tijdsehrift, vol. xxi. pp.

480-533 (Menangkabo). If the Malays have kept entirely aloof

ence in the other departraents ^ot ..^. ^^^ .^^^

entirely to their credit; for, '^'l^y
''"f 7.''''*''Tp„,i,u historio-

their writings some ot the spirit of Arabic and Persini '
'^t°"°

™hy poetry, and fiction, it could not but have benefited the char

^cta of their own literary productions. As it is, their histories and

c,i-on?cle rr strange Votley of tmth and fiction ;
their poems

ad loves lack coherence and imagination, and a™ sing la ly

monotonous and devoid of that spirit of d"™ 7^-''- ' f"^'"''"

the corresponding branches ot literature among the leadm"

of 'slam. As Malay copyists a

chaiif'-^s it hapliens that no tw\. ^ c,- - ,
,

pSar work d ffercnt recensions exist, which moreover, often go

Kifferent names. This circumstance greatiy tend., to increase

the difficulties of editing Malay texts. U

Mohammedan subjects (theology, law, ethics,

course only imitations of Arabic or Persian "',,,11

novels and poems
'''^''''",5 Z?; _.;;;_;-„, ,,,^,,^ ., ^,j,,|jt

.
the '.Malays

inatelyreadak'ngwith their JIohainmcd,-.n

ks of fiction of purely Hindu origin, llio

nations

eii'to making arbitrary

!e, and that ot many a

pecially

mysticism) arc of

lals ; thf re arc .niso

treating of purely Mohammedan

legends. But not only i"s there traceable in many of tl- -

undercurrent of Hinduism and even pre-

H

possess also, and indiscr

books, quite as many
want, h

grmvth of TnatTonal epi'c'or'national songs', sulficicntly accou..t_s for

the absence from their literature of any

such as exist in Bugi and Maca

ot their poetical productions an

Biddsdri, Sha'ir Jauhar Md
which have been printed,

collections of local laws

wever, of political cohesion, and of a national spirit among

scattered as the Malays are, which could have favoured tl^

sufficiently accounts lor

....J ,
.eductions of this class,

litoratuie. The most popular

: Shair Ken Ja.„lmhan. Sha'ir

nd Sha-ir •Jbdu-lwuluk, all of

Among the prose works tlurc are various

nd customs {undang-andang), chronicles

(such as the Sajarat nuddyn), books on ethics (the best are tho

Makota sagdla raja-raja, and f\,„ Bustamissalalin, ="'' •'' "'Y

large number of works of fiction and legendary lore, somo of which

possess much descriptive power. They all bear the tit . Ihlaja ,

and the following are the best-known : H. '""'jT'^f.!'-
"''':"'

H. Isma Vatint, H. Jumjumah, H. BakhlujariSadd, haUU.n,

Gholdm), B. SlmiskiJi, U. Sultan Ibrdhhn, U. Sn Lawa, H.

Pandd,ca lima. Several of these and many other works no men-

tioned here have appeared in print (with or without tiaiisl.ition)

chiefly in Holland, Batavia, and Singapore^ and extracts have been

given in the various Malay chrcstomathics by Duh.u 101, Do

Hollander, Nicm.ann, Van dcr Tnuk, Grashuis, and 1.1 -^l-;"-^' - >

^
Malay Grammar. Tho best recent Jl.ilay writer was Abdullah Urn

•Abdelkadir Mflnshi of Singapore, who died, it is said r.tj.oisou at

Mecca, some eight and twenty years ago His ^>.',to"l"Si-'l'hJ

.

"journey to Kelantan," and " pilgrimage to Mecca aro p.attc

ot Malay style, inougii uia »iii.i."; o .^ ^. ...... -lucaci -"'o-

peans is traceable in them, while his translation (from the Tamil

version) of tho Panchatantra is free from such influence

Malay literature is fairly represented in Engl.aud in the British

Museum, the India Office, and the Royal Asiatic Society and

descriptive catalogues of the Malay iMSS. in each of these hbiaries

are available See Niemann in the Bijdragen, ni. 6, p. 96-101 ,

Van der Tuuk in Tijdsehrift voar Ked. Indie for 1849, 1. p.

385-400, and in the Journal of tlie Royal Asiatic Soc)c<y new series,

ii p 85-135. An account ot the Lcyden coUcctioii hy J.

Piinappel, is given in the Bijdragen, iii. 5, p. 142-1(8. Ihc finest

collection of Malay MSS., upwards of 400 volumes, is m the library

of the Asiatic Society of Batavia. See L. W. C. van deii Borg,

Verslag vancene vtrrzameUng Maleisehe, d:c.,handschr:ften, liatavia,

1877 If it had not been for tho loss, by fire, on their pass,nge Iroiii

India, of three hundred Malay MSS., the property ot the late Sir

T S Raffles, England would now boast of the largest aR,eiiililago

of Malay MSS. in the world. On Malay literature in gclu --

pare G. H. Werndly, Maleisehe Spraakkunst, Amsterdaii

pp. 227-357 ; E. Jacquet in the Nouvca;

ix. (1832), pp. 97-132, and 222-253; -. -,-

Settlements in the Straits of Malacca, 1839. vol. 11. pp. 21 6-308 ,

E Dulaurier. Mimoire, letlrcs, ct rapports,. Paris, 1843 ;
J. J. do

Hollimder, Hajidleiding bij dc beoefcning dcr Maleisehe taut en

letterkundc, Breda, 1882. pp. 277-3S8'; and G. K. Nir

Bijdragen, iii. 1 (1866), pp. 113-46, 333 sq.

MALCOLM, Sir John, G.C.B. (1769-1833), soldier,

diplomatist, administrator, and antlior, was born at Burn-

foot of Esk, near Langliolm, Dumfriesshire, Scotland, on

May 2, 17G9. At tlie ago of twelve he receU-ed a

cadetship in the Indian army, and in April 1783 he

landeil at Madras, shortly afterwards joining his regiment

at Vellore. In 1792, having for some time devoted

himself to tho study of Persian, he was appointed to tho

staff of Lord Comwallis as Persian interpreter, but two

year? afterwards was compelled by iU-health to leave for

1736,

Jommal Asiatigue, vol.

J. Newbold, British

(R. R.)
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England. On Lis return to India in 1796 he became

military secretary to Sir Alured Clarke, comtnander-in-

chief at Madras, and afterwards to hia successor General

Harris ; and in 1798 lie was appointed by Lord Wellesley

assistant to the resident at Hyderauad. In the last-

mentioned capacity he highly distinguished himself by

the manner in which he gave eflfect to the difficult measure

of disbanding tne French corps in the pay of the nizam.

In 1799, under the walls of Seringapatam, began his

intimacy with Colonel Arthur Wellesley, which in a short

time ripened into a life-long friendship ; in the course of

(jhe same year he acted as first secretary to the commission

appoiuted to settle the Mysore government, and before its

close he was appointed by Lord Wellesley to proceed as

envoy to the court of Persia for the purpose of counteract-

ipg the policy of the French by inducing that country to

form a British alliance. Arriving at Teheran in December

,1800, he was euccessful in negotiating favourable treaties,

l50th political and commercial, and returned to Bombay by
ypay of Baghdad in May 1801. He now for some time

Iield the interim post of private secretary to Lord
Wellesley, and in 1803 was appointed to the Mysore
tesidency. At the close of the Mahratta war, in 1804,

and again in 1805, he negotiated important treaties with

Sindhia and Holkar, and in 1806, besides seeing the

arrangements arising out of these alliances carried out, he

directed the difficult work of reducing the immense body
of irregular native troops. In 1808 he was again sent on

a mission to Persia, but circumstances prevented him from
getting beyond Bushire; on his reappointment in 1810,

he' was successful indeed in procuring a favourable

reception at court, but otherwise his embassy, if the

information which he afterwards incorporated in his works
on Persia be left out of account, was (through no fault

of his) without any substantial result. He sailed for

England in 1811, and shortly after his arrival in the

following year was knighted. His intervals of leisure he
devoted to literary work, and especially to the composition

of a Histdry of Persia, which was published in two quarto

volumes in 1815. On his return to India in 1817 he was
appointed by Lord Moira his political agent in the Deccan,

with eligibility for military command ; as brigadier-general

under Sir T. Hislop he served against the Mahrattas and
Pindharis, and took a distinguished part in the victory of

Mehidpur (December 21, 1817), as also in the subsequent
work of following up the fugitives, determining th^

conditions of peace, and settling the country. In 1821 tf-

returned once more to England, where he remained until

1827, when he was appointed to the Bombay government.
His influence in this office was directed to the promotion
of various economical reforms and useful administrative

measures. Leaving India for the last time in 1830, he
shortly after his arrival iu England entered parliament
as member for Launceston, and was an active opponent
of the Reform Bill. He died of paralysis on May 30,
1833.

Bcsijes tlie work inentioued above, Sir John Malfolm published
Skdrh of tlic Political History of India since . . . 1784, in 1811 and
18'ifi ; Sketch of the Siklts, 1812 ; Ohscnations on tlie Disturbances
in tha Madras Annij in 1809, 1812; Persia, a Poem, anonymous,
1814

; A Memoir of Central India, 2 vols., 1823 ; and Skelehes of
Persia, anonymous, 1827. A posthumous work, Life of Robert,
Lord Clivc, appeared iu 1836. See Life and Correspondence of
Major-Gcncral Sir John Malcolm, O.C.B., by J. W. Kaye, 2 vols.,
1S56.

MALDAH, a district in the lieutenant-governorship of
Bengal, India, between 24° 2«' 50" and 25° 32' 30" N. lat.,

and 87° 48' and 88° 33' 30" E. long., the Ganges river
forming the continuous west and south-west boundary.
The administrative headquarters are at English BAzir.
The district, of which the area is 1813 square miles, is

divided into two almost equal parts by the Mah.'lnandA

river, flowing from north to south. "The western lifct

between the Mahdnandi and the main stream of the

Ganges is a low-lying alluvial plain of sandy soil and great

fertility. The eastern half is an elevated region broken by
the deep valleys of the Tangan and PurnibhAbi rivers and
their small tributary streams. The soil of this district is

a hard red clay ; and the whole is overgrown with thorny

tree jungle known as the kdtil. Agricultural prosperity

centres on the Mahdnandd, where mango orcha>-d3 and high

raised plots of mulberry land extend continuously along

both banks of the river. The Ganges nowhere intersects

the district, but skirts it from its north-western corner to

the extreme south. The MahilnandA flows in a deep well-

defined channel through the centre of the district, and joins

the Ganges at the southern corner. Its tributaries are the

Kalindri on the right, and the TAngan and PurnAbhAba on
the left bank.

The population in 1881 was 710,310 (347,055 males and 363,255
females). In 1872 the number of inhabitants was 671,974,—
355,276 Hindus, 307,460 Mohammedans, 9195 aborigines, and 43
Christians. The male adult n'Ticultuiists numbcied 134,358.
Only two towns then contained upwards of 5000 inhabitants,
VIZ , English Bazar or Angrazdbad, 12,859, and Slaldah, 5262.
The most important centres of commerce are Haiatpur on the
Ganges, and Kohanpur on the Purnabhaba, jiurt abovo the con-
fluence of that river with the Mahdnandi. Rice constitutes

the staple crop, and occupies about 53 per cent, of the total

cultivated fuod crop area. The miscellaneous crops include
inJigo, mulberry, and mangoes. The average rate ot rent may
be put at over 4s. an acre. There is little that is peculiar in the
land tenures of the district, except the existence of several largo

rent-free estates, granted as endowments to Mohammedan fakirs.

Among cultivating tenures, the hal hdsiltl deserves notice, under
which the annual rent varies according to the nature of the crop
raised. This tenure is most common lu the backward parts of the
diiitrict, and one of its incidents is that it allows a certain proportion
of the village lands to lie fallow. Maldah is liable to some extent
to the calamities of Hood and drought, but the means of com-
munication by river are sufficiently ample to i)revent scarcity from
intensifying into acute distress. The two staple manufactures are

silk and cotton. Brass ware of excellent quality is manufactured at

Nawdbganj, and paper in certain villages. The principal exports
are rice, silk, indigo, brass ware, and mango fiuit. The imports
comprise cotton cloth, salt, sugar, spices, and betel-nuts. The net

revsuue of the district in 1880-81 amounted to £60,674, of which
£37,998 was derived from the land tax, and £11, .538 from excise.

Education was afforded in 1872 by 170 schools, attended by 42C7
pupils. The average annual rainfall of the district is returned at

54 "56 inches. The chief epidemic diseases are malarious fever,

cholera, and small-pox.

Maldah supplied two great ca})itals to the early Mohammedan
kings of Bengal ; and the sites of Gaur and Panduah exhibit tho

most interesting remains to be found in the lower Gangetic valley.

See Gavr, vol. X. p. 112 sq. The connexion of the East India
Company with Maldah dates from a very early period. As far back
as 1686 there was a silk factory there. In 1770 English Bazar was
fixed upon for a commercial residency, the buildings of which at

the present day form both the nublic offices and private residence
of the collector.

MALDEN, a city of the United States, iu Middlesex

county, Massachusetts, situated on the Maiden river, 5

miles north of Boston. Maiden was settled in 1634, being

then known as the village of Mystic Side. It was incor-

porated as a town under the name of " Mauldon " in 1649,

and became a city in 1882. It is a place of considerable

industry, producing india-rubber boots and shoes, leather,

lasts, sandpaper, ifec. There are Turkey red dye-works

;

and the U. S. Government has a depot where large quan-

tities of saltpetre are stored. Judson, the apostle of

Burmah, was born in the town in 1788. The population

has increased from 7367 in 1870 to 12,017 in 1880.

MALDIVE ISLANDS, a remarkable archipelago in

the Indian Ocean, the northern extremity of which is 7"

west of Ceylon, and which extends in length from north

to south, from 7° 7' N. lat. to 0° 42' S., a space of 540
British miles (or about as far as from Kirkwall in Orkney
to Dover), and is Lmited iu width by the meridians 72*
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27' and 73° 50'.^ Tlie strange appearance -sbich thig

group assumes iu the old maps of the ICth and 17th

centuries (see fig. 2, from Mappemonde, cited on p. 329) is

entirely inaccurate in detail, but hardly so singular as the

reality exhibited by modern surveys.

The archipelago is in some respects one of the most dis-

tinctly typical examples of a great aggregation of coral

islands ; indeed the technical name adopted by modern

science for the annular coral formation which they exhibit

(viz., atoll) has been taken from the language of 'these

islands.- For Mr Darwin's theory of such formations see

vol. vi. p. 378. Objections to this have recently been

raised by Mr John Murray, but these do not affect the

description.^

The Maldive archipelago in plan may l-e compared to a

chain suspended from a peg, each link of which chain is an

irregularly elliptical chaplet of islets, the greater axes of

these quasi-ellipses varying from about 90 miles down-

wards. Taking separately any one of these chaplets (or

atolls), WL now know it to be the nearly level summit of a

submarine table-mountain, rising abruptly from the un-

fathomable ocean, and approaching the surface within a

distance which varies iu different atolls from 20 to 45

fathoms. Tho quasi-elliptical margin of the atoll is fringed,

and the central expanse of its area is more or less sparsely

studded, " with oval basins of coral-rock just lipping the

surface of the sea, and each containing a lake of clear water
''

(Darwin). These small oval basins, or ring-shaped reefs

and islets, are in fact essentially miniatures of the atoll

itself.

Tho general impression made by the Maldive atoll is

vividly drawn by the French adventurer Pyrard de la Val

(1G02-7):

"Each atollon is dctacheil, and contains within it a great miilti-

tuile of small islands. It is a marvel to see one of these atoUons,

compassed all round by a great bank of stone, insomuch that do
art of n\au could so well enclose with walls an equal spaco of

ground Looking from the middle of an atollon you see all

round you that great bank of stone encircling the isles and defend-

ing them against the violence of the sea. And it is a fearful thing

even" for the boldest to draw near this bank and see the waves
come on and break furiously all round .... so that you see all

round you as it were a whitened wall."

Though the barrier reef, or hanc de picrre, of which

Pyrard speaks, exists in most of tho atolls, there is none

in the most northerly of tho great atolls (Tiladummati

and Milladummadu, two divisions of one atoll). In this

there are broad and safe navigable channels, from 1 to 2

miles wide, between all the islands forming the chaplet.

A vessel can enter tho atoll by any one of these channels,

and steer within it in any direction, anchoring anywhere
on a sandy bottom in 20 tft 25 fathoms. In the more
southerly atolls entrance channels are only found at occa-

sional intervals, though in all they are pretty numerous.

Thus in Suadiva, the most southerly of the large atolls (50

miles from ni . th to south, 36 miles from east to west),

which has a barrier reef gn great part of its contour, there

ore forty-two channels by which a ship can enter tho

lagoon.

It is observed that in the double part of the chain of

atolls the openings are most numerous on those sides

which are in juxtaposition. Thus on the three atolls of

' The solitary isl.and of Miniicoy (.Mivakai), lying 70 miles north of

the Maldives (med. lat. 8° IC 30" N.; population 3000), pertains to

these islands by the race and langiiagc of its people, but, as it has long
belonged to the raja of Cannanore, it is usually classed with the
Laccadives.

^ Maid, atolu. The word atollon is already defined as a generic ex-

pression in Zeidler'a Universal Lexicon, 1732('*aname applied to such
a place i.. the sea as exhibits a heap of little islands lying close together,

and almost hanging on to each other"). Atolu is probably connected
with tho Singhalese prep, etula, "inside" (Bell).

» 8eo Proc. Roy. Sec. Edin., 1879-80, No. 107.
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ft.ri and North pnd Soutli Nilauda there are on the inner or

eastern side seventy-three ('eep-water channels through the

barrier, on the outer or western side only twonty-Cve ; whilst

on the atolh of South Mal^, Felidfl, and Mulaku, which lie

facing the three former, there are on the inuer or western

Bide lifty-six deep-water dpcnings, and on the outer or

eastern sidj only thirty-seven. These differences are doubt-

less due to differences in the action of the sea caused by the

juxtaposition of the two rows of atolls, and analogous facts

are observed elsewhere in atolls exposed to trade-winds.

Immediately outside of the great chaplets or atolls the

figures of the soundings rise suddenly. Thus at Ihavan-

Hiffulu (Heawandoo of charts), the mojt northerly atoll,

close to the margin of the reef the line gave 50 and CO

fathoms, and at 300 yards distance there was no bottom

with a 300-fathom line. And this sudden increase of

depth applies to the deep channels between the atolls as

much as to the ocean east and west of them.

We have spoken of the small reefs, which fringe the

atolls and dot their area, as also ring-shaped. This is the

type, but it is not universal. The charts show that where

the channels or breaches through the marginal reef of the

atoll are few or narrow there are no minor annular reefs

{e.g., in Suadiva) ; where the channels are somewhat
broader, the intercepted portions of reef are annular, but

not the reef in the central area ; where the channels are

broadest, almost every reef throughout the atoll is more or

less perfectly annular. The depth of the lagoon within

these rings is generally 5 to 7 fathoms, but sometimes, as

in Ari atull, it reaches 12 fathoms. The outer margin of

the rings is bordered with living coral, within which is a

Hat surface of coral-rock. On this flat, sand partially

indurated, and fragments of coral, itc, have accumulated,

and been converted into islets clothed with vegetation.

Such islets sometimes fill the whole ring of reef, and some-

times are mere strips occupying a segment of it. Obviously

the whole aggregate of actual dry land in such an archi-

pelago is infinitesimal compared with the area of the atolls.

Ifhe highest part of the islands is generally about 6 feet

above water. Moresby found the surface-sand usually

about 3 feet thick, the upper part partially mixed with

vegetable matter so as to form a light soil ; behiw this a

[white compact sand, and then a soft sandstone 2 feet thick.,

below which it softened to sand again, and fresh-water

appeared.

All the islands of any extent are well clothed with wood,

including many fine large trees and the ordinary shrubs of

the Ceylon coast-jungle ; where the jungle has been cleared,

grass grows luxuriantly. But the cocoa-palm is the char-

acteristic tree ; and, low as the islands are, being covered

with these, they can bo seen from a masthead at 15 miles.

The appearance they present is that of a tuft or line of

trees rising out of the water.

A good deal of vicissitude seems to go on in the forma-

tion of new islets and decay of old ones, of which our

survey-officers met with various instances.

All the inhabited islands, and some besides, afford

fresh water. But the quality of water varies ; and it is

not uncommon to see two wells within a few feet of each

other, one brackish and the other excellent. None of th«

wells are more than 6 feet deep.

The whole archipelago has from the earliest reports of it

formed a little kingdom. Physically the number of atolls

may be reckoned as nineteen, besides some solitary islands
;

but administratively these are grouped into thirteen, and the

term atoll has been transferred to this division. We give in

the following table the list of these (p o'.itical) atolls, in a

second column the spelling of the marine charts, and in a

third the list of atolls as given by Pyrard de la VaJ, in the

bsginning of the 17th century.

I of Atolls.

1. TillaJunimati.

2. Miladummadulu,^
}

orRIiladummadu.
)

3. Faditfolu.

4. Malosmadulu.
5. Mile.

6. Ari.

7. Fclidu.

8. Mulaku.
9. Nilandiu

10. lioluniaduUi, or
i

Kolumandu. '

n. Haddummali.
12. Suvadiva, or

Huvadu.
13. Addu, which in-

cludes the island
'

of Fua Mulaku, '

Tilla Dou Matte.

ililla Dou Madou.

Paddipholo.
Mahlos Mahdou.
Mrili-.

.\ri.

Fbah-Lee-doo.
Moloquo.
NiUaudoo.

Adou Matte.

Suadiva, Of Hooah-

Adiloo (and Phooa
Moloku Island).

VOL

Tilla dou niatis.

Miila doue ma-
doue.

Padypolo.
Malos madou.
Male Atollou.

AriatoUon.
Poulisdous.

Molucquo.
Killanloua.

Collomadous.

Adou matis.

Souadou.-

Addou and

j
Poua Mol-

( lucque.

The list from Pyrard shows that the division in the

beginning of the 17th century was identical with what it

now is. But we may gather that it is substantially of

much greater antiquity, from the statement of Ibn Batuta

(c. 1343), who says the islands were divided into aklim

(KXi/jLara), each under a governor. He mentions eleven of

these :— BalibCir, KannalCis, Mahal, Tiladib, Karaidil, Tim,

Tiladummati, Hiladummati, BaridCi, Kandakal, Mulilk,—of

which indeed the names of only seven, viz., (1) Tiladummati,

(2) Heladummati, (3) Balibur, (5) Mahal, (7) Baiidu, (8)

Mullik, (12) Suweid, can be identified with those of the

existing divisions. But another, KarrddCl, no doubt repre-

sents Karadiva, a well-known solitary island north of Maid

atoll; Kandakal is an island of the Miladummadu atoll,

called in the charts Condaicoll ; Tim appears near the north

of Tilladummati as Oteim ; and the three—Kannalfls,

Kandakal, and Tiui^are jjresented prominently as tha

islands Camdalus, Camdicall, and Otimo in the Maiipe-

vioude made for Henry II. of France (c. 1 555, see Jomard'a

Facsimiles, livr°. vi., copied in fig. 2 snpj-a ; and compare

Portulaiio of 1570, copied in Mr Birch's translation of

Albuquerque's Commeularies). Possibly, therefore, the

Moorish traveller had substituted true names of islands

which ho remembered for the names of atolls which he

had forgotten.

The Maldives are inhabited by a people of old civiliza-

tion, professing Islam, and ruled by a sultan of ancient

lineage. What the number of islands may be we cannot

say. They are popularly estimated at 12,000, as appears

by the ancient style of the sultan as "king of 12,000

islands and 13 atolls." (See a.\so Marco Polo, 2d ed., 1875,

iu 417-19.) Those marked with names in the British

survey amount to 602, and the inhabited islands to 178.

The men are of a darkish copper colour, short stature

(5 feet 2 inches), and poor ph) sique, but oval contour of

face, pleasing expression, and large bright eyes, suggesting

resemblance to both the Singhalese and Malabar people.

The women are fairer than the men, with regular features

and clean healthy aspeet. A few of the people bear signs

of African mixture, easily accounted for; and ^jrobably,

the blood of the small communities has been tinged by the

occasional settlement of other foreigners. The people are

decidedly unwarlike ; and there is hardly any crime of

violence among them. They are said to be lax in morals

and converBation ; but otherwise their character and disposi-

tion have favourably impressed visitors. Though suspici&ua

of strangers, they are hospitable ; and among themselves

they are kindly, and affectionate to their kindred aud in

attendance on the sick. They are very cleanly in person

1 The frequent termination cfw represents the Singh, diva, diva,

and Sansk. dvipa, "island." Bell takes madulu for Sansk. mtuufaUt,

"region." Qu. maltd-aiolu, " great atoU"!
XV. — 42
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and domestic habits. The population has been guessed in

Bome books at 200,000; almost Certainly one-tenth of that

number v/ould be an ample estimate. Moresby states the

population of 98 islands, and the aggregLie is 11,310. In

the same proportion 178 islands would give 20,543; but

the aggregate quoted includes the Kiug's Island, which is

much abo'"e the average in population.

The language is undoubtedly a dialect of Singhalese

approaching the old Elu, but indicating a separation of

imcient date, and it is mora or less Mohammedauized.
Nothing at present can be said of grammar. But Mr
Albert Gray has drawn out in parallel columns the Maldivian

words given by Fyrard with the modern Singhalese equi-

valents (see Jour. Roy. As. Sac., quoted at end). A cursory

analysis of the list (which contains 275 words) gives the

following result :

—

1. Words evidently to bo explained bj- Singhalese CS'O per cent.

2. ,, less evidently „ „ 2'2 ,,

3. Persian and Aral lie 106 ,,

4. Malay 19 „
5. Tamil 11 ,,

6. Portuguese I'l ,,

7. Sanskrit nr Pali, not Singhalese O'S ,,

8. Undetermmed 24"3 ,,

Combining 1, 2, and 7, we have 61 per ceut. of words
of Singhalese or Sanskrit origin. And an analysis by Mr
Bell of one of the sultan's letters to the Ceylon Govern-
ment gives 65 per cent, of such words.

The origin of the name Mal-diva or ildldiva is obscure.

Diva is a familiar word in the Indian prahrita (Sansk,,

dvipa ; Pali, dtpo) for an island. By a form of this word
the people formerly designated themselves and their

country, and this survives in letters of last century from
the sultan to the Ceylon Government, in which he designates
his kingdom as Diveki Ri'ijje, and his subjects as JJiveki

mihun, " island people." There is a very old eiampls of
this use in Ammianus Marcellinus, who, in reference to the
alleged excitement in the East at the accession of Julian,
says that missions were prepared " ab iisque Divis et

Serendivis," from the people of the Divas and of SeTeitdtva
or Ceyloa And this is the name Dim or Dibajdl (Pers.
plural form) by which these islands are described by the
early Arabian geographers. The first literary use of the
whole name is Ibn Batuta's Dhihai-al-Ma/ia! (Hlh century),
an Arabized form, sometimes used (Mahal-dib) by the
people now, though the proper form seems to be Male.
Male-diva may possibly, as Bishop Caldwell (comp.
Grammar, 2d ed., Introdi p. 28) and others have suggested,
have meant the "islands of MalcS" or Malabar. On the
other hand Mdid (Sansk.), "a chaplet " or "row," is not
an impossible etymology considering how naturally the
word " chaplet " occurs in the endeavour to describe an
atoll. But these are conjectures. Under the sultan (who
styles himself on coinage " Lord of Land and Sea ") there
used to be sii recognized viziers or councillors (but this
system is now obsolete), besides a chief of law and religion
called fandian. Over tach of the thirteen atolls is a
kings agent, called atohi-veri, who collects the revenue.
Ihjs official 13 often one of the royal family, or a vizier's
Bon and often resides at MalfS, employing a deputy. On
each island is a headman called rarhu-veri. There is also
on each island containing forty inhabitants a Mlibu (At.,
tatib, 'scribe"), who acts as judge and minister, celebrat-
ing marriages, &c. Fyrard calls him the cure.
Some of the oldest accounts of these islands represent

them as alwa.y3 governed by a woman,—a notion which
probably arose among the Mohammedan visitors from
tndmg that female heirs were not precluded from succes-
sion. Just the same notion was held about Achiu in the
^1 < th century, because there chanced to reign there se^eml
lernile sovereigns in succession (see vol. i. p. 97). We i

do End females nominally reigning on the Maldives on two

of the rare occasions when we have glimpses of their state,

viz., in the time of Ibn Batuta, and again in the last

century.

Islam is universally professed by the people, nor is there

traditiou of any other religion, though there are a variety of

Pagan superstitions and some doubtful traces of Buddhism.

Thus the Botree (or pippal), so sacred among the Buddhists

of Ceylon, is still cherished near mosques. Pyrard de la

Val was informed that the conversion to Islam took place

two centuries at most before his time, i.e., about 1400.

But, unless there was a decay and revival, we know this to

be wrong, as the islanders were Mohammedan in the time

of Ibn Batuta (1343). And this traveller tells that the

father of one of his wives in the islands had for his

grandfather (though the word used may mean " ancestor
"

only) the Sultan Difid, who was grandson of Ahmed
SlianiVrasa, the first king who adopted I.slam. Accepting

the meaning of " grandfather," this would carry the con-

version back to about 1200, a probable epoch, for about

that time there was a considerable outburst of missionary

zeal in Islam, whic''. led to the conversion of the coast

states of Sumatra, itc. Ibn Batuta records an inscription

on the Jami Mosque of the King's Island which ran:

—

" Sultan Ahmed ShanCl-razah embraced Islam at the hands
of Abu'l Barakit the Berber from th« West"; but no date

is given.

We have mentioned the occurrence of the namei>:ft in Ammianus.
At an earlier date Ptolemy notices the nuraerous islands lying iu

front of Taprobane, alleged to nunilwr 1373. It is possible also

that tlie Maniolm of the same geogi-apher may constitute a duplicate

indication of the Maldives. For in the gossip of Palladius about

India (see C. Midler's Pscudo-Callisthaus, p. 102) this name ilaniola

is applied to a group of islands, 1000 in number, that lay near

Taprobane, and respecting which the old fable of the magnetic rock

was current, which Ptolemy also connects with the Maniola:.

Cosmas (c. 545) shows distinct knowledge of the JIaldives (with-

out naming them) as numerous close-set small i^dands round
Sielodiba or Tajirobane, in all of which were found cocoa-nuts and
fresh water. Passing next to the Arabian notices translated by
Fcnaudot and Reinaud, which date from 85], and to the work.

of Mas'iidi in the next century, we find tolerably correct accounts
of the Inias, said to bo 1900 in number. .\1 Birdni's account (c.

1030) of the islands is marked by his usual perspicacity and accuracy.

Tlie Dlva3 are islets which form themselves iu the sea, appearing

like a ridge of sand, extending and uniting till they present a solid

aspect. But also with time some decompose uud melt away in the

sea, whilst the inhabitants transfer their cocoa-tlees and possessions

to an island which is waxing instead of waning,—cii'cumstances

corroborated by modern observation.

All the old authors speak of coir (the fibre of the cocoa-nut husk)
as one of the staple products of these islands, and the importance
of this article for marine equipment led the PortugUf^e about 1518
to establish -a factory on the filaldives. Joao Gomez, the head of

the settlement, was at first well received, but his arrogan. and
violent conduct gavo great offence to the Mohamn^-^d.in traders from
Cambay, who brought au armed Hotilla against the Portuguese

and put them all to death. The Portuguese several times renewed
the attempt to establish themselves on the isla^J^, and maintaint^i

a garrison for some time, but these endeavours had no permanent
result. The islanders were also frequently subject to raids at the
hands of the Mopla pirates of Malabar, and sometimes also, it would
seem, to maltreatment from the crews of European vessels. The
MS. diary of Mr (afterwards Sir AVilliam) Hedges, who passed

through the Maldives in 1 685. says :

'

' We putt out a piece of a Red
Ancient to appear like a Moor's Vessell : not judging it safe to be

known to be English ; Our ]\.ation having lately gott an ill Name by
abusing ye Inhabitants." Such circumstances probably led the

islanders to place themselves in relation with the rulers of Ceylon ;

and in 1645 occurs the first record of the embassy from the sultan

of the Maldives to the Dutch governor at Colombo, which has
continued to the present day, under Dutch and English, to arrive

annually, bringing some poor offering, as a vague token of homage
and claim of protection. The last political trouble of which we
have notice occurred in the middle of last century. In 1753 the

chief minister conspired to hand over the islands to the Ali raja

of Camanore. A Mo]ila force occupied Male, and carried off the

Bultan. The traitor himself was rewarded by being thrown into

':he sea. The oppression of these foreigners made the islanders rise

and oxpel thcc. The sultan ucver returned, aud a minister who
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hod ruled on his behalf assumed the kingdom in 1760. In 17C-I

Duplcix oecupied Male with a small. Freneh dctaclinient, which
remained several years. In 1811 tlio sultan wrote to the governor-

general {Lord Minto) to complain of the violent conduct of the

ollicers of a ship under Britisli colours which had been wrecked.

on the i.slands. Lord Minto sent back a courteous answer with

presents. Thoro have been no other events during the British rule

111 Ceylon, and the last sultan, Mohammed Moidin, reigned without

dispute from 1835 to 1882.

Wo have only three substantial accounts of the Maldives from

actual residence;—(1) that of the Moor Ibn Batuta, who lived upon
tiiera more than a year (1343-44), and filled the office of cadi

;

it contains much curious detail
; (2) the narrative of Francois

Pyi-ard de la Val, a French adventurer on board a ship of St Malo,

which was wrecked on a reef of the Malosmadulu atoll in 1602,

and who was detained five years on the islands,—a book of the

CTcatest interest and accuracy, and by far the best account of these

islands in existence
; (3) a memoir by two officers of the Indian

navy, Lieut. Young and Mr Christopher, who had been employed
in the survey of the islands under Captain R. Moresby in 1834-35,

and who volunteered to remain behind at Male, in order to acquis
a knowledge of the- language, customs, &c., of the inhabitants,

—

a Liudable effort, but the result of it was marred somewhat by
die illness which prostrated both officers.

The sultan's residence and the capital ot the kingdom is

the island ot Mali5, which lies near the middle of the

archipelago on the east side. It is about 1 mile long by

I mile wide, and contains a population approaching 2000.

It has been at one time encompassed with walls and
bastions, but these continue in repair only on the north

and west. On the north too is an old fort, apparently of

Portuguese construction, with a few old guns. On the

north and west sides also advantage has been taken of the

encircling reef as the base of a wall which has been built

up so as to form the lagoon into a harbour for small craft,

having a depth of 6 to 12 feet, and a width of 150 yards.

The town is laid out in long regular streets at right angles,

shaded with trees ; the houses are in "compounds," with

high fences e.xcluding the street, and are surrounded with

fruit trees and flowers. The sultan's palace, a large upper-

roomed house, occupies with its appurtenances an area of

\ square mile, enclosed by a shallow ditch now choked
with vegetation. The houses generally are large cottages

of about 28 feet by 1 2, formed of substantial wooden frame,

with peaked roofs thatched with cocoa-leaves; the walls ar^

matted with cocoa-leaves, but sometimes planked. Ther5
are several mosques, and at least one minaret, about id
feet high, for the call to prayer. Stone built houses,

common in Pyrard's time, are so no longer; there is now
but one. There are marked distinctions of rank among
the people. At least six classes (we hardly know whetlnr

^0 call them castes) are recognized, of whom the two
)'ighest form a pure aristocracy. The sixth class, called

Knllo ("black"!), consists of the common people generally,

of whom the toddy- drawers are regarded as the lowest.

The employments of the common people are fishing,

gathering cocoa-nuts and cowries, weaving, aud toddy-draw-

ing. Women beat l^e cocoa-fibre and twist it into yarn,

make mats, prepare breadfruit by slicing and drying in the

sun, spin and dye cotton thread, make sweetmeats of cocoa-

nut and palm-sugar. Women are not secluded or veiled

as in typical Moslem countries.

Eice, the staple of food, is imported. Other chief food

is fish (chiefly dried bonito), breadfruit prepared in various

ways, cocoa-nut, and a few fruits and vegetables. There
are a few sheep and cattle on Mali island, which are oc-

casionally slaughtered.

From the earliest notices the production of coir, the

c'llection of cowries, and the weaving of excellent textures

on these islands have been noted. This last, and that of fine

mats are the only m.anufactures in which skill is shown.

The mats seem to be now produced only in Suadiva atoll

;

the cloth chiefly, but not sclely, in Malosmadulu atoll.

The chief exports of the islands, besides coir and cowries

(a decreasing trade), are cocoa-nuts, cnjva (i.e., cocoa-nut
husk), tortoise-shell, and dried bonito-iish. An enormous
amount of this last was formerly carried to Ceylon and
Sumatra, the latter being supplied by traders who came
from Chittagong. It has been known ovef the East from
time immemorial as koboH-nuU, a corruption apparently of
the Maldivian knia-bili-mds, " black bonito fish," Bometimes
further corrupted to govmlmvtch.

Native vessels of 80 to 200 tons burthen make annual
trips to Calcutta towards the end of the south-west
monsoon, returning with the north-cast mon.soon itt

December. After leaving the Maldives they sight no land
till Jagannath. They carry thither the articles nanieti

above, and bring back rice, cotvon stuffs, and sundries.

These long voyages are not confined to the craft of the
capitrL Moresby, in 1834—35, found that a small island

in the North Nilandu atoll sent annually to Bengal five or

six boats of 80 to ICO tons each. On the same island

there was a kind of navigation school, and the natives

made and repaired some kind of nautical instruments. The
old cash of the JIaldives was the curious lartn or " fish-

hook money " made of a bent rod of silver. This has been
long replaced by coins of base metal bearing the same
name. The Anglo-Indian rupee is current for larger

payments, aud cowries are still used to some extent.

Two alphabets are known on the islands (besides the

Arabic, which appears on tombstones and in other inscrip-

tions). The first is an ancient alphabet, known as Divelit

//ciXura, " island letters." This in 1835 still survived in

tlie southern atolls, and orders for these were written iri it.

It is written, like all the Indian alphabets, from left to

right, and is evidently (by comparison with plate xvii. in

Dr Eurn^U's Elements of South Indian Palseography) r

form (with additional letters) of the old Tamil character

(700 to 1300 A. D.) called in Malabar Vattehittu, or"rouni
hand." ' The modern JIaldive writing, called Gahali

Tana, is usually ^ written from right to left, like Arabic.

It is said to have been introduced in the IGth century,

and has gone through several variations. Some of tha

letters are modified from the Arabic character, and nine

of them are the Ai'abic numeral digits. On the other

hand numerals are represented by letters of the alphabet.

The former system of reckoning was duodecimal, but thii

is dying out.

Nothing is accurately known of the flora of the i.slands,

and Kew possesses no illustration of it. Among larger

trees are mentioned the banyan, pippal, breadfruit,

tamarind, and a large tree called l-andn, affording a very

light wood used for rafts, floats, &c ; also species of

pandanus. The castor-oil tree is abundant, though not

used. The cocoa-nut of the islands, though of fine quality,

is very small, not much larger than an orange. The tree

itself furnishes the only indigenous wood used for boat-

building. The dumbari [Calophyllum inophyllum) ar.d

kuradi (Pempkis acidula) are used in minor wjod-woik.

A tuber, grated and steeped in water to remove its acridity,

is made into flour,—perhaps a Colocasia, which Ibn Batuta

mentions (a/kalaMs) as used to make a kind of vormicellL

They have also sweet potatoes, pine-apples, pomegranates

(bearing fruit throughout the year), plantains, and most of

the other tropical or subtropical Indian fruits, chillies, a

few areca trees, ifcc. The double cocoa-nut of the Seychelles

Islands (fruit of Lodoicea Seoliellarum) used to be cast up

on the islands, and was believed to be a submarine pro-

' Tlie resemblance to this is much closer than to the old Singhaleso

with -B-bich it is compared in Mr Albert Gray's valuable paper already

referred to.

- "Usually"; bnt a Maldivian skipper who gave James Prinscp

information WTote it from left to right (see Jvht. Jia. Soc. Bcnfol, v,

794)-
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ductioii,—hence called tlie sea cocoa-nut. It was valued

for imaginary qualities, and exported to India, The
Portuguese long believed it to be a product of these islands,

and called it the Maldive cocoa-nut.

Animals are few. Those named are rats, numerous and
destructive, which climb the cocoa-trees and devour the

kernels ; the large bat called in India " flying-fox," also

said to destroy many small cocoa-nuts ; tortoises ; a small

snake said to be harmless, <fec. Domestic animals are rare

;

a few goats and cattle are reared on Mali!.

The climate is not oppressive or disagreeable, but is

very unhealthy for strangers, whether Asiatic or European.

Ibn Batuta says every visitor was attacked by violent fever
;

Pyrard says the same; and this was substantially the

experience of the survey oflicers and crews in 1834-35.

The native crews also suffered much from the disease called

beri-beri (which has dropsical symptoms, and is often fatal)

and from violent bowel-complaiuts,

A comitlete report on the Maldives has recently been prepared by
Mr H. C. P. Bell of the Ceylon civil who has visited
the islands, and this is now being printed at Colombo. Mr
Befl kindly enabled the present writer to see a copy before this

•"irticle went to press, and many valuable facts have been added from
it. Other materials used have been—Darwin, The Strmlurc and
Dialrihution of Coral Mecfs, 1842 ; Voyage de Frani;ois Pyrard de la
Val, Paris, 1679 (previous editions 1611, 1515-16, 1619); Voyages
d'lb}i Baloulah, trans, of Defremeryand Sanguinetti, tom. iv., Paris,

1863 ; Hamilton, JJcsc. of Hindostan, ii. 299 ; Moresby, Kaid.
Directions for the Maldiva Islands, kc, 1840; Young and Chris-
topher, in Trans. Bomb. Ocog. Soc, vol. i. pp. 54-86 ; also see ibid.

p. 102 and p. 313; Trans. Roy. Gcog. Soc, vol. ii. pp. 72-93; also
vol. v. p. 398; Jour. As. Soc. Bengal, vol. v. p. 794 ; Jour. Rotj.
As. Soc, vol. vi. pp. 42-76 ; ibid., new sciies, vol. x. pp. 173-209
(paper by Mr Albert Gray), &c. (H. Y.)

MALDON, a municipal and parliamentary borough and
seaport town of Essex, England, is situated on an acclivity
rising from the south side of' the Blackwater, 44 miles
east-north-east of London and 16 south-west from Col-
chester. It consists principally of one main street with
several cross streets at right angles. The church of All
Saints, dating from 1056, is a spacious edifice consisting
of chancel, nave, and aisles, with a triangular tower at the
Vfest end surmounted by an hexagonal spire. The church
vpas restored in 1867, and new windows were added in
1877. St Mary's Church is also of very early origin, and
«pa3 restored in the 17th century. The other public
buildings are the grammar school, founded in 1547 ; the
town-hall, formerly D'Arcy's tower, built in the reisrn of
Henry VI.

; and the public-hall, 1859. There are manu-
factures of crystallized salt, as well as breweries, iron
foundries, and some shipping. The population of the
municipal borough (3508 acres) in 1871 was 5586, and in
1881 It was 5476. That of the parliamentary borough
{5177 acres) in the same years was 7151 and 7128.

Maldbn, which is a very ancient town, is supposed to have
received its name, meaning " cross hill," from a crora at one time
erected on the eminence. From remains found in the ncighbuur-
Iiood there is no doubt that the place was of some importance in thetime of the Romans, but the supposition that it was Camulodumun
13 not sufficiently established. On the western side of the town

iioT,„"« ""T °^ ? '"g' ''^"'I'' but whether the work is of

V,i,S f^'^™:.'"'
I^,""',>'>> °'igi° it i^ impossible to say. The oldest

histoncal mention of the town is in 913, when Edward the Elderencamped near it to impede the progress of the Danes. The town

C™ii^^"f""r'y- -
'^™" tl>e time of Edward III. it returnedtwo members to parliament, but since 1867 only one nicn.ber

MALEBRANCHE, Nicolas (1638-1715), a well-known
disciple of Descartes, was the younsest child of Nicolas
Malebr^ache, secretary to Louis XIII., and Catherine de
Lauzon, sister of a viceroy of Canada, and was born at Paris
on August 6, 1638. Of an extremely feeble constitution
ana somewhat deformed habit of body, he received his
elementary education in Latin and Greek from a domestic
tutor, and only left faoma when sufficientiy advanced to

enter upon a coarse of philosopliy at the CoU^ge de la

Marche, and subsequently to study theology at the

Sorbonno. He had resolved to enter the church, but his

retiring and studious disposition led him to decline a

stall in Notre Dame, and in 1660 he joined the Congrega-

tion of the Oratory. Both his ecclesiastical superiors and

himself appear to have experienced considerable ciifhculty

for some time in ascertaining what his special talents were,

if tliey existed at alL He was first advised by Pere

Lecomte to devote himdelf to ecclesiastical history, and he

accordingly set about a laborious perusal of the works of

Eusebius, Socrates, Sozomen, and Theodoret, but it was
found that " the facts refused to arrange themselves in his

mind, and mutually effaced one another." Afterwards

Richard Simon undertook to teach him Hebrew and
Biblical criticism, but with no better success. At last

having accidentally, in 1664, fallen upon one of the works
of Descartes (the Traite de VHomme), Malebranche was
forthwith alive to his true vocation. So overpowered was
he by the novelty and luminousness of the ideas, and by
the solidity and coherence of the principles of his author,

that (it is said) he was repeatedly compelled by violent

palpitations of the heait to lay aside his reading.

Malebranche was from that hour consecrated to philosophy,

and especially to that of Descartes ; and after ten years'

study of the works of his master he produced, in 1674,
the famous Recherche de la Verife, which was followed at

intervals by other works, both speculative and controversial,

the titles of which are given below. Like most of the great

metaphysicians of the 17th century, Malebranche interested

himself also in questions of mathematics and natural philo-

sophy, and in 1699 he was admitted an honorary member
of the Academy of Sciences. During his later years his

society was much courted, and he received many visits

from foreigners of distinction. His death took place on
October 13, 1715; according to Stock, the biographer of

Berkeley, it was hastened by an excited metaphysical
argument into which he had been drawn in the course of

an interview sought by that philosopher. For a critical

account of Malebranche's place in the history of philo-

sophy, see Caetesianism (vol. v. p. 143 sq.).

The following is a list of his principal works :

—

Dc la Recherche
dc la Veritc, ou Von traite dc la nature dc I'csprit dc Vhonwic, el de
I'usage qu'il en doit /aire pour ivilcr Vcrrcar dans Ics sciences (1674,
6tli ed. 1712 ; Latin translation by J. Lenfant at Geneva in 1685

j

two English transitions, the second by Taylor in 1712 ; transla-
tions also into German, Dutch, and modern Greek) ; Conversalimis
Chrititmics, dans IcsqucHcs on jitslifie In Virili de la Religion cl de
la Morale de Jesus Christ (1676, and frequently) ; I'raiti de la
Nature el dc la Grace, 1680 ; Meditations Chritiennes ct MUaphy-
sialics, 1683 ; TraM de la Morale, 1684 ; several polemical works
against Aruauld from 1684 to 1688 ; Entreticns sjir la Mitaphysiqut
ct la Religion, 1688 ; Traite dc tAmour de Dicu, 1697 ; Entrdicn
<f itn PhMsophe Chretien ct d'nn Philosophc Chinois sur ^existence

it la nature de Dieu, 1708 ; Reflexions sur la Primotion Physique,
1715. A convenient edition of the (Euvrcs choisies de Malcbrancltc,
in two volumes, with an introduction, was published by Jules Simon
in 1846.

MALER KOTLA, a native state in the Punjab, India,

situated between 30° 24' and 30° 41' N. lat., and between
75° 42' and 75° 59' 15" E. long., with an estimated area

of r65 square miles, and an estimated population of

91,560. The chief products are cotton, sugar, opium,
aniseed, tobacco, garlic, and grain. The gross revenue is

£25,893. The nawab exercises complete jurisdiction, anu
receives a compensation of £250 per annum in perpetuity

from the British Government, on account of loss of revenue

caused by the abolition of customs duties. MAler Kotla
town is situated 30 miles south of Ludhiana.

The nawiib or chief is of Afgh.dn descent ; his family original
came from Gibul, and occupied positions of trust in Sirhind mn\<.t

the Mughal emperors. They gradually became iiulcpcndent as th«

Mughal ompiro sunk into docny iu the course of the WAi ccntuiy.
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In Ocnnrnl Lnko'a campni;;n ngoiiist Kolkar in 1805 tlio nnwiib of

Molor Kotia siiled witli tho lirjtish. After the sulijugntion and lliglit

of Holkiir, tho Eiifilish Government sucfecded to the power of

the Mahrnttas in the districts between the Sutlej and tlie Jumna
;

ond in 1809 its protection was formally extended to Mdler Kotla,

03 to the other cis-Sutloj states against the formidable encroaelunents

of Knnjit Sinh. In tho campaigns of 1806, 1807, and 1808 Ranjit

Sinh had made considerable conquests across the Sutlej ; in 1SU8

ho marclied on Maler Kutla, and demanded a ransom of £10,000

from tho nawtib. This led to the interference of tlie Britisli, wlio

addressed an ultimatum to Ranjit Sinh, declaring the cis-Sutlej

states to be under British protection. Finally the nija of Lahore

submitted, and the nawab was reinstated in February 1809.

MALESHERBES, Chretien GuiiXAnMEDELAMOiGNON
DE (1721-1794), milUBter aud afterward? counsel for the

defence of Louis XV L, came of a famous legal family,

aujd was born at Paris on December 6, 1721. He too

was destined for the legal profession, much to the surprise

of Marcel, the famous dancing master, .who declared

that his pupil would never be able to dance well enough

to be a soldier or a lawyer, and must therefore be a

priest. The young lawyer soou proved his intellectual

capacity, when he was appointed president of the cotir des

aides in the parlement of Paris in 1750 on the promotion

of his father to be chancellor. One of the chancellor's

duties was to control the press, and this duty was entrusted

to Maleshcrbes by his father during his eighteen years of

office, and brought him into connexion with the public fur

more than his judicial functions. To carry it out efficiently

he kept in communication with the literary leaders of Paris,

and especially with Diderot, and Grimm even goes so far

as to say that " without the assistance of ilalesherbes the

Encyclopedic would probably never have been published."

Though he met with abuse from all sides, there can be no
doubt that it was tlie eminently judicious manner in which
he carried out his objectionable duties which laid the

foundation of -his subsequent popularity. In 1771 he was
called upon to mix in politics ; the parlcments of France
had been dissolved, and a new method of administering

justice devised by Maupeou, which was in itself commend-
able as tending to the better and quicker administration of

justice, but pernicious as exhibiting a tendency to over-

centralization, and as abolishing the hereditary " nobility of

the robe," which, with all its faults, had from its nature
preserved some independence, and been a check on the
royal power. Malesherbes presented a strong remonstrance
against the new system, and was at once banished to his

country seat at St Lucie, to be recalled, however, with the
old parlement on the accession of Louis XVI., and to be
made minister of the vinison du roi in 1775. He only held
office nine months, during which, however, ho directed his

attention to the police of the kingdom, which came under
his department, and did much to check the odious practice

of issuing lellres de aicliet. On retiring from the ministry
with Turgot in 177G, he betook himself entirely to a haiipy

country and domestic life. He had always been an
enthusiastic botanist ; his avenue at St Lucie was world
famous ; he had written agaiust Buffon on behalf of tho
botanists whom Buffon had attacked, and had been elected

a member of the Acadi5mie des Sciences as far back as 1750.
He was now elected a member of the Acaddniie Franeai.se,

Olid everything seemed to promise a quiet and peaceful old
ago spent in the bosom of his family and occupied with
scientific aud literary pursuits, when the kiuf in his
difficulties wished for the support of his name, and
summoned him back to the ministry in 17S7. Ar-ain he
held office but a short time, but returned to his country
life this time with a feeling of insecurity and disquiet, and,
as the troubles increased, retired to Switzerland. Never-
theless, in December 1792, in spite of the fair excuse his
old age aud long retirement would have given him, he
voluntarily left hia asylum and undertook with Troiwlict and

Desezo the defence of the king before the convention, and it

was his painful task to break tho news of his condemnation
to the king. After this effort he returned once more to the
country, but in December 1793 ho was arrested with hia

daughter, his son-in-law M. do Rosambo, and his grand-
children, and on April 23, 1791, ho was guillotined, after

having seen all whom he loved in the world executed
before his eyes for their relationship to him. ilalesherbes
is one of the sweetest characters of the 18th century

;

though no man of action, hardly a man of the world, by
his charity and unfeigned goodness he became one of
the most popular men in France, and it was an act of

truest self-devotion in him to sacrifice himself for a king
who had done little or nothing for him. With^eason does
his statue stand in the hall of justice at Paris, for he is the
greatest representative of that noble independence which
should prevent any thought of self when a counsel is

pleading his client's cause, however perilous such advocacy
might be.

There are in print several scientific works of Malealicrbcs of vary-
ing value, of which the most interesting is his Observations sur
Uuffon et Daubctiton, written when he was very young, and pub-
lished with a notice by Abcillo in 17'JS. There exist also his
Memoire pour Lmiia XVI., his Miiiuiire- stir la liberie dc la prcssc,

]>ublished 1809, and extracts from his remonstrances, published as
(Euvrcs ckoisics dc Maleshcrbes in 1809. For his life should be read
the Notice historiquc of Dubois, the ^loge historiqiic ef G.nillard,

and the interesting Essai, in 2 vols., 1818, of Boissy d'Anglas.
There are also many 6logcs on him in print, of which the best-
known is that of M. Dupin, which is interestingly reviewed with
mueli light on M.ilcsherbes's control of the press by Saintc-Beuve in
the second volume of the Caiiscrics du LundL

MALHERBE, Feancois de (I555-1G28), poet, critic,

and translator, was bom at Caen in 1555. His family was
of some position, though it seems not to have been able to
establish to the satisfaction of heralds the claims which it

made to nobility older than the 16th century. The poet
was the eldest son of another Fran9ois de Malherbe,
comeillcr du roi in the magistracy of Caen. He himself
was elaborately educated at Caen, at Paris, at Heidelberg,
and at Basel At the age of twenty-one he entered the
household of Henri d'Angouleme, grand prior of France,
the natural son of Henry IL He served this prince as
secretary in Provence, and married there in 1581. It
seems that he wrote verses at this period, but, to judge
from a quotation of Tallcmaut des R(5aux, they must have
been very bad ones. His patron died when Malherbe was
on a visit in his native province, and for a time he had no
particular employment, though by some servile verses he
obtained a considerable gift of money from Henry III,
whom he afterwards libelled. He lived partly in Provence
and partly in Normandy for many years after this event

;

but very little is known of his life during this period. It
was in the year parting the two centuries (1600) that he
presented to JIarie de' Medici the first of his remarkable
poems. But four or five years more passed before his
fortune, which had hitherto been indiS'erent, turned. He
was jjresented by his countryman, the cardinal Du Perron,
to Henry IV.; and, though that economical prince did not
at first show any great eagerness to entertain the poet, ho
was at last summoned to court and endowed after one
fashion or another. His father died in 1606, and he camo
into his inheritance. From this time forward he lived at

court, corresponding aff'ectionately with his wife, but seeing

her only twice in some twenty years. His old age was
saddened by a great misfortune. His son. Marc Autoine, a

young man of promise, perished in one of the frivolous bui
desperate duels whicli, common at all periods of French
history, were never more frivolous or more desperate than
in the 16th and the early 17th centuries. Marc Antoine
de Malherbe fell in 1626. His father used his utmost
iufiueuco to have tlie guilty parties ((or more than one were
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concerned, and there are grounds for tliiuking that it was not

a fair duel) brought to justice. But he died before the suit

was decided (it io said in consequence of disease caught at

the camp r.{ La Rochelle, whither he had gone to petition

the king), at Paris, on the 16th of October 1628, at the

age of seventy-three.

The personal character of Malherbe was far from amiable.

He was an obstinate solicitor of favours from the great, a

morose and bearish companion to his equals, a loose liver

at a time of life when loose living is especially unbecoming
if not especially blameable, a jealous and unfair critic

;

but he exercised a great and enduring effect upon French
literature, though by no means a wholly beneficial one.

The lines of- Boileau beginning Enfiii Malherbe vint are

rendered only partially applicable by the extraordinary

ignorance of older French poetry which distinguished that

peremptory critic. But the good as well as bad side of

Malherbe's theory and practice is excellently described by
his contemporary and superior Regnier, who was animated
against him, not merely by'reason of his own devotion to

Eonsard, but because of a brutal act of discourtesy of

which Malherbe had been guilty towards Regnier's. uncle

Desportes. These are the lines :

—

"Cependant leur savoir ne s'etend nulleihent

Qu'a regratter un mot douteuse au jugeraent,

Prendre garde qu'un qui ne heurte uno diphthonguc,
Epicr si des vers la rime est breve ou longue,
Oa bien si la voyelle a I'autre s'unissant

Ne rend point k I'oreille un vers trop languissant.

C'est proser de la rime et rimer de la prose."

This is perfectly true, and from the time of Malherbe
dates that great and deplorable falling off of French poetry
in its more poetic qualities, which was not made good till

1830. Nevertheless the critical and restraining tendency
of Malherbe was not ill in place after the luxuriant

importation and innovation of the Pleiade ; and if lie ha<l

confined himself to preaching greater technical perfection,

instead of superciliously striking his pen through the

great works of his predecessors, he would have deserved
wholly well. As it was his reforms helped to elaborate

the kind of verse necessary for the classical tragedy, and
that is the most that can be said for him. His own
poetical work is scanty in amount, and ^or the most part

frigid and devoid of inspiration. The beautiful Consula-

iion d, Dti Perrier, in which occurs the famous line

—

Et, rose, elle a vecu ce que vivent les roses

—

the odes to Marie de' Medici and to Louis XIII., and
a few other pieces comprise all that is really worth
remembering of him. His prose work is much more
abundant, not • less remarkable for care as to style and
expression, and of greater positive value. It consists of

some translations of Livy and Seneca, and of a very large

number of interesting and admirably written letters, many
of which are addressed to Peiresc, the man of science of

jwhom Gassendi has left a delightful Latin life. It contains
also a most curious commentary on Desportes, in which
Malherbe's minute and carping style of verbal criticism is

displayed on the great scale.

The ohief authorities for the biography of Malherbe are the Vic
de Malherbe of his friend and pupil Racan, and the long SistoricUe
which Tallemant des Riaux has devoted to him. The standard
edition is the admirable one of M. Ludovic Lalanne, 5 vols.,
Paris, 1862-69. Of the poems only, there is an excellent and
handsome little issue in the Nouwlle Collection Janncl, Paris,
1-874. (G. SA."i

MALINES. See Mechlin.
MALLANWAN, atown in Hardoi district, Oudh, India,

situated on the Hardoi and Unas road, in 27° 2' 10" N.
lat. and ^80° 11' 30" F. long., with a population in 1869
of 11,670. Under native rale the town possessed
considerable political importance, and upon the British

annexation of Oudh it was selected as the civil head-
quarters of the district, but was abandoned in favour of
Hardoi town on the reoccupation of the province after the
mutiny. The town has now but little trade, and a deserted
indigo factory occupies the site of the old fort. Saltpetre
and brass utensils are manufactured.

MALLEMUCK, from the German rendering of the
Dutch Mallermigge (which orieinally meant small flies or

midges that madly whirl round a light), a name given by
the early Dutch Arctic voyagers to the Fulmar (vol ii
p. 817^), of which the English form is nowadays most
commonly applied by our sailors to the smaller Albatroses,

of about the size of a Goose, met with in the Southern
Ocean—corrupted into " Jlolly Mawk," or otherwise

modified. -There is some difference of opinion as to the

number of species of small Albatroses, and it is unfortunate

that the results of the voyage of the " Challenger " do not

clear up the doubts that have been expresse'd. Threw
species have been described and figured, the Diomedea
melanophrys and D. chlororhynchus for a long while, while

the third, D. cidminata, was discriminated by Gould (Proc.

Zool. Society, 1843, p. 107), who has stated that the dif-

ference between it and the second is so apparent thatlie

hid no difficulty in distinguishing them on the wing.

Captain Button, on the other hand {Ibis, 1865, p. 283),

considers all three to be specifically identical Others, as

appears by the Report on the Birds of the " Challenger

"

voyage (pp. 148, 149), while regarding D. inelanophrys as

distinct, would seem to unite 3. culminata with D.
cldororhynchus. The first of these birds, says Gould, is the

commonest species of Albatros inhabiting the Southera

Ocean, and its gregarious habits and familiar disposition

make it well known to every voyager to or from Australia,

for it is equally common in the Atlantic as well as tlia

Pacific. The back, wings, and tail are of a blackish-grey,

but all the rest of the plumage is while, except a dusky
superciliary streak, whence its name of Black-browed

Albatros, as also its scientific epithet, are taken. The bill

of the adult is of an ochreous-yellow, while that of tlm

young is dark. This species (supposing it to be one) is

snid to breed on the Falkland Islands and on Tristan

da Cunha, but the latter locality seems questionable, for,

according to Carmichael (Trans. Linn. Soc, xii. p. 490),

D. Mororhynchus is the bird of this group there found

;

while Professor Moseley (Notes of a Naturalist, p. 130) calls

it D. cidminata." Whatever it may be, the excellent

observer just named describes it as making a cylindrical

nest of grass, sedge, and clay, with a shallow basin atop

and an overhanging rim—the whole being about 14 inchea

in diameter and 10 in height. The bird lays a single whits

egg, which is held in a sort of pouch formed by the skin

of the abdomen, wlnle she is incubating. A few other

details are given by him, but his visit was too hurried to

enable him to ascertain the more important and interesting

points in the economy of this Albatros which were neglected

by his predecessor, Carmichael, during his four months'

sojourn in 1816-17. D. cidminata is said by Gould to bg

more plentiful in the Australian seas than elsewhere,

numbers coming under his notice between Luunceston an4

' ft was there erroneously stated tliat MaUenmck was a Dutch word,

which it is not ; and the correct German form, as given by Friderich

Martens (Spitd)ergische oder Groenlandische Reise Bcschreibung,

Hamburg:, 1675, 4to, p. 68), is ilaltemmhe. The anoiiymous tiansla-

tion of this voyage, under the title of An Account of several lute

Voyages and Discowries to the South and North, published in Londoa
in 1694 (p. 93), was probably the means of the name becoming IcnowB

to Ray, in whose Synopsis mcthodica Avium, published in 1713. it

appears (p. 130) as Mallemuck, and thereafter kept its place iu Eugliah

ornithological works.
^ Mr Sclater mth oommeudable caution assigns no specific name t»

the eggs of the Diomedea fomid breeding oa this island and itd

neighbour {Report, die, ut supra, p. 151).
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Adelaide, and being also frequently observed by him
between Sydney and the northern extremity of New
Zealand, a3 well as in the same latitude of the Indian

Ocean. He describes its bill as having the greyish-yellow

ridge broad and flat, while that of Z>. cidororhynchus is

laterally compressed and the ridge round. All these birds

Beem to have much the same habits. (a, n.)

MALLET, Paul Henri (1730-1807), born in Geneva
in 1730, and educated there, became tutor in the family

of the count of Calenberg in Saxony. In 1752 he was
appointed professor of belles lettres to the academy at

Copenhagen, but as the French language was then little

known in Denmark he had but few students. He was
naturally attracted to the study of the ancient literature

and history of his adopted country, and in 1755 he
published the first fruits of his researches, under the title

—Introduction d, I'histoire de Danemarck ou Von traite

de la relif/ion, des mosurs, des his, et des usages des anciens

Danois. A second part was issued in 175(5, more parti-

cularly relating to the ancient literature of the country,

and bearing the title

—

Monuvients de la viythologie et de

la poesie des C'eltes, et parliculierement des anciens Scandi-

naves. In the same year a translation of the work
appeared in Danish. This is the work by which the author

is best known in Britain. Though intended only aa a

preliminary dissertation to the formal history of Denmark,
by which it was followed, it has all the merits of an

independent work, complete in itself, and presenting a

general view of the civilization and culture, religion and
customs, of the Scandinavian nations. A translation into

English, with notes and preface, by Bishop Percy, was
issued in 1770 under the title of Northern Antiquities

(republished with additions in 1847). It had a wide

circulation, and attracted much attention on account of its

being the first (though a very defective) translation into

French of the Edda. Mallet's dissertations and notes are

vitiated by untenable theories as to the racial affinities of

the early inhabitants of Scandinavia ; but, judged by the

standards of its time, his work was of great merit and
usefulness. Its publication attracted the notice of the

king to its author, and he was chosen as preceptor , of the

prince of Denmark. In 1760 he returned to Geneva, and
became professor of history in his native city. While there

be was requested by the czarina to undertake the education

of the heir-apparent of Russia (afterwards the Czar Paul
I.), but declined the honour. An invitation more congenial

to his tastes led to his accompanying Lord Mountstuart in

his travels through Italy and thence to England, where he
was presented at court and commissioned to write the
history of the house ef Brunswick. He had previously

received a similar commission from the landgrave of Hesse-
Cassel for the preparation of a history of the house of

Hesse, and both works were completed in 1785. The
quietude of a literary life was rudely broken by the shock
of the Revolution, to which he was openly hostile. His
leanings to the unpopular side were so obnoxious to his

fellow-citizens that he was obliged to quit his native
country in 1792, and remained in exile till 1801. He
died at Geneva, 8th February 1807.

A memoir of his life nnd writings ty Simonde Sismondi was
published at Geneva in 1807. Besides the IiUroduction to the His-
tory of Denmark, his principal works are

—

Hisloire de Danemarck,
3 vols., Copenhagen, 1758-77; Histoire de la maison de Hesse,
4 vols., 1767-85 ; Histoire de la maison de Bruiiswick, 4 vols.,
1767-85 ; Histoire de la maison el des Uats de Meckleniourg, 1796

;

Histoire des Suisses oil HdvMiens, i vols., Geneva, 1803; Histoire
de la Liguc Hinsiatiqtie, 1805.

MALLOW, botanically Malva, the typical genus of
Mcdvacem, embracing about sixteen species of annual and
perennial herbaceous plant-s, widely distributed throughout
tUQ northern hemisphere. The mallows possess the reniform

one-celled anthers which distinguish the Malva x from
all other dichlamydeous exogens. The petals also are
united by their base to the tube formed by the coalesced
filaments of the stamens. The special characters which
separate the genus Malva from others most nearly allied to

it are the involucre, consisting of a row of three separate
bracts attached to the lower part of the true calyx, nnd the
numerous single-seeded carpels disposed in a circle around a
central axis, from which they become detached when ripe.

The flowers are mostly white or pinkidi, never yellow,

the leaves radiate-veined, and more or less lobed or cut.

Three species are natives of Britain. The musk mallow
(Malva moschata) is a pecennial herb with live-i)artite,

deeply-cut leaves, and large rose-coloured flowers clustered

together at the ends of the branched stems, and is found
growing along hedges and borders of fields, blossoming in

July and August. It owes itc name to a slight musky
odour diff'used by the plant in warm dry weather when
it is kept in a confined situation. The round-leaveil

mallow {Malva rutundifulia) is a creeping annual, growing
in waste sandy places, with roundish serrate leaves and
small pinkish-white flowers produced in the axib of the

leaves from June to September. It is common throughout
Europe and the north of Africa, extending to western

Asia. The common mallow (Malva sylvesti-is), the mauve
of the French, is an erect biennial plant with long-stalked

roundish-angular serrate leaves, and conspicuous axillary

reddish-purple flowers, blossoming from May to September.
Like most plants of the order it abounds in mucilage, and
hence forms a favourite domestic remedy fur colds and
various other complaints aflecting the mucous membrane.
The aniline dye called mauve derives its name from its

resemblance to the colour of this plant
The marsh mallow {AUhwa officinalis), the g\dmauve of the

French, belongs to another genus having an involncve of numerous
bracts. It is a native of marshy ground near the sea or in tho
neighbourhood of saline springs. It is an erect perennial herb, witii

somewhat woody stems, velvety, ovate, acute, unequally serrate

leaves, and delicate pink showy flowers blooming from July to

September, The flowers are saia to yield a good deal of honey to

bees. The root is used in medicine as a demulcent, on account of

its containing more mucilage than the common mallow. It ia

supposed to form a chief ingredient in the well-known pdtc de
guiinauvc lozenges. The marsh mallow is remarkable for con-

taining asjiaragin, C^HgNjOa.HjO, which, if the root be loni;

kept in a damp place, disappears, butyric acid being developed.

The root also contains about 25 per ceut. of starch and the samo
quantity of mucilage, which diftera from that of gum arabic in

containing one molecule less of water and in being precipitated by
neutral acetate of lead. The marsh mallow is far more largely

used on the Continent than in England.

The mallow of Scripture, Job x-\x. 4, has been sometimes idi-n li-

ned with Jew's mallow {Corchorus otitoriics), but more plausibly

(the word rH?D implying a saline plant) with A triplex Halimus, or

sea orache. In Syria the Halimus was still known by the name
Mall&h in the time of Ibn Beitar. See Bochart, Hieroz., iii. 16.

MALLOW, a municipal and parliamentary borough,

market-town, and watering-place in the county of Cork,

Ireland, is situated on the Blackwater, 150 miles south-

west from Dublin, and 20 north from Cork. The town

owes its prosperity to its beautiful situation in a fine valley

surrounded by mountains, and to its tepid mineral spring,

which is very efficacious for general debility and for

scorbutic and consumptive complaints. A spa-house with

pump-room and baths was erected in 1828. Besides tho

parish church in the Later English style, erected in ISIS,

the principal buildings of the town are the court-house,

the work-house and infirmary, and tho bridewell. There

are a manufactory of mineral water, a condensed-milk

manufactory, corn-mills, and tanneries. Mallow received a

charter of incorporation from James L The population of

the borough in 1871 was 4165, and in 1881 it was 4437.

MALMESBURY, a parliamentary borough and market-

town of Wilts, Englau4 is finely situated on an emineoeo
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almost surrounded by the Lower Avon, and on a branch of

the Great Western Railway, 92 miles west of London. Of
the Benedictine house which was founded in the 7th

century, and in the reign of Edward IIL rose to the

dignity of a mitred abbey, little more than the nave

and side aisles of the conventual church now reinain

;

this at the dissolution was changed into a parish church,

instead o^ the old church of St Paul's. There are a town-

hall, national and endowed schools, and several almshouses.

In the market-place there is a richly ornamented octagonal

,cross supposed to date from the reign of Henry VIIL The
industries include the manufacture of ribbons and pillow

lace, brewing, and tanning. The population of the town

in 1871 was 3142, ^nd of the parliamentary borough
(which comprises an area of 21,772 acres, mostly rural)

6879. In 1881 the numbers were 3133 and 6866.

ILilmesbury is supposed to h:ive been a British town, and also a

Roman settlement. A castle is known to have existed there as

early as the 7th century, at which time the monastery was also

founded. It received its first charter from Edward the Elder; which
was confirmed by Athelstar;. The charter granted to it by Charlus

I. has undergone various modifications, and at present it is governed
by a high steward, an alderman, and twelve capital burgesses. From
the reign of Edward I. the town sent two members to parliament

;

since the Reform Act of 1832 it has returned only one. During
the civil war it was twice captured by the parliamentarians and
once by the royalists. Malmesbury is the birthplace of the philo-

sopher Hobbes. Athelstan was buried at Malmesbury, but the

Gothic canopy in the church called his tomb dates from the 16th
ceutury.

MALMESBURY, James Haerts, Earl of (1746-1820),
the best-known English diplomatist of the latter half of the

18th century, was born at Salisbury on April 21, 1746. He
was the son of James Harris (g.v.), the author of Ilennes,

and, what was important for his son's future success, M. P.

for Christchurch, a lord of the treasury under George
Grenville (1763-65), and comptroller to the queen

(1774-80). Educated at Winchester, Oxford, and Leyden,
the younger Harris was intended for diplomacy. In 1768
he became secretary to the British embassy at Madrid,

and in 1770 he was left as charge d'affah-es at that court

on the departure of Sir James Gray until the arrival of

George Pitt, afterwards Lord Rivers. This interval gave

him his opportunity ; he discovered the intention of Spain

to attack the Falkland Islands, and was instrumental in

thwarting, it by putting on a bold countenance. As a

reward he was appointed minister ad interim at Madrid,

and in January 1772 minister plenipotentiary to the court

of Prussia. His success was marked, and in 1776 he was
transferred to the coiirt of Russia. At St Petersburg he

made his reputation, for he managed to get on with

Catherine in spite of her predilections for France, and
steered adroitly through the accumulated difficulties of the

first Armed Neutrality. In 1782 Sir James Harris (he

was now a Knight of the Bath) returned home from ill-

health, and was appointed by his friend Fox minister at

the Hague, an appointment confirmed after some delay

by Pitt, which he took up in July 1784. He did very

groat service in furthering Pitt's policy of maintaining
England's influence on the Continent by the arms of her

allies, and held the threads of the diplomacy which ended
in the king of Prussia's overthrowing the republican

party in Holland, which was inclined to France, and
re-establishing the prince of Orange. He was in recogni-

tion of his services created Lord Malmesbury of Malmes-
bury in the county of Wilts, and permitted by the king
of Prussia to bear the Prussian eagle on his arms, and by
the prince of Orange to use his motto "je maintiendrai."

In 1789 he returned to England, and took an anxious
interest in politics, which ended in his seceding from the

Whig party with the duke of Portland in 1793, in which

jear he was sent, but in vain, to try to keep Prussia true

to the first coalition against France. In 1794 he was sent

to Brunswick to solicit the hand of the unfortunate Princess

Caroline for the prince of Wales, to marry her as proxy,

and conduct her to her husband in England. In 17 96

and 1797 he was at Paris and Lille vainly negotiating witll

the French Directory. After 1797 he became partiallj^

deaf, and quitted diplomacy altogether ; but for his long

and eminent services he was in 1800 created earl o^

Malmesbury, and Viscount Fitzharris, of Heron Court irr

the county of Hants. He now became a sort of political

Nestor, consulted on foreign policy by successive foreigil

ministers, trusted by men of the most different ideas in

political crises, and above all was the confidant, and for a

short time after Pitt's death almost the political director,

of Canning. Younger men were also wont to go to him
for advice, and Lord Palmerston particularly, who was his

ward, was tenderly attached to him, and owed many of his

ideas on foreign policy directly to his teaching. IJis later

years were free from politics, and till his death in 1820 he

lived very quietly and almost forgotten. As a statesman,

Malmesbury had an influence among his contemporaries

which is scarcely to be understood from his writings, but

which must have owed much to personal charm of manner
and persuasiveness of tongue ; as a diplomatist, he seems to

have deserved his reputation, and shares with Macartney,

Auckland, and Whitworth the credit of raising diplomacy

from a profession in which only great nobles won the

prizes to a career opening the path of honour to ability.

Malmesbury did not publish anything himself, except an acooinit

of the Dutch revolution, and an edition of his father's works, but
his gr.andson the tliiid earl published four volumes of his diaries

and correspondence from 1768-1807, and afterwards two volumes
of letters to and from his family and friends.

MALMESBURY, William of, an historical writer of tne

12th century, the date of whose birth is usually assigned

to the year 1095, but may with more probability be placed

some twenty years earlier. It may reasonably be con-

jectured from his own statement (" utriusque gentia

sanguinem traho ") that he was the son of a Norman father

and an English mother ; he undoubtedly represents the

fusion of the two races, although his sympathies as a writer

are unmistakably on the side of the conquerors. He
received his early education at the ancient Benedictiim

abbey at Malmesbury, and he speaks of Aldhelm, bishop

of Sherborne, the great benefactor and second founder of

that house, who died in 709, as his "lord and patron,''

to whom he was indebted both for his life and his learning

{Gesta Pont., sec. 273). The earliest known incident in his

personal history is the fact, which he himself records, that

lie assisted the abbot Godefrey in collecting books to form

the first library of the abbey. William himself subse-

quently became the librarian, and was also precentor of

the abbey; in 1140 he received the offer of the abbacy,

an honour which he declined, probably from a desire to

secure as much leisure as possible for study. In his later

life he was honoured by the particular friendship of RobeitJ

earl of Gloucester, a natural son of Henry I., and a

distinguished patron of learned men and letters. In

politics he was a warm partisan of the empress Matilda

against Stephen, and he was present at the council of

Winchester convened by her supporters in 1141. His

death is supposed to have occurred in or after 1142.

Printed fTor/i-s.—William's earliest important work was the Gcsta

Regum Aiiglorum, which he dedicated to his patron, the earl of

Gloucester. It was originally completed in 1120, but subsetinently

brought down to 112S. It extends from 449 A.D. to the twenty-

eighth year of the reign of Heniy I., and is a record of the highest

value, preserving from unknown sources numerous facts which

would otherwise be lost to us. In 1125 William completed his

Gesla Ponlijicum Anglorum. He himself tells us that the pro-

duction of this work cost him especial pains, but that the materi.nl

for its conipoEition was noitf.er so abundant nor so easily reducible
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to consistency ns that for tho Clesta rugum. Tho wmk may he

ruganleJ as tho main source for our early ecclesiastical history, and

coustitutos tho basis of later productions relating to the same subject

at the same period. It is divided into five books, tho bishops being

grouped UDUer their resjiectivo sees, and tho chief monasteries

under their jurisdiction being also noticed, . sometimes at con-

siderable length. The fifth book is mainly occupied by tho life

of .'t Aldholm, and inchulc! numerous details of interest not given

in tho earlier life by Fancius. The Ocsta Pontificum is likewise

brought by further additions down to tho year 1140. Williara'a

last work was a continuation of the Gesta Begum under the title of

Historia Novella. It concludes abruptly with the escape of Matilda

from Oxford when besieged there by Stephen in 1142, and the

manner of its termination suggests that the narrative was broken

olT by tho death, of the writer. Like the Ocsta Mcgum, the Historia

is dedicated to the duko of Gloucester, whose doings in behalf of

liis sister Matilda are described in such a way as to make him in a

great measure the central figure of the narrative. Other printed

writings of William are an account of tho church of Glastonbury

(included along with tho life of St AlJholm in Gale's Scriptorcs

JTK.), and a life of St Wulstan, of which a considerable portion is

given in tho second volume of "Wharton's Anglia Sacra. The
best te-xt of tho Gcsta Rcguin and the Historia Novella is that

given by Sir T. D. Haidy in tho edition published by the English

Historical Society in 1840 ; the to,\t in Savile's Scriptures is faulty

in the extreme. The Ocsta Pontijicum was edited for the Rolls

Jiwies, in 1870, by Mr N. E. S. A. Hamilton, from a manuscript

which he was the first to identify as the autograph of William
himself.

Extant Works Ihiprinted.—Among these are Miracles of the

Virgin Mary \ Miracles of St Andrew ; Life of St Vunstan ; a com-
pend of the eoiiinieutary on the book of Jeremiah attributed to

Pasehasius Radbertua ; all abridgment of the treatise by Amalariua
-on Sacred Offices ; Lives of the English Saints ; and an epitome of

the History of Haymo of Fleury, together with other abridgments
«r transcripts of historical and legal writers,—this last bcini; an
autograph preserved in the Bodleian, where, or at tlio Britisih

Museum, the other manuscripts are ali^o to bo found.

Lost IVorks.—Among these are a Life of St Patrick ; a nietrical

Life of St jElfgiva ; tlie Miracles of St Benignus ; and the Little

Chronicle, in three books (of which a supjiosed fragment is preserved
at the British Museum, Lansdowne MS, No. 436). The work which
we have probably most cause to regret is the Jiinerurium Johannis
Abbatis, or account of the journey of John, abbot of Malmesbury,
to Rome in 1140. This was written by WiUiam from the oral

account which he wceived from Peter Baldwin, John's companion.
A few extracts are given by LelanTl in his Collectanea, iii. 272.

Malmesbury's merits as an historian are of a very high order. He
labours, it is true, under tho defect of being but imperfectly
acquainted with English institutions, and having but little sympathy
with the English race, while he occasionally evinces a Norman
contempt for the English language. -His habitu.al carelessness in

chronology is also at times extremely perplexing, and his narrative

of facts is alloyed with romantic details which serve to excite dis-

trust with respect to his general cYedibility. But, notwithstanding
these faults, he is entitled to rank as an authority (in relation to

the period of which be treats) with Bede and Matthew Paris. He
is again the first of our historical writers in whom the critical

faculty is to any extent discernible, and the comparisons which he
occasionally institutes between two ditferent and discrepant accounts
of the same events form a noteworthy featuie in his mode of treat-

ment. The pains and judgment which he employs in the arrange-
ment of his materials are also often no less conspicuous than his

industry in collecting them.

MALMO, a seaport town of Sweden, inferior only to

Stockholm and Gothenburg in importance, is the capital of

the liin or province of Malmohus, and stands on the eastern

shore of the Sound, opposite Copenhagen, from which it

is 16 miles distant. The town, which is built on a level

plain, formerly had strong fortifications, of which all that

now remains is the citadel, where the earl of Bothwell was
imprisoned for some time after 1573 ; it is at present used

as a house of correction. In the large central square

(Stortorg), which is planted with trees, stands the town-
hall, a brick and sandstone structure in the Renaissance

style ; it contains the handsome Knutssal, or former
council chamber of the guild of Canute. The principal

ecclesiastical buildings are the Aurch of St Peter
(Petrikyrka), begun in 1319, and the German chyfch
(Tyskakyrka). The harbour in the north-west has recently
been deepened, and admits vessels drawing 18 feet of

•vater; there is daily commumcation by stSamer witH
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Copenhagen, and also at regular intervals wilu Stockholm;
Gothenburg, Liibeck, <5ic. The trade of tho port is con-

siderable, the exports including timber, iron, tur, oil cake,

and bones, while the imports jonaist chiefly of wine, salt-

fish, salt, and coal. There are a number of manufactures,

that of gloves being the specialty. Malmij is connected

with Stockholm by rail Population in 1878, 35,626.

^lalmii (Malmhauge, Maliiiey, Malnibye, Malmonghe), sometimes
called " Aucona Scanorum " or " EUcnbogen," first appears in his-

tory about the middle of the 13th century. During tho Hansoatic
period it was the nr.^t important commercial town on the Sound,
but in tho 10th and 17th centuries greatly lost ground owing to

the decay of its herring fisheries and the'rise of its rival Copenhagen.
Its modern prosperity is largely due to the enterprise of Frana
Suoll, one of its merchants, who first constructed the harbour, which
has more than once been enlarged subsequently.

MALORY, Sir Thomas, the author or compiler of the

Morte Darlhur, was born most probably about the year

1430. From his own words he is known to have been a

knight, and his description of himself as "a servant of

Jesu both day and night " has led to the inference that he

was also a priest. On the authority of Leland tho

antiquary he i.s believed to have been a Welshman.. Tho
name appear,'! in a variety of forms, including thn,=!e of

Maillorio and Maleore. In the preface to the first edition

of the Morle JJarthur Caxton speaks of the work ais printed

by himself "after a copy unto me delivered, which copy

Sir Thomas Malorye did take out of certain books of

French, and reduced it into English," Malory himself

tells us that he finished the book in the ninth year of

Edward IV. (c. 1470). For the place of the Morte

Darihur in the literary history of the Arthurian legend,

see Arthur, Geoffrey of Monmouth, Grail (Holy), ifcc.

MALPIGHI, Marcello (1C28-10U4), of Bologna, was

one of the first to apply the microscope to the study of

animal and vegetable structure ; his discoveries are so

numerous and important that he may be considered to be

the founder of microscopic anatomy. Shortly before his

death, he drew up a long account of his academical and
scientific labours, correspondence, and controversies, and
committed it to the charge of the Royal Society of London,

a body with which he had been in intimate relations for

more than twenty years. The autobiography, along with

some other posthumous writings, was published in London
in 1696, at the cost of the Society. The personal details

left by Malpighi are few and dry. His narrative is mainly

occupied with a summary of his scientific contributions and

an account of his relations to contemporary anatomists, and

is entirely without graces of style or elements of ordinary

human interest. He was born in tho country, about 20

miles to the north of Bologna, on the 10th of March 1G28.

At the age of seventeen he began the study of the Aris-

totelian philosophy, and continued it for four years ; it

appears from another statement that he was in tho habit

of amusing himself with the microscope during this period.

Owing to domestic circumstances, it became necessary for

him, in 1649, to choose a profession, and he elected to

study medicine ; after four years study at Bologna ho

graduated there as doctor. He at once applied to be

admitted to lecture in the university, but it was not till

after three years (1656) that his request was granted. A
few mouths later he was appointed to the chair of theore-

tical medicine at Pisa, where he enjoyed the friendship

and countenance of Borelli. At the end of four years be

left Pisa, on the ground of ill-health, and returned to

Bologna. A call to be professor primarius at Messina

(procured for him through Borelli, who had in the mean-

time become professor there) induced him to leave Bologna

in 1662. His engagement at Messina was for a term of

four years, at an annual stipend of 1000 scudi. An
sttbuiot was made to retain him at Messina beyond that

XV. - 43
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period, but his services . were secured for his native uni-

versity, and he spent the next twenty-five years there. In
'691, being then in his sixty-fourth year, and in failing

(ealtli, he removed to Rome to become private physician

'o Pope Innocent XII., and he died there of apoplexy three

^ears later- In the portrait prefixed to his autobiography,

Ihe features are those of the phlegmatic type. His addiction

the microscope brought him into conllict with the re-

spectabilities of the medical profession, including two of

iis colleagues' at Bologna, whose, names have been pre-

Bervsd from oblivion ; it.,was felt by those who affected

to watch oyer the future welfare of medicine that the
study of -microscopic anatomy was adverse to the true

Interests of medical practice, and that feeling is said to have
found expression iu a duel that was fought between the

brother of Malpighi and a near relative of one of hia con-

servative colleagues, in which the latter combatant was
killed. Amid such incidents was the fruitful microscopic
era of medical and biological science ushered in.

^-anc^eoniponnd microscope (invented in the Netherlands) had
been used in Italy (Rome) to study the parts and organs of the beo
as early as 1625, and it was employed by Malpighi and by his cou-
temporanes Hooke (botaiiLst) and Leeuwenhoek ; the illumination
of the objects was always direct, the miri-or being a much later
addition, and the tube was of unwieldy length. Owing to the
inability to overcome spherical and chromatic aberration in com-
pound lenses, the simple microscope camj again into common use,

and continued to be the chief instrument iu the study of minute
anatomy until the introduction of flint-aud-crown glass lenses by
English opticians about a centui-y later. It was Malpighi's prac-
tice to open animals alive, and some of his most striking
discoveries were made under those circumstances. Although
Harvey had correctly inferred the existence of the capillary cir-

culation, he -had never seen it ; it was reserved for Malpighi in
1661 (four years after HaiTey's death) to see for the lii-st time
the marvellous spectacle of the blood coui-sing through a network
of small tubes on the surface of the lung and of the distetided

urinary bladder of the frog. "We ai-e enabled to measure the diffi-

bulties of microscopic observation at the time by the fact that it

took Malpighi . four years longer to reach a clear understanding of
the corpuscles in the frog's blood, although they are the parts of
the -blood by which its movement in the capillaries is made
visible. His discovery of the capillaiy circulation was given to
the world in the fonu of two letters De PtUmmnbxis, addressed
to Borelli, published at Bologna in 1661 and reprinted at Leyden
and other places in the years following ; the lettere to Borelli
'contained also the- first account of the vesicular structure of the
njiman lung, and they made' a theory of respiration for the first

time possible. The achievement that comes next both in import-
ance and in order of time was a demonstration of the plan of struc-

ture of secreting glands ; against the current opinion (revived"

by Ruysch forty years later) that' the glandular structure was
essentially that of a closed vascular coil from which th* secretion
exuded, he maintained that the secretion was formed in terminal
acini standing in open communication with the ducts. The name
of Malpighi is still associated with his discovery of the soft or mucous
character of the lower stratum of the epidermis, of the vascular coils

in the cortex of the kidney, and ofthe follicular bodies iu the spleen.
He was the- first to attempt the liner anatomy of the brain, and his
descriptions of the distribution of grey matter and of the fibre-tracts
in the cord, with their extensions to the cerebrum and cerebellum,
are distinguished by accuracy ; but his microscopic study of the
grey matter conducted him to the opinion that it was of glandular
structure and that it secreted the "vital spirits." At an early
period he applied himself to vegetable histology as an introduction
to the more difficult study of the animal tissues, and he was
acquainted with the spiral vessels of plants in 1662. It was not
till 1671 that he wrote his Aimto-ne Plantarum and sent it to the
Royal Society, who published it in the following year. An English
work under a similar title {ATUtUmiy of Fegctablcs) had been pub-
lished in London a fSw months earlier, by Nehemiah Grew ; so
that Alalpighi's priority a,s a vegetable histologist is not so incon-
testable as it is in animal histology. The A^iatmnc Plantarum
contained an appendix, Ohscrvationes deovo inaibato, which gave an
account (with good plates) of the development of the chick
(especially of the Jater stages) in many points more complete than
that of HpTvey, although the observations were needlessly lessened
in value by being joined to the metaphysical notion of '* priedelinea-
tion" in the undeveloped ovum. His works are

—

Dc ^ihnonihus

:

Episldss dux ad Borclliuin, Bologna, 1661 (went through several
editions) ; Ejnstolm anolomicm Marc. Malpiijhii d Car, Fracassati,

Amsterdam, 1662 (on the tongue, brain, skin, omentum, &c. ); Be

Viscerum Strndura; exircitatio analamica^ Lon'don, 1669; AnaunAe
PlaniaruTTly cum appcndicc ohservatiorus dc ovo inciibato contuunUt
London, 1672 (other editions in 1675 and 1679) ; De Straclura
Glandiilancm con^hbataru^n, London, 1689; Operaposthuma, et vita

a seipso scripta, London, 1697 (another edition, with preface and
additions, was published at Amsterdam in 1700). An edition con-
taining all his works except the last two was published in London
in 1687, in 2 vols, folio, with portrait and plates.

MALSTATT-EURBACH, a town in the distric"t"'of

Treves, Prussia, is situated on the right bank of the Saar
(Sarre), almost coutiguoug with the town of St Johann,
and Beparated from Saarbrijcken by the river. It lies in

the midst of an important coalmining and industrial

district, and is itself little more than a long and narrow
row of manufactories and workmen's houses. The largest

factories are engaged in the production of irou, steel, and
cement, one iron-work employing nearly 2000 men, and
producing 285,000 tons of raw and manufactured metal
annually. There is a large wharf on the river for the
export of coal. At the census of 1880 Malstatt-Burbach
contained 13,158 inhabitants.

Malstatt is of very ancient origin, and received nmnicipal rights
in 1321. These, however, were afterwards resigned to the newer
town of Saarbriicken, and in 1818 Malstatt and Burbach were two
sinall villages with a joint population of only 822. About tho
middle of the century the population began to increase rapidly, in
consequence of the development of the mining industry of the
district and the extension of the railway system, and in 1875 the
two villages were united to form a town. In 1870 Malstatt-
Burbach was cannonaded by Freneh troops under the command of
Napoleon III.

MALT is the grain of any cereal artificially germinated
so as to induce certain changes in the constitution of the

seed, specially a conversion of a portion of the starch into

sugar. The varieties of grain usually employed for malting
are barley and here or bigg, and the processes of preparing

the substance are fully explained under Brewing (vol. iv.

p. 2C6).

The specific effect of the malting of grain is to transform
by the process of germination a proportion of the starch

into soluble sugar and dextrin. These changes are

effected by the agency of a peculiar nitrogenous ferment,
diastase, which exists in the grain, but which is increased

in amount during the germination. The precise sequence
of changes, and the exact nature of the new chemical
compounds evolved, are still matters of some doubt. Ir

is clearly established that the ferment of barley is in-

capable of transforming the starch on which it operates

entirely into sugar, the ultimate products of the action

being partly dextrin and partly sugar. The relative

proportions of these bodies evolved by fermentation from
starch have been matter of dispute, some holding that

from three molecules of starch there are evolved two
molecules of dextrin and one of sugar, while others

affirm that the yield is two of sugar and one of dextrin,

and a third party hold that for each molecule of sugar
there is one of dextrin produced, thus .•

—

starch. Sugar. Dextrin.

2CjHi„05 + HjO = C^HijOj -1- C^HioOs

These statements, however, are based on the assumption
that the sugar which results from the fermentation of

germinating barley is ordinary grape sugar or dextrose,

CgHioO,;; but it has been demonstrated, first by O'SuUivan,
that it is a form of sugar possessed of peculiar properties

to which the name maltose has been given. Maltose,

according to O'Sullivan, is isomeric with cane sugur,

CjoHj.jOj], but Miircker considers that its constitutioa

should be represented by CigHj^Oi^ and that the equa-

tion is as follows :

—

starch. MiJUrae. Sextnn.

4C,Hi„05 + 2HjO = CijHjjO,, + CsH,„0,.

Haltoae poasesaea the power of reducing Fehling's solntion.
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(cnprio oxide) only to the extent of G3 per cent as com-

pared with dextrose, but its power of right-handed polar-

ization 18 three times as great = -)-154°. According to

Dubninfaut the efficient ferment in barley is maltin, a

much more richly nitrogenous and active body than

difiHtase, which he considers to be only a croduct of the

decomposition of maltin.

By the processes of malting 100 parts by weight of

barley yield about 80 of kiln-dried malt and 2 to 3 of

dried radicle and plumule called " malt dust" The pro-

gressive modification in composition is shown in the

accompanying table of analyses extracted from the report

presented by Mr (now Sir) J. B. Lawes to the Board of

Trade " On the Relative Value of Uumalted and Malted
Barley as Food for Stock, 1806,"—an inquiry which re-

sulted in showing that the advantages claimed for malt as

a feeding material were largely illusory :

—
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8omo beds of marl and coral limestone, in mauy parts

abounding in fossils. The surface of the country is

diversified by valleys and steep hills; there is little water,

and no river, brook, or lake exists on any of the islands.

The higliest point of Malta is near Casal Dingli, about

750 feet above the sea to the south ; a little farther

north lies the accienf capital, CItta Vecchia, upon another

Eteop height ; wost of theaa lies the range of Bingemma

Hills running north-east to south-west ; from this higlier

ground the island slopes somewhat towards the north-west.

On the west and south the clifl's rise sheer from th? sea

to a height of 300 or 400 feet ; on the north the rock in

many places shelves to the water's edge, though the har-

bours of Valetta and the rocks where the apostle Paul

was wrecked are an exception to this. At the east end is

the large harbour Marsa Scirocco, into which the south-east

sirocco blows with full force. The general appearance of

tlio land is bar.e, owing to the want of woodland, and

also to the use of stone walls as euclosures for the fields,

which in the east of the island are smaller than in the

west. The dark foliage of the carob and the singular

masses of the prickly pear are, however, very marked in

the landscape, which with its contrasts of blue sea running

iuto the brown and yellow land, heightened by whatever of

green may be, is of fascinating beauty under the effects of

morning light and setting sun. The land is closely cul-

tivated ; often the soil is terraced on the sides of the

hills as a safeguard against the winter rains. The soil

is in many places extremely thin ; it is, however, so

fertile that it produces two and sometimes three crops iu

a "year. Large quantities of early potatoes grown for the

English market, corn sufficient to supply the island for

four months of the year, cotton, principally for home
use, and a fine red-tlov.'ering clover, called snila, are

the chief crops; excellent honey is obtained from Gozo

;

oranges and figs come to great perfection. Goats abound,

but few cows are kept ; the mules and asses are fine

;

cattle and sheep fjr butcher meat are imported from

Barbary. Fish is good and abundant. The flowers of

Malta are famous; Cicero mentions the cushions stuffed

with roses used by Verres, and many a lovely garden is

hidden behind the high stone walls. The interesting flora

of the islands approaches that of Africa (to which continent

the old geographers considered them to belong, as the

French do still), including the palm, cactus, and other sub-

tropical plants. The scanty fauna is for the most part

European; the JIalteso dog is mentioned by Strabo and
other old writers ; a few still remain, though not wild.

Of birds there are about ten or twelve indigenous species,

but a largo number of migratory birds pass or rest here.

The marine plants and animals, also offer a rich fund of

material to the student.

The winter climate is temperate and healthy, the ther-

mometer ranging from 51" to 71°Fahr. between October

and May. In the summer months the heat is almost

tropical ; from July to the end of October it ranges be-

tween 80" and 90". Snow is unknown, but hail occurs in

winter, and much rain usually falls between December and

February. The northerly winds are bracing, but the south-

east wind, called the sirocco, which brings the warm air

from- the African deserts, and then takes up the salt sea

mists, is very deleterious ; it occurs suddenly, chiefly in

August and September, occasionally in the spring, and
fortunately lasts usually but a few hours. The " gregale

"

(" eurokylon" of Acts xxvii. 14) is a strong north-east

wind s.hich occasionally blows in the winter months with

great fury and force for two or three days together, espe-

cially in Xovember and February, rendering it dangero.us

TO cross the harbiur, sometimes tearing up stone walls and
landing-steps, and otherwise doing much damage.

The Maltese are a strong wel'-formcd race, Ihe men'

dark, handsome, and lithe, the women with blaci eye3 and

fine hair and an easy carriage ; as in other Eastern nations,

the working classes grow old at a comparatively eariy age.

They are a cheerful, good-humoured, and industrious

people, sober and abstemious, though quick-tempered

and addicted to the use of the knife. Bread or pasta,

with a few olives, a little oil, or milk cheese, forms the chief

support of the poor, who seldom or never eat meat, and
drink but little of the light wine of the country. The
gentry have a large admixture of Spanish, Italian, and
French, but among the people in general the Arab race

and character predominate, iufluenced by contact with

Sicily. Of the native language 70 per cent, consists of

Arabic words, the rest being chiefly a corrupt Italian ; that

spoken in Gozo is the purest Maltese. The festivals and
ceremonials of the Roman Church are kept up to an -extra-

ordinary degree, together with a few that seem to be derived

from the Greek Church. The perpetual ringing of mono-
tonous church bells, and the peculiar method of striking

time, are relics of South Italian customs.

Malta is divided into twenty-six casala or ' village

districts, Gozo into nine ; some of the villages are large and
populous, each having its church, often large and handsome.

Near the middle of the island, on sharply rising ground,

stands the ancient capital, called Civitas Melita by the

Romans and oldest writers, Medina {i.e., the city) by the

Saracens, Notabile ("jocalo notabile, et insigne corona!

regias," as it is called in a charter by Alphonso, 1428)
under the Sicilian rule, and Citta Vecchia (old jity) by the

knights. The cathedral, overthrown by an earthquake in

IC93, but rebuilt, stands on the reputed site of the house

of Publius, Paul's friend ; many Maltese gentry live in this

town, and the English utilize some of the buildings, a The
Roman remains and catacombs of Citta- Vecchia must not

be forgotten. Since 1570 the chief town has been Valetta,

—a city built on a ridge of rock (Mount Sceberras)

which runs like a tongue into the middle of a bay, which

it thus divides into two great harbours, subdivided again

by three other peninsulas into creeks. On - two of

these peninsulas, and at their base, are built the aggre-

gate of towns called the Three Cities, part ,of which

(grown up under the old Fort St Angelo) is much older

than the coming of the knights, and is called Vittoriosa

in commemoration of the sisge of 1565. Valetta, ' inc'ud-

ing the suburb Florian, is about 2 miles long and |
mile wide ; Fort St Elmo, with a lighthouse, stands

on the point; the summer suburb Sliema lies on the

point which encloses the west or Marsamusceit harbour

;

Fort Ricasoli on the opposite point enclosing the east cr

grand harbour. The streets of Valetta, paved with stone, run

along and across the ridge, and end on each side towards

the water in steep flights of steps. Many of the houses,

which are of stone throughout, with flat roofs, are large

and luxuriously built ; wooden covered balconies project

from the windows and give a peculiar aspect to the streets.

There are several fine public buildings, as the governor's

palace, the new opera-house, the public library, the aiiherges

or lodges of the knights, especially the Auberge de Castile,

the English church built by Queen Adelaide and others.

Roman Catholic churches in Valetta are very numerous : the

cathedral of St John is famous for its rich inlaid marbles,

its Brussels tapestries, its roof painted by Matteo Preti

(lGGl-99), and the picture by Caravaggio, the Decollation

of John the Baptist. -The hospital of the knighfs. contains

one of the longest rooms in Europe, '503 feet in length,

without a central support. The extensive bagnios unde.

the rock, formerly occupied by the slaves of the knights,

are now used for naval stores. The knights strengthened

Valetta and its harbours by bastions, curtain-walls, lines'
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and forts, towards tbe "lea, towards the land, and on every

available point, taking advantage in every particular of the

natural rock and of the marvellous advantages of situation,

rendering it then almost impregnable. The work of fortify-

inff the place with modern armament is carried ou by the

British government, which possesses there the finest naval

hospital in Europe, a military prison, and other necessary

institutions, including immense subterranean stores of

grain. New sanitary and water works and dwellings for

the over-crowded poor have lately been undertaken by the

local authorities. The city is clean and well-regulated,

gay with the motley throng of all nations that continually

come and go, and presenting many features common to the

East; the influx of winter visitors attracted by the mild

climate and social gaieties has of late years proved a source

of wealth to the inhabitants. A railroad from Valetta to

Citta Vecchia,the first in the island, is now nearly completed.

The importance of Malta lies, as of old, in its harbours,

.which render it a splendid port of call, repair, or refuge, as

well as a fine naval station, in its capabilities as a depot

for coals and stores, in its hospitals, and in its strength as

a military station. Its position in the Mediterranean is of

the utmost value towards keeping a clear highway to the

East and to India. During the eighty-two years of Britisk

occupation the population, trade, and produce have largely

increased. The government, created by royal letters patent

of 11th May 1849, consists of a council of eighteen

members, eight elected by the Maltese (about two thousand

three hundred electors), nine chosen by the crown, and the

governor, with a salary of £5000, who is usually a military

officer. To these were added by letters patent of May
1881 an executive council of three members to advise and

assist the governor. The council have powers to make
laws and to vote money ; this last was restricted by the

British Government in 1875, leading to a protest in the

following year by the elected eight. The government

of the islands presents peculiarities owing to the combina-

tion of military and civil duties. Several recent inquiries

nn taxation, education, (tc., have led to important changes

during the last two years. The consolidated revenue is at

the disposal of the crown through the governor and council

;

Malta is self-supporting, costing the imperial exchequer

little beyond the military and naval establishments, and
even contributing j£5000 annually towards the former.

The revenue arises chiefly from import duties (of which a
large proportion accrues from a tax tif 10s. a quarter upon
grain) and tonnage duos.

Revenue. EMpenaitnic.

1S79 fl83,794 £185,9-16

1380 190,601 169,318

The tonnage of vessels entering and clearing equals that

at Gibraltar; in 1878 it amounted to 6,503,859 (5,669,04G
of which was for British vessels), and in 18S0 it wa-s

0,147,234. In 1879 the value of imports actually landed
was £794,565, and of ex[iorts £216,050,—a value of about

£18,700,000 merely touching at the port. The figures

fluctuate ; in the following year they fell considerably. In

1837 the revenue was but £95,600, while but one steam-

ship, of 137 tons, entered the harbour; in 1879 2894
steamers, with a tonnage of 2,781,806 entered. In the

naval yard numerous vessels are repaired yearly; in 1S7G-
77 these amounted to 39 ironclad and other ships and 43
smaller vessels. One arm of the harbour is devoted to a
coalmg station, where enormous quantities of coal are

annually imported and sold (384,272 tons in 1880). The
British Alcditerranean fleet is stationed there for six months
of 'the year, the strength of the naval forces being usually

about 50oO men. The strength of the military in the

island is usually about G500, the largest garrison in any
British colony.

The population, which in 1837 was 115,570, was 154,892
in, 1880, exclusive of British troops and their familibS,

about 24,000 being Engli-sh and fore'^ners; it is rapidly

increasing, and is unequally distributLd, the greater part

being settled in the largo casaLs or villages on the ea:tem
half of Malta, including the densely populated Valetta;

large tracts to the west are bare and but sparsely inhabited
;

about one-third of the island is rocky and uncultivated.

Malta has now 1510 inhabitants to the square mile, Gozo
962. In 1879 there were 9868 children (about two-fifths

of these at school age) attending elementary schools, in-

cluding 768 students at the university and two lycenms

;

in 1880 the total was 9595. All the casals of Malta and
Gozo (with but one or two exceptions), besides Valetta and
the Cities, have schools, which are now placed on the

same system as the board schools in England; great

efforts are being made to extend the acquisition of the

English language, which till recently was neglected in

favour of Italian. The director of public education, besides

the elementary, has uuder his care several secondary

schools, two lyceums in Vittoriosa and in Valetta, and the

university (founded by the knights in 1768), with faculties

of philosophy and arts, law, medicine, and theology. In

Valetta is a large public library founded by the knights in

1760, containing 48,000 volumes, open free daily ; in Gozo
is a smaller one.

History and Aiiiiquitics.—Malta (Udila), with' its sister Gozo
{Gauhts or Gaudus), has from time immemorial been a place of

importance to whatever race \Yished to hold the highway of tho
MeJiterrancaii, whether Phcenician, Puiiic, Koman, or Arab. Thus
even the stories of Homer have a semblancQ ©f truth, for tlie

O^ygian isle where Ulysses took refuge has been supposed to bo
llalta or Gozo, in both of which tradition (born of the poem) yet
points out the grottoes of Cal3'pso. The earliest inhabitants of whose
presence we have any actual trace are the Phcenicians, from whom
we have several important inscriptions which tell of them and their

temples, several curious images believed to belong to their worship,

and ni.auy specimens of their pottery and gla.ss, chiefly found in
tombs, some bearing Phcenician chaTacters and potters' marks.
Sepulcliral caves and clusters of rock-hewn tombs, especially those
in the hills of Bingemma, in several of which terra cotta sarcophagi
have been found, are refeiTcd with reason to a Phcenician or a runic
origin ; Caruana's Report gives a list of these in eight places, dis-

tinguishing them from numerous Greek and Christian catacombs
which also exist in the isl.ands. The most remarkable remains
are three rough stone erections, one in Gozo (Torre dei Giganti), and
two in Malta, about amilo ajtart (HagiarKim and Mnaidra), which
mainly consist of several apsidal chambers side by side, the walls of

which are built of enormous horizontal and upright stones. In
Slalta the ruins show evidence of much skill in stone-cutting ; the
entrances to the chambers consist of three large slabs of stone in

place of doorpost, each smaller than and at a little distance from
the one outside it : several have well-shaped holes for ropes or other
fastening ; other slabs have sharply-squared holes and shelves cut in

the solid stone ; others again are ornamenied with "pit-markings "

or little depressions cut evenly all over the surface of the stono.

A table or altar is also found in some of the rooms, a massive slab

of stone supported on an upright formed like tlie trunk of a tree ;

in one case the two ends of the slab are carefully mortised into tho
Walls at e;ich side, tho chamber being very small, and apparently
intended specially for its reception. Hjigiar Kim was excavated by
the Government in 1840, when considerable traces of the action of

fire were found on some of the walls, as well as buried ashes. In
other rooms were found quantities of bones, many fragments of

pottery, lamps, bowls, &c. , nine images, and a small omam^nt^d
altar {Arclneol., Vol. xxix. p. 227), The ruins in Gozo were excav-

ated about 1827 {Archxol., vol. xxii. p. 294). All these buildings

stand on commanding positions, high on the side or the shoulder of

steep hills. They have been usually considered Phcenician temples ,

and, on comparison of them with what is known of the gi-eat teniplo

of Melkart at tho south-oast comer of Malta, the presumption is

strong that these too were built by the same race, at some very

early period. The bilingual inscription found there belongs to a

later age, the Gr^co-Punic time, to which Greek coins found in both

islands and a few other.remains bear evidence. It is probable that

the isl.iods shared in some degree the varying fortunes that followed

on the wars in Sicily, which took place as Greek drove cut Phceni-

cian, as Carthaginian drove out Greek and tried to regain tho

ancient jiossession of the mother-land, as finally Home conquend

aU. Duiing the First Puurt War C204-241 B. c.) Malta seems to have
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been conqnered and reconquered more than once (Orosius, iv. c. 8).

Ill the Second ^nic War the Carthaginian 3, under Hamilcar, sou

of Gisco, gave it vp to Titus Sempronius, 218 B.c. (Livy, xxi. 51).

In the pui.3uit ol munufactures and commerce Malta had attained

ahi^jh degree of prosperity uodor the Phcenicians, which 8till existed

under the Romi.nB of the Augustan age. It was especially famous
for its ;,extile fabrics {probably of cotton, which is grown and spun
there to this day); the Sicilian preetor Verres sent therefor women's
woren garments. The inhabitants were rich, and there were many
artificers of all kinds. Ovid speaks of it as a fertile island {Fast.,

iii, 567). Tiie remains formerly existed (unfortunately now for the

most part dispersed or destroyed) of several fine GrBeco-Roman
temples, such aa the temple of Juno spoken of by .Cicero and
Yalerius Maximus, whoso ornaments and line ivories and carved

fignres of Victory tempted more than one sacrilegious robber ; the

temple of Proserpine, which we learn from an inscription was re-

paired by Chrestion, c freedman of Augustus, procurator ofc filalta
;

asd the temple of Apollo at the chief town Melita, which with a
theatre shared the munificeuce of a wealthy ilaltese under the

Antouine rule ; these and tlie ruins of a princely Roman dwelling
with mosaics; system of water supply, &c., at the same place, are

but a few signs of the luxury enjoyed in the islands. Diodorus
noticed the beauty and adornment of the houses in Malta in his

time, a few years after the shipwreck of St Paul. One of tlie

islanders was a friend of Cicero, who had thoughts of retiring there

himself. A mole and important harbour works, discovered a few
years ago, show that the Romans wore not behind in strengthening
the nalural advantages of the islands for shelter. Inscriptions re-

cording municipal institutions there date from the time of Hadrian
;

hoTT much earlier they possessed them is unknown. Before then
we hear of Chrestion th^ procurator mentioned above, and a Roman
governor under Augustus, Lucius Castricius, styled irpwros Mc\i-
Taiw , "chief man of the Maltese " (Caruana, 1882, p. 134 ; 1881,

pp. 20, 21), just as, half a century later, Publius was wpwros t^s
virr'ov, "chief man of the island" (Acts xxviii. 7) ; all these were
probably concfrncil in the local government. The Romans retained
tlie Maltese group for many centuries. At 'the division of the
empire in 337 a.d. it passed with Italy, Illyria, and Africa to Con-
stans ; aft^r the reunion, and the final division after the death of
Theodosius in 395, Malta, as one of the isles of the Mediterranean,
remained with the empire of the East. History has but little to

mention -regarding it during those early times, except that event of
jver-living interest, the shipwreck of St Paul, 68 A.i>., which it is

now well-ascertained took placo in a bay on the nortli side of Malta,
The alleged conversion of the Maltese to Christianity following
the three months' stay of the apostle and his companions may be a
fact ; Chrysostom refeiB to it {ffom. 54 on Acts). Alany Christian
monograms and inscriptions have been found, ranging from the 2d
to the 9th century ; and the toraba and subterranean cemeteries
near Citta Vecchia are said to be arranged like the Chiistian cerae-
terios of subterranean Rome (Camana, 1881, p. 18). Tradition says
these were used as hiding-places in times of persecution ; it ia certain
that Ptolemy at the end of the 2d century notes the famous t«mples
of Hercules and Juno as still in existence ; the old religion and the
npw must have gone on side by side for a longtime. After a time
Malt-a was made a bishopric ; according to R. Pirrus (Sicilia Sacra,
Melitensis Eccl. Not. vii, s.v. "Lacillo") it was, though considered
^rt of Africa, subject to the bishop of Palermo (in 6th century
primate of Africa) ; we find Gregory the Great dealing with a contu-
macious bishop of Malta and directing the bishop of Syracuse and
others to depose him, and to aid the successor appointed in his
place (Greg., Upist, ii. 44 ; ix. 63 ; x. 1).

The Saracens did not gain possession of Malta without a struggle
of many years ; they invaded it three times, in 828, 836 (when
it appears to have been chiefly Gozo that suffered), and finally in

870, when the inhabitants of Melita, having massacred the Greek
(Byzantine) garrison of 3000, opened their gates to the invaders.
The Arabs are said to h'ave destroyed part of the city so, aa to
bring the fortifications within smaller compass, rendering it more
easy to defend, and to have changed its name to Medina (great or
chief city). In a suburb just outside the present walls there was
discovered in 1881 a burial-place containing numerous Arab coffins,

overlying the remains of the Roman palace mentioned above, which
was thus finally ruinod and concealed by the conquerors. It is

known that they built a fortress in- 9-73, at the point of Mount

'

Sceherras where Fort St Elmo now stands. A few coins are pre-
served, but otherwise very little record remains of the Arab
dominion, which lusted about two hundred and twenty years; no
more Christian bishops are known until after that time, but tradi-
tioii asserts, not «'ithout probability, that some of the original
natives remaimd in certain villages and some Greeks in the capital,

among whom wer^ Cliristiaus.

Vhe Norman knights, who brought their conquering arms into
Apulia, Calabria, and Sicily, and even sent ships to Byzantium,
were probably tho first to bring a Teutonic race and influence into
Malta. Through somewhat uncertain dates it appears that Roger
I. (youngest son of Tancrcd, and brother of Guiscardl ffbout 1090

landed in the island and levied tribute, aud that about 1127
Roger II., this not being paid, set sail with a fleet, took Medina,
then governed by a gaito, Maimono, and after setting free all tha
Christians and exacting a large sum in money, mules, and horses,
completed the conquest of Malta and Gozo. Walter, hishop of
Malta, whose name is found as witness to a document of 1090, is

believed to have been now appointed by Roger I., and consecrated
by the pope. A succession of Christian bishops, endowments and
buildings made, tithes granted, &c., testify to the restoiution of
the church in the islands, while they shared with Sicily the feudal'

laws and administration newly established under the Norman rule.

In 1193 Malta as a county gave a title to Margarito Brundus^o,
grand-admiral of Sicily, and three successive counts of Malta
followed. After the Norman princes had possessed the islands
about a century, the kingdom of the Two Sicilies, and the Maltojo
islands with it, passed in 1194 to the emperor Henry VI., in pro-
fessed right of his ^\T.fe Constance, daughter and heiress of Rogc
II. In 1223 a Maltese named Henry or Arrigo is stated to hav*
been grand-admiral of Sicily (Pirrus, p. 906 ; Miege, ii. 38). Ho
is probably the same as the distinguished Henry, count of Malta,
who ^vith three hundred Maltese youths in 1205 earned the favoura
of the Genoese by brilliantly taking two forts in Tripoli (Caffarus,

Ann. Gemtaises, in Mnratori, t. vi), and who took part also in
the fouHh crusade. No traces of the crusades, however, have
been found in these islands, although it is probable that their
leaders would not neglect the advantages ot Maltese porta and
sailors.

Henceforward Malta, as a fief of Sicily, followed the fortunes of

that country. The Maltese seem to have takeu no part in tho
Sicilian Vespers (1282), hut to have held out for Charles of Anjou
until Peter of Aragon, crowned king of Sicily, August 1282, won
a battle at sea against the French, attacked Notabile and the forts,

and thus obtained possession of the islands. For nearly two hundred
and fifty years the Spanish house, through fourteen kings of Aragon,
bore rule over Sicily and Malta. In 1391 the countship was erected
into a marquisate, which lasted two years only. In 1427 a swarm
of Moors (18,000) ravaged Malta and Gozo, but were notable to take
the city Notabile

;
yet the people, though afiliicted by tho plague

in 1431—as not unfrequently at other times—were able to sally

forth to conquer Gerbi on the coast of Africa in tho following year.

The king at this time (1432) authorized the demolirion of the old
castle at Notabile, built three hundred and fifty years before, and
gave the ground on which it stood to the town ; but the fortifica-

tions of the island were strengthened (1466), the chief stronghold in
the 15th century being the fortress of St Angelo. The inhabitants,

addicted to fighting at sea, were forbidden from 1448 to 1494 to
send out armed corsair ships, in order it is said to retain thoss
capable .of defence in the islands, the population of which waa at
the beginning of that period very scant. The Jews were expelled

from Malta by the same edict. of Ferdinand, in 1492, which turned
them out of Spain, By 1514 the population of Malta had doubled

;

the two islands together contained 22,000 inhabitants (Mifege, ii.

81). They frequently attacked the Moors on the mainland, and
suffered reprisals themselves as late as 1526. Their last king of tho

Spanish house, the emperor Charles V., in 1530 granted Malta and
Gozo (with the city of Tripoli) as a noble and free fief to the
knights of St John of Jerusalem, still retaining, however, the

suzerainty, by the homage of a falcon annually to be given by the
knights.

^

Malta thus during many centuries occupied the position of a

feudal fief of Sicily ; her laws and her church date from the times of

the Normans, and both developed aa in other feudal governmento.

The progress of her political independence in the 15th century,

especially under Alphonso I. and John I., has been shown by the

historian Miege ; the history of the relations between. Malta and
the monarchs of Sicily affords an interesting example of feudal

obligations with their attendant difficulties. That these fostered

a spirit of liberty and independence in the people, and must have

tended largely to the prosperity of the islands, is shown by numerous
diplomas of the Aragonese suzerains' preserved in the archives at

Malta (Eton's Authentic Materials, 1803, p. 108 aq.\ where it is

seen that tho inhabitants acquired many privileges and were also

able to pay on emergency considerable sums of money to increase

and preserve their privileges. Thus in 1428, only a century before

the knights came, they paid 30,000 florins ofgold to King Alphons*.

in order to secure their tenure by the crown of Sicily without any
middle-lords, being the second time they thus bought back their

island rights (Eton, p. 84). These things are to be noticed,

because, as has been complained, the knights unjnstly depreciated

the VJilue and advantages of the islands, in order the more readily

to obtain the grant from Charles V. Under the kings of Sicily,

Notabile was a university or commune, with its popular council

and jurats, a captain-justiciar representing the rights of the crown ;

in other words, Malta was a republic governed by its own laws
;

the principal magistrate was named by the king out of three persons

proposed by tho consilio po}X)lare, and was liable to dismissal uu
complaint by the people. The kins protected the island, and in



M A L— M A L 343

return' tli6 Maltese took a state in his ware. When the knights

took posnossiou the Maltese stipulated that each grand ma«t(>r on

entering qIEoc should take oath bo maintain their ancient riglits

and liberties (Eton, pp. 38, 85, 101). The knights began by deceiv-

ing the Maltose candidatos for adpiission into their ranks. Their

ruJo, at iirst conciliatory, soon became despotic ; in time the over-

shadowing power of a rich military organisation encroached upon
the constitutional government, corruption brought the ofhcials

under the control of the knights, and the people lost their

liberties, though the material prosperity of the i:ilands was in

many ways heightened.

For the history of the order of St Jonn see St John (Kniohts of).

Twenty-eight successive grand masters, from Lisle d'Adam to Houi-
pesch (1530 to 1798), held the islands. Lisle d'Adam established

his convent and hospital in the Borgo, a city that had grown up on
the coast near the castle St Angclo, opposite the ancient fort St
Elmo. In 1541 was made the hrst survey for the fortification of

Valetta. Ten years latoj- the Turks, led by their famous naval
commander Dragut, ravaged Gozo, and made an attcmpl, upon
Malta which failed. The knights, ah-oady famous fur rlu-ir jiiiwrr

at sea, were soon engaged in much skirmiyliiiig warfuie against the

pirates and Turks, winning success and richea, i>i!d thy giatiluje of
Christian nations. In 1565, after eight yearsof ttirefltetlirig prepara-
tions, during which the knights had been strengthening and forti-

fying their island, the ^Turks besieged them with an immense force
;

tJiey defended themselves with such valour that it took a month to

zeduco Fort' St Elmo, and in rather over two months more the
Turks, whoso further advance was successfully resisted, were forced
to retire, leaving the knights free to build their new city Valetta
and its fortifications. The admiration and gratitude of Catholic
countries for this service to Cliristendom showed itself in liberal

donations towards these works ; large sums were also raised from
the possessions of the order ; and Valetta, the first stone of which
was laid on 26th March 1566, in four- years rose upon the ridge of
rock, "a city built by gentlemen for gentlemen, as it has been
well described,—the original design of which, the cutting down the
sock to a level platform, had only suffered from the continual fear
of molestation by the Turks while building.

The order, now firmly established in their island, continued to
carry out their mission, that of keeping the Mediterranean clear
from Turkish and Moorish pirates, and of protecting Cliristendom
against the infidels. Numerous sea-fights took place during the
16th and 17th centuries, many of them undertaken more to make
up for the neglect of some of the grand masters to supply the
islands with corn, by seizing upon Turkish stores, than tor any
better reason. Valetta became in consequence "a vast slave
mail." In 1614, under G. M. Vignacourt, an aqueduct ^as
constructed at a cost of £13,000 to bring water to Valetta fiom
spiings near Citta Vecchia, a work of immense v.aluo, and still

in use. But the wovk of fortifying Malta occupied a large share of
mouey and attention, and was cairied on without relaxation by
many of the giiind masters, down as late as the buildjng of Fort
TiguiS in 1793. Besides the great lines and forts in and round
Valetta, the knights have left their mark all over the islands

:

they made good roads, improved Citta Vecchia, built watch-towers
round the coasts, and erected towers, conntrj' palaces, and gardens.
They also established and continually carried on, at Notabile aud
Valetta, their hospitals for the sick and wounded. In 1768 the
Jesuits, having given much trouble, were expelled and their
property confiscated. Danger from rebellion twice thi-eatened the
K nights—in 17*22, when the slaves were believed to be in com-
munication with the Turks, and from 1773 to 1775, when both
people and priests were ivroiight upon by oppression and mis-
government, which, only mitigated for a time by the better mea-
sures of G. M. Rohan, led to the weak aud disorganized condition
of the order that ended in its overthrow. In June 1798, the pos-
sessions of the order in France having already been seized by the
republicans, Bonaparte on his way to Egypt landed with a large
force in a bay behind Valetta; no resistance was made, and in a fe°w

hours the French were in possession of the whole of Gozo and Malta
except the town of Valetta and one little fort. In four days more,
without bombardment, tlie order had surrendered Valetta and
practically ceased to exist. Bonaparte stayed six days, lapng
down laws and regulations with a high hand, and collecting plunder
from churches, &c. He left Vaubois in charge, but in less than
three months the Maltese had revolted from the tyranny of tiieir

new masters, and Vaubois inside Valetta with 6000 men sustained
a siege and blockade lasting two years, during which time Portuguese,
Neapolitans, and a small force of English assisted the Maltese. Sir
Alexander Ball commanded in the name of the Sicilian king,
and \<as put at the head of their Nitional Council by tlie Maltese.
On 4th September 1800 Vaubois surrendered, and the Maltese (who
lost 20,000 men) put themselves and their islands under the pro-
tection of the English,—reunion to the crown of Sicily, which they
had sought, being no longer thought of. The treaty of Amiens
(1802) provided that the islands should be restored to the order of
St John, obvioualy to the advantage of fI'anoe, but repiiguani to

the Maltese. War breaking out amin, the islands remained in the
hands of England till in 1814 they were secured to her by tho
treaty of Paris (Art 7), under which ahe still holds them.

See Kenrick'i P/umida. 18/56; A. A. Camsna's Reporli on PhcenMait on<J
Roman Anliquittei in Ualla, 1881 nnd 188a ; James SuUth. Voyage and SMpwreck
oj St Paul, 1808 ; li. Pliraii, .SltUla Sacra ; T. Fojello. S'orta ill Sidlla. 1833;
C. de linzdncoun^.JIistoira de la StciU, 1,S46 ; G. F. Abela, Haifa Iltustrata. 1772;
J. Quh'tin, Imutx MeHtfc dcsa-ipHo, 1.^30

; O. W. von Streltbjrg, Rtyie naci, dtr
Irnei iialta, 1632; R. Grcgorio, Contiderazioni topra la Storia di Sieilla, 18.39 (

F. A. C. DaTalos, Tablrau hiatoriqut de Atalle, 1810 ; W. Eton, Aullunllc Malt-
rials /or History of ilalta, 1802 ; Ilouel, Voyage Ptttoi'esque. vol. Iv.. 1787 ; O.
P. Badger, Description of Malta and (loio. 18&8; G. N. (lodwln. Ovtde to and
Aatural History of Maltese Islands, 1880; whltflorlh Porter, History of Knightl
of Malta, 1858; A, DlKtlow, Travels m Malla and Sicily, 1831; M. MliSge.
Histoire de Matte, ISiU; Parliamentary Papers—TeportB by Mr Rovrftell oa
"Taxation and Expenditure of Malta," 1878, by Sir P, Julyan on "ClviJ
Establishments," 1880, and Mr Keenan on the '* Educational System," 1880 (lh«
last two deal with the question of language); F. Vella. MalUse Orammar for
the use of tho English. 1831 ; Malla Penny Magazine, 1839-41

; J. T. Mlfsud,
Jiiblioteca Maltese, IIIA. Biydono. Teoi.ge, .John Dryden. jun., W. Tallack. Rev.
H. Seddall. Boi^gclln, Rev. W. K. R. Bedford, W. H. Banlett, St Priest, Magr.
JJies, wid F. Lacroix have also written on Malta. For natural science, see the
woikK ..r l>r A. t. Adnms, Piofessor E. Foibes, Captain Spratt, Dr O. GulJa, C.
A, WriKlit, and Wuod's Toui'tifs Flora. (L. T. S.)

MALTJi^BRUN', Conead, a distinguished geographer,
Waa born August 12, 1755, at Thysted in Denmark, and
died at Paris, December 14, 1826. His .real name was
Malte Conrad Bruun, and it was nut till he settled

in France that he became known by the more familiar

form. While a student at Copenhagen, he made himself

famous partly by his verse.s, but much more by the violence

of his political pamphleteering; and at length, in 1800,
the legal actions which the (jrovemment authorities bad from
time to time instituted against him culminated in a

sentence of perpetual banishment The principles which
he had advocated were those of the French Revolution,

and, though he at first sought asylum in Sweden, before

long he found his way to Paris. There he looked
forward to a political career ; but, when Napoleon's
personal ambition began to unfold itself, Malte Brun was
bold enough to protest, and to turn elsewhere for employ-
ment and advancement. He was associated with Mentelle
and Herbin in the compilation of their GeographU
viathematique . . de tmites les parties du Monde (Paris,

1803-7, 16 vols.), and before many years he wras

recognized as one of the best geographers of France. He
is remembered, not only as the author of six volumes of
the learned Precis de yeographie miiverselle, continued after

his death by other hands, but also as the originator of the
Annates des Voyages (1808), and the principal founder ef

the Geographical Society of Paris.

MALTHUS, Thomas Robekt ( 1 766-1 834), the scientific

expounder of the principle of population, was born in

1766 at the Rookery, a small estate owned by his father

in the county of Surrey. His father was a gentleman of

good family and independent fortune,—a man of consider-
able culture both in literature and phQc3ophy, the friend and
correspondent of Rousseau, and one of his executors, one,
too, who showed no little interest in those social problems
in which his son was to be an original inquirer. Young
Malthus was never sent to a public school, but received
bis education from private tutors, who were themselves men
of some distinction. In 1784 he was sent to Cambridge,
where he was ninth wrangler, and became fellow of his

own college (Jesus) in 1797. The same year he received
orders, and undertook the charge of a small parish in

Surrey, still, however, retaining his fellowship. In the
following year he published the first edition of his great
work. An Essay on the Principle of Population as it affects

the Future Improvement of Society, with remarks on the

speculations ofMr Godwin, M. Condorcet, and other- tvritfrs.

The work excited a good deal of surprise as well as

attention ; and with characteristic thoroughness and love

of truth the author went abroad to collect materials for the
verification and more exhaustive treatment of his views.

As Britain was then at war with France, only the northern

countries of Europe were quite open to bis research at

timt time ; bat during the brief Deace vi Aiaiens Maithua
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cbntinued bis investigations in France and Switzerland.

Tke result of these praiseworthy labours appeared in the

greatly enlarged and more mature edition of his work,

which was published in 1803. In i805 Malthus married

happily, and not long after was appointed professor of

modern history and political economy in ths East India

Company's College at Haileybury. This situation he
retained till his death in 1834. Malthus was one of the

most amiable, candid, and cultured of men. In all his

private relations be was not only without reproach, but

distinguished for the beauty of his character. He bore

the popular abuse and misrepresentation without the

slightest murmur or sourness of temper. The aim of his

inquiries was to promote the happiciess of mankind, which
could be better accomplished by pointing out the real

possibilities of progress than by indulging in vague dreams

of perfectibility apart from the actual facts which condition

human life

Malthus's E&say on Population grew out of some discus-

sions which he had with his father respecting the perfecti-

bility of society. His father shared the theories on that

subject of Condorcet and Godwin; aJid his son combated
them on the ground that the realization of a happy society

will always be hindered by the miseries consequent on the

tendency of population to increase faster than the means
of subsistence. His father was struck by the weight and
originality of his views, asked him to put them in writing,

and then recommended the publication of the manuscript.

It was in this way the Essay saw the light. Thus it will

be seen that both historically and philosophically the

doctrine of Malthus was a corrective reaction against the

superficial optimism diffused by the school of Eousseau.

It. was the same optimism, with its easy methods of

regenerating society and its fatal blindness to the real

conditions that circumscribe human life, that was re-

sponsible for the wild theories of the ''French Revolution

and many of its consequent excesses.

The Essay on the Principle of Population will best be considered

under two heads :—(1) the principle itself, with the arguments and
illustrations by which it ia supported; and (2) remarks on its origin

and its applications.

I. The principle itselt; The idea with which Slalthus starts is

the improvement of society. In an inquiry concerning the im-
provement of society there are two things to be done,—(1) to

investigate the causes that ba%'e hitherto impeded the progress of

mankind to happiness, and (2) to examine the probability of the total

or partial removal of th ese causes in future. Waivirig the considera-

tion of such an immense field of thought, Maltbus I'estricts him-
self to the examination of one great cause intimately connected
with human nature and its effects on society, which, though operat-

ing since the commencement of society, has been little noticed by
writers. This cause is the constant tendency in all animated life

to increase- beyond the nourishment prepared for it. Throughout
both the animal and vegetable kingdoms, nature has scattered the

seeds of life abroad with the most profuse and liberal hand. Life

on this planet is so proHfio that, if allowed free room to develop
itself, it would fill millions of worlds in the course of a few thousand
years. There is only one limit to the indefinite increase, and that

is necessity. In plants and irrational animals, which are impelled
by blind instinct untroubled by doubts about providing for their off-

spring, the problem is simple ; in their case increase is checked
only by want of joora and nourishment. As regards man, whose
equally powerful instinct is controlled by reason, the question is

more complicated. In his case, increase must either be checked by
preventive restraint, which too frequently produces vice ; or a con-

stant check, from the difficulty of acquiring food, must be in opera-

tion.

That population tends to increase beyond the means of subsist-

ence is obvious in two ways,—(1) from a comparison of the natural

increase of population, if left to exert itself with perfect freedom,
with the available increase of subsistence under the raost favourable
conditions, and (2) from a review of the different states of society in

which man has existed. Under the first head, Malthus considers

it a safe calculation that population, when unchecked, goes on
doubling itf^lf every twenty-five years. It has even bt-en calcu-

lated that it may double itself in about thirteen years ; that pro-

-portion has actually occurred for short periods in more countries

than one. Malthus, however, contents himself with the more

moderate rate, namely, that population, when unchecked, doubles
itself every twenty-five years, or increases in a geometrical ratio.

If so, how is the rate of increase of the meanc; of subsistence to be
estimated ? If we take a limited area, no improvement in develop-
ing the resources of the soil will keep pace with the unchecked
increase of population. "We may allow that, through the great
improvements of agriculture in Great Britain, the average produce
of the island could be doubled in the first tweuty-five yeai-s ; but in
the next twenty-five it is impossible to suppose that the produce
could be quadi-upled. The utmost we can allow is that the pro-

duce might be increased every twenty-fi\'6 jtars by a quantity
equal to what it at present yields. If we apply this supposition

to the whole earth, we shall assume an increase much greater than
any possible exertions of mankind could effect. On the whole,
then, in the present average state of the 6arth, the means of sub-
sistence could not be made to increase faster than in an arithmeti-

cal ratio. "With such, a disproportion between the ratio of increase

of population and of the means of subsistence, population can bo
kept down to the level of the means of*subsistence only by the

strong law of necessity operating as a check on the greater power,
in fact, the ultimate check to population is the want df food ; but
this ultimate check is never the immediate check, except in cai>es

of actual famine. The immediate check consists of all those cus-

toms and all those diseases which are generated by a scarcity of

food, and all the cmses independent of the scarcity which tend to

weaken and destroy the human frame. These checks are either

preventive or positive ; aud the former consist either of nionl
restraint or of vice, always so jternicious to society. The positive

checks are extremely various, including every thiug that contributes

to shorten the natural duration of human life. " Under this head
may be enumerated all unwholesome occupations, severe labour and
exposure to the seasons, exti-emc poverty, bad nui-sing of children,

laige towns, excesses of all kinds, the whole train of common
diseases and epidemics, wars, plague, and famine." The checks of

aU kinds maybe reduced to three heads—moral restraint, vice, and
misery. This theoretical exposition of tht checks to population

^lalthus supports aud illustrates by an exhaustive examination of

the cliecks which have operated or still operate in the various

countries and states of society from the brutal aud revolting

practices prevalent among the sa'^ages of Tier^a del Fuego aud
Australia to the moral self-control of the highest nations. It is not

a pleasant picture, but it is merely a presentation of historic^

and statistical facts for which Malthus is in no way responsible.

Throughout his entire exposition he does not theorize, but seeks

only to systematize and eluci<iate facts which cannot be contro-

verted, belonging as they do to the history of the world. -The only

notable exception is his attempt to express in mathematical lan-

guage the possible increase of the means of subsistence. The con-

ditions determining such increase are too vague and various to be

calculated in such a way. On this point llalthus is not followed

by subsequent economists, and it is not essential to his principle.

At the same time, in spite of its unsoundness, it does help us to

realize the disproportion between the possible increase of population

and the means of subsistence.

II. What remains to be said of the Essay on the Principle of Pojyu-

laiion may be embraced in the following notes. (1) Origin of the

principle. The population question has always had a great influ-

ence on the development of man,kind. In the most barbarous

nations the problem of preserviug the balance between food and
population must always have been a pressing one, and has led ttS

some of their cruellest and most immoral customs. The more
theoretic consideration of the question has a large place in the
political treatises of Plato and Aristotle. Just before Slalthus's timo

it had been touched by such writers as Benjamin Franklin (Olscr-

vcUioTis conccrjmig the Increase of Manl'i'>id), Hume (Populonsncss

of the Ancient Nations), "Wallace {On the Nuvibcrs of Mankiiul in

Ancient and Modem Titiesy^ Townshend {'Travels in Spain), not to

mention many other modem writers of less recent date. (2) The
remedy for over-populaiion usually proposed is emigration. No
doubt there are immense fertile areas yet unpeopled. But the diffi-

culty of transferring the surplus population, and especially of con-

veying surv»lus capital to these regions, and of co-ordinating the two,
is avpoint that must not be overlooked. In spite of the great de-

velopment of steam as a means of emigration, it remains a fact that

population tends to excess in many of the most important centres

of the world. Besides, emigration is only a postponing of the diffi-

culty. In another century even the Slississipni valley will be well

stocked. (3) Relation of Malthus to Darwin. In his book .^7mH«;/*

and Plants under Domestication, vol. i. p. 10, Daruin exp'^essly

acknowledges his indebtedness to Malthus in flunking out his

caniinal priTiciple of natural selection. After the study o*"

domestic productions had given him a just idea of the power* of

selection, he saw, *' on reading Malthus On Population, that natural

selection was the inevitable result of the rapid increase of all organic

beinga'' (4) Poordaw reform. The reformed poor law of 1634 wasn
real triumph of Malthus's teaching. The effect of th ^ old poor law
was to encourage population by relieving the labour'ug classes of
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ithe Jue responsibility of supporting themselves and tlieir families.

By discouragiiif^ foresiglit, self-control, and the s^iirit of self-reliant

independence, it 'demoralized tlio working man. 'i'lie gre.it aim of

the new poor law was to emjihasize the duty of self-support and the

responsibilities of parentage. (5) Kelatiou to modern polities. Some
of the greatest ditlicultics in contemporary politics can bo correctly

undei-stood onlyin the li^ht of the principle of population. The most
striking example of this is India, where, under the good government
<xf Kngfand, the old and unhappy checks to population, such as war,

famine, pestilence, and religious self-immolation, havo been removed.
As there lias been no projwrtionato improvement in agriculture, and
in the ethical development of the people, population has increased

beyond tlie means of subsistence, and there prevails a tendency to

chronic poverty, a very low standard of living, a general misery, and
au unsatisfactory social viaralc, which correspond badly with the high
European civilization under which such a state of things is main-
tained. (G) It is only due to the memory of a good man, who was a

sincere lover of truth apdof the progress of hutnanity, that we should
emphasize the fact that ilalthiis is in no wMyrespousiblo for the

immoral theories popularly connected with his name. Apalt from
such increase in tlie means of subsistence as may be attained by
emigration and improved agriculture, Malthus approved of only
one method of solving the popuhation question, namely, moral self-

restraint. His single precept is " Do not marry till you have a fair

prospect of sujiportinga family." The greatest and highest moral
result of Ills principle is that it clearly and emphatically teaches the

responsibility of parentage, and declares the sin of those who
bring hunian beings into the world for whose physical, intellec-

tual, and moral wellbeing no satisfactory provision is made.
Besides his (n-e.lt work. Holt'ms wrote OIifervaKons on Hit Effn-l of the Cora

Litirt ; An Ingiilni iiilo lite Xaliire aii,l Progins of lUnl ; rrivriphs of folilkut
Eronomy ; ami Drfiiiilioiis m PoHlicnl Eeoiiomii. His views on loiit were of lc;il

Iniporlanee. Foi- liia life see Memoir by Ills fiicnil l->rOttci-, bishop of Chichester
(prefixed to 2d edition, 1S3G, of tiiu PPmcipWs of Political Ecoiiotiiy). (T. K.)

MALTON, a parliamentury borough of Yorkshire, Eng-
land, which includes Old Malton and New Malton in the

North Riding, and the parish of Norton in the East Riding.

New Malton is situated on an eminence on the right bank of

the Derwent, 22 miles north-east of York and 213 north of

London. Old JIalton lies about a mile to the north-east,

nnd a bridge across the river connects New Malton with

Norton. New Malton, which is a market-town, consists of

several well-built streets radiating from the market-place.

The church of St Michael is a fine building in the Late

Norman stylo ; the church of St Leonard, of mixed archi-

tecture, with square tower and spire, has three Norman
arches and a Norman font ; the west doorway of the church

of St Mary at Old JIalton is one of the finest si^ccimens of

Norman in England. In Old Malton there is a grammar
school founded in 15-17, and also the remains of a priory

of Gilbertine canons, founded in 1150. New Malton

possesses a town-hall and a corn exchange. The town has

some shipping trade, and also iron and brass foundries,

ngricultural implement work.s, corn mills, tanneries, and

breweries. In the neighbourhood there are lime and whin-

stune quirries. Tlie popidatiou of the parliamentary

borough (area GS55 acres) in 1871 was 81G8, and in 1881

it was 8750.

M.ilton was a Koinon station, and various Iloinan remains have
Ijcen found in the m i-hliouibood. The old castle, built by the

Dc Vesris in the tiiin' of the Normans, was ileinolishcd by Henry
II. In the rciijn of Stephen the town, while occupied by the Scots,

was burned down by 'riinr.^toii, archbishop of Yorlc, and on being
rebuilt it wa.s named New Malton. The boiough sent members to

parliaiiunt as e^irly as the icign of Edward I., but for some years

previous to liitO tiie j>iivi]cgc wns in abeyance. Since 1S68 only
one member has been rctiuuLil.

M.VLTZ.VN.Hein-rich K. E. H. Freiheer [Baros] von
{1820-1874), African and Oriental traveller, was born in the

vicinity of Dresden, and studied law at Jena, but on account

of ill-liealth spent much of his time from 1850 in travel.

Succeeding to his father's property in 1852, he extended

the range of his journeys to Jlorocco and other parts of the

Maghrib, and before his return home in 1854 had also

visited Egypt, Palestine, and other countries of the Levant.

In 1856-57 lie was again in Algeria ; in 1858 he reached

the city of Morocco; and in 18G0 lie succeeded in per-

forming the pilgrimage to Mecca, which he afterwards

15—V-i*

described in his bock Meine WaUfaht nach itcaa, but

had to flee for his lite to Jcddah without visiting Mcdinn.

He then visited Adui and Bombay, and after some two
years of study in Europe again began to wander through

the coasts and islinds of the Mediterranean, repeatedly

visiting Algeria. His first book of t.nvel, 2'liree Years in

ihe North- West ofAfrica, appeared in 1803 and was followed

by a variety of wtrks and essays, popular and scientific,

till a little before ais death at Pisa in 1874, when he put

an end with his ovn hand to neuralgic pains which had
tortured him for vears.

Maltzan's last bo.>k, Ittise in Arahifn (1373), is one of his most
useful contributions. It contains, like his other works, some lively

description, but is chiefly valuable as a digest of much infonnation

about little-known parts of South Arabia collected from natives

during a residence at Aden in 1870-71. Among his other sersieos

to science must b^ noticed his collection of Puiiie inscriptions (A'ciVc

in Tunis unci Tnpo/is, 3 vols., Leipsie, 1870), various collectiona

on Arabic dialects (Z. D. il. O., various dates), and the editing of

Von Wrede's remarkable journey iu Hadramaut (1873).

MALUS, i)iiENNE Louis (1775-1812), the discoverer

of the laws of the polarization of light by reflexion, born

at Paris on the 23d of June 1775, was the son of Anna
Louis Mains du Mitry, and of Louisa Charlotte Desboves,

his wife. His lather, who had a place in the treasury of

France, gave lim at home an excelhnt education in

mathematics anl in the fine arts, as w.;ll as in- classical

literature, and lie then studied with distinction in the

school of militLry engineers ; but, being regarded as a

suspected persor, probably on account of the situation

held by his father, he was dismissed from the school without

receiving a commission, and obliged to enter the army as

a private soldier. Being employed upon the fortifications

of Dunkirk, ho was soon distinguished by M. Lep6re, the

director of the worlcs, as superior to his act-idental situation,

ancj was selected is a member of the fictde Polytechniquc

then to be estallished under Monge, -vho immediately

chose him as one of the twenty who were to be instructors

of the vc&t. In this institution, which at that moment was

the only refuge of the sciences in France, he passed three

years, giving si>ecial attention to the mathematical theory

of optics. From the tcole he was admitted into the corps

of engineers, and served in the army of the Sambre and

Meuse ; he was present at the passage of the Rhine in

1797, and at the affairs of Ukratz and Altcnkirch. In

Germany he fell in love with the daughter of Koch,

the chancellor of the university of Giessen ; and he was

on the point of marrying her wlien he was obliged to join

the Egyptian expedition. He remained in the East, and

saw much service till the capitulation vath the English,

when he returned to France (October 1801), and hastened

to Germany to fulfil his engagement. His fidelity was

rewarded, during the eleven years that he survived, by tlie

most constant and affectionate attention on the part of his

wife.

Though his health was much broken by the eastern

campaign. Mains was still able to combine the pursuit of

his favourite sciences with his ofiicial duties in superin-

tending the construction of works at Antwerp and at

Strasburg ; and upon occasion of a prize question proposed

by the Institute he undertook the investigation of the

extraordinary refraction of Iceland crystal, which the

experiments of Dr WoUaston had pr;viously shown to

agree very accurately with the laT.'s laid down by

Iluygens ; and, besides completely coi firming all Wollas-

ton's results, he had the good forture greatly to extend

the Huygenian discovery of the peculiar modification

of light produced by the action of ;;uch crystals, which

Newton had distinguished by the' name "polarity," ii.ul

which MaUis now found to be prodaced iu a variety of

circumstances, independently of the action of crystallized

XV. - 44
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bodies. It seems natural to suppose that the investigation

of the laws of the internal reflexion of light at the second

surface of the crystals must have led him to the discovery

of the effects of oblique reflexion in other circumstances
;

but, according to Eiot, Malus's first observation of polariza-

tion by reflexion was due to the accident that he chanced

to look through a quartz crystal at the im.ige of the sun

reflected from the windows of the Luxembourg. The

value of his discovery was acknowledged by his election

as a ijiember of the Institute, by the award of the Rum-

ford medal of the Royal Society of London, and by military

promotion. Mains died on the 24th of February 1812,

universally regretted by the lovers of science in all

countries, and deeply lamented by his colleagues, who

Baid of him, as Newton did of Cotes, that if his life had

been prolonged we should at last "have known some-

thing " of the laws of nature.

Malus's fii-st publication appears to have been a paper "On an

unknown Branch of the Nile," in the first volumo of the Decade

Egijplicnne. A mathematical " Traito d'Optitiuc," presented to the

Institute before the completion of his experiments on double refrac-

tion, was published in the Mimoires pr. a V Institiil, vol. ii., Paris,

1810. His more impoi-tant discoveriea were first made known in

the second volume of the Memoires d'Armeil, Paris, 1809, 8vo ; and

a^ain, in the "Theory of Double Refraction," Mim. pr. A I Inst.,

vol. ii., a paper wliich obtained a prize on the 2d of January 1810.

See Delnmbre, M. Inst.., 1816, p. xxvii. ; Biot, in Biographic

Univcrselh, xxvi., Paris 1820.

MALVASIA (from the Greek Moaembasia, i.e., the

city of the single approach or entrance ; the Italian

Napoli di Malvasia, the Turkish Mengeshe or Beneslie),

one of the principal fortresses and commercial centres of

the Levant during the Middlo Ages, still represented by

a considerable mass of ruins and a town of about 1000

inhabitants, stood on the east coast of the Morea, contigu-

ous to the site of the ancient Epidaurus Limera, of which

it took the place. So extensive was its trade in wine that

the name of the place became familiar throughout Europe

03 the distinctive appellation of a special kind—the Italian

Malvasia, Sjianish Malvagia, French Mahoisie, English

Malvesie. or Mnlmsei/. The wine was not of local growth,

but came for the most part from Tenos and others of the

Cyclades.

As a fortress Jfalvasia played an important part in the stniggle.i

between Byzantium, Venice, and Turkey. The Byzantine emperoi-s

considered it one of their most valuable posts iu the Morea, and

rewarded its inhabitants for their fidelity by unusual privileges.

Phrantzea (lib. iv. cap. xvi. ) t^s how Mauricius Tiberius made

the city (previously dependent in ecclesiastical matters on Corinth)

a metropolis or archbishop's see, and how Alexius Comnenus, and

more especially Andronicus Palaaologus, gave the Monembasiotes

freedom from all sorts of exactions throughout the empire. In

1147 Malvasia bade defiance to the Normans, and in 1205 obliged

Villehardonin, after a four years' siege, to swear to preserve its

liberties and privileges (Fallmerayer, i. pp. 408-409). It was

deferded against the Turks by Manuel Palajologus in 1460.
^
In

1689 it was the only town of the Morea which held out against

Morosini, and Coruaro his successor only succeeded in reducing it

by famine. In 1715 it capitulated to the Turks, and on tho failure

of the insurrection of 1770 the leading familie.^ were scattered

abroad. As the first fortress which fell into the hands of the

Greeks in 1821, it became in the following year tho seat of the

first national assembly.

See Curtiiia, Piylopojimsos, Ii. pp. 293 and 393 ; Castellan, Lettres sur la ilorie

(1808) for a plan ; and Valiero, Eiit. delta gueiTa di Cattdia (Venice, 1679) for

details 03 to the fortress.

MALVERN, Great, a watering-place of Worcestershire,

England, beautifully situated ou the eastern slope of the

Malvern hills, 8 miles south-west by south of Worcester,

and 120 north-west by west of London.- The town is

irregularly built, but there are many villas, and on account

of its fine situation in tho centre of the Chase of Malvern,

its pure air, and its chalybeate and bituminous springs,

it is much frequented by summer visitors. At Malvern

a hermitage was endowed by Edward the Confessor,

which after the Conquest was changed into a Bene-

dictine priory. Of the buildings, wliich date from 10S3,
there still remain the abbey gate, and also the cLuich
(partly rebuilt in the reign of Henry VII., and restored

since 1861), a very fine structure, Normau and Perpen-
dicular, with square embattled tower. There is a proprie

tary college, founded in 1863. At Little Malvern, about
3 miles south of Great JIalvern, there was a Benedictine

priory, founded in 1171, upon the site of which the dwell-

ing-house of Malvern Court has been erected, preserving

the tower and chancel of the old priory church. At Mal-

vern Wells, 2 miles south of Malvern, is the celebrated
" Holy Well," the water of which is of perfect purity.

The population of Malvern in 1871 was 5693, and in

1881 it was 5847.

MALWA, an historical province 'of Central India,

roughly coextensive with the western portion of the

Central India agency, is bounded on the N. by Hindustan

Proper, on the E. by Bundelkhand, on the S. by the

Deccan, and on the W. by RAjputAna. It consists of an

upland region, with many fertile valleys, included within

the main rivere of the Ganges, the Son, the Chambal, and
the Nerbudda. In prehistoric times the capital was
the ancient city of Ujain (Oojein), associated in Hindu
legend with the great king VikramAditya, the date of whose
accession (57 B.C.) has given the " Samvat" era to all India.

The Mohammedan chronicler Ferishta describes SIAlw.i

as the kingdom of an independent rdjA, when Mahmild of

Ghaznf invaded India in tho beginning of the 11th century.

It appears to have first fallen into the hands of the

Moslems about 1309, during the reign of the Delhi

emperor Ald-ud-dlri. When the Tughlak dynasty was
weakened by the repeated attacks of the Mughals, their

viceroy in M.Alw.i succeeded in establishing his independ-

ence. The first Moslem king of Malwa was Diliwar

KliAn Ghori, of Afghdn origin, who ruled from 1387 to

1405, and placed his capital at Mandu. He was succeeded

by his son Hoshang Ghori, to whom are attribtited most

of the magnificent ruins still to be seen at Mandu. In

1526 the Ghori dynasty came to an end, being overthrown

by BahAdur ShAh of GuzerAt ; and in 1570 MAlwA was,

on the conquest of GuzerAt by the emperor Akbar, incor-

porated in the Mughal dominions. . On the decay of the

Delhi empire in the ISth century, MAlwA was one of tho

first provinces to be overrun by the Mahrattas. In 1737

the peshwA exacted chauth or one-fourth of the revenue,

and at a later date the two great military chiefs Sindhia

and Holkar cafved out for themselves kingdoms, which

their descendants still retain. But the Mahrattas set up
no organized government, so that MAlwA, besides its native

population of predatory Bhils, became the refuge of all the

mercenary bandits of the peninsula. In the beginning of

the present century, the depredations of these bandits or

PindArls led to what is sometimes known as the fourth

Mahratta war of 1817, under the governor-generalship of

Lord Hastings. As the result, the PindArls were

extirpated ; and under .the rule of Sir John Malcolm the

Bhils were tamed, and the jungles were cleared of wild

beasts. Many of the Bhils have been enlisted as British

soldiers; and tho headquarters of the MAlwA Bhll

corps is at SardArpur. At the present day MAlwA is

best known as giving its nanle to the opium which is

annually exported from Bombay to the amount of about

37,000 chests.

MAMELUKE, a corruption of the Arabic Martduk

(Memlook), a slave. The name of Mamelukes has passed

into history from the body-guard of Turkish slaves first

formed in Egypt under the successors of Saladin, who
ultimately usurped the supreme power. For the history

of tho Mameluke sultans and Mameluke, beys, see Egypt,

vol. vii. p. 755 s^.
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MAMMALIA
MAMMALIA (French, Mammifires ; Gennan, San</e-

thUre) is the name invented by Linnaeus (from the

Latin, numima), and now commonly used by zoologists,

for one of the classes of vertebrated animals, which,

though the best known and undoubtedly the most im-

portant group of the animal kingdom, has never received

any generally accepted vernacular designation in our

language. The unity of structure of the animals compos-

ing this class, and their definite demarcation from other

vertebrates, were not recognized until comparatively

modern times, and hence no word was thought of to desig-

nate what zoologists now term a mammal. The nearest

equivalents in common use aro " beast" and "quadruped,"
both of which, however, cover a diflferent ground, as they

are often used to include the larger four-footed reptiles,

and to exclude certain undoubted mammals, aa Man, Bats,

and Whales.

The limits of the class as now understood by zoologists

are perfectly well defined, and, although certain forms still

existing ou the earth (though not those mentioned above
as excluded by the popular idea) are of exceedingly aberrant

structure, exhibiting several well-marked characters which
connect them with the lower vertebrated groups, common
consent retains them in the class with which the great

proportion of their characters ally them, and hitherto no
traces of any species showing still more divergent or tran-

sitional characters have been discovered. There is thus a

great interval, not bridged over by any known forms,

recent or extinct, between mammals and other vfertebrates.

In the gradual order of evolution of living beings,

mammals taken altogether are certainly the highest in

organization, as they were probably the last to appear on
the earth's surface, though this must be said with some
reservation, pending farther knowledge of the early history

of the class of birds. But, as in speaking of all other

large and greatly differentiated groups, this expression

must not be understood in too limited a sense. The
tendency to gradual perfection for their particular station

ia life, which all groups manifest, leads to various lines, of

specialization, or divergence from the common or general

type, which may or may not take the direction of elevation.

A too complex and sensitive condition of organization may
in some circumstances of life be disadvantageous, and
modification may then take place in a retrograde direction.

In mammals, as in other classes, there are low forms aa

well as high forms, but by any testa that can be applied,

especially those baseS on the state of development of the

central nervous system, it will be seen that the average
exceeds the average of any other class, that many specks
of this class far excel those of any other in perfection of

structure, and that it contains one form which is unques-
tionably the culminating point yet arrived at amongst
organized beings.

With regard to the time of the first appearance of

mammals upon the earth, the geological record is provok-
ingly imperfect. At the commencement of the Tertiary

period they were abundant, and already modified into

most of the leading types at present existing. It was at

one time thought that they first came into being at this

date, but the discovery of fragments of numerous Bma'l
ipecies has revealed the existence of some forms of tlie

class at various periods throughout almost the whole of
the age of the deposition of the Secondary rocks. This
subject will be reverted to later on.

It hardly need be said that mammals are vertebrated
animals, and possess all the characteristics cominn to the

members of that division of the animal kingdom. They
are separated from the IdUkyopsida (fishes and amphibia)

and agree with the Saurapsida (reptiles and birds) in tlie

possession during their development of an amnion and
allantois, and in never having external branchiae or gills.

They ditler .from reptiles and resemble birds in being
warm-blooded, and having a heart with four cavities and a
complete double circulation. They differ from both birds

and reptiles in the red corpuscles of the blood being
nucleated and, with very few exceptions, circular in out-

line ; in the lungs being freely suspended in a thoracic

cavity, separated from the abdomen by a complete muscular

partition, the diaphragm, which is the principal agent in

inflating the lungs in respiration ; in having but one aortic

arch, which curves over the left bronchus ; in the skin

being more or less clothed with hair, and never with

feathers ; in the greater perfection of the commissural

system of the cerebral hemispheres, which has either a
complete corpus callosura, or an incomplete one associated

with a very large anterior commissure ; in having no
syrinx or inferior vocal organ, but a complete larynx at

the upper end of the trachea ; in having a mandible of

which each ramus (except in very early developmental

conditions) consists of a single bone on each side, articulat-

ing to the squamosal, without the intervention of a quadrate

bone ; in having a pair of laterally placed occipital con-

dyles instead of one median one ; and in the very obvious

character of the female being provided -with mammary
glands, by the secretion of which the young (produced alive

and not by means of externally hatched eggs) are nourished

for some time after birth.

In common with all vertebiated animais, mammals have
never more than two pairs of limbs. In the great majority

of the class both are well-developed and functional, and
adapted for terrestrial progression, as the larger number
of mammals live ordinarily on the surface of the earth.

They are, however, by no means limited to this situation.

Some species spend the greater part of their lives beneath

the surface, their fore limbs being specially modified fcr

burrowing; others are habitually arboreal, their limbs being

fitted for climbing or hanging to boughs of trees ; some aro

as aerial as birds, the fore limbs being developed into wings

of a special character ; others are as aquatic as fishes, the

limbs assuming the form of fins or paddles. In many vt

the latter the hinder extremities ara either comphtely
suppressed, or present only in a rudimentary state. Ia

uo known mammal are the fore limbs absent.

The hinder extremity of the axis of the body is usually

prolonged into a tail, which may be a mere pendent

appendage, or modified to perform various functions, as

grasping boughs in climbing, or even gathering food, in the

case of the prehensile-tailed Monkeys and Opossums,

swimming in the Cetac^a, and acting as a flap to drive

away troublesome insects from the skin in the Ungulata.

GENERAL ANATOMIC.A.L CH.4.RACTERS OF THE
MAilMALU.

Tegumektakv Structures.

The external surface of the greater number of members niii.

of the class is thickly clothed with a peculiarly modified
,

form of epidermis, commonly called hair. This consists

of hard, elongated, slender, cylindrical or taperinf, filiform,

unbranched masses of epidermic material, growing from a

short papilla sunk at the bottom of a follicle in the derm

or true skin. Such hairs upon different pwta of the same
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animal, or upon different animals, assume various forms,

vnd are of various sizes aud degrees of rif;idity,—as seen

\a the delicate soft velvety fur of the Mole, the stiff

bristles of the Pig, and the spines of the Hedgehog

and Porcupine, all modifications of the same structures.

These differences arise mainly from the different arrange-

ment of the constituent elements into which the epithelial

C9lb are modified. Each hair is composed usually of a

cellular pithy internal portion, containing much air, and a
denser ^r more horny cortical part. In some animals, as

Deer, the substance of the hair is almost entirely composed

of the medullary or cellular substance, and it is conse-

quently very easily broken ; in others the horny part pre-

vails almost exclusively, as in the bristles of the Wild

Boar. In the Three-toed Sloth (Bradypus) the hairs have

a central horny axis and a pithy exterior. Though gene-

rally nearly smooth, or but slightly scaly, the surface of

some hairs is strongly imbricated, notably so iu some Bats,

while in the Two-toed Sloth (Cholcepus) they are longi-

tudinally grooved or fluted. Though usually more or less

cylindrical or circular in section, they are often elliptical

or flattened, as in the curly-haired races of men, the

terminal portion of the hair of Jloles and Shrews, and
conspicuously in the spines of the Rodents Xerus and

Platacanthomys. Hair having a property of mutual

cohesion or "felting," which depends upon a roughened

Bcaly surface and a tendency to curl, as in domestic Sheep

(in which animals this property has been especially culti-

vated by selective breeding), is called " wool"
In a large number of mammals hairs of one kind only

are scattered pretty evenly over the surface, but in many
there are two kinds, one longer, stiffer, and alone appear-

ing on the surface, and the other shorter, finer, and softer,

constituting the under fur, analogous to the down of birds.

In most cases hairs of a different character from those of the

general surface grow iu special regions, forming ridges or

tufts on the median dorsal or ventral surface or elsewhere.

The tail is very often completed in this way by variously

disposed elongated hairs. The margins of the eyelids are

almost always furnished with a special row of stiffish hairs,

called cilix or eyelashes, and in most mammals specially

modified hairs, cofistituting the vibrissse or whiskers,

end(5wed, through the abundant nerve supply of their

basal papillse, with special tactile powers, grow from the

lips and cheeks. In some mammals the hairy covering is

partial and limited to particular regions ; in others, as the

Hippopotamus and the Siretiia, though scattered over the

whole surface, it is extremely short and scanty ; b'ut in

none is it reduced to so great an extent as in the Oetacea,

in which it is limited to a few small bristles confined to

the neighbourhood of the lips and nostrils, and often only

present in the young or even foetal condition.

Some kinds of hairs, as those of the mane and tail of the

Horse, appear to persist throughout the life-time of the

animal; but more generally, as in the case of the body hair

of the same animal, they are shed and renewed periodically,

generally annually. Many mammals have a longer hairy

coat in winter, which is shed as summer comes on ; and
some few, which inhabit countries covered in winter with

snow, as the Arctic Fox, Variable Hare, and Ermine,

undergo a complete change of colour in the two seasons,

being white in winter, and grey or brown in summer. The
several species of Cape Jlole {CkrysoMoris), the Desmans
or Water Moles' (ityogate), and Potaniogale vehx are

remarkable as being th6 only mammals whose hair reflects

those iridescent tints so common iti the feathers of tropical

birds.

The principal and most obvious purpose of the hairy

covering is to protect the skin against external inilHences,

especially cold and damp. Its function in the hairless

'[teoumentaky stkuotures.'

Cetacea is supplied by the specially modified and thickened

layer of adipose tissue beneath the skin called " blubber."

True scales, or flat imbricated plates of horny material, Scales,

covering the greater part of the body, so frequently occur-**'- .
'

ring in reptiles, are found in one family only of mammals,
the Manida; or Pangolins ; but these are also associjited

with hairs growing from the intervals between the scales or

on the parts of the skin not covered by them. Similarly

imbricated epidermic productions form tlie covering of tha

under surface of the tail of the flying Rodents of the genus

Anomalunis ; and flat scutes, with the ed^es in apposition,

and not overlaid, clothe both surfaces of the tail of tha

Beaver, Rats, and others of the same order, and also of

some Insectivores and Marsupials. The Armadillos alone

have an ossified esoskeleton, composed of plates of true

bony tissue, developed in the derm or corium, and covered

withscutes of hornyepidermis. Other epidermic appendages

are the horns of Ruminants and Rhinoceroses,— the former

being elongated, tapering, hollow caps of hardened epidermis

of fibrillated structure, fitting on and growing from coni-

cal projections of the frontal bone, and always arranged

in pairs, while the latter are of similar structure, but

without any infernal bony support, and situated in tha

median line. Callosities, or bare patches covered with

hardened -and Iflickened epidermis, are found over the

ischial tuberosities of many apes, the sternum of camels,

on the inner side of the limbs of the Eqiiidsc, the grasping

under surface of the tail of prehensile-tailed monkeys, he
The greater part of the skin of both species of one-horned

Asiatic Rhinoceros is immensely thickened and stiffened by
increase of the tissue both of the derm and epiderm, con-

stituting the well known jointed " armour-plated " hide of

those animals.

With very few exceptions, the terminal extremities of Nails,

the digits of both limbs are more or less protected or armed claws,

by epidermic plates or sheaths, constituting the various "*' "^

forms of nails, claws, or hoofs. These are wanting ip the

Cetacea alone. A perforated spur, with- a special secreting

gland in connexion with it, is found attached to the hind

leg of the males of the two species of Monotremata, tha

Ornithorhynchtts and Echidna.

Besides the imiversally distribufed sebaceous glands Odonr-

connected with the pilose system, most mammals have 6ecretin|

special glands situated in modified por.ions of the integu- S'*""^

ment, often involuted to form a shallow recess or a deep

sac with a narrow opening, situated in various parts of the

surface of the body, and which secrete odorous substances,

by the aid of which individuals appear to recognize one

another, and which probably afford the principal means bjj

which wild animals are able to become aware of the pre-

sence of other members of the species, even at great dis-

tances. Although the commencement of the modifications

offportious of the external covering for the formation of

special secretions maybe at present diflicult to understand,

the principle of natural selection will readily explain how
such organs can become fixed and gradually increase in

development in any species, especially as there would

probably be a, corresponding -raodiucation and increased

sensibility of the olfactory organs, Such individuals aq

by the intensity and peculiarity of their scent had greatei

power of attracting the opposite sex would certainly be

those most likely to leave descendants to inherit and in

their turn propagate the modification.

To tliis group of structures belong the suborbital gland

or "crumen" of Antelopes and Deer, the frontal gland of

the Muntjak and of Bats of the genus Phylhrhina, tha

submental gland of the Chevrotains and of Tapho:ous and
some other Bats, the post-auditory follicle of the Chamois,

the temporal gland of the Elephant, the lateral glands of tha

Musk-Shrew, the lumbar gland of the Peccary, the inguinal
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glands of Antelnpoa, the preputial glands of the Musk D«er

and Beaver (both so well known for the use made of their

powerfully odorous secretion in medicine and perfumery)

and also of the Swine and Hare, the anal glands of C'ar-

nivora, the perineal gland of the Civet (also oS commercial

value), the caudal glands of the Fox and Goat, the gland

on the humoral membrane of Bats of the genus Saccopteryx,

the postJigital glaud of the Rhinoceros, the inter-digital

glands of the Sheep and many Ruminants, and numerous

others. In some of these cases the glands are peculiar to,

or more largely developed in, the male ; .ia others they are

found equally developed in both sexes.

Dental System.

The dental system of mammals may be considered rather

more in detail than space permits for some other portions

of their structure, both on account of the important part it

plays in the economy of the animals of this class, and of its

interest to zoologists as an aid in classification and identi-

fication of species. Owing to the imperishable nature of

their tissues, teeth are preserved for an indefinite time,

and in the case of extinct species often offer the only

indications available from which to derive an idea of the

characters, affinities, and habits of the animal to which they

have belonged. Hence even their smallest modifications

have received great attention from comparative anatomists,

aod they have formed the subject of many special mono-
graphs.'

Teeth are present m nearly all mammals, and are applied

to various purposes. They are, however, mainly subserv-

ient to the function of alimentation, being used either in

procuring food by seizing and killing living prey or gather-

ing and biting off portions of vegetable material, and more
indirectly in tearing or cutting through the hard protective

coverings of food substances, as the husks and shells of

nuts, or in pounding, crushing, or otherwise mechanically

dividing the solid materials before swallowing, so as to

prepare them for digestion in the stomach. Certain teeth

are also in many animals most efiicient weapons of offence

and defence, and for this purpose alone, quite irrespective

of subserviency to the digestive process, are they developed

in the male sex of many herbivorous animals, in the females

of which they are absent or rudimentary.

Teeth belong essentially to the tegumentary or dermal
system of organs, aod, as is well seen in the lower vertebrates,

pass by almost insensible gradations into the hardened
spines and scutes formed upon the integument covering the

outer surface of the body, but in mammals they are more
specialized in structure and limited in locality. In this

class they are developed ouly in the gums or fibro-mucous

membrane covering the alveolar borders of the upper and
lower jaw or the premaxillary and maxillary bones and the

mandible. In the process of development, for the purpose
of giving them that support which is needful for the per-

formance of their functions, they almost always become
implanted in the bone,—the osseous tissue growing up and
moulding itself around the lengthening root of the tooth,

so that ultimately they become apparently parts of the

skeleton. In no mammal, however, does ankylosis or bony
union between the tooth and jaw normally take place, as

in many fishes and reptiles,— a vascular layer of connective
tissue, the alveolo-dental membrane, always intervening.^

^ Ia F. E. Rousseau, Anatomie comparee du Syst^e Dentaire ckez
VITomme et chas lea principaux Animaux, 2d ed. 1839; F. Cuvier^Zles
Dents des MammifSres coJisideries comme caract^es zoologiques, 15^2-
25; R. Owen, Odontography, 1840-45; C. G. Giebel, Odonto-
graphle, 1856; C. S. Tomes, Manual of Dental Anatomy, Muman
and Comparative, 2d ed., 188S.

^ The lower incisors of some species of Shrews are, however, said to
become ankylosed to tie jaw in adult age.

The presence of two or more roots, frequently met with in

mammals, implanted into corresponding distinct sockets of

the jaw, is peculiar to animals of this cla.s.s.

The greater number of mammalian teeth Tvhen fully Ptme-

formed are not simple and homogeneous in structure, '""'

"

but are composed of several distinct tissues.
Kreth.

1. The pulp, a soft substance, consisting of a very delicate Palft

gelatinous connective tissue, in which numerous cells are

imbedded, and abundantly supplied with blood-vessels and
nerves, constitutes the central axis of all the basal part of

the tooth, and affords the means by which the vitality of

the whole is preserved. The nerves which pass into the

pulp and endow the tooth with sensibility are branches of

the fifth pair of cranial nerves. The pulp occupies a larger

relative space, and performs a more important purpose in
the young growing tooth than afterwards, as by the calci-

fication and conversion of its outer layers the principal

hard constituent of the tooth, the dentine. La formed. In

teeth which have ceased to grow the pulp occupies a com-

paratively small space, which in the dried tooth is called

the pulp cavity. This communicates with the external

surface of the tooth by a small aperture at the apex of tho

root, through which the branches of blood-vessels and

nerves, by which the tooth receives its nutrition and sensi-

tivenes.s, pass in to be distributed in the pulp. In grow-

ing teeth the pulp cavity is widely open below, while io

advanced age it often becomes obliterated, and the pulp

itself entirely converted into bone-like materiaL

2. The dentine or ivory forms the principal constituent of Dentjr

the gi eater number of teeth. When developed in its most
characteristic form, it is a very hard but elastic substance,

white, with a yellowish tinge, and slightly translucent. It

consists of an organic matrix, something like but not

identical with that of bone, richly impregnated with

calcareous salts (chiefly phosphate of lime), these constitut-

ing in a fresh human tooth 72 per cent, of its weight. When
subjected to microscopical examination it is seen to ba
everywhere permeated by nearly parallel branching tubes

which run, in a slightly curving or wavy manner, in a
general direction from the centre towards the free surface

of the tootL These tubes communicate by open mouths
with the pulp cavity, and terminate usually near the

periphery of the dentine, by closed ends or loops, though

in Marsupials and certain other mammals they penetrate

into the enamel They are occupied in the living tooth

by soft gelatinous fibrils connected with tho cells of the

pulp. A variety of dentine, permeated by canals con-

taining blood-vessels, met with commonly in fishes and in

some few mammals, as the Megatheri'im, is called vaso

dentine. Other modifications of this tissue occasionally

met with are called osteo-dentine and secondary dentine—
the latter being a dentine of irregular structure which often

fills op the pulp cavity of old animals.

3. The enamel constitutes a thin investing layer, com- Bc&i>.-4.

plete or partial, of the outer or exposed and working
surface of tho dentine of the crown of the teeth of most

mammals. This is the hardest tissue met with in the

animal body, containing from 95 to 07 per cent, of miuera-

substances (chiefly pnosphate and some carbonate of lime

with traces of fluoride of calcium). Its ultimate structure

consists of prismatic fibres, placed generally with the;r

long axes at right angles to the free surface of the tooth

Enamel is easily distinguished from dentine with the nakej

eye, by its clear, bluish-white, translucent appearance.

i. The cemenlum or crusta peti'osa is always the most C»-

externally placed of the hard tissues of which teeth are meflUD*

composed, as will be understood when the mode of develo|>-

ment of these organs is considered. It is often only found

as a thin layer upon the surface of the root, but sometimes,

OS ia the comples-crowued molar teeth of the Horse aad
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'Elephant, it is a structure which playa a very important

jiart, covering and filling in the interstices between the

folJb of the enamel. In appearance, histological structure,

nuiT chemical .composition it is closely allied to osseous

tissue, containing lacunae and canaliculi, though only when
it is of considerable thickness are Haversian canals present

in it.

T)c. ?lf* . Development oftki^eeth.—The two principal constituents
*'*" i)f the teeth, the dentine and the enamel, are developed

from the two layers of the buccal mucous membrane, the

dentine from the submucous, the enamel from the epithelial

layer. The latter dips down into the substance of the gum,
aud forms the enamel organ or germ, the first rudiment of

the future tooth, which is constantly present even in thase

animals in which the enamel is not found as a constituent

oE the perfectly-formed tooth. Below the mass of epithelial

cells thus embedded in the substance of the gum, and re-

maining connected by a narrow neck of similar structure

rvith the epithelium of the surface, a port-ion of the T.iscular

submucous areolar tissue becomes gradually separated and

defined from that which surrounds it, and assumes a distinct

form, which is that of the crown of the future tooth,—

a

single cone in the case of simple teeth, or with two or more

eminences in the complex forms. This is called the dental

papilla or dentine germ, and by the gradual conversion of

its tissue into dentine the bulk of the future tooth is

formed, the uncaloified central portion remaining as the

pulp. The conversion of the papilla into hard tissue com-

ijipnces at the outer surface of the apes, and gradually

proceeds downwards and inwards, so that the form of the

papilla exactly determines the form of the future dentine,

aud no alteration either in shape or size of this portion of

the tooth, when once calcified, can take place by addition

to its outer surface. In the meanwhile calcification of

jiortion of the cells of the enamel organ, which adapts itself

li^e a cap round the top of the dentinal papilla, and has

assumed a somewhat complex structure, results in the

formation of the enamel coating of the crown of the tooth.

While these changes are taking place the tissues immediately

surrounding the tooth germ become condensed arid differen-

tiated into a capsule, which appears to grow up from the

base of the dental papilla, and encloses both this and the

euameV germ, constituting the follicle or tooth sac. By
the ossification of the inner layer of this follicle, the

cementum is formed. This substance therefore, unlike

[the dentine, increases from within outwards, and its

growth may therefore be the cause of considerable modi-

fication of form and enlargement, especially of the roots,

of certain teeth, as those of Seals and some Cetacea. The
delicate homogeneous layer which coats the enamel surface

of newiy-formed teeth, in which cementum is not found

in the adult state, and known as Nasmyth's membrane, is

considered by Tomes as probably a film of this substance,

too thin to exhibit its charr-.leristic structure, though by
others it is believed to be derived from the external layer

of the enamet organ. The homology of the teeth with the

dermal ' appendages, hairs, scales, and claws has already

been alladed to, and it will now be seen that in both cases

two of the primary embryonic layers are concerned in their

development, the mesoblast and epiblast, although in very

different proportions. In the hair or nail the part derived

from the epiblast forms the principal bulk of the organ, the

mesoblast only constituting the papilla or matrix. In the

tooth the epiblastic portion is limited to the enamel, always

of relatively small bulk and often absent, while the dentine

(the principal constituent of the tooth) and the cementum
are formed from the mesoblast.

When more than one set oi teeth occur in mammals,

those of the second set are developed in a precisely similar

iiianuer to the first, but the enamel germ, instead of being

derived directly from an independent part of the oral

epithelium, is formed from a budding out of the neck of
the germ of the tooth succeeded. In the case of the true
molars which have no predecessors, the ge.ij of the first

has an independent origin, but tha; of the others is derived

from the neck of the germ of the tooth preceding it in the

series. The foundations of the permanent teeth are thus
laid as it were almost simultaneously with those of theii

predecessors, although they remain in many cases for years

before they are developed into functional activity.

Although the commencement of the formation of teeth

takes place at an early period of embryonic life, they are
'

in nearly all inammals still concealed bfeneath the gum at

the time of birth. The period of eruption, or " cutting "

of the teeth as it is called, that is, their piercing through
and rising above the surface of the mucous membrane,
varies much in different sjsecies. In some, aa Seals, the

whole series of teeth appear almost simultaneously ; but
more often there are considerable intervals between their

appearance, the front teeth usually coming into place first,

and those at the back of the mouth at a later period.^

General Characters.—The simplest form of tooth may be Forms d
exemplified on a large scale by the tusk of the Elephant tetiU.

(fig. 1, L). It is a hard mass almost entirely composed
of dentine, of a conical shape at first, but during growth
becoming more and more cylindrical or uniform in width.

The enamel covering, present on the apex in its earliest

condition, soon disappears, but a thin layer of cementum
covers the circumference of the tooth throughout life. On
section it will be seen that the basal portion is hollow,

and contains a large conical pulp, as broad at the base

as the tooth itself, and deeply imbedded in the bottom
of a recess or socket in the upper maxillary bone. Thi;

pulp continues to grow during the lifetime of the anim! I

and to be converted at its surface into dentine. The too I

therefore continually elongates, but the use to which the

animal subjects it in its natural state causes the apex to wear
away, at a rate generally proportionate to the growth at

the base, otherwise it would become .of inconvenient length

and weight. Such teeth of indefinite growth are said to be
"rootless," or to have "persistent pulps."

One of the corresponding front teeth of man (fig. 1,

II. and in.) may be taken as an example of a very
diS'erent condition. After its crown is fully formed by
calcification of the germ, the pulp, though continuing

to elongate, begins to contract in diameter ; a ' neck or

slight constriction is formed ; and the remainder of the

pulp is converted into the root (or fang), a tapering

conical process which is imbedded in the alveolar cavity

of the bone, and has at its extremity a minute perfora-

tion, through which the vessels and nerves required to

maintain the vitality of the tooth enter the pulp cavity,

very different from the widely open cavity at the base of

the growing tooth. When the crown of the tooth is broad
and complex in character, instead of having a single root,

it may be supported by two or more roots, each of which is

implanted in a distinct alveolar recess or socket, aud to

the apex of which a branch of the common pulp cavity is

continued (fig. 1, IV.). Such teeth are called "rooted teeth."

When they have once attained their position in the jaw,

with the neck a little way above the level of the upper
margin of the alveolus, and embraced by the gum or tough
fibro-vascular membrane which covers the alveolar border,

and having the root fully formed, they can never increase

in length or alter their position. If theey- appear to do so

in old age it is only in consequence of absorption and
retrocession of the surrounding alveolar margins. If, as

^ See the conclusion of the article Digestivb Organs, vol. vii. p.

233 sq., for a more detailed :>nd illustrated account of the structura

and development", especially of the liuman teeth-
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often happens, their surface wears away" in mastication, it

ia never renewed. The open cavity at the base of the

imperfectly developed rooted tooth (fig. 1, II.) causes it

to resemble the persistent condition of the rootless

tooth. The latter

istherofore a more ^tt M
jiriniitive . condi-

tion, the forma-

tion of the root

being a comple-

tion of the process

of tooth develop-

ment. Function-

ally it is, however,

difficult to sny

that the one is a

higher form than

the other, as

they both serve

important and
different purposes

in the animal

economy.

As is almost

always the case

in nature, inter-

mediate condi-

tions ; between

these two forms

«f teeth are met
with. Some, as

the molars of the

Horse, and of

many Rodents,

are for a time

rootless, and have Fio. l.—Diagrammatic Sections of various forms of

• rr.nMnfT niilrio Tccth. I. IncisoF of ElcptUmt. witli pulp cavity pcp-growing pilips siitenlly open at base. II. Human incisor durini;

producing' a very licvelopmcnt, wIHi mot imperfectly formed, and pulp°
- "^.vity widely open at base. III. Completely formed

imnn incisor, with pulp cavity contractedlent; crown with
IV. Hu aiola:

./itlr broad crown and two roots. V. Molar of Ox,
summit of which wltli enamel covering tlio crown deeply folded and

ith the depressions filled up with ccinentum. Tlio
irface is worn by uso; otticiwise the enamel coat ins
ould be continuous at the top of the ridges. In all

le liRurea the enamel is black, the pulp white, the
?ntine rcprcsenfced by horizontal lines, and the cc-

1 by dots, •

may be in use

and beginning to

wear away while

the base is still

growing, but ultimately the pulp contracts, forms a neck
and distinct roots, and ceases to grow. The canine tusks of

the Musk Deer and of the Walrus have persistent pulps,

and are open at their base until the animal is of advanced
age, when they close, and'the pulp ceases to be renewed.

The simplest form of the crown of a tooth is that of

a cone ; but this may be variously modified. It may be
flattened, with its edges sharp and cutting, and pointed at

the apex, as in the laterally compressed premolars of most
C<tfnimra, or it may be chisel- or awl-shaped, with a
straight truncated edge, as in the human incisors; or it may
be broad, with a flat or rounded upper surface. Very often

there is a moi-e or less prominent ridge encircling the whole
or part of the base of the crown just above the neck, called

the cingulum, which serves as a protection to the edge of

the gum in masticating, and is best developed in flesh-

eiting and insectivorous animals, in which the gums are

liable to be injured by splinters of boneor other hard frag-

ments of their food. The form of the crown is frequently

rendered complex bythe development upon its surface of

elevations or tubercles called cusps, or by ridges usually

transverse, but sometimes variously curved or folded.

AVhen the crrown is broad and the ridges greatly developed,
as in the molars of the Elephant, Horse, and Ox (fig. 1, V.),

the interspaces between them are filled with cementuni,

which supports them and makes a solid compact mass of

the whole tooth. When such a tooth wears away at the

surface by friction against the opposed tooth of the other

jaw, the different density of the layers of the substances

of which it is composed—enamel, dentine, and cementum

—

arranged in characteristic patterns, causes them to wear
unequally, the hard enamel ridges projecting beyond the

others, thus giving rise to a grinding surface of great

mechanical advantage.

Succession of Teeth.—The dentition of all mammals con- Snceei

sists of a definite set of teeth almost always of constant and *'°" "'

determinate number, form, and situation, and, with few
'"''"'

exceptions, persisting in a functional condition throughout
the natural term of the animal's life. It many specieii

these are the only teeth wlrich the animal ever posscsc.os.

—the set which is first formed being permanent, or, if

accidentally lost, or decaying in extreme old age, not bein^
replaced by others. These animals are called Monophyodont.
But, in the larger number of mammals, certain of the teeth

are preceded by others, which may be only of a very

transient, rudimentary, and functionless character (being

in the Seals, for example, shed either before or within a,

few days after birth), or may be considerably developed,

and functionally occupy the place of the permanent teeth

for a somewhat lengthened period, during the growth and
development of the latter and of the jaws. In all cases

.

these teeth disappear (by the absorption of their roots and
shedding of the crowns) before the frame of the animal

has acquired complete matui'ity as evidenced by the

coalescence of the epiphyses of the osseous .system. A.?

these teeth are, as a general rule, present during the period

in which the animal is nourished by the, milk of the

mother, the name of "milk teeth" (French denis delaif,

German Mihchznhne) has been commonly accorded to them,

although it must be understood that the epoch of their

presence is by no means necessarily synchronous with rhat

of lactatiom Animals which possess such teeth are called

Diphyodont. No mammal is known to have more than .

two sets of teeth ; and the definite and orderly replace-

ment of certain members of the seiies is a process of quite

a different nature from the indefinite succession which takes

place in all the teeth continuously throughout the lifetime

of the lower vertebrates.

When the milk teeth are well developed, and continue"

in place during the greater part of the animal's growth, as

is especially the case with the Unr/vlala, and, though to a

less degree, with the Primates and Carnivora, their use is

obvious, as taken all together they form structurally a

complete epitome on a small scale of the more numerous
and lai'ger permanent set (see fig. 3), and, consequently,

are able to perform the same functions, while time is

allowed for the gradual maturation of the latter, and espe-

cially while the jaws of the growing animal are acquiring

the size and strength sufficient to support the permanent
teeth. Those animals, therefore, that have a well-developed

and tolerably persistent set of milk teeth may be considered

to be in a higher state of development, quoad dentition,

than those that haiie the milk teeth absent or rudimentary.

It is a very general 'rule that individual teeth of the

milk and permanent set have a close relationship to one

another, being originally formed, as mentioned above, ir

exceedingly near proximity, and with, at all events as far ab

the enamel germ is concerned, a direct connexion. More-

over, as the latter ultimately come to occupy the position

in the alveolar border temporarily held by the former, they

are spoken of respectively as the predecessors or successors

of each other. But it must be understood that milk teeth

may be present which have no successors in the permanent

series, and, what is far more general, permaneut teeth maa
have no predecessors in the milk series.
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The complete seiies of psrinanent teeth of most mammals
foims a complex raachiue, with its several parts adapted

for different functiou^),—the most obvious structural

modification for this purpose being an increased complexity

of the individual components of the series from the anterior

towards the posterior extremity of such series. Since, as

has just been said, the complete series of the milk teeth

often presents structurally and functionally a similar

machine, but composed of fewer individual members, and
the anterior of which are as simple, and the posterior as

complex, as those occupying corresponding positions in the
permanent series,—and since the milk teeth are only
developed in relation to the anterior or lateral, never to

the most posterior of the permanent series,-—it follows that

the hinder milk teeth are usually more complex than the

teeth of which th»y are the predecessors in the permanent
series, and represent functionally, not their immediate suc-

cessors, but those more posterior permanent teeth which
have no direct predecessors. This character is clearly seep.

in those animals in which the various members of the molar
series are well differentiated from each other in form, as

tf.he Carnivora, and also in Man.
In animals which have two sets of teeth the number of

the teeth of the permanent series which are preceded by
milk teeth varies greatly, being sometimes, as in Marsupials
end some Rodents, as few as one on each side of eacli jaw,

and sometimes including the larger portion of the series.

Although there are difficulties in some cases in arriving

at a satisfactory solution of the question, it is, on the

whole, safest to assume that when only one set of teeth

is present, these correspond to the permanent teeth of the

Diphyodonts. When this one set is completely developed,

and remains in use throughout the animal's life, there can

be no question on this subject. When, on the other hand,

the teeth are rudimentary and transient, as in the Whale-
bone Whales, it is possible to consider them as representing

the milk series ; but there are weighty reasons in favour

of the opposite conclusion.^

Arrange- General A rrangement, Homologies, and Noialion of Teeth
luentand

^y: Mammals.—The teeth of the two sides of the jaws are

f cation "''''^J's alike in number and character, except in cases of

of teeth, occidental or abnormal variation, and in the one remark-
able instance of constant deviation from bilateral symnjetry

among mammals, the tusks of the Narwhal (see fig. 49,

p. 398), ia which the left is of immense size, and the right

rudimentary. In those animals also, as the Dolphins and
'some Armadillos, which have a very large series of similar

teeth, not always constant in number in different indi-

viduals, there may be differences in the two sides ; but,

ipart from these, in describing the dentition of any
mammal, it is quite sufficient to give the number and
characters of the teeth of one side only. As the teeth of

the upper and the lower jaws work against each other in

masticating, there is a general correspondence or harmony
between them, the projections of one series, when the
mouth is closed, fitting into corresponding depressions of

the other. There is also a general resemblance in the
number, characters, and mode of succession of both series,

80 that, although individual teeth of the upper and lower
jaws may not be in any strict sense of the term homologous
parts, there is a great convenience in applying the same
descriptive terms to the one which are used for the other.

The simplest dentition as a whole is that of many species

' This and other questions concerning the homologies, notation, and
Buccession of the teeth of mammals are more fully developed in two
Tuemoira by the present wi-iter :

— *' Remarks on the Homologies and
Notation of the Teeth of the Mammalia," in the Joumal of Anatomy
and Physiology, vol. iii. p. 262, 1869; and " Notes on the First or
Milk Dentition of the Mammalia," in the Trans. Odonlological Society
ofOreat Britain, 1871.

of Dolphin (fig. 2), in which the crowns ere single-pointed,

slightly curved cones, and the roots also single and taper-

ing, and all alike in form from the anterior to the posterior

end of the series, though it may be with some slight

difference in size, those at the two extremities of the

Fig. 2.—Upper and Lower Teeth of one side of the Mouth of a Doiphin {Lageno-
rhyTtcfius), as an example of the homoiloot type of dentition. The bone cover-
ing the outer side of the roots of the teeth has been removed to show their
simple character.

series being rather smaller than the others. Such a den-

tition is called Homodont, and in the case cited, as the

teeth are never changed, it is also Monophyodont. Such
teeth are adapted only for catching slippery living prey,

as fish.

In a very large number of mammals the teeth of different

parts of the series are more or less differentiated in

character, and have different functions to perform. The
front teeth are simple and one-rooted, and are adapted for

cutting and seizing. They are called "incisors." The back
teeth have broader and more complex crowns, tuberculated

or ridged, and they aie supported on two or more roots.

They crush or grind the food, and are heuce called "molars."

Many animals have, between these two sets, a tooth at

each corner of the mouth, longer and more pointed than

the others, adapted for tearing or stabbing, or for fixing

struggling prey. From the conspicuous development of

such teeth in the Carnivora, especially the Dogs, they have
received the name of " canines." A dentition with its

component parts so differently formed that these distinctive

terms are applicable to them is called Heterodont. In
most cases, though by no means invariably, animals with

Heterodont dentition are also Diphyodont.

This general arrangement is extj-emely obvious in a

considerable number of mammals ; and closer examination

shows that, under very great modifications in detail, there

is a remarkable uniformity of essential characters in the

dentition of a large number of members of the class

belonging to different orders and not otherwise closely

allied, so much that it has been possible (chiefly through

the researches of Professor Owen) to formulate a common
plan of dentition from which the others have been derived

by the alteration of some and suppression of other

members of the series, and occasionally, but very rarely,

by addition. Tlie records of pahtontology fully confirm

this view, as by tracing back many groups now widely

separated in dental characters we find a gradual approxi-

mation to a common type. In this generalized form of

mammalian dentition (which is best exemplified in the

genera Anoplotherium and HomalodoHlotherium) the entire

number of teeth present is 44, or 11 above and 11 below

on each side. Those of each jaw are placed in continuous

series without intervals between them; and, although the

anterior teeth are simple and single-rooted, and the pos-

terior teeth complex and with several roots, the transition

between the two kinds is gradual.

In dividing and grouping such teeth for the purpose

of description and comparison, more definite characters

are required than those derived merely from form or

function. The first step towards a classification has

been made by the observation that the upper jaw is

composed of two bones, the premaxilla and the maxilla,

and that the suture betweea these bones separates tha
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three anterior teeth from the others. These threo teeth

then, which are implanted by their roots in the pre-

maxilla, form a distinct group, to which the name of

" incisor " is applied. This distinction is, however, not

BO important as it appears at first sight, for, as mentioned

when speaking of the development of the teeth, their

connexion with the bone is only of a secondary nature,

and, although it happens conveniently for our purpo.=e

that in the great majority of cases the segmentation of

the bone coincides with the interspace between the third

and fourth tooth of the series, still, when it does not

happen to do so, as in the case of the Mole, we must not

give too much weight to this fact, if it contravenes other

reasons for determining the homologies of the teetL The
eight remaining teeth of the upper jaw offer a natural

division, inasmuch as the posterior three never have

milk predecessors, and, although some of the anterior

teeth may be in the same case, the particular one pre-

ceding these threo always has such a predecessor. These

three then are grouped apart as the "molars," or /'true

molars," as some of the teeth in front of them often have

a molariform character. Of the five teeth between the

incisors and molars the most anterior, or that which is

usually situated close behind the premaxillary suture,

almost always, as soon as any departure takes place from

the simplest and most homogeneous type, assumes a

lengthened and pointed form, and is the tooth so developed

as to constitute the "canine " or "laniary" tooth of the Car-

nivora, the tusk of the Boar, &c. It is customary therefore

to call this tooth, whatever its size or form, the " canine."

The remaining four are the "premolars" or "false

molars." This system of nomenclature has been objected

to as being artificial, and in many oases not descriptive,

the distiuction between premolars and canine especially

being sometimes not obvious, but the terms are now in such

general use, and are so practically convenient—especially if,

as it is best to do in all such cases, we forget their original

signification, and treat them as arbitrary signs—that it is

not likely they will be superseded by any that have been

proposed as substitutes for them.

With regard to the lower teeth the difficulties are

greater, owing to the absence of any suture corresponding

to that which defines the incisors above ; but, as the

number of the teeth is the same, as the corresponding teeth

are preceded by milk teeth, and as in the large majority of

cases it is the fourth tooth of the eerles which is modified

in the same way as the canine (or fourth tooth) of the upper

jaw, it is quite reasonable to adopt the same divisions as

with the upper series, and to call the first three, which are

implanted in the part of the mandiblo opposite to the pre-

maxilla, the incisor.s, the next the canine, the next four

the premolars, and the last three the molars. It may be

observed that when the mouth is closed, especially when
the opposed surfaces of the teeth present an irregular out-

line, the corresponding upper and lower teeth are not

exactly oiiposite, otherwise the two series could not fit into

one another, but as a rule the points of the lower teeth

shut into the interspaces in front of the corresponding teeth

of the upper jaw. This is seen very distinctly in the

canine teeth of the Caritivora, and is a useful guide in

determining the homologies of the teeth of the two jaws.

Objections have certainly been made to this view, because,

in certain rare cases, the tooth which, according to it,

would be called the lower canine has the form and function

of an incisor (as in Ruminants and Lemurs), and on the

other hand (as in Oreodon, an extinct Ungulate from

North America) the tooth that would thhs be determined

as the first premolar has the form of a canine ; but it

should not be forgotten that, as in all such cases, definitions

derived from form and function alono are quite as opau to

objection as those derived from position and relation to mr.
rounding parts, or still more so.
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Fio. 3.— Milk and Permanet Dentition or Upper (I.) and Lower (II.) Jaw of tho
Peg {Cants familiaris), with tlie eymbola by which tile' different teetli aro
commonly designated. The third upper molar (m 3) is the only tooth wanting
in this animal to complete the typical heterodont mammalian dentition.

For the sake of brevity the complete dentition, arranged DenW
according to these principles, is often described by the fol- fonnul'

lowing formula, the numbers above the line representing

the teeth of the upper, those below the line those of the lower

jaw :— incisors ^^fi canines
j^-Ji'

premolars ^, molars

3^ = fj-3jj;
total 44. As, however, initial letters may oe

substituted for the names of each group, and it is quits

unnecessary to give more than the numbers of the teeth

on one side of the mouth, the formula may be conveniently

abbreviated into

—

«'
I. c T> P f> "» I = ii ;

total **•

The individual teeth of each group are always enumerated
from before backwards, and by such a formula as the
following

—

i1, i 2, i 3, e, pi, p2, p3, p i,m 1, m 2, m 3

il, i2, i3, c,p 1, p 2, p S, p 4, m 1, ml, mZ
a special numerical designation is given bv which each one
can be indicated. In mentioning any sijgle tooth, such a
sign as — will mean the first upper molar, -

, the first lower

molar, and so oil The use of such signs saves much time
and space in description.

It was part of the view of the founder of this system of

dental notation that, at least througnout the group of

mammals whose dentition is deri-j-'d from this general

type, each tooth has its strict homoioguo in all species, and
that in those cases in which fewer than the typical number
are present (as in all existing mammals except the

genera Siis, Gymnura, Talpa, and Myogale) the teeth that

are missing can be accurately defined. According to this

view, when the number of incisors falls short of three

it is assumed that the absent ones are missing from the

outer and posterior end of the series. Thus when there is

but one incisor present, it is t 1; when two, they are i 1 and

i 2. Furthermore, when the preiuolars and the molars

aro below their typical number, the absent teeth are

missing from the fore part of the premolar series, and

from the back part of tho molar series. If this wero

invariably so, the labours of those who describe teeth

would be greatly simplified ; bnt there are unfortun-

ately so many exceptions that a close scrutiny into th3

XV. — 4';
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situation, relations, and development of a tooth may be

required before its nature can be determined, and in some
cases the evidence at out disposal ia scarcely sufficient for

the purpose.

The milk dentition ia expressed by a similar formula,

d for deciduous being commonly added before the letter

expressive of the nature of the tooth. As the three

molars and (almost invariably ') the first premolar of

the permanent series have no predecessors, the typical

milk dentition would be expressed as follows

—

di §, clc
-J-,

d7n, I = 7 = 28. The teeth which precede the premolars of

the permanent series are all called molars in the milk

dentition, although, as a general rule, in form and function

they represent in a condensed form the whole premolar

and molar series of the adult. When there is a marked
diflFerence between the premolars and molars of the

permanent dentition, the first milk molar resembles a
premolar, and- the last has the characters of the posterior

true molar.

BjMn The dentition of all the animals of the orders Primates,

lions Carnivora, Insectivora, Chiroplera, and Ungulala can
fvom clearly be derived from, the above-described generalized

ized"^
*yps- '^^^ same may be said of the Rodents, and even

typs. the Proboscidea, though with greater modification, at

least in the existing members of the order. It is also

apparent in certain extinct Cetaceans, as Zeuglodon and
Squalodon, but it ia difficult to find any traces of

it in existing Celacea, Sirenia, or any of the so-called

Udentata. All the Marsupials, different as they are in

their general structure and mode of life, and variously

modified as is their- dentition, present in this system of

organs some deep-lying common characters which show
their unity of origin. The generalized type to which their

dentition can be reduced presents considerable resemblance
to that of the placental mammals, yet differing in details.

It is markedly heterodont, and susceptible of division

into incisors, canines, premolars, and molars upon the
same pruiciples. The whole number is, however, not
limited to forty-four. The incisors may be as numerous as

five on each side, and are almost always different in number
in the upper and the lower jaw. The premolars and molars
are commonly seven, as in the placental mammals, but their

arrangement is reversed, as there are four true molars and
three premolars ; and finally the milk dentition of all known
Marsupials, existing or extinct, is (if not entirely absent)
limited to a single tooth on each side of each jaw, this

being the predecessor of the last permanent premolar.
In very few mammals are teeth entirely absent. Even

in the Whalebone Whales their germs are formed in the

same manner and at the same period of life as in other

mammals, and even become partially calcified, but they
•never rise above the gums, and completely disappear before

the birth of the animal. In some species of the order

Edentata, the true Anteaters and the Pangolins, no traces

of teeth have been found at any age. The Monotremata
are in like case, although the Ornitkorhynchus has
flattened, ridged, horny plates at the back of both jaws,
which answer the purpose of molar teeth.

Modifications of the Teeth in Relation to their Functions.

—The principal functional modifications noticed in the
dentition of Mammalia may be roughly grouped as (1)
piscivorous, (2) carnivorous, (3) insectivorous, (4) omni-
vorous, and (5) herbivorous, each having, of course,

numerous variations and transitional conditions.

PiBoi- 1. The essential characters of a piscivorous dentition are
vorous Dest exemplified in the Dolphins, and also (as modifications
dentition.

f,f ^jjg carnivorous type) in the Seals. It consists of an

Byrax alone among, existing mammals wMch liave four premolars
liaa also foot milk molars,

elongated, rather narrow mouth, wide gape, with "numerous
subeqaal, conical, sharp-pointed, recurved teeth adapted
simply to rapidly seize, but not to divide or masticate,

active, slipplery, but not powerful prey. All animals which
feed on fish as a rule swallow and digest them entire, a

process which the structure of prey of this nature, especi-

ally the intimate interblending of delicate, sharp-pointed

bones with the muscles, renders very advantageous, and
for which the above-described type of dentition is best

adapted.

2. The camivorooa type of dentition is shown in its Caini-

most perfect development among existing mammals in vorons.

the Felidm. The function being here to seize and kill

struggling animals, often of large size and great muscular
power, the canines are immensely developed, trenchant, and
piercing, and are situated wide apart so as to give the

firmest hold when fixed in the victim's body. The jaws
are as short as is consistent with the free action of the

canines, so that no power may be lost. The incisors are

very small, so as not to interfere with the penetrating

action of the canines, and the crowns of the molar series

are reduced to scissor-like blades, with which to pare oft

the soft tissues from, the large bones, or to divide into

small pieces the less dense portions of the bone for the

sake of nutriment afforded by the blood and marrow it

contains. The gradual modification between this and the

two following types will be noticed in their appropriate

places.

3. In the most typical insectivorous animals, aa the inseeti.

Hedgehogs and Shrews, the central incisors are elongated, voroua.

pointed, and project forwards, those of the upper and lower

jaw meeting like the blades of a pair of forceps, so as

readily to secure small active prey, quick to elude capture,

but powerless to resist when once seized. The crowns of

the molars are covered with numerous sharp edges and
points, which working against each other, rapidly cut up
the hard cased insects into little pieces, fit for swallowing

and digestion.

4. The omnivorous type, especially that adapted for the Omni-

consumption of soft vegetable substances, such as fruits of vorom

various kinds, may be exemplified in the dentition of Man,
of most Monkeys, and of the less modified Pigs. The
incisors are moderate, subequal, and cutting. If tha

canines are enlarged, it is usually for other purposes than

those connected with food, and only in the male sex. The
molars have their crowns broad, flattened, and elevated

into rounded tubercles.

6. In the most typically herbivorous forms of dentition, Herbi-

as seen in the Horse and Kangaroo, the incisors are well voroua,

developed and trenchant, adapted for cutting off the

herbage on which the animals feed ; the canines are rudi-

mentary or suppressed ; the molars are large, with broad

crowns, which in the simplest forms Jiave strong transverse

ridges, but may become variously complicated in the higher

degrees of modification which this type of tooth assumes.

The natural groups of mammals, or those which in our

present state of knowledge we have reason to believe are

truly related to each other, may each contain examples of

more than one of these modifications. Thus the Primates

have both omnivorous and insectivorous . forms. The
Carnivora show piscivorous, carnivorous, insectivorous, and
omnivorous modifications of their common type of denti-

tion. The Ungnlata and the Eodentia have among them
the omnivorous and various modifications, both pimple and
complex, of the herbivorous type. The Marsvpialia exhibit

examples of all forms, except the purely piscivorous.

Other orders, moro restricted in number or in habits,

as the Proboscidea and Celacea, naturally do not show so

great a variety in the dental structure of their members.

In considering the taxonomic value to be assi£;ned to
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axial portion belonging to tho head and trunk, and an
appendicular portion belonging to tho limbs. There ara
also certain bones called splanchnic, being developed within
the substance of some of the viscera. Such are the o»

ayrdis and os jieiiU found in some mammals.
It is characteristic of all tho larger bones of the Mam-

malia that their ossification takes its origin from several

distinct centres. One near the middle of the bone, and
spreading throughout its greater portion, constitutes the

diapKysis, or " shaft," in the case of the long bones.

Others near tho extremities, or in projecting parts, form
the epiphyses, which remain distinct during growth, but

ultimately coalesce with the rest of the bone.

The axial skeleton consists of the skull, the vertebral Axial

column (prolonged at the posterior extremity into the tail), akeletoo,

the sternum, and tho ribs.

In the ehdl of adult mammals, all the bones, except the Skull,

lower jaw, the auditory ossicles, and the bones of the hyoid

arch, are immovably articidated together, their edges being

Tixo- the modilicai-lons of teeth of mammals, two principles, often

"""'y- opposed to each other, which have been at work in produc-

ing these modifications, must be held in view :—(1) the

type, or ancestral form, as we generally now call it,

characteristic of each group, which in most mammals is

itself derived from the still more generalized type described

above ; and (2) variations which have taken place from this

typo, generally in accordance with special functions which

th'' teeth are called upon to fulfil in particular cases. These
variations are sometimes so great as completely to mask
the primitive type, and in this way the dentition of many
animals of widely different origin has come to present a

remarkable superficial resemblance, as in the case of the

Wombat (a Marsupial), tho Aye-Aye (a Lemur), and the

rSodents, or as in the case of the Thylacine and the Dog.

In all these examples indications may generally be found

of the true nature of the case by examining the earlier

conditions of dentition ; for the characters of the milk

teeth or the presence of rudimentary or deciduous mem-
ters of the permanent set will generally indicate

the route by which the specialized dentition of

the adult has been derived. It is perhaps owing

to the importance of the dental armature to the

•well-being of the animal in procuring its susten-

ance, and preserving its life from the attacks of

enemies, that great changes appear to have taken

place so readily, and with such comparative

rapidity, in the form of these organs, changes

often accompanied with but little modification in

the general structure of the animal. Of this pro-

position the Aye Aye {Chiromys) among Lemurs,

the Walrus among Seals, and the Narwhal
among Dolphins form striking examples ; as, in

all, the superficial characters of their dentition

would entirely separate them from the animals

with which all other evidence (even including the

mode of development of their teeth) proves th6ir

close affinity.

The Skeleton.

The skeleton is a system of hard parts, forming Fi=. 4^i^Bitadinai and v<ruc:j section ot the sk^i of ^D^g^Cc^nKfcmMi^^t,
, , .

° mandible and hyoid arch. on. anterior nanal aperture ; Ml, maxlIio-TOTbinal Done; /57,

a framework which supports and protects the etiimo-ttirblnal ; iVa, nasal ; if£, ossified portion of the mescthmoW ; C«. cribriform pUte of

„„ft„- „..„nr,o r.„A >;„„„,„? fl „ 1,„J., Tt »„«„;„i„ tho ethmo-tUTblnal ; Fr, frontal i
/>ii, paiietal ; IP. Interparietal; SO. supra-occlpltal

;
EzO,

softer organs and tissues of the body. It consists
ex-occlpital ; bo. liu-oicipltal ; Per, pcnotlc; Sa. basl-suhcnoid ; Pt. pterygoid; AS. ali-

of dense fibrous and cartilauinoUS tissuas, of which eplicnold ; os, orbito-sphenold ; PS. prcsphenold ; pi, paUtliiB ; ro, vomer
;
MX maiilla

;

.. ... , "It • ii . 1 1 ._ /•J/j, premaxUla ; i*. stylo-hyal ; »/^ rpi-hyal ; cA, cerato-hyal ; t^i.basUiyaJ ; (A. Uiyro-hyal

;

portions remain through life in this state, but , symphysia of m»ndlble; fp.coronoU piocesi; c* condyle; a, anule; W, inferior dental

thp PTPater nart i=; tnn^fnrniprl dnrinir tlip iri-nwtli «"» Tlie mandible Is displaced dovrawards, to show ita entire (ormj the • indicates thome greater pan is [ransiormea aunng me gi owiu ^^ ^ y^^ cranium to which Uie condyle is artioUated.'

of the animal into bone or os.seous tissue.

This is cliaracterized by a peculiar histological structure

and chemical composition, being formed mainly of a

gelatinous basis, strongly impregnated with salts of lime,

chiefly phos[i!iate, and disposed in a definite manner, con-

taining nunibi-ous minute nucleated spaces or cavities called

lacunae, connected together by delicate channels or

canaliculi, which radiate in all directions from the sides of

the la -'infe. Pai ts composed of bone are, next to the

teeth, the most imperishable of all the organs of the body,

often retaining their exact form and internal structure for

ages after every trace of all other portions of the organiza-

tion has completely disappeared, and thus, in the case of

extinct animals, affording the only means of attaining a
knowledge of their characters and affinities.'

In the Armadillos and their extinct allies alone is an

in close contact, often interlocking by means of fine denti-

culations projecting from one boce and fitting into corre-

sponding depressions of the other, and held together by the

periosteum, or fibrous membrane investing the bones, pass-

ing directly from one to the other, permitting no motion,

beyond perhaps a slight yielding to external pressure. In

old animals there is a great tendency for the different bones

to become actually united by the extension of ossification

from one to the other, with consequent obliteration of the

sutures. The cranium, thus formed of numerous originally

independent ossifications, retaining through life more or

less of their individuality, or all fused together, according

to the species, the age, or even individual peculiarity, con-

sists of a brain case, or bony capsule for enclosing and

_ protecting the brain, and a face for the support of the

ossified exoskeleton, or bony covering developed in the organs of sight, smell, and taste and of those concerned

skin, present. In all other mammals the skeleton is com-
pletely internal. It may be described as consisting of an

^ See for the principal morlificatioiis of the skeleton of this cLass, the
large and beautifully illustrated Osteographie of De Blainville, 1S35-
£4 ; the soction devoted to this subject in Bronn's Klassen vud Ord-
nnnstm des Thier-Reichs, by Giebel, 1874-79; and .4 m IntrodurHon
to the Osteology of the Mammalia, by W. H. Flower, 2d eii 1871.

in seizing and masticating the food. The brain cas<^

articulates directly with the anterior cervical vertebra, by

means of a pair of oval eminences, called condyles, placed

on each side of the large median foramen which transmits

- This and many of the following figures ar

Osieotoyij of the ilamirtalia, llacmillan, 1876.

taken from Flower's
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the spinal cord. . It consists of a basal axis, conlinjous

Berially with the axes or centra of the vertebrse, and of an

arch above, roofing over and enclosing the cavity which

contains the cephalic portion of the central nervous sys-

tem Cfee fig. 4). The base with its arch is composed of

three segments placed one before the other, each of which

is comparable to a vertebra with a greatly expanded neural

arch. The hinder or occipital segment consists of the

basi-occipital, ex-occipital, and supra-occipital bones ; the

middle segment of the basi-sphenoid, ali-sphenoid, and

parietal bones ; and the anterior segment of the pre-

sphenoid, orbito-sphenoid, and frontal bones. The axis is

continued forwards into the mesethmoid, or septum of the

nose, around which the bones of the face are arranged in

a manner so extremely modified for their special purposes

that anatomists who have attempted to trace their serial

homologies with the more simple portions of the axial

skeleton have arrived at very diverse interpretations. The

characteristic form and structure of the face of mammals

is mainly dependent upon the size and shape of (1) the

orbits, a pair of cup-shaped cavities for containing the eye-

ball and its muscles, which may be directed forwards or

laterally, placed near together or wide apart, and may be

completely or only partially encircled by bone
; (2) the

nasal fossae, cavities on each side of the median nasal

septum, and forming the passage for the air to pass

between the external and the internal nares, and contain-

ing in their upper part the organ of smell
; (3) the

Kygomatic arch, a bridge of bone for the purpose of

muscular attachment, which extends from the side of the

face to the skull, overarching the temporal fossa
; (4) the

roof of the mouth, with its alveolar margin for the

implantation of the upper teeth- The face is completed

by the mandible, or lower jaw, consisting of two lateral

rami, articulated by a hinge joint with the squamosal (a

cranial bone interposed between the posterior and penul-

timate segment of the brain case, where also the bony

capsule of the organ of hearing is placed), each being com-

posed of a single solid piece of bone, and united together

in the middle line iu front, at the symphysis,—which union

may be permanently ligamentous or become completely

ossified. Into the upper border of the mandibular rami

the lower teeth are implanted.

In only those species in which the brain holds a large

relative proportion to the rest of the body, as in Man and

the smaller species of the Primates and some other orders,

does the external form of the skull receive, much impress

from the real shape of the cavity containing the brain.

The size and form of the mouth, and the modifications of

the jaws for the support of teeth of various shape and num-

ber, tlxe ridges and crests on the cranium for the attach-

ment of the muscles necessary to put this apparatus in

motion, outgrowths of bone for the enlargement of the

external surface required for the support of sense organs

or of weapons, such as horns or antlers (which outgrowths,

to 4)reveut undue increase of weight, are filled with cells

containing air), cause the principal variations in the general

configuration of the skull. These variations are, however,

only characteristically developed in perfectly adult animals,

and are in many cases more strongly marked iu the male

than the female sex. Throughout all the later stages of

growth up to maturity the size and form of the braiu case

remain comparatively stationary, while the accessory parto

of the sk'dl rapidly increase and take on their distinctive

development characteristia of the species.

The hyoidean apparatus in mammals supports the tongue

and larynx, and consists of a median portion below, the-

basi-hyal, from which two pairs of half arches, or cornua,

extend upwards and outwards. The anterior is the most

important, being connected with the oeriotic bone of the

cranium. It may be almost entirely ligamentous, but morf
often h^ several ossifications, the largest of which i&

osnally the stylo-hyaL The posterior coruu (thyro-hyal)

is united at its extremity with the thyroid cartilage of the

larynx, which it suspends in position. The median portion,

or basi-hyal, is sometimes, as iu the Howling Monkeys,
enormously enlarged and hollowed, admitting into its cavity

an air-sac connected with the organ of voice.

The vertebral column consists of a series of distinct Ver*
'

bones called vertebrie, arranged in close connexion with**''

each other along the dorsal side of the neck and trunk,

and in the median line.' It is generally prolonged
posteriorly beyond the trunk, to form the axial support of

the appendage called the tail. Anteriorly it is articulated

with the occipital region of the skull. The n ;mber of

distinct bones of which the vertebral column is composed
varies greatly among the Mammalia, the main variatiun

being due to the elongation or otherwise of the tail

Apart from this, in most mammals the number is not fa?

from thirty, though it may faU as low as twenty-six (as in

some Bats), or rise as high as forty {Eyrax and Ckolcepui).

The diS'erent vertebra, with some exceptions, remain
through life quite distinct from each other, though closely

connected by means of fibrous structures which allow of a
certain, but limited, amount of motion between them. The
exceptions are the following :—near the posterior part of

the trunk, in nearly all mammals which possess completely

developed hinder limbs, two or more vertebrse become
ankylosed together to form the " sacrum," the portion of

the vertebral column to which the pelvic girdle is attached ;

also, in certain species of "Whales and of Armadillos, there

are constant -^sific nnions of certain vertebrje of the v
vical region.

Although the vertebrae of diS'erent regions of tne coinmn
of the same animal or of diflferent animals present great

diversities of form, there is a certain general resemblance

among them, or a common plan on which they are con-

structed, which is more or less modified by alteration of

form or proportions, or by the addition or suppression

of parts to fit them to fulfil their special purpose in the

economy. An ordinary or typical vertebra consists in the

first place of a solid piece of bone, the body or centrum

(fig. r>, c), of the form of a disk or short cylinder. The bodies

of contiguous vertebrae are con-

nected together by a very

dense, tough, and elastic ma-
terial called the " intervertebral

substance," of peculiar and com-

plex arrangement. This sub-

stance forms the main, and iu

some casL3 the only, union

between the' vertebrae. Its

elasticity provides for the verte-

bra always returning to their

normal relation to each other
nn/l *T tV.o i.r>1iimn trpnunlli/ Flo 6.—Anterior Sorfaco of Tlunia*
and to ttie column generally,

thoracic vertcbia (Fourth^ c,

when they have been dis- body ..r ccnlnim! nc, ticn

, , , 1 P 1. 1 CTiial ; r, pedicle, unci /, Inmn
turbed therefrom by muscular of ti.e a'eh ; <, transverv procc.-.

loroi

action. A process (;i) arises a.-,»"tciCT-zygaporby.is.

on each side from the dorsal surface d the body. These,

meeting in the middle line above, foim together an arch,

surmounting a space or short canah {nc). As in thisi

space lies the posterior prolongation of tlie great cerebni-

spinal nervous axis, or spinal cord, it is called the neural

canal, asd the arch b called the neural arch, in con-

tradistinction to another arch on the ventral surface of tha

• For the sake of uniformity, in all the following 'lescriptiOTS of th»

Tertebnl column, tlie lung axis of the body is supposed to^b-v ia Bi*

hoiuont^ DoaiikQSi.
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body of the vertebra, called the hasmal arch. The last is,

however, never formed in mammals by any part of the

vertebra itself, but only by certain distinct bones placed

more or less in apposition to it—the ribs in the thoracic,

and the " chevron bones " in the caudal region. In most

€1363 the arch of one vertebra is articulated with that

of the next by distinct surfaces with synovial joints, placed

one on each side, called " zygapophysea " (s), but these are

often entirely wanting when liesibility is moro needed than

strength, as in the greater

part of the caudal region of

long-tailed animals. In ad-

dition to the body and the

arch, there are certain project-

ing parts called processe.i,

chiefly serving for the attach-

ment of the numerous muscles

which move the vertebral

column. Of these two are

single and median,—the spi-

nous process or neural spine, or
_ V ./\ ••r_Flo. 6.—Sldo view of tho First LBmbta*
neurapophysis (s), arismg from vertebraofaDoscCOTu/aon/.orti).

the middle of the upper Dart of '. spinous procas.
;

o^. anterior

., , J .1 I.
" u zyKiipophysIs ; P^ posterior ryg-

tne arch, and the hypapophysis apophysis; in,-/^6tapopiiy8is ; a,

from the under surface of the -napophysn ;<, transrerse process,

body. This, however, is as frequently absent as the former

is constant. The other processes are paired and lateral.

They are transverse processes (<), of which there may be tWo,

an upper and a lower, in which case the former Is called, in

the language of Owen (to whom we are indebted for the

terminology of the parts of vertebrae in common use),

" diapophysis," and the latter " parapophysis," Other pro-

cesses less constantly present are called respectively " meta-

pophyses " {m) and " anapophyses " (a).

The vertebral column is divided for convenience of

description into five regions, the cervical, thoracic or dorsal,

lumbar, sacral, and caudal. This division is useful,

especially as it is not entirely arbitrary, and in most cases

is capable of ready definition ; but at the contigiious

extremities of the regions the cliaracters of the vertebrae

of one are apt to blend into those of the next region, either

normally or as peculiarities of individual skeletons.

Cervical The cervical region constitutes the most anterior portion
ffextebraa. ^f t],e column, or that which joins the crauium. The

vertebrae which belong to it are .either entirely destitute of

movable ribs, or if they have any these are small, and do
not join the sternum. As a gene-

ral rule they have a considerable

perforation through the base of the

transverse process (the vertebrar-

terial canal (fig. 7, t), or, as it is

sometimes described, they have

two transverse processes, superior

and inferior, which, meeting at

their extremities, enclose a canal.

This, however, rarely applies to

the last vertebra of the region,

in which only the upper trans-

verse process is usually de- fio 7.—Aniorior Suiimo ..f sixtii

,
,' ^, .

'
Cervical Veilebia of t>oc j,

veloped. 1 he transverse process, spinous process: as. amcrior

moreover, very often sends down «yB»popi'ysi.
-,

r, vencbraiteriai
' .*

. canal ; t, transverse process ; r,

near its extremity a more or less ii» infvrior lamciia.

compressed plate (inferior lamella), which, being considered

to be serially homologous with the ribs of the thoracic ver-

tebrse (though not developed autogenously), is often called

the " costal " or " pleurapophysial " plate. This is usually

largest on the sixth, and altogether wanting on the seventh

vertebra. The first and second cervical vertebrse, called

respectively "atlas" and " axis," are specially modified for

the function of supporting and permitting the free move-

ments of the head. They are not united together by tho

intervertebral substance, but connected only by ordinary

ligaments and synovial joints.

The cervical region in mammals presents the remarkable
peculiarity that, whatever the length or flexibility of the

neck, the numlser of vertebras is the same, viz., seven,

with only three known exceptions, the Manatee and
Hofi"man'a Two-toed Sloth (Cholcepus hoffmanni), which
both have but six, and tho Three-toed Sloth (Bradyput
tridactyius), which has nine, though in this case the last

two usually support movable ribs, though not sufficiently

developed to reach the sternum.

The dorsal (or thoracic, as it would be more correctly Dorsal

termed) region consists of the vertebrae which succee I tLosa
'^r**"'*

of tho nect, having ribs movably articulated tj them.

These ribs arch round the thorax,—the anterior one, and

most usually the greater number of those that follow, beiuj,'

attached below to the sternum.

The lumbar region consists of those vertebrae of the Lamliir

trunk in front of the sacrum which bear no movable ribs, vertebra

It may happen that, as the ribs decrease in size posteriorly,

the last being sometimes more or less rudimentary, tho

step from the thoracic to tho lumbar region may be gradual

and rather undetermined in a given species. But mo.st

commonly this is not the case, and tho distinction is as

well defined here as in any other region. As a general

rule there is a certain relation between the number of

the thoracic and lumbar vertebrae, the whole number being

tolerably constant in a given group of animals, and any
increase of the one being at the expense of the other.

Thus in all known Artiodactyle Dngulata there are 13

dorso-lumbar vertebrte ; but these may consist of 12

dorsal and 7 lumbar vertebrse, or 13 dorsal and 6

lumbar, or 14 dorsal and 5 lumbar. The smallest number
of dorso-lumbar vertebrae in mammals occurs in some
Armadillos, which have but 14. The number found in

Man, the higher Apes, and most Bats, viz., 17, is excep-

tionally low 19 prevails in the Artiodactyles, nearly all

Marsupials, and very many Rodents ; 20 or 21 in Camivora
and most Insectivora ; and 23 in Perissodactyla. The
highest and quite exceptional numbers are in the Two-toed

Sloth (Chohrpus) 27, and the Hyrax 30. The prevailing

number of rib-bearing vertebra) is 12 or 13, any variation

being generally in excess of these numbers.

The sacral region oflfers more diffiaulties of definition. SacrsJ

Taking the human " os sacrum " for a guide for comparison, vertcbna.

it is generally defined as consisting of those vertebrae

between the lumbar and caudal regions which are ankylosed

together to form a single bone. It happens, however, that

the number of such vertebrae varies in different individuals

of the same or nearly allied species, especially as age

advances, when a certain number of the tail vertebra

generally become incorporated with the true sacrum. Other
suggested tests, as those vertebrae which have a distinft

additional (pleurapophysial) centre of ossification between

the body and the ilium, those to %vhich the ilium is directly

articulated, or those in front of the insertion of the ischio-

sicral ligaments, being equally unsatisfactory or unpractical,

the old one of ankylosis, as It is found to prevail in the

average condition of adults in each species, is used in the

enumeration of the vertebrse in the following page.^

The Cetacea, having no iliac bones, have no part of the

vertebral column modified into a sacrum.

The caudal vertebne are those placed behind the sacrum, Candal

and terminating the vertebral column. They vary in vertebra

number greatly,—being reduced to 5, 4, or even 3, in a

most rudimentary condition, in Man and in some Apes and

Bat.^, and being numerous and powerfully developed, with

strong and complex processes, in many mammals, espeei-

ally among the Edentata, Cetacea, and MarsupiaHa. The
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Highest Knonn number, 46, is possessea by tbe African

Long-tailed Manis. Connected with the under surface of

the caudal vertebrae of

many mammals which

liavo the tail well de-

veloped are certain

bones formed more or

less like an inverted

arch, called chevron

bones, or by the French

OS n> v.. These are

alvfays eituated nearly

opposite to an inter-

vertebral space, and are

generally articulated

both to the vertebra in

front and the vertebra

behind, but sometimes

chietly or entirely either ^°; 8.-Anterir>r Surface of ronnn Cancld
•^ *' Vencbra of J'oipoisc (P/iccjpiia communis).

to one or the other. », spinous process; m, mcfapopliysis ; t,

. The slernum of mam- '"""'^'^ P'»««= : " ""="»» '<"»

mala is a bone, or generally a series of bones, placed

longitudinally in the mesial line, on the inferior or ventral

aspect of the thorax, and con-

nected ou each side with the

vertebral column by a series

of jaore or less ossified bars ^
called "ribs." It is present

in all mammals, but varies

much in character in the dif-

ferent groups. It usually

consists of a series of distinct

segments placed one before

tbe other, the anterior being

called the presternum or
" manubrium sterni " of hu-

man anatomy, and the pos-

terior the xiphisternum, or

xiphioid or ensiform process,

while the intermediate seg-

ments, whatever their number,
constitute the mesosternum
or " body." In the Whale-
bone Whales the presternum

alone is developed, and but a ^ . „ „, , , .,, ,
. . K, . , , Fio. 9.—Raman Stemnm ana Srcm.il

Single pair of ribs is attached Kibs. p«, prostemnm; i»s, meso-

j If Kemum; tj, slphlstei-nnm; e, point
'" "•

of attacbment of clavicle ; 1 to 10,

The ribs form a series of Uie cartilaginous stcmal rit*.

long, narrow, and more or less flattened bones, extending

laterally from the sides of the vertebral column, curving

downwards towards the median line of the body below,

and mostly joining the sides of the sternum. The posterior

ribs, however, do not directly articulate with that bone,

but are either attached by their extremities to the edges

of each rib in front of them, and thus only indirectly join

the Bternnm, or else they are quite free below, meeting no
part of tho skeleton. These differences have given rise to

the division into "true" and "false" ribs (by no means
fjood expressions), signifying those that join the sternum
directly and those that do not ; and of the latter, those

that are free below are called " floating " ribs. The portion

of each rib nearest the vertebral column and that nearest

the sternum differ in their characters, the latter being
usually but imperfectly ossified, or remaining permanently
cartilaginous. These are called " costal cartilages," or

when ossified "sternal ribs."

In the anterior part of the thorax the vertebral extremity

of each rib is divided into two parts, "head" and
" tubercle"; the former is attached to the side of the body
of tho yertebra. the latter to its transverse process ; the

former attachment corresponds to the interspace between
the vertebraj, the head of the rib commonly articulating

partly with the hinder edge of the body of the vsrtebra

antecedent to that which bears its tu^^ercle. Hence the-

body of the last

cervical vertebra

usually supports

part of the head

of the first rib.

In the posterior

part of the Beriea

the capitular and
tubercular at-

tachments com-

monly coalesce,

and the rib is at-

tached solely to

its correspond-

ing vertebra.

The number of

pairs of ribs i.

of course the

same as that of ^'i- lO.—sternum and strongly ossified Sternal Ribs of

, 1 .1 • Great Armadillo (Priodon (jigas). ps. presternkim : xs,
the thoracic ver- xiphistemnm.

j ^ /
r

,
f

t€br;a

Tlie appendicular portion of the fra.meworlc consists, Appen-
when completely developed, of two pairs of limbs, anterior dicnlar

and posterior.
skeleton.

The anterior iimb is present and fully developed in all Anterior

mammals, being composed of a shoulder girdle and three 1'™!''

segments belonging to the limb proper, viz., the upper arm
or brachium, the fore-arm or antibrachium, and the hand
or manns.

The slioulder- girdle in the large majority of mammals is Shnuider

in a rudimentary or rather modified condition, compared gii^iJ*'

to that in which it exists in other vertebrates. In the

Monotremata {Ornithm-hynchus and Echidna) alone is the

ventral portion, or coracoid, complete and articulates with

the sternum below, as in the Saurcypsida. In all other

mammals this portion, though ossified from a distinct

centre, forms only a process, sometimes a scarcely distinct

tubercle, projecting from the anterior border of the glenoid

cavity of the scapula. The last-named bone is always well

developed, generally broad and flat (whence its vernacular

name "blade bone"), with a ridge called the "spine" on
its outer surface, generally ending in a free curved pi-ocess,

the " acromion." As the scapula affords attachment to many
of the muscles which act upon the anterior limb, its form

and the development of its processes are greatly modified

according to the uses to which the member is put. It is

most reduced and sicbple iu character in those animals

whose limbs are mere organs of support, as the Ungulates^

and most complex when they are also used for grasping,

climbing, or digging. The development or absence of the

clavicle or " collar-bone," an accessory bar which connects

the sternum with the scapula and steadies the shouldor-

joint, has a somewhat similar relation, though its complete

absence in the Bears shows that this is not an invariable

rule. A complete clavicle is found in Man and all tho

Primates, in Chiroptera, all Inseclivora (except Potamo<jCile),

in many Rodents, in most Edentates, and in all Marsu-

pials, except Peramdes. More or less rudimentary clavicles

(generally su.spended freely in the muscles) are found in

the Cat, Dog, and most Carnivora, Myrmecopliaga, and

some Rodents. Clavicles are altogether absent in mo?t oi

the Ursidie, all the Pinnij^edia, Manis among Edentates,

the Cetacea, Sirenia, Proboscidea, all tjngulates, and Romt

Rodents.

The proximal segment of the limb projier contains a.

single bone, the humerus, and the second segment two-
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antib

chiuin.

Brachi- bones, tlio radius and the ulna, placed side by side, articu-

a'lJ lating with tlio humerus at their proximal, and with the

carpus at their distal extremity. In their primitive and

unmodified condition tlicso bones may bo considered as

placed ono on each border of the limb, the radius being

jireaxial or anterior, and the ulna postaxial or posterior,

when the distal or free end of the limb is directed outwards

or away from tho trunk. This is their position in the

earliest embryonic condition, and is best illustrated in adult

mammals • in the Celacca, where the two bones are fixed

side by side and parallel to each other. In the greater

number of mammals tho bones assume a very modified and

adaptive position, usually crossing each other in the fore-

arm, tho radius in front of the ulna, so that the preaxial

bone (radius), though external (in the ordinary position of

the limb) at the upper end, is internal at the lower end

;

and the hand, being mainly fixed to the radius, also has its

preaxial border internal. In the largo majority of mammals
the bones are fixed in this position, but in some few, as in

Man, a free movement of crossing and uncrossing—or pro-

nation and supination, as it is termed—is allowed between

them, so that they can be placed in their primitive parallel

condition, when the hand (which moves with the radius) is

said to be supine, or they may be crossed, when the hand
is said to be prone.

In most mammals which walk on four limbs, and in

which the hand is permanently prone, the ulua is much
reduced in size, and the radius increased, especially at the

upper end ; and the articular surface of the latter, instead

of being confined to tho external side of the trochlea of the

humerus, extends all across its anterior surface, and the

two bones, instead of being external and internal, are

anterior and posterior. In many hoofed or ungulated
mammals, and in Bats, the ulna is reduced to little more
-tlwuJts upper articular extremity, and firmly ankylosed to

the radius,—stability of these parts being more essential

than mobility.

M.inus. The terminal segment of the anterior limb is the hand
or manus. Its skeleton consists of three divisions :—(1)
the " carpus," a group of small, more or less rounded or

angular bones with flattened surfaces applied to one an-

other, and, though articulating by synovial joints, having
scarcely any motion between
them

; (2) the " metacarpus,"

a series of elougated bones placed

side by side, with their proximal
ends articulating by almost im-
eiovable joints with the carpus;

(3) the " phalanges " or bones of

the digits, usually three in num-
ber to each, articulating to one
another by freely movable hinge-
joints, the first being connected
in like manner to the distal end
of the corresponding metacarpal
bone.

Carpus. To understand thoroughly the
arratif;ement of the bones of the
carpus in mammals, it is neces-
sary to study their condition Fio. ll.-Dorsal Surface of fte

in some of thtf lower vertebrates. ?i?'\'
?""" °' ^ ^^^'"=' Tortoise

F.
, ,

^ ,, . (t-Ae/ydra mpentiiia). After
Ig. 11 represents the manus in Oegenbiur. U.uJna; R.radms;

one of its most complete and at I^ ra°d"Je°;V «Dtj^'e™i°-^."t"o'
the Same time most generalized 'J" ^"""^ °' "" """^ ™" °'

r„„„„ c ,, ^^ carpus; ml-m* the fire
lorms, as seen in one of the metacatpaia.

Water Tortoises (CMydra serpentina). The carpus consists
of two principal rows of bones. The upper or proximal
row contains three bones, to which Gegenbaur has applied
tho terms radiale (r), intermedium {€), and uinare (u), the
first being on the radial or preaxial side of the limb. The

lower or distal row contains five bones, called carpaU 1,

2, 3, 4, and 5 respectively, commencing on the radial side.

Between these two rows, in the middle of the carpus, is a
single bone, tho cenlrale (c). In this very symmctricat
carpus it will be observed that the radiale supports on its

distal side two bones, carjiale 1 and 2 ; th* intermedium
is in a line with the centrale and carpale 3, which together
form a median axis of the hand, while the ulnaie has also
two bones articulated with its distal end, viz., carpale 4
and 5. Each of the carpals of the distal row supports a
metacarpal

In the carpus of the Mammalia there are usually two
additional bones developed in the tendons of the flexor

muscles, one on each side of the carpus, which may be
called the radial and ulnar sesamoid bones ; the latter is

most constant and generally largest, and is commonly known
as the pisiform bone. The fourth and fifth carpals of the
distal rows are always united into a single bone, and the
centrale is very often absent. As a general rule all the
other bones are present and distinct, though it not unfre-

quently happens that one or more may have coalesced to
form a single bone, or may be altogether suppressed.

The following table shows the principal names in use
for the various carpal bones,—those in the second column
being the terms most generally employed by English anato-

mists :

—

Hadiale " Scaphoid = Navimlare.
Intermed,ium = Lunar •= Scmilunure, Lunatum.
Ubiare = Cuneiform = Triquctrum, P^jramidale.
Centrale —Central —Inlermcdium (Cuvier). '

Carpale 1 — Trapezium = MuUangulum majus.
Carpale 2 ^Trapezoid ^^MuUangulum minus.
Carpale Z —Magnum =Capitatum.

Carpale 5 (
"Uiiciform '=JElaniatum, Uncinatum.

The metacarpal bones, with the digits which they Meta-
support, are never more than five in number, and are carpus

described numerically—first, second, ifec, counting from "*
the radial towards the ulnar side. The digits are also f
sometimes named (1) the poUex, (2) index, (3) medius, (4)

""^^

annularis, (5) minimus. One or more may be in a rudi-

mentary condition, or altogether suppressed. If one is

absent, it is most commonly the first. Excepting the
Cetacea, no mammals have more than three phalanges to

each digit, but they may occasionally have fewer by
suppression or ankylosis. The first or radial digit is an
exception to the usual rule, one of its parts being con-
stantly absent, for, while each of the other digits has
commonly a metacarpal and three phalanges, it has only
three bones altogether; whether the missing one is a
metacarpal or one of the phalanges is a subject which has
occasioned much discussion, and has not yet been satis-

factorily decided. The terminal phalanges of the digits

are usually specially modified to support the nail, claw, or
hoof, and are caDed "ungual phalanges." In walking,

some mammals (as the Bears) apply the whole of the lower
surface of the carpus, metacarpus, and phalanges to the
ground; to these the terra " plantigrade" is appUed. Many
others (as nearly all the Ungulata) only rest on the last one
or two phalanges of the toes, the first phalanx and the
metacarpals being vertical and in a line with the fore-arm.

These are called "digitigrade." Intermediate conditions

exist between these two forms, to which the terms
" phalangigrade " (as the Camel) and " subplantigrade,"

(as in most Camivora) are applied. When the weight is

borne entirely on the distal surface of the ungual phalanx,

and the horny structures growing around it, as in the Horse,
the mode of progression is called "unguligrade."

In the Chiroptera the digits are enormously elongated,

and support a cutaneous expansion constituting the organ
of flight. In the Cetacea the manus is formed into a.
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paddle, being covered by continuous integument, which

conceals all trace of division into separate digits, and

without sign of nails or claws. In the Sloths the manus

is long and very narrow, habitually curved, and terminat-

ing in two or three pointed curved claws in close apposition

with each other, incapable, in fact, of being divaricated, so

that it is reduced to the condition of a hook, by which the

animal suspends itself to the boughs of the trees among
which it lives. These are only examples of the endless

jnodifications to which the distal extremity of the limb is

subjected in adaptation to the various purposes to which it

is applied.

Posterior The posterior limb is constructed upon a plan very
limb. similar to that of the anterior extremity. It consists of a

pelvic girdle and three segments belonging to the limb

proper, viz., the thigh, the leg, and the foot or pes.

Pelvic The pelvic girdle is present in some form in all mammals,
girdle, though in the Cetacea and the Sirenia it is in an exceed-

ingly rudimentary condition. In all mammals except those

belonging to the two orders just named, each lateral half

of the pelvic girdle consists essentially, like the corre-

sponding part of the anterior limb, of a flattened rod of

bone crossing the long axis of the trunk, having an upper

or dorsal and a lower or ventral end. The upper end

diverges from that of the opposite side, bat the lower end

approaches, and, in most cases, meets it, forming a

symphysis, without the intervention of any bone corre-

sponding to the sternum. The pelvic girdle differs from

the shoulder girdle in being firmly articulated to the

vertebral column, thus giving greater power to the hinder

limb in its function of supporting and propelling the body.

Like the shoulder girdle, it bears on its outer side, near tho

middle, a cup-shaped articular cavity ("acetabulum "), into

which the proximal end of the first bone of the limb proper

is received. Each lateral half of the girdle is called the

"os innominatum," and consists originally of three bones

which unite at the acetabulum. The "ilium" or npper

bone is that which articulates with the sacral vertebrae.

Of the two lower bones the anterior or "pubis" unites with

its fellow of the other side at the symphysis ; the posterior

is the " ischium." These two form two bars of bone, united

above and bekw, but leaving a space between them in the

middle, filled only by membrane, and called the " thyroid
"

or "obturator" foramen. The whole circle of bone formed

by the two innominate bones and the sacrum is called the

pelvis. In the Monotremata and Marsupialia, a pair of

thin, flat, elongated bones called epipubio or marsupial

bones are attached to the fore part of the pubis, and
project forward into the muscular wall of the abdomen.

ThiBh The first segment of the limb proper has one bone, the
»nii 1p«. femur, corresponding with the humerus of the upper limb.

The second segment has two bones, the tibia and fibula,

corresponding with tho radius and ulna. These bones

always lie in their primitive unmodified position, parallel'

to each other, the tibia on the preaxial and the fibula on

the postaxial side, and are never either permanently crossed

or capable of any considerable amount of rotation, as in

the corresponding bones of the fore limb. In the ordinary

walking position the tibia is internal, and the fibula

external. In many mammals the fibula is in a more or

less rudimentary condition, and it often ankyloses with the

tibia at one or both extremities. The patella or "knee-
cap " is found in- an ossified condition in all mammals,
with the exception of some of the Marsupialia. It is a
large sesamoid bone developed in the tendon of the extensor

muscles ol the thigh, where tho tendon passes over the

front of the knee-joint, to which it serves as a protection.

There are frequently smaller ossicles, one or two in

number, situated behind the femoral condyles, called

" fabella;."

The terminal segment of the hind limb is the foot or pes. Foot,

Its skeleton presents in many particulars a close resemblance

to that of the manus, being divisible into three parts :—(1)

a group of short, more or less rounded or square-shaped

bones, constituting the tarsus
; (2) a series of long bones

placed side by side, forming the metatarsus ; and (3) the

phalanges of the digits or toes.

The bones of the tarsus of many of the lower Vertibrata

closely resemble both in number and arrangement those of

the carpus, as shown in fig. II. They have been descri'ued

ill their most generalized condition by Gegcnbaur under
the names expressed in the first column of the following

table. The names in the second column are those by
which they are most generally known to English anatomists,

while in the third column some synonyms occasionally

employed are added

Intn-lnedium \
= Astragalus - Talus.

Fibulare =» Calcaneura — Os calcis.

Centrale — Navicular = St-aphoidcum.

Tarsals 1 = Internal cuneiform ^ EnLocuncifonnc.
Tarsale 2 = Middle cu
Tarsale 3 = External i

Tarsate 4

Tarsale 5

'iform = Mcsocuncifonty..

uciform == Ectocunciforme.

Cuboid.

The bones of the tarsus of mammals present fewer

diversities of number and arrangement than those of the

carpus. The proximal row (see fig. 12) always consists of

two bones, the astragalus (a, which probably represents tho

coalesced scaphoid and lunar of the hand) and tho

calcaneum (c). The former is placed more to the dorsal

side of the foot than the latter,

and almost exclusively furnishes

the tarsal part of the tibio-tarsal

or ankle-joint The calcaneum,

placed more to the ventral or
" plantar " side of the foot, is

elongated backwards to form a
more or less prominent tuberosity,

the " tuber calcis," to which the

tendon of the great extensor

muscles of the foot is attached.

The navicular bone («) is inter-

posed between the proximal and
distal row on the inner or tibial ^
side of the foot, but on the outer „ J

side the bones of the two rows ^
'

come into contact ITie distal

row, when complete, consists of ^
four bones, which, beginning on
the inner side, are the three

'

cuneiform bones, internal (c"),

middle (c-), and external (c^),

articulated to the distal surface ^"^^^^

of the navicular, and the cuboid mcta

(cb), articulated with the calca-

neum. Of these the middle

cuneiform is usually the smallest

in animals in which all five digits
fro[^'uie°tibi'd

are developed ; but when the side.

hallux is wanting the internal cuneiform may be rudimtot-

ary or altogether absent The three cuneiform bones sup-

port respectively the first, second, and third metatarsals,

and the cuboid supports the fourth and fifth ; they thus

exactly correspond with the four bones of the distal row

of the carpus.

In addition to these constant tarsal bones, there may be

supplemental or Sesamoid bones :—one situated near the

middle of the tibial side of the tarsus, largely developed in

maQy Carnivora and Hodentia ; another, less frequent, on

the fibular side ; and a third, often developed in the tendons

ics of tlio Right

iQctatai sua ; PA, jihalangea ; f,

cakuncum ; a. a.stniRalus ; cb,

cuboid ; n, navicular ; c', in-

ternal cuneiform ; c^. middle
cuneiform ; c^, external cunei-
foi-ra. Tlic dicits ore indicated

lIs, counting
tlic fibular
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of ,tlie plantar surface of the tarsus, is especially large in

Armadillos. There is also iLsually a pair of sesamoid bones

on the plantar aspect of each mctatarso-plialangoal articula-

tion.

The metatarsal bones never exceed five in number, and

the phalanges follow the "same numerical rule as in the

manus, never exceeding three in each digit. Moreover, the

first digit, counting from the tibial side, or hallux, resembles

the poUex of the hand in always having one segment less

than. the other digits. As the function of the hind foot is

more .'ostricted. than that of the hand, the modifications of

its structure are less striking. In the Ceiacea and the

§lrenia it is entirely wanting, though in some members of

the first aamed order rudiments of the bones of the first

and second segment of the limb bare been detected.

Digestive System.

The search after the purpose which every modification

of structure subserves in the economy is always full of

interest, and, if conducted with due caution and sufficient

knowledge of all the attendant circumstances, may lead to

important generalizations. It must always be borne in mind,

however, that adaptation to its special function is not the

only cause of the particular form or structure of an organ,

but that this form, having in all probability been arrived

at by the successive and gradual modification of some
other different form from which it is now to a greater or less

degree removed, has other factors besides use to be taken

into account. In no case is this principle so well seen as

in that of the organs of digestion. These may be con-

sidered as machines which have to operate upon alimentary

Bubstances in very different conditions of mechanical and
chemical combination, and to reduce them in every case to

the same or precisely similar materials; and we might well

imagine that the apparatus required to produce flesh and
blood out of coarse fibrous vegetable substances would be
different from that which had to produce exactly the same
results out of ready-made flesh or blood ; and in a very

bfoad sense we find that this is so. If we take a large

number of carnivorous animals, belonging to different funda-

mental types, and a large number of herbivorous animals,

and strike a kind of average of each, we shall find that

there is, pervading the first group, a general style, if we
may use the expression, of the alimentary organs, different

from that of the others. There is a specially carnivorous

and a specially herbivorous modification of these parts.

But, if function were the only element which has guided
such modification, it might bo inferred that, as one form
must be supposed to be best adapted and most perfect in

its relation to a particular kind of diet, that form would be
found in all the animals consuming that diet. But this

is far from being the case. The Horse and the Ox, for

instance,—two animals whose food in the natural state is

precisely similar,—are yet most different as regards the

structure of their alimentary canal, and the processes

involved in the preparation of that food. Again, the Seal

und the Porpoise, both purely fish-eaters, which seize and
swallow and digest precisely the same kind of prey in pre-

cisely the same manner, have a totally different arrange-

ment of the alimentary canal If the Seal's stomach is

adapted in the best conceivable manner for the purpose it

has to fulfil, why is not the Porpoise's stomach an exact

{^simile of i', and vice versa % We can only answer, the

Seal and Porpoise belong to different natural groups of

animals, formed on different primitive types, or descended
from dillerently constructed ancestors. On this principle

only can we account for the fact that, wherea.% owing to

the comparatively small variety of the different alimentary

substances met with in nature, few. modiScolipjos would

appear necessary in the organs of digestion, there is really
endless variety in the parts devoted to this purpose.

The digestive apparatus of mammals, as in other
vertebrates, consists mainly of a tube with an aperture
placed at or near either extremity of the body,—the oral
and the anal orifice,—with muscular walls, the fibres of
which are so arranged as by their regular alternate con-
traction and relaxation to drive onwards the contents of The
the tube from -the first to the last of these apertures. The mouth,

anterior or commencing portion of this tube and the parts
around it are greatly and variously modified in relation to
the functions assigned to them of selecting and seizing tha
food, and preparing it by various mechanical and chemical
processes for the true digestion which it has afterwards to
undergo before it can be as.similated into the system. Per
this end it is dilated into a chamber or cavity called the
mouth, bordered externally by the lips, usually muscular
and prehensile, and supported by a movable framework
which carries the teeth,—organs the structure and modi-
fications of which have been already described. The
roof of the mouth is formed by the palate, terminating

behind by a muscular, contractile arch, having in Man and
some few other species a median projection called uvula,

beneath which the mouth communicates with the pharj''nx.

Tho anterior part of the palate is composed of mucous
membrane tightly stretched over the flat or slightly concave

bony lamina which separates the mouth from the nasal

passages, and is generally raised into a series of transverse

ridges, which sometimes, as in Ruminants, attain a con-

siderable development. In the floor of the mouth, between
the rami of the mandible, and supported behind by the

hyoidean apparatus, lies the tongue, an organ the free

surface of which, especially in its posterior part, is devoted

to the sense of taste, but which also by its great mobility,

being composed almost entirely of muscular fibres, performs

important mechanical functions connected with masticating

and procuring food. Its modifications of form in different

mammals are very numerous. Between the long, extensile,

vermiform tongue of the Anteaters, which is essential to

the peculiar mode of feeding of those animals, and cite short,

sessile, and almost functionless tongue of the Porpoise,

every intermediate condition is found. Whatever the

form, the upper surface is always covered with numerous
fine papillae, in which the terminal filaments of the gustatory

nerve are distributed.

In connexion with the buccal cavity is an extensive and Salivary

complex glandular apparatus which pours its secretions into elands,

it—secretions which constitute the fluid commonly known
as saliva. This apparatus consists of small glands em-
bedded in the mucous membrane or submucous tissue

lining the cavity of the mouth, and which are of two kinds

(the follicular and the racemose), and of others in which

the secreting structure is aggregated in distinct masses

removed some distance from the cavity, other tissues besides

tho lining membrane being usually interposed, and pouring

their secretion into the cavity by a distinct tube or duct,

which traverses the mucous membrane. To the latter alone

the name of " salivary glands " is ordinarily appropriated,

although the distinction between them and the smaller

racemose glands is only one of convenience for descriptive

purposes, their structure being more or less identical ; and,

as tho fluids secreted by all become fcixed in the mouth,

their functions are, at all events in great part, common.
Under the name of salivary glands are commonly included

—(1) the "parotid," situated very superficially on the side

of the head, below or around the cartilaginous external

auditory meatus, and the secretion of which enters the

mouth by a duct (often called Steno's or Stenson's) which

crosses the masseter muscle and opens into the upper and

back part of the cheek ; and (2) the " submaxillary," situ-

XV — '6
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ated in the neck, near or below the aDgIe\of the mandible,

and sending a long duot (Wharton's) forwaMa to open in the

fore-part of the floor of the cavity of the mouth, below the

apex of the tongua. These are the most largely developed

and constant of the salivary glands, being met with in

varioai degrees of development in almost all animals of the

class. Next in constancy are (3) the " sublingual," closely

associated with the last-named, at all events in the locality

in which the secretion is poured out ; and (4) the " zygo-

matic," found only in some animals in the cheek, just under

cover of the anterior part of the zj-gomatic arch, its duct

entering the buccal cavity near th^t of the parotid.

The most obvious function common to the secretion of

these various glands, and to that of the smaller ones' placed

in the mucous membrane of the lips, the cheeks, the tongue,

the palate and fauces, is the mechanical one of moistening

and softening the food, to enable it the more readily to be

tasted, masticated, and swallowed, though each kind of

gland may contribute in different manner and different

degree to perform this function. The saliva is, moreover,

of the greatest importance in the first stage or introduction

to the digestive process, as it dissolves or makes a watery

extract of all soluble substances in the food, and so prepares

them to be further acted on by the more potent digestive

fluids met with subsequently in their progress through the

alimentary canal In addition to these functions it seems

now well established by experiment that saliva serves in

Man and many animals to aid directly in the digestive

process, particularly by its power of inducing the saccharine

transformation of amyUiceous substances. As a general

rule, in mammals the parotid saliva is more watery in its

composition, while that of the submaxillaries, and stiU more

the sublingual, contains more solid elements and is more

viscid, so much so that some anatomists consider the latter,

together with the small racemose glands of the cheeks, lips,

and tongue, as mucous glands, retaining the name of

salivary only for the parotid. These peculiar properties

are sometimes illustrated in a remarkable degree, as,

for example, the great secretion of excessively viscid saliva

which lubricates the tongue of the Anteaters and

Armadillos, associated with enormously developed sub-

maxillary glands ; while, on the other hand, the parotids

are of great size in those animals which habitually masticate

dry and fibrous food.

After the preparation which the aliment nas undergone

la the mouth,—the extent of which varies immensely in

different forms, being reduced almost to nothing in such

animals as the Seals and Cetaceans, which, to use the

familiar expression,, "bolt" their food entire,—it is

swallowed, and is carried along the oesophagus by the

Stomnch. action of its muscular coats into the stomach- In the

greater proportion of mammals this organ is a simple

saccular dilatation of the alimentary canal, but in others it

undergoes remarkable modifications and complexities. The
lining of the stomach is thickly beset with tubular glands,

which are generally considered to belong to two different

forms, recognizable by their structure, and different in their

function—the most numerous and important secreting the

gastric juice (the active agent in stomachic digestion), and
hence called " peptic " glands, the others concerned only

in the elaboration of mucus. The relative distribution of

these glands in different regions of the walls of the stomach

varies greatly in different animals, and in many species

there are large tracts of the mucous membrane which do

not secrete a fluid having the properties of gastric juice,

and often constitute more or less distinct cavities devoted to

storing and perhaps softening or otherwise preparing the

food for digestion. Sometimes there is a great aggregation

of glands forming distinct thickened patches of the stomach

•wall, as in the Be.iver and Koala, or even collected in

pynform pouches with a common narrow opening into the

cavity, as in the Manatee and the curious African Rodeni'

Lophyomys. The action of the gastric fluid is mainly

exerted upon the nitrogenous elements of the food, which

it dissolves and modifies so as to render them capable of

unde'rgoing absorption, which is partly effected by the

blood-vessels of the stomach, though the greater part passes'

through the pylorus, an aperture surrounded by a circular

muscular valve, into the intestinal canal Here it comes iu

contact with the secretion of a vast number of small glands

called .the crj'pts of Lieberkuhn, somewhat similar to

those of the stomach, and also of several special glands of

a different character, namely, the small racemose, duodenal,

or Brunner's glands, the pancreas, and the liver.

' The intestinal canal varies greatly in relative length and tntestuiil

capacity in different animals, and it also offers manifold "^na-

peculiarities of formj being sometimes a simple cylindrical

tube of nearly uniform calibre throughout, but more often

subject to alterations of form and capacity in different

pdrtions of its course,—the most characteristic and constant

being the division into an upper and narrower and a lower

and wider portion, called respectively the small and the

large intestine, the former being divided quite arbitrarily

and artificially into duodenum,
jejunum, and ileum, and the latter

into colon and rectum. One of the

most striking peculiarities of this

part of the alimentary canal Ls the

frequent presence of a diverticu-

lum or blind pouch, the caput

cxcum coli, as it was first called, a

name generally abbreviated into l
[

"csBcum," situated at the junction

of the large and the small intestine,

a structure presenting an immense
variety of development, from the

smallest bulging of a portion of the

side wall of the tube to a huge and
complex sac, greatly exceeding in

capacity the remainder of the ali-

mentary canaL It is only in herbi-

vorous animals that the caecum is ^"f ,'^r^S7^'„%rrt
developed to this great extent, and oftho AiimcnLiry c«nai uia

.1 ., " typical Mammal, o, <eso-
among these there IS a curious com- pi'„g,is; n. stomach; p.

plementary relationship between pyiunis; js. smaii intc^uiic

f .
•',

, . % , (abbreviated) ; f, caecum : H,
the size and complexity or tne organ laigo intcTitine oi colon, end-

and that of the stomach. Where '"S " r. the rectnm.

the latter is simple the caecum is generally the largest,

and vice versa. Both caecum and colon are often saccu-

lated, a disposition caused by the arrangement of the

longitudinal bands of muscular tissue in their walls ; but

the small intestine is always smooth and simple-walled

externally, though its lining membrane often exhibits

various contrivances for increasing the absorbing surface

without adding to the general bulk of the organ, snch

as the numerous small villi by which it is everywhere

beset, and the more obvious transverse, longitudinal, or

reticulating folds projecting into the interior, met with in

many animals, of which the " valvula; conniventes " of

Man form well-known examples. Besides the crypts of

Lieberkuhn found throughout the intestinal canal, and the

glands of Brunner confined to the duodenum, there are other

structures in the mucous membrane, about the nature of

which there is still much uncertainty, called " solitary " and
" agminated " glands, the latter more commonly known
by tlie name of " Peyer's patche.s." These were formerly

supposed to be secretory organs, which discharged some
kind of fluid into the intestine, but are now more generally

considered to belong to the group of structures of somewhat
mysterious function of which the lymphatic and lacteal
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glands are members. The solitary glands are found scat-

tered irregularly throughout the whole intestinal tract ; the

agminated, on the other hand, are always conBned to the

small intestine, and are most abundant in its lower part

They are subject to great variation in number and in sine,

and even in different individuals of the same species, and

also differ in character at different periods of life, becoming

atrophied in old age.

The distinct glands situated outside of the walls of the

intestinal canal, but which pour their secretion into it, are

.lirer, the pancreas and the liver. The latter ia the most

important on account of its size, if not on acooant of the

direct action of its secretion in the digestive process. This

large gland, so complex in structure and function, is well

developed in aU mammals, and its secreting duct, the bile

duct, always opens into the duodenum or that portion of

the canal which immediately succeeds the stomach. It is

situated in the right side of the abdomen in contact with

the diaphragm and the stomach, but varies greatly in relative

eize, and also in form, in different groups of mammals. In

most mammals a gall-bladder, consisting of a pyriform

diverticulum from the gall duct, is present, but in many it

is wabting, and it is difficult to find the rationale of its

presence or absence in relation to use or any other cir-

cumstance in the animal economy.

The descriptions of the livers of vanoua animals to be-

met with in treatises or memoirs on comparative anatomy
are very difficult to understand for want of a uniform.

system of nomenclature. The difficulty usually met with

arises from the circumstance that this organ is divided

sometimes, as in Man, Ruminants, and the Cetacea, into

two main lobes, which have been always called respectively

right and left, and in other cases, as in the lower Monkeys,
Caridvora, Inseciivora, and many other orders, into a larger

number of lobes. Among the latter the primary division

usually appears at firs.t sight tripartite, the whole organ

consisting of a middle, called "cystic" or "suspensory "lobe,

and two lateral lobes, called respectively right and left

lobes. This introduces confusion in describing livers by
the same terms throughout the whole series of mammals,
as the right and left lobes of the Monkey or Dog, for

instance, do not correspond with parts designated by the

same name in Man and the Sheep. There are, mt)reover,

conditions in which neither the bipartite nor the tripartite

system of nomenclature will answer, which we should have
considerable difficulty in describing without some more
general system. In order to arrive at Bnch a system it

appears desirable to consider the liver in all cases as

primarily divided by the umbilical vein (see fig. 14, «) into

two segments, right and left. This corresponds with its

development and with the condition characteristic of the

organ in the interior classes of vertebrates. The situation

of this division can almost always be recognized in adult

animals by the persistence of some traces of the umbilical

vein in the form of the round ligament, and by the position

of the suspensory ligament.

When the two main parts into which the liver id thus
iivided are entire, as in Man, the Ruminants, and Gdacea,
they may be spoken of as the right and left lobes ; when
fissured, as the right and left segments of the liver, reserv-

ing the term lobe for the subdivisions. This will involve

no ambiguity, for the terms right and left lobe will no
longer be used for divisions of the more complex form of

liver. In the large majority of mammals each segment is

further divided by a fissure, more or less deep, extendihg
from the free towards the attached border, which are

caJled right and left lateral fissures (fig. 14, Hf and U/}.

Wlien these are more deeply cut than the mnbilictd fissure

(u), the organ has that tripartita or trefoil-like form just

tpoken of, but it is easily seen that it ia really divided into

four regions or lobes, those included between the lateral

fissures being the right and left central {re and Ic) separated
by the umbilical fissure, and those beyond the lateral

fissures on each side being the right and left lateral lobes
{rl and II). The essentially bipartite character of the
organ and its uniformity of construction throughout the
class are thus not lost sight of, even in the most complex
forms. The left segment of the liver is rarely complicated
to any further extent, except in some cases by minor or

secondary fissures marking off small lobules, generally

inconstant and irregular, and never worthy of any special

designation. On the other hand, the right segment is

usually more complex. The gall bladder, when present, is

always attached to the under surface of the right central

lobe, sometimes merely applied to it, in other cases deeply

embedded in its substance. In many cases the fossa in

which it is sunk is continued to the free margin of 'the

liver as an indent, or even a tolerably deep fissure (<-/).

The portal fissure (p), through which the portal vein and

Fio. 14.—IMagrammatle Plan of the Inferior Surface of a MuHflotoed Ltver oi a
Manmial. The posterior or attached border Is upi>ermost. u. mublllcal rein

of the foetus, itpreaented by the Tpund ligament in the adalt, lying in the um-
bilical fissure ; dv, the ductus Tenosua ; rr. the inferior vena ca\a

; p, the vena
port® enterinK the transveiso fissure ; 11/, the left lateial fissure ; rf/, the

right lateral tissui-e ; c/, the cystic fissure ; II, the left lateral lobe ; fc, tho

left central lobe ; re, the right central lobe ; rt, the right lateral lobe ; J, the

Spigelian lobe ; c, the caudate lobe ; ff,
the gall bladder.

hepatic artery enter and the gaU duct emerges from the

liver, crosses this lobe transversely, near the attached

border of the liver. The right lateral lobe always has the

great vena cava (vc) either grooving its surface or tunnel-

ling through its sub.'stance near the inner or left end of its

attached border ; and a prolongation of the lobe to the left,

between the vein and the portal fissure, sometimes a mere

flat track of hepatic substance, but more often a prominent

tongue-shaped process, is the so-called " Spigelian lobe "(*).

From the under surface of the right lateral lobe a portion

ia generally partially detached by a fissure, and called the

" caudate lobe " (c). In Man this is almost obsolete, but in

most mammals it is of considerable magnitude, and has

veiy constant and characteristic relations. It is connected

by an isthmus at the left (narrowest or attached) end to

the Spigelian lobej behind which isthmus the vena cava is

always in relation to it, channelling through or groovitig its

surface. It generally has a pointed apex, and is deeply

hollowed to receive the right kidney, to the upper and

inner side of which it is applied.

Considerations derived from the comparatively small

and simple condition of the liver of the Ungulates, compared

with its large size and complex form in the Camivsra,

have led to the perhaps too hasty generalization that the

firs*r type is related to a herbivorous and the latter to a

carnivorous diet. The exceptions to such a proposition are

very numerous. The fact of the great difference between

the liver of the Ceiacea and that of tJjeSeals, cannot be

accounted for by diffBreiicc of habits of life,' though it
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perliapa may be by 'lifference of origin, upon the supposi-

tion that the former are modifications of the primary

branch of mamraala from which the Ungulates, and the

latter o- that from which the Camivora, are derived.^

ClKCULATORY. ABSORBENT, ReSPIKATORY, AND UrINABY
Systems.

a;ooi3. The blood of mammals is always red, ana during the

life of the animal hot, having a nearly uniform temperature,

varying within a few degrees on each side of 100° Fahr.

The corpuscles are, as usual in vertebrates, of two kinds:

—(1) colourless, spheroidal, nucleated, and exhibiting amce-

boid movements ; while (2) the more numerous, on which
depends the characteristic hue of the fluid in which they

are suspended, are coloured, nrm-nucleated, flattened,

Blight'.y biconcave disks, with circular outline in all known
species except the Camels and Llamas, where they have

the elliptical form characteristic of the red corpuscles of

nearly all the other vertebrates, though adhering to the

mammalian type in absence of nucleus and relatively small

Bize. As a rule they are smaller as well as more numerous
than in other classes, but vary considerably in size in

different species, and not always in relation to the

magnitude of the animal, a Mouse, for instance, having

cs large corpuscles as a Horse. Within the limits of any
natural group there is, however, very often some such

relation, the largest corpuscles being found among the

(large species and the smallest corpuscles among the small

species of the group, but even to this generalization there

are many exceptions. The transversa diameter of the

red corpuscles in Man averages ;n;ViT ^^ ^" mch, which is

exceptionally large, and only exceeded by the Elephant

(ftVb")' ^"^^ ^7 some Celacea and Edentata. They are also,

generally large in Apes, Rodents, and the Monolremata, and
small in the Artiodactyles, least of all in the Chevrotains

{Tragulus), being in T. javanicus and meminna not more
than -nj^.2

Hern:. The heart of mammals consists of four distinct cavities,

two auricles and two ventricles. Usually the ventricular

portion is externally of conical form, with a simple apex,

but in the Sirenia it is broad and flattened, and a deep
notch separates tho apical portion of each ventricle. A
tendency to this form is seen in the Cetacea and the Seals.

It is characteristic of mammals alone among vertebrates

that the right auriculo-ventricular valve is tendinous like

the left, consisting of flaps held in their place by fibrous

ends {chords tendinis:) which arise from projections from
the muscular walls of the ventricular cavity (musculi

papiltares). In the Monolremata a transition between
this condition and the simple muscular flap of tho
Sauropsida is observed. In most of the larger Ungulates
a distinct but rather irregular ossification is developed in

the central tendinous portion of the base of the heart.

Blood- The orifices of the aorta and pulmonary artery are each
vMsela. guarded by three semilunar valves. The aorta is single,

and arches over the left bronchial tube. After supplying
the tissues of the heart itself with blood by means of the
coronary arteries, it gives off large vessels (" carotid ") to tho

head and ("brachial") to the anterior extremities. The
mode in which these vessels arise from the aorta varies much
in different mammals, and the study of their disposition

affords some guide to classification. In nearly all cases

the right brachial and carotid have a common origin (called

"innominate artery" jn anthropotomy). The other two
vessels may come off from this, as is the rule in Ungulates,

' See *' Lectures on the Comparative Anatomy of the Organs of
Digestiou of tho Mammalia," Medical Times mul Gazelle, Feb. -Dec.
1872.

« G. Gulliver, Proc. Z'ool Soc, 1862, p. 81.

the common trunk constituting the "interior aorta" of

veterinary anatomy ; or they may be detached in various

degrees, both arising separately from the aorta, as in Man,
or the left carotid from the innominate and the left brachial

from the aorta, a very common arrangement, or the last

two from a common second or left innominate as in some
Bats and Insectivores. The aorta, after giving off the in-

tercostal arteries, passes through the diaphragm into tho

abdomen, and, after supplying the viscera of that cavity by
means of the gastric, hepatic, splenic, mesenteric, renal, and
spermatic vessels, gives off in the lumbar region a large

branch (iliac) to each of the hinder extremities, which also

supplies the pelvic viscera, and is continued onwards in the

middle line, greatly diminished in size, along the under
surface of the tail. In certain mammals, arterial plexuses,

called retia mirabilia, formed by the breaking up of tha

vessel into an immense number of small trunks, which may
run in a straight course parallel to one another (as in tha

limbs of Sloths and Slow Lemurs), or form a closely packed

network, as in the Uitracranial plexuses of Ruminants, or a
sponge-like mass of convoluted vessels, as in the intercustals

of Cetaceans, are peculiarities of the vascular system the

meaning of which is not in all cases clearly understood.'

In the Cetacea they are obviously receptacles for contain-

ing a large quantity of oxygenated blood available during

the prolonged immersion, with consequent absence of

respiration, to which these animals are subject.

The vessels which return the blood to the heart from tho

head and upper extremities usually unite, as in !Man, to

form the single vena cava stcperior or precaval vein, but
in some Insectivores, Chiroptera, and Rodents, and in the

Elephant, and all Marsupials and Monotrcmes, the two
superior caval veins enter the right auricle without uniting,

as in birds. In Seals and some other diving mammals
there is a large venous sinus or dilatation of the inferior

cava immediately below the diaphragm. In the Cetacea,

the purpose of this is supplied by the immense abdominal

venous plexuses. As a rule the veins of mammals are

furnished with valves, but these are said to be altogether,

wanting in the Cetacea, and in the superior and inferior'

cava, subclavian and iliac veins, the veins of tho liver

(both portal and hepatic), heart, lungs, kidneys, brain,

and spinal chord of other mammals. Many of the veins

within the cranium are included in spaces formed by the

separation of the laminso of the dura mater, and do not

admit of being dilated beyond a certain size; these are

termed sinuses. The portal circulation in mammals is

limited to the liver, the portal vein being formed by the

superior and inferior mesenteiic, the splenic, the gastro-

epiploic, and the-pancreatic veins. The kidney is supplied

solely by arterial blood, and its veins empty their contents

only into the inferior cava.

The absorbent or lymphatic system of vessels is very Lym-
completely developed in the Ilammalia. Its ramifications phatiu

extend through all the soft tissues of the body, and con-
^'^^^'^

vey a colourless fluid called lymph, containing nucleated

corpuscles, and also, during the process of digestion, tha

chyle, a milky fluid taken up by the lymphatics (hero

called lacteals) of tho small intestine, and pour them into

the general vascular system, where they mix with the

venous blood. Tho lymphatic vessels of tho hinder
extremities, as well as those from the intestinal canal, unite

in the abdomen to form- tho " thoracic duct," the hinder

end or commencement of which has a dilatation called the

receptaculum chi/ti. The duct, which is of irregular size and
sometimes double, often dividing and uniting again in its

course, or even becoming plexiform, passes forwards close to

the bodies of tha thoracic vertebrae, and empties itself, by
an orifice guarded by a valve, into tho great left brjchio-

cepbalic vein, having previously received the lym^aatAc*-
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from tlio thorair and tlio left bido of tho licad and left

aiiter'Oi extremity. Those from the right side of tho head

and right anterior limb usually enter by a sniall distinct

trunk into the couesponding part of the right brachio-

cephalic vein. The duct, and also the principal lymphatic

vessels, are provided with valves.

Lymphatic glands, rarely met with in the Sattropsida,

are usually present in mammals, both in the .^'oneral and

in the lacteal system, the latter being called " mesenteric

glands." They are round or oval masses, situated upon the

course of the vessels, which broak up in them and assume

a plexiform arrangement, and then reunite as they emerge.

No stnictures corresponding to the pulsating " lymphatic

Jiearts" of the lower vertebrates have been met with iu

mamnTils.

3>p-lle53 Associated with the vascular and lymphatic systems are

y'^nds. -certain bodies, the functions of which are not properly

understood, and which are usually, on account of their

general appearaneo, grouped together under the name of

"ductless glands." Of these the "spleen" is the largest,

and single, always placed in mammals in relation to the

fundus or left end of tho stomach, to wJiich it is attached

by a fold pf peritoneum. It is dark-coloured and spongy in

substance, and has a depression on one side or " hilus,"

into which the splenic artery, a branch of the cadiac axis

jf tho abdominal aorta, enters, and from which the vein,

'ivhich joins the portal system, emerges. It varies much in

size and form in different mammals, being relatively very

email in tho C'etacea. It is sometimes almost spherical, but

more often flattened, oval, triangular, or elongated, and
occasionally, as in Jlonotremes and mosf Marsupials, tri-

raiUate. The " suprarenal bodies " or " adrenals " are two

in number, each situated either in contact with or at a

short distance in front of the anterior extremity of the

kidney. They are abundantly supplied with nerves, and
aro much larger relatively in early than in adult life.

The " thyroid body," or rather bodies, for there are gene-

rally two, though in Man and some other species connected

ray a^a isthmus passing across the middle line, are constant

>n 'jiammals, though only met with in a rudimentary con-

dition, if at all, in other vertebrates. They are situated in

t'jo neck, in contact with the sides of the anterior ex-

tremity of tho trachea. The " thymus " lies in the ante-

Tior part of the thorax, between the sternum and the great

vessels at the base of the heart, and differs from the thyroid

in being median aud single, and having a central cavity.

It attains its greatest development during ths period of

lactation, , and then diminishes and generally disappears

before full growth is attained.

JJostril" llcspiraiory Organs.-—JIammals breathe occasionally

through the mouth, but usually, and in many cases

exclusively, through the nostriU or nares. These are

apertures, always paired (except in the toothed. C'eiacea,

where they unite to form a single external opening), and
situated at the fore part of the face, generally at or beneath

the end of the muzzle, a median prominence above the

mouth. This is sometimes elongated to form a proboscis, to

the extremity of which the nostrils are carried, and *hich
attains its maximum of development in the Elephant. In
the Cetacea the Dostrils are situated at a considerable distance

behind the anterior end of the face, upon the highest part

of the head, and are called " blow-holes," from the peculiar

mode of respiration of' these animals. The nostrils are

kept open by means of cartilages which surround their

aperture, and which inany animals have the power of

moving so as to cause partial dilatation or contraction.

In diving animals, as Seals and Cetacea, they can be con:-

pletely closed at will so as to prevent the entrance of water

when beneath the surface. The passage tO'iWhich the

nostrils lead is iu most mammals filled bv a more or less

3G5

complex sieve-like apparatus, formed of tho convoluicd

turbinal bones and cartilages, over which a moist, vascular.

ciliated mucous membrane Is spread, and which intercepts

particles of dust, and also aids in warming the inspired air

before it reaches the lungs. In the Prohoscidea , in which
these functions are performed by the. walls of ,he long

tubular proboscis, this apparatus is entirely wanting. The
narial passages have tlie organ of pmell situated in their

upper part, aud communicate posteriorly with the pharynx,

and through the glottis with the " trachea" or windpipe, a TnciSi,

tube by which the air is conveyed to and from the lungs.

The permanent patency of the trachea during the varied

movements of the neck is provided for by its walls being

stiffened by a series of cartilaginous rings or hoops, which

in most mammals are incomplete behind. Having entered

the thorax, the trachea bifurcates into the two bronchi, ona

of which enters, aud, dividing dichotomously, ramifiet

th.rough, each lung. In some of the Cetacea and Ailio-

dactyla a third bronchus is given off from the lower part

of the trachea, above ita bifurcation, and enters the right

lung.

The upper end of the trachea is modified into the organ Laryat.

of voice or "larynx," the air passing thfough which to and

from the lungs is made use of to set the edges of the " vocal

cords," fibrous bands stretched one on each side of the tube,

into vibration. The larynx is composed of several cartiU

ages, of which tlie "thyroid," the "cricoid," and tho
" arytenoid " are the principal, moved upon one another by
muscles, and suspended from the hyoidean arch. By
alteration of the relative position of these cartilages tha

cords can be tightened or relaxed, approximated or divari-

cated, as required to modulate the tone and volume of tha

voice. A median tongue-shaped fibro-cartilage at the top

of the larynx, the "epiglottis," protects the "glottis," or

aperture by which tlie larynx communicates with tha

pharynx, from the entry of particles of food during deglu-

tition. The form of the larynx and development of the

vocal cords present many variations in different members
of the class, the greatest modification from the ordinary

type being met with in the Cetacea, where the arytenoid

cartilages and epiglottis are united in a tubular manner,

project into the nasal passage, and, being grasped by the

muscular posterior margin of the palate, provide a direct

channel of communication from the lungs to the external

surface. An approach to this condition is met with in the

Hippo[iotamus and some other Ungulates. Nearly all

mammals have a voice, although sometimes it is only exer-

cised at seasons of sexual excitement. . Some Marsupials

and Edentates appear to be quite mute. In no mammal is

there an inferior larynx, or "syrinx, as in birds.

The thoracic cavity of mammals differs from that of tho Db-

Savropsida in being completely separated from the abdomen pliracm,

by a muscular partition, the " diaphragm," attached to the

vertebral column, the ribs, and the sternum. This is much
arched, with the convexity towards the thorax, so that when
its fibres contract it is flattened and the cavity of the thorax

increased,and when theyare relaxed the cavityisdiminished.

The lungs are suspended freely in the thorax, pne on each Ludjs,

side of the heart, being attached only by the root, which
consists of the bronchus or air-tube, and pulmonary arteries

and veins by which the blood is passed backwards and
forwards between the heart and the lungs. The remaining

part of the surface of each lung is covered by serous mem-
brane, the " pleura," and, whatever the state of distension

or contraction of the chest-wall, is accurately in cont"act

with it. , Inspiration is effected by the contraction of tho

diaphragm, and by the intercostal and other mu^les elc-'

vating or bringing forward the ribs, and thus throwing the

sterimm farther away from the vertebral colum- A." the

surface of the lung must follow the chest-wall, tha Of^n.
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fa itself expanded, and air rushes in through the trachea

lo fill all the minute cells iu which the ultimate ramifica-

tions of the bronchi terminate. In ordinary expiration

very little muscular power is expended, the elasticity of

the lungs and surrounding parts being sufficient to cause a
state of contraction and to drive out at least a portion of

the air contained in the cells, when the muscolar stimulus

is withdrawn. The lungs are.sometimes simple externally,

as in the Sirenia (where they are greatly elongated) and
the Cetacea, but they are more often divided by deep

fissures into one or more lobes. The right lung is usually

larger and more subdivided than the left. It often has a

small distinct lobe behind, wanting on the left side, and
hence called lobulus azygos.

Most mammals have in connexion with the air passages

'certain diverticuli or pouches containing air, the use of

which is not always easy to divine. The numerous air

sinuses situated between the outer and inner tables of the

bones of the head, which in Man are represented by the

antrum of Highmore and the frontal and sphenoidal sinuses,

and which attain their maximum of development in the

Indian Elephant, are obviously for the mechanical pur-

pose of allowing expansion of the bone surface without

increase of weight. They are connected with the nasal

passages. The Eustachian tubes pass from the back of the

pharynx into the cavity of the tympanum, into which and the

mastoid cells they allow air to pass. In the Equidm there

are large postpharyngeal air sacs in connexion with them.

The Dolphins have an exceedingly complicated system of

lair sacs in connexion with the nasal passages just within

the costrils, and the Tapir and Horses have blind sacs in

the same situation. In the males of some B&aXa {Cj/slophora

and Macrorkimts) large pouches, which the animal can

inflate with air, but which at other times are flaccid, and
which are not developed in the young animal or the female,

arise from the upper part of the nasal passages, and lie

immediately under the skin of the faca These are very

analogous, although not in the same situation, to the gular

pouch of the male Bustard. The larynx has frequently

membranous pouches in connexion with it, into which
air passes. These may be lateral and opening just above
the vocal cords, constituting the sacculi laryngis, found
in a rudimentary state in Man, and attaining an enormous
development, reaching to the shoulders and axillae, in some
of the Anthropoid Apes ; or they may be median, opening

in front either above or below the thyroid and cricoid car-

tilages, as in the Howling and other Monkeys, and also in

the Whalebone Whales and Great Anteater.

Kidnejm. Urinary Ort/ans.—The kidneys of mammals are more
^ compact and definite in form than in other vertebrates,

being usually more or less oval, with an indent on the side

turned towards the middle line from and into which the

yessels and ducts pass. They a.ie distinctly divided into a
cortical secretory portion, composed mainly of convoluted
tubes, and containing Malpighian bodies, and a medullary
excreting portion, formed of straight tubes converging
towards a papilla, embraced by the commencement of the

ureter or duct of the organ. The kidneys of some
mammals, as most Jlonkeys, Carnivores, Rodents, &c., are

simple, with a single papilla into which all the renal tubuli

enter. In others, as Man, there are many pyramids of the

medullary portion, each with its papilla, opening into a

division (calyx) of the upper end of the ureter. Such
kidneys are, either in the embryonic condition only or

throughout life, lobulated on the surfacp. In some cases,

es in Bears, Seals, and especially the Cfiacea, the lobulation

is carried further, the whole organ being composed of a mass
of renules, loosely united by connective tissue, and with

separate ducts, which soon join to form the common ureter.

In all mammals except the Monotremes the ureters termi-

nate by slit-like valvular openings 'ja the urinary bladder. Bladdar,

This receptacle when filled discharges its contents through

the single median urethra, which in the male is almost

invariably included in the penis, and in the females of

some species of Rodents, Insectivores, aud Lemurs has a.

simi?at relation to the clitoris. In the Monotremes, though

the bladder is present, the ureters do not enter into it, but

into the orogenital canal some distance below it, the orifice

of the genital duct intervening.

Nkbvous System and Oeqaxs of Sensb.

The brain of mammals shows a higher condition of Bra.

orgauiaation than that of other vertebrates. The cerebral

hemispheres have a greater preponderance compared to

other parts, especially to the so-called optic lobes, oi

corpora quadrigemina, which are completely concealed by
them. The commissural system of the hemispheres is

much more complete, both fornix and corpus caUosum
being present in some form ; and, when the latter ir.

rudimentary, as in Marsupials and Monotremes, its defi-

ciency is made np for by the great size of the anterior comi
missure. The lateral lobes of the cerebellum, wanting in

lower vertebrates, are well developed and connected by a
transverse commissure, the pons Varolii The whole brain,

owing especially to the size of the cerebral hemispheres, is

considerably larger relatively to the bulk of the animal

thau in other classes, but it must be recollected that

the size of its brain depends upon. many circumstances

besides the degree of intelligence which an animal pos-

sesses, although this is certamly one. Man's brain is

many times larger than that of all other known mammala
of equal bnlk, and even three times as large as that of tha

most nearly allied Ape. Equal bulk of body is here
mentioned, because,'in drawing any conclusions from tha
size of the brain compared with that of the entire animal,

it is always necessary to take into consideration the fact

that in every natural group of closely allied animals the

larger species have much smaller brains relatively to their

general size than the smaller species, so that, in making!

any effective comparison among animals belonging td

different groups, species of the same size must be selected.

It may be true that the brain of a Mouse is, as compared
with the size of its body, larger thau that of a Man, but, if

it were possible to reduce an animal having the general

orgatiization of a Man to the size of a Mouse, its brain

would doubtless be very many timee larger; and conversely,

as shown by the rapid diminution of the relative size of the

brain in all the large members of the Rodent order, a Mousi
magnified to the size of a Man would, if the general ruU
were observed, have a brain exceedingly inferior in volume.

Although the brain of the large species of Whales is, as

commonly stated, the smallest in proportion to the bulk ot

the animal of any mammal, this does not invalidate the

general proposition that the Cetacea have very large brains

compared with terrestrial mammals, as the Ungulata, ot

even the aquatic Sirenia, as may be' proved by placing the

brain of a Dolphin by the side of that of a Sheep or Pig,

or a Manatee of equal general weight. It is only becauso

the universally observed difference between the slower ratio

of increase of the brain compared with that of the body

becomes so enormous in these immense creatures that they

are accredited with small brains.

The presence or absence of " sulci " or fissures on the siu-

face of the hemisphere, dividing it into " convolutions " or

" gyri," and increasing the superficies of the cortical grey

matter, as well as allowing the pia mater with its nutriett

blood-vessels to penetrate into the cerebral substance, follow

somewhat similar rules. They are related partly to the

high or low cooditioa of organization of the species, but tUso



'sense organs.] MAMMALIA 3f>7

in a great degree to the size of the cerebral hemisphores.

In very small species of all groups, even tho J'rimalcx, they

are absent, and in the largest species of groups so low in

the scale as the Marsupials and Edentates they are found.

They roach their maximum of developmentin the Oelacea.

Tba researches of palaeontologists, founded upon studies

of casts of the interior of the cranial cavity of extinct

forms, have shown that, in many natural groups of

manimaJs, if not in all, the brain has increased in size, and

also in complexity of surface foldings, with the advance of

time,—indicating in this, as in so many other respects, a

gradual progress from a lower to a higher type of develop-

ment.

Nwres. The twelve pairs of cranial nerves generally recognized

in vertebrates are all usually found in mammals, though

the olfactory nerves are excessively rudimentary, if not

altogether absent, in the Toothed Whales. The spinal cord,

or continuation of the central nervous axis, lies in the canal

formed by the neural arches of the vertebrae, and gives off

the compound double-rooted nerves of the trunk and the

extremities corresponding in number to the vertebrae,

Jhrough the interspaces between which they pass out to

their destination. The cord is somewhat enlarged at the

two points where it gives oif the great nerves to the

anterior and the posterior extremities, which from their

interlacements soon after their origin are called respectively

the brachial and lumbar plexuses. The ganglionic or

sympathetic portion of the nervous system is well developed,

and presents few modifications.

Sen.<!n of The sense of touch is situated in tne sldn generally, but
touch, ia most acute in certain regions more or less specialized for

the purpose by the presence of tactile papillae, such as por-

tions of the face, especially the lips and end of the snout,

and the extremities of the limbs when these are used for

other purposes than mere progression, and the under surface

of the end of the tail in some Monkeys. The " vibrissa" or

long stiff bristles situated on the face of many mammals are

rendered extremely sensitive to touch by the abundant
su[iply of branches from the fifth nerve to their basal

papilla'. In Bats, the extended wing membranes, and prob-

ably also the large ears and the folds and prominences of

skin about the face of some species, are so sensitive as to

receive impressions even flora the diiJ'erent degrees of resist-

ance of the air, and so enable the animals to avoid coming
in contact with obstacles to their nocturnal flight.

The organs of the other special senses are confined to the

T.iste. head. Taste is situated in the papilh-B scattered on the

Smell dorsal surface of the tongue. The organ of smell is present

in all mammals except the Toothed Whales. It consists of

a ramification of the olfactory nerves over a plicated, moist,

mucous membrane, supported by folded plates of bone,

placed on each side of the septum nasi in the roof, or often

in a partially distinct upper chamber of the nasal passage,

so arranged that, of the air passing into the lungs in inspira-

tion, some comes in contact with it, causing the perception

of any odorous particles with which it may be charged.

Many mammals possess intense powers of smelling cer-

tain, odours which others are quite unable to appreciate,

and the Influence which this sense exercises over the well-

being of mauy species is very great, especially in indicating

the proximity of others of the same kind, and giving

warning of the approach of enemies. The develop-

ment and modification of the sense of smell is probably
associated with that of the odorous secretion of the
cutaneous glands,

iight. The organ of sight is quite rudimentary,- and eveu con-

cealed beneath the integument, in some burrowing Rodents
and Insectivores, and is most imperfectly developed in the

Platanista, or Freshwater Dolphin of the rivers of India.

In all other mammals the eyeball has "the structure

characteristic of the organ in the higher Veiichi-nta, con-
sisting of parts through which the rays of light are
admitted, regulated, and concentrated upon the rsensitive

expansion of the optic nerve lining the posterior part of the
ball. A portion of the fibro-vascular and highly pigmented
layer, the choroid, which is interposed between the retina
and the outer sclerotic coat, is in many mammals modified
into a brilliantly coloured light-reflecting surface, the
lapeium lucidmn. There is never a pecten or marsupium,
as in the Sauropsida, nor is the sclerotic ever supported
by a ring of flattened ossicles, as is bo frequently the ca.so

in the lower vertebrated classes. The eyeball is moved in
various directions by a series of muscles—the four recti,

two obliqui, and, except in the higher Primates, a posterior
retractor muscle called choanoid. It is protected by the
lids, generally distinctly separated into an upper and a lower
movable flap, which, when closed, meet over the front of
the eye in a more or less horizontal line ; but sometimes, as
in the Sirenia, the lids are not distinct, and the aperture is

circular, closing to a point. In almost all mammals below
the Primates, except the Cetacea, a " nictitating membrane"
or third eyelid is placed at the inner comer of the eyeball,

and works horizontally across the front of the ball within
the true lids. Its action is instantaneous, being apparently
for the purpose of cleaning the front of the transparent
cornea, a function which is unnecessary in animals whose
eyes are habitually bathed in water, and which in Man and
his nearest allies is performed by winking the true eyelids.

Except in Cetacea the surface is kept moist by the secretion

of the lacrymal gland, placed under the upper lid at its

outer side, and the lids are lubricated by the Harderian
and Meibomian glands, the former being situated at the
inner side of the orbit, and especially related to the
nictitating membrane, the latter in the lining membrane
of the lids.

The organ of hearing is enclosed in a bony capsule Hearine.

(periotic) situated in the side of the head, intercalated

between the posterior (occipital) and the penultimate
(parietal) segment of the skulL It has, in common with
other vertebrates, three semicircular canals and a vestibule,

but the cochlea is more fully developed than in Saziropsida,

and, except in the Monotremes, spirally convoluted. The
tympanic cavity is often dilated below, forming a smooth
rounded prominence on the base of the skull, the tympanic
bulla. The three principal ossicles, the " malleus," " incus,"

and " stapes," are always present, but variable in characters.

In the Sirenia, Cetacea, and Seals they are massive in form,

being in the first-named order of larger size than in any
other mammals. In the Cetacea the malleus is ankylosed
to the tympanic ; in other mammals it is connected only,

with the membrana tympani. The stapes in the lower orders

—Edentates, Marsupials, and Monotremes—has a great

tendency to assume the columnar form of the correspond-

ing bone in Sauropsida, its two rami entirely or partially

coalescing.' The tympanic membrane (drum of the ear)

forms the outer wall of the cavity. In the fcetal state it is

level with the external surface of the skull, and remains so

permanently in a few^mammals, as the American Monkeys;
but commoidy, by the growth of the squa-mosal bone, it

becomes deeply buried at the bottom of a bony tube

{meatus auditoriiis extemus), which is continued to the

surface of the skin in a fibrous or fibro-cartilaginous form.

In Whales, owing' to the thickness of the subcutaneous

adipose tissue, this is of great length, and is also extremely

narrow. In most aquatic and burrowing animals the

meatus opens upon the surface by a simple aperture, but

^ The modifications of these bones are fully described by A. Doran,
'

' Morphology of the Mammalian Ossicula audit'is,*' Trans. Linn, Soc^
Ber. 2, vol. i. pp. 371-497, pi. Iviu.-Lxiv., 1878.
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-.n the largo mnjority of the class there is a projecting fold

of skin, strengthened by fibro-cartilages, called the pinna

or' auricle, or " external ear," of very variable size and

shape, generally movably articulated on the skull, and

provided with muscles to vary its position, as it helps to

collect and direct the vibrations of sound into the meatus.

Eepkoductive Organs.

Testes. In the male the testes retain nearly their primitive or

internal position throughout life in the Monotremata,

Sirenia, Cetacea, most EdetUata, Hyracoidea, Proboscidea,

and Seals, but in other orders they either periodically (as

in Eodeniia, Insectivora, and Chiroptera) or perman-

ently pass out of the abdominal cavity through the inguinal

canal, forming a projection beneath the skin of the

perineum, or becoming suspended in a distinct pouch of

the integument called scrotum. All the Marsupials have

a pedunculated scrotum, the position of which differs

from that of other mammals, being in froat of, instead of

behind, the preputial orifice. The presence, absence, or

comparative size and number of the accessory generative

glands—prostate, vesicular, and Cowper's. glands, as they

are called—vary much in different groups of mammals.

Penis. The penis is almost always completely developed, coosist-

ing of two corpora cavernosa attached to the ischial bones,

and of a median corpus spongiosum enclosing the urethra,

and formiug the glans at the distal portion of the organ.

In Marsupials, Monotremes, and the Sloths and Anteaters,

the corpora cavernosa are not attached directly to the

ischia, and in the last-named the penis is otherwise of a

very rudimentary character, the corpus spongiosum not

being present. In many Marsupials the glans penis is

bifurcated. In most Primates, Carnivora, Rodentia,

Insectivora, and Chiroptera, but in no other orders, an as

penis is present.

Ovaries. In the female, the ovaries retain permanently their

and original abdominal position, or only descend a short
oviduct, (jigtance into the pelvis. They are of comparatively smaller

size than in other vertebrates, and have a definite flattened

oval form, and are enclosed iu a more or less firm "tunica

albugenia." The oviduct has a trumpet-like, and usually

fimbriated abdominal aperture, and is more or less

differentiated into three portions :— (1) a contracted upper

part, called in Man and the higher mammals " Fallopian

tube"; (2) an expanded part with muscular walls, in which

the ovum undergoes the changes by which it is developed

into the foetus, called the "uterus"; (3) a canal, the

" vagina," separated from the last by a valvular aperture,

and terminating in the urino-genital canal, or common urinal

and genital passage, which in higher mammals is so short

as scarcely to be distinct from the last. The complete dis-

tinction of the oviducts of the two sides throughout their

whole length, found in all lower vertebrates, only occurs

in this class in Monotremes, a prevailing mammalian
characteristic being their more or less perfect coalescence

in the middle line to form a single median canal In the

Marsupials this union only includes the lower part of the

vagina; in most Placentalia it extends to the whole vagina

and a certain portion of the uterus, which cavity is then

described as "bicornuate."- In the higher mammals, as

in Man, and also in some of the Edentates, the whole of

the uterus is single, the contracted upper portion of tlio

oviducts or Fallopian tubes, as they are then called, enter-

ing it-s upper lateral angles by small apertures. In certain

lower forms of mammals the urino-genital canal opens with

the termination of the rectum into a common cloaca, as

in other vertebrates; but it is characteristic of the majority

of the class that the two orifices are more or less distinct

ester'- ally.

Mammary glands, which secrete the milk by which Mam-
the young are nourished during the first portion of their mary

existence after birth, are present in both sexes in aU ^^^
mammals, though usually only functi(Jnal in the female.
In the Monotremes alone, their orifices are mere scattered
pores in tlie skin, but in all others they are situated upon
the end of conical elevations, called mammillae or teats,

which, taken into the mouth of the young animal, faci'itata

the process of sucking. These are always placed in pairs

upon some part of the ventral surface of the body, but
varying greatly in number and position in different groups.

In the Cetacea, where the prolonged action of sucking
would be incompatible with their subaqueous life, the
ducts of the glands are dilated into large reservoirs from
which the contents are injected into the mouth of the

young animal by the action of a compressor muscle.

Secondary sexual characters, or modifications of t tructure Second,

peculiar to one sex, but not directly related to the repro- "y
ductivo function, are very g>ineral in mammals. They ^f'^""

almost always consist of the acquisition or perfection of acto.-s.

some character by the male as it attains maturity, which is

not found in the female or the young in either sex. In a

large number of cases these clearly relate to the combats
in which the males of many species engage for the posses-

sion of the females during the breeding season ; others are

apparently ornamental, and of many it is still difiicult to

apprehend the meaning. Many suggestions on this subject

will, however, be found in the chapters devoted to it io

Darwin's work on The Descent of Man und Selectioxi in

Relation to Sex, where most of fie best-known instances'

are collected. Superiority of size and strength in th./

male of many species is a well-marked secondary sexual

character related to the purpose indicated above, being

probably perpetuated by the survivors or victors ir

combats transmitting to their descendants thosexjualitiei

Vi-hich gave them advantages over others of their kino.

To the same category belong tlie great development of the

canine teeth of the males of many species which do not use

these organs in procuring their food, as the Apes, Swine.

Musk and some other Deer, the tusk of the male Narwhal,

the antlers of Deer, which are present in most cases only

in the males, and the "usual superiority in size and strength

of the horns of the Boiidx. Other secondary sexual

characters, the use of which is not so obvious, or which

may only relate to ornament, are the presence of masse.«

or tufts of long hair on different parts of the body, as the

mane of the male Lion and Bison, the beards of some Rumi-
nants and Bats (as Taphozons melanopogon), ^lonkeys, am?

of Man, and all the variations of coloration in the sexes, io

which, as a general rule, the adult male is darker andlnore

vividly coloured than the female. Here may also be mefl'

tioned the presence or the greater development of odori'

ferous glands in the male, as in the Musk Deer, and th'

remarkable perforated spur with its gland and duct, s<f

like the poison-tooth of the venomous serpents, found in

the males of both Ornithorhynchus and Echidna, the use

of which is at present unknown.
Placenta.—The development of the mammalian ovum, Placent*

and the changes which the various tissues and organs of

the body undergo in the process of growth, are too intricata

subjects to be explained without entering into details

incompatible with the limits of this article, especially as

they scarcely ditfer, excepting in their later stages, from

those of other vertebrates, upon which, owing to the greatei

facilities these present for examination and study, the

subject has been more fully worked out. There are,

however, some points which require notice, as peculiar to

the mammalian class, and as afl'ording at least some hiuvS

upon the difficult subject of the affinities and classification

of the members of the group.
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The nourishment of tho fcctus during intrauterine life

takes place through the medium of certain structures,

partly belonging to tho fcctus itself and partly belonging to

the .inner parietos of tho uterus of the parent. These in

their complete form constitute the complex organ called the

"placenta," which serves as tho medium of commuaicabiun

between the mother and fcetus, and in which the physio-

logical processes that are concerned in the nutrition of the

latter take place ; but, as we shall see, though a pl»centa,

in the usual acceptation of the term, is peculiar to the

mammalian class, it is not in all of its members that one is

developed. The structures to which we shall have especially

to refer are the outer tunic of the ovum, to which, however
formed, the term " chorion " is commonly applied, and two

sac like organs connected with the body cavity of the em-
bryo, both formed from the splanchnic mesoblast, lined

by a layer of the hypoblast. These are the " umbilical

Vesicle " or " yolk sac " and the " allantois."

The umbilical vesicle is a thin membrane enclosing the

jolk, which by the doubling in of the ventral walls of

the embryo becomes gradually formed into a distinct oao

external to the body, with a pedicle (the omphalo-enteric

duct) by which for a time a communication is maintained

between its cavity and the intestinal canal. la the walls

of this sac blood-vessels (omphalomeaeraic or vitelline)

are developed in connexion with the vascular system of

tho .embryo, through which, either by their contact with

the outer surface of the walls of the ovum, or by the

absorption through thenj of the contents of the yolk sac,

the' nutrition of the en^bryo in the lower vertebrates chiefly

takes ;place. In mammals the umbilical vesicle plays a

comparatively subordinate part in the nourishment of the

foetua^ its function being generally superseded by the

allantpis:

The last-named sac commences at a very early period as

a diverticulum from the hinder end of the alimentary tract

of the embryo. Its firoxinial portion afterwards becomes
the urinary bladder, the contracted part between this and
the cavity of the allantois proper constituting the urachus,

which passes out of the body of the foetus at the umbilicus

together with the vitelline duct. The mesoblastic tissue

of the walls of the allantois soon becomes vascular; its

arteries are supplied with fcetal blood by the two
hypogastric branches of the iliacs, or main divisions of the

abdominal aorta, and the blood is returned by venous

trunks which unite to form the single umbilical vein which
runs to the under surface of the liver, where, part of it

jiiining the portal vein and part entering the vena cava

directly, it is brought to the heart. These are the vessels

which, with their surrounding membranes, constitute tho

umbilical cord, the medium of communication between the

fcetus and the placenta, when that organ is fully de-

veloped.

The nature of the foetal membranes of the Moiiotremata
is not known. In the Marsupialia the observations made
many years ago by Professor Owen, upon the development
of the Kangaroo, have recently been confirmed by Dr H. C.

Chapman,' but fuller investigations in ditferent species and
at different stages are still much to be desired. As far as

is known, up to the period of the very premature birth of

these animals the outer covering of the ovum or chorion

ia free from villi and not adherent to the uterine svalls, for,

though fitting into the folds of the latter, it is perfectly

and readily separable in its entire extent from them. The
umbilical vesicle is large, vascular, and adherent to a con-

siderable portion of the chorion, while the allantois is

relatively small, and, though the usual blood-vessels can

' Pro:. Acad. Nat Sc. Philaddphiaf Dacemhsr 27, 1381 ; An
Hag. Aat. Mist., April 1882,
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be traced in it, it does not appear to contract any con-

nexion with the chorion, and therefore much less with tho

walls of the uterus, of such a nature as to constitute a

plaeenti.. While in the, uterus the nourishment of the

ffetus seems therefore to be derived from the umbilical

vsssicle, as in reptiles and birds, rather than from the uterine

walls by means of the allantoic vessels, as in the higher

mammals. The latter vessels, in fact, play even a much
less important part in the development of these animals,

not only than in the placental mammals, but even than in

the Sauropsida, for they can scarcely have the respiratory

function assigned to them in that group. Pulmonary re-

spiration and the lacteal secretion of the mother very early

supersede all other methods of providing the duo sup|ily

both of oxygen and of food required fur the development

and growth of the young animal In this sense the

Marsupials may be looked upon as the most typically

"mammalian" of the whole class. In no other grouj)

do the milk-secreting glands play such an important part

in providing for the continuity of the race.

In the third primary division of the Mammalia, the so-

called Placentatia, the umbilical vesicle generally does not

quite unite with the chorion, and disappears as develop-

ment proceeds, so that no trace of it can be seen in 'the

membranes of an advanced embryo ; but it may persist

until the end of intrauterine life as a distinct sac in the

umbilical cord, or lying between the allantois and amnion.

The disappearance or persistence of the umbilical vesicle

does not, according to our present knowledge, appear to

be correlated with a higher or lower general grade of

development, as might be presupposed. It is stated to

have been found in Man even up to the end of intra-uterine

life, and also in the Carnivwa, while in the Vugulata and

Cetacea it disappears at an earlier age. In many, if not

all, of the Rodentia, Insectivora, and CJnroptera, it plays a

more important part, becoming adherent to a considerable

part of the inner surface of the chorion, to which it conveys

blood-vessels, although viUi do not appear to be developed

from the surface of this part, as they are on the portion of

the chorion supplied by the allantoic vessels. These orders

thus present to a certain extent a transitional condition

from the JIarsupials, although essentially dififerent, in

possessing the structures next to be described.

The special characteristic of the whole of the placental

mammals constituting the majority of the class, is that the

allantois and its vessels become intimately blended with a

smaller or greater part of the parieties of the ovum, form-

ing a structure on the outer surface of which villi are de-

veloped, and which, penetrating into corresponding cavities

of the "decidua," or soft, vascular hypertrophied lining

membrane of the uterus, constitutes the placenta. This

organ may be regarded, as Professor Turner says, both in

its function and in the relative arrangement of its consti-

tuent textures, as a specially modified secreting gland, the

ducts of which are represented by the extremities of the

blood-vessels of the fcetal system. The passage of material

from the maternal to the festal system of vessels is not a

simple percolation or diffusion through their walls, but is

occasioned by the action of a layer of cells derived from

the maternal or uterine structures, and interposed between

the blood-vessels of the maternal part of the placenta and

those of the villi covering the chorion, in which the

embryonic vessels ramify.

The numerous modifications in the details of the structure

of this organ relate to increasing the absorbing capacity of

the vessels of the chorion, and are brought about either by

increasing the complexity of the fcetal villi and maternal

crypts over a limited area, or by increasing the area of the

•part of the chorion covered by the placental villi, or by
various combinations of the two methods,

.
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The first class of variations has given rise to tv distiffc-

tiun into two principal kinds of placenta—^(1) simple or

non-deciduate, and (2) deciduate. In the former the fojfal

villi are received into corresponding depressions of the

miternal surface, from which at the period of parturition

they are simply withdrawn. In the second or more

complex form the relation is more intimate, a layer of

greater or less thickness of the lining membrane of the

uterus, called " decidua," becoming so intimately blended

with the chorion as to form part of the placenta proper, or

that structure which is cast off as a solid body at parturi-

tion.' In other words, in the one case the line of separation

between the placenta and uterus at birth takes place at the

junction of the fcetal and maternal structures, in the other

through the hitter, so that a portion of them, often of

considerable thickness, and containing highly organized

structures, is cast off with the former. It has been

thought that the distinction between these two forms of

placentatiou is so important as to constitute a sulRciently

valid basis for a primary division of the placental mammals
into two groups. It has, however, been shown that the

distinction is one rather of degree than of kind, as inter-

mediate conditions may exist, and it is not improbable

that in different primary groups the simpler, non-deciduate

form may have become developed independently into one

or other of the more complex kinds.

Apart from its intimate structure, the placenta may be

met with of very varied general form. It may consist of

villi scattered more or less regularly over the greater part

of the surface of the chorion, the two extremities or poles

being usually more or less bare. This form is called the

"diffused placenta." It is probably a primitive condition,

from which most of the others are derived, although its

existence must presuppose the absence of the umbilical

vesicle as a constituent of the chorionic waiL It is found

at present in the Manis among Edentates, the Cetacea,

Sirenia, the Perissodactyle Ungulates, and the Camels,

Pigs, and Chevrotains among the Artiodactyles. Such

placentae are always non-deciduate. In the true Ruminants

or Pecora, among the Artiodactyle Ungulates, the villi are

aggregated in masses called cotyledons, with bare spaces

between. Such a placentation is called "polycotyledonary."

In another modification the villi are collected in a more or

less broad band encircling the chorion, leaving a very large

portion of the two poles bare, constituting the "zonary

placenta," characteristic of the Carnivora, and also occur-

ring in the Elephant, Hyrax, and Ori/cterojms. The fact

of the ^form of the placenta of these three last-named

animals agreeing together, and with thnt of the Carni-

vora, does not, however, necessitate the ascription of

zoological affinities, as the placenta of the Carnivora has

been shown to be at first discoidal, and to become zonary

by spreading round the chorion in the course of develop-

ment. In the other cases, although it must be admitted

that the early stages have not been well observed, it is

quite probable that it may be derived from a diffused

placenta, in which the foital villi have disappeared from

a larger space than usual of the two poles of the ovum.

In another form one pole only of the chorion is non-

vascular, the placenta assuming a dome or bell shape, as

in the Lemurs and the Sloths. The transition from this,

by the gradual restriction of the vascular area, is easy to

the oval or discoidal form of placenta of the Anteaters,

Armadillos, and Primalcf. The discoidal placenta of the

Rodents, Insectivores, and Chiroptera, though showing so

much superficial resemblance to that of the last-named

order as to have caused them formerly to be associated

in one primary group, is now known to be developed in

another riianner, not by the concentration of villi from a

diffused to a limited area, but by retaining the area to

wlilcn It was originally restricted in consequence ot tlie large

surface of chorion occupied, as before mentioned, by the
umbilical vesicle. To compensate for the smallness of

area, the complex or deciduate structure has been developed.

We may conclude that, although the characters and arrange^

ment of the fcetal structures may not have that extreme
importance which has been attributed to them by some
zoologists, they will form, especially when more completely

understood, valuable aids in the study of^ the natural

affmities and evolution of the Mamrnp.li^.lf

.CLASSIFICAT'ON OF THE WAMUALIV-

As stated, at the •commencement of this articlg,- the

mammalian class, as at present known either by existing or

extinct forms, is completely isolated from all other groups
of the animal kingdom, but it is impossible to refrain from
speculating as, to its. .origin" and nearest affinities. • In
arranging the classes of vertebrates in a linear series ii is

customary to place them in the following order

—

Piscesl

Amphibia, Reptilia, ^Aves,_ ^Mammalia,—an order whicfi

may possibly indicate the relative degree of elevation to

which the most completely developed members of each class

attain, though it would be a great mistake to suppose

that such an arrangement expresses the true relationship

of one to the other, and still less must it be imagined that

in the process of evolution any of the higher classes are

necessarily derived directly from those nearest below them
in this serial arrangement. On the contrary, some argu-

ments recently set forth by Professor Huxley^ point- very

strongly to the conclusion that, in looking among verte-

brates for the progenitors of the Mammalia, we must pass

over all known forms of birds and reptiles, and go straight

down to the Amphibia. In addition to the characters

derived frorli the conformation of the pelvis upon which

the argument is primarily based, the following reasons are

given for this conclusion:—"The Amphibia are the only

air-breathing Tcrtebrata which, like mammals, have a
dicondylian skulk It is only in them that the articular

element of the mandibular arch remains cartilaginous,

while the quadrate ossification is small, and the squamosal

extends down over it to the osseous elements of the

mandible, thus affording an easy transition to the mam-
malian condition of those parts. The pectoral arch of the

Jlonotremes is as much amphibian as it is sauropsidian;

the carpus and the tarsus of all Saiiropsida, except the

Chelonia, are modified away from the Urodele type, while

those of the mammal are directly reducible to it. Finally,

the fact that in all Saiiropsida it is a right aortic arch

which h the main conduit of arterial blood leaving the

heart, while in mammals it is a left aortic arch which per-

forms this office, is a great Btumbling-block in the way of

the derivation of the Mammalia from any of the Saiir-

opsida. But, if we suppose the earliest forms of both the

Mammalia and the Saiiropsida to have had a common
Amphibian origin, there is no difficulty in the supposition

that, from the first, it .was a left aortic arch in the one series,

and the corresponding right aortic arch in the other, which

became the predominant feeder of the arterial system."

There is so much in common between the very aberrant

Monotremes, upon the structure of which the above conJ

elusions are mainly based, and all other known mammals
that we cannot but suppose they are derived, perhaps at

some remote period, from one stock, some of the pre-

dominatinir characters of which survive in the esiiiting

1 For a full exposition of the present state of knowledge tlil^fTiT9

subject, see the various memoirs of Profes,sor Turner, and especially

F. JI. Balfour's Treatise on Comparative Embrmlogij, ISSl, vol. ii.

- Proceedings of the Royal Society of Lonaon, vol. xxviii., 1879,

p. S95.
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^onotremos,' though ijlost ill most other members of the

class? These ." Prototheria," as Professor Huxley -terms

them, have in their turn probably been derived from the

same source as that'in which the existing Amphibia on the

one hand" dind the Sauropsida on the other have had their

dricin. -The great divisions of the Vertehrata may be

looked upon therefore as .parallel, ot rather diverging

groups, each tending towards its o"wn specialization, not

in any way in the light of. ancestor and descendant. No
further advance of the Sauropsidian type, which has reached

its highest perfection in the modern volant birds, would

bring it uearef to the mammalian organization.

Restricting ourselves now to the class of mammals, as

differentiated from other vertebrates, it will be unnecessary

to. repeat the oft-told history of the various attempts to

express the prevailing knowledge of their structure and

affinities in a systematic manner called a classification.

The systems of Ray, Linnsus, Cuvier, Owen, Milne-

Edwards, Huxley, and others mark successive epochs of

that knowledge. A perfect arrangement of any group of

animals can only be obtained simultaneously with a perfect

knowledge of their structure and life history, and from

this, it need scarcely be said, we are still very far removed.

If, as was formerly the case, classifications could be con-

fined to existing species, the work would be far less

difficult. By the extinction of intermediate forms the

surviving groups have mostly come to be much isolated,

and their limits can be readily determined and defined.

The discovery of extinct species, which appears to be
taking place at a constantly increasing rate, is by degrees

breaking down these boundaries, and making definitions

impossible, though at the same time it is throwing much'

light upon the affinities and probable origin of many groups

now widely separated. A source of difficulty, and perhaps

error, which this advancing knowledge has introduced,

arises from the necessity of determining the position and
relation of so many forms by the bones and teeth alone,

vpithout any hope of deriving aid from all those other

structures of which we avail ourselves in the case of recent

animals. These considerations will show that any classi-

fication advanced at present must be regarded as pro-

visional There are, however, some positions which seem
to be so firmly established that it is very unlikely that we
shall be dislodged from them by any further increase of

knowledge, and which we should carefully distinguish from
others which are acknowledged to be doubtful, and adopted
r.ither for convenience, owing to the nece.ssity of having
Bome arrangement, than asrepresentingunimpeachabletruth.

three One of the most certain and fundamental points in the
great classification of the Ifamitiatia is, that all the animals now
Mtnial composing the class can be grouped primarily in three

' natural divisions, which, presenting very marked difTeren-

tiating characters, and having no existing, or yet certainly

demonstrated extinct, intermediate or transitional forms,
may be considered as subclasses of equal value, tax-

onomically speaking, though very different in the numbers
arid importance of the animals at present composing them.
These three groups are often called by the names originally

proposed for them by Do Blainville^(l) Ornithodelphia,

(2) Didelphia, (3) MoHodelphia,—the first being equivalent
to the order Afonofreniafa, the second to the Marsupialia,
and the third including all the remaining members of the
class. Although actual pal^outological proof is wanting,
there is much reason to believe that each of these, as now
existing, are survivors of distinct branches to which the
earliest forms of mammals have successively given rise,

and for which hypothetical branches Huxley has proposed
the names of Prototheria, Meiaiheria, and Uufheria,^ names

' Proceedings of the Zoological Society, 1880, p. 649.

which, being far less open to objection than those of

Blainvillo, we shall here use as equivalents for the hitter.

The characters of the Prototliei-ia can only be deduced Proto-

from the two existing families, as hitherto no extinct animals ''"^"*'

which can hi referred to other divisions of this remarkable

and well-characterized group have been discovered.
,
.These

two isolated forms, in many respects widely dissimilar, yet

having numerous common characters which unite them
together and distinguish them from the rest of the

Mammalia, are the Oi-nithorhynchidx and tho Echidnidse,

both restricted in their geographical range to the Australian

region of the globe. Taken altogether they represent tha

lowest type of evolution of the mammalian class, and mopt

of the characters in which they differ from the other two
subclasses tend to connect them with the inferior verte-

brates, the Sauropsida and Amphibia ; for, though tho

name Ornithodelphia owes itg origin to the resemblance of

the structure of the female reproductive organs to those of

birds, there is nothing especially bird-like about them. \

Their principal distinctive characters are these. Tha
brain has a very large anterior commissure, and a very

small corpus callosum, agreeing exactly in this respect with

the next group. The cerebral hemispheres, in Echidna at

least, are weU developed and convoluted on the surface. The
auditory ossicles present a low grade of development, the

malleus being very large, the incus small, and the stapes

columelliform. They have no true teeth, though the jaws

of Ornithorhpichus are provided with horny productions,

which functionally supply their place. The coracoid bono

is complete, and articulates with the sternum, and there

is a large " interclavicle " or episternura in front ot tne

sternum, and connecting it with the clavicles. There are

also " epipubic " bones. The oviducts (not differentiated

into uterine and Fallopian portions) are completely dis-

tinct, and open as in oviparous vertebrates separately into

a cloacal chamber, and there is no distinct vagina. The
testes of the male are abdominal in position throughout

life, and the vasa deferentia open into the cloaca, not into

a distinct urethral passage. The penis, attached to tha

ventral wall of the cloaca, is perforated by a canal in the

greater part of its length, but not at the base, which is

open as in reptiles and those birds which have such an
organ, and brought only temporarily in contact with . the
termination of the vasa deferentia, so as to form a seminal

urethra when required, but never transmits the urinary

secretion. This condition is a distinct advance on that of
the Sauropsida in the direction of the more complete

development of these parts in most of the other Mammalia.
The ureters do not open into the bladder, but behind it

into the dorsal wall of the genito-urinary passage. The
mammary glands have no distinct nipple, but pour out
their secretion through numerous apertures in the skin.

The early stages of the development of the young are not

yet fuily known, but they are produced in a very

rudimentary condition, and appear never to be nourished

by means of an allantoic placenta.

The Metatheria or Didelphia are represented at present

by numerous species, presenting great diversities of general

.

appearance, structure, and habits, although all united by
many essential anatomical and physiological characters,

which, taken altogether, give them an intermediate posi-

tion between the Prototheria and the Etithcria. In the

structure of the brain and the presence of epipubic. bones

tbey agree with the former, while in the structure of the

ear bones and the shoulder girdle and the presence of feats

on the mammary glands they resemble the latter, the repro-

ductive organs belonging to neither one nor the other type^

but presenting a special character representing an inter-

mediate grade of development. The ureters open into tha

base of the bladder. The oviducts are differentiated into-



372 M A M M A L r A [cLiSaiFICATIOH;

nteriue and Fallopian portions, and open into a long and

distinct vagina, quite separate from the cystic urethra.

The penis is large, but its crura are not directly attached

to the ischia. The spongy body has a large bifurcated

bulb. The young are born in an exceedingly rudimentary

condition, and are never nourished by means of an allantoic

placenta, but are transferred to the nipple of the mother,

to vfhich they remain firmly attached for a considerable

time, nourished by the milk injected into the moutli by

compression of the muscle covering the mammary gland.

They are therefore, as previously remarked (see p. 369),

the most typically mammalian of the whole class. The
nipples are nearly always concealed in a fold of the

abdominal integument or " pouch " (marsupium) which

serves to support and protect the young in their early

helpless condition. The existing speciae of this group apo

entirely confined to the Australian region and the American

continent, though in former times they had a more ex-

truded geographical range. The earliest mammals hitherto

discovered appear (as far as the scanty evidence at present

obtainable permits any such conclusion to be hazarded) to

have belonged to this type, although it is reasonable to

conclude that Prototheria (unless upon the improbable

supposition that the existing forms have resulted from a

process of degradation), and perhaps Eutkeria, were their

coutemporariei far back in the Mesozoic age

Eiithwia. The EiUheria, Monoddphia, or " placental mammals " (so

called because the fcetus is always nourished while within

the uterus of the mother by means of an allantoic placenta)

include at present by far the greater proportion of the class.

While the survivors of the other groups have probably been

for a long time in a stationary condition, these have, as

there is already good evidence to show throughout all the

Tertiary geological age, and by inference for some time

before, been multiplying in numbers and variations of

form, and attaining higher stages of development and
specialization in various directions. They consequently

exhibit far greater diversity of external or adaptive modi-

fication than is met with in either of the other subclasses,

—

some b^ng fitted to live as exclusively in the water as

fishes, and others to emulate the aerial flight of birds.

To facilitate the study of the different component mem.
bers of this large group, it is usual to separate them into

certain divisions which are called " orders." In the main
zoologists are now of accord as to the general number and
limits of these divisions among the existing forms, but the

affinities and relationships of the orders to one another are

far frorft being understood, and there are very many extinct

forms already discovered which do not fit at all satis-

factorily into any of the orders as commonly defined.

Commencing with the most easily distinguished, we may
first separate a group called Edentata, composed of several

very distinct forms, the Sloths, Anteaters, and Armadillos,

which under great modifications of characters of limbs and
digestive organs, as well as habits of lite, have just enough
in common to make it probable that they are tlie very

specialized survivors of an arjcient group, most of the

members of which are extinct, but which the researches of

palaeontology have not yet revealed to us. The characters

of their cerebral, dental, and in many cases of their repro-

ductive organs show an inferior grade of organization to

that of the generality of the subclass. The next order,

about the limits of which there is no difficulty, is the

Sirenia, aquatic vegetable-eating animals, with complete

nbsetice of hind limbs, and low cerebral organization,—
" represented in our present state of knowledge by but two
existing genera, the Dugongs and Manatees, and by a

few extinct forms, which, though approaching a more

generalized mammalian type, show no special characters

alljiDg them to any of the other orders. Another equally

well-marked and equally isolatea, though far more numer-
ously represented and diversified order, is that of the

Cetacea, composed of the various forms of Whales, Dolphins,

and Porpoises. In aquatic habits, external fish-like form,

and absence of hind limbs they resemble the last, though
in all other characters they are as widely removed as are

any two orders among the Eutheria. The association by
systematists of the Cetacea and Sirenia in one group can

only be made either iu ignorance of their true structure, or

in an avowedly artificial system.

All the remaining orders are more nearly allied together,

the steps by which they have become modified from one

general type being in most cases not difficult to realize.

Their dentition especially, however diversified in detail,

always responds to the formula already described (see

p. 353) ; and, although the existmg forms are broken up
into groups in most cases easy of definition, the discoveries

already made in pakeontology have in great measure filled

up the gaps between them.

Very isolated among existing Eutkeria are the two
species of Elephant constituting the order called Probos-

cidea. These, however, are now known to be the survivors

of a large serie.^ of similar animals, Mammoths, Mastodons,

and Dinot^ima, which as we pass backwards in time gradu-

ally assume a more ordinary or generalized type ; and the

interval which was lately supposed to exist between even

these and the rest of the class is partially bridged over

by the discovery in American Eocene and early Miocene

formations of the gigantic Dinocerata, evidently ofiihoots

of the great group of hoofed animals, or Ungulata, repre-

sented in the actual fauna by the Horses, Khinoceroses,

Tapirs, Swine, and Ruminants. - Almost as isolated as the

Proboscidea among existing mammals are the few small

species constituting the ^enus Hyrax, and in their case

palaeontology affords no help at present, and therefore,

pending further discoveries, it has been thought advisable

in most recent systems to give them the honour of an

order to themselves, under ihe name of Hyracoidea. But
the number of extinct ffirms already known allied to tho

Ungulata, but not coming nnder the definition of either

of the two groups (Artiodrxtyla and Perissodactyla) under
which all existing species range themselves, is so great

that either many new orders must be made for tlieir

reception or the definition of the old order Ungulata so

far extended as to receive them all, in which case botli

Proboscidea and Hyracoidea might be included within it.

Again the Rodentia, or gnawing animals—Rabbits, Rats,

Squirrels, Porcupines, Beavers, &,<:.—are, if we look only

at the present state of the class, most isolated. No one
can doubt what is meant by a Rodent animal, or have

any difficulty about defining it clearly, at least by its

dental characters
; yet our definitions break down before

the extinct South American Mesolherium, half Bodeni
and half Ungulate, which leads by an easy transition to

the still more truly Ungulate Toxudon, for the reception

of which a distinct order [Toxodontia) has been proposed.

The Insectivora and the Carnivora again are at present

quite distinct orders, but they merge into one another

tlirough fossil forms, and are especially connected by tho

large group of primitive Carnivora, so abundantly repre-

sented in the Eocene deposits both of America and Europe,

to which Cope has given the name of Creodonta. The
transition from the Insectivores to the Lemurs is not great,

and, strange to say, however different they now appear,

the early forms of Lemurs are not easily distinguished

from the primitive Ungulates. The Bats or Chiroptera

are allied to the Insectivora in all characters but tlie

extraordinary modification of their anterior extremities into

wings, but this, lik.; the want of the hind limbs in tlie

Cetacea and Sirenia, makes such a clear distinction between.
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them and all other mammals that, in the abienco oi any

knowledge of .intermediate or transitional forms, they can

be perfectly separated, aud fcrm as well dpfined an order

as any ii> the class. Lastly, we have the important and

well-characterized group, called Primates, including all the

Jlonkeys and Man, and the question is not yet solved as

to how aud through what forms it is linked on to the

other groups. It is commonly assumed that the Lemurs
are nothing more than inferior Primates, but the interval

between- them in the actual fauna of the world is very

great, and our knowledge of numerous extinct species

recently discovered in America, said to be intermediate in

characters, is not yet sufficiently perfect to enable us to

form a definite opinion upon the .subject

The distinctive characters of the generally recognized

orders of mammals, with an a- count of their subdivisions

and the principal forms cintained in each, will be given

further on.

GEOGRArillCAL niSTEIBUTION OF MAMMALIA.

The existing species of few classes of the animal kingdom
are better known than those of the Mammalia, and, owing

to the comparatively limitsd methods of locomotion or

transport which most of them possess, the area of distribu-

tion of each ipecies is more definite and restricted than in

some other classes. In the articles Bikds and Distribu-

tion the various regions into which naturalists have

dividpd the eartli's surface, according to the prevailing

characters of its'animal inhabitants, have been described,

and in the latter the main facts connected with the

distribution of mammals have been treated of. In the

account of each group contained in the present article the

particular circumstances relating to its geographical range

will be mentioned. There is little therefore needed here,

except a brief summary of the most important facts relat-

ing to this interesting subject.

As regards their distribution over the surface of the

earth, mammals may be divided into three groups accord-

ing to their principal methods of locomotion— (1) aerial,

(2) aquatic, and (3) terrestrial.

1. Aerial Mammals.—This group only comprises the

animals composing the single order Cliiroptaa, which

differ from all other mammals in the fact that their prin-

cipal means of transport from place to place is by aerial

flight, as in the majority of birds and insects. Broad

expanses of water, which form natural barriers to the

spread of terrestrial mammals, are therefore no obstacles

to their distribution ; accordingly we find the general rule

that mammals are not inhabitants of oceanic islands modi-

fied in their case. But even in this group, notwithstanding

their exceptional powers of locomotion, different species,

genera, and families inlxabit very definite areas. Each
zoological region of the earth has its characteristic Bats

;

and those of the New World and of the Old World are,

with very few exceptions, quite distinct This subject will

be more fully treated of under the order Chiivplera.

Aquatic 2. Aquatic Mammals.—Many mammals grouped for the
"'""" present purpose as terrestrial pass a great portion of their

lives in brooks, lakes, or rivers, and, being dependent upon

such waters for obtaining their subsistence, are necessarily

confined to their vicinity ; but the truly aquatie mammals,
or those living constantly in the water, and unable to move
their quarters from place to place by land, are the orders

Ceiacea and Sirenia, with which may also be grouped the

Seals, forming the Pinniped division of the order Carnivora.

For the marine Cetacea, animals mostly of large size and

endowed with powers of rapid loc-omotion, there are

obviously no barriers to universal distribution over the

surface of the earth covered by sea, except sufh as are
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interposed by uncongenial tcmperaturo or absence of suit-

able food. Nevertheless it was thoivghtsome ^cara ago that

the fact of a Whale or a Dolphin occurring in aseadietnni
from that in which it had usually been found was Bulhcjcut

justification for considering it as a distinct species and im-
posing a new name upon it. There are now, however, so

many cases known in wliich Cetaceans frum the northeru

and southern seas, from the Atlantic and the Pacific Oceans,

present absolutely no distinguishing external or anatomical

characters upon which specific determination can be based

that the opposite view is gaining ground ; and, as some
species are undoubtedly very widely distributed, almost

cosmopolitan in fact, there seems little reason why many
others should not be included in the same category. Tha
evidence is satisfactory enough in those cases in which the

intermediate regious are inhabited by the same forms, the

cases of " continuous areas " of distribution. In those in

which the areas of distribution are apparently discontinuous,

there may be more room for doubt ; but it must not be

forgotten that the negative evidehce is here of much less

value than in the case of laud animals, as the existence of

Cetaceans in any particular part of the ocean is most easily

overlooked. Tlie great Sperm Whale {Physeter macro-

cephalus) is known to be almost cosmopolitan, inhabiting

or passing through all the tropical and temperate seas,

although not found near either pole. At least three of the

well-known species of Eorqual {Balxnoptera) of the British

coasts are represented in the North Pacific, on the South

American shores, aud near New Zealand by species so

closely allied that it is difficult to point out any valid dis-

tinctive characters, though it may perhaps be desirable to

wait for a more complete examination of a large series of

individuals before absolutely pronouncing them to be

specifically identical. There is nothing yet known by

which we can separate the " Humpback Whales " {Mega-

ptera) of Greenland, the Cape of Good Hope, and Japan.

The same may be said of the common Dolphin of the

European seas {Delphinus delphis) and the so-called D.

hairdii of the North Pacific and D. forsteri of the

Australian seas. The Pilot Whale (Globicepluilus melas)

and the Pseudorca of the North Atlantic and of New
Zealand are als6 precisely alike, as far as present know-

ledge enables us to judge. Many other similar cases might

be given. Captain Maury collected much valuable evidence

about the distribution of the larger Cetacea, and, finding

Right Whales (Balmiia) common in both northern and

southern temperate seas, and absent in the intermediate

region, I'aid down the axiom that "the torrid zone is to the

Right Whale as a sea of fire, through which he cannot

pass." Hence all cetologists have assumed that the Right

Whale of the North Atlantic {B. biscayensis), that of the

South Seas (B. australis), and that of the North Pacific

(A japouica) are necessarily distinct species. The anato-

mical structure and external appearance of all are, how-

ever, as far as yet known, marvellously alike, and, unless

some distinguishing characters can be pointed out, it seems

scarcely justifiable to separate them upon geographical

position alone ; as, although the tropical seas may be

usually avoided by them, it scarcely seems impossible,

or even improbable, that some individuals of animals

of such size and rapid powers of swimming may not have

at some time traversed so small a space of ocean as

that which divides the present haj^itual localities of these

supposed distinct species. If identity or diversity of struc-

tural characters is not to be allowed as a test of species

in these cases, as it is usually admitted to be in others,

the study of their geographical distribution becomes an

impossibility.

Although many species are thus apparently of such

wide distribution, others are certainly restiicted ; thus the



874 M A=M. M A,L I A (^DISTKIBt-.-lONJ

Arctic Eight Wlmle {'Dalsena mysticetus) has been conclu-

sively shown to be limited in its range to the region of the

northern circumpolar ice, and no corresponding species has

been met with in the southern hemisphere. In this case,

not only temperature, but also the peculiarity of its mode
of feeding, may be the cause. The Narwhal and the

Beluga have a very similar distribution, though the latter

occasionally ranges farther south. The Hyperoodons are

restricted to the North Atlantic, never entering, as far as

is yet known, the tropical seas. Other species are exclu-

sively tropical or austral in their range. 'One of the true

Whalebone Whales (Neobals:na margmata) has only been

met with hitherto in the seas round Australia and New
Zealand, a large Ziphioid (Berai-dms arnouxi) only near

the last-named islands

The Cetacea are not limited to the ocean, or even to salt

water, some entering large rivers for considerable distances,

and some being exclusively fluviatile. One species of

Flalaiiista is extensively distributed throughout nearly the

whole of the river systems of the Ganges, Brahmaputra,

and ludus, ascending as high as there is water enough to

swim in, but apparently never passing out to sea. The

individuals inhabiting the Indus and the Ganges must

therefore have been for long ages isolated without de-

veloping any definite distinguishing anatomical characters,

for those by which the supposed P. indi was formerly

separated from P. gangetica have been shown by Anderson

to be of no constant value. Orcella Jiuminalis appears to

be limited to the Irawaddy river, and at least two distinct

species of Dolphin, belonging to different genera, are found

in the waters of the upper Amazon. It is remarkable, how-

ever, that none of the great lakes or inland seas of the

world are, according to our present knowledge, inhabited

by Cetaceans. A regular seasonal migration nas been ob-

served in many of the oceanic Cetacea, especially those in-

Labiting the North Atlantic, but further observations upon

this subject are still much needed.

The great difference in the manner of life of the Sirenia,

as compared with that of the Cetacea, causes a correspond-

ing difference in their geographical distribution. Slow in

their movements, and feeding exclusively upon vegetable

substances, water-grasses, or fuci, they are confined to

rivers, estuaries, or coasts where these grow, and are not

denizens of the open sea, although of course there is a

possibility of accidental transport by the assistance of

oceanic currents across considerable distances. Of the

three genera existing within historic times, one (Manatvs)

is exclusively confined to the shores of the tropical Atlantic

and the rivers entering into it, individuals scarcely specifi-

cally distinguishable being found both on the American

and the African side of the ocean. The Dugong {Halicore)

is distributed in different colonies, at present isolated,

throughout the Indian Ocean from Arabia to North Aus-

tralia. The Khytina or Northern Sea-Cow was, for some

time before its extinction, limited to a single island in the

extreme north of the Pacific Ocean.

The Pinnipeds, although capable of traversing long

reaches of ocean, are less truly aquatic than the last two

groups, always resorting to the land or to extensive ice-

floes for the purposes of breeding. The geographical range

of each species is generally more or less restricted, usually

according to climate, as they are mostly inhabitants either

of the Arctic or Antarctic seas and adjacent temperate

regions, very few being found within the tropics. For

this reason the northern and the southern species are for

the most part quite distinct. In fact, the only known

exception is the case of a colony of the Sea-Elephant

(Uacrorhinusleoninus), the general range of which is in the

southern htmisphere, inhabiting the coast of California.

Even in this case a different soeciiic name has been given

to the northern torn], but the chm'actei., by wliidi it is
•

distinguished are not of great importance, and probably,

except for the abnorajal geographical distribution, would

never have been discovered. \ The most remarkable

circumstance connected with the distribution of the

Pinnipeds is the presence of members of the order in the

three isolated groat lakes or inland seas of Central Asia—

•

the Caspian, Aral, and Baikal—which, notwithstanding

their long isolation, have varied but slightlv from species

now inhabiting the Polar Seas.

Terrestrial Mammals.—One of the most important Torr<^<

facts connected with the present distribution of terrestrial '"''

mammals, but one of which the cause is sufficiently ^^^^
obvious, is their entire absence, except where introduced

by the direct agency of man, from all oceanic islands,

including even the great New Zealand group. Another,

equally striking, but less easily explained, is the very

marked isolation as regards its mammalian fauna of the

Australian region of zoologists. When once the narrow

neutral ground on the border line between this and the

Oriental region is passed, there is not found, notwithstand

ing the vast extent of land it comprises, a single indigenouf

placental or monodelphous mammal, except a few species

of a single family (Mvridx) of the very wide spread order

Rodentia,—the Wild Dog or Dingo having been in all

probability introduced. On the other hand, the members

of the other two subclasses, the Protothcr'ia or Ornil/io-

dilphia and the Mctatheria or DideljJiia, are almost entirely

restricted to this region. It might have been said entirely,

but for the presence of one family (Didelphidic) of the

latter group in America.

The Uutheria or Monodelpkia are distributed through-

out the remaining geographical regions, as described

in the article Distkibution, and in many cases form

valuable indications by which the natural boundaries of

these divisions have been traced. Many anomalies,

otherwise inexplicable in the present range of families and

species, have been cleared up by the study of their

distribution in former geological epochs, a subject in

relation to which the present facts of distribution should

always be studied. There are few linos of evidence so

conclusive as this in favour of the existing species being

modified lineal descendants of those which have -lived in

previous times upon the earth.'

HISTORY OF THE MAMM.^LIA IN PAST TIMES.

As already intimated, such knowledge as we yet possess

of the history of mammals in past times is of very recent

growth, and is still extremely incomplete. The very rapid

advances which have been made in the last few yearss,

especially in consequence of the explorations of rich

fossiliferous beds in North America, have not only com-

pletely changed the present aspect of the science, but give

such promise for the future that any sketch which -.vo

might now attempt of this branch of the subject could only

be regarded as representing a transient phase of knowledge.

It will be well, however, to gather together in this place

the leading facts now ascertained with regard to the most

ancient forms, as, owing to the uncertainty of their rela-

tionship with any of the existing orders, they will be most

convenientlv treated of sepirately, while the ascertained

facts relating to the geological history of the forms more

nearly allied to those now living will be more appropriately

described under the account of the different groups into

which the class may now be divided.

1 On this subject, see A. Murray, Geographical nistributiort of

Mammals, 1866 ; and especially A. E. Wallace, The CeographiaJ.

Distribution of Auimjiis, 2 vols., 1876, and Idand Life, 1881.
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Mammals of the Mesozoio Peeiod.^

-rheliitherto discovered remains of mammals which ex-

isted anterior to the Tertiary period all belong to creatures

of very small size, the largest scarcely exceeding the

common Polecat or Squirrel. Some are known only by a

few isolated teeth, others by nearly complete sets of these

organs, and the majority by more or less perfect specimens

of the rami of the lower jaw. It is a very curious

circumstance that this part of the skeleton alone has b^eu

preserved in such a largo number of instances. No
complete cranium has ever been found, nor is there salis-

factory evidence of the structure of the vertebral column

or of the limbs of any single individual. The species

already described from European strata amount to nearly

thirty, which have been arranged in fifteen genera. Of
these by far the greater number have been found at a single

spot near Swanige in Dorsetshire, in a bed of calcareous

mud only 40 feet long, 10 feet wide, and averaging 5

inches in depth. The marvellous results obtained by the

exploration by Mr S. H. Beckles of this small fragment of

the earth's surface show by what accidents, as it were, our

knowledge of the past history of life has been gained, and

what may still remain in store where little thought of at

present. A bed, apparently equally rich, has recently

been discovered in the Territory of Wyoming, North

America, the contents of which uK being jnade known by
Professor Marsh.

1. Mammals of the Triassic Period.—The Rhaetic

formations, so named from the Rhaetian Alps of Bavaria,

are the highest beds of the Trias, and are situated above

the New Red Sandstone, and just below the Lias. In

1847 Professor Pleininger of Stuttgart, while assiduously

sifting some sand from this formation, belonging to the

Keuper of Diegerloch and Steinenbronn, discovered, among
an immense mass of teeth, scales, and unrecognizable

fragments of skeletons of fish and saurians, two minute
teeth, each with well-defined, enamelled, tuberculated

crowns and distinct roots, plainly showing their mammalian
character. These, the oldest known evidence of the class,

were considered.by their discoverer to indicate a predaceous

and carnivorous animal of very small size, to which he

gave the name of iHcrolestes aniiquus. Subsequently Mr
C Moore discovered in a bone bed of Rhaetic age fiUmg a

fissure in the mountain limestone at Holwell, near Frome
in Somersetshire, various isolated teeth with their crowns
much worn, but apparently including both upper and lower
molars and a canine, which are assigned by Professor

Owen to Pleininger's genus Microlestes, and described

specifically as M. moorei. Under the name of Ili/psi-

prymnnpsis rhseticus Prof. Boyd Dawkins - has described

a single tooth with two roots which he discovered in a

Rhjetic marlstone at Watchet in Somersetshire, and which
may be even somewhat older than the last. Professor

Dawkins finds the nearest analogue of this tooth among
recent mammals in the large trenchant premolar of the

Rat-Kangaroo or Bypsiprynuius (see vol. xiiL p. 840, fig. 4),

a resemblance not concurred in by Professor Owen, who
refers it to the genus Ilicroleslea. The. minute size and
worn condition of the tooth render it extremely difficult to

form a decided opinion upon its characters, and therefore

upon the affinities of the animal to which it belonged.

Still more satisfactory evidence of the presence of

mammals at a period at least as ancient as the European
Trias is afi"orded by the discovery of three nearly perfect
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^ The subjects referred to under tliis heading are mostly described
and figured in detail in Owen's " Monograph of the Fossil Mammalia
cff the Mesozoic Formations, " Palmontographical Society's Publications^
1871; and in various papers *hy Marsh, in tho American Journal of
Science and Arts, \>il&-&0!

' luart. Jour. Geol. Sk.. vol ix. p. 411, 1861.

mandibular rami in the Chatham coal-field of North
Carolina by Dr Emmons, who, however, placed them as
far back in age as the Permian,: or altogether beyond the
Mesozoic stage, a conclusion not now received. Of this

animal, called Dromatherium sylvestrt, the complete
dentition of the lower jaw is known, and consists of three
pointed incisors, separated by intervals, one canine, and
ten molars, of which the first three have simple Eub-
compressed crowns, and the remainder' are multicuspid.

The jaw figured by Dr Emmons ^ is -|^ of an inch in

length. He considered it to belong to a placental

Insectivore, but the number of molar teeth exceeds that

of any existing member of that order, and is only found in

some Marsupials. It was associated in the same bed witU
thecodont reptiles.

2. Mammals of the Jurassic Period.—In the ascending

order of geological age the next remains of mammals have
been met with in the Lower Oolite at Stonesfield in

Oxfordshire, where they are associated with wing cases of

insects, Plesiosaurs, Crocodiles, and Pterodactyles, From
this bed several specimens have been met with at various

times, which have been placed in three genera.

A. Amphitherium, Blainville, 1838. The specmien {A.

prevoslii, see fig. 15) upon which this genus was founded,

was. discovered in 1812, and examined in 1818 at Oxford
by Cuvier, who pronounced it to be mammalian, and to

resemble the jaw of an Opossum. This conclusion was

afterwards disputed by De Blainville and others, who

believed it to be reptilian, but the original determination is

now generally accepted.^ Three rami of mandibles, all

more or less perfect, are now known. The length of the

jaw is rather less than an inch. It contains sixteen teeth,

which, as defined by shape only, are

—

i 3, c 1,/) 6, m 6,

so that if the upper jaw had a corresponding jiumbe^

there would be sixty-four teeth in all,—a greater number
than in any existing heterodont mammal, though equalled

by some of the species from the Purbeck. The nearest

approach to this number is in Myrmecobius among recent

Marsupials. The incisors are rather long and slender, the

canines apparently not much larger than the ibcisors, all

the premolars and molars two-rooted—the former with a

single large pointed cusp and small basal cusp on one or

both sides, the latter quinquecuspidate. The lower margin

* American Gcoloffi/, part vi,, p. 95, IS."*".

' A full description of this interesting fossil, with a history «f thb

cKssion regarding its nature, " 5iv<iu in Owen'i British. Fottil
ifijnci,' and £irds.
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of the angular process is slightly inflected, and the mylo-

hj'oid groove persistent, as in some of the existing Mar-
supials and in Whalebi>ne Whales. This groove, a remnant
of that which originally lodges Meckel's cartilage, mistaken

for a suture, was once considered evidence of the reptilian

nature of these jaws..: A second species is described as A.

broderipii (Owen).

B. Fhasculotheriiim, Owen, 1839. This is founded on a

right ramus of the lower jaw, presenting the inner side to

view. Its length is 1"4

inch. The number of teeth ^.^^ _ '

^
resemble those of existing

insectivorous mammals, be-

ing 8 3 or 4, c 1, p and

m 7, but not clearly defined

from each other. One spe-

cies, P. bucklandii (fig. 10).

C. Slereognathus, Cljarles-

worth, 1854. S. ooliticus _ ,. ^, „ _ .

,1, . ^ , , e Fig 17

—

SteieognatI ui Portion of Jaw
(Ug. 17) IS founded on a Irag- embtdded m Oohtic matiix mat 512L)

ment of a jaw of minute size
'•">"' 0"<="-

with three molar teeth in situ. The grinding surface is of

quadrate form, of very little height, and supports six sub-

equal cusps. Its affiuities are quite problematical.

The freshwater bed previously alluded to, situated at

Durdlestone Bay near Swanage, belongs to the Middle

Purbeck series, intervening between the Middle Oolite and

the Wealden. The first discovery of mammalian bones

was made in this spot by Mr W. R. Brodie in IS54, but

the subsequent explorations of Mr S. H. Beckles have

yielded a surprising number of species. They are associated

with numerous sanrians, inserts, and freshwater shells, as

Pahidina, Planorbis, and Cydas. No less than eleven

genera from this locality alone are fully described in

Professor Owen's memoir. These may be grouped as

follows :

—

A. With teeth arranged on the insectivorous type.

Mandibular incisors more than two ; canines well de-

veloped
;

premolars

and molars cuspidate,

seven or more :— (a)

molars and premolars

more than eight,
^^^ ,i,_spa,a.Mi,„i„m ,.i,„.piJc,. (twee n,t.

mostly twelve (Spa- bIeO, Puilieck beds. From Owtn.

lacothevium, Amblolherium, Peralestes, Achyrodon, Pera-

spalax, Peramus, Sti/lodon and Bolodon—the last known
only by the maxillary teeth);

(6) molars and premolars seven

or eight (Triconodon and Tria-

canthodoii). As any synopsis of

the characters of these genera

would be scarcely intelligible

without minute descriptions and
reference to figures, the reader who aesires further infor-

mation is referred to the memoir cited above.

B. With a single, strong, pointed, slightly curved incisor,

placed close to the median line as in Rodents. No canine.

Three or four compressed, trenchant, obliquely grooved
premolars, increasing in size from first to last, and two
small molars with low multituberculated crowns. Genus
Plagianlax, Falconer. This remarkable and highly

specialized type has been the occasion of one of the most
interesting discussions on the inferences which may be
drawn as to the affinities and habits of an otherwise

unknown animal from the structure of a small portion of

its organization which occurs in the annals of natural

history, a discussion carried on with great ability,

ingenuity, and wealth of illustration on both sides. Dr
Falconer maintained that it was more nearly allied to the

^.at-Kangaroo {Ilypsiprymiius) than to any other esisting

form, and that, as it is known that these animals feed upon
grass and roots, " it may be inferred of Plagiaulax that
the species were herbivorous or frugivorous. I can see

nothing in the character of their teeth," he adds, "to-

FlQ 20

—

PtaQtauIax bcccltstt (tnici. n . ';izc!. cVn. Owen.

indicate that they were either insectivoious or omnivorous.'*

Professor Owen, on the other h^nd, from the same
materials came to the conclusioji that " the physiological

deductions from the above-aescribed characteristics of tli&

lower jaw and teetk of Plagiaulax are that it was ,».

carnivorous Marsupial. p
It probably found its

prey in the contemporary

small insectivorous mam-
mals and Lizards, sup

posing no herbivorou.
^

form like Slereognathus

to have co-existed during

the Upper Oolite period."

It is impossible here to give at any length the arguments by
which these opposing views are respectively supported,

but it may be indicated that the first-mentioned is strongly

countenanced by the consideration of the following facts :

—

(1) all existing ^Marsupials may be divided, as far as their

dentition is concerned, into two groups

—

(a) those which
have a pair of large more or less procumbent incisors close

to the symphysis of the lower jaw, and rudimentary or no
canines (diprotodont dentition ; families P/iascolomyida;,.

Maa-opodids, and Phalangistidx), and (6) those which

have numerous small incisors, and large pointed canines

(polyprotudont dentition; families Peramelidx, Dasyuridte,

and Dide/p/iidx); (2) the vast majority of the former

group are purely vegetable feeders, and almost all' of

the latter are carnivorous or insectivorous ; and (3)

Plagiaulax, so far as its structure is known, belongs

obviously to the former group, and, as we have no sure

basis for inferences as to the habits of an unknown animal

but the knowledge of the habits of such as are known, we
have no grounds for supposing that its habits differed from
those of its structural congeners.'

That the two types of dentition still found among^
Marsupials should have existed side by side in so remote a.

period of time as that in which the Purbeck bone bed was
deposited, and that one of these types should have already

attained so singular a degree of specialization, is one of tho

most remarkable facts yet revealed by mammalian palceon-

tology. Whether the teeth of the upper jaw correspond

also to the modern diprotodont type is a question of great

interest, for the solution of which we must await future

discoveries, of which we have more hope since the announce-

ment by Professor Marsh of the existence, in considerable

numbers, of small mammals in the American Jurassic

formations of the Rocky Mountains, which conform in all

' The whole discussion is contained in the following memoirs :

—

(1) H. Falconer, •' Description of Two Species of the Fossil Mammalian
genus Ptagiaulax, from Purbeck," Quart. Jour. Gcol. Soc, August
1.857

; (2) R, Owen, art.
"

'Pti\xoato\ogj, " Encydopaidia Brilannmi,

8th ed., 1859
; (3) H. Falconer, "On the Disputed Affinity of thu

Mammalian genus Plagiaulax,'^ Quart. Jour. O'eol. Soc, November
1860; (4) R. Owen, "Monograph of the Fossil Mammalia of th*>

iUaszoic Formation," Paleeontonra^hical Society, 1871.
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thoir gonoral characters to those of the English Purbecks,

some being even considered to be generiially identicaL Both

poiyprotodont and diprotodont types are represented, the

latter by a species called by its discoverer Gtenacodon

serratus, very closely allied to Plarjianlax.

It will be of very great interest to know the mode of

succession of the teeth of those early mammals, as it may

throw some light upon tho question of the relation of the

succession of teeth in mammals generally with tha same

process in the inferior classes of the Vertetn-ata. There is,

liowever, as yet very little, if any, reliable evidence upon

the subject, but such as there is rather points to the fact

of an absence or very feeble development of the diphyodont

condition, resembling that of modern Marsupials. If this

is 8o, it may lead to the somewhat startling conclusion

that in the transition from the lower vertebrate to the

mammal, by whatever process it took place, the indefinite

reproduction of the teeth of the former was lost, and

that a monophyodont condition supervened, which was

again superseded by the peculiar definite diphyodont mode

of succession characteristic of the most highly organized

mammals.
There is nothing yet known in the structure of these

tuiall mammals of the Mesozoic ages of the world to connect

ihom with the surviving representatives (the Monotremes)

of the hypothetical Prototkma ; but whether their position

was among the Metafheria or Eutheria, or whether they

represented generalized forms from which both these

branches have been derived, it is impossible at present to

say. To avoid the difficulty of endeavouring to find places

for them in any of the existing groups. Marsh proposes' to

found two new orders for their reception

—

Pantoiheria for

those of the poiyprotodont or insectivorous type of dentition,

and AllotUeria for Plagiautax and its allies. The former

may be convenient', but it is scarcely advisable to separate

the latter ordinally, as long as we continue to place

Phasfoloviys and Thylacinus, Chiromys and Lemur,

Trichecus and Phoca in the same orders, for Plagiaulax

and Amphilherium. do not differ in the characters of their

jaws and teeth more than any of these examples, which

show how much the dentition, may be modified with com-

paratively little general diversity of structure.

This scanty evidence of mammalian life must bear a

very small proportion to that which doubtless existed

during the greater part of the vast Mesozoic period. The
Cretaceous formations have as yet yielded no trace of the

oresence of animals of this class ; bui the number and

variety of species met with in the earliest Tertiary forma-

tions, when already differentiation into most of the existing

leading divisions" had taken place, strikingly proves the

imperfect state of our geological record during the immedi-

ately antecedent ages of tha world.

chakactees of the different orders and
families and of the principal forms of
the mammalia.

Subclass PROTOTHEPJA or

OENITHODELPHIA.

The principal distinguishing characteristics of this group
have been already given (p. 371). They apply not only

to the subclass, but of course equally to the one order

MoNOTEEMATA, in which the few known members of the

gro\ip are commonly associated. In addition to the more
important characters enumerated above, the following,

^ " Notice of Jurassic Mammals representing two New Orders,"
American Jmimal of Science, xx., September 1S80. Accounts of

further discoveries of forms allied to Plagimilax, some surviving even
to the earliest Tei-tiajy period, are given by Copo ia the Alfi^ican
JfatvralUt for November 1881 nud May 18S2,

which are common to all existing epecies, may be mea-

tioned.

The dorse-thoracic vertebrae are nineteen in number,

and have no terminal epiphyses to their bodies. Tha
transverse processes of the cervical vertebrae are of auto-

genous formation, and remain suturally connected with the

remainder of the vertebra until the animal is full-grown.

Though in this respect they present an approximation to

tho Sauropsida (Reptiles and Birds), they differ from that

group, inasmuch as there is not a gradual transition from

these autogenous transverse processes of the neck (or

cervical ribs, as they may be considered) into tho thoracic

ribs, for in the seventh vertebra the costal element is much
smaller than in tho other, indicative of a very marked
separation of neck from thorax, not seen in the Sauropsida.

The upper ends of the ribs are attached to the sides of the

bodies of the dorsal vertebrae only, and not to the transverse

processes. The sternal ribs are well ossified, and there are

distinct partly ossified intermediate ribs. The cerebral

cavity, unlike that of the lower Marsupials or the Reptiles,

with which they have so many structural aBSnities, is large

and hemispherical, flattened below and arched above,

and about as broad as long. The cribriform plate of the

ethmoid is nearly horizontal The cranial walls are very

thin, and smoothly rounded externally, and tho sutures

become completely obliterated in adult skulls, as in Birds.

The broad occipital region slopes upwards and forwards,

and the face is produced into a long and depressed rostrum.

The bony palate is prolonged backwards, so that the posterior

nares are nearly on a level with the glenoid fossa. The
mandible is without distinct ascending ramus ; the coronoid

process and angle are rudimentary, and the two halves are

loosely connected at the symphysis. The fibula has a broad,

flattened process, projecting upwards from its upper

extremity above tho articulation, like an olecranon. In

the male there is an additional, flat, curved ossicle on the

hinder and tibial side of the plantar aspect of the tarsus,

articulating chiefly to the tibia, which supports in the adult

a sharp-pointed perforated horny spur, with which is con-

nected the duct of a gland situated'beneath the skin of the

back of the thigh, the function of which is not yet clearly

understood. (A rudimentary spur is found in the young
female Omithorhytichu-s, but this disappears when tha

animal becomes adult.) Tha stomach is subglobular,

simple ; the alimentary canal has no ileo-caecal valve, or

marked distinction between large and small intestine, but

has a small, slender vermiform caecum with glandular walls.

The liver is divided into the usual number of lobes

characteristic of the Mammalia, and is provided with a gall-

bladder.

Although agreeing in so many important characters, the

existing members of the group evidently represent two very

diverging branches, perhaps as far removed as are the

members of some of tha accepted orders of the Eutheria.

It would, however, be encumbering zoological science with

new names to give them any other than the ordinarily

known family designations of OrnithorhynchiJsc and

Echidnidse.

Family Obnithokhtuchid.«.

One genus, Orniihorhynehns, Blnnjenbach, 1800.' Cerebral hemi-

spheres smooth. Premaxillre and mandible expanded anteriorly and
supporting a homy beak something like that of a duck, bordered ty
a naked and very sensitrvo membranous expansion. The place of

teeth supplied functionally by horny structures, elongated, narrow,

and sharp-edged along the anterior part of the sides of the mouth,
and broad, flat-topped or molariform behind. Legs short, fitted

for swimming; feet webbed, each with five well-developed toea

armed with Targe claws, and beyond which in the fore feet the

interdigital membrane is extendei Vertebrae : C 7, D 17, L 2, S 2,

' The namo Platijpus, bestowed by Shaw in 1799, was preoccupied

by ft genus of Coleo^tcra,

XV. - 48
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C 21. Acetabulum not pevforated. Tongue not extensile. Stucons

membrane of small intestine covered with delicate, close-set trans-

verse folds or ridges. Tail rather short, broad, and depressed.

Eyes very small. Fur close and soft. One species, 0. aruitinns

(Shaw), 0. paradoxus {'R\am.), the duck-billed Platj-pus, or Water-

Mole of tlie colonists, entirely aquatic in habits, diving with great

facility, and burrowing in the banks ct rivers. It feeds on

water insects, small moUusca, and worms, and inhabits Australia

and Tasmania'. See Oknithokhynchds.

Famihj ECHIDNID.B.

Cerebral hemispheres larger and well convoluted. Facial portion

of skull produced into a long, tapering, tubular rostrum, at the

end of which the anterior nares are situated. Rami of mandible

slender, styliform. Opening of mouth small, and placed below the

extremity of the rostrum. No laterally placed horny teeth, though
the palate and tongue are furnished wich spines. Tongue very

long, vermiform, slender, and protractile. Lining membrane of

small intestine villous, but without transverse folds. Feet not

webbed, but with long strong claws fitted for scratching and bur-

rowing. The hinder feet with the ends of the toes turned outwards

and backwards in the ordinary position of the animal when on the

ground. Tail very short. Acetabulum with a large perforation, as

in Birds. Calcaneal spur and gland of the male much smaller than
in Ornithorhynchus. Fur intermixed with strong, sharp-pointed

spines. Terrestrial and fossorial in habits, feeding exclusively on
ants, and recalling in the structure of the mouth and various other

parts relating to the peculiar mode of life the true Anteaters of the

order Edentata,

Recent discoveries have shown that there are two distinct forms
3f this family, which may even be considered of generic value.

_
Echidna [CmieT, 1797) or Tachyglossiis {IWigev, 1811).'—Claws

five on each foot. Rostrum moderately developed and straight.

Vertebrae : C 7, D 16, L 3, S 3, C 12. Tongue tapering at the tip, the
Bpines restricted to the basal portion. The best-known species

is E. aculeata (Shaw), found in Australia and Tasmania. The
specimens from the latter locality, with longer, fur almost conceal-

ing the spines, have been separated specifically under the name of
E. setosa (Cuv.). Another species, E. Zajcesii "(Ramsay), has lately

been discovered in southern New Guinea. See Echidna.
Acanthoglossus (Gervais).—Ungual phalanges and claws present

only on the three middle digits of botlj fore and hind feet. Ros-
trum much elongated and curved downwards at the end. Vertebne :

C 7, D 1 7, L 4, S3, 012. Tongue somewhat spoon-shaped near the
tip, and armed on its dors.'il surface with three rows of recurved
spines. Cue species : A. bruijnii (Peters and Doria) (fig.22), from

the mountainous regions of the northern part of New Guinea , con
siclerably larger than E. aculeata. The extem.al characters an 1

osteology of this animal, ono of the most interesting of recent
zoological discoveries, have been fully described and figured by
Gervais (Osttographie dcs Monotrhiics, Paris, 1878).
Among bones of extinct Marsupials of Pleistocene age from the

Darling Downs, Mr Krefft found a portion of a humerus of an
Echidna, considerably larger than the existing Australian species',

which he has named E. oweni.- Notwithstanding the strong pre-
sumption of antiquity of the Jlonotrematous type, derived from
its inferiority of structure, no fossil remains of earlier date, re-

fei-able to it, or connecting it with the lower vertebrates on the
one hand and the higher mammals on the other, have yet been
discovered.

The latter name is often used now, under the impression that
Echidna la preoccupied by Forstc-r (1778) for a genus of Pisces; but,
ai that was not characterized in a recognizaWe manner, the author even
omitting to name the species for which it was intended, it is now
generally considered a synonym for jl/«r«„<t (see Giinthers Catalonue
of fishes), and is scarcely sufficient to bar. a name so univers.ally
acUiiowledged and so deeply rooted in mammalian literature. Merrera's
genus Echidna {RcptUia) is of later date, viz., 1820

" Annals and Mai/. Nat. Hist., 1868, vol. i. (sen-iv.;j> 113

Subclass METATHERIA or DTDELPHIA.
Although the great diversity in external form, in many

anatomical characters, and iu mode of life of various

animals of this section might lead to their division inta

groups equivalent to the orders of the Eutherifi, it is more
convenient on the whole to adhere to the usual custom of

treating them all as forming one order called Maksupialia,

jhe limits of which are therefore equivalent to that of the

subclass. The more essentially distinctive characters hav&

been already pointed out (p. 371). These may be more
fully stated as follows.

The brain is generally small in proportion to the size of

the animal, and the surface folding of the cerebral hemi-

spheres, though well marked in the larger species, fs never

very complex in character, and is absent in the. smaller and
medium-sized species. The arrangement ci tne folding of

the inner wall of the cerebrum diflers essentially from that

of all known Eutheria, the hippocampal fissure being con-

tinued forward above the corpus callosum, which is of

very small size. The anterior commissure is, on the other

hand, greatly developed.^

There are always true teeth, implanted in the usual

manner in both jaws, and divisible, according to their posi-

tion and form, into incisors, canines, premolars, and molars ;

but they vary much in number and character in the different

families; Except in the genus Phascolomys, the number
of incisors in the upper and lower jaws is never equal. The
true molars are very generally four in number on each side

of each jaw. The chief peculiarity in the dentition lies,

however, in the mode of succession. There is no vertical

displacement and succession of the teeth, except in the case

of a single tooth on each side of each jaw, which is always

the hindermost of the premolar series, and is preceded by a-

tQoth having more or less of the characters of a true molar

(see fig- 23), and is the only tooth comparable to those

Flo. 53—Tceltl of tipper Jaw of Opossum (Didilihys Hrginiana), all of which
are unchanged, except the third premolav, the pi. ice of which l8 occupied fn

the young animal by a molaiifoiin toolh, icpiesented in Ihe figure below tlie

line of the other teith.

called " milk teeth " in the diphyodont Eutheria. . la
some cases (as in Hypsiprymnns) this tooth retains its

place and function until the animal has nearly, if not quite,

attained its full stature, and is not shed and replaced by
its successor until after all the other teeth of the permanent
series, including the posterior molars, are fully in place and
use. In others, as the Thylacine, it is most rudimentary

in form and size, being shed or absorbed before any of the

other teeth have cut the gum, and therefore quite function-

less. It must further be noted that there are some
Marsupials, aa the Wombat, Koala, Myrmecobius, and

the Dasyures, in which no such milk tooth, even in a rudi-

mentary state, has yet been discovered, possibly in some

cases from want of materials for observation at the right

stage of developnient.

Epipubic orSiarsupial bones are present in both sexes,

of nearly all species. In one genus alone, Thylacinus,

they are not ossified. The number of dorso-lumbar

vertebrae is always nineteen, although there are some

apparent exceptions caused by the last lumbar being-

' W. H. Flower, " On the Commissures of the Cerebral Hemispheres-
of the -MarsMpiaJto," &c.. Phil. Trails,, 1865, p. 633.
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muJified into a sacral vertebra. The number of pairs of ribs

is nearly always thirteen. The tympanic bone remains

permanently distinct. 'I'he carotid canal perforates the

basi-apheuoid. The lacrymal foramen is situated upon or

external to the anterior margin of the orbit, and there are

generally large vacuities in the bony palate. The angle of

the mandible is (except in Tarsipes) more or less inflected.

The hyoid bones have always a peculiar form, consisting

of a small, more or less lozenge-shaped basi-hyal, broad
cerato-hyals, with the remainder of the anterior arch usually

uuossified, and stout, somewhat compressed thyro-hyals.

There are two anterior venae cavfe,^ into each of which a
" vena azygos " enters. In the male the testes are always

contained in a scrotum which is suspended by a narrow
pedicle to the abdomen in front of the penis. The vasa

deferentia open into a complete and continuous urethra,

which is also the passage by which the urine escapes from

the bladder, and is perfectly distinct from the passage for

the faeces, although the anus and the termination of the

urethro-sexual canal are embraced by the same sphincter

muscle. The glans is often bifurcated anteriorly. In the

female the oviducts never unite to form a common cavity

or uterus, but open separately into the vagina, which at least

for part of its course is double. During the very short

period in which the embryo is contained in the uterus, its

nourishment seems to be derived from the umbilical

vesicle, the allantoic vessels not reaching the surface of

the chorion to form a true placenta. The mamm^ vary

much in number, but are always abdominal in position,

have long teats, and in most of the species are more or less

enclosed in a fold of the integument forming a pouch or

marsupium, though in some this is entirely wanting, and
the newly-born, blind, naked, and helpless young, attached

by their mouths to the teat, are merely concealed and
protected by the hairy covering of the mother's abdomen.
In this stage of their existence they are fed by milk

injected into their stomach by the contraction of the

muscles covering the mammary gland, the respiratory organs

being modified temporarily, much as they are permanently

in the Ceiacea,—^the elongated upper part of the larynx

projecting into the posterior nares, and so maintaining a free

communication between the lungs and the external surface

independently of the mouth and gullet, thus averting the

danger of suffocation while the milk is passing down the

latter passage.

The existing species of Marsupials are, with the excep-

tion of one family (the Didelphidx), limited in geographical

distribution to the Australian region, forming the chief

mammalian fauna of Australia, New Guinea, and some of

the adjacent islands. Tha Didelphidse are almost purely

neotropical, one or two species ranging northwards into the

Nearctic region. Fossil remains of members of this family

liave also been found in Europe in strata of the Eocene and
early Miocene period.

In dividing the Marsupials into minor groups, it may be
observed that one of the most obvious distinctive characters

among them is derived from the form and arrangement of

the teeth. In certain species, as the Opossums, Dasyures,

and Thylacines, the iucisors are numerous, small, and
subequal in size and the canines large, as in the typical

placental Carnivores (fig. 24 ; compare with that of Lion,

vol. xiv. p. 680). To these the term "polyprotodont " is

applied, and they are all more or less carnivorous in their

habits. In others the central incisors are very prominent,

and the lateral incisors and canines absent or subordinate

in function (fig. 25). These are called " diprotodont,"

and they are all wholly or in great part vegetable feeders.

In one group of these, the Wombats, there are but two
incisors above and the same number beiow ; but all the

others, including the Kangaroos, Koalas, and Phalangers,

' Except in Bdideus breviceps (Furbes, Proc. Zool.' Soc, 1881,
p. 188),

have two incisors below and as many as six above, three

on each side, but of these the first or central pair is the

most fully developed.

Though this division is extremely convenient, a difficulty

in accepting it as

marking a radical

separation of the

order into two pri-

mary stocks is caused

by the Peramelidse,

which combine a poly-

protodont form of

dentition with a pecu-

liar structure of the

hind feet, so exactly

resembling that of

some of the best-

marked diprotodonts,

as the Kangaroos,

that it is difficult to

believe that it can

have been developed

independently. Tak-

ing various combina- "arcfos

tions of characters wvuro

into consideration, the existing Marsupials readily group

themselves into six very natural fcjnilies, the characters of

which can be thus defined :

—

A. Teeth rooted.

a. Pobjjnotodmi. — Incisors numerous, small, subequal.

Canines larger than the iucisors. Molars with 8liari>

tubercles.

a. Iucisors {. Hind feet with the four outer toes sub-

equal, distinct, and a well-developed opposable

hallux. 1. Didclphidss.

p. Incisors ^. Hind feet with four outer toes distinct,

subequal. Hallux small or rudimentary; rarely

opposable. 2. Bastjuridm.

y. Incisors }. Hind feet long, narrow. Fourtli toe

larger than all the others. Hallux rudimentary or

absent. Second and third toes very slendeV and

united in a common integument (syndactylous).

3. Pcramclids.

b. Diprolodont.—Incisors i. Central upper and lower Incisore

large and cutting. Canines absent or small. Molars

with bluntly tuberculated or transversely ridged crowns.

Hind feet syndactylous.

o. Hind limbs disproportionately large, with feet as in

Pei'amcUds. 4. Macropodidas

e. Hind limbs not disproportionately large. Feet

broad, with four subequal outer toes, and a large

opposable hallux. 6. Phalangislid^.

Pront view o( Skull o( Koala {Pkascol-

Ttcrcus), showing dlprorodont atld hcr-

denUtlon (.Proc. Otot. Soc, IbGS, p. 3ia).
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B. All tlie teeth with peraistoiit pulps. Tneisors i, large, acalpri-

form, with enamel on tl>B outer surface - only. -No canines.

Hind feet with four subequal outer toes
;
partially sj-ndactyloua

and with rudimentary hallux. 6. Phasmloviyidee.

Family Didelphidae

Dentition: i|, c}, ;) |, m J; total 50. -Incisors very small and

pointed. Canines large. Premolars with compressed pointed

crowns. Molars with numerous sharp cusps. Tlie third premolar

preceded by a deciduous raulticuspidate molar, whith remains in

place until the animal is nearly adult. Limbs of moderate devclop-

mcut, each with five complete and distinct toes, all of which are

provided with short, compressed, curved, sharp claws of nearly

equal size, except the first toe of the hind foot or hallux, which is

large, widely separable from the others, to which it is opposed in

climbing, and terminates in a dilated rounded extremity, without

a nail. Tail generally long, partially naked and prehensile.

Stomach simple. Cjecum of small or moderate size. Pouch in

some complete, in others represented by two lateral folds of the

abdominal integument, partially covering the teats, while in some

all trace of it is absent. Vertebra; : C 7, D 13, L6, S 2, C 19-35.

The DiaUlphidse, or true Opossums, differ from all other Marsu-

pials in their habitat, being peculiar to the American continent.

They are mostly caniivorous or insectivorous in their diet, and arbo-

real in habits. One slightly aberrant form, with webbed hind feet,

and aquatic mode of life, constitutes the genus Chironcctes. The

other numerous species are commonly included in the genus Di-

dclphys. See Opossum.

Family DASTTEIDil.

Dentition : i |, c }, p and m numerous, variable. Incisors small

;

canines well developed ; molars with pointed cusps. Limbs equal.

Fore feet with five subequal toes with claws. Hind feet with tho

four outer toes well-developed, and distinct from each other and

bearing claws ; the first (or hallux) clawless, generally rudimentary,

sometimes entirely wanting. Stomach simple.
_
No

^
caecum.

Predatory, carnivorous or iuscctivorous animals, inhabitants of

Australia, Tasmania, and the southern parts of New Guinea and

some of the adjacent islands. The aberrant genus Myrmtxebiiis,

though clearly a member of this family, is so sharply distinOTished

from all the others as to render a division into two subfamilies

necessary.

Subfamily DaayurinsB —This comprises tho more typical

Dasyuridm, in which the premolars and molars never exceed the

normal number of seven on each side of each jaw, and in which the

toniue is not specially extensile.

T/ij/toaratM.—Djntition: i^, <:{, p J, m J -46. Incisors small,

vertical, the outer one in the upper jaw larger than the others.

Summit of the lower incisors, before they are worn, with a deep

transverse groove, dividing it into an anterior and a posterior cusp.

Canines long, strong, and conical. Premolars with compressed

crowns, increasing in size from before backwards. True molars in

general characters resembling those of Dasyurus, but of more simple

Jorai, the cusps being not so distinct nor sharply pointed. Milk

^-^^"\

Fio. 26.

—

'Yhy\htin&\Thylacinut cynocephalus),

molar very small, and shed before the animal leaves the mother's

pouch. General form very Dog-like. Head elongated. Muzzle

pointed. Ears inoderate, etect, triangular. Fur short and closely

applied to the skin. Tail of moderate length, thick at the base

and tapering towards the apex, clothed with short hair. Hallux
(incl'iding the metacarpal bone) wanting. Vertebrai : C 7, D 13, L 6,

S 2, C 23. Marsupial boues represented only by small unossified

£bro-cart)lagc&

The only known species of this genua, T. cynoccplmlus, thougji

smaller than a common Wolf, is tlie largest predaceous Marsupial

at present existing. It is now entirely confined to the island of

Tasmania, although fragments of bones and teeth found in caves

afford evidence that a closely allied species once inhabited tho

Australian mainland. The general colour of the Thylacinc is grey-

brown, but it has a series of transverse black bands on the hinder

part of the back and loins, whence the name of " Tiger " frequently

applied to it by the colonists. It is also called '* Wolf," ami some-

times, though less appropriately, " Hyrena. " Owing to the havoc

it commits among the shecpfolds, it has been nearly extermiiiateil

in all the more settled parts of Tasmania, but still finds shelter in

the almost impenetrable rocky glens of the more mountainous regions

of the island. The female produces four young at a time.

Oasyurus.—Dentition : i 5, c |, p f, m t ; total 42. Upper
incisors nearly equal, and placed vertically. In the smaller spccirs

the first is slightly longer, narrower, and separated from the rest.

Lower incisors nearly vertical in the larger, but sloping forwards

and upwards in the smaller species. Canines large and sharply

pointed. Premolars, in the typical forms, with comiiressed and
sliarp-pointed crowns, and slightly developed anterior and posterior

accessory basal cusps. Trae molars with numerous sharp-pointed

cusps. In the upper jaw the first .three with crowns having a

triangular tree surface, the fourth small, simple, narrow, and placed

transversely. In the lower jaw the molars more compressed, with

longer cusps'; the fourth not notably smaller than tho others.

Ears of moderate size, prominent, and obtusely pointed. Hallux

rudimentarj', clawless, or absent; its metatarsal bone always pre-

sent. Tail generally long and well clothed with hair. Vertebra: 7,

D 13, L 6, S 2, 18-20. The true Dasyures are mostly inhabitants

of the Australian continent and Tasmania, where in the economy

of nature they take the place of the smaller predaceous Canii-

vora, the Cats, Civets, and Weasels of other parts of tho world.

They hide themselves in the daytime in holes among rocks or

in hollow trees, but prowl about at night in search of the small

living mammals and birds which constitute their prey. The species

are not numerous, and divide themselves into two sections. (1)

Dasyuru3 proper includes S. maculalus, about the size of a com-

mon Cat, inhabiting Tasmania and the southern part of Australia ;

D. viverrinus or inaugei, Tasmania and Victoria ; D. geoffroyi. South

Australia ; D. hallucaius. North Australia ; D. albopunctatics, New
Guinea. (2) Sarcophilm contains one species, D. ursinus, differ-

ing from the others in being a hirger and heavier animal, with a

disproportionally largo and broad head. Its teeth are relatively

larger and more massive, and hence more crowded in the jaws
;_
tha

premolars especially are scarcely compressed but rather conical

;

the lower molars want a cusp placed near the middle of the inner

border, found developed in different degrees in all the species of

the first section. This animal is peculiar to Tasmania, where it is

commonly known by the name of "Devil." Its prevailing colour

is black, its size about that of an English Badger, and its disposition

remarkably savage and voracious.

Phascogale.—'L'his genus (more properly Phascologalc) comprises

a considerable number of small Marsupials, none of them exceeding

a common Kat in size, differing from the true Dasyures in pos-

sessing an additional premolar,^the dentition being i J, c}, pj,
m J; total 46,—and having the teeth generally developed upon an

insectivorous rather than a carnivorous pattern, the upper middle

incisors being larger and inclined forwards, the canines relatively

smaller, and the molars with broad crowns, armed with prickly

tubercles. The muzzle is pointed. Ears moderately rounded and

nearly naked. Fore feet with five subequal toes, with compressed,

slightly curved pointed claws. Hind feet with the four, outer toes

subequal, with claws similar to those in the fore feet ; the hallux

almost always distinct and partially opposable, though small and

nailless, sometimes absent. The food of these animals is almost

entirely insects, which some pursue among the branches of trees,

while others are purely terrestrial They are found throughout

Australia, and also in New Guinea and the Aru and some of the

adjacent islands. Variations in the details of the dentition and

of the structure of the hind limbs, and in the length and arrange-

ment of the hairy covering of the tail, have given rise to several

subdivisions which will probably be accepted as generic by rnost

zoologists, although further investigations are required before theu-

limits can be very satisfactorily defined.

P. cristicauda, a species with a thick compressed tail orna-

mented upon its apical half with a crest' of black hair, differs from

the others by the very reduced size of the third premolar m tho

upper and its complete absence in the lower jaw, thus forming an

interesting transition in dentition towards Dasynrus. It consti-

tutes the genus Chxtocercus of Krefft. Another very aberrant form,

P. lanigera, distinguished by the great elongation of the fore arm

and hind foot, and the complete absence of hallux, is Antcchinmnys

of the same author. It is an elegant little terrestrial mouse-like

animal, with large oval ears and long tail with the terminal part

bushy. Aiitichinus and Podibrus are names proposed for other,

divisions of the group.
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SubfiimilyMyrmecobiinse".—Molftrsftndpremokrsexceedingthe

normal number of seven on each side. Tongue long and extensile.

MynnecobiHS.—Ventition : i ^, c \,p 3, vi ^ or g ; total 52 or 54,,

bi'ing the largest number of teeth in any existing Marsupial. The
distinction between the molara and premolars is not certain, as it is

not founded on a knowledge of the succession of the teeth, but on

their form. The teeth are all small ond (except tlie four posterior

inferior molars) separated from each other by an interval. Head
olonfjated, but broad behind. Muzzle long and pointed. Ears of

moderate size, ovate, and rather pointed. Fore feet with five toes,

all having strong, pointed, compressed claws, thesetiond, third, and
fourth nearly equal, the fifth somewhat and the fii^st considerably

shorter. Hind feet with no trace of hallux externally, but the

metntai-sal bono is present. Tail long, clothed with long hairs.

Fur rather harsh and bristly. Female without any trace of a

pouch, the young when attached to the nipples being concealed

only by the long nair of the abdomen. VerteDrae : C 7, D 13, L C,

S3, C23.

obius/ai From Gould.

Of this singular genus but one species is known, M. fasdattLS^

found in western»and southern Australia. It is about the size of

an English squirrel, to which' animal its long bushy tail gives it

some resemblance ; but it lives entirely ou the ground, especially in

sterile, sandy districts, feeding on ants. Its prevailing colour is

chestnut-red, but the hinder part of the back is elegantly marked
with broad, white transverse oands on a dark ground.

i^aj/fc//yPeramELiD^

Tientition ' i ^, c \y j> ^, tn. ^ ', total 43. Upper incisors small,
with short, broad crowns. Lower incisors moderate, narrow, pro-
clivous. Canines well developed. Premolars compressed, pointed.
Molars with quadrate tubeiculated crowns. Third premolar pre-

ceded by a very minuto molariform tooth, which remains in placo
until the animal is nearly full grown. Fore feet with two or
three of the middle toes of nearly equal size, and provided
with strong, sharp, slightly curved claws ; the other toes rudi-
mentary. Hind feet long and narrow ; the hallux rudimentary
or absent ; the second and third toes very slender, and united in a
common integument ; the fourth very large, with a stout elongated
conical claw; the fifth smaller than the fourth {see fig. 29). The
ungual phalanges of the large toes of both feet cleft at their ex-
tremities (as in Manis among the Edentata, but iu no other
Marsupials). Head elongated. Muzzle long, narrow, and pointed.
Stomach simple. Crecum of moderate size. Pouch comidete,
generally opening backwards. Alone among Marsupials they have
no clavicles.

Tjie Peramcliass form a very distinct family, in some respects
IiiU-nnediate between tho sarcophagous Dasyuiidx and the
phj'tophagous Macropodidm. In dentition they resemble the former,
hut they agree with the latter in the peculiar structure of the hind
feet In tho construction of the fore feet they differ from all other
Mai-supials. They may he divided into three geuei-a,

P(^}'nviclcs.~AnteTior and posterior extremities not differiug
greatly m development. Fore feet with three middle toes well
dcv&loucd. the third slightly larger than the second, the fvurtU

somewliat shorter, provided with long, strong, slightly cun'od,
iiointed claws. First and fifth toes very short and without claws.

Hind feet witli hallux of one or two phalange?, forming a distinct

tubohjle visible externally ; the second and third toes very sleudcry

of equal length, joined as far as the ungual phalanx, but with
distinct claws ; the fifth intermediate iu length between theso and
the largely developed fourth toe. Ears of moderate or small size,

ovate, pointed. Tail rather shoi-t, clothed with short adpresscd

hairs. Fur short and harsh. Pouch opening backwards. Verte-

brr^: C 7, D 13, L6, Si, C17.
The animals of this genus, commonly called " Bandicoots" in

Australia, are all small, and live entirely on the ground, mak-
ing nests composed of dried leaves, grass, and sticks in hollow

places. They are rather mixed feeders ; but insects, worms, roots,

and bulbs constitute their ordinary cftet. The various species are

widely distributed over Australia, Tasmania, New Guinea, and
several of the adjacent islands, as Aru, Kei, and New Ireland.

The best known are

—

P./asciata, giinnii{^g. 28), mijoszmts, nasida^

obes-ula, and macrura from Australia, and P. doreyana, saffrayana

and longicauda from New Guinea.

Macrotis.—Molar teeth curved, and with longer crowns and
shorter roots than in the last. Hinder extremities

proportionally longer, and hallux represented only

by a small metatarsal bone. Muzzle much elon-

gated aud narrow. Fur soft and silky. Ears vei^

large, long, aud pointed. Tail long, its apical half c6-
clothed on the dorsal surface with long hairs, Poueli

opening forwards. Vertebrae : C 7. D 13, L 6, S 2,

C23.
But one species is known, M. lagotiSt from

western Australia. It is the largest member of

the. family, being about the size of the common
Rabbit, to which animal it bears sufiicieut super-

ficial resemblance to have acquired the name of

"Native Rabbit" from the colonists. It burrows
in the ground, but in other respects resembles the
Bandicoots in its habits,

Ch(£ropu3.—Dentition generally resemoung that

of Peramctcs, but the canines are less developt*d, and
in the upper jaw two-rooted. Limbs v^ry slender

;

posterior nearly twice the leugth of the anterior.

Fore feet with the functional toes reduced to two,

the second aud third, of equal length, with closely

united metacarpals aud short, sharp, slightly curved,

compressed claws. First toe represented by a
minute rudiment of a metacarpal bone ; the fourth -"'

by a metacarpal and two small phalanges without a pio. 29.— Skeleton

claw, and not reaching the middle of the metacarpal of Hind Foot of

of the third ; fifth entirely absent. Hind foot long
J'^,'^^ oscak'^'

and narrow, mainly composed of the strongly devel-
J^* ''''astragalusl

oped fourth toe, terminating in a conical pointed <-6. cuboid; n,

nail, with a strong pad behind it ; the hallux repre-

sented by a rudimentary metatarsal ; the remaining
toes completely developed, and with claws, but ex-

ceedingly slender; the united second and third reach-

ing a little way beyond the metatarso-phalangeal

articulation of the fourth; the fifth somewhat
shorter. Tail not quite so long as the body, and tite nidimen-

covered with short hairs.' Ears large and pointed,
c'raponf ''ifiis

and folded down when the animal is at rest. Fur
. foot with that of

soft aud loose. Pouch opening backwards, • Ter- llie Kangaroo,

tebrte: 07, D13, L6, SI, €20. vol. xiii. p. S39.
|

The only known species of this genus, ckiefly remarkable for tlio

iiLnguIar coiistructiou of its limbs, is on animal about the size of a.

tocimeifoiTn; II,

and 111, the
conjoined second
and thii\l (lifiUs;

IV, the liirco

and only func-
tional digit ; V,
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general habits and food api)6ar to resemble those of the other

UARSUPIALIA,'

blossoms of MclaUucm, &c. One kept in confinement by Mr Gould
was also observed to ent fli^s.

Fio 30

—

Chaeropua castanot

Pcramclidss. It was fii-st described as C. ecavdatua by Ogilby from

a mutilated specimen, butthes^cific name was afterwards changed
by Gray to castatiotis.

Family Maceopodid^.

The genei-al characters of this family, nnd an account of the

animals composing it, will bo found in the article Kaj^oaeoo, voL
xiiL p. 838 s^

Family Praxahoistid^

Dentition (except in the aberrant genus Tarsipcs): i f, the

Qi-st above strong, curved, and cutting, the other two gene-

rally somewhat smaller ; the single lower incisor large, m'^re

or less procUvous; c.-^, upper small or moderate, conical and

harp-pointed; lower absent or quite rudimentary; pfr^, variable
;

7« i^ or 71 with four obtuse tubercles. Limbs subequaL Fore

feet with five tUstinct, subequal toea with claws. Hind feet,

short and broad, with five well-developed toes ; the hallux large,

nailless and opposable ; the second and third slender and united by
a common integument as far as the claws. Stomach simple, Ciecum
present (except in Tarsipcs), and usually large. Pouch complete.

Animals of small or moderate size and arboreal habits, feeding on
vegetable or mixed diet, inhabiting Australia and the Papuan
Islands. Excluding FJuiscolarctos and especially Tarsipcs, they

form a very natural family. The latter is, however, evidently a

modified form of the same general type, chiefly aberrant in the

characters of its alimentary organs, which are adapted for a peculiar

mode of subsistence. It may constitute a distinct subfamily.

Subfamily Tarsipedinas.—Teeth almost rudiment»ry and vari-

able in number. Tongue long, slender, pointed, and very extensile.

Cajcum absent.

Tarsipcs.—This is named from some supposed resemblance of its

foot to that of the Leniurine genua Tarsius ; but it must be remarked
that it has none of the peculiar elongation of the calcaneum and
scaphoid so characteristic of that genus. Head with elongated and
slender muzzle. Mouth opening small. The two lower inciaors are

long, very slender, sharp-pointed, and horizontally placed. All the

other teeth are simple, conical, minute, and placed at considerable

aud irregular intervals apart in the jaws, the number appearing to

vary in different individuals and even on different sides of the two
individuals. The formula in a specimen in the Museum of the Royal

College of Surgeous is ^ fr^, ^yii' P ^^^ '"f^ > total 20. Rami

of the mandible extremely slender, nearly straight, and without
ooronoid process or inflected angle. Fore feet with five well-

developed toes, with small, flat, scale-like nails, not reaching to the

extremity of the digits. Hind feet rather long and slender com-
pared with that of the Phalangistinse^ with well-developed opposable
and nailless hallux ; second and third digits syndactylous, with
sharp compressed curved claws; the fourth and fifth free, and with
amall flat nails. Ears of moderate size and rounded. Tail longer

than the body and head^ scantily clothed with short haira, pre-

hensile. VertebrEBT 7, D 13, L 5, S 3. C 24.

Of this singular genus but one species, T. rostratus (fig. 31), is

kriONvn, about the size of a common Mouse. It inhabits western Aus-
tralia, lives in trees and bushes, uses its tail in climbing, and feeds

on honoy, which it procui'Ss by inserting its long tongue into the

Fio. Z\.—T<iftli>es

Subfamily Phalangistinee.
Teeth normaL Kudimentary lower canines present Tongue of

ordinary structure. No cheek pouches. Stomach and ascending
colon simple. Caecaiji long, simple. Tail well-xieveloped,

A numerous group, varying in size from that of a Mouse to a largo

Cat, arboreal in their habits, and abundantly distributed through-
out the Australian region. One section is distinguished by the
possession of a flying membrane, or fold of skin, extending on each
side of the body between the fore and hind legs, forming when the
limbs are extended a kind of parachute, as in the Flying Squirrels,

and also by a non-prehensile tail. Tliis Includes the genera
Pctaurus, Belidcus, and Acrohata. Tht; remainder have no such
membrane, and have the tail more or less prehensile, the under sur-

face at least of the apical portion being bare. These are the typical

Phalangers, or "Opossums" as they are commonly called in

Australia (genus Fhalangi$ta\ and their various modifications, as

Ciiscics, Pseudochirus, and Dactylopsila. These will be more fully

described in the article Phalanger.
Subfamily Phascolaxctinffi.—Teeth normal ; no rudimentary-

lower canines. Tongue of ordinary structure. Distinct cheek
pouches. Stomach with a special gland near the cardiac orifice.

Caeeum very long, and (with the upper portion of the colon) dilated
and provided with numer-
ous longitudinal iolds of
mucous membrane. In,

many anatomical cha-
racters, especially the
possession of a special

gastric gland, this group
resembles the PhascO'
lojjiyidse, to which it

obviously forms a transi-

tion.^

Phascolardos.— Denti-
tion : if, c I, p {, m ^ ;

total 30. Upper incisors

crowded together, cylin-

droidal, the first much
larger than the others,

^ith a bevelled cutting

edge (fig. 25). Canine very
small ; a considerable in-

terval between it and the
premolar which is as long

^^^ 3S:-Skeleton of Hind Foot of Koala (na.col-
from before backwards arctos cim-reus). showing the stout opposable
bllt not so broad as the hallux, followed by two slender toes, which la

true molars, and has a *'^^ ^'^'"R aiinial are enclosed as far us the naUi

cutting edge, with a
^^ '^ commo.. integument,

smaller parallel inner ridge. The molars slightly diminishing in
f' from the first to the fourth, with square crowns, each bearing
tuur pyramidal cusps. The lower incisors are semiproclivous, com-

* i^'. W. A. Forbes, '* Anatomy of the Koala," Proc, Zool. ^ec, 1681, ji. 180.
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pressed ana tapering, bevelled at the ends. Premolars and molars

in continuous scries, as in the upper jaw. Fore foet with tho

two inner toes slightly separated from and opposable to tlic re-

maining throe, all with strong, curved, and mucii compressed cliiws.

Hind foot with tlie hallux placed very far back, large and broad, tlio

second and third (united) toes considerably smaller than the othrr

two ; the fourth the largest. No external tail. Fur donso and
woolly. Ears of moderate size, thickly clothed with long hairs.

Vertobrie : C 7, D 11, L 8, S 2, C 8. Ribs eleven pairs, a rare ox-

ceptioQ to tlio usual number (13) in tho Marsupialia.

There is but one species, the Koala or Native Bear of the

Australian colonists (P. cinercus), found in the south-eastern parts

of the Australian continent. It is about 2 feet in length, and of

Jin ash-grey colour, an frxccllent climber, and residing generally in

lofty Eacalyptits trees, on the buds and tender shoots of which it

ffted" th'»ugh occasionally descending to the ground in the night.

Kiiulrcd Fossil Fonns.

Here may be noticed several genera of extinct Marsupials, the
remains of which have been found in the post-Tertiary deposits of

Australia, which agree with the Macropodids^ and the Phalang^istidss

in having ^ incisors, those of the lowerjaw very large and procHvous.
As the whole of their structure, especially that of tho hind feet is

not yet known, their precise affinities cannot be determined.
Diprotodon.—Dentition: i ^, c ^, p ^^ m ^\ total 28. The first

upper incisor very large and scalpriforra. True molars with pro-

minent transverse ridge«, as in Macropvs, but wanting the longi-

tndinal connecting ridge. Anterior and jwsterior limbs less dis-

proportionate than in tho Kangaroos. D. australis is a gigantic

animal compared witli all existing Marsupials, surpassing a Rhino-
ceros in bulk.

Notothcriiim.—Dental formula as in the last, from which it

diffei's chiefly in the incisor teeth, especially those of the lower jaw,

being mucli smaller. The skull is short, with the zygomatic arches

extremely broad. N, mitclielli and incrme. botl- animals of great

size, though inferior to Diprotodon.

ThyJacoho.—Dentition of adult: i ^, c i, p f , 'n J ; total 24,

First upper incisor much larger than the others; canine and first two
premolars rudimentary. In the lower jaw there are also one or two
small and enrly deciduous premolars

;
posterior premolars of both

jaws formed on the same type as tnat of Eypsiprymnus, but
relatively much larger; true molars rudimentary, tubercular. One
species, T. camifex. This animal presents a most anomalons con-
dition of dentition, the functional teeth being reduced to on« pair
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of large cutting incisors situated clese to the median line, and one

great, trenchant, compressed premolar, on each side above and
below. It was first described as a carnivorous Marsupial, and
named, in accordance with its presumed habits, "as one of the

fellest and most destructive of predatory beasts ;" but, as irs affinities

are certainly with the Phalangistidas siiiA Macropodidm, and its den-

tition completely unlike that of any kno\vn predaceous animal, this

view has been called in question.*

' The lowest Eocene formation of New Mexico has recently yielded

an animal iPtilodus m'-diivvus) having a mandibular dentition allied

to that of Thyl-amlco, and which goes some way to bridge over the gap,

both in structure and time, between tins and the Mesozoic Playiau-

laculw[fiee Cope in American Naluraiist, June 1882^

Famitii PnAscoLOMTiD*.
Dentition : c \, i ^, p \, m J -24. All the teeth witii per-

sistent pulps. The incisors large, scalpriform, with enamrl only
on tho front surface, as in tho Rodcutia. Tlie rholars strongly
curved, forming from the base to the summit about a quarter of a
circle, tho concavity being directed outwards in the upper and in-

wards in the lower teeth. Tho first of the 5cri«8 (generally called
"premolar," though it appears to have no milk predecessor) single-

lobed ; tho other four composed of two lolws, each subtriangular in

section. Limbs equal, stout, and short. Fore feet with fire distinct

toes, each furnished with a long, strong., and slightly curved nail,

tho first and fifth considerably shorter than the other three. Hind
feet with a very short nailless hallux, the second, tliird, and fourth
toes partially united by integuments, of nearly equal length, tho
fifth distinct and rather shorter ; all four provided with long and
curved nails. In the skeleton of the foot, the second and third
toes are distinctly more slender than the fourth, showing a slight
tendency towards the paculiar character so marked in tho last three
families. Tail rudimentary. Stomach simple, provided with «
special gland situated near the cardiac orifice. Caicum very short,

wide, and with a peculiar vermiform appendage.
The species of this family are few, and all contained in one genua,

Pluiscolamifs, with two well-marked secticns, one containing tho
Common and Broad-nosed "Wombats, P. wombat SkX\dplatyrhinu$y the
other the Hairy-nosed Wombat, P. latifrons. They are all ten'es-

trial and burrowing animals, generally slow in their movements,
and harmless in disposition ; they feed on roots and other vegetable
substances, and inhabit the southern parts of the Australian con-
tinent, Tasmania, and the islands of Bass's Straits. See Wombat.
Bibliogrnphy 0/MnrmjHatia.—G. H. Waterhonse, Nal. Hiil. cf the Mammalii,

vol. I. " Warsupiata," 1W6 ; J. Gould. Mammals of Aiiflralta, ISG3: R. Owen,
article " .Marsupialia," in Ci/cfop o/ Anatomy and Fhyiiology, and vanoaa in«moir»
"On Extinct MamniMlB of AusD-.tlla" in PUiloiophicat Transaclions; W. H.
Flower, "On the Developuient and Succession of tiie Teeth in the Marauplaliji,''

Pttil. Trmu., IS67

Subclass EUTHEEIA or MONODELPHLL
The remaining mammals are included in the Eutheeia,

Placentalia, or Moxodelphia, the leading characters of

which have been given at p. 372. Their affinities with

one another are so complex that it is impossible to arrange

them satisfactorily in any serial order. The Edentata may
be taken first as standing in some respects apart from all

the others. The Sirenia and Cetacea are also somewhat
isolated, having undergone most remarkable modifications

from the normal mammalian type. The Primates must be

placed at the head of the series. The position of the

others is quite arbitrary, as none of the hitherto proposed

associations of the orders into larger groups stand the test of

critical investigation, and palaeontological researches have

already gone far to show that they are all modifications

of a common heterodont, dipbyodont, pentadactyle form.

Okdeb EDENTATA.
The name a.ssigned to this group (which some zoologists

think ought rather to be ranked as a subclass than an
order) by Cuvier is often objected to as inappropriate, for

though some of the members are edentulous, others have

very numerous teeth ; aud the Linnjean name Bntta is

occasionally substituted. But that term is quite as objec-

tionable, especially as the group to which Linn«u3 applied

it is by no means equivalent to the order as now under-

stood, as the names of the genera contained in it, viz.,

Elephas, Trichechns, Sradi/pns, Myrmeeophagm, ifanU,

and Dasypus, will indicate. It contained, in fact, all the

animals then known which are comprised in the modern
orders of Proboscidea, Sirenia, and Edentata, together

with the Walrus, one of the Carnivora. If retained at

all, it should rather belong to the Proboscidea, as Elephas

stands first in the list of genera, and was probably in

the mind of Linnseus when he assigned the name to the

group. Cuvier's order included the Ornithorht/nchns and

Echidna, the structure of which was then imperfectly

known, and which are now by eoicmon consent removed to

an altogether different section of the class, but otherwise its

limits are those now adopted. The name Edentata is so

generally used, and its meaning so well understood, that it

w ould be very undesirable to change it now ; in fact similac
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reasons might be asslgued for ceasing to use nearly all' the

'other current ordinal designations, for it might be equally

well objected that all the Carnivora are not flesheaters,

many of the Marsupialia hove not pouches, and so forth.

If the teeth are not always absent, they invariably exhibit

certain imperfections, which are indeed almost the only

common characters which bind together the various extinct

md existing members of the order. These are—that they

•ire homodont and, with the remarkable exception of the

genus Tatusia, monophyodont ; they are neverrooted but

have persistent pulps ; they are always deficient in one of the

constituents which enter into the formation of the complete

mammalian tooth, the enamel, and are never present either

in the upper or lower jaw in the fore part of the mouth,

the situation occupied by the incisors of other mammals.'

There is so great a difference in structure and habits

between some of the existing animals assigned to this

order that, beyond the negative characters just mentioned,

there seems little to connect them. The Sloths and
Anteaters, for instance, in mode of life, general conforma-

tion of limbs, structure of digestive organs, &c., appear at

first sight almost as widely separated as any mammals.
Palaeontology has, however, thrown great light upon their

relations, and proved their real affinities. Perfectly inter-

mediate forms have been discovered in the great Ground
Sloths of America, which have the dentition and general

form of the head of the Sloths, combined with the limbs

and trunk of the Anteaters. It is highly probable that

the existing members of the order are very much differen-

tiated representatives of a large group, the greater number
of which are now extinct, and which have become so with-

ouc ^'ver attaiuing a high grade of organization. The great

diveisity of structure of the existing families, the high
degree of specialization to which many have attained, the

paucity of species and even of individuals, their limited

area of distribution, and their small size compared with

known ancestral forms, all show that this is an ancient and
a waning group, the members of which seem still to hold

their own either by the remoteness and seclusion of their

dK'elling-places, by their remarkable adaptation of structure

to special conditions of life, or by aid of the peculiar

defensive armature with which they are invested. Their

former history can, however, only be thus surmised, rather

than read, at present ; fur, though we have ample evidence

of the abundance and superior magnitude of certain forms
in the most recent or post-Tertiary geological age, and in

one part of the world, beyond this time, i.e., in the true Ter-

tiary period, and in other parts of the world than America,

the remains of anima:ls of this order hitherto discovered are

only fragmentary, giving a most imperfect idea of their

actual structure, and affording no indications which serve to

connect them with any other branch of the class.

The existing members of the order readily group them-
eelves into five distinct families, the limits of which are

perfectly clear. These are (1.) Bradypodids, or Sloths;

(2) Myrmecophagidx, or Anteaters; (3) Dasypodidse, or

Armadillos
; (4) Manidse, Pangolins or Scaly Anteaters

;

and (5) Oryclerojiodidee, Aard-varks or African Anteaters.

The geographical distribution of these families coincides

with their structural distinction, the first three being

inhabitants of the New and the last two of the Old World.

It has been usual to arrangethese families into two large

groups or suborders :—(1) the Phyllophaga, leaf-eat^ers, also

called Tardigrada, containing the Bradypodidie alone ; and

(2) the EMomophaga, insect-eaters, or Verinilingua, contain-

ing all the other families, from which sometimes the

Orycteropodidm are separated as a third suborder under the

' In 6ome few Armadillos tho mitiire between the^ premaiilla
avd maxilla passes behind the first upper tooth, hut in !<U the other
knowu members of the order all the teeth are implauled in the maxilla.

name of Effodientia. Such an arrangement is, however, a»
artificial one, founded on superficial resemblance. The
bonds which unite the Maiiidae to the Myrmecophagidx are

mainly to be found in the structure of the mouth, especially

the, extensile character uf the tongue, the great develop-

ment of the- submaxillary glands, and the absence of teeth.

These characters are exactly analogous to those found in

the Echidna among Monotremes, the Woodpeckers among
Birds, and the Chamieleon among Reptiles,—the fact prob-

ably being that in countries where Termites and similar

insects flourish various distinct forms of vertebrates have
become modified in special relation to this abundance
of nutritious food, which could only be made available by
a peculiar structure of the alimentary organs. A close

study of the more essential portions of the anatomy of these

animals^ leads to the belief that all the American Edentates

at present known, however diversified in form and habits,

belong to a common stock. The Bradypodidse, Megathe-

riidse, and Myrmecophagidse are closely allied, the modifica-

tions seen in the existing families relating only to food and
manner of life. The ancestral forms may have been omni-
vorous, and gradually separated into the purely vegetable

and purely animal feeders ; from the former are developed

the modern Sloths, from the latter the Anteaters. The Ar-

madillos [Dasypodidse) are another modification of the same
type, retaining some generalized characters, as those of

the alimentary organs, but in other respects, as their defen-

sive armature, remarkably specialized. The two Old-World
families Jllanida; and Orycteropodidx are so essentially dis-

tinct, both from the American families and from each other,

that it may even be considered doubtful whether they are

derived from the same primary branch of mammals, oi-

whether they may not be ofi'sets of some other branch, the

remaining members of which have beeu lost to knowledge.

Family BRADTTopiDJE.

Externally clothed with long, coarse, crisp hair. Head short and
rounded. External ears inconspicuous. Teeth f in- each jaw,

subcylindrical, of persistent growth, consisting of a central axis of

vaso-dentine, mth a thin investment of hard dentine, with a thick
outer coating of cement ; without (as far as is yet known) any suc-

cession. Fore limbs greatly longer than the hind limbs. All the

extremities terminating in narrow, curved feet ; tha digits never

exceeding three In number, encased for nearly their whole length

in a common integument, and armed with long strong claws. Tail

rudimentery. Stomach complex. Ko caecum. Placenta decid*

uate, dome-like, composed of en aggregation of numerous discoidal

lobes. Strictly arboreal in habits, vegetable feeders, and limited
geographically to the forest regions of South and Central jlmerica.

Two genera, Bradypus and Cholcepus. See Sloth.

T<'amily Megatheeiidj.

The members of this famih' are all extinct.~-iueir charac*.

ters, so far as is known from the v.'ellpreserved remains of
many species found abundantly in deposits of Pleistocene ago in

' See Proccedinr/s of the Zoological Seciety of London, 1SS2, \>. 858.
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botli North and South America, were Intormediate betv\-cen those of

the existing Bradypodidx luid the Myrmccopfiarjidiv, combining tlio

head and dentition of the former with the structure of the vertebral

column, limbs, and tail of iho latter. Almost all the known sjiecies

are of comparatively gigantic size, tlio smallest, Ccelodon csci'ivan-
'
xisis, exceeding the largest existing Antcater, and the Megatlierium

,being larger than a Rhiuoceros. TlieduntiLion is usually
-J
on each

f: 2 d
Tio. 35.—Section of Upper Molar Teeth of Mcq

side, as in the Sloths, but in Ccelodon $. Tliis genus, and in q still

more marked degree Megatherium, differ from all tho others in the

details of the structure of the teeth. They are very deeply

implanted, of prismatic form (quadrate in transverse section) ; and
the component tissues—hard dentine (fig. 35, d), softer vaso-dentine

{v), and cementum(c)—are so arranged

that, as the tooth wears, the surface

always presents a pair of transverse

ridges, thus producing a triturating

apparatus comparable to the " bilopho-

dout" raolar of Dinodtcriitm, TapiritSy

Mariatus, Macropus, and others,' though
produced in a different manner. In all

the other genera the teeth are more or

less cylindrical, though sometimes later-

ally compressed or even longitudinally

groope-d on the sides, and on the grind-

ing surface the prominent ridge of hard
dentine follows the external contour,

and is surrounded only by a thin layer

of cementum, as in the existing Sloths.

The genera of which tho remains are

best known d-ve Mylodon (fig. 37), Lesto-

tlon, Scclidotlhcriumy Gryphoiheriumy ar.d

Mcgaloi\yx. In the last-named the
anterior tooth of both upper and lower

jaws is large and reniovea by a consider-

able interval from the others. The
osteological characters of these genera

have been fully described in tho works
of Cuvier, Owen, BuiTneistei*, Leidy,

Gervais, Reinhardt, and others.

No Eoceno Edentates have yet been

found in America. In the Miocene of

tiie Pacific coast of North America some
remains have been discovered, assigned Fig. 3S,-Lower to and Teeth

by Marsh to the genus Maropus, the
o^ ^^?«'"«'"-"'"- ^'omuwen.

type of a distinct family, the Moropidm. There are two species, one
about as large as a Tapir, and one nearly twice that size. In the

Lower Pliocene, well-preserved remains of Edentates of very large

size have been found at several widely separated localities in Idaho
and California. These belong to the genus Morotkerium, of which
two species are known. East of the Rocky Mountains, in the Lower
Pliocene of Nebraska, a large species apparently of the genus
Moropits has been discovered. None of these have as yet been fully

described or figured. Marsh believes that North America was the ori-

ginal home of the Edentates, and tnat they spread to the southern

portion of the continent towards the close of the Tertiary period.

Family Myrmecophaoidje.

ExtemaJly clothed vith hair. No teeth. Head elongated.

Mouth tubular, with a small termiual aperture, through which

tho long, vermiform tongue, covered with the viscid trucretion of

the enormous submaxillary glands, i« rapidly protruded in feed-

ing, and withdraAvn again witli the adhering particles of aliment,

which are theu suckt-d into the pharynx. lu the manus, tho

third toe is greatly developed, and has a long falcate claw ; tho

others are reduced or suppressed. Tho ]ies has lour or live 8ube(iual

digits with claw.s. Posterior dorsal and lumbar vertebiic with ad-

ditional interlocking zygApophyses. Tail long, sometimes jirehcu-

sile. Placenta dome-like or discoidal. The ayimals of this family

are the ^^ A.uicQX<iV&" par excellence. They feed exclusively on animal

substances, mostly insects. Quo species is terrestrial, the others

arboreal; none burrow in the ground. Thcv are all inhabitants of

the Neotropical region.

Mynnccophaga.—Skull greatly elongated and nanow, its upper

surface smooth and cylindriform. Anteriorly the face is pvuduccd

into a long, tubular rostrum, rounded above and Haltened below, and

with terminal nares, and composed of tho mesethmoid ossified for

more than half its length, the vomer, tho maxillie, and the long and

narrow nasal bones, the premaxillse being extremely short and con-

fined to the margin of the anterior nares. The zygomatic arch is in-

complete, the styliform malar only articulating with the maxilla in

front, and not reaching to the very shoi;t Z3'g9raatic process of tho

sijuamosab The lacryraal foramen is in front of the margin of tlie

orbit. There are no post-orbital processes to the froiitals oranyotht-r

demarcation between the orbits and tho temporal fossje. Palate.ex-

(Tleistocene, South America).

tremely elongated, and produced backwards as far as the level of tha

external auditory meatus by the meeting in the middle line of the

largely developed pterygoids. The glenoid fossa a shallow oval

fAcet, with its long diameter from before backwards. Mandible very

long and slender, with an exceedingly short symphysis, no distinct

coronoid process, and a slightlv elevated, elongated, flattened, con-

dylar articular surface. Vertebrie: C 7, D 15-16, L 3-2, S 6, C 31.

Clavicles rudimentary. In the raanus, the first digit is very

slender, the second also slender, with compressed phalanges of nearly

equal length. The third digit is immensely developed ; though its

proximal phalanx is extremely sliort, its ungual phalgnx is so long

that tho entire length of the digit exceeds that of the second. Tim
fourth has a long and rather slender metacarpal, and three

phalanges diminishing in size, the ungual phalanx being very

small. Tiie fifth has the metacarpal nearly as long, but not so

stout as the fourth, and followed by two small phalanges, the last

rudimentary and conical. Claws are developed upon all but the fifth.

In walking the toes are kept strongly flexed, and have their points

tunied upwards and inwards, the weight being supported upon a

callous pad over tho end of the fifth digit, and by the dorsal sur-

faces of the third and fourtli digfts. The hind feet are short and

rather broad, with five subequal claws, tho fourth rather longest, the

first shortest; the whole sole is placed on the ground in walking.

Body rather compressed, clothed n-ith long, coarse hair. Tail

about as long as the body, and covered with very long hair ; not

prehensile. Ears email, oval, erect. Eyes very small. _ Stomach

consisting of a subglobular, thin-walled, canliac portion, and a

muscular pyloric gizzard with dense epithelial lining. No ileo-

colic valve» and a short wide ill-defined csecum. Mamma! two,

pectoraL

There is one species, M. iubata, tbe Great Anteater, or Ant
Bear, measuring 4 feet in length without the tail, and upwards of

2 feet in height at the shoulder.. ,]ts prevailing colour is grey,

with a. broad black hand, bordered^with white, commencing on tho

chest;, and passing nniiaueiv r.ver rnc snouider^ diminishing gradu-

ally in breadth as itappr<^cli^ the lolos, wutre.it ends in a point
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-with five wU-devclopcd claws, those on the fore feet very lonj;,

«tout, and subcon.nn-ssed, the btructiiro of the diRite bcmg esscnt.ally

the same as those of X«.iun« and Priodon. Nipples two, pectoral.

Visceral anatomy closely resembling ttiat of Uasypus,. the ciccum

lieins broad, sliort, and bifid
. .

airxuuahu.-nxo Pichicjaso, a small burrowing animal, about

6 inches long, inhabits the''' sandy plains of the western part of

tlic Argentine Kcpublic, especially the vicinity of Mendoza. lU

liorny covering is of a pinkish colour, and its silky hair suow white.

It is rare, and its habits but little known. A second' sjiccies

<7 rilum. from Bolivia, has been described by Bumieister. It is ot

rather larcer size, and has the dorsal shield attached to the skin of

the back, as far as its edse, iuiitcad of only along the median line

Subfamily DasypodinsB.— Fore feet usually with all hve digits

,leveloped and with nails, though the first and fifth niay be

suppressed. The first and second long and slender, with the

normal number and relative length of phalanges. The others stout

•with short broad metacarpals, and with phalanges greatly reduced

in len-^h and generally in number by coalescence. The ungual

phalanx of the third very large, that of the others gradually

Siminishing to the fifth. Dasypus, as now restricted, has the mos

normal form of manus, but the modifications so markedly developed

in all the others (and culminating in Tolyrmtcs) are foreshadowed,

as it were, in it. Ears wide apart. Mammie one pair, pectoral.

Z)a«m.«.-Teeth A or |, of which the anterior in the upper

jaw is usually implanted in the premaxUlary bone. The series of

teeth extends posteriorly some distance behind the anterior root ot

the zygoma, almost level with the hinder edge of the palate. Ihey

are large, subcylindrical, slightly compressed, diminishing in size

towards eacii end of the series ; the anterior two in the mandible

much smaller, and more compressed than the others. Cranial por-

tion of the skull broad and depressed. Facial portion tnangular,

broad in front and much depressed. Auditory bulla completely

ossified, perforated on the inner side by the carotid canal, and con-

tmued externally into an elongated bony meatus auditorius, with

its aperture directed upwards and backwards. (In all the remam-

r genera of Dasypodinx the tympanic bone is a inere halt ring,

—
1.) M

in» genera ol uasypoainw inc uj uim.iii,o u.^^- .- .. -•.~.-

loosely attached to the cranium.) Mandible with a high ascendi

ramus, broad tcansversely-placed condyle, and high slender coronold

procesi,. Vertebra;: C 7, 011-12, L3, S 8, C 17-18. Head broad

ind flat above. Muzzle obtusely pointed. Ears of moder.ite size or

rather small, placed laterally, farapart. Body broad and depressed.

Carapace with six or seven movable bands between the scajmlar and

pelvic shields. Tail shorter than the body, tapcnng covered with

plates forming distinct rings near the base. Fore feet ^"'h n^'"

toes: the first much more slender than the others, and with a

Smaller ungual phalanx and nail ; the second, though the longest,

also slender. The third, fourth, and fifth gradually diminishing

in length, all armed with very strong, slightly curved, compressed

claws slopin" away from an elevated rounded inner border to a

sharp, outcr,°and inferior edge. The hind foot is rather short,

with all five toes armed with stout, compressed, slightly curved,

obtusely pointed claws,-the thinl the longest the second nearly

«iual to it, the fourth the next, the first and fifth shorter and

nearly equal. , . t ^i.

To this genus belongs one of the best-known species of the group

the Six-banded Armadillo or Encoubert (i). sa:cmdns) of Brazil and

I'ara^av. A very similar species, D. villosus, the Hauy Armadillo

replaces it south of the Rio Plata. There are also two very small

species, D. vflkrosM and D. viimdus, from the Argentine Republic

and North Patagonia. The latter differs from the other three in

•.avrng no tooth implanted in the premaxillary bone.
,. , .

,

^-cnunis. -Teeth % or |, of moderate size and subcylindrical.

Tliemost posterior placed a little way behind the anterior root of

the zygoma, but far from the hinder margin o the palate. Cranium

somewhat elongated, much constricted behind the orbits and

immediately in front of the constriction considerably dilated.

Mandible slender ; coronoid process very small and sharp-pointed

sometimes obsolete'. Vertebra.: C7, D 12-13, L5, S 0, C18. Head

broad behind. Ears rather large and rounded W'lde apart.

Movable bands of carapace 12-13. Tail considerably shorter than

the body and slender, covered with nearly naked skin, with but a

few small scattered, dermal bony plates, chiefiy on the under surface

and near'the apex. On the fore feet the first and second toes are

Ion" and slender with small claws and the normal number ot

phalan-res : the other toes have but two phalanges ;
the third has

in imi^ense falcate claw ; the fourth and fifth similar but smaller

claws. The hind feet are comparatively small, with five toes, .with

small trian<rular, blunt nails ; the third longest, the first shortest.

The best known species of this genus, the Tatouay or Cabassou A.

nmcinclus, is, after Priodon qiqas. the largest of the group. It is

found, though not abundantly, in Surinam, Brazil, and Paraguay.

Others, A', kispidus and lugnbris, have been described, but little is

as vet known of them.
, ,, ,.^ .

A-Won. -Teeth variable in number, and generally diftenng on

the two sides of each jaw, usually from 20 to i5 on each side above

and below, so that as many as 100 may be present altogether, but

as life advances the anterior teeth fall out, anJ all traces of then

alveoli disapiwar. The seiies extends as far back as the hmdei

edge of the anterior root of the zygoma. 1 hey are all very small

;

in the anterior half of each series they arc strongly compressed,

having flat sides and a straight free edge ; the posterior teeth are

more cylindrical, with Hat, truncated, free surfaces. Vertebi-a;

:

(7 D12 L3, SIO, C28. Head small, elongated, conical, tari

moderate ovate. Carapace with 12-18 movable bands. Tail nearly

e..ual to 'the body in length, gradually tapering, closely covered

with quadrangular scales, arranged in a quincunx pattern, tore

feet with five toes, formedon the same plan as those of Xcnnrus, but

with the claw of the third of still greater size, and that of tlio others,'

'

especially the fifth, proportionately reduced. Hind foot short and

rounded, with five very .short toes, with short, broad, flat obtuse

nails The only known species, the Great ArmadUlo (P. gigas), is

by far the largest orexisting members of the family, measuring

rather more than 3 feet from the tip of the nose to the root of tlie

tail, the tail being about 20 inches long. It inhabits the forests ol

Surinam and Brazil. The powerful falcate claws of its fore feet

enable it to dig with great facility. Its food consists chiefly ol

termites and other insects, but it is said toaUack and uproot newly-

made graves for the purpose of devouring the flesh of the boijics

contained in them.
, ,. ^ ^i •

roiv?'C"to.—Teeth I or t rather large in proportion to the size

of the skull, the hinder end of the scries reaching nearly to the

posterior margin of the palate. Vertebra : C 7, D 11, L 3, S 12, C 13.

liars placed low on the sidea of the head, rather large, broadly

ovate. Carapace with its scapular and pelvic shields very free at

the sides ot the bo.ly, forming lar-e chambers into which the limbs

ean be readily withdrawn. Only three movable bands Tail

short, conical, covered with largo bony tubercles. The forefeet

formed on the same type as the last, but the peculiarities camcQ

out to a stm greater extent. The claw of the third toe is very long

and falcate, the first and fifth greatly reduced and sometimes want-

ins On the hind foot the thTce middle toes have broad, flat,

sub^qual nails, forming together a kind of tiipartite hoof- the first

and fifth much shorter and with more compressed nails.

The Armadillos of this genus have the power of rolling them-

selves up into a perfect ball, the shield on the top of the head and

the tuberculated dorsal surface of the tail exactly fitting into and

fiUin" up the apertures left by the notches at either end of the

caraiace. This appears to be tlieir usual means of defence when

frightened or surprised, as they do not burrow like the other species

Tlwy run very quickly, with a very peculiar gait, only the tips of

the claws of the fore feet touching the ground. Three species are

described :—T. Iricindus, the Apar ; T. cotumis, the Matico
;
and

Subfamily Tatusiinee.—This contains hut one genus, Tatuaia.

—TeethSorJ very small, subcylindrical. The first and second sub.

compressed, the last considei-ablj smaller than the others. Theypre.

sent the remarkable peculiarity (unique among Edentates, so far ai

Fio. 39.-0:vi"o<l<>n e'i"<l>" (Welstocene, Scntli America). From Oweti.

is yet known) of all being, with the exception of the last precftled

by two-rooted milk teeth, which are not changed unt. the animal

has nearly attained its fuU size. Vertebrae : C 7, D 9-1 1 ,
L 5, S 8,

C20-'^7 Head narrow, with a long, narrow, subcylindnml,

obliquel'y-truncatcd snout.. Ears rather large, ovate, and erect placed

1 * n,„, nntKo nz-ciniit f'aranscc With sevcH to uine distiucl
close together on the occiput. <>arapatt wjiu aevcu «-" "

movable bands. Body generaUy^elongated and narrow. Tail mode-

rate or long, graduaUy taperina-.its dermal rl^t«i,f<'™"'S
Jf.'.y,'';^;

tinct rings for the greater part of its length. Fore ff* »''^ f°"

Tisible toes and a concealed clawless rudiment of the tilth. >-i^«9

aUlong, sliglitly. curved, and very slender, the thinl and fourtH
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Butiequal and alike, the first and fonrth mucli shorter. Hind feet

with five toes, all armed with strong, slightly-curved, conical,

obtusely- pointed nails. The third longest, then the second and

fourth ; the first and fifth much shorter than the otliers.

This genus differs from all the other Armadillos in having a pair

of inguinal mammce, in addition to the usual pectoral pair, and in

producing a large number (four to ten) of young at a birth, all the

others having usually but one or two.

The Peba Armadillo, T. scptcmcincta, is a well-Known species,

having an extensive range from Texas to Paraguay. It is replaced

in the more southern regions of South America by a smaller species,

with shorter tail, the Mulita {T, hybrida), ^^,^
so called from the resamblance of its head

and ears to those of a mule. T. Icapplcri is

a large species or variety from Surinam.^

Fossil remains of Dasypodidse have been

found by Lund and others in the caves of

Brazil in deposits of Pleistocene age. Some
are attributable to existing, genera, but

others are assigned to distinct modifications

of the type called Euryodon, Clilainydo-

thcriicnh, Eidatus, &c. In the same region,

but still more abundantly in the fluviatile

deposits which cover the country in the

neighbourhood of Buenos Ayres, are found

the remains of one of the most remarkable

forms ofmammals yet discovered, the Glypto-

dous, or Hoplophoridse. (fig. 39). They differ

from the existing Dasypodidas in their large

size, and in having the carapace composed Of

a solid piece (formed by the union of a multi-

tude of bony dermal scutes) without any
movable rings, and in having also a ventral

piece or plastron. The facial portion of the

skull is very short. A long process of the

maxillary hone descends from the anterior

part of the zygomatic arch. Tlie ascending

ramus of the mandible is remarkably high.

The teeth are f in all known species, all

much alike, having two deep grooves or

flutings ou each side, so as to divide them
into three nearly distinct lobes (fig. 40). The
vertebral column isalmost entirely ankylosed

into a solid tube, but there is a complex joint Fig. 40.—Teeth of Glypto-

nt the base of the neck, to allow the head ^^"- From Owen,

being retracted within the carapace. The limbs are very strong, and

the feet short andbroad, resembling externally, those of an elephant

or tortoise. Many species of the *'imily have been described and

ttgured, especially by Burmeister (in the Annates del Musco ptiblico

de^ Buenos Aires), by whom five genera are recognized, which are

thus characterized :

—

^. Four toes only on the posterior feet.

A. Four toes on the anterior feet, the poUex being ahsent.

a. Cuirass thin but inflexible.

1. Hoplopkorus :

—

H. euphrachts^ H. o-maius, H.
elcgans, H. pumilio.

h. The cuirass stronger, with clefts between the scutes

at the lower antero-lateral border, allowing of a

certain amount of flexibility.

2. Fanockthus

:

—P. tuherculatiis^ P. huUi/er.

B, Both poUex and fifth digit of the manua absent.

3. Bcedicurii^

:

—D. gigantcus.

II. Five perfect toes on the posterior feet, and four on the

anterior, the fifth digit of which is absent.

A. Tail elongated, with the rings of the base smooth, and
the cuirassed apes cylindrical or tubular.

4. Glyptodon :

—

G. clavipes, 0. rcticulatus.

B. Tail short, the rings tuberculated, the point round and
short.

5. Schistoplcurum :

—

S. cUngatumj S. aspcrum^
S. lesve.

Family Manid.^,

Covered externa.lly (except the rmder surface of the body and
inside of the limbs) with large imbricated Jiomy scales, with
scattered hairs growing in the intervals. No teeth. Tongue long,

vermiform, and protractile. Tv'o' accessory articular processes to

the lumbar vertebrje, but the anterior zygapophyses largely de-

veloped and very concave, completely embracing the semieylindri-

cal surfaces of the posterior zygapophyses. Limbs short, with five

* A single impei"fect ekin, brought from the province of Ccava In Brazil, Indi-

cates a very remarkable form of AnnadiUo. named by A. Milne-Edwards Sclcro-

pleura brunetti{Ann. Sc. Nat., xtI. p. 8, 1872). The dermal plates are said to be
much less developed than In other members of the family, and confined to the
sides, all the median portion of the back being clothed with B flexible hairy skin.

The head is broad nnd short, the ears small and far apart. The tail is long, and
almost entirely dcviid of scutes. The feet are onknown.

complete difjits ou each foot/ Scaphoid and lunar bone of carpu.*

united. U^rus bicomuate. Placenta diflused and non-deciduate.
The species are mainly terrestrial and fossorial, though one is par-
tially arboreal. All belong to the Ethiopian and Oriental regions of
the Old World.

Manis.—Skull somewhat of the form of an elongated cone, with
the small end turned forwards ; very smooth and free from crests

and ridges. No distinction between the orbits and temporal fossa;.

The zygomatic arch usually incomplete, owing to the absence of
the malar bone. No distinct lacrymal bone. Palate long and
narrow. The pterygoids extend backwards as far as the tympanies,
but do not meet in the middle line below. Tympanic ankylosed to

the surrounding bones, and more or less buUate, but not produced
into a tubular auditory meatus, i Rami of mandible very slender
and straight, without any angle or coronoid process. From near
the anterior extremity of the upper edge a sharp, conical, tooth-like
process projects upwards and outwards. No clavicles. No third
trochanter to the femur. Ungual phalanges bifid at their ter-

minations. Caudal vertebriB with very long strong "transverse
processes and numerous che\Ton bones. Tongue long, vermiform,
llattened towards the tip. The retractor or sterno-glossal muscles
arise from the hinder extremity of the immensely prolonged ensi-

form cartilage of the sternum. Stomach with thick, muscular
u ills and lining membrane, and with a special gland near the
middle of the great curvature, consisting of a mass of complex
tietreting follicles, the ducts of which terminate in a common
jufice. No caecum. A gall-bladder. Head small, depressed,

narrow, pointed in front, with a very small mouth-opening.
r>e3 and pinna of ear very small. Body elongated, narrow.
Tail more or less elongated, convex above, flat underneath. The
\\hole of the upper surtace of the head, the upper surface and sides

Lf the boily, the whole of the tail, and the outer sides of the
extremities covered with large, overlapping, homy scales, with
usually a few stiff hairs growing between and projecting beyond
them. The sides and under surface of the head, the under surface

of the body, and the inner sides of the limbs without scales but with
a nther scanty covering of hair. Limbs short. In walking the
dorsal surface and outer sides of the phalanges of the two outer
digits of the front feet alone rest on the ground, the points of the
nails turning upwards and inwards. The third toe the longest,

with a powerful compressed curved claw, the second and fourth with
smnlar but smaller claws, that of the pollex often almost rudi-

mentary. Hind feet plantigrade, with hallux very short, and four
other toes subequal, with moderate, curved, subcorapressed nails.

The animals of this genus, called Pangolins or Scaly Antoaters, are
all of small or moderate size, terrestrial and burrowing, and feed
mainly on termites. One small African species climbs trees. They
can roll themselves up in a ball when in danger. Their peculiar

elongated form, short limbs, long, gradually-tapering tail, and scaly

covering give them on a superficial inspection more the appearance
of reptiles than of raammals. The species are not numerous, but
may be grouped into three sections. (1) Jl/rtJi^'s proper. Tail con-
siderably exceeding in length both head and body. Scales not
covering the dorsal surface of the manus. On fore feet the fij-st

toe exceedingly small, but with a distinct short nail ; second,

fourth, and fifth subequal, with moderate compressed claws ; third

greatly exceeding the others, with a much larger falcate claw.

Two species, both from "West Africa : M. longicaudata (vertebne

:

C 7, D 13, L 5, S 3, C 46), and M. tricicsptis (vertebr® : C 7, D 13,

L 6, S 3, C 44). (2) All the others have tho scaly covering of the
fore limbs extending to the claws, and the tail not exceeding the
length of the head and body. On the fore feet the first and fifth

toes are equal and very small, the second and fourth equal and
longer, the third longest, but not so disproportionately so as ia

the other section. The tails of most of these are broad at the base

and taper towards the extremity. They constitute the genua
Pholidoius of Gray, and include M. gigantea, "West Africa, the
largest species of the group, of which the head and body measure
2 feet 6 inches, and the tail the same. Vertebrae : C 7, I) 13, L 6,

S 4, 28. M. pentadactyla, M. auritay and M, javanica, all of the
Oriental region. (3) One very distinct species, M. tcmminckii,

from South and East Africa, with the tail nearly as broad as the

body for the whole of its length, and rounded at the end, constitute?

the genus Smutsia of Gray.

Family OiiTcrEROPODiDiB.

External surface scantily covered with bristle-like hairs. Teeth
numerous, and of peculiar and complex structure, being traversed

by a number of parallel vertical pulp-canals. Lumbar vertebrae

with no accessory zygapophyses. Femur with a third trochanter.

Fore feet without pollex, but all the other digits well developed,

with strong moderate-sized nails, suited to digging, the plantar

surfaces of which rest on the ground in walking Hind feet with £t6
subequal toes. Mouth elongated and tubular. Tongue aubvermi-

form. Placenta broadly zonular. Feed on animal substances, ler-

restrial and fossorial in habits. Limited to the Ethiopian region.

Orycteropus.—The total number of teeth appears to be from.
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eight to ten in each side of the upper, and eight in tho lower jaw ;

but they aro never all in itlace at one timo. as tho small anterior

ttjcth aio shod before the scries is completed belriiui. In the adult

they nuuibur usually five on each side above and below, of which

tho first two aro simple and compressed, the next two larger and

longitudinally grooved at tho sides, tho most posterior simple and

cylmdrictvl. Tho structure of all these tectli is quite peculiar

atnon" mammals, though resembling that of some fishes. Their

aumtiuts aro rounded before they are worn ; their bases do not

taper to a root, but aro evenly truncated and continually growing.

Each tooth is made up of an aggregation of parallel dental systems,

haviu'' a slender pulp cavity in tho centre, from which the dentinal

tubes radiate outwai'ds, and being closely packed together each

system assumes a polygonal outline as seen in transverse section.

No evidence of any vertical succession of teeth has been dis-

covered. Skull moderately elongated. Tho facial portion sub-

cylindrical and slightly tapering. The zygoma complete and

slender. The palate ends posteriorly in the thickened transverae

border of tho palatines, and is not continued back by the pterygoids.

The tympanic is annular, and not ankylosed to tho surrounding

bones. The mandible is slender anteriorly,^ but rises high

posteriorly, with a slender recurved coronoid, and an ascending

pointed process on the hinder edge below the condyle, which is

small, oval, and looks forwards as much as upwards. Vertebrie:

C7, D13, L8, S6, C 25. The large number of lumbar vertebrte

is peculiar among Edentates. Tongue less' vermiform than in

Myrmccophaga, being thick and fleshy at the base, and gradually

tapering to the apex. The salivary apparatus is developed much in

the same manner as in that genus, but the duct of the submax-

illary gland has no reservoir. The stomach consists of a largo sub-

globular cardiac portion, with a very thick, soft, and corrugated lining

membrane, and a smaller muscular, pyloric part, .with a compara-

tively thin and smooth lining. There is a very distinct ileo-C£ecal

valve, and a considerable-sized caicum ; also a gall-bladder. No
poUex to the fore foot. All the other usual toes well developed, with

strong, subcompressed nails, flatter on the hind foot. Head
elongated, with a tubular snout, terminal nostrils, and small mouth-
opening. Ears large, pointed, erect. Tail nearly as long as the

body, cylindrical, very thick at the base, tapering to the extremity.

The best known species is the Cape Anteater (0. capcnsis), or

*' Aard-Vark" (Earth Pig) of the Dutch colonists, from South
Africa, an animal not altogether unlike a Pig in size and general

appearance. It lives in burrows in the ground, and feeds chiefly on
onts and other insects, A second species, or well-marked local

variety,- 0. a^tkiojncus, inhabits the north-eastern parts of Africa.

Extinct Edentata of the Old "Wopld.

Certain remains, chiefly of bones of the limbs, found in France
and Greece, and assigned to genera nailed Macotheriuni and Ancy-
lothcrium, united provisionally in the family Macrothcriidsc, indi-

cate the existence of animals of largo size inhabiting Europe during
tho Middle Tertiary epoch, the characters of which appear to in-

dicate a generalized Edentate form or something intermediate

between the Edcnlata and Ungulata. In the structure of the

Shalanges they most resembled the Manids^t but there is some evi-

ence that they possessed teeth. Some fragments from the Eocene
of Paris are still more doubtfully assigned by Gcrvais to the order.

Bibliography of Edentata.—No genei-al work on the order lias been published
but thtit of Rapp (4/Ia^ Untersuduingen tiber die Bdentalen, 2d ed., 1852), now
nearly out of dute. Amone numerous memoirs on special groups the following
may \ie Qxicdi-^MpTnecophagidm:—R. Owen, ** Anatomy of Great Anteater,"
Ti'an&. Zool. Soc, vol. Iv. ; G. Pouchet, if^m. suv le Grand Founnilier, 1874;
W. A. Foibcs, " Anat. of Great Anttnt«r," Pioc. Zool. Soc, 1882. p. 2S7. Mega-
theriidai :~R. Owen, Extijict Gigantic S'olh {Mylodon Robustus), 1842; Id.,
'• On tho MeRatherium," Pftilos. Trans., 1851-56 ; J. Loidy, " Extinct Sloth-tribe of
North Ameiicfl," Smithsonian Contrib. to Knowledge, viL, 1855 ; FI. Burmelster,
Description de la R^publiqve Argentine, t. iil. MammUferes, 1879,—which con-
tains full references to various mcmoiia by Oven, Gcrvais, Relnhai-dt, and oihcra.
Olyptodontidx :—Owen, Catalogue of Fos&it Mammal t. Mm. Roy. Colt. Surgeons,
1845; T. H. Huxley. " Osteol. of Glyptodon," Phil. Trans., 1865 : IT. Bunneistcr,
Annates del Mttseo Publico de Buenos Ayres, and Descript. dc la liepublique Argen-
tine, 1879. Dasypodidx :—J. Murio. " Anatomy of To/ypeutes." Tram. LinTi Soc,
VOL XXX.. 1874 ; A. H. Gairod, P)-oc Zool. Soc, 1878. Forplnccntatir.n of Eden-
tates see W. Turner. Trans. Roy. Soe. Edin., xxvil. (187^) p. 72, and Jour.
Anat. and Physiol., vols. vlfi. and x. ; A. Mllnc-Edwards, Ann. Sciences ^at. [6]
viii. p. 1 ; and for brain, P. Gcrvais, " Formes c^r^i-alcs dea F-dentifs," Houv.
Arch, du Museum, torn. v. ; W. Turner, Jour. Anatomy, L 313 (1867).

Ordee SIRENIA.

Tho purely aquatic habits and Fish-like form of the
nnimab of this order caused them to be formerly con-

founded with the Ceiacea, but a more intimate knowledge
of their structure has shown that they really belong to a
widely different type of the class.

The head is rounded and not disproportionate in size as
compared with the trunk, from which it is scarcely

separated by any externally visible constriction or nock.

Nostrils valvular, separate, and placed above the fora

part of tho obtuse, truncated muzzle. Eyes very small,

with imperfectly formed eyelids, capable, however, of

contraction, and with a well-developed nictitating mem-
brane. Ear without any pinna. Mouth of small or

moderate size, with tumid lips beset with stiff bristles.

General form of the body depressed fusiform. No dorsal

fin. Tail flattened and horizontally expanded. Fore
limbs paddle-shaped, the digits being enveloped in a
common cutaneous covering, though sometimes rudiments
of nails are present. No trace of hind limbs. External

surface covered with a tough, finely wrinkled, or very
rugous skin, naked, or with fine hairs sparsely scattered

over it.

The skeleton is remarkable for the massiveness and
density of most of the bones of which it is composed,
especially the skull and ribs, which must add to the

specific gravity of these slow-moving animals, and aid in

keeping them to the bottom of the shallow waters in which
they dwell, while feeding on aquatic vegetables. The
skull presents many peculiarities, among which may be
indicated the large size and backward position of the

anterior narial aperture, a further modification of that met
with in the Tapirs among Ungulates, and presenting some
approach to that so characteristic of the Ceiacea. The
nasal bones are generally absent in the rtcent forms, or are

only found in a most rudimentary condition, attached to

the edge of the froatals, far away from the middle line

;

but in some at least of the extmct species these bones,

though small in size, are normal in situation and relations.

In very few other respects does the skull present any
resemblance to that of the Cetacea. In the spinal column
none of the vertebroe are united together to form a sacrum,

and the flat ends of the bodies do not ossify separately, so

as to form disk-lLke epiphyses in the young state, as in

nearly all other mammals. The anterior caudal vertebrae

hare well-developed chevron bones. In one genus
{ilanatus) there are only six cervical vertebrje. There are

no clavicles. The humerus has a small but distinct

trochlear articulation at the elbow-joint. The two bones of

the forearm are about equally developed, and generally

ankylosed together at both extremities. The carpus is

short and broad, and the digits five in number with

moderately elongated and flattened phalanges, which are

never increased in number beyond the limit usual in the

Mammalia. The pelvis is extremely rudimentary, consist-

ing of a pair of bones suspended at some distance from the

vertebral column. In no existing species is there any trace

of a hind limb, but, in the extinct Halitherium an

acetabular depression and rudimentary femur have been

discovered.

Two kinds of teeth, incisors and molars, separated by a

wide interval, are generally present. The former may be

developed into tusks in the upper jaw, or may be quite

rudimentary. The molars vary much in character. In

one genus (Rtflina) no teeth of any kind are present, at

least in the adult. In all, the anterior part of the palate,

and a corresponding surface on the prolonged symphysis of

the lower jaw, are covered with rough horny plates of

peculiar structure, which doubtless assist in mastication.

The tongue is small and fixed in position, with a surface

resembUng that of the plates just spoken of. The salivary

glands are largely developed. The stomach is compound,

being divided by a valvular constriction into two principal

cavities, the first of which is provided with a singular

glandular pouch near the cardiac end, and the second

usually with a pair of elongated, conical, csecal sacs or

diverticula. The intestinal canal is long, and with very

muscular walls. There is a caecum, either simple, couicil,

and with exttemely thick walls, as in Halicore, or bifidj a§
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iii Manattis. The apex of the heart is deeply cleft between
the ventricles. The principal arteries form very extensive

and complex relia mirabilia. The lungs are remarkably

long and narrow, as, owing to the very oblique position of

the diaphragm, the thoracic cavity extends far back over

the abdomen. The epiglottis and arytenoid cartilages of

the laryox do not form a tubular prolongation as in the

Cetacea. '^e brain is of comparatively small size, and the

convolutions on the surface of the cerebrum few and
shallow. The kidneys are simple. Testes abdominal.

The uterus is bicornuate. The placmita (in the Dugong)
is nou-deciduate and diffuse, the villi being scattered gene-

rally over the surface of the chorion except at the poles.

The uuibilical vesicle disappears early. The mammas are

two, and pectoral or rather post-axillary in position.

The Sireuia pass their whole life in the water, being

denizens of shallow bays, estuaries, lagoons, and large rivers,

but iinlike the C'etaaa are not met with in the high seas,

far away from the shore. Their food consists entirely of

aquatic plants, either marine alg» or freshwater grasses,

upon which they browse beneath the surface, as the

terrestrial herbivorous mammals do upon the green pastures

on shore. They are generally gregarious, slow and inactive

IQ their movements, mild, inollensive, and apparently

unintelligent in disposition. Though occasionally found

stranded by the tide or waves, there is no satisfactory

evidence that tliey voluntarily leave the water to bask or

feed on the shore. The habit of the Dugong
of raising its round head out of water, and
carrying its young under the fore fin, seems to

liave given rise, among the imaginative early

voyagers in the Indian Ocean, to the legendary

beings, half human and half fish, in allusion

to which the name Sirenia was bestowed by
lUiger on the order, though certainly the face

of a Dugong, when closely inspected, does

not bear tlie slightest resemblance to that of

the mermaid of romance. The species now
existing^ are very few, and there is reason

to believe that the time is not far distant

when they will all become extinct. One species, Ehytina

stelleri, of the North Pacific, was totally exterminated

through the agency of man during the last century; and
the others, being valuable for their flesh as food, for their

hides, and especially for the oil obtained from the thick

layer of fat which lies immediately beneath their skin,

rapidly diminish in numbers as civilized populations occupy

the regions forming their natural habitat. The surviving

species are confined to the tropical regions of the shores of

both sides of the Atlaatic and the great rivers whfch

empty themselves into that ocean, and to the coasts of the

Indian Ocean from the ReH Sea to North Australia. In

the Miocene and early Pliocene epoch Sirenians abounded

in the seas of Europe, and their remains have been found

in deposits of corresponding pericJds of North America.

Evidence has also been discovered of the existence of au

animal of the group in the seas at the bottom of which the

Eocene nummulitic limestone mountain ranges of Egypt
were deposited.

The existing genera present such well-marked distin-

guishing characters that, if they alone were known, they

might be placed in separate families ; but, as in so many
similar eases, onr knowledge of the extinct forms, imperfect

as it is, goes far to bridge over the distinction between

them.
Manatns.—Incisors 7, mdimentary, concealed beneath -the homy

oral plates, and disappearing before maturity. Molars -H. but
rarely more than ^ present at one time ; the anterior teeth falling

before the posterior come into \ise ; similar in characters from

beginning to end of the senes ; with square, enamelled crowns, the

grinding surface raised into taberculated transverse ridges. The

,ithupper teeth with two ridges and three roots, the lo\iir teeib

an additional (posterior) ridge or talou and two roots. The
vical vertebrx present the remarkable anomaly of being reduced to
six in number, the usual vertebral foimnla being C 6, D 16-18,
L.and C 25-29. Roslnim of the skull, formed by the union of the
premaxillre in front of the anterior narial aperture, shorter than the
length of the aperture and scarcely deflected from the basi-cranial

a.\is. Tail entire, rounded or shovel-shaped. Rudimentary nails

on the fore limbs. Ciecum bifid. Habitat the shores of, and the
great rivers which empty themselves into, the Atlantic within the
tropics. The American and African forms are generally considered
to be distinct species {M. australis and M. scncgalcjisis), thougli
they differ but little from each other in anatomical characters and
in habits. They are rather fluviatlle than marine, ascending large
rivers almost to their sources. See Manatee.

Halicore.—In the upper jaw a pair of large, nearly straight, tnsk-
like incisors, directed downwards and forwards, partially coated

with enamel. In the male they have persistent pulps, and bevelled

cutting edges, which project a short distance from the mouth, but
in the female, though they remain through life in the alveolar

cavity, they are not exserte-l, and, the pulp cavity being filled with
osteodentine, they soon cease to grow (as in the female Narwhal).
In the young there is also a second small deciduous incisor on
each side above. At this age there are also beneath the homy plate

which covers the anterior portion of the mandible four pairs of
slender conical teeth lodged in wide alveolar defiressions. These
become absorbed before the animal reaches maturity. The molars
are usually ^, sometimes f , altogether, but not all In place at once,

as the first falls before the last rises above the gum ; they are more
or less cylindrical in section, except the last, which is compressed
and grooved laterally, without distinction into crown and root,

increasing in size from before backwards, with persistent pulps and
no enamel The summits of the crowns .ire tuberculated before wear-

Fio. 41.—Americati Manatee {Maiiatus austtat.s), from life. Froc Zool, Soe., 1S81, p. 457.

ijig, afterwards flattened or slightly concave. Skull with rostrom
formed by the union of the premaxillse in front of the narial

aperture, longer than the aperture itself, bending downwards at a
right angle with the basi-cranjal axis, and enclosing the sockets

of the large incisor tusks. Anterior part of the lower jaw, bent

down in a corresponding manner. Vertebree: C7, D18-19, L anil

C 30. Tail broadly notched in the middle Une, and with two pomted
lateral lobes. No nails on the fore limbs. Csecum single. '\^:-

The Dugongs are more distinctly marine in their habits than' the

Manatees, feeding chiefly on sea-wat«r algse. They inhabit the
shallow bays and creeks of the Red Sea, east coast of Africa,

Ceylon, islands of the Bay of Bengal and the Indo-Malayan
Archipelago (including the .Philippines), and the north coast of

Australia, ranging from Barrow Reefs on the west to Moreton Bay
on the east. Though the distinctive characters are not very
obvious, they have been divided into three species, according to

the localities which they respectively inhabit ;

—

H. tabcmacUi
from the Red Sea, JI. dugong from the Indian seas, and 7/.

ausiralis from Australia. The last-named has lately been the

object of a regular " fishery," chiefly on account of its oil, which is

peculiarly clear, limpid, and free from disagreeable smell, and is

said to have the same medical properties as cod-liver oil. Although

often stated in books to attain the length of 20 feet when adult,

there does not appear to be any evidence from actual specimens

in museums that Dugongs ever reach half that size, 8 feet being

the common length of adult animals. ' ^

Mhytina.—'&o teeth, their place being supplied functionally

by the dense, strongly-ridged, horny oral plates, Premaxillilry

rostrum about as long as the anterior narial aperture, and modexatelv

deflected. Vertebra;; C 7, D 19, L and C 34-37. Head very smalt

in proportion to the body. Tail with two lateral pointed lobes.

Pectoral limbs small and truncated. Skin naked and covered with

a very thick, hard, rugged bark-like epidermris. Stomach without

Cffical apjiendages to the pyloric cavity. Csecum simple.

Only one species of this genus is known, R. stelleri, the Northern
Sea-cow, by far the largest animal of the order, attaining the length

of 20 to 25 feet. It was formerly an inhabitant of th« shoud
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'of .two small islnntis in tho North Facinc, Bt-liring's ami the

mljaccnt Copiper Isuim), on tlie fornicr of which it was discovered
1))' tba ill-fntcd navigator whose name the island bears, when, with
liig accomplislied companion, the German naturalist Steller, he was
wrecked. upon it in 1741. Twenty-seven ye:irs afterwards (1768),

as is commonly supposed, the last of the race was killed,* and its

ivoiy existence would have been unknown to science but for the

intyrestiug account of its anatomy and habits left by Steller, and
the few more or less perfect skeletons which liave recently rewarded
tho researches canied on in the frozen soil of tlie islands around
which it dwelt. There is no evidence at present of its having inhab-

ited any other coasts than those of the islands jUst named, thouj;h

it c4n hardly be supposed that its i-ange was always so restricted.

AV'lwn first Jiscovered it was extremely numerous in the sliallow

bays round Behring's Island, finding abundant nutriment in the

large laniinariae growing iu the sea. Its extirpation is entirely

dUe to the Russian hunters and traders who followed upon the
triick of the explorers, and who, upon Steller's suggestion, lived

upon ^tho flesh of the great St-a-cows. Its restricted distribution,

large size, inactive habits, fearlessness of man, and even its affec-

tionate disposition towards its own kind when wounded or ia

distress, all contributed to accelerate its final extinction.

jiXTINCT SiRENIA.

The Miocene and early Pliocene seas of Europe abounded in

Rirenians, to which the generic name of HaliUierium was given.by
Kaup. Thf-y had large tusk-like incisors in the upper jaw, as in

the existing Dugongs, though not so greatly develo^wd. Their
molar teeth i^ere f or ^, anteriorly simple and single-rooted,

posteriorly those above with three and those below with two roots,

and with enamelled and tuberculated or lidged crowns, iu all

which vespects they more resemble those of the Manatee ^hau of the
Dugong. The anterior molars were deciduous. Some species at

least had nasal bones, short, broad, but normal in position, whereas
in all the existing genera these bones are quite rudimentary. An-
othei- and still more important evidence of conformity to the general

mammalian type is the better development of the pelvic bone, and the
presence of a small stylifonn femur articulated to the acetabulum,
although no traces of any other part of the limb have been dis-

wvered. These ancient Sircnians were thus, in dental, cranial, and
other osteological characters, Jess specialized than are either of the
existing species, and, if the intermediate links could be discovered,

might well be looked upon as ancestral forms from which the latter

have been derived, but at present tlie transitional conditions have
not been detected. So far as is yet known, when changes in the
physical conditions of the Eupopean seas rendered them unfitted to

be the habitation of Sircnians, 'the Halitheriom type still prevailed.

If the existing Dugongs and Manatees are descended from it,

their evolution must have taken place during the Pliocene and
ITi-istoccne epochs, the one iu seas to the east, the other to tlie

West of tlie African continent, which has long formed a barrier to

their intercommunication. Halitherium remains have been found iu

many paHs of Germany, especially near Darmstadt, also in France,

Italy, Bflgium, Malta, the isthmus of Suez, &c. Until lately

none were known from England, probably owing to the absence of

beds- of an'age correspdhding to those in which they are found
on the Eiu'opcan continent ; but recently a skull and several teeth

liave been detected among the rolled debris of Miocene formation^,

m.'. of which thft Red Crag of Suffolk is partially composed. The
spfcies are not yet sat isfa-ctonly characterized. Some of them
ajipc-ar to have attained a larger size than the existing Manatee or

DuLi'.ng. One of these fiom the Pliocene of Italy and France,

having but \ molar teeth, has been separated generically under the
nnmc oi Fdsinotherium by Capellini, by whom it has been fully

desciibed. A portion of a skull found in Belgium has been named
Crassdherium by Van Beneden; and some compressed teeth, some-
what similar to but larger than those of the Dugong, discovered

iu the department of Lot-et-Garonne, France, gave origin to the

genus Rytiodus of E. Lartet. Of this more complete remains have
recently been described by Delfortrie. The rostrum is more elong-

ated than in Halithcj-ium, but the skull is otherwise very similar,

as are tho molar t«eth. The incisors are very large, exserted,

strongly compressed, almost sabre-Hke, rounded on the upper or

anterior surface, sharp below, concave on the external and convex
on the inner side, and transversely striated,

Pachyaainthus of Brandt, from the Vienna basin, is also, accord*

ing to Van Beneden, another form of Sircnia, of which, however,
the skull is not known. In various Miocene and perhaps Eucenc
marine formations of the United States of America remains of

Sirenians have been found, but mostly in such a fragmentary con-
dition that they afford at present littlo evidence of the early history

of the group in that country. A more satisfactory discoveiy is that
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Nordenskidlil, during his recent voyage in the "Vega," obtained

«ome informatioH from natives of BiOiring's Island which led hira to

Iclieve that a few individuals uiny Lave survived to a much later date,

•vcn to I8£4.

of a nearly coinplctt sliull ana some Iinnps from a limestone Tertiary
formation in Jamaica. It is of smaller size than tlic JIanatce, nml
as far as the teeth are concerned, of a still more generalized dmraetci
tlian llalilhcrium, tho dentition being apparently i }, c j, ^ J,

m 3-48. The incisors are small, not developed into tU8l4; tlu
canines (wanting in all existing Sircnians) are rather larger tli.iu

the incisors, judging by the sockets; and the molars are bilophodoiit,
and covered with enamel. It has been dcsciibcd by Professor Owen
under the name of Prorastomns sircnoidrs. Unfortunately we havft

no knowledge of the geological antiquity of the formation in whieli
it was embedded. Lastly must be mentioned the EothcriiiM
egypliacum, Owen, founded on the cast of a bitiin, witb a small
quantity of surr'ounding bone, discovered in the nnnimulitic lime-
stone of Eocene age of the Mokattam Hills, near Cair-o. The brain
is naiTower than in Manatus, and resembles that of Balillurium.
This is of. interest as tho most ancient known evidence of any
Sirenian whose age has been geologically determined.
The few faets as yet collected relating to tho former history of

the Sirenia leave us as much in the dark as to the origin and
atfinities of this peculiar group of animals as we were when we only
knew tho living members. They lend no countcu.^nce to their

association \vith the Cctacca, and on the other hand their supposed
affinity with the VngiUala^ so much favoured by modem zoologists,

receives no very material support from them.
BibUography of Sirenia.—J. F. Biandt, Symbolx SirenoJogirx. .St I'ctcrsljurp,

3 fasciculi. 1SJ6-CI-68,- an exliausUve acconnt of the onaiomy, umiillu!, aiij

literature of the groi!t>, with copious illustrations of tlie ostfolofry of Rlii/lintj^

Anatomy of Dugong :~Everard Home. Phil. Tfatif., 18?0, p. 315; Owen, I'l-ac,

Zool. Soe.. 1838, p. 20. iJanalee ;- A'rolik, Btjtli: lol dt Dieitunde, 1851 ; JIulie,

Trans. Zoot. Soc. Lond., vol. viii. p. 127, 1870, afld vol. xi. p. ,19, 1880; GaiTod,
ibid., vol. X. p. 137, 1875. Extinct Sirenia :—Gervals, Journal de Zoofogie^

torn. 1. p. 332, 1872.

Order CET'ACEA.

This 13 perhaps the most distinctly circiiinscribect auS
natural of nil the larger groups into which the class i»

divided.

The external form is Fish-like, the tody Being filsiforni^

passing anteriorly into the head without any distinct cou-

Btrictioa or neck, and posteriorly tapfering off gradually

towards the extremity of the tail, which is provided with a

pair of lateral, pointed expansions of ekin supported hy.

dense fibrous tissue, called " flukes," forming together a.

horizontally placed triangular propelling organ, notched in

the middle line behind

The head is generally large, in some species attnit^n'g to-

even more than one-third of the entire length of the animal,

and the aperture of the mouth is always wide, and bounded

by stiff immobile lips. The fore limbs are reduced to th&

condition of flattened ovoid paddles, encased in a continuous

integument, showing no external sign of division into, for-e

arm and manus, or of separate digits, and without anj^

trace of nails. There are no signs of hind limbs visible

externally. The general surface of the skin is smooth and

glistening, and devoid of hair, although in many species

there are a few fine bristles in the neighbourhood of the

mouth, which may persist through life or be present only

in the young state. Immediiitely beneath the skin, and

intimately connected with it, is a thick layer of fat, held

together by a dense mesh of areolar tissue, constituting the
" blubber," which serves the purpose of the hairy covering

of other mammals in retaining the heat of the body. In

nearly all species a compressed median dorsal tegumentary

fin is present. The eye is small, and is not provided witb

a nictitating membrane or true lacrymal apparatus. Tha
external auditory tiieatus is a very minute aperture m tha

skin situated at a short distance behind the eye, and th^rs

is no vestige of a pinna. The nostrils open separately or

by a single cre^centic valvular aperture, not at the extremity

of the snout, but near the vertex.

The bones generally are spongy in texture, the cavities

being filled with oih In the vertebral column, the cervical

region is remarkably short and immobile, and the vertebra^

originally always seven in number, are in many species

more or less fused together into a solid mass. The odontoid

process of tho axis, when that bone is free, is usually very

obtuse, or even obsolete, None of the vertebra are uuite^
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together to fnrm a sacrum. The lumbar and caudal

vertebrae are numerous and large, and, as their arches are

not connected by any articular processes (zygapophyses),

they are capable of a very free motion in all directions.

The epiphyses at the ends of the vertebral bodies are very

distinct flattened disks, not uniting until after the animal

has attained its full dimensions.' There are largely

developed chevron bones, the presence of which indicates

the distinction between the caudal and lumbar vertebree.

The skull is modified in a very peculiar manner. Tho
brain-case is short, broad, and high, almost spherical in

fact. The supra-occipital bone rises upwards and for-

wards from the foramen magnum, to meet the frontals at

the verier, completely excluding the parietals from the

upper region of the cranium. The frontals are expanded

laterally to form the roof of the orbits. The antferior

j'.arittl aperture opens upwards, and Las in front of it a

corpora cavernosa are attached to thorn. In some species,

to the outer surface of these are fixed other small bones or

cartilages, the rudiments of the hind limb.

Teeth are generally present, but exceedingly variable in

number. In the existing species, they are of simple, uni-

form character, all having conical or compressed crowns

and single roots, and are never preceded by milk teeth.

They are therefore homodont and monophyodont. In one

group, the Mystacocetes, the teeth are absent (except in the

foetal condition), and the palate is provided with numerous
transversely placed horny lamins or " balepn." The
salivary glands are rudimentary or absent. The stomach

is multilocular. The intestinal canal simple, and only in

some species provided wilh a small csecum. The liver

is very little fissured, and there is no gall-bladder. The
vascular system is greatly complicated by arterial and

venous plexuses, or retia mirabilia. The larynx is of

peculiar shape, the arytenoid cartilages and the

epiglottis being much elongated, and together form-

ing a tubular prolongation, which projects into the

posterior nares, and when embraced by the soft

palate forms a continuous passage between the

nostrils and the trachea, as in the Ungulates, but

in a more perfect manner. The brain is large re-

latively to the size of the animal, very round in

form, and with its surface divided by sulci into

very numerous and complex convolutions. The
kidneys are deeply lobulated. The testes are ab-

dominal. There are no vesiculse seminales, nor 03

penis. The uterus is bicornuate, the placenta non-

deciduate and dilfuse. The mammae are two in

number, and the nipples placed in depressions on

each side of the vulva. The principal ducts of

the gland are dilated during lactation into large

reservoirs, into which the milk collects, and from
which it is injected by the action of a compressor

muscle into the mouth of the young animal, by
which means the pilocess of sucking under water is

greatly facilitated and expedited.

The animals of the order Cetacea abound in

all known seas, and some species are inhabitants
yio. 42.—A Section of the Skull of B Tonne Dolphin (CToSfcfrSafuj mefaj). X I. Pifa, pre.

f
jv 1„r„p- rivpra of Rniitli AmBrira nnrl Abit

maxll.a; ifi, maxUlu; if£, osBlflcd portion of tho meselhmold ; on, snKjrlor nares; Na, °'
'P^

larger rivers 01 OOUCU America aUO ASia.

nasal ; IP, Inter-parletal ; Fr, frontal ; Pa, paiietal ; SO, Bopra-occlpltal ; ExO, ei-occlpital; Their Organization necessitates their passing their
DO, baai-occipital ; Sq, squamosal; Per, peilotlc; AS, alisphenold ; PS, presphenold ; Pt, ... .• i

- xu i. i j xi i.

pterygoid ; pn, posterior nares; PI, palatine ; Vo. Vomer ; t. symphysis of mandible ; ii, "16 entirely in tne Water, as On land tUey are abSO-
Infcrior dental canal; <;., coronoid process of mandlblo ; cd condyle; o, angle

;
JA, Btylo-hyal

; lutelv helpleSS. TheV haVe, llOWeVer, tO rise VerV
6/1, ba£l-byal ; th, tbyl-o-hyol. From Osteology of Mammalia. , , f e ^ t.

frequently to the surface for tho purpose of respira-

more or less horizontally prolonged rostrum, formed of the

maxill£E, premaxillfe, vomer, and mesethmcid cartilage, ex-

tending forwards to form the upper jaworroof of the mouth.

There are no clavicles. The humerus is freely movable

on the scapula at the shoulder-joint, but beyond this the

articulations of the limb are imperfect, flattened ends of

the bones coming in contact with each other, with fibrous

tissue interposed, allowing of scarcely any motion. The
radius and ulna are distinct, and about equally developed,

and much flattened, as are all the bones of the manus.

There are four, or more commonly five, digits, and the

number of the phalanges of the second and third digits

always exceeds the normal number in mammals, sometimes
very considerably ; they present the exceptional character

of having epiphyses at both ends.^ The pelvis is repre-

sented by a pair of small styliform bones placed longitu

dinally, suspended below and at some distance from the

vertebral column at the commencement of the caudal region.

These appear to represent the ischia, as the crura of the

' This is an important distinctinn fr^nn the Sircnia, but a character

I to nearly all other mammals. It is doubtful whether there is

ny foundation for the statement th.it these epipliyses remain uniioited

3r an exceptionally lung period in the Ci-tacca,

* A character repeated in some of tlio Seals,

tion; and, in relation to the constant upward and downward
movement in the water thus necessitated, their principal

instrument of motion, the tail, is expanded horizontally,

quite unlike that of a Fish, whose movements are mainly in

straightforward or lateral directions. The position of the

respiratory orifice or nostril on the highest part of the

he;id is very important for this mode of life, as it is the

only part of the body the exposure of which above the sur-

face is absolutely necessary. Of the numerous erroneous

ideas connected- with natural history, few are so widespread

and still so firmly believed, notwithstanding repeated

expositions of its falsity, as that the Cetacea spout out

through their blowholes water taken in at tho mouth.

The fact is, the " spouting," or more properly " blowing,"

of the Whale is nothing more than the ordinary act of

expiration, which, taking place at longer intervals than

inland animals, is performed with a greater amount of

emphasis. The moment the animal rises to the surface it

forcibly expels from its lungs the air taken in at the last

inspiration, which of course is highly charged with watery

vapour in consequence of the natural respiratory dianges.

This, rapidly condensing in the cold atmosphere in which
the phenomenon is generally observed, forms a column of

Bteam or spray, which has boon erroneously taken for
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\v.iter.~' It also ofton happens, especially when the surface

uf the ocean is agitated iuto waves, that the animal com-

uicncos its ex|iiiatory puff before tho orifice has

quite cleared the top of the water, some of which may
thus bo driven upwards with tho blast, tending to cnm-

[ilcte tlio illusion. In hunting Whales the harpoon often

pierces the lungs or nir passages of the unfortunate

victim, and then fountains of blood may be forced high in

the air tln-ough the blowholes, as commonly depicted in

scenes of Arctic adventure; but this is nothing more

(lUowance being made for tho Whale's peculiar mode of

breathing) than what always follows severe wounds of the

respiratory organs of other mammals.
All the Cetacea are predaceous, subsisting on living

animal food of soma kind. One genus alons (Orca) eats

other warm-blooded animals, as seals, and even members
of its own order, both large and small. Many feed on fish,

others on small fljoating crustaceans, pteropods, and
medusae, while the principal staple of tho food of many is

constituted by the various species of cephalopods, Loligo

and other Teuthidae, which must abound in some seas in

vast numbers, as they form almost the entire support of

some of the largest members of the order. In size the

Cetacea vary much, some of the smaller Dolphins scarcely

exceeding 4 feet in lengtli, while others are the most

colossal of all animals. It is true that most statements of

their buik found in general and even zoological literature are

greatly exaggerated, but even when reduced to .their actual

dimensions (which will be mentioned under the respective

genera) some of the existing Whales exceed in size that of

any animal living either at present or in former times of

which we have any certain evidence.- With some excep-

tions, the Cetacea generally are timid inoffensive animals,

active in their movements, and very affectionate in their

disposition towards one anotlier, especially the mother

towards the young, of which there is usually but one, or

at most two, at a time. They are generally gregarious,

swimming in herds or " schools " (so termed by the whaler.i)

sometimes amounting to many thousands in number;
though some species have hitherto only been met with

either singly or in pairs.

Eelations of tlie different Cetacea to each other and to

other Mammah.—As before said, the Cetacea form a per-

fectly well-defined group, sharply separated from all other

mammals, and with no outlying or doubtful forms at present

known. Among the existing members of the order, there

are two very distinct types, the Toothed Whales or

Odontoceti and the Baleen Whales or Mystacoceii, which

present as many marked distinguishing structural characters

a.B are found between many other divisions of the

Mammalia which are reckoned as orders. The extinct

Zeuglodon, 80 far as its characters are known, does uot

fall into either of these groups, but is in some respects

an annectant form, and therefore must be placed, provi-

sionally at least, in a third group by itself.

The Mystacocetes appear at first sight to be the most
specialized and aberrant of the existing Cetacea, as indicated

by the absence of teeth, the presence of baleen, and the

form and size of the mouth ; but, as we see in other groups,

dental characters, and all such as relate to the prehension

of food generally, are essentially adaptive and consequently

plastic or prone to variation, and hence cannot well be

relied upon as tests of affinity. In another character, also

adaptive, the laxity of the connexion of the ribs with the

vertebral column and witli the sternum, and the reduction

of that bone in size, allowing great freedom of expansion

of the thoracic cavity for prolonged immersion beneath tho

water, the Mystacocetes have passed beyond tlie Odonto-

oetes in specialization.' On the other hand, the greater

symmetry of the skull, the more anterior position of the

external nostrils antj their double external oriBcf, the form'

of the nasal boues, t/ 3 presence of a distinctly developed
olfactory orgai), the mode of attachment of the iicriolb

bone to the cranium, the presence of a ca;cum and the

regular arrangement of the alimentary canal, the nioro

normal characters of the manus and tho better development
of the muscles attached to it, and tho presence, in many;
species at least, of parts representing not only the bones
but the muscles and ligaments of a hind limb,' all show
less deviation from the ordinary mammalian type than is

presented by the Odontocetes. Taking all these characters

into consideration, it does not appear reasonable to suppose

that cither type has been derived from the other, at all

events in the form in which we see it now, but rather that

they are parallel groups, both modified in different fashions

from common ancestors.

Among the Mystacocetes, in the especially distinguish-

ing characters of the division, the Balsntopteree are less

specialized than the Balxrue, which in the greater size of

the head, the length and compression of the rostrum, the

development of the baleen, and shortness of the cervical

region are exaggerated forms of the type, and yet they

retain more fully some primitive characters, as the better

development of the hind limb, the pentadactylous manus,
and the absence of a dorsal fin. Botli forms are found

distinct in a fossil state as far back as the early Pliocene

age, but generally represented by smaller species than

those now existing. The Mystacocetes of the Miocene

seas were, so far as we know at present, only Balmiopterse,

some of which [Cetotherium) were, in the elongated flattened

form of the nasal bones, the greater distance between the

occipital and frontal bone at the top of the head, and the

greater length of the cervical vertebri'B, more generalized

than those now existing. In the shape of the mandible

also. Van Beneden, to whose researches we are chiefly

indebted for a knowledge of these forms, discerns some
approximation to the Odontocetes.

Amoug the last-named group there are several distinct

types, of which that represented by Platanisia, although in

some respects singularly modified, has been considered to

present on tho whole approximations towards the more

normal and general type of mammalian structure. It is

therefore interesting to find a similar form well represented

among the earliest fossU remains of Cetaceans in Europe.

Almost all the other members of the suborder range them-

selves under the two principal heads of Ziphioids (or

Physeteroids) and Delphinoids. The former is an ancient

and once abounding type, of which the Sperm Whale
{Physeter) is a highly specialized form. Among the latter,

Glohieephalm is a modified form as regards^ the structure

of its anterior extremity, and Monodonaa regards its

dentition, while Pelpkinin! with its various minur subdivi-

sions may be regarded as the dominating type of Cetaceans

at the present day, abundant in slightly differentiated

species and abundant in individuals. They are in this

respect to the rest of the order much as the hollow-homed

Ruminants are to the Ungulates.

The earliest Cetaceans of whose organization we liavB

anything like complete evidence are the Zeuglodons of the

Eocene period,^ which approach in the structure of skull and

teeth to a more generalized mammalian type than either of

the existing suborders. The smallness of the cerebral cavity

compared with the jaws and tho rest of the sknll they shars

with the primitive forms of many other types. The forwarg

' These have recently been described in detaiJ byJ>rofe&sor Strathore

in the Journal of Anatomy and Physiology, 1881.i
" The cen'icol vertebra of Palasoceijts, supposed tO =be from tbflCara»

bridge Greensand, and a single caudal vertebra latelv/onnd 'in thd

Upper Eocene at Roydon in Hampshire, may for thfl Cresent Iwomitted

from consideration, as too inconclusive in the natnxs a£ the ©videnco

they afford as to the history of the group.

XY. — so
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position of tlia narial aperture and tlie length and flatness

of tlie nasal bones, which dibtiuguitih them frum all existing

forms, we must also suppose to be a character at one time

commnn to all Cetaceans, though now retained (but to

a less degree) only by the Mystacocetes. Even Squalodoji,

which in its heterodont dentition so much resembles

Zeuglodoii as to have been placed by some zoologists in

the same genus, entirely differs from it, and conforms, with

the ordinary Dolphins in its essential cranial characters.

The origin of the Cetacea is at present involved in much
obscurity. They present no signs of closer affinity to any

of the lower classes of vertebrates than do many other*

members of their own class. Indeed in all that essentially

distinguishes a mammal from the oviparous vertebrates,

whether in the osseous, nervous, reproductive, or any other

system, they are as truly mammalian as any other group.

Any supposed marks of inferiority, as absence of limb

structure, of hairy covering, of lacrymal apparatus, &c., are

obviously modifications (or degradations, as they may be

termed) in adaptation to their special mode of life. The
characters of the teeth of Zeuglodon and other extinct

forms, and also of the foetal Mystacocetes, clearly indicate

that they Lave been derived from mammals in which the

heterodont type of dentition was fully established. The
steps by which a land mammal may have been modified

into a purely aquatic one are clearly indicated by tho stages

which still survive among the CarnivDra^ in the OtaHxj and

in the true Seals. A further change in the same directi)U

would produce an animal somewhat resembling a Dolphin,

and it has been thought that this may have been the mute
by which the Cetacean form has been developed, There
are, however, great difficulties in the way of this view. If

the hind limbs had ever been developed into the very

efficient aquatic propelling organs they present in the Seals,

it is not easy to imagine how they could have become
completely atrophied and their function transferred to

the tail. It is more likely that the Whales were derived

from animals with long tails, which were used in swimming,
eventually with such effect that the hind limbs became no
longer necessary. The powerful tail, with its lateral

cutaneous flanges, of an American species of Otter

(Pteronura sandhachii) may give an idea of this member
in the primitive Cetaceans. But the structure of the

Cetacea is, in so many essential characters, so unlike that

of the Cariiivora that the probabilities are agaiost these

orders being nearly related. Even in the skull of the

Zeuglodon, which has been cited as presenting a great

resemblance to that of a Seal, quite as many likenesses

may be traced to one of the primitive Pig-like Ungulates

(except in the purely adaptive character of the form of- the

teeth), while the elongited larynx,^ complex stomacli,

simple liver, reproductive organs both male and female,

and foetal membranes of the existing Cetacea are far more
like those of that group than of th^Cat-nivora. Indeed jt

appears probable that the old popular idea which affixed the

name of " Sea-Hog"- to the Porpoise contains a larger

clement of truth than the speculations of many accomplished
zoologists of modern times. The fact that Platanista,Vi\\vc\},

as mentioned above, appears to retain more of the primitive

characteristics of the group than any other existing form,

and also the somewhat related Ima from South America,

are both to the present day exclusively fluviatile, may
point to the freshwater origin of the whole group, in

which case their otherwise rather inexplicable absence

from the seaa of the Cretaceous period would be accounted
for.,

* There is much resemblance in the larynx of tlie Hippopotamus,
"but none in that of the Seal, to the same organ in the Cetacea.

* German, Hfecischicein, whenoe the FTench. Marsouin, "Porpoiya"*

is said to be derived from *' Porc-jjoissoru"

SuBoriDER MYSTACOCETI,
the BAL.ENOIDEA, OT Wlialehoiie JVhaics.

Teeth never functionally developed, but always disappearing
before the close of iutra-uterine life. Palate provided with plates

of baleen or " whalebone." Skull s}tiimetrical. Nasal bones form-
ing a roof to the anterior nasal passages, which are direct<?d upwards
and forwards. Maxilla produced in front of, but not over, the
orbital process of the frontal. Lacrymal bones small and distinct

from the jugal. Tympanic bone ankyloscd with the periotic, which
is attached to the base of the cranium by two strong diverging
processes. Olfactory organ distinctly developed. Rami of

mandible arched outwards, their auterior ends meeting at aa
angle, and connected by fibrous tissue without any true symphysis.
All the ribs at their upper extremity articulating only with tho
transverse processes of the vertebrae ; their capitular proce-ssca

when present not articulating directly with the bodies of tlm
vertebrae. Sternum composed of a single piece, and articulating

only with a single pair of ribs. No ossified sternal ribs.

External openings of nostrils distinct from each other, longitudinal.
A short conical crecum.

These animals have, when in the fcetal state, numerous, minute,
calcified teetli lying in the dental groove of both upper and lower
jaws. Thoy are best developed about the middle of fcetal life, after

which period they are absorbed, and no trace of them remains at the
time of birth. 3 The baleen or whalebone does not make its appear-
ance until after birth. It consists of a series of flattened horny
plates, between three and four hundred in number, on each side of
the palate, with a bare interval along the middle line. They are

placed transversely to the long axis of the palate, with very short
intervals between them. Each plate or blade is somewhat triangular

in form, with the base attached to the palate and the apex hanging
downwards. The outer edge of the blade is hard and smooth, but
the inner ed^c and apex fray out into long bristly fibres, so that the
roof of the whale's mouth looks aa if covered with hair, as describeil

by Aristotle. At the inner edge of each principal blade are two
or three much smaller or subsidiary blades. The juincipal blades
are longest- near the middle of the series, and gradually diminish
towards the front and back of the mouth. The horny plates grow
from a dense fibrous and highly vascular matrix, which covers
the palatal surface of the maxill-aj, and which sends out lamellar
processes, one of which jienetrates the base of each blade. More-
over, the free edge of these processes is covered with very long
vascular thread-hke papillce, one of which forms the centi-al axis

of each of the hair-like epidermic fibres of which tho blade is mainly
composed. A tranverse section of freah whalebone shows that it

is made up of numbers of these soft vascular papillae, circular in
outline, each surrounded by concentrically arranged epidermic cells,

the whole bound together by other epidermic cells, that constitute

tho smooth cortical (so-called "enamel") surface of the blade,

which, disintegrating at the free edge, allows the individual fibres

to become loose and assume the hair-like appearance before spoken
of. These fibres differ from hairs in not being formed in depressed

follicles in the enderon, but rather resemble the fibres compos-
ing the horn of the Rhinoceros. The whalebone in fact consists

of nothing more than modified papillae of the buccal mucous
membrane, with an excessive and cornified epithelial development.
The blades are supported, and Tsound together for a certain disuince

from their base, by a mass of less hardened epithelinm, secreted

by the surface of the palatal membrane or matrix of the whale-
bone in the intervals of the lamellar processes. This is the ** inter-

mediate substance" of Hunter, the **gum*' of the whalers.

Baleen varies ranch in colour in different species. In some it is

almost jet black, in others slate colour, horn colour, yellow, or even
creamy-white. In some the blades are variegated with longitudinal

stripes of different hues. It differs also greatly in other respects,

being short, thick, coarse, and stitlC in some, and greatly elongated and
highly elastic in those species in which it has attained its fullest

development. Its function is to strain the vrater from the small
marine molluscs, cnistaceaus, or fish upon which the whales subsist.

In feeding thtjy fill the immense mouth with water containing shoals

of these small creatures, and then, on their closing the jaws and
raising the tongue, so as to diminish the cavity of the mouth, the
water streams out through the narrow intervals between the hairy
fringe-of the whalebone blades, and escapes through the lips, leaving

the living prey to be swallowed.^

Our knowledge of the different structural modifioations at-

^ These were discovered in the Greenland Whale by GeofFroy St
Hilaire, whose observations were confirmed and extended to other

genera by Eschricht. They have lately been very fully described in

Halsenoptera rostrata by Julin {Archives de Biologic, i., 1880).
* For the structure of whslebone, see Hunter, "Observations on

the Structure and Economy of Whales," P/u/. Trans., 1787 ; Eschricht

and Reinhardt, On the Greenland Right Wiale, English translation

by the Ray Society, 1866, pp. 67-78 ; audW, Turner, in Trans. Uou-
Soc. Edin.j 1870.
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fftined by members of this important group of mammnls, though

largely increas.-.l of late years, is still irn(.erfc«. Formerly they

were all divided into Ki-;ht Whales {Balxna) and Rorquals or Kiu-

whnle3{^als:noptcra),thc latter dlstinf^uiahed by their smaller heads,

elon'^atcd and slender form, free cervical yertebra;, tetradactylous

menus, and the presence of very conspicuous longitudinal furrows

or folds in the skin of the throat and chest, and of a small adipose

'lorsal fin. Recent iiacoveriea have, however, brouglit to light

several forms holding' a ^somewhat intennediate position, and pre-

Bonling combinations of characters not found in either of the larger

known sections. According to our present knowledge the group is

naturally divided into five very distinct genera. As these will be

more fully described in the ai-ticle Whale, it will be suthoieut at

(jjesent to indicate their principal characteristics.

/falmna.—Skin of throat^sniooth, not furrowed. No dorsal fin.

Cervical vertebi-se united into a single mass. Pectoral limb short,

Oroad, and pentadactylous. Head very large. Baken very long and
parrow, highly elastic and black. Scapula high, with a distinct

50tttcoid and coronoid process. This genus contains the well-kno^vn

Greenland Right Whale (5. myi/!ii:c^i«)of the Arctic seas, the whale-

bone and oil of which are 90 much valued in commerce, and^ also

ti'ther whales, distinguished from this by having heads somewhat
liiialler in proportion to the body, with shorter baleen, and a larger

ajimber of vertebrie. These inhabit the temperate seas of both
iiorthern afid southern heraispheresi and have been divided by
toologists into several species in accordance with their geographical

iistribution,

—

B. bt^cayensis o( thu North Atlantic, £. japoaica of

the North Pacific, £. australis of the South Atlantic, and
B. 'cmtipodarum and novx-zelandiee of the South Pacific ; but the
iitferential characters by which they have been separated—external

as well as anatomical—are so slight and so liable to individual varia-

tion that it is not improbable that when they, are better known
tUey will all come to be regarded as forming but a single species.

iVeo6aZ«na. -.-Known chiefly at present by the characters of tiie

pkeleton and baleen, which are very different from those of all other
wliales, but said to combine absence of plications of the throat

with the presence of a dorsal fin. The eervical vertcbite are united.

The manus small, narrow, and tetradactylous, wanting the poUex.
The ribs remarkably expanded and flattened. The scapula very
iow and broad, witli completely developed acromion and coracoid

processes. Baleen very long, slclider, clastic, and white. A single

at present veiy rare species, N. mavginata, frorft the Australian and
New Zealand seas, is the smallest of the Whalebone Whales, being
not more than 20 feettin length.

Rij.chiancctcs.—This combines the small head, elongated form,

flnd narrow pectoral fin of Balxnoptcra with the smooth skin of the

thro«t and absence of the dorsal fin of Balseiia. The baleen is the

shortest and coarsest of any of the group. Its osteology is im-

Jicrfectly known. - One species, R. glaucus, the Grey Whale of the

North Pacific.

Mcgaj)tera.—M.es.ti of moderate size. Baleen plates snort and
broad. Cervical vertebrae free. Scapula with acromion and coracoid

process absent or rudimentary. Skin of throat plicated. Dorsal fiji

low. Pectoral limb tetradactylous, very long and uarrow, attaining
about one-fourth of the length of tlic entire animal, the metnicarpus
and phalanges being greatly developed, and the latter very numerous.
Animals of this genus, called *' Humpbacks" by the whalei-s, are

found in almost all seas. ;They have been divided into many
R^iecies, but no satisfactory characters have yet been pointed out
by which these can be distinguished from one another.

^ iBalxiioptcra.—Head small and flat, and pointed in front. Body
long and slender. Skin of throat plicated. A small falcate dorsal
fin. Baleen short and coarse. Cervical vertebrae free. Scapula low
and broad, with a large acromion and coracoid process. Pectoral
limb tetradactylous, Email, narrow, and pointed. This genus con-
tains the various species of Rorf^Uals, Fin-whales, Pin-backs,
rinnors, or Razor-backs, as they arc variously called, some of which
are found in almost every sea. Among them are- the most gigantic
of all animals, B. sibbaldiC, which attains the length of 80 feet,

tind the small B. rostrata, which does not exceed 30. There are
certainly four quite distinct moditications of this genus, represented
by the two just mentioned, and by B. musculus and B. borealis,

all inhabitants of British sea<i, but the question whether almost
identical forms found in the Southern and Pacific Oceans are to be
reganled as specifically identical or as distinct awaits the result of
future researcheg.

SuBORDEi^ ARCB.^OCETT.
Thi^ group is formed to iftcludo certain extinct Cetacenns, which

are at present only known by more or less fragmentary portions of
their skeleton and teeth, and whoso position and allinities are
therefore still subject to doubt.

In the anterior part of both jaws the teeth are simple, conical, or
slightly compressed, and sharp-pointed. The first three in the
upper jaw are distinctly implanted in the premaxillary bone, and
so may be reckoned as incisnrs. The tooth which succeeds, or tlie

caaiae. is also simple. and conical^ but it does not exceed the others

m size. This is followed by five teeth with two distinct roots, rtnd

compressed, pointed crowns, with denticulated cutting cdgce. -Tlio

dentition is therefore i J, c }, jj and m i-36, resembling that of

some Seals.* General form of the "skull elongated and nmch
depressed. Brain cavity very small, and the skull between it and
the orbits elongated and'-narroiv. Temporal fossa very kirge. A
strong sa'Tttal crest. Rostrum long and narrow, diflVring from
that of other Cetaceans in the largo extent to which the prcmaxillar
furui the sides of the anterior extremity. Nasal bones elongated,
flat, and narrow, the opening of the anterior nares being over the
midiUe of the elongated compressed rostrum. All the ce>-Vical

vertebrie free. The characters of the dorsil vertebrre, and mode
of articulation of the ribs, appear to have resembled those of
PUitanista rather than Balmna, Physctcr, or Delphinus. Lumbar
vertebrie with elongated bodies. Characters of the limbs not known
with certainty.^

All the known fossil remains belonging to the animals of this
group may be referred, provisionally at least, to the genus Zcugludmi^
so named because the first section of a molar tooth examined- was
taken from the base of the crown, where it was beginning to divide
into the two roots, and looked like two single teeth " linked or yoked
together.", -This name was substituted by Owen for the earlier one
Basilosaurtcs of Harlan, with the consent of- that author, on the
mammalian nature of the animal being demonstrated.* The latter

name is, however, still generally retained by American zoologists.

The remaiiu have hitherto been found chiefly in the Eocene for-._

mations of the States of Alabama, Louisiana, Mississippi, ai|d

Arkansas, and have been assigned to several species. A portion of
a skull is recorded from the Barton Clay (Eocene) of Hampshire,
England.

duBOKDE^R ODONTOCETI,,
M/ BelphinoiDea. <rr '^wthcd ^V1la!>•<;,

Calcified teeth alwi^ys y.t^tat tiiie^. unta ; genei^iily numerous,
but sometimes a very limited numbet (iri^aiew cases none) are
functionally developed. No baleen. Upper surface of the skuU
more or less asymmetrical. Nasal bones in the form of nodules or
flattened plates, applied closely to the froutals, and cot fomiing
any part of the roof to the narial passage,, wliich is directed upwards
and baclvwards. "Olfactory organ rudimentary or abse^it. Hinder
end of tlio maxilla expanded and covering the greater part of the
orbital plate of the frontal bone. Lacrymal bone either inseparable
from the jugal, or, when distinct, very large, and forming part ol

the roof of the orbit. Tympanic bone not ankylosed jvith the
periotic, which is usually only attached to the rest of the skull by
ligament. Rami of mandible nearly straight, much expanded in
height posteriorly, with a wide funnel-shaped aperture to the dcntaj

canal, and coming in contact in front by a flat surface of variabia

length, but always constituting a true symphysis. Several of the

anterior ribs with well-developed capitular professes, wliich articu-

late with the bodies of the vertebne. Sternum almost always com-
posed of several pieces, placed one behind the other, with which
several pairs of ribs are always connected by the intervention of

well-developed cartilaginous or ossified sternal ribs. External
respiratory aperture single, the two nostrils uniting befgrc- ttey
reach the surface, usually in the form of a transvei^e subcrescentic
valvular aperture, situated on the top of the head. Manus always
pentadactylous, though the fii"st and fifth digits are usually very
'little developed. No caecum, except ia Flatanista.

Family Physeterid^.

No functional teeth in the upper jaw. * Mandibular feeth various,

often much reduced in number. Bones of the cranium raised so

as to form an elevated prominence or crest' behind the nares.

Pterygoid bones thick, produced backwards, meeting in the middle
line, and not involuted to form the outer wall of the post-palatine

air-siuuses, but simply hollowed on their outer side. Transverse
p;-ocesses of the arches of the dorsal vertebrae, to which the tubercles

of the ribs are attached, ceasing abruptly near the end of the

series, and replaced by processes on the body at a much lower

level, and not on a line, or serially homologous with them, bu't

serially homologous anteriorly with the heads of the ribs^ and
posteriorly with the transverse processes of the lumbar vertebrae.

[in some genera, as Physctcr, the two processes, upper and lower

on each side, are both present and well developed in the «ame
vertebra in the region of transition. .' In others, as Ziphiiis and

Ba'ardiv.s, they are not both developed on -any single vertebra,)

Costal cartilages not ossified.

Subfamily Physeterince.—Numerous teeth in the maildibla,

which are not set in distinct bony alveoli, but in a long groove

1 An appenrance In on« specimen has been described by C. G. Caiiis m Indi-

cating a vertical succession of the taetli, bur th« evidence upon which thb Tests It

by no means satisfactory, and appears to admit of another exptanulion.
- A nnuilutod liutnenia of Ztvglodon ceioides has given rise to many conjeeturc*;

uppoai ine to some anatninisU to Indicate Seal-like freedom Of motion at Uie elbows

Joint, wliile to others its characters appear to be truly Celaceaa>
* See Tram. Qtol. Soc, lond.y ser. U., veL t1. f. 67,
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'imperfi-ftlf uivij^d b"^ partial septa, and held in place by the
strnn<^, fihrous fpimwhich surrounds thtm. Xo distinct lacrymal
honcj Cranium strikingly asymmetrical in the region of the narial
apertures-.- in consequence of the left opening greatly exceeding
itlie riftht in size.

Phyactr.r.—Upper teetn apparently or uncertain number, rudi-
mentary and functionless, being embedded in the gum. Lower jaw
with IV-tm 20 to 25 te- 'h on cacli side, stout, couical, recurved, and
pointed at tlic apex uhtQ they are worn, without enamel. Upper
surfiice of the cranium concave ; its posterior and lateral edges
raiscii into a very high and greatly compressed semicircular crest
or waU. Zygomatic processes of malar bones thick and massive,
nostrum greatly elongated, broad at the base and gradually tapering
to tlie apex. Upper edge of the mesethnioid forming a roughened
irregular projection between the narial apertures, inclining to the
Ir-ft side. Mandible exceedingly long and narrow, the symphysis
btjing more than half the length of the ramus. Vertebree: 7- D 11,

^^2:^
-Skull of Spei I Whule {Physeter macrocephalus).

L 8, C 24 ; total 50. Atlas free ; all the other cervical vertebra
united by their bodies and spines into a single mass. Eleventh
pair of ribs rudimentary. Head about one-third the length of the
body; very massive, high and truncated, and ratlier compressed
In front ; owing its huge size and remarkable fonn mainly to the
^reat accumulation of a peculiarly modified form of adipose tissue
tilling the large hplbw on the upper surface of the cranium and
overlying the rostrum. The single blowliole is longitudinal,
slightly sigmoid, and placed at the upper and anterior extrennty
of the head to the lelt side of the middle line. The opening of
the mouth is on the under side of the head, considerably behind
the end of the snout. Pectoral fin short, broad, and truncated.
Dorsal fin a mere low protuberance.
There is no certain evidence that more than one species of this

genus exists. This is the Cachalot or Sperm Whale, P.
cephalus, one of the most colossal of animals, quite
equalling, if not exceeding, the Greenland Whale in

bulk. The length of the full-grown male is from 55
to- 60 fei?t, but the female is stated not to reach more
than half that size. It feeds chiefly on cephalopods
and fish, and is one of the most extensively distributed
of Cetaceans, being met with, usually in herds or
"schools," in almost all tropical or subtropical ^ 44 _i
seas, hut not occurring, except accidentally, in

*'-'°'
'

the polar regions. Those that appear occasionally on the British
coasts are solitary stragglers, usually, if not always, old males.
The oil contained in the great cavity above the skull, when refined,

yields "spermaceti," and the thick covering of blubber which
everywhere envelops the body produces the valuable "sperm oil"
'of commerce ; hence this animal has long been the subject of a
regular chase, by which its numbers have been greatly diminished.
The substance called "ambergris," largdy used in perfumery, is a
concretion formed in the intestine of the Sperm whale, and is

found floating on the surface of the seas which they inhabit. Its

genuineness is attested by the presence of the debris of the horny
beaks of the cephalopods on which the Whales feed.

Kogia.—Teeth of the upper jaw absent or reduced to ft nidi-
meutary pair in front ; in lower jaw 9 to 12 on each side, rather
long, slender, pointed, and curved, with a coating of enamel. Upper
surface of the cranium ,concave, with thick, raised, posterior and
lateral margins'; massive and rounded at their anterior terminations
above the orbits. Upper edge of the mesethmoid forming a pro-
minent sinuous ridge, constituting a kind of longitudinal stptum
to the base of the great supra-cranial cavity. Rostrum not longer
than the cranial portion of the skull, broad at the base, and rapidly

tapering to the apex. Zygomatic process of the malar styliform.

Mandible with symphysis less than half the length of the entire

ramus. Vertebrfe : C 7, D 13 or! 4, L and C 30 ; total 50 or 51.' All

the cervical vertebrae united by their bodies and arches. External
characters not well known, but, judging by the somewhat conflicting

accounts of those that have had an opportunity of observing them,
the head is about one-sixth of the length of the body, and obtusely

pointed in front ; the mouth small and placed far below the apex
of the snout : the spiracle .crescentic, and placed obliquely on the

top of the head anteriorly to the eyes, and to tneleft of the middle
line ; the pectoral fins are obtusely falcate ; and there is a trian-

gular dorsal fin.

The history of this genus is a goou illustration of the difficulties

in which the study of tlie Cctacca has been involved by the super-
ficial manner in which it has been investigated. The first known
example, a skull from the Cape of Good Hope in the Paris Museum,
was described by Blainville under the name of Physeicr hreviccps.

This was afterwards with good reason generically separated by Gray,
Until within a very few years ago only five oUier individuals had
been met w'itli, each of which had been described under a different

specific name (viz., grayi, maclcayi, simiis. fioucri, and pot^ii), and
which are arranged by Gray in two distinct genera. Tie most careful

examination of the description given of these specimens, or of thC
now numerous osteological remains available, fails to detect any
differences beyond those which may be attributed to age or sex^

and hence, according to our present knowledge, these six supposed
species must all be included under one name, K. hreviccps, an
animal which appears to attain the length of 10 feet when adult,

and has been met with at various distant localities in the Southern
Ocean, and also off the coast of Madras and iii the North
Pacific.

Subfamily Ziphiince.—Teeth of the mandible quite rudimentary
and concealed in the gum, except one, or very rarely two-, paiis

which may be largely developed, especially in the male sex. A
distinct lacrymal bone. Externally the mouth is produced into a
slender rostrum or beak, from above which the rounded eminence
formed by a cushion of fat resting on the cranium in front of the
blowhole rises somewhat abruptly. Spiracle or blowhole single,

crescentic, median, as in the DclphinidaE. Pectoral fin small, ovate,

the five digits all moderately well developed. A small obtusely
falcate dorsal fin situated considerably behind the niiddle of the
back. Longitudinal grooves on each side of the skin of the
throat, diverging posteriorly, and nearly meeting in front- la
external characters and habits the animals of this group closely

resemble each other. They appear to be almost exclusively feeders--

on various species of cephalopods, and occur either singly, in paii-s,

or in small herds. By their dental and osteological characters they
urn easily separated into four distinct genera.

Hyp<n'oodon.—A small conical pointed tooth at ll:e apex of each
ramus of the mandible, concealed by the gum during life. Skull
with the upper ends of the premaxillce rising suddenly behind the

nares to the vertex and expanded laterally, their outer edges curving
backwards and their ant erioi surfaces arching forwards and oveihang-
ing the n^res , the right laigerthan the left. Nasal bones lying in

the hollow between theuppei extremities of the premaxillie, strongly

I fiont ; their outer edges, espe-

I o\er the fiont of the inner

lieuppei e\ti

Ik line ml

off the coast of Scotlaml, ISS2.

border of the maxilla. Very high longitudinal crests on tno

maxillie at the base of the rostrum, extending backwards almost

to the nares, approaching each other in the middle line, above;

sometimes compressed and sometimes so massive that their inner

edges come almost in contact. Anteorbital notch distinct.

Mesethnioid but slightly ossified. Vertebrte : C 7, D 9, L 10, C 19 ;

total 45." All the cervical vertebrie united. Upper surface of the

head in front of the blowhole very prominent and rounded, rising

abruptly from above the small, distinct snout.

Two species are known, H. rostmtits, the common Hyperoouon
or Bottle-nose, and H. latifrons, both inhabitants of tliR North

Atlantic, and attaining when adult respectively th^ lougth'of24

and 30 feet.

Ziphius.—A single conical tooth of moderate size on each slrte of

the mandible close" to the anterior extremity, and di-ected forwards

and upwards. Skull with the premaxillae immediately in front and

at the sides of the nares expanded, hollowed, and with elevated

lateral margins, the posterior ends rising to the vertex and cuiTing

forwards, the right being considerably more developed than the

left ; the conjoint nasals forming a strongly pronounced sym-

metrical eminence at the top of the cranium, projecting forwards

over the nares, fiat above, most prominent and rounded in the

middle line in front, and separated by a notch on each side froni

the premaxillae. Anteorbital notch not distinct.-- Eostrum'^seon

from above) triangular, gradually tapering from the 'base to the

apex ; upper and outer edges of'maxillie at "base of rostrum raised

into low roughened tuberosities. Mesethmoid' cartilage densfly

ossified in adult age, and coalescing with the -surroundrng bones

of the rostrum. Vertebra: C 7, B 10, L 10, C 22 ; total 49, Tfee-

three anterior cervical vertebrce united, the rest free.*
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Tue type of this genus is Z, Cfimrostris of Cuvier, founded upon
an inipertoct slvill pu-ked up iu lfl04 on the Mediterranean const of
France, and described and hgured in the Ossc?ncn^ Fosailcs under
the impression that it was that of an extinct species. Many other
individuals iiave, however, been subsequently met with in various

parts of tho world, from the Shetland Islands to New Zealand, all

referabltj to the sarao genus if not to tho same species ; although,
as is usuii, in such cases, they liavo mostly boen described under
•diJierent names. Teeth, appartMitly of allied forms, are abundantly
found in tho Suffolk and Antwerp Crags.

Mc8opIod6n.^—A much compressed and pointed tooth in each
ramus of the mandible, variously situated, hut generally at some
distance behind tho apex; its point directed upwards, and often

somewhat backwards, occasionally developed to a great size. Skull
with the region around the nares as in Hi/pcroodoiif except that the

UtOsals are narrow and more sunk between the upper ends of the

Fio. 45.—ifescploJon bidet

premaxillse; like those of JTi/^jcroofion, they are concave iuthe middle
Tine iii front and above. No maxillary tuberosities. Anteorbital

notch not very distLnct. Rostrum long and narrow. Mesethmoid
in adult age ossified in its entire length, and coalescing with the

surrounding bones. Vertebra;: C 7, D 10, L 10 or 11, C 19 or 20;
total 46 to 48. Two or three anterior cervicals united, the rt-st

usually free.

Though varying in form, the mandibular teeth of the different

fnembers of this genus agree in their essential structure, having a

small and pointed enamel-covered crown, composed of true dentine,

which, instead of surmounting a root of the ovdtTiary character, is

raised upon a solid mass of osteodentine, the continuous growth of

which greatly altcfs the form and general appearance of tho organ
as age advances, as seen most strikingly in thn case of M. lai/ardi,

where the long, narrow, flat, strap-like teeth, curving inwards at

their extremities, actually meet over tho rostrum, and must greatly

interfere with the movements of the jaw. In one speci*es

{M. grayi) a row of minutfi, conical, pointed teeth, like those of

ordinary Dolphins, 17 to 19 in number, are present eTen in the

adults, on each side of the middle part of the upper jaw, but
^mbedded by tlieir roots only in the gum, and not in bony alveoU.

This fact, with tlie frequent presence of rudimentary teeth in other

species of this and the last genus in both upper and lower jaws,

suggests t!ie idea that the Ziphioids ai'e derived from ancestral forms

linviug teeth of normal character in both jaws, but whose dentition

Fio. 4C.—SkuU of Mcsoplodon daisirosliis.

has become greatly specialized. The existing species of this genus
ore widely distributed in both northern and southern hemispheres,
but most frequent in the latter. The best established are M. bidcns,

M. eiirojiains, M. dcnsirostris, M. layarHi, M, grayi, and M. kcctoH;
but there is still much to be learned with regard to their distinctive

characters and geographical distribution. They were abundant in

the Later Miocene and Pliocene age, as attested by the frequency
with which the most imperishable and easily recognized portion ot

their structure, the long, cylindrical rostrum of the skull, of more
than ivory deuseness, is found among the rolled and waterworn
fragments oE animal remains which compose the well-known
**bbue-bed" at the base of tho Ked Crags of Suflolk. Numerous
generic distinctions have been founded upon slight modifications

of the form of these rostra, such as Choncziphius, Placozipkucs,

BdemnoitiphiuSy ic. , but these can only be considered as provisional
until further knowledge is obtained of the structure ol the animals
to which they belonged.

Bcrardius. —Two moderatc-aized, compressed, pointed teeth on
each side of the symphysis of the mantfible, with their apices
directed forwards, the anterior being the larger of the two and closo

to tho apex. Upper ends of the premaxifiie nearly symmetrical,
moderately elevated, very slightly expanded, and not curved
forward over the nares. Nasals broad, massive, and rounded, of
nearly equal size, forming tho vortex of the skull, flattened in front,

most prominent iu tho middle line. Anteorbital notch distinct.

Rostrum long oiul narrow. Mesethmoid only partially ossified.

SmaU rugous eminences on tho outer edge of the upper surfactf of

the maxillai a.t base of rostrum. Vertebra: C 7, D 10, L 12, C 19

;

total 48. llie ihreo anterior cervicals ankylosed, the rest free and
well developed.

Tlie only known species, B. arJConxi, attains the length of 30
feet, and has hitherto only been met with in the seas around New
Zealand.

Family Squalodontid^.

Numerous extinct forms, chiefly known by teeth

and fragments of crania, may be piovisioually placed

hero, until more of their osteological characters shall

be brought to light. They dttior from all existing

Cetaceans in having the teeth distinctly difrerentiatcd

into groups, as in the Archssoccti, the posterior molars
being two-rooted. The cranium, has, however, none
of the distinguisliing characteristics of the Zcuglo-

dons, but essentially resembles that of the Odontoccti, especially in

the position of the anterior nares nnd form of the liasat bones.

The best-known are associated iu the genus Squalodon. Denti-
tion : i 5, c \y simple teeth of tho molar series (premolars ?) \, two-
rooted molars f«= \%\ total 60. The double-rooted molars differ from
those of Zeicglodon in having the denticulations of the crown
confined to the posterior border, or at all events much less

developed on tho front edge. Very little is known of the stnicturo

of these animals, beyond the skull and teeth, fragments of which
have been found widely distributed throughout the marine Miocene
and Early Pliocene formations of Europe, especially in the Vienna
basin, many parts of France, and the Antwerp and Suffolk Crags. ,

They have also been found in formations of conespondijig age in

North America and South Australia.

Family Platanistid^

Under this heading may be placed three very singular genera,

which, though differing considerably from each other, l.ave sevenil

points in common, and do not altogether come under the definition

either of the Physctcridse or the VcJphinidse, especially in the

important chamcter of the mode of articulation of tho ribs with
the dorsal vertebrre, as the tubercular and capitular articulations.

distinct at the comniencement of the series, gi-adually blend
together, as they do in most ordinary mammals. Tho cervical

vertebrae are all free. Tho lacrymal bone is not distinct from
the malar. The jaws are long and njirrow, with numerous teetli

in both. The symphysis of the mandible exceeds half the length
of the whole ramus. Externally Tho headiadiviiled from the body
by a slightly constricted neck. Pectoral limbs broad and truncated.

Dorsal fin small or obsolete. Fluviatile or estuarine. There are

three distinct genera, which might almost be made the types of

families, but it is probably more convenient to keep them together.

Platanista.—Teeth about §^ on each side, set near together,

rather large, cylindrical, and shai-p-pointed in the young ; in old

animals acquiring a large laterally compressed base, which in the

posterior part of tho series becomes iiTe^^ularly divided into roots.

As the conical enamel-covered crown wears away, the teeth of the

young and old animals have a totally difi"erent appearance. The
rostrum and denligerous portion of the mandible &^vi so narrow that

Flu. \l.—P!alani!-ia gavgetica Fiom Andei-son.

tho teeth of the two sides are almost in contact. Maxillre support-
ing very large, incurved, compressed bony ciests, which overarch
the nares and base of the rostrum, and almost meet in the middle
lino above. Orbits very small and eyes rudimentary, without
crvstalline lens. External respiratory aperture loUgitu< lal, linear.

Vertebra:: C 7, D 11, L 8, C 25 ; total 51. A small cacum. vNo
pelvic bones. Dorsal fin i-epresented by a low ridge.

One species, P. gangctica, entirely fluviatile, being extensively
distributed throughout nearly the whole of the river systems, not
only of the Ganges, but of the Brahmaputra and Indus, ascending as
high as there is water enough to swim in, but never passing out to

sea. It is quite blind, and feeds ou small fish and Qrustacui^
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(.roi.in" for them with its- lonp; snout in the muddy water at the

Uot'oin of tlic rivci^. It attains the length of 8 feet.

'

luia —Tueth variable, f]om 26 to i,o on each side of 'eacH" jaw ;.

those at the posterior part with a distinct tubercle at the iniwr side

of the base of the crown. Vertebrae : C 7, D 13, L 3, C 18 ;
total 41.

Transverse processes of lumbar vertebrae very broad. ,
Sternum,

short and broad, and consisting of a single segment only. Dorsal

ail a mere ridge. The long cylindrical rostram externally furnished

with -scattered, stout, and crisp hairs. .One species- only is known.J

/. geoffrmsis, about 8 feet iailength^habiting the upper Amazon

and its tributary stpeams!

Pontoporia.—Teeth 50 to 50'on-eacV side of each j.-iw,-»-Bith- x

ringulum at the base -of the crown. Jaws- very long and slender.

fVcrtebre: C 7 T> 10, L 5, C'.19 ; tofaUK Transverse processes of ths

Inmbar vertebrae extremely''broad; Sternum Kilongated, coiHposed

of t.wo se'^meBtsf.-with four'stcrnal.rib.s attached. ' Dorsal fiu rather

small, tiiangular.'pointcd. ..Exfeinal respiratory .aperture, transverse;

FJS^iS.—PontttptD-ia 5/iinPi7/it.^Froin Bunneiiter."

crescentic. <Tni» genus-.connectj the la.'st: fwb- jornis with llie true

Ddvhinidx. The only species, P. blainmUii, is one of-. the

smallest of the wholi) order, uot exceeding 5 feet in lengtli. It has-

only been met with at the.niouth of tlie Eio de la Pl.ita, near Buenos

lAyres, and there is. at present no evidence that it asceuds into the

fresh waters ol tie river-

/VtwV'TDELPHINID*'

TeetB UsdMIV numerous in both jaws. Pterygoid Dones snort,

thin each involuted to form with a process of the palpte boue the

outer wall of the posl-i>alatine air-sinirs.. • Symphysis of mandible

short or moderate, never exceeding one-third of the length of tlio

r.imus. Lacrymal boue v,i>i distiuct from the jug.il. Transverse

j.rocesses of the dorsal -vertcbr:e- gradually transferred from the

arches to the bodies of the vertebrae without any sudden break, and

becoming posteriorly contimious serially with ..the transverse pro-

cesses of the lumbar vertebra;. Anterior ribs attached to the

transverse juocess by the tubercle, add to the body of the vertebra

by tlie head ; the latter attachment lost in the posterior ribs.

Sternal ribs firmly ossified. External respiratory ai.erture trans-

verse, crescentic, with the horns of the crescent pointing forwards..

A very large groirn, closely united ht essential characters but

presenting great modifications in details. The ditferent types are

mostly so connected: by intermediate or osculant forms tliat there

are great difficulties in grouping tllenr into natural subfimilles.-

Even the formatiou- of well-defiued gvnera'is.by no means satis-,

factory in all cases. - ^. .,

i/oTwrfon.—Besides some irregular rudimentary teeth, the entire

dentition is reduced to a single pair of tooth whidi lie horizontally in

the maxilla, and which in the female remain permanently concealed

within the alveolus, so that this sex is practically tootlilcsS, wlulc

ih the male (see fig. 49) the right tooth usually remains similarly

concealed and abortive and the loft isimmensely develoiwd, attaining

a length equal to more than half that of the entire animal, projecting

hpr'izontally from the head .in the form of a cylindrical, or slightly

tipering, pointed tusk, . without enamel,- and with the surfaco

marked by spiral grooves and ridges, running iu a sinistral direction.

(When, as occasionally happens, both tusks are developed, tlio

spiral grooves have -the same direction in each.) Vertebrae: C 7,

D II, L 6, C 26 ; total 60. Cervical region comparatively long, and

all the vertebra) distinct, or with irregulair unions towards the

middle of the series, the atlas and axis being usually free. Maiius

small, short,' and broad ; second and third digits neariy equal,

fourth slightly shorter. . No dorsal fin.

One species, M monoceros, the Narwhal or Sea-uniCorn, so called

•on account of tho remarkable single, horn-like tusk of the male,

which often grows to a length of 7 or 8 feet. It inhabits the Arctic

Oci-an, where it is tolerably abundant and gregarious, feeding on

VOTiou's species of cephalopods, smalKfish, and crusta.ceans. .- It is

rarely seen south of 65° N. lat.

.

. i •

DclplmMptcru3.—'V\ii3 genus is closely allied to^tha last in

external form, as well as anatomical structm-e, differiiig only in the

very different character of the dentition. . Teet-h from | to U..

occupying the anterior three-fourths of the rostrum and corrcspoud-

ing portion of the mandible, rather small, -conical, and pointed

when unworn, but usually become obliquely truncated, separated

by intervals considerably wider than the diameter of the tooth, and

implanted obliquely, the crowns inclining forwards especially in

the'.nt'jcr jaw. Skull rather narrow and elongated, depressed.

Preintixillte cQUVSx in front of the nares. Rostrum about equal iu

length to the cranial portion of the skull, triangular, broaa at the
base, and gradually contracting towards the ape.x, when it is some-
what curved downwards. Vertebra;: C7, D 11, L9, C 23 ; total fSS.

Cervical vertebne free. ^ Manus buoad, short, and.rfiuaded, all.tUe

digits being tolerably well-developed, ex-

cept the first. Anterior part of head
rounded ; no distinct snout. No dorsal

fin, hut a low ridge in its place.-

One species, D.lcucas (fig.50),theBeluga,

or White Whale, so called from its pure

white colour, about 12 feet lonr abundant
in tho Arctic seas, and extending as far

south on the American coast as the river.

St Lawrence, which it ascends for a con: "

siderable distance." Ourare occasions it
"

'has been seen on tlie coast of Scotland.

In all the renmining genera of DcJphi-

nidas the cervical ^region of the vertebral

.column is very short, and the first two,

and usually more, of. the vertebrse are

firmly united.

fliocstta-.—Teeth 'a tail, small,- oc-

cupying nearly the whole'Jength of the

rostrum', -with compresseil, spade-shaped

crowns, separated from .the root by a
' consfricted neck.' .Hostruiu rather shorter

than the cranium "proper, broad at 'the

base and 'tapering towards the -ape'x.

Prem.ixillse raised into tuberosities .in

front of the nares. The frontal bones

. 'funning a somewhat square, elevated pro-

tubeiauce in the middle line of the skull

behind the nares, rising altogether above

the flattened n.asals. Symphysis of inau-

dible- very short. Vertebra:: C7, D 13,

L 14, C 30; total 6-S (subject to slight

individual niodificaticns). First to sixth

cervical vertebra;, and sometimes the

seventh also, coalesced. Manus of mode-

rate size, ov.nl, slightly falcate ; second

and third digits nearly equal iu length

;

fourth and fifth well developed, but

shorter. Head slurt, moderately rounded

in front of the blowhole. Dorsal fin (in

the typical species) near the middle of the

back, triangular ; its height cousidcrably

less than the length of the base ; its

anter'or edge frequently furnished with

one or nioro rows of couical horny
tubercles.

The common Vorpoise or Porpns,

f. communis; is the best know-u of

British Cetaceans (see PonroisE). A
Ejiecies from Jajian, P. mdas, closely

allied in osteological and dental cli.ir-

. actci-s, but whicli wants the dorsal fin,

constitutes the genus Kcomciis of Gray.

It .is entirely black in colour, and has

but J-l teeth, rather larger proportionally

: than those oi P. commimis, biit of similar

form.
Omlla. —Teeth J-| to }5, small, coniciil,

]ioiiited, rather closely set, and occu]yiiig

nearly the whole length of the rostrum.

Skull sub-globular, high. Rostrum n.-arly

equal in length to tho cranial po-.tion of

the skull, tapering. Manus of modeiato

size, not elongated, but somewhat pointed.

All the bones of the digits broader than Fio. 4S;_Vrpp' Sarlace of llio

lon^- except the proximal piinlanges of Skull of ^ralc

fb/' index and thir.1 fingers. Head (!'<'"»<''.' •"»"- ), wjtit

tlie wliolc ot botli teeth ex-

posed by removal o( the
apper wall of their otveolai

nd 0. ftiviiiiaJis,- from

globular in front. Dorsal fin rather

small, placed behind the middle of the

bod.y. Two species, both of small size

—

0. brcriroslris, from the Bay of Bengal,

the Irraw.addy river, from 300 to 900 miles from the sea. Our

present knowledge of the anatomy, geograjihical distribution, and

h.abits of these interesting Cetaceans is almost entirely due to the

researches of Dr J. Andci-sou.'

0,.^^.—Teeth about fs, occupying nearly the whole length of the

rostrum, very large and stout, with conical recurved crowns, and

lar^e roots, expanded laterally and flattened, or rather hollowed, on

the" anterior and posterior surfaces. Rostrum about equnl in length

to the cranial part of the sl:ull, broad and flattened above, rounded

in front ;
premaxillao broad and rather concave in fiont of the

I Analowlcal and Zoologicat RKcarckcs, romprisiag on Ai:count o/lkt Zoological

RauHio/thc liroSTptditiom U )r«(«-n Ymm,,. ,„ 1SC3 ond 1875 (1878).
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lure's, contracted at the middle of tlio rostrum, and cxpnndinff

8^iu towards the aiicx. Vertebra : C 7, D 11-12, L 10, C 23 ; total

51 or 62. Bodies of the first and second and sometimes the third

cervical vertebrto united ; the rest free. Tectoral fin very largo,

ovate, nearly as broad as long. All the phalanges and mctacarj»ala

bro.ideT than long. General form of body robfist. l-'aco sho*t and
rounded. Dorsal fin acar the middle of the back, very high and
pointed,

The a

from Gr
uncertain

lals composing this genns are met with in almost all seas

land to Tasmania, but the number of species is still very

They are readily known, when swimming in the water,

hy the high, erect, falcate dorsal fin, whence their common German
name of Schiccrt-Jisck (Sword-fish). By English sailors they are

generally kno\\n as Oi inipuscb or ' KiI'lts '^hev ore

distinguished from all their allies by their great strength and

ferocity, being the only Cetaceans which habitually prey on warm-

blooded animals, for, though fish form part of their food, they also

attack and dovonr Seals, and various species of their own order, not

only the smaller Porpoises and Dolphins, but even full-sized Wliales,

which last they combine in packs to hunt down and destrov, as

Wolves do the larger Euniinants.

Pscmforca.—Teeth about \i. Cranial and dental characters

generally like those of Orca, except that the roots of the teeth are

cylindrical. Vertebrs: C 7, D 10, LP, C 24 ; toUil .10. First to

sixth or seventh cervical Tertebr.-e unitei Bodies of the lumbar ver-

tebns distinguished from those of the preceding genera by being

Dclphh

gladiator). From Hunter.

more elongated, the length being to the width as 3 to 2. Pectoral

fill of moderate size, narrow, and pointed. Dors*] fin situated near

ttie middle of the back, of moderate size, falcate. Head in front of

the blowhole high, and compressed anteriorly, the snout truncated.

This genus was first known by the discovery of a skull in a sub-

fossil state in a fen in Lincolnshire, named by Professor Owen
Phocasila crassidens. Animals of apparently the same species were

afterwards met with in small herds on the Danish coast, and fully

described by Reinbardt. Others subsequently received from
Tasmania were supposed at first to indicate a different species, but
comparison of a larger series of specimens from these extremely

distant-localities fails to establish any characteristic difference, and
indicates an immense range of distribution for a species apparently

so rare. Its length is aliout H feet, and its colour entirely black.

Qlohiccphalus.—Teeth Ifij' confined to the- anterior half of the

rostrum and corresponding part of the mandible, small, conical,

curved, sharp-pointed when unworn, sometintes deciduous in old
age. Skull broad and depressed. Rostrum and cranial portion

about etmal in length. Upper surface of rostrum broad and flat.

Premaxilla! strongly concave in froLit of the nares, as wide at the

middle of the rostram as at the base or wider, and very nearly or

completely concealing the maxillfe in the anterior half of this

region. Vertebraj : C 7, D 11, L 12-U, C 28-29 ; total 58 or 59.

Bodies of the anterior five or six cervical vertebra; united. Length
of the bodies of the lumbar and anterior caudal vertebra about
equal to their width. Pectoral limb very long and narrow, the
second digit the longest, and having as many as 12 or 13 phalanges,
the third shorter (with 9 phalanges), the first, fourth, and fifth very
short. Fore part of the head v.ery round, in consequence of the
great development of a cushion of fat, placed on the rostrum of the
skull in front of the blowhole. Dorsal fin low and triangular the
length of its base considerably exceeding its vertical height.
The type of this well-marked genus is O. mclas, the rilot

Whale, Ca'ing Whale, or Grindhval of the Faroe islanders, which
attains the lenf^h of 20 feet, and is of-nearly uniform black colour,
except the middle of the under surface, which is lighter. They are
extremely gregarious, and, unlike the Killers, are mild and inoffensive

in disposition, feeding principally OB ccplialopods. Their eminently
sociable character constantly leads to tlieir desti-uction, as when
attacked they instinctively rush together and blindly follow tho
leaders of the licrd. In this way many hundreds at a time arc
frequently driven ashore and killed, when a herd ent,)r» one of the
bays or fiords of the Faroe Islands or north of Scotland. Animal*
of this well-marked genus are found in nearly all seas, and their
specific distinctions are not yet made out. Specimejis from tlio
Australian coasts, where they are generally called " Blaokfish," are
quite indistinguisliable, either by external or osteological characters,
Irom those of the North Atlantic.
Oramptis.—Teeth none in the upper jaw; in the mandible few

(3 to 7 on each side), and confined to the region of the symphysis
Vertebra; : C 7, D 12, L 19, C SO; tofcil 68. General external char-

acters much as in Otobia-pknhis, but the fore part of the
head less rounded, and the pectoral fin less elongated.

But one species, (?. gritncs, is certainly known, about
13 feet long, and remarkable for its great variability of
colour. It has been found, thriugh rarely, in the North
Atlantic and Jlediterraneaii. A skull from the Cape of
Good Hope, which differs slightly from that of the
above, has been described under the name of 0.
ricfutrdsmii.

a.—Teetli very numerous in both jaws, more than J^,
occupying nearly the whole length of the rostrum, small, close-set,
conical, pointed, slightly curved. Kostmm more or less elongated,
and pointed in front, usually considerably longer than the cranial
portion of the skull. Vertebra;: C 7, D 12-14, Land C variable; total
51 to. 90. Pectoral fin of moderate size, narrow, pointed, somewhat
falcate. First digit rudimentary, the second longest, third nearly
equal, fourth and filth extremely short. Exteraally the head shows
a distinct beak or pointed snout, marked off from the antenarial
adipose elevation by a V-shaped groove. Dorsal fin rather large,
triangular or falcate, rarely wanting.

This is a large and heterogeneous genus, which probably onght to
be divided, but, until more is known of the strnctnre
of many of the species than is at present attainable
from the scanty materials in our collections, it is

impossible to frame a system of subdivision upon a
scientific basis. It seems preferable therefore, in-
stead of introducing new names into zoology for
groups founded upon trilling differences in the
length or width of the rostrum of the skull or the
number of the teeth, which may or may not be
correlated with other more important stnictaral
modifications, to keep provisionallj at least the
Linnsan term Delphinus for what remains of the
family, after eliminating the well-characterized
genera previously described.

Tlie true Dolphins, Bottle-noses, or, as they are more commonly
called by seafaring people, " Porpoises," are found in considerable
abundance in all seas, and some species are habifnally inhabitants
of large rivers, as the Amazon. They are all among the smaller
members of the order, none exceeding 10 feet in length. Their
food is chiefly fish, for the capture of which their long narrow
beaks, armed with numerous sharp-pointed teeth, are well adapted,
but some appear also to derour crustaceans and moUnscs. They
are mostly OTegarious, and the agility and grace of their move-
ments in the water are constant themes of admiration to the
spectators of the scene when a "soliool of Porpoises" is observed
playing round the bows of a vessel at sea. The type of the genus

I Dolphin (Delphinus ditphU). From Relnhaidt.

is the Common Oolphinof the Mediterranean(Z). rfrfp/if-s, fig. 52), also

found in the Atlantic, and of which a closely allied if not identicjil

form is met with in the Australian seas (D./orsUri) and in the North
Pacific (D. bairdu). The Tursio (D. tvrsio) is another British species

of larger size .and heavier build, with larger and less numerons
teeth ; this and several allied forms probably constitute a natural
subgroup. The White-beaked and White-sided Dolphins {D.
aibirostris and Iciicoplcunis) of the North Atlantic, and several

others from the Soutn and Pacific Seas, with comparatively broad
and short rostrum to the skull and very numerous (SO to 90)

vertebra, constitute the genns LagenorhyncMis of Gray. Others,

with long narrow rostrum, are associated under the name of Steno,

one of which from the Chinese seas {Z>. si7ie7isis) has but 51 vertebrse.

This last is of a pure milk-white colour, but most of the species arf

variegated with glossy black, various shades .of grey, and white
the latter chiefly on the under parts of the body. Orie speci."i! (D.

peronii) from the South Seas is remarkable for the" absence of
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fill. It constitulcs the gcmis Lcucorhnmphiis of Lilljcborg,

Ijihitiajitcrii.s of otlicr auiliois : tin's last iininc, however, was
ally bestowed on thu Tji-lu^n, ami should be retained for it.

n/jritplnjof Cf^titreit —D I". Kscliiiclit. I'ulerfUcUuJigen iilier die fi.'ordiscfifn

i'lf, lsl!l. cfiiiliiins n rn|.ii.iis ljibliO;:r.n].'iy of tiic ci nup lip to the tlalo of
tiiin. siiirr lli.it liiiic miiiKious moiin:;i ii]ilis on spcci.-il f.iiiiilic3 .nnd ccticra
en pillili-liiil, I ;| !;ircc iHlistl.irc.I ::(nciijl «nrli. Oslco'finp/n'c disCelacJs,
. V.m l:. ne.l. II .niiil 1'. On vais, lsi.S-;i). Sec uKo J. I'. Uiandt. " L'nter.
'r-n iili. T ilie ios^ilen uiid .Siibfossilcn Cctacecn Eliiopa's." in Hem. de
Jiiip. ./.• ,'(. I'iienhotiro, '111 scr. t. xx., 1S73 ; .nnd C. M. Seammon,

' MaiiMiils nj Ike y. IK. Coast o/Xcrlh America, 1874.

Order INSECTIVORA.

Terrestrial, rarely arboreal or untatorial, diphyodont,
Iieterodont, iilaceiital mammals of small size, with planti-

grade or seniiplantigrade, generally pentadactyle, unguicu-
lata feet ; witli clavicles (except in Potamogale) ; with
more than two incisors in the mandible, and with enamel-
co.ited molars having tuberculated crowns and well-de-

veloped roots. The body is clothed with fur, or protected

by an armature of spines; the testes an; inguinal or placed
near the kidneys, and are nut received into a scrotum, tlie

penis is pendent or suspended from t'ae wall of the abdomen;
the uterus is two-horned and with or witliout a distinct

porpus uteri, tlie placenta discoidal and deciduate ; and the

smooth cerebral hemispheres do not extend backwards over
the cerebellum.

Representatives of this order are found throughout the
temperate and tropical parts of both hemispheres (except
South America and Australin), and exhibit much variety

both in organization and in habit. The greater number are

cursorial, but some (Talpa, Chrysochloris, Oryzorictes) are
fossorial, some (Potamogale, Nectofiale, Myogale) natatorial,

and some [Tupaiidec) arboreal, while the species of one genus
(Galeo2nthecus) glide through the air like Flying Squirrels;

to the great majority, however, tlie terra insectivorous is

applicable, the aberrant Galeopithecus being alone phyto-
phagous also, while Potamogale is said to feed on fish,

and the different species of Moles live chiefly on worms.
Notwithstanding the homogeneous nature of their food,

inuch variety prevails in the form and number of their

teeth, as will bo seen when we come to consider the
classification of the species. In many the division into

incisors, canines, premolars, and molars may be readily

traced, but in otliers, forming the great majority of the
species, such as the Shrews, this is accomplished with
difficulty. Tlie dentition of the Insectivora may, however,
be considered typical, since from it may be derived, by
modification, that of any known species of diphyodont
placental Mammalia. This typical dentition is especially

noticeable in the genus Gymnura, where the dental formula
is— i I, c i pm I, m I; total 44 teeth. So also, in

their general organization, these animals appear to have
departed so little from what must have been the original

mammalian type that, were it not for the apparently
advanced charattcr of their placentation, they might easily

ba considered the scarcely modified descendants of the
ancestors of all other orders of diphyodont placental
mammals. Their study, therefore, affords the best intro-

duction to that of this division especially.

In most Insectivora the cranial cavity is of small relative

Size, and in none is the brain case elevated to any con-
siderable extent .above tlie face-line. The facial part' of

the skull is generally much produced, and the premaxillary
and nasal bones well developed. The zygomatic arch is

usually slender or deficient, the latter being the case in

most of the species, and post-orbital processes of the

frontals are found only in Galeopithecida:, Tnpaiida:, and
Macroscelidm.- -.The number of dorsal vertebrje varies from
13 in Tnpaia to 19 in Cenleles, of lumbar from 3 in

C/irysochloris to 6 in Talpa and Sorex, and of caudal from
the rudimentary vertebrae of Ccntttes to the 40 or more

well-cleveloped ones of Microgale. Not less variable aro

the characters of the vertebras : the spinous processes may
be very long in one species and_ short in another, though
belonging to the same genus ; in the Soricido: and in

Myogale the neural arches of the cervical vertebra are very

slender ; in Soricidce also and in Gymnura the four anterior

vertebra; develop large single hypapophyses, and in

Galeopithecus the body of each supports posteriorly a pair

of hypapophysial tubercles. In Erinaceus, Myngalc, and
Talpa small oval ossicles are found on the inferior surfaces

of the lumbar interspaces. In £rinacens, owing to the

thickness of the cord in the cer-vical region and its abrupt
termination, the diameter of the neural canal in the cervical

and first two dorsal vertebraa greatly exceeds that of any
of the succeeding vertebrfe. The sternum is variable,

but generally narrow, bilobate in front, and divided

into segments. The shoulder-girdle presents remarkable

adaptive modifications, most expressed in Talpa (sec Moj,e),

having relation to the use of the fore limbs in burrowing

;

in tlie Golden Moles (C/irysoc/</orts), however {vide infra),

the forearm and manus alone become specially modiBed.

In Galeopithecus and Atacroscelides the forearm bones are

distally united ; in all other known Insectivora the radius

and ulna are distinct. The manus has generally five digits,^

but in Phynchocyoii and in one species of Oryzorictes

tlie pollex is wanting. In the true Moles (see Mole) it

is extremely modified. The femur has, in most species,

a prominent ridge below the greater trochanter presentitig

the characters of a third trochanter. In Galeopithecus,

Tupaia, Centetes, Hemicentetes, Ericidus, and Solcnodon

the tibia and fibula are distinct, in all other genera more
or less united together. The pes consists usually of five

digits (rarely four by reduction of the hallux), and in some,

as in the leaping species (Macroscelides, lihynchocyon)

^

the tarsal bones are greatly elongated. The form of tha

pelvis, and especially that of the symphysis pubis, varies

within certain limits, which have been proposed by Lcche
as a basis for the classification of the families. Tlius in

Galeopithecidee, Tupaiidee, and Marroscelidm there is a

long symphj-sis, as in Rodents; in Erinaceidse, Centetidir,

and Polamogalidx it is short; and in Svricidse, Talpids.

and Chrysocldoridx there is none.

Space does not admit of even attempting a sketcu of

the interesting modifications of the muscnlar system, which
will be found fully described in the present writer's Mono-
graph, referred to in the bibliography. As to the nervous

system, it may be noticed that the brain throughout the

species presents a low type of organization: in none do the

cerebral hemispheres present any trace of convolutions, nor
do they extend backwards so as to cover the cerebellum

;

the olfactory lobes are large and project in front; and the

corpus callosum is short and thin. In the Hedgehogs

(
Erinaceus) the spinal column ends abruptly opposite the

third or fourth dorsal vertebra in a slender filament ; the

dorsal and lumbar nerves, given off in front of this point, are

carried backwards in two compressed bundles occupying

the suddenly narrowed spinal canal as far as the sacrum.

Owing to the similarity in the character of the food, the

truly insectivorous species, forming mure than nine-tenths

of the order, present little variety in the structure of the

digestive organs. Except in Galeopithecus (vide infra) the'

stomach is a simple, thin-walled sac ; in some, as in Centetei

and allied genera, the pyloric and oesophageal openings ar8

very close together; the intestinal canal has much tlie

same calibre throughout, and varies from three (in the

Shrews) to twelve tiroes (in the Hedgehogs) the length of

the head and body. In the arboreal genera, Galeopilhccn-

and Tupaia, and in the allied Macroscelids, all of which
probably feed on vegetable substances as. well, most of tho

species possess a csecuui' The liver is deeply divided into
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lobes, the right and left lateral being cut off by deep
fissures ; both the caudate and Spigelian lubes are generally

well developed, and the gall-bladder, usually largo and
globular,- is placed on the middle of the posterior surface

of the right central lobe.

In most of the species (Soricidde, Cen/elidie, Chrysu-

r/iloriilie) the penis is capable of being more or less com-

pletely retr.-'cted within the fold of integument surrounding

the anus ; in some (Galr.opithecida:, Tnljiida:) it is pendent

in front of the anus, while in others (Macroscelidae,

Erinaceidif, Solenodontidic) it is carried forwards and
iuspended from the abdominal wall. In CenUtinx and
' 'hri/sochloris the testes lie immediately behind the kidneys,

ill others more or less within the pelvis. During the rut

they become greatly enlarged, forming protrusions in the

inguinal region. Except in Rhynckocyon the uterine cornua
are long and open into a short corpus uteri, which in many
species {Soricidie, Talpidx, Centelidx, Ckrysocldoridie) is

not separated from the vagina by a distinct os uteri. With
the exception of Galeopithecus all Inseclivora appear to be
multiparous, the number of foetuses varying from two to

eight in Erinaceus, and from tv;elve to twenty-one in

Centetes. The-position of the mammary glands and the-

number of the teats vary greatly. In Galeopithecus there

are two pairs of axillary teats, in Solenodon a single jiair

post-inguinal, but in most species they range from the

thorax to the abdomen, varying frorii two pairs in Gymnura
to twelve in Ccnieles. In Chrysocldoris the thoracic and
inguinal teats are lodged in deep cup-shaped depressions.

Odoriferous glands exist in many species. In most
Shrews thej' occur on the sides of the body at a short

distance behind the axilla, and their exudation is pYobably

protective, as few carnivorous animals will eat their dead
bodies. In both species of Gymmtra and in Pofamogale

large pouches are situated on either side of the rectum, and
discharge their secretions by ducts, opening in the first-

named genus in front of and in the latter within the

margin of the anus. In Centetes racemose glands similarly

situated discharge by pores opening at the bottom of deep
pits placed at either side of the anus.

The integument is thin, but in many species lined with

well-developed muscles, which are probably more developed

in the Hedgehogs (Eriiiaceidce) than in any other mammal

;

in this family and in Centetidce most of the species are

protected by spines implanted in the panniculus carnosus,

..nd more or less replacing the fur of the upper surface of

the body.

The Iiiscctivora are divisible into two very distinct suliorders, of

which the first includes a single genus only.

SOBORDER I. Dermu}itcra.

Upper and lower incisors compressed, multicuspidate, the lower
deeply pectinate ; anterior and posterior limbs connected by a broad
integumentary expansion forming a parachute. Family I. Galea-
pithecidw.

Suborder II. Inseclivora Vera.

Upper and lower incisors conical, unicuspidate or with basal
cusps only, the lower not pectinate ; limbs free,* formed for
terrestrial progression.

I. Upper true molars broad, multicuspidate, with more or less

well-defined \V -shaped crowns.

A. Symphysis pubis long ; intestinal canal genorcllv with a
caicum ; cerebral cavity comparatively large.

a. Orbital ring encircled by bone ; metatarsus moderate
;

arboreal. Family II. Tupaiidae.
b Orbital ring not encircled by bone ; metatarsus greatly

elongated ; terrestrial. Family III. Macroscclidx.
B. Symphysis pubis short or none ; intestinal canal without

cjecum ; cerebral cavity small ; skull without post-
orbital processes.

a. First and second upper molars with a central fifth

cusp.

a'. Tympanies annular, not forming bulla. Family
IV. Erinaceidx,

b. No central fifth cusp ; crowns of the upper mohns
W-shapod.

a'. Tympanies annular, not forming bulls; no zygo-

matic arches. Family V. Saricidm.

h'. Tympanies foi-ming bullre ; zygomatic arches de-

veloped. Family VI. Talpidie.

II. Upper ti'ue molars narrow, with V-shaped crowns.

a'. Tympanies anniil.ir, not forming bullae; zygomatic

arches imperfect.

re". No clavicles. Family VII. Polamogalida.

h". Clavicles well devclojicd.

a"'. Skull constricted between the orbits
;
penis

suspended. Family VIII. Solcitodontidm.

U". Skull not constricted
;

penis pendent,

retractililo. Family IX. Ccntclidae.

b.' Tympanies forming buUce; zygomatic arches well-

developed. Family X. Chrysochloridx.

Family Gat.eopithecid.e.

The characters of the family are tlioso of the suborder

Dermoptcra, to which may be added that the orbit is nearly sur-

rounded by bone, the zygomatic arches are well developed, the

tympanies form bulhe osse.'c, the ulna is distally united with the

radius, the tibia and fibula are distinct, the pubic symphysis is

long, the penis is pendent, the testes are received into ingiiinal

pouches, the mamma; are axillary, the uterus is two-horned, and
there is a large cieeum.

Galeopithecus (z f, c }, pm |, m § ; second uj-per incisors and
canines with two roots), with two species

—

G. volans and G, philip-

pinensis. The former, the Flying Lemur of Linnceus, distinguished

from the latter by the form of the upper incisors, has a total length

of nearly 2 feet. The long and slender limbs are connected by a

broad integumentary expansion extending outwards from the sides

Fio. 53.—Feet of Gateojitl/ueu^ pfiuippinemis,

of the neck and body, and forming also a web between the fingers

and toes as far as the ba.se of the claws (fig. 53); the hind limbs

are further connected by a similar expansion passing outwards along

the back of the feet to the base of the claws, and, inwardly,

involving the long tail to the tip, forming a tine interfemoral

membrane, as in the Bats.

The species of this family live in the forests of the Malay
Peninsula, Sumatra, Borneo, and Uie Philippine. Islands, where
they feed chiefly on the leaves of trees, and probably also on insects.

Their habits are nocturnal, and during the daytime they cling to

the trunks or limbs of trees head downwards in a state of "repose.

"With the approach of night their season of activity commences,
when they may be occasionally seen gliding from tree to tree

supported on tlicir cutaneous parachute, and they have been noticed

as capable of traversing in this way a space of 70 yards with a

descent of only about one in five.

Galeopithecus was referred by some of the older zoologists and
anatomists to the Bats, and by others (and even in lately published

works) to the Lemurs, but Professor Peters's view (in which most

subsequent writers agree) that it belongs to neither of these orders,

and must be considered an aberrant Insi-ctivore, appears to be

undoubtedly the correct one. Besides differing from the Bats

altogether in the fprm of the anterior limbs and of the double-rooted

outer incisors and canines, it also contrasts strongly with them in

the presence of a large sacculated crecum, and in the great length

of the colon, which is so remarkably short in all the Chiroptcra.

From the Lemurs, on the other hand, the form of the brain, the

character of the teeth, the structure of the .skull, and the deciduate

discoidal placenta at once separate it.

Family TxrekiVDS.

Arboreal Inseclivora, with comparatively large brain case, orbits

encircled with bone, and well-developed zygomatic arches. The
malar bone is perforated ; the tympanies form bnllte ; the pubic

symphysis is long ; the tibia and fibula arc distinct, the meta-

tarsus but little longer than the tarsus ; the molars are broad, with

XV. — 51
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IV-shapod cusps • miU tlii; intestinal canal has generally a short
Ciecum.

The animals included in this family are all arboreal, resembling
Siiuiirels closely both in habits and in external form ; they aro
Jiricled into t\ro genera having the same dental formula (i j, e^,
vm J, mf), but distinguished by the form of the skull. Tiipaia,
with nine spei;ios, is found in India, Burmah, the Malay Peninsula,
Nicobai-3, Sumatra, Java, and fiomeo. The species closely resemble
ane another, differing chiefly in size !lnd in the colour and length
rf the fur. Nearly all have long bushy tails, nliich still' further

[iNSECTIVOKA.

il'ia. 61.—Pcnian iFiilocerctii lowif). xj. From Gray, Proc. Zcil. Sec, 1848.

increase their resemblance to Squirrels. Their food consists of

insects and fruit, which they usually seek for in the trees, but also

occasionally -on the ground. Wlien feeding they often sit on tlieir

haunches, holding the food, after the manner of Squirrels, between
their fore paivs. Ptilocemts includes a single very interesting

species, Pt. loK'ii, inhabiting Borneo, remarkable for its long tail,

two-thirds naked, having the terminal third furnished with a double
fringe of long hairs. Its habits are probably similar to those of the
Tupaias, of which it may be furtlier.noticed that they alone among
liiscctivora are day-focders.

Family MacroscelidjE.

Terrestrial Inscctivora, with comparatively Urge brain case, well-
' developed zygomatic arches, and tympanic buUte ; but the orbits are

not encircled by bon*^, the mE^lar is imperforate, and there are
^generally no post-orbital processes. The pubic symphysis ia long,

llic iibia and fibula united high up, the metatarsus much longer
jhan the t,arsus, the molars broad and quadricuspidate, and the
antcstinal canal has a largo caecum.

These leaping Insectivores ate easily distinguished by the great
Jength of their metatarsal boiies. All the species are African, an'l

--ire divisible into two genera :

—

"• * h "^ If i"" 3 . »" S or J ; forearm bones united below.
jMacroscclidcs.

b. i } (or 3), c
-J-,

pvi J, m J; forearm bones separate.
Ithiiiickocyan.

Macroscduks includes ten species -widely distributed throughout
the African continent. All arc closely related, resembling one
ntiotl'.er in gencr.al forms, and even in the colour of the fur. They
fail into two groups distinguished by the presence or absence of a
sniall lower fourth molar. M. ictradactijlits (fig. 55), type r.f tlie

sr.bgrnns Fctrodromjts, differs from all in the absence of the hallux.
Of Hhyndtoryon four closely allied species have been described, all

from East Africa.

Family EniNA'CEiDj;.

Terrestrial Inscctivora, with a small brain case, without post-

orbital processes, with slender (r.irely imiicrfect) zygomatic arches,
with a short pubic symphysis, and with tlio tibia and fibula united
above. Tho tympanies aro annular, not forming bulla: ; the
intestine has no-cfficum; the penis is carried forwards, and
suspended from the .wall of the abdomoii ; and the up)ier true
molars have each four principal cusps and a small central fifth cusp
'vci'y characteristic of the family.

Subfamily I. Oymnurinae.—Caud:d veitebra? numerous
;
palato

bones completely ossified
;
pelvis very narrow ; fur without spines.

Gymnura, i J, c \, pm -«, m. j, with two species, O. rafflcsit
and Cf. suilla, from the Malay Peninsula and Indian Arjliipelago.
The fonner has the appearance of a large Kat with a Ion" head
and projecting mobile snout ; the latter, much smaller, with a short
tail and small third upper premolar, has long been known under
the name of Hylomys suilhis, and classed with the Tupaiidis. Both
species present a very generalized type of dentition, in this reppect
occupying an almost central position in the order.

'\
I'

fj^ f^'^'^P
Fig. 5B.

—

Macroscetides (P^tmiroTiius) letradtictyfus. xj. From Pctftrs,

Heisc nacfi Mo&sambique.

Subfamily II. Erinaceinas.—Caudal vertcbrce riuliiuputary ;

palate bones with defects of ossification; pelvis wiJe ; fur willi

spines.

Erinac&uSj i f, c |, pm, 4, m f, includes nineteen species (fr.-

miliarly known as Hedgehogs) distributed throughout Euroint,

Atrica, and the greater part of Asia, but they have not been fountl

in iladagascar, Ceylon, Burmah, Siam, the Maky Peninsula and
Archipelago, or Australia. All the species resemble ono anotlrer

I

closely in the armature of spines which, invests the upper surface

and side of the body ; and all possess the power of rolling them-
selves up into the form of a ball protected on all sides by strong

spines, the dorsal integument being brought downwards and
inwards over the head and tail, so as to include the limbs also, by
the action of special muscles (for description see Monoaraph of Oi^
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fnseetivora referred to in tlio bibiiof^r-iphy). Tlie common IledKehog
(A', curopacus) is iha most aberruiit sjiucics, dillering from aJl tho
io3t in the peculiarly ehapod ami siuglo-rooted third incisors and
first upper premolars (lifj. 5G, A), and iii its very coarso harsh fur.

t'ho licntitioii of tlie long-eared Nortii Indian form, E. grayi

(fif;. 56, B), may be ccnsidurud characteristic of all the other specicB,

tlio only ini])ortant dihurences being found in tho variable size and
|K>siiion of the second upper premolar, which is very small, external,

and deciduous in tlie Indian species E. micropus-^nA pictus. The
former species, limited to South India, is further distinguished by
tho absence of the malar bone. Of African sjiecies, E. diadcmatns,

with long frontal spines, is probably the commonest, and E.
albivcntris has been made the tyi)e of a separate genus on account
of the totaf absence of tho hallux.

Famihj Soricid-e.

Terrestrial, rarely natatorial, l7iscdivora, with narrow elongated
skulls, without post-orbital processes or zj'goniaiic arches. The
tympanies are annular, not formiug bnllse ; there is no symphysk
pubis ; the intestine has no ca;cum ; the tibia and fibula are united

;

and the molars have well-developed W-shaped cusps. ^

The dentition is very characteristic of tlie family'; in all thoi

upper front incisors are large, with a move or less nrominontl
posterior basal cusp, and be-

tween these and the lust pre- , &''/»

molar intervene a variable

number of small incisors and
premolars, among which the
small canine can be distin-

guished only by its position

immediately behind the pre-

inaxillary suture. The number
of teeth in the mandible is

always twelve, and tlie single

pair of incisors are much ex-
tended horizontally forwards,
the canine is the smallest

tooth, and tho single pre-

nolaris not much larger (see

fig. 57).

The Shrews thus form
very compact family, which includes considerably more than half
the known species of Inscctivora, and of which the geographical
distribution is coextensivs with tnat of the order. They have been
divided into several genera (so-called) and subgenera, depending
chiefly on th& number of the upper incisors and premolars, and
on the colour of tlie teeth. The best arrangement appears to bo that
proposed by M. Alph. Milne-Edwards, as follows :

—

A. Terrestrial ; feet without a border composed oT stiff hairs.

[ a". Tail very short, concealeu.

. 26 teeth.
jj„,raii moderately
' 2. Dijiloincsodon.

{.v. 2S-30 teeth. 3. Crocidiira.

a'. Tall short ; ears small. 4. Blarina.
h'. Tail and ears moderately long.
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Teetli white. long

6. Teeth more or

less browu
orred^

11. Amphibious; feet with a bor.der of stiif hairs.

./ Feet not I
"'• 32 teeth; hairs of tail equal. 6. Ifcomrcx.

webbed )

*'• '"' '*^^"^
'
*"" fringed oJoug middle edge.

( 7. Crossopus.
b. Feet webbed. 8. Nectogale,

Anourosorcx includes A. sjuamipes, a Mole-like species, with
very short ears and tail, from Tibet. Diplomesodm, with one
species, D. pulchcllus, from the' Kirghiz steppes, though agrcein"
in tlie number of teeth, isShrew-like in external form. Crocidura,
2S-30 teeth, with about seventy species divided into four subgenera',
roniprises the gieater number of white-toothed Old-World Shrews'
having a round tail thinly clothed with a few hairs of unequal
length. C. orajira and C. siuiDco/nis of the continent of Europe,
and C. indims, the Musk-Eat of India, are well-known examples.
Screx, the typical genu3 (see Shrew), also divided into fp'ur sub-
genera, with Blarina, includes all the species with brown teeth and
angular uniformly hairy tail. Ncosorcx includes the New-World
and tVwsoiJMs (see Sup.Ew) the Old-World amphibious species, hav-
ing a fringe of stiff hairs along the sides of the feet, and NcdoqaU
a very remarkable species from Tibet, N. elegans (fig. 68), distin-
guished from all other Shrews by tho webbed condition of the toss,
and the presence of adhesive cushions on the under surface of the
feet, which enable the animal tO hold on to smooth stones at the
b' ttom of rushing torrents.

Family Talpid^
I'ossorial, rareiy natatorial, Jmeclrmu, distinguished from the

Soricidm by the presence of zygomatic arches and tympanic bulla;
ciBseffi, and by the form of the teeth. The eyes are veiy small in

some species covered with skin ; the ears arc short and concealed by
the fur; the fore limbs are generally more or less modified for

digging ; there is no symphysis pubis ; the intestine has no cfecum :

the tibia and hbula are united ; and the unicuspidate upper and
lower front incisors are not extended horizontally forwards;

Fio. 58.

—

Nectogale ttegans. A. ililne-EdwurJs, Mammif. Tibet,

This family, though thus easily distinguished, is, neverthelesaj

evidently closely related to the Shrews, with which such inter-

mediate forms as those included in the genera Urotrichus and
Uropsilus connect it. In striking contrast with the Shrews,
however, the distribution of the Moles is limited to the temperate
regions of Europe, Asia, and North America.

Subfamily I. Myogalinae.—Clavicles and humeri moderately
elongated ; manus without os falciforme.

rt. i f, c f, pM it in %\ feet .webbed ; natatorial tdyogale.

'b. i f , c \, pin 4, TO i ; feet narrow ; terrestrial. Uropsilus:
c. i ^j c Y, pin % or ^, m § ; feet wide ; fossoriaL Vrotrichus.

Myogalc includes two very remarkable species, M. moschafa and
Jil. jnjTenaiiia. The former is by far the largest species of . tha

family, its total length being about 16 iochcs. Its long proboscis-
like snout projects far beyond the margin of the upper lip ; tho
toes are webbed as far ns the bases of the claws ; and the long scaly;

tail is laterally flattened, forming a powerful instrument of pro-
pulsion when swimming. This, species inhabits the banks of
streams and lakes in soutli-east Russia, where its food consists of
yiirious aquatic insects, it. pijrcnaica, living in a similar manner
in the region of the Pvrenees, is very much smaller,, baa a round
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tail, and. I proportionally longer snnut. Crotrichun, \\\i]i pm i, and
I\'curulrichus (suhg.), witli^'J" \, are represented hy two sniuU Mole-
like species, externally reseniblins one another closely, from Japan '

and North America rospnctively. Of Uropsilas, U. soricijicSy from the
borders of Tib(_'t, is a very interestiu" species, having the external
form of a Sluvw but the skull of a Jl'ole.

Subfamily II. Talpinae (True Moles).—Clavicles and humeri
very short and broad ; manus witli a lar^je os falciformc.

A. Front ujtper incisors much lurgei than the second pair {Kew-
World Mules).

c. I 5, c i, pill ^, r/t j^ ; extremity of nose simple. Scalopst,

h. i 5, c \j pin ^, m 5 ; extremity of nose simple. Scapnnns.

c. i I, c I, pm 5, m § ; extremity of uose with appendages.
Condylura.

B. Front upper incisors scarcely larger than the second pair

(Old-World Moles).

d. i f, c {, jni' J, m f ; manus as in Urotrirhvs. Scaptonyr.
c. i s or 2, c

'f, inn ^, m 5 ; manus very broad. Taljm.

Scaptoni/x, with a single species S. fvsicnudatim, from west
Cliina, connects C'rotrichus witli the true Jloles. Talpa includes
seven species, of which the Common Mole is a familiar example.
Sec Mole.

Family P0TAMOGALID.E.

InsecUvora with a'small brain case, without post orbital processes

or zygomatic- arches, and with annular tympanies not forming bullre.

There are no clavicles ; the pubic bones are connected by a liga-

ment, nnd there is no true symphysis ; the intestine has no cfficum ;

the tibia and fibula are united low down ; and the upper true
molars have broadly V-shaped cusps presenting characters inter-

mediate between those of the preceding and succeeding families.

^'^ -f^

m^^ -

ri

PolamorjaU i f , c \, pm 3, m", with P iilor This most m-
teiostmg species inhabits the bulks ot strc mis in west equitornl
Africa, and its whole stiuctuie null itis la i untie lili .It is

nearly 2 feet in length, the tul niLiiuiing about half The long
cylinaiical boily isLOUliimea uuintcnupttdly iiilo the tluck latemlly
coniprcssea tail, the legs aie very shoit, and the toes ale not
webbed, pi-ogiussion through tlie water evidently depending wholly
nn ,tho action of the powerful tail, wliile tlie limbs are folded
inwards ami backwards. The muzzle is broad and flat, and the
nostiils are protected by valves. The fur is dark brown above, the
.•\treniities of the liaiis on the back being of a luetallie violet hue
by leHected light, beneath whitish.

Gcogalc, i t, c 1, pm J, m », with O. uurila, a small Mouse-like
species from MaJag,ascar, agrees closely witli I'ol^MOtjnlc in the
g.Heral form of the skull and teeth ; the tibia and fibula are
distinct, but it is not known whether a ehiviele exists or not, and
the material at present avaihible is insullieient to dcSuitely fix the
n.ttural position of the species.

Famihj SoLEXOLioxTin.E.

Inscdivora with a small brain case constricted between tho
oilnts, and without ]iost-orbilal processes or zygomatic aiches.
The jicuis is carried forwards and suspended froin the abdomen

;

the testes _ai'e received into perineal pailches ; the mammary glands
ai e" post-inguinal ; tho uterine eoriina end in civcal sacs ; the
intestine has no cxcuni : the tympanies are annular ; tlienppertruo
liiolars have V-shai>ed crowns ; the symphysis pubis is short ; and
ti-e tibia and fibula arc distinct.

Soknoilon, i ?, c
J-,
pm ?, m J, with S. paradoxus and S.

C'tbiinufi, from Hayti and Cuba respectively, alone leprescnls the
family. Tliese species, which dillur chiefly iu the colour and
ipi ility of the fur, have each a remarkably long cylindrical snout.

a long naked fail, feet jbrmed for running, and the body clothed

with long, coarse fur.

i- The position of the manimae quite behind on the buttocks is

unique among In-^C':tivortt. The ujtper front incisors are much
enlarged, and with the other incisors, canines, and premolars closely

resemble th^'sa of Myoijalc ; the second lower incisors arc. as Ui

. Gl.

—

Solcnodoii cti/jaiiiis. Xbh. Mad. Bcr!.

Potnmofjalc, much larger than the anterior jmir, and are deeply

hollowed out internally. While thus apparently showing relation-

ship' with the Taljihlx, tho form of the crowns of the molar tcelh

conuects them with the next family.

Fnmi/i; Centetid.e.

Tnscctivorn with a small ryliiub-ical brain case not constricted

between the orbits, and without post-orbitnl lunocssi-s or zvgomali.:

arches. The penis is pendent .nnd utrartible « itliin the fold of tho

nitegument surrounding the anus; the testes ale alidomiM:il ; Ihe

mammary glands are thoracic ami ventral ; the uterine cornua are

terminated by the Fallopian tubes ; the intestine has no ca-cum ;

the tym)>anics are annula'- ; the inoiais have V-shaped crow ns ; Liio

])ubie symphysis is short, and the tibia and fibula separate or united.

All the known species are limited to .Ma.Ingascar.

Subfamily I. CentetinsB. —Tibia and Ubida distinct ; tesi.w

near- kidneys : fur with spines.

. c?.—Skull of r,. tdurcd).

r ',. Tlie single spccit

l-HogofMad;igas.ar,e!
Ccnktcs^ I I or \, c }-, }nti J,

cctillrffi/HS, the well-known tailhs

a total lengtli of trom 12 to 16 inches, nnd" is the largest kh.-.wii

Insectivore. The adult in.iles have exceedingly long canines, the

extremities of the lower pair being received into pits in front of the

u|iper canines. It is probably the most prolific of all mammals ; as

many as twenty-one young are said to have been brouglit forth at

a birth. The young have strong white spines nrianged in longi-

tudinal lines along the lack, but these ate lost in the adult ,ini-

nial, which is pro^'ided only with a.nnchai crest of long rigi<l hairs.

JTciukenktcx, i 4, with //. scmisjiiim^tis and .//. vi'iiic/.s, is dis-

tinguished by tiie persistence of the third upper imisor, and by

the form of the skull. The two species arc very iniuh smaller than

C. ccnHdatus, and tho dorsal spines are retained iu the adult st.ate.

Erkulits, i i, has E. sdosiis, a remarkable Hedgehog-like s]>ccies

having the whole upper surface and even tho .short tail densely

covered with close-set spines. The facial bones arc much slioiter

than iu any of the preceding genera, and the upper front incisors

are elongated as in •Erinnctm. Judgin;^ from the slight develop-

ment of the cutaneous muscles compared with those of tho true
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llr.lj,'.0io^'^, it IS proIalU lit it lompltti

aiiiiuals, does not take pHtL
m\ ilntioji IS in the latter

X 2. llivart,

Sabfiiniily II. Oryzorictinse.—Tibia and fibula united ; testes

near urethra ; fur without spines.

Microgalc, i %, c|, pm J, m J, includes J/, longicaudata and M.
coimni, smal! Mouse-liko species, the former with a tail double the

length of the head and body ; teeth like those of C. ecaiidatns, but,

owing to the couipanitively much shorter muzzle, not separated by

wide spaces, and the lust premolar and molars with internal basal

processes. Oryzoridcs contains 0. kova and 0. teiradactylus, the

intler distinguished by the presence of four digits only in the raanus,

the three inner having long laterally compressed fossonal claws.

TliL' general form of the head and body of tlio two species known is

that of a Mole. Thoy burr(J\v in the rice-fields, and do much
damage to the crops.

Family CniiTsocnLoniD^.

Fossonal Tiisectivora, witlv conical skulls not constricted between

tiie orbits, with well-developed zygomatic arches and tympanic
bulla;, but without post-orbital jnocesses. The eyes are covered by

the hairy integument, the ears short and concealed by the fur ; the

internal generative orgaus and the crowns of the upper molar teeth

are as in Ccntctiax ; the mammary teats are thoracic and inguinal,

and placed in cup-shaped depressions ; there is uo pubic symphysis ;

and the tibia and fibula are united.

This family is evidently closely allied to Ccntdidx, occujiying

the same relative position with respect to that family that Talpidm
docs to Soricidse. • All the species are fossorial, and restricted to

south Africa. In all the forearm an^ manus are similarly modified

for digging, but in a manner verv dilferent from that observable iu

Taloidx (see Mole).

:.j>

Fig. (jt.

—

f'/irifsocltloris obt u-< ir,,n Ir i s {r..d.uced).

Cknjsochloris, i 5-, c ^, pm 5, m ^ or f, embraces seven or eight
spi^cies. Those witli wi *, with a basal talon to the lower grinders,

and without a prominence in the temporal fossa, have been placed
in 3 separate genus Calcochloris by Professor Mivart. Nearly all

the species have the fur of the upper surface of a brilliant metallic

lustre, varying from goldeu bronze to green and violet of different

shades.

Fossil Insectivora.

Of fossil Inscdivora no undoubted traces have been found in
deposits earlier than the Eocene. AmpkidozothcHicm, allied to

Urolrichus, and Neogymmtrus and Frotalpa, with relationships to
Oinanura and Talpa respectively, have been described from the
lacustrine Eocene beds of Qucrcy. Several genera with insectivorous
oHinities have been characterized by Cope and Marsh from remaius
faimd iu the Eocene of Wyoming, but these have been relegated to
distinct suborders of a new order £unodontaf qf ffhich Iiiscctivora la

considered a suborder only. The Miocene deposits of the south of

Franco and Germany have yielded fossil forms of Kfiuacrid(c

{^mphcchiyius, Galcrix, Tdracus), of Soricidee {Sorcx, Mysarcc/nicX
Plcsiosorcx), and of Talpidx

(
Dimylas, Galcospalax\ Grotrypus}

J/yporissus, Myogalc). Of the latter family Gald>spn!a.v 1ms been'

characterized from tlie Pliocene of Norfolk ; and remains of thtj

common Hedgehog, and of some of the existing sjiecies of Sorcx,

have been found in vsvrious post-Tertiary deposits.

liiblioorerphn of IntecUvoi-a.—Peters, RcUe nqch Jtfonsamf'fqi/e—SCui^tlh.',

1852; Id., " Uufter dfc Clussiflcatlon der Iti»ccllvoni," 2Ioiiattlt. .Had. \Vi$ffunli.

Berlin, ISC>^, and -other pnpcrs ; Mlvnit. "On the Osteoloo' of the liwccilvorii,"

Jour. Anal, anit Phi/a.. 1SG7. ISfiS, tiiid Proc. Zoo!. Soe.. 1S71 ; Gill, "SyiioiisU of

Inseclivo.ous MammaU," Bull. QtoK and Qtoi). Surteii, t'.5..1.. Wirnhhic'"".
1875 (includes a- general blblingiaiiliy of the order /tifertirorn) ; Dobwil, JUouo;
graph of the Insectivora, Sijttematic and Aiialomical, Loniloil, ISS?.

OedekCHIROPTERA.

Volant mammals, having their fore limbs specially

modified for flight. The forearm consists of a rudimentary

ulna, a long curved radius, and a carpus of six bones

supporting a thumb and four greatly elongated fingers,

between which, the sides of the body, and the hinder

extremities a thin expansion of the integument (the wiug-

membrane) is spread out. The knee is directed backwards,

owing to the rotation of the hind limb outwards by tlie

wing-membrane; a peculiar elongated cartilaginous process

(the calcaneura or calcar), rarely rudimentary or absent,'

arising from the inner side of the ankle-joint, is directed

inwards, and supports part of the posterior margin of an

accessory membrane of flight, extending from the tail or

posterior extremity of the body to the hinder limbs (the

inter-femoral membrane). The penis is pendent ; the

testes abdominal or inguiual ; the mammary glands

thoracic and generally post-axillary; the uterus simple cr

with more or less long cornua ; the placenta discoidal and

deciduate ; and the smooth cerebral hemispheres do not

extend backwards over the cerebellum. The dental series

consists of four kinds of teethr-incisors, canines, premolars,

and molars; and- the dental formula .never exceeds

i |, c y, pm §, m I ; total 38 teeth.

The animals comprised in this order~are at onco

distinguished by the presence of true wings, -and this

peculiarity is accompanied by other modifications of bodily

structure having special relation to aerial locomotion.'

Thus, in direct contrast to all other mammals, in which

locomotion ischiefly effected by action from behind, and

the hind limbs consequently greatly preponderate in size

over the' fore, in the Chiroplera the fore limbs, being the

only agents in propelling the body forward during flight,

immensely exceed the short and weak hinder extremities;

the thora.x, giving origin to the great muscles which

sustain flight, and containing the proportionately (com-

pared with other mammals) very large lungs and heart, is

remarkably capacious, and the ribs are flattened aud close

together ; the shoulder-girdle is also greatly developed in

comparison with the weak pelvic bones.

Linrreus included the Bats among the Prhnates, mainly

on account of the number of their upper incisors, supposed

to be always four, the thoracic position of the mamma",

and the pendent condition of the penis. Many other

zoologists, taking into consideration also the placental

characters and the form of the uterus, have followed him

;

but it is evident that the situation of the mamma; is related

to the necessarily central position of the young during flight,

the shortness of the uterine cornua, observable in so many

species, to the generally uniparous gestation requiring less

room, while the discoid deciduate placenta is equally

present in and characteristic of the Insedivora, many

species of wliich have also the penis pendent. Then, all

these reasons for maintaining the Bats in such an exalted

position being disposed of, we find in the low organizaticfii

of their brain another proof of their inferior position :a

the zoological scale, while furthermore, although they differ
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widely from all other mammals in external form, it is

evident that this is but 'the result of special adaptation to

aerial locomotion ; and, taking into account their whole
bodijy structure, we are forced to admit with Professor

Huxley that they may be regarded as exceedingly
modified Insi'ctivora.

So thoroughly, however, has this adaptation been carried
j

out that of all animals the Bats are the least terrestrial,

not one of them being equally well fitted, as most Birds
and Insects are, for progression on the earth. This is due
to the hind as well as the fore limbs being pressed into

the service of aerial locomotion. The hind limb is so

rotated outwards by the wing-membrane that, contrary to

what obtains in all other vertebrates, the knee is directed

backwards, and corresponds in position to its serial

homologue the elbow When placed on the ground,

Fro. C5.—Skeleton and Volai Membranes of the Noctnle Bat (r«;!«'lijo noclulay x 1. c. clavicle ; ft, humern;
r, radius

; u, nlna (radimemary) ; lii, first digit or pollex ; <P, <P. d<, d', otlver dibits of tlic manus su
porting am, the wing-membrane ; m, m. metat-nrpal bones

;
ph^, first plialanx ; pit'

"

third phalanx; am, antebrachial membrane ;/, femur ; f, tibia; /ii, fibula (rudin
or caicar supporting iTn, tlie intcrfemoral membrane

; pel, post-calcaneal lobe.

therefore, the animal rests on all fours, having the knees
directed upwards like a grasshopper's, while, in order to

bring the foot into a position for forward progression, it is

rotated forwards and inwards on the ankle. Walking
under these circumstances is at best only a species of

shufHe, and that this is fully recognized by the animal is

evidenced by its great anxiety to take to the wing, or, if

this be impracticable, to ascend to some point where it can
hitcli itself up by the claws of the hind-legs in its usual
position when at rest.

The bones entering into the formation of the skeleton in

Chiropicra are characterizi^d by their slenderness, and by
the great size of the -medullary canals in those of the
extremities. The vertebral column is short, and the
vertebrae differ very slightly in number and form through-
out the species. The general number of the dorso-lumbar
vertebriE is 17, whereof 12 are dorsal; the cervical vertebra
are very broad, but short from before backwards (their

breadth is due to the great transverse diameter of the
spinal canal rendered necessary by the comparatively very
large size of the spinal cord in this position, which, after
giving off the nervous supply to the fore limbs and thorax,
rapidly diminishes in size, and in the lumbo-sacral region
is reduced to a fine thread). Except in the great
fsugivorous Bats (Pieropadida-), the vertebrte, from the
third cervical backwards, are devoid of spinous processes,

a cliaracteristic feature in the general osteology of the order.

From the .first thoracic to the last lumbar vertebra the

spinal column forms a single curve backwards, which is

most pronounced in the lumbaf region. The bodies of the

vertebra; are very slightly movable upon each other, and

in old individuals appear to become partially ankylosed

together. The caudal vertebne are simple cylindrical bones

without processes ; their number and length is extremely

variable even in closely allied species ; and the anterior

vertebrse are generally united to the ischial tuberosities.

The development of these vertebraB, in fact, is intimately

correlated to the habits of the animals, the long tail in the

insectivorous species supporting and controlling the position

of the large interfemoral membrane which appears not only

to aid their rapid doubling motions when in pursuit of

their insect prey by acting as a rudder on the air, but alio

to assist them in the capture and retention of the larger

insects ; in the frugivorous species, on the

other hand, this is not required- and the

tail is accordingly rudimentary or absent.

In all Bats the presternum has a promi-

nent keel for the attachment of the great

pectoral muscles. In most species the ribs

are much flattened, and in some partially

ankylosed by their contiguous margins.

Great as is the variability of the shape

of the skull in hisectivora, it is still greater

in Chiroptera, and evidently depends upon

the much wider differences in the nature

of the food of diBeient species requiring

corresponding modifications of the man-
ducatory apparatus, so that extreme modi-

fications may be found in species of the

same family, as in the case of the Phyl-

lostomidee.. In some genera, however, as

in Miiiiopteius, Fui-ia, Jlonnops {vide

infra), the peculiar shape of the skull

cannot thus be accounted for. A3 in the

Insectivora, post-orbital processes are de-

veloped in some species only, as in the

Pteropodidx and in a few Nycteridm and
Emhallonuridx ; in Pteropns leucopterus

eaicancum
^jp^g does a process fiom the zygomatic

arch meet the post-orbital so as to com-

plete the orbital ring. Zygomatic arches, though slender,

are present in all except in some of the species of Phyl^

lostomidx.

The milk teeth differ from those of all other mammals
in that they in no respect resemble in form those of the

permanent series. Tliey are very slender, with acutely

pointed recurved cusps, and are soon shed, but often

coexist for a short time with the permanent teeth when
the latter afe considerably elevated above the gum. In

the family Shinolophidx the milk teeth are absorbed

More birth. The permanent teeth exhibit great Variety

in form, sometimes even in the same family, as in

Pkyllustomidx, whilst in other families, as in EhinolophiJse,

the resemblance between the dentition of species otherwise

differing in many important respects is most remarkable.

In all, however, tliey are provided with well-developed

roots, and their crowns are acutely tuberculate, with

more or less well-defined W-shaped cusps, in the insecti-

vorous species, as in Insectivora, or variously hollowed out

or longitudinally grooved in the frugivorous, is in some
species of Phyllostomida' and in the Pteropodidee.

As might be expected, the shouhler-girdle varies very

slightly, having the same ofiice to fulfil in all species. The
clavicle is very long, strong, and curved ; the scapulae large,

oval, triangular, with a long curved coracoid process. The
humerus, though long, is scarcely two-thirds the lengtli of

the radius ; the ulna is rudimentary; its proximal extremity.
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whicu articulates willi but a small part of the humerus,

13 ankylosed witli the radius ; ininiediately beyond

the joint it is reduced to a very slender s[)lint-like

bone, which extends about as far as the middle of the

radius. In all species a detached sesamoid bone exists in

the tendon of the triceps muscle, and is generally found in

skeletons. The radius is very long, in some species as

long as the head and body. The proximal row of the

carpus consists of a single bono (the united scaphoid, lunar,

and cuneiform bones), which, with the extremity of the

radius, forms the radio-carpal joint ; in the distal row the

trapezium, trapezoid, and os magnum vary much in size

in the difierent families ; the unciform appears to be the

most constant, and the pisiform is generally very small.

It will be necessary to again refer to this subject when
dealing with the diagnostic characters of the suborders.

The manus is, in all the species, composed of five digits.

The first, fourth, and fifth consist each of a metacarpal

bone and two osseous phalanges ; in the second and third

the number of phalanges is different in certain families.

The first digit—the poUex—always terminates in a claw,

which, with the proximal phalanx, is most developed in

the frugivorous species. In most of the species of the

frugivorous Pleropoclida; the second digit is also provided

with a claw, but in all other Bats this and the remaining

iligits are unarmed. In the genus Triamops alone a very

peculiar short bony process projects from the outer side of

the proximal extremity of the terminal phalanx of the

fourth digit. The relative development of- the digits and
their phalanges will be specially treated of under each

family.

As might be expected from the small size of the posterior

limbs, the pelvic girdle is very weak. The iliac bones are

long and narrow. In most species the pubic bones of

cpposite sides are very loosely united in front iu males

;

in females they are widely separated; in the family

Rhinolo]>hidse alone do these bones form a symphysis. The
cniinentia ileo-pectinea develops in all species a long

pectineal process, which in the subfamily Phi/Uorhininic

alone is continued forwards to the anterior extremity of

the ilium (vide infra, p. 412), forming a preacetabular

foramen which is unique among mammals. The acetabulum

is small and directed outwards, and slightly upwards, and
with this is related the peculiar position of the hind limb
described above as one of the chief characteristics of the

order. The femur is slender and cylindrical, with a small

head and very short neck, and scarcely diflfers in form
throughout the species. Tlxe bones of the leg and foot are

more variable ; in the subfamily Molossinx alone .'s there

a well-developed fibula ; in all other species this boiie is

cither very slender or cartilaginous and ligamentous in its

upper third, or reduced to a small bony process above
the heel, as in Megaderma, or altogether absent, as in

Kiicteris.

The foot consists of a very short tarsus, and of slender,

laterally compressed toes, with much curved claws. The
first digit is composed of a metacarpal bone, a proximal
and an ungual phalanx, and is slightly shorter than the

other four toes, which have each an additional phalanx,

except in the subfamily PliyUorhitiiiix and in the

anomalous genen Thyroplera and Myxopoda, where all

the toes have the lame number of phalanges as the first

digit, and are equal to it in length. In the very remark-
able genus Cheiromeh's the first digit is thumb-like and
separated from the others ; and in the Molossiihs first and
fifth digits are much thicker than the intermediate toea.

The muscular system, as might be expected, exhibits few
striking differences throughout the species. The most
noticeable peculiarities in the myology of the order consist

in the separated bauds or slips into which'the platysma is

divided, and in the remarkable muscle termed occipito-

liullicalis, winch extends from the occipital bone to the base

of the terminal phalanx of the poUe.x (see ilacalister,

" Myology of the Chiroptei-a," Phil. Tram. Roy. Hoc.,

1B72).

Although, as above mentioned, the brain presents a low
type of organization, yet probably no animals possess so

delicate sense of touch as the C'/tiroptifra. It is undoubt-
edly this perceptive power which enabled the individuals

deprived of sight, hearing, and smell, in Spallanzani'a well-

known experiments, to avoid the numerous threads hung
across the rooms in which they were permitted to lly about.

In the common Bats the tactile organs evidently exist, not

only in the delicate vibrissaj which spring from the sides

of the muzzle, but also in the highly sensitive and widely

extended integumentary structures entering into the forma-

tion of the wing-membranes and ear conchs, while in many
other species, notably in the tropical Rhinolophine and
Phyllostomine Bats, peculiar foliaceous cutaneous expan-

sions surrounding the nasal apertures or extending back-

wards behind them are superadded {vide infra). Thesft

structures, collectively known as the " nose-leaf " (whenca

the term " leaf-nosed Bats "), have been shown 'by the

present writer (who has traced their gradual development in

different species) to be made up partly of the extended

and thickened marginal integument of the nostrils, and
partly of the- highly c'ifferentiated glandular eminences-

occupying the sides of the muzzle, in which, in all the

common Bats, the vibrissie are implanted.

In all species of leaf-nosed Bats, and especially in th^

Ehinoloiihida:, in w'hich the nasal appendages reach their

highest development, the superior maxillary division of the

fifth nerve is of remarkably large calibre. The nasal

branch of this nerve, which is given off immediately

beyond the infra-orbital foramen, is by far the largest por-

tion, the palpebral and labial branches consisting of a few

slender nerve fibres only. This branch passes forwards and
upwards on the sides of the superior maxillary bone, but

soon spreads out into numerous filaments which pass inta

the muscles and integument above, and into the base of

the nose-leaf. The nerve supply of the nose-leaf is further

considerably augmented by the large nasal branch of the

ophthalmic division of the fifth nerve.

While the many foliations, elevations, and depressions

which vary the form of the nose-leaf also greatly increase

the sensory surface so abundantly supplied by the fifth

nerve, and in rapid flight intensify the vibrations conveyed

to it, the great number of sweat and oil glands which enter

into its structure perform an important function, analogous

to that of the glands of the auditory canal in relation to

the membrana tympani, in maintaining its surface in a

highly sensitive condition.

The nasal appendages of Chiroptcra, then, may be

regarded as performing the office of an organ of a very

exalted sense of touch standing in the same relation to the

nasal branches of the sensory divisions of the fifth nerve

as the aural apparatus to the auditory nerve ; for, as the

latter organ collects and transmits the waves of sound, su

the former receives impressions arising from vibrations

communicated to the air by approaching objects

In no order of mammals is the ear-conch so greatly

developed or so variable in form ; in most of the insecti-

vqrous species the ears are longer than the head, while in

some, as in the common Long-eared Bat (Plecoius auritus),

their length nearly equals that of the head and body. The
form of the conch L'i very characteristic in each of tha

families ; in most the tragus is remarkably large, in some
extending nearly to the outer margin of the conch ;

its

office appears to be tn cause undulations in the waves of

sound, aiiii so intensifj and prolong them. It is worthy oi
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notico that ia tlie only family of insectivorous Bats wanting

the tragus, the lihinolophidm, the auditory bull.'B ossese

reach their greatest size, and the highly sensitive nasal

appendages their highest development ; also in the group
Mulosai the ear-conch is di-

vided by a prominent keel

;

iind the antitragus is remark-

ably largo in those species in

which the tragus is minute

(see fig. G6, a). In the frugi-

vorous Bats, as might be

expected, the form of the

cir-conch is very simple, and

but slightly variable through-

out the species.

In all Bats the ears aro

extremely mobile, each mov-
ing independently at the Fio. C6.—n.iui of Motosius piaucinus.

.,, i. ^, , ml - lioljson, J^roc. Zool. Soc, 1S7C. a.
Will 01 the animal. J his antUmcus; 6, kecl of Uio car-concli;

has been observed by the ', notcn boiund nntitiagua.

writer even in the frugivorous Pleropodidx, in which the

jiecnliar. vibratory movements noticed by Mr Osburn in

Artibeus perspicillatus may also be seen when the animals

are alarmed.

Tlie opening of the mouth is anterior in most species,

but in many it is inferior, the extremity of the nose being

more or less produced beyond the lower lip, so much so

indeed in the small South-American species IiJ/nchont/cteris

iinso as to resemble that of the Shrews. The lips exhibit

the greatesf variety in form, which will be specially referred

to under each family. The absence of a fringe of hairs is

very characteristic of all fruit-eating Bats, and probably

always distinguishes them from the insectivorous species,

which they may resemble in the form of their teeth and in

otlier respects.

The oesophagus is narrow in all species, and especially

Ko iii th* sanguivorous Desmodoiitcs. The stomach presents

two prfncipal types of structure, which correspond respec-

tively to the two great divisions of the order, the

Merjachiroptera and the Microcliiropiera ; in the former

(with the exception of Ilarpyia) the pyloric extremity is

more or less elongated and folded upon itself, in the latter

it is simple, as in Insectioora vera ; a third exceptional typo

is uict with in the sanguivorous DesmoJontes, where the

loft or cardiac extremity is greatly elon''ited, forming a

long narrow ca;cum-like appendage. The lutestine is com-
paratively short, varying from one and a half to four times

the length of the head and body, being longest in the

frugivorous, shortest in the insectivorous species. In
Jlhiiiopoma mierop/ii/llum and Jifcyadernia spasma onlv

lins a very small CECum been found.

The liver is characterized by the great size of the left

lateral lobe, which occasionally equals half the size of the

whole organ ; the riglit and left lateral fissures are usually
very deep ; in Megacliiropiera (Harpyia excepted) the
Spigelian lobe is ill-defined or absent, and the caudate is

generally very large, but in Mia-ockiivptn-a, on the other

hand, the Spigelian lobe is very large, while the caudate is

small, in most species forming a ridge only. The gall-

bladder is generally well developed and attached to the
light central lobe, except in lildiuilophidm, where it is

connected with the left central.

In most species the hyuid bones are simple, consisting

of a chain of slender, elongated, cylindrical bones connect-
ing the small basi-hyoid with the cranium, while the

pliarynx is short, the larynx shallow with feebly developed
vocal cords, and guarded by a short acutely-pointed
epiglottis, which in some genera (Harpyia, Vampyrus,
e.;i.) is almost obsolete. In the £pomophori, however, we
£nd a remarkable departure from the general type: the

pharynx is long and very capacious, the aperture of the

larynx far removed from the fauces, and, opposite to it, a

canal, leading from the narial chambers, and extending

along the back of the pharynx, opens ; the laryngeal cavity

is spacious and its walls are ossified ; the hyoid bone is

Flo. 67.—Head and Neck if Epomoi-hoiHs fiftnqucli (adult maJc, nafurnl rImV
Dobsnn, Proc. Zool. Soc, 18S1. The anterior (a.ph.s) and posterior {p.ph.i)

pharyngeal sacs are opjncd from without, tlic dotted lines indicatini:; tlie points

wlieie they conimunicate with the phnrynx ; «, thin monibi.inous septum in

middle line between the anterior phaiynceal sites of opposite sides; <.Hi, stcrno-
inastoid musele separating the anteiior from tlio posterior sac.

quite unconnected, except by mu-cle, with the cranium

;

the cerato-hyals and epi-hyals are cartilaginous and greatly

expanded, entering into the formation of the walls of the

pharynx, and, in the males of three species at least, sup-

porting the orifi' ^s of a large pair of air-sacs communicat-
ing with the pharynx (see fig. 67).

In extent, peculiar modifications, and sensitiveness, tho

cutaneous system reaches its highest development in this

order. As a sensory organ its chief modifications in con-

nexion with the external ear, and with tho nasal and labial

appendages, have been described when referring to the

nervous system. It remains therefore to consider its

relative development as part of the organs of flight.

The extent and shape of the volar membranes depenrl

mainly on the form of the bones of the anterior extremities

and on the preseiice or absence of the tail. Certain

modifications of these membranes, howevfer, are met with,

which evidently do not depend on the skeleton, but aro

related to tho habits of tho animals, and to the manner in

which the wing is folded in repose.

The volar membranes consist of— (1) tho "antebrachial

membrane," which extends from the point of the shoulder

along the humerus and more or less of the forearm to the

bas^ of the thumb, the metacarpal bone of which is partially

or wholly included in it
; (2) the " wing-membrane," which

is spread out between tho greatly elongated fingers, and
extends along the sides of the body to the posterior

extremities, generally reaching to the feet ; and (3) the
" interfemoral membrane," the most variable of all, which

is supported between the extremity of the body, the legs,

and the calcanea (see fig. G5).

The antebrachial and wing membranes are most
developed in those species which aro fitted only for aerial

locomotion, and which when at rest hang with the body
enveloped in the wings ; but in the family Emlallonnridoe,

especially in tho subfamily Molossinac (the species of which
are, of all Bats, the best fitted for terrestrial progression),

the antebrachial membrane is reduced to the smallest size,

and is not developed along the forearm, leaving also the
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— Fiontal Sac onj Kosc-Luaf hi Male and
lo of I'/iyltorftina larvata. Dobsoii,

Zoal. Soc, 1873.

tlinmb quite free, and tlio wingniembrano is very narrow

iind folded in reposo completely under tlie forearm. The
relative development of the iuterfenioral membrane lm3

been referred to above in describing the caudal vertebra?.

Its small size in the frugivorous and Bangui vorous species,

wliich do not require' it, to Vvhich, indeed, its presence

would bo actually in-

jurious aa impeding \ /,^J

their motions when
searching for food as

they hang suspended

by their feet, is easily

understood. Odorifer-

ous glands and pouches
'

opening on the surface
^'Jj;,

of the outer skin are •'''

developed in many species, but in most cases more so

io males than in females, and so constitute very remark-

able secondary sexual characters. They will bo referred

to when treating of the peculiarities of certain species.

(See also the writer's paper "On Secondary Sexual

Characters in Chiroptera," Proc. Zool. Soc. Land., 1873,

pp. 241-2D2.)

Space does not admit of entering here upon a special

description of the respiratory, circulatory, digestive, urinary,

and generative organs, which will be found fully treated

of in the works noted in the bibliography of tho order

below, and therefore with the above short account of the

general structure of the species we proceed to consider

their classification and geographical distribution.

Tho Chiroptera fall naturally into two subdivisions, which may
be called suborders.

SuBOKDER I. MEGACBIEOPTEnA.
Frugi vorous Bats, generally of large size, having the crowns of the

molar teeth smootli, marked with a longitudinal groove ; with the
bony palate continued behind the last molar narrowing slowly

backwards ; witli three pbjilanges in the index finger, the third
phalanx terminated generally by a claw; with the sides of the ear-

conch forming a cojnplete ring at the base ; with the tail, when
present, inferior to (not contained in) the intcrfemoral membrane

;

with the pyloric extremity of the stomach generally nuich elongated

;

and with the Spi''elian lobe of the liver ill-defined or absent, while
the caudate is well developed.

Friigivorous ; limited to the tropical and subtropical parts of the
Eastern Hemisphere.

Family Ptehopodice.

Tlie characters of the single family are those of the suborder.

Epomophorits, i ^ (or 4), c {, put f, m ^ ; tail very short or
none, wdien present quite free from the intcrfemoral membrane

;

second finger with a claw
;
premaxillary bones united in front. The

six species include some of the most remarkable forms of fruit-

eating Bats. They are strictly limited to the African continent
south of the Saharn, and are readily distinguislied by their remark-
ably large and long head and very expansible, often peculiarly
folded, lips, and by the invariable white tuft of hair which adorns
the margins of tlie cars ; most of the species also are provided with
peculiar glandular pouches, situated in the integument of the side
of the neck near tho point of the shoulder. These pouches are

rudimentary or quite absent in females, thus presenting an interest-

ing secondary sexual character. In the males they are lined with
a glandular membrane, from which long coarse yellowish hairs arise,

and, projecting from the mouth of the pouches, form conspicuous
I'paulet-like tufts on tho shoulders, hence the generic name.
-Anotiier and even still more remarkable secondary sexnal character
li.is been recently discovered by tho writer in tlie males of E.
franqucti, comptus, ptisillus, and monslrosus. This consists in tlio

presence of a pair of large air-sacs extending outwards on each side
from the pharynx beneath tho integument of the neck, in the
position shown in fig. 67. These sacs are evidently capable of being
greatly distended at the will of the animal, and their inflation
probably occurs under the same circumstances that the wattles of
male gallinaceous birds swell up, namely, when engaged in courtin^
the females. Other remarkable conditions in which these Bats
a|ipear to differ from all other species, as in the peculiar structure
ot tho hyoid bones and larynx, may be found described in detail
in the writer's paper in the Procccdinns of the Zoological Socidij for
Juno 1381. These Bats appear to live principally on figs, the juicy

15—in^

40a

xl onpncious uiouLlts

Gra>,

coutents of wliidi llicir voluminous lips

cnulilc tliem to swallow without loss.

Ptcropus, i i,, c \f pm '], m f, with forty-ono spt'i-ics, iiu'liulc*

more than liali" tho I'tcropodidm. All arc of largo eizc. and tlu

ubseuce of a tail,, tlio

loi)^ pointed niuzzlo

find tho woolly fur co\ci

ing tlio neck render

their recognition ei y
They arc the "Fl^i g
Foxes" of Europeans in

,

India, and ono of tl

species, PL cdnlis, i

habiting Java, nicasur s

S feet across tho fUly
extended wings, and 13

the largest knowu
species ot tho order
The species resemble
ono another closely in

dentition, and are main
ly distinyuished by the
form of the cars and quality of the fur. PL seapitlaUis, from
north-east Australia, approaches the species of the second section
of the family, the Mao-ogloasi, in the lemarkablo narrowness of
its molars and premolars.

The geographical range of the genus is very peculiar, extending
from Madagascar and its islands through the Seychelles to India,
Ceylon, Bnrmah, the Malay Archipelago, southt-rn Japan, Now
Guinea, Australia, and Polynesia (except the Sandwich Islnmls,
EUice's Group, Gilbert's Group, Tokelau, and the Low Archipelago)
Of the islands inhabited some are very small and remote from any
continent, such as Savage Island in the South Pacific, and
Rodriguez in the Indian Ocean. Although two species inliabit tho
Comoro Islands, which are scarcely 200 miles from the Afncan const,

not a single species is found in Africa
;
yet in India, separated by

thousands of miles of almost unbroken ocean, a species exceedingly
closely allied to the common Madagascar" Flying Fox" isabundaiit.

The Malay Arclupelago and Australia are theii- headquarters, anil

insome places they occur in countless multitudes. Mr Macgillivray
reinarks of Pt. conspicillatus :

— *' On the wooded slope of a bill on
Fitzroy Island I one day fell in with this Bat in prodigious numbers',
looking while flying in the bright sunshine (sp unusual for a
nocturnal animal) like a large flock of rooks. On close approach ti

strong musky odour became apparent, and a loud incessant
chattering was heard. Many of tne branches were bending under
their load of Bats, some in a state of inactivity, suspended by their
hind claws, others scrambling along among the boughs, and taking
to wing when disturbed." Cynonyderis^ dentition as in PlcropnSf
but with a short tail^ and the fur of the b.Tck of the neck not
differing from that ot the back, with nine species, extends into
Africa, but has not been recorded from Australia or Polynesia

;

otherwise its distribution accords with that of Ptcropus. C,
xgyptiaca inhabits the chambers of the Great Pyramid and other
deserted buildings in Egypt, and is probably the species so generally
figured in Egyptian frescos. Boncia, with one species, £. bidcns,

from Borneo, dilfers from Cynonyderis in having two upper incisors

only.

C'ynoptcrus, i ^ or f, c ^, pm |^ m |, muzzle shorter and
grooved like Ptcropus in front, tail and fur as in Cynonyderis^
with seven species, is almost limited to the Oriental region. C.

marginatus is very common in India, and extremely destructive to
ripe fruit of every description. To a specimen of this Bat obtaiued
by the writer at Calcutta uninjured was given a ripe banana, which,
with the skin removed, weighed exactly 2 ounces. The animal
immediately, as if famished with hunger, fell upon the fruit, seizing

it between the thumbs and the index fingers, and took large

mouthfuls out of it, opening the mouth to the fullest extent with
extreme voracity. In the space of thr
consumed. Next morning the Bit \

one ounce, half the
weight of the food
eaten in three hours.

Indeed the onimal
when eating seemed ^^
to be a kind of living

mill, the food passing

from it almost as fast

as devoured, and ap-

parentlyunaltered,eat- *

ing being, as it were,

performed only for the'

pleasure of eating.

ffarpyia, i ^, c f

,

pin I, m i, premaxillary bones well-developed and united in front,

facial bones much elevated above the margin of the jaw, nostrils

tubf.lir, body (rnd limbs as in Cynoptcnis, includes two species

XV. - 52

, the whole fiuit uas
and found to wcigli

>n, Proc.
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of very remarkable (.hysiognomy (as may te seen from fig. 70),

limiteil to the Austro-Walayan subrogion.
;. .

i

Uc,,halolcs, i \, c i, pm J, m I. premaxillary bones not united

in front nostrils simiilo, muzzle short, index finger without a claw;'

Sail short, includes two species, having the same distribution as those

»)f Ifarpyia ; in both the wing-membrane arises from the centre

lino of the back, to which it is attached by a longitudinal very thin

Tirooess of the integument ; the wings are (luite naked, but the back

covered by them is well clothed with hair.

iVotojitcris, i I, c i, pm i, m 1, index finger without a claw,

win"s from the spine, tail long. With this genus we enter the

second division of the family, the Macroglossi, which have the lacial

iiart of the skull much produced, the molar teeth narrow, and

'carcely raised above tlie gum, and the tongue exceedingly long,

attenuated in the anterior third, and armed with long recurved

papillae near the tip. , The single representative of the genus

N. inaodomldii, inhabits the Fiji Islands, Aneiteum Island, and

New Guinea. It is at once distinguished from all other Bats of

this family by the remarkable length of its tail, which is nearly as

long as the forearm. .

ikmyd'rris, i i, c |, pm |, m §, is also represented by a single

species, E. spdxa, from the Faun Caves, Moulmeiii, Burmah,

which has somewhat the appearance of a Cynomjdcris, but the

absence of a claw in the index finger and the presence o£ the

chai-icteristic tongue and teeth at once distinguish it.

MacrorjlosMS and Mclonyckris, each mth a single species, aiB

c'losely allied ; the index finger in both has a claw, but the number

of the teeth is the same as iu Eonyclcrw. ilacroglossus mimmtis u
•the smallest known species of the suborder ; it is much smaller than

the common Serotine Bat of Europe, and its forearm is scarcely

longer than that of the Long-eared Bat. It isneariyas common in

certain parts of India as Cynopicrus vutrginaltts (compared with

trhicli it is proportionally equally destructive to fruit), and extends

eastward through the Malay Archipelago as far as New Ireland,

where it is associated with Mdmiydcris mdanops, distinguished from

it by its larger siic and by the total absence of the tail.

SUBOKDER II. MIOROCHIROFTERA,

Insectivorous (rarely frugivorous or sanguivorous) Bats, of com-

jiarativcly small size, having the crowns of the molar teeth acutely

tubercul.xted, marked by transverse grooves, with the bony palate

narrowing abruptly, not continued backwards lateral'y behind the

last molar ; with one rudimentary phalanx (rarely two phalanges

or none) in the index fijiger, which is never terminated by a

claw ; with the outer and inner sides of the ear-conch commencing

infori'orly from separate points of origin ; with the tail, when present,

contained in the interfonioral membrane, or appearing upon its

jipper surface ; with a simple stomach (except in Dcsmodontcs) ;
and

tvith the Spigelian labe of the liver very large, the caudate lobe

j,'eiierally small. Inhabiting the tropical and temperate regions of

lioth hemispheres.

The Bats included in this suborder are mainly insectivorous,

though some are frugivorous, and two species are known to be

sanguivorous. They tall into five natural families, which may be

arranged in two groups or alliances as follows ;

—

I. Tail contained within the interfemoral membrane ; the middle

pair of upper incisors never large, always separated from

each other by a more or less wide space. I. Vesperlilionine

Alliance.

a. Middle finger with two osseous phalanges only (except in

Myxopoda auriia, Thyroptcra tricolor, and Mystacina

tubcrmtata).

a'. First phalanx of the middle finger extended (m repose)

in a line with the metacarpal bone.

a". Nostrils opening in a depression on the upper

surface of the muzzle, surrounded by foliaceous

cutaneous append.ages.

o". Tragus none
;

premaxillary bones rudimen-

tary, represented by thin osseous laminse

suspended from the nasal cartilages in the

centre ot the space between the canines.

Rhinolophidx.

V" Tragus distinct ;
premaxillary bones cartila-

ginous -or small, separated by a snace in

front. Nyctcridss-

b". Nostrils opening by simple crescentic or circular

apertures at the extremity of the rtiuzzle, not

DuiTounded by distinct foliaceous cutaneous

appendages
;
premaxillary bones small, lateral,

separated by a wide space in front ; tragus

distinct. Vesperiilionidsc.

TL Tail perforating the interfemoral membrane, and appearing on

its upper surface, or produced considerably beyond tue

truncated membrane ; the muldle pair of upper incisors

generally large and close together. II. EmbaUoniiriM

^Alliance.

b'. First phalanx of the middle finger folded (in repose)

on the dorsal surface of the metacarpal bone (except

in Kodilio and Mystacina).

c". Nostrils opening by simple circular or Valvular

apertures at the extremity of the muzzle, not

surrounded or margined by foliaceous cutaneous

appendages; tragus distinct. Emballonuridee.

b. Middle finger with three well developed osseous phalanges ;

fii-st phalanx of the middle finger short ; nostrils in the

front part of the cutaneous nasal appendages, or opening

by simple apertures at the extremity of the muzzle
;
chin

with warts or erect cjrtaneous ridges; premaxillary

bones well-developed, nnited in front. Phyllosiomidx.

I. Ti:spERTiLio.:;isE Aluance.

Family TESPEKTiLioNiDiB.

In the above synopsis of the families of Uicrochiroplcra, tlio

Vcspcrtilionids take the central position; and this is,^indc&l, the

place really occupied by them in the suborder. This famny

includes the common simple-faced Bats of all countries, of which

the well-known PipistreUe and the TiVhiskered Bat (rcspci-liho

mr/stacinus) may be taken as familiar types, and its species number

about 1,10, considerably more than one-third tlie total number ot

the known species of Chiroptcra, estimated at slightly over -lOO (see

Introd. to Dobsoi's Catal. Chiropt. Brit. Mii^., 1873). Besides

tho characters of the family given in the synopsis, it may be added

that the skull is of moderate size, the nasal and frontal bones not

much extended laterally or vertically, nor furrowed by deep

depressions : thp number of incisors varies from J to J, rarely (m

Antrozous only) J, premolars J or * or I, rarely (m Vcspcrwjo

nodivaaans of North America) J; the upper incisoi-s are small,

separated by a wide space in the centre, and placed in pairs or

singly near the canines ; the molars are weU-developed, with acute

W-shaped cusps. The family is distributed over the temperate and

tropical regions of both hemispheres. The genera may be con-

veniently divided into four groups .—Plccoti, I- cspcrtilwnes, Mini-

optcri, and Tliyroplcri.
, t, ^ ,-r,, ,

In the Plecoli, of which the common Long-eared Bat {Plccclus

auritus) is the type, the crown of the head is but slightly raised

above the face-line, tho upper incisors are cbso to the canines, and

the nostrils are margined behind by grooves on the upper surface

of tho muzzle, or by rudimentary nose-leaves ; the eai-s also are

generally very large and united'. Of the fivegcncra, fkcohis, i
,J,

pm i" has two species t—one the common Long -eared European Bat

referred to abovs; the other, F. macrolis, restricted to North

America, is distinguished by the great size of the glandular pro-

minences of the sides of the muzzle, which meet in the centra

above and behind the nostrils. Synotus, i J, pm i, distinguished

bv dentition and by the outer margin of the ear being carried

forwards above the mouth and in front of the eye, includes the

European BarbasteUe Bat, S. barbastellus, and S. darjdmgcnsis

from tlie Himalaya. Otonydcris, i -J, pm J, connecting this group

with the Vespcrlilioncs through the tropical Scotophili, is repre-

sented bva single species, 0. hempridiii, from North Africa ami

the Himalaya. The next two genera are distinguished by the

presence of a rudimentary nose-leaf i—Ayctoi-AiJ^f, i i, P« i. with

one species, N. timoricms, from the Australian region
;
and

Antro-ous- i i, p>n *, distingmshed from aU the family besides

by hivin" but two lower incisors, and from other Piecoji by the

separate ears ; the single species, A. pallidas, inhabits California,

The croup FespcrtUioncs, with eight genera, includes nine-tentiis

of the species. Of these ono-third are contained m the genus

Vespcrugo, which is divisible into six subgenera according to the

number of premolars and incisors ; the latter vary from ^ .o j in the

subxenera Scolozaus and Rlwgcessa, and the premolars from s to h (in

thelubgenus Ladonycta-v< |). The Bats of this genus are generally

easily distinguished by their comparatively thickly lormed bodies,

bv their flat broad heads and obtuse muzzles, by their short, bioiul,

and trian^ukr, obtusely-pointed ears, by "their obtuse and usually

sli<Thtly incurved tragus, by theu- short legs, and by the presence in

most species of a well-developed post-calcaneal lobule. -This lobu.o

(which is supported bv a cartilaginous process derived from the

klcaneum) may act as a kind of adhesive disk in .^ecuriug tha

animal's grasp when climbing over smooth surfaces. Vesp^rv^o,

probably contains the greatest number of individuals among tho

aenera of Chiroplcra, anA, with the exception -of VcspcrUUo, ito

species have also the widest geographical range, being lu fact

r!>smopoIitan ; and one of the species, the well-known Serotine, f.

(Fesperus) scrotinm, is remarkable as the only species of Ba,

known to inhabit both the Old and the New Worid; one, V boreal^,

has been found close to the limits of the Arctic Circle, '"'^ anc aer

r. magdlanicus, inhabits the cold and dtrsolate shores of the Straits

of Magellan, doubtless the Bat referred to by Jlr Danvin in tho

Naturalises Voyaqc. Cfmlimlnbm agrees WTth Icspcntjo m the

dental formula, but is readily distinguished by the presence o. n
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wll-jei'iiie;l lolw projocting near the angle of the month from the
lou.r lip, uiid by the unicuspiJate upper inner incisors. The
s[>i'ti# I'all into two suliKCUcra:

—

C'haliiwlobv.s, pm I, with C tubrr-
culafis from New Zealand, Tasmania, and Anstralia, and tbreo
other species from Australia ; and Glauconyderis, pm J, limited
to southern and efiuatorial Africa, with ft argentalws and two
other species, the liats of this subgenus being especially remarkable
for their peculiarly thin membranes traversed by very distinct
ruliculatibus and parallel lines. ScotopMlus, i J, pm J, includes
i.^ight species, restricted to the tropical

and subtropical regions of the eastern
lu'iuisphero, though widely distributed
within these limits. The Bats of this

genus, though difficult to deiine, and
approaching certain of those of Vcspcrugo
III many points, are distinguished espe-
cially by tjie single pair of unicuspidate
npp^r incisors separated by a wide space
and placed close to the canines, by the

p,„ 7, Z^il^ at Scoiophil-
small tr.insvorse first lower premolar emarsiimiut. Dobson, Ma-
crushcd in between the canine and "oc/r. Asiai. Chiropt.

si«ond premolar, and, generally, by their conical nearly naked
muzdes and remarkably thick leathery membranes. So. tcm-
minchii ia probably the commonest species of Bat in India, and
appears often on the wing oven before the sun has touched the
horizon, especially when the white ants are swarming, feeding
eagerly upon them as they rise iu the air. Sc. gigas, from equa-
t.irial Africa, with the forearm 3'4 inches, is hy far thejargest species.
-'tidu-rjus, with the same dental formula as ScoiopKibis, is distin-
puislii d bv the first lower premolar not being crushed in between
t!ic ailjoining teeth, and by the comparatively much greater size of
the last upper molar. It includes oi;ly the common Forth American
species N. crcpiisadaris, a small Bat scarcely larger than the
Pipistrelle. Alalaplm, i }, pm ^ or i, with five species, is also
limited to the New World. The Bats of this genus are generally
characterized by the interfemoral membrane being more or less
covered with hair (in the two commonest species, A. novcboracensis
rnd A. cinerea, wholly thickly covered), and by the peculiar form of
the tragus, which is expanded above and abruptly curved inwards.
In these species, which have two upper premolars, the first i-

extremely small and quite internal to the tooth-row. The genus
JTarpgiocephalus, i i, pm i, includes eight very remarkable small
:pecies, distinguished at once by their prominent tube-like nostrils
;.-id hairy interfemoral membrane. I£. suiUus from Java and
iieighbourin» islands is the best-known species, and another
closely allied, //. hilgcndorfi, has been described by Professor Peters
from Japan. The remaining six species are known only from the
Himalaya and Tibet. All appear to be restricted to the hill tracts
«? the countries in which they are found. Next to Vcspcrugo, the
f;dnns Fespertilio, i J, pm J, includes by far the largest number of
species, amounting to forty-three ; it has, however, rather a wider
geogi'aphical di.stribution in both hemispheres, one species at least
heing recorded from the Navigators' Islands. The species are easily
recognized by the peculiar character of thepaireof upper incisors on
each side, the cusps of which diverge from each other, by the large
number of premolars, of which the second upper is always very
small, and by the oval elongated ear and narrow attenuated tragus.
Kcrivoula, with the
same dental formula
as Vc3pcrtUio, is easily
distingnished by the
parallel upper incisors,

and by the compara-
tively large size of the

"
'.

.
.

second upper premolar.
Ten sp(!cies have been Fx'-;- :-' --:-^. ;^ ..;iii 1 ,.,„t ; i i,,,- <,,•.; ..1 «.-,,.

Jescribed from the ""''" '""'''."*". Uobsi^n, M^uu.jr. A^i^i. duropt.

Ethiopian and Oriental regions, of which K. picta, from India and
the ludo-Malayan subregion, is the best-known, bein.' weU char-
acterized by Its brilliantly coloured orange fur and conspicuously
marked membrane, which are variegated with orange and black.
Ihe genus includes the most delicately formed and most truly
insectivorous. tro|ncal, forcst-haunting Bats, which appear to stand
as regards tile species of Vespcrtilio in a position similar to that
occiipicd by Chahnolobus with respect to Yespcritgo:
The next group, Miniopleri, includes two genera, Nalalus and

jl/iHuyfcj-its, characterized by the great elevation of the trown of the
head above the face-lino, and by the upper incisors being separated
from the canines and also in front. Aatalus, with the same dental
tormula and general external form as Kcrivoula, is distinguished
by the short triangular tragus, and bv the characti'rs of the group
cmnncrated above. It includes three sjjecies, all restricted to
.SMOtli and Central America and the West Indies

; the head of one
A. micropjis, lately described by the present writer, is shown in
," j^- "/'«"??*'''«. i i, pm i, at once distingnished by the

shortness of the first phalanx of the middle finger, and by the great
length of the tail, which is wholly contained within the interfemoral

niembi-aiie, include? four species, restricted to the eastern hemi-|
sphere. Of these the best-known, U. sclirciicrtii, is very widely
distributed, being found /".-r-^ .^-^i=a.

almost everywhere through- ,"
•'

out the tropical and wanner / -,

temperate regions of the /
'

,
eastern hemisphere,- spcci- |-

mens from Germany, Mada-
gascar, Japan, and Australia
differing m no appreciable
respect.

The last group, Thy-
roptcri, includes also two
genera, distinguished not .

only by the presence of an Fio. 73.—Head of JVafa/ia mfcrMmj.' x 2?
additional osseous phalanx Cqbaon, JYoc. Zool. Soc., 1880.

in the middle finger and an equal number of phalanges iu the toes?
but also by peculiar accessory clinging organs attached to the
extremities. In Thyroplcra tricolor, i%, pm |, from Brazil, these
organs have the appearance of small, circular, ^pedunculated, hollow
disks (fig. 74), rcscmhling in rniniatui'e the sucking cups of
cuttle-fishes, and attached to the inferior suifaces of the thumbs
and soles of the feet, with which the animal is enabled to main-
tain its hold when creeping over smooth vertical suifac** (for an'

FiQ. 74.—Suctorial Disks In Tliyroplera tricolor, a, side, afid 6, concave suiface,
of thami) disk ; c, foot wiih .disk, and calcar with projections (all nuich en-
larged). Dobson, Proc. Zoot. Soc, 1876.

account of the minute anatomy of these clinging organs seo the
writer's paper in the Froc Zool. Soc., 1876, pp. 531-34). In
Myxopoda aurita from Madagascar (tyjie of the second genus), with
the same dental formula, hut differing much in the charactcrs'of
the teeth and in the form of the ears, the whole inferior surface of
the thumb supports a large sessile horse-shof-shaped adhesive pad,
with the circular margin directed forwards and notched along its

edge, and a smaller pad occupies part of the solo of the foot.

Family NTOTEEiDai.

Tliis small family, defined in the synopsis above, incliijies only

Jl^

FiG. 75 —Ifeyademta fji^as x i IXibson, Proc. Zoot. Soc., IS60.

two genera of Bats of very peculiar asjiect, limited to tlic tropica]

and subtropical parts of the eastern hemisphere.
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Mi-mdrrmn, i 5, pm | or i, with five species is distir.frnislied by

the absence of uprer incisoi-s, by the cyllndi-ical narrow >;'"zzlesur.

mountod'bT an erect naked .-utancous proce.ss (the nosedeaf ), the base

of ^vJ.icll conceals the nasal orifices,V the immense connate ears

uith larf-e bifid tra^i, and by the great extent of the interfemoral

membrane, in the base of which the very short tail is concealed.

7y:.jae, from central Queensland (forearm 4-2 inches), ,s not only

the largest sj.ccies of the genus but also of the suborder ^-lya

common in fndia (forearm 27 inches), has boon caught m the act

of sucking the blood, while Hying, from a small species of Fis-

,,rrurjo, ^vhich it afterwards devoured (see Dobson s Monogmph „/

the A^ic Chiroiitcra, p 77), so that it is probable thatthe Cats

of this genus do not confine themselves to insect prey aJone, but

also feed, when they can. upon the smaller species of Eats and

other small mammals.
. ,.„ i r „„

midcris, ii,in»- h with seven species, difi-ers so much from

jl/Miticrma that it may bo considered the type of a separate sub-

family. As in that genus, the frontal bones are deeply hollowed put

and expanded laterally, the muE.de presents a similar cylindrical

form and thelower jaw also projects but the single elevated nose-

leaf is absent, and instead of it the face is marked by a deep longi-

tudinal sharp-edged groove extending from the uostri 5 (winch are

on the upper surface of the muzzle near its extremity) to tlie low

hand connecting the bases of the large ears ;
the sides of this

dci.i-c=sioa are margined as fnr back as the eyes by small horizontal

cutanious appendages. All the species resemble one another

closely, and are mainly distinguished by the forin of the tragus,

and ihe size and relative position of the second lower premolar.

With the exception of N. jamiiica, all the species are limited to the

Ethiopian region

Fig. "7.—ncad of rUyttorhina ra'^ff>

Dobson, Proc. Zool. Soc, 1877.

Family RnixoLOPniBj;.

In all tne species of this family the nasal appendages are higmy

developed, and surround on all sides the nasal apertures, which are

situattil ill a depression on the upper surface ot the muzzle
;
the

cars are large and generally separate, without trace of a tragus

;

tiie premavtllary bones are rudimentary, are suspended from the

nasal cartilages, and support a pair of very small incisors; the

Biolais have acute W-shaped cusps ; the skull is large, and the

nasal bones which support the large nasal cutaneous appendages are

much evpandcd vertically and laterally ; in females a pair of teat-

liko appendages aro found in front of the pubis
;
and the tall is

long and produced to the posterior margin of the inteilemoral

membiane.- The family is found in the temperate and tropical

naits of the eastern hemisphere .

From whatever point of view the rMnoUpUdie may be considered,

Ihey are evidently the most highly organized of insectivorous Bats.

In them the osseous and cutaneous systems reach the most pertect

development. Compared .with theirs the bones of the extremities

and the volar membranes of other Bats appear coarsely formed

and even their teeth seem less perfectly fitte.l to crush the h.aul

bodies of insects. The very complicated nasal appendages, which

ovidcntly act as delicate organs of special perception {vide pipm),

here reach their highest development, and the differences in their

form afford valuable cliaracters in the discrimination of tlie species,

which resemble one another verv closely in dentition and in the

colour of the fur. . , , ,,

Subfamily I. Bhinolophinss.—First toe with two, other toes

with three phalanges each ;
ilio-pectineal spine not connected bv

bone with the antero-iufcrior surface of the ilium.

Rhinolovlius, i i, c \, pm h m f, nose-leaf with a. central

process behind and"between the nasal orifices, posterior extremity

lanceolate, antitragus large, includes

twenty-four species. R. hictus, foreai-ra

3 inches, is the largest species, ill

habiting elevated hill tracts in India

and ^[alayana ; iJ. hippasideros of

Europe, extending into south England

aud Ireland, forearm 1 '5 inches, is one of

the smalh-st; and Jt./crrum cqmnum,

forearm 2-3 inches, represents thi.

average size of the species, which i

mainly distinguished from one inoti

by the form ot the nose-loaf 1

1

last-named species extends from En.,

land to Japan, and southward to the

Cape of Good Hope. pio. 7C.—Head of Rhino^ophm

Subfamily II. Phyllorhininee.— mUratut. Dob%on, j/onojr.

Toes cnual, of two phalanges each; Anat. Chiropt.

ilio-pectineal spine united by a bony isthmus with a process denvea

from the antero-inferior surface of the ilium.

/'/iviior^ra«,with twenty-two species, miRMnmydens, Tnmmps,

and Calops, with one each, represent this subfamily. FhyUorhtTia,

i h c h pm J or ),, m i, differs from Shimlophus in the form

of'the nose-leaf, which is not lanceolate behind (see ng. 76), and

i£ unprovided with a central process covering the nostrds
;
the

l=r"est species. Ph. anni^era, api^ears to be the most northerly,

rCHIROPTERA.

having been taken at Amoy in Chins, and in the Himalaya at an

elevation of 5500 feet. Many are provided with anecuhar frontal

sac behind the nose-leaf,

rudimentary in females

(see fig. 67), which th<:

animal can evert at plea-

sure ; tlie sides of this sac

secret* a waxy substance,

and its extremity sup-

ports a pencil of straight

hairs. Pihinonycteris, re-

presented by R. aurantia

from Australia, aud
Triscnops, by T. pcrsicus,

from Persia and cast' rn

Africa, are closely allied

genera ; the latter species

i^ characterized by th •

veiy remarkable form ol

its nasal appendages an 1

ears, and by the presei c

of a peculiar osseou

projection from the pioxi

nial extremity of the

second phalanx of th

fourth finger. Co loj i

(C. frithii), from the Ceu

gal Sunderbunds, Ja^ i

and Siani (in the roof cl

the great pagoda at Laos^

is distinguished, not onlj

by tlie very pcculiai foim
of its rose-leaf, but also

by the great length of

the metacarpal bone of the

..-^

top r 178 —Heal of T
Dobson, ilonorjr.

...dcx finder", as well as by the shortness of the colcanca aud inter-

femoral meiiibranc.

II. Emballoudbine Alliance

Family Emballoktirid*.

The second "roup of families (as defined above) into-which tho

Microchiroulcm may bo divided includes the Emballonundx and

Phylloslomids. The former is represented by thirteen genera,

including sixty-five species. The Embalhnundx are generally

easily distinguished by the peculiar form of the muzzle, which is

obliquely truncated, the nostrils projecting more or less in front

beyond the lower lip, by the first phalanx of the middle finger

beiiif folded in reposo forwards on the upper surface of tho

metacarpal bone, by the tail, which either perforates the inter-

femoral membrane or is produced far beyond it, and by the upper

incisors, which are gcner.ally a single pair separated from the

canines and also in front. They arc cosmopolitan ike the K<:s,icr-

tilionids!, but rarely extend north or south of the thirtieth parallel

of latitude. ™ ., , , r ^. ii.

Subfamily I. EmbaUonurmse.—Tall slender, perforating tho

interfemoral membrane, and appearing upon its upper surfac?, or

terminating in it.: legs long, fibula; very slender; upper mcisors

^'

Group I. i^Kria:.—Tail terminating in the interfemoral mem-

brane CTown of the head greatly elevated above the face-line ;

thumb and first phalanx of the middle finger very short
;

J s. « i.

'"Two'"senera, Furia and Amorphocldlus, each including ono

species of very peculiar aspect, the latter distinguished from the

f jimer by the widely separated nostrds and great extension back-

wards of the bony palate. Habitat South America.

Group II. EmballonnTX.—?iiT\. of the tail included in the basal

bdf of the interfemoral membrane, tho remaining part passing

'

t rough and appearing upon iU upper

surface ; crown of the head slightly

.le\ated; thumb and first phalanx of

the middle finger moderately loug; pm |.

\\ ith five genera.

Emballonura, i J,
extremity of tho

muzzle more or less produced beyond the

lower lip, forehead flat, contains five

species, inhabiting islands from Mada-

nascar through the Malay Archipelago to -—

Z Navigators' Islands' Colcura.i Y'-j^-JZ °'.i"*i!o°:Z,
extremity of the muzzle broad, foreheaa

^^^_ ^^,_ ^^ _ igjg.

concave, has two species from east Africa .. jr
and the Seychelles Islands. Nnrwhonydcris^s distinguished from

ColcHra by the much produced extremity of the iwuzzle ;
the single

species, R riaso, from^Central and South America, is very eommoD

in the vicinity of streams throughout the tropical parts ot these

countries. It is usually found during the day resting on the vertical
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f.iitM of rocky, or on Ujo Iruiiks of trees growing out over tho water,

ami,-owing to tho peculiar greyish colour of the fur covering the

boily and growing ia small tufts from the antebraehial membrano,
counterfeiting tho weathorod surfacns of the rocks and tho bark of

thu trooa, easily cpcapes notice. As the shades of evening approach

it nppt'ars early on the wing, flying close to tho surface of the water,

and seizing the minute insects that hover over it. Saccoplenjx,

t ^, antebrachial mcnihranc with a pouch opening on its upper

suriflco, contains six spectus from Central and south America ; tlie

wing-sac varie.'i in position in diffcront species. It is developed

only in the miile; iR tho female it is quite rudimentary. In the

ndult nvalea of the dift'erent species a valvular longitudinal opening

is found on Uio upper surface of the membrane. This oj^ning
leads into a-ftmall pouch (in some species large enough to hold a

pea), the interior of which is lined with a glandular membrane
secreting an unctnous substance of a reddish colour with a strong

ommoniacal odour. The presence of this sac in males only
indicates that-,it is a secondary sexual character analogous to the
shoulder pouches of Epomophorus^ the frontal sacs ot Fhyllorhina^

kc.

The next genus Taphozoiis, including ten species, inhabiting the
tropical (ind subtropical parts of all the eastern hemisphere except
Polynesia, forms the second section of this group, distingViished by
its 'cartilaginous prcmaxiUaries, deciduous pair of upper incisors,

and by the presence of four lower incisors only. Most of the species

have a peculiar glandular sac (see fig. SO) placed between the
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angles of the lower jaw, a sexual character ; for, while always more
developed in males than in females, in some species, although
distinct iu the male, it is quite absent in the female. An open
gular sac is wanting in both sexes iu T. melanopogon, but about
its usual position the openings of small pores may be seen, the
secretion exuding from which probably causes the hairs to grow
very long, forming the black bcg.rd found in many male snecimens
of this species.

jroup III. Dicliduri.—This is represented by a single genus,

Dtclidurus, including two species. I), allfits, from Central and
South Ameiica, i ^, c \, pin f, vi 3. resembles the specit^s of
Taphozous iu the form of the head and ears, but, besides other
characters, differs from all other Bats in possessing a peculiar

pDuch, opening on the centre of the inferior surface of the inter-

fcmoral membrane; the extremity of the tail entcs this, and per-

forates its fundus.

jroup iV. Nodiliones.—This also is represented by a single genus
.and two species, NoctUio Icporinus and jV. dorsatus, i J, pm ^,

from Central and South America. The group connects the family

Einhallonurid^ with tho PhyUostoinidx, possessing characters

common to both, hut also so many remarkable special peculiarities

as almost to warrant the formation of a separate family for its

reception. Tlie type, A'. Icporiims of Linneeus, is a Bat of very
curious aspect, with strangely folded lips, erect cutaneous p^oce!:;^s

on the chin, and enormous
feet and claws. Tho two
middle incisors are close to-

gether, and so large as to con-

ceal the small outer ones, while

in the lower jaw there are but
two small incisors. This ap-

parent resemblance to a Ro-

dent actually led the great

naturalist to remove this Fig 81 —Skull of Rhxvopoma mtcro-

species from the Bats and phyllum. x 2. Dobaor\. Monogr. Astat.

place it in his order Glircs or Chiropt.

Hodents. Similarly the next group Rhinopomata, represented by
a single -species, R. ^nicrojykyUum, might also be elevated into the

rank of a family, for it is very difficult to determine its exact

affinities, a kind of cross relationship attaching it to the Nyctcridsc

on the ojie hand and to this family, in which it is here placed

provisionally, on the otlier. This curious species, distinguished

from, alt other Microchiroptcra as well by the presence of two

pluilanges in the index finger as by its remarkably long and slender

tail projecting far beyond the narTOw iuterfemoral membrane, in-

habits the"' subterranean tombs in Egypt and deserted buildings

7i;nerally from north-east Aiiica to Bvirmah,

(va close together

Subfamily II. HoIossin89. —Tail thick, produced far beyond tho

posterior margin of' tlic inlerfemorul membriino (except in ilysta-

cina); legs short and strong, with well-developed fibula.'; uj^K-r

incisors strong. This subfamily includes all tht species of EinOnl'

lonuridx witli short and strong legs and broad feet—whereof tho
first toe (and in most species the fifth also) is much thicker than tho
others, and furnished with long curved haii-s,—with well-developed

callosities at tho base of the thumbs, and with a single pair of largo

upper incisors occupying tho centre of the space between tho
capines. In all tlio species the feet are free from tho wing-
membrane, which folds Up very perfectly under the foreanu ond
legs ; the interfemoral membrane is retractile, being movable back-

wards and forwards along tho tail, and this power of vaiying its

superficial extent must confer upon these Bats great dexterity iu

quickly changing the direction of their'flight, as when obliged to

double in pursuing their swiftly-flying insect prey, which their

extremely expansible lips evidentlv enable them to secure with

ease.

Group I. MolosH.—Tail produced beyond the posterior margin
of the interfemoral membrane.

CJieiromclcs, i J, c |, pm 4, m ^, hallux much larger than tlio

other toes and separable from them, ears separate, is represented by
a single species, C. torquatus, of large size (forearm 3*1 inches) ayd
very peculiar aspect, inhabiting the Indo-Malayan subregiou. Tliis

species is nearly naked, a collar only of thinly spread haii-s half sur-

roundingthe neck, and is further remarkable for its enormous throat

sac and curious nursing pouches. The former consists of a great

semicircular fold ofskin forminga deep pouch rouudthe neck beneath,
concealing the orifices of large subcutaneous pectoral glands which
discharge an oily fluid of insufi"erably offensive smell. The nursing

pouch is formed on each side by an extension of a fold of skin from

the side of the body to the inferior surfaces of the humerus and femur.
|

In the anterior part of this pouch the mamma is placed. For figures

of these throat sacs and notes on the use of the nursing pouches

see Catal. Chiivptera, p. 40ti, pi. xxi.

Molossus, i \ or ^, pm h or |, upper inc

front, with ten species, is restricted

to the tropical and subtropical re

gions of tho New World. The
woodcut of M, glaucinus (fig. 82) ,

exhibits tho general physiognomy
of the Bats of this genus. J'

obscurus, a small species, is vei

common in tropical America,

inhabits the hollow trunks of pain

and other trees, and also the roufs

of houses. The males and females

live apart (as, indeed, appears to

be the case in most if not in all ^y j
"^

species of Bats). In the hollow ' /T t
'

trunk of a palm two colonies were Fig. 82 —Head of J/b'osiits glaunnui.

discovered, one consisting of from Dobson, Proc. Zool. SvC, 187C.

150 to 200 individuals, exclusively males, while the other was com-
posed of females with a male here and there among them.

Nyctinomits^ i \ or ^, pm -| or ^, upi)er incisots separate iu

front, includes twenty-one species, ,-7^_ ^

inhabiting the tropical and sub-

tropical parts' of both hemispheres.

The lips of the Bats of this genus

are even more expansible than in

Molossics, in many of the species (as

in the woodcut of the head ol

iV. macrotis, fig. 83) showing vertical

wrinkles. N.' cestonii, one of the

largest species, alone extends into
]

Europe, and has been taken as far

north as Switzerland.. N. johorensis,

from the Malay Peninsula, is remark- Fm. 83.—Head of Jfyctinomus ma-

able from the extraordinary form crotia. Dobson, Proc. Zool. Soc,

of its ears. N. brasiliensis is nearly *^''*'-

as common as M. obscui-us in tropical America, and extends farther

north (California) and south than that species.

Group 11. Mystacinse.—'^sxX perforating the interfemoral raem-.

brane. and appearing upon its upper surface.

This includes a single genus and species, Mystacina tvhcrcxdata,

a very peculiar form restricted to New Zealand, where, with

Chalinolohiis ticbcrculahis, it represents the whole indigenous

mammalian fauna of the islands. There are three distinct phalanges

in tho middle finger ; the greater part of tho wing-membrane 13

exceedingly thin, but a narrow portion along the forearm, the sides

of the body, and the legs is remarkably thick and leathery;

beneath this thickened portion the wings aro folded, and it is

evidently analogous to the thickened part of the anterior wings in

hemi'pterous insects and to the elytra of the Colcoj^lcra. With tho

wings thus encased, this species is the most q^uadiupedal of Bats.

Otlier pcculiaritiea of structure are found in the n-markallo form of

the claws of.the thumbs and toes, which havceach a small talon
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prajecting from its concave surface near the base, also in the sole
"T<the foot, and iuforior surface of the leg, as shown in fig. 84. The
wantar euiface, including the toes, is covered with soft and very
fa^ integument deeply wrinkled, and each toe is marked by a
central longitudinal groove with sliort grooves at right angles to it,

Fig. 84.—Tliumb and Log and Font of My&tacinn tuherculata (enlarged). Dobson,
Proc. ZooL Soc, is; 6.

fls in tno genus ITcmidactylus {Gcckoiid^). The lax wrinkled integu-
ment is continued along the inferior flattened surface of the ankle
aud_ leg. These- peculiarities appear to be related to climbing
habits in the species. See the writer's remarks in Proc. Zool. Soc,
«876, p. 48§.

family Phyllostomidje.

/The Bats included in, this family are readily distinguished by the
presence of a well-developed third phalanx in the middle finger,
associated either with distinct cutaneous nasal appendages, or with
well-developed central upper incisors, or with both. Unlike the
Jihinolopkidss, their eyes are generally large, and the tragus well
developed, maintaining almost the same form" throughout the
species, however much the outer parts of the body may vary. Their
fur is of a dull colour, aiid, the face and back (in the StcTwdcrmata.
cspeciaUy)are often marked with white streaks, as in the Ptcropodidae,
of which they take the phice in the western hemisphere. A few
Kpecies, probably all those with the tail and interfemoral membrane
well-developed, feed principally on insects, while the greater-
number of the species of the groups VampyH and Glossophagse
appear to live on a mixed diet of insects and fruits, and the
Pesmodontes, of which two species only are known, are true blood-
suckers, and have their teeth and intestinal tract specially modified
in accordance with their habits. Limited to the tronical and sub-
tropical parts of Central and South America.
Subfamily 1. Lobostomins8.— Nostrils opening by simple

apertures at the extremity of the mu22ie in front, not margined bv
a distinct nose-leaf ; chin with expanded leaf-like appendages.

It includes two genera. In Chilonycteris {six species) the crown
of the head is moderately elevated above the face-line, and the basi-
cranial axis is al-

most in the same
fikne as the facial,

while nn Mormops
the crown of the
head is greatly ele- /

vated above the face- i;

line, and the basi- §

cranial axis is almost '^i

at right angles to

the facial ; i ^, pm § ->--.- -/-V'Q^'

in both genera. The ""
*

latter genus contains
two species, which, *'1Q- 86.—llfnd of Mormops htninviUii. Dobson,

in their very peculiar
^'"'^'- ^'''''"^^- ^p^- ^"^

physiognomy, are probably the most rema'rkable among the
many strange forms exhibited by the dilTerent species of this
order.

Subfamily 2. Phyllostominee.—Nosti-ils opening on the upper
surface of tlie muzzle, the nasal apertures more or less surrounded
of margined by well-developed cutaneous appendages, forming a
distinct nose-leaf; chin with warts.

;

Group I. Vainpyri.—ls\\xzi\Q long and narrow in front, the
distance between the eyes generally less than, rardy equal to, the
distance from the eye to tlie extremity of the muzzle ; nose-leaf
well-dcvoloped, horse-shoe -shaped in front, lanceolate behind

;

interfemoral membrane well-developed ; tail generally distinct,

rarely absent ; inner margin of the lips not fringed ; i ^ or f,
pm 4 or -§ ; molars \vith W-shaped cusps, usually well-developed.

Nearly all the species of Vamj^yri appear 'to be insectivorous, so
that the term applied to this group caimot bo considered indicative
of.their habits. A few, if not all, probably supplement their insect
diet with fruit. Vampyrus spectrum {the largest Bat in the New
World, forearm 4 '2 inches) is said to be wholly fragivor

of Bats, like Mcgada^ma lyra oi'the eastern hemisphere, which it

resembles in many respt-cts.

The species may be divided into two sections, according as tlie

tail is produced to the hinder margin of the interfemoral membrane
or perforates it and appears upon its upper suKaco. Those included

in the first section fall into
three genera, Lonckorkina,
Macrotus, and Macrophyllumy
the first-named including a
very remarkable species, L,
auriia^ with an extraordinary

long nose-leaf and peculiarly

h. large ears and tragi. In the

^ second section are included

y the genera Vampyrus, Lopho- —
- sioma^ Schizosioma, Trachyops^

Phyllodcrmaj Phyllostoma^

Tylostoma, Mimon, CaroUia,
and PJiinojihylla, all, witil Fig. 86.—Head of }'hyllosloma eJonga-

the exception of the last, dis- '«'«• ^'oc ^*oi. Soc, 18GG.

tinguished from one another chiefly by the fcrm of the skull

and the presence or absence of the second lower premolar;
TracJiyopSf Phyllodcrma, and the three last-named genera are
each represented by a single species. Phyllostoma hastatum, fore-

arm 3 "2 inches, next in point of size to Vampyrits S2)ectntm, is

a well-known species in South America; Ph. clongatum {see fig.

S6) differs in its smaller size and much larger nose-leaf. CaroUia
hrcvicauda^ a small species, is generally found represented in col-

lections, and externally so closely resembles GlossojiJiaga soricina

(of the next group) that it has often been confounded with that
species. Ifc forms a connecting link between this group and the
next Pkinopliylla pianilio, forearm 1 '25 inches, tail none, is the
^lallest known species of the family ; it is further distinguished
by the narrowness of its molars, which do not form W-shaped
cusps, and by the very small size of the last upf«r molar, characters

connecting it, and consequently the group, with the StciwdcTmata.

'acroUis waiorkoitsii appears tc prey occasionally on small speci'^s ' broad in front, the distance between the eyes nearly always cxceed-

Group II. Glossophaga:.— Muzzle long and narrow ; tongue
remarkably long and extensible, much attenuated towards the tip,

and beset with very long filiform recurved papillaj ; lower li]) with a
wide groove above, and in front margined by sniall wai'ts ; nose-

leaf small ; tail short or none ; i *, jmi ^ orf or %, m f or y or f ;

teeth very narrow ; molars with narrow W-shaped cusps, sometimes
indistinct or absent ; loner incisors very small or deciduous.

Tlie ten species included in this pronp represent seven genera,

which are distinguished i>rincipally by difi'ereuces in the form and
number of the teeth, and by the presence or absence of tho
zygomatic arches. The form and position of the upper incisors arc

extremely variable. In Glossopliaga and Phyllonyctcris Wm upper
incisors form, ay in the VampyH, a continuous row between the

canines ; in Monophylla and Ischnoglossa they are separated into

pairs by a narrow interval in Iront ; while in Lonckofflossa^

Glossonydcris, and Owironyctcris they are widely separated and
jdaced in pairs near the canines ; in the first four genera the lower

incisors are* present (at least up to a certain age), in the last three

they are deciduous even in youth. The zygomatic arch is wanting
in PhyllonycteriSy Glossonydcris, and Cha^roiiyctcrzs.

The typical species ia Glossophagn soricina, which so closely

resembles CaroUia hrcvicauda, both in external form and dentition,

that it has frequently been confounded with it. Its long fibrillatcd

tongue (which it possesses in common with other sjpecies uf tho

group) led Spix to describe it as a very cruel blood-sucker

{sajigitzsiiga crudclisshna), bi;lie\'ing that it.was used to inert ase tho

flow of blood. This .view is, however, altogether without founda-

tion, and from tho observations of Osburn and others it is evident

tliat the peculiarly shaped tongue is .used by the animal, as in the

case of the Macroglossi among the frugivorous Ptcropodidx, to lick

out the pulpy contents of fruits having ha'rd rinds. The food of

the species of this group. appeal's to consist of both fruit and insects,

and the long tongue may also be used for extracting the latter from
the deep coroU?e of certain flowers.

Group in. Stcnodcrmata.—Muzzlo^^ery short and generally
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iiig (rarely equal to) the Jistaneo iioin the eye to the extremity of

the muzzle ; nose-leaf short, horse-shoe-sliaped iu front, lanceolate

behind {cKi^Qpt in BrachyphyUa and Ccnturio); interfcnioral mem-
brane always coneave behind ; tail none ; inner margin of the lips

fringed with conical papilla; ; i § or ?, pm \, m ^ or j or 4 ;

premolars and molars very broad (except in Sturnira), the latter with

concave or flat crowns margined externally by raised cutting edges.

Although the Sienodcrviatci are generally easily distinguished

from the Vampyri by tho peculiar shortness and breadth of the

muzzle, and by the form of the molar teeth, certain species of the

latter group closely reseniblo those of the former in external

appearance, agreeing almost absolutely in the form of tho nose-h-uf,

of tho oars and tragus, and of the warts on tho chin. Tliese

resemblances show that, while the form of the teeth and jaws has

become modified to suit the food of the animals, tho external

characters, being but slightly affected by this cause, have romaineil

much the same, and now indicate their common origin. The food

of these Bats appears to be wholly or iu great part tree fruit. The
twenty species have been divided into nine genera, distinguished

by the form of the skull and teeth. ArtibcuSf with five, includt-s

among them the well-known frugivorous Bat, ^. pcrspiciUatus of

Linnffius, so common in collections. Stcnodcrtna ackradophihcin,

found in Jamaica and Cuba, associated with the above, and scarcely

distinguishable externally except
by its very much smaller size,

differs altogether in the absence of

the horizontal plate of the p^jlate

boues. Sturnira. lilium, while
agreeing with the above in the form
of the nose-leaf and ears, differs

from all the species of the family
in its longitudinally-grooved mo-

'""'

lars, which resemble those of the
frugivorous7*ifi?'o;)0(^i(^a; more closely

than tliose of any other Bats ; and Fig. 88.—Head of Cevturioscnex.

the presence of tufts of long differ- Dobson, Cai. CMropi. Brit. Mus.

ently-coloured hairs over glands in the sides of the neck shows
yet another character in. common still more remarkable, which
can scarcely be considered, like the teeth, the result of adaptive
change. Ccnturio sencx is the type of a genus distinguished from
Stenoilerma and other genera of this group by the absence of a dis-

tinct nose-leaf. This most remarkable form staudy alone among
the species of Chiroptcra, and, indeed, in its peculiar and grotesque
physiagnomy is unrivalled among kno^vn mammals.
Group 1 V. Desmodontes.—Muzzle short and conical ; nose-leaf

distinct ; interfemoral membrane very short ; tail none ; i i, pm §,

m xov %; upper incisors very large, trenchant, occupying the whole
Bpace between the canines ;

premolars very narrow, with sharp-

cUged longitudinal crowns , molars rudimcntarv or none ; stopach
greatly elongated, intestiniform.

There are two genera, Dcsinodics, without calcaneum or true molars,

and DCpJiylla, with a short calcaneum and with a single rudimen-
tary molar on each side,—restricted to Central and South America.
Dcs:^odus rufiis, the commoner species, is a little larger than the
Noctule Eat of Europe, and abundant in certain parts of .South

Anreriea, where it is very troublesome owing to its attacks upon
domestic animals, sucking their blood and often leaving them much
weakened from repeated bleedings. See Vampike.

Fossil Chikopiera.

Fossil remains of Chiropiera extend as far back as the Upper
Eocene of Europe and America, if, indeed, the beds in which they
have been found are rightly considered as belonging to that age.

Of these Vcspcrugo {Nyctithcriwin) p^risicnsis, described by Cuvier
from the gypsum of Montmartre, is very like a small specimen of
the widely distributed V. serolinua ; V, velox and priscus of the
same subsection, and Nyciilc&tes serotinus, have been characterized
b}* Blarsh from the Eocene of the United States, and Vespertdio
rnorloti, Pictet, from that of Switzerland. From the Quercy
lacustrine deposits comes Khinolophus antiqmts, Filhol; but these
are very doubtfully of Eoceno age. Palasmiycteris (allied to

EMnolophus), with P. robtistus, Fespemgo, yrith V. noctulqides
and murinoidcs, and Vcspcriilio, with V. aqucnsis, praicox, and
insi<i!nis, 'have been found in Miocene beds of France and
Germany. Pliocene bone caves have also yielded remains, in all

cases closely allied to species now inhabiting the same countries.

All these forms, however, exhibit as much specialization in their

general structure as any existing species of the same families,

indicating (if the age assigned to the deposits can be trusted) that
the first appearance of Chiropiera must be referred to a very remote
period.

Bibliography of Cliiroplcra.—G. E. Dotson. Catalogue of the Chiroptira in th&
Collection of the British Museum. 1873, including dcscrintiona of all the species of
Unts then luiown ; subsequent papers by the same author in Rep. Brit. Assoc.
Ath. Sci^tee, Proc, Zool. Soe., Aim. Mag. Kat. Sist.. and'Bullet. Soe. Zool. de
f.ance. by Potcrs in Monatsb. Aknd. Wissensch. Beriin. and by Oldfldd Thomas

.
nnd J. Scully in Ann. Marf.tiat, Hist. ; H. A. Robin. Itee^erchcs Analomigtus aur
fej J/arami/iret de tOrire iks Cliiroplirts.^u'a, 18S1.

Okdee RODENTIA.

Terrestrial, rarely arboreal or natatorial, dipliyodont

placental mammals of small size ; with plantigrade or

aemiplantigrade, generally pentadactyle, unguiculate, rarely

subungulatc, feet ; with clavicles (sometimes imperfect ot

rudimentary) ; with never more than two incisors in the

mandible, and without canines.

The upper incisors resemble the lower in growing

uninterruptedly from persistent pulps, and (except in

Lagomorpha) agree with them in number ; the premolars

and molars are rooted or rootless, with tuberculatcd or

laminated crowns, and arranged in an unbroken series ; the

orbits are not circumscribed by bone; the mandibular con-

dyle is antero-posterioily elongated ; the intestine (except

in Myoxidx) has a large csecum ; the testes are inguinal

or abdominal ; the uterus is tw.o-horned, the cornua opeuing

separately into , the vagina or uniting to form a corpus

uteri ; the placenta is discoidal and decidnate ; and the

smooth cerebral hemispheres do not e.xtend backwards sc

as to cover any part of the cerebellum.

The Eodents form a very compact order, readily

distinguished by their large chisel-shaped incisors, and by
tlie absence of canines. Thsy include by far the greatest

number of species (over 900), and have the widest distribu-

tion, of any of the orders of terrestrial mammals, being ia

fact cosmopolitan, although more abundant in some parts,

as in South America, which may be considered their head-

quarters, than in others, as in Australasia and Madagascar,

,

where representatives of a few genera of one family

(Miiridsc) only are-found, thus contrasting remarkably with

the Inseciivora, which constitute at least half tlie mamma-
lian fauna of Madagascar, but are without living represen-

tatives, in South America.

If, as we have seen, the term entomophagous is

applicable to most Inseciivora, much more so, on the other

hand, may the species of this great order be defined as

phytophagous, and this uniformity in their food and in the

mode of obtaining it, namely, by gnawing, has evidently

led to such corresponding general uniformity iu structure,,

which is observable throughout the species, that with

difficulty we obtain characters sufficiently salient for divid-

ing them into genera and families. Although, like the

Inseciivora, they present much diversity of habit,— some
being arboreal, as the Squirrels, many species of which are

provided with cutaneous parachutes on which they glide

front tree to tree ; some cursorial, as the Hares ; some agile

jumpers, as the Jerboas ; some fossorial, as the great 5Io!e-

Rats ; and some natatorial, as the EeaV3rs and Water-Eatg^

—yet we do not find corresponding structural modifications

comparable with those noticed in that order.

FiO. 83.—side View of Skull of Cape Ji- eaffer). x }. PMt.
piemaxiUa; Jfx.masiUa; i^a. uialai ; / / , £]< r,i.ti ; /., hirho'mal ; i>a, parietal j
Va, nasal ; Sq, Bquftmosnl ; Ty, -tympanic ; I.-XU, exwcipiiaf ; AS, aUsphc&old

;

OS, orbito-sphcnotd; Per^ mastoid bulla. Flower, Osteol. Mantmat.

The Kodent skull is characterized by the great size of the
premaxillary bones, which completely separate the nasak
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from tlie maxiUaries, by the invariable presence of

zygomatic arclies, aud by the wide unoccupied space exist-

ing botwenn the alveoli of the incisors and the molar teeth,

and (except in Lagomorpha) by the anteroposteriorly

elongated glenoid cavity. Post-orbital processes of the

frontals exist only in the Squirrel*, Marmots, and Hares

;

in all other genera they are rudimentary or altogether

abstnt; the zygoma never sends upwards a corresponding

process, and the orbit in all is freely continuous with the

temporal fossa ; the lachrymal foramen is always within

the orbital margin ; in many species the infra-orbital

foramen is very large (in some as large as the orbit), and

\=^''^Sij
Jin ) t ttTttp rai niu&ck m, massctcr,

tliiuu^li the infra Oibital foriiuien, the

rtardi between it and t^te maxiUary bone.

Fio. OCT—lliun ot ntitliir ci^ral

supeuor maxiUai y ni-n e po&bii g

transmits part of the masseter muscle ; the zygomatic arch

is variously developed, and the position of the malar in it

is used as a distinguishing character for grouping the

families ; the nasals are, with few exceptions, large, and

extend far forwards; the parietals are moderate, and there

is generally a distinct interparietal ; the palate is narrow

from before backwards,—this is especially pronounced in

the Hares, where it is reduced to a mere bridge between

the jjreniolars,—in others, as in the great Rodent Moles

(Datht/ergitKE), it is extremely narrow transversely, its

width being less than that of one of the molar teeth

;

tympanic buUoe o.sseea are always present and generally

lirge ; in some genera, as in the GerbiUes (Gerhilliucc) and

Jerboas {Dipodin<e), there are supplemental mastoid buUoe

which form great hemispherical bony swellings at the back

«f the skull (see fig. 89, Per) ; in these genera, and in the

true Hares, the meatus auditorius is tubular and directed

upwards and backwards. The mandible is characterized

by its abruptly narrowed and rounded symphysial part

supporting the pair of large incisors, as well as by the

small size of the coronoid process and great development

«t the angular portion.

Tlie dental formula varies from i f, c §, pm |, m f
(total 28) in the Hares and Rabbits to i {, c g, pin J,

in t (total 12) in the Australian Water-Rats ; but in

the vast majority of the species it presents striking

uniformity, and may be set down typically as i \, c
J},

pm \ or g, TO §. In Lagomorpha only are there more

than a single pair of incisors, and in them the additional

pair are small and placed quite behind the middle pair,i

and in this group alone does the enamel extend even

partially to the back of the tooth ; in all others it is

restricted to its front surface, and so, by the faster wearing

away of the softer structures behind, a chisel-shaped edge

is always maintained. Both the upper and lower incisors

are regularly curved, the upper slightly more so than the

lower, and, their growth being continuous, should anything

' Professor Huxley remarks {Proc. Zoo!. Soc, 1830, p. 655) :—
"' Tho 'lecicUtous molars and the posterior deciduous upper incisors of

the R,ibMt Iinve long been known. But I have recently found that

unborn Rabbits possess, in addition, two anterior upper und two^lower

deciduous incisors. Botli are simple conical teeth, the sacs of which

nro merely embedded in tlie gum. The njiper is not more than one-

liuudi-edtU of an inch long, the lower rather larger.'V

prevent the normal attrition by which their length is

regulated, as by the loss of one of them, or by displace-

ment owing to a broken jaw or other cause, the unopposed
unused incisor may gradually curve upon itself until a

complete circle or more has been formed, the tooth,

perhaps, passing during its growth through some part of

the animal's head. The molar teeth may be rooted or

Flc. 01.—Vertical and Lonpitudhial Section thronpli Skull of CaRtor fiber, t\\ rtvinc
tlio cerebral cavity, tho ni-.atly-develiiped tuibiiial lamella. IIic mode of
implantation of tlie large ever-growing chlscl-edgcd incisor, aud the cuivcd
rootless molars.

rootless, tuberculated or laminated; and this diversity of

structure may be noticed even in the same family. When
there are more than three back teeth those which precede

the last three have succeeded milk teeth, and must there-

fore be considered premolars. In some species, as in tho

Agoutis {Dasi/prodidie), the milk teeth are long retained,

while in the allied Cavies {Caviklx) they are shed before

birth.

There are generally nineteen dorso-lumbar vertebra: (13
thoracic and 6 lumbar), and their forms vary in the

different genera ; in the cursorial and leaping species the

lumbar transverse processes are generally very long, and
in the Hares there are large compressed hypapophyses.
The caudal vertebrje exhibit as much variety as in

Inseciivora, from their rudimentary condition in the

Guinea-Pig to their great size in the Jumping Hares and
prehensile - tailed Porcupines. The scapula is usually

narrow, with a long acromion ; the clavicles may be
altogether absent or imperfect, as in the Porcupines, Cavies,

and Hares, but in most species they are well developed;

the humerus has no supracondylar foramen, and the lore-

arm bones are distinct ; in most species the manus has

five digits with phalanges normally developed, the poUex
rarely rudimentary or absent. In contrast to the "normal

condition of the pelvis in Inseciivora, we find here largely

developed ischiatic and pubic bones, with a long usually

osseous symphysis ; the femur varies considerably in form,

and there is generally a well-defined third trochanter ; in

the Sciurine and Hystricine Rodents the tibia and fibula

are distinct, but in the Rats and other Murines, and in

tire Hares, these bones are united, often high up ; the pes

is much more variable than the manus, the digits varying

in number from five, as in the Scjuirrels and Rats, to four,

as in the Hares, or even three, as in the Capybara,

Viscacha, and Agouti ; in the Dipadidx the metatarsals are

greatly elongated, and in some of the species, as in the

Jerboas, "they are ankylosed together.

The mouth is divided into two cavities communicating by

a constricted orifice, .an anterior containing tho large incisors

and a posterior in which the molars are placed, the hairy

integument of tho face being continued inwards behind tho

incisors. This evidently prevents substances not intended

for food getting into the mouth, as when the animal is

engaged in gnawing through an obstacle. In the HarefS

and Pacas the inside of the cheeks is hairy, and in some'

species, as in the Pouched Rats and Hamsters, there are

large internal cheek pouches lined with the hairy integu-

ment, which open near the angles of the mouth and extend

backwards behind the ears ; in the New-World Pouched'

Rats {Geu'myidse) the pouches open externally on the cheeks,
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Tlie tongue presents little of that variability in length

observable in the preceding ordeis ; it is characteristically

short and compressed, with an obtuse apex never protruded

heyond the incisors ; in most species there are, as in

Jnsectivora, three papiUs circumvallatas at the Viase ; and

the apical portion is generally covered with small filiform

jiapilhe, Rome of which in the Porcupines [Ilystrix) become
greatly enlarged, forming toothed spines. The stomach

varies in form from the simple oval sac of the Squirrel to

the complex ruminant-like organ of the Lemming. In the

Water- Vole (Arvicola amphibius) and in the Agouti {Dasi,/-

proda ar/outi) it is strongly constricted between the

oesophagus and pylorus ; in the T:ommon Dormouse the

aeso|>hagus immediately before entering the stomach is

much dilated, forming a large egg-shaped sac with thickened

glandular walls, and in some other species, as in Lophiomys
imhansi and in the Beaver, glandular masses are attached

to and open into the cardiac or pyloric pouches. All

Jlodonts, with the exception only of the species of Dormice
i.Ui/fixida:), have a ciecum, often of great length and saccul-

ated, as in the Hares, Water-Voles, and Porcupines, and

the long colon is in some, as in the Hamster and Water-

Vole, spirally twisted upon itself near its commencement.

The liver is typically divided in all, but the lobes are

variously subdivided in the different species (in Cfipromys

they are divided into minute lobules); and the gall-bladder,

though present in most, is absent in a few. In _ most

species, as in many Insectivora, the penis (which is generally

provided with a bone) may be more or less completely

retracted within tho fold of integument sj.irrounding the

anus, and lie curved backwards upon itself under cover of

the integument, or it may be carried forward some distance

in front of the anal orifice, from which in the breeding

season, as in the Voles and Marmots, the prominent testi

<;ular mass separates it. The testes in the rut form

projections in tlie groins, but (except in Lagomorpha) c'o

not completely leave the cavity of the abdomen. Prostatic

glands and, except in Lagomorpha, vesicul* teminales are

present in all. The uterus may be double, each division

opening by a separate o^ uteri into a common vagina, as

"in LeporidiZf Sciitridx, and Ilydrochcents, or two-horned, as

in most species. The mammary teats vary in number from

the single abdominal piir of the Guinea-Pig to the six

ihoracico-abdominal pairs in the Rats. In the Octodontida:

the teats are placed high up on the sides of the body.

The peculiar odour evolved by many Rodents is due, as

in the hiiec/icora, to the secretions of special glands, which

may open into the prepuce, as in 2fi(s, Arvicola, CriceCus,

stc, or into the rectum, as in Arctomys and Aidacodus, or

into the passage common to both, as in the Beaver, or into

liouches opening near the anus, as in the Hare, Agouti,

and Jerboa.

The integument is generally thin, and the panniculus

carnosus rarely much developed. The fur varies exceed-

ingly in character,—in some very fine and soft, as in the

Chinchillas and Hares, in others more or less replaced by
spines on the upper surface, as in the Spiny Rats and

Porcupines; in several genera, as in Xerus, Acomys,

Platacaiithomys, Echiothrix, Loncheres, and Echinomys, the

spines are flattened. In the muscular structures the chief

peculiarities are noticeable in the comparatively small size

of the temporal mu.scles, generally so largely developed in

Insectivora, and in the great double masseters, which are

the principal ag3nt3 in gnawing; the digastrics also are

remarkable for their well-defined central tendon, and in

many species their anterior bellies are united between the

mandibular rami ; the cleidomastoid generally arises from

the basi-occipit;il, and the pectoralis major is connected

with the latissimus dorsi ; in the Porcupines and Hares

the tendons of the flexor digitorum lougus and tlexoi

hjUucis hiDgus are connected in the foot, while in the

Rats and Squirrels they are separate, and the Hexor

digitorum longus is generally inserted into the halluceal

metatarsal. (See Dobson, Journ. Anal. Phys.,vo\. xvii.)

SuBOUDF.n I. HODEXT/A SlitPLICIDEXTATA.
,

Rodents with two incisors only in the iipjicV jnw, liavin^f their

enamel confined to their front surf^ices. The incisive fornnnna nro

modiT.ite and distinct ; tlio libula does nrt articulate with tlie oa

calcis; and the testes are abdominal, and descend periodically only

iuto the inguinal can3,l.

Section I. SciunoMonrnA.

Zygomatic arch slender, chiefly formed by tlie malar,, which is

not supported by a long maxillary process extending backwards

beneath it; post-orbital processes present or absent; infra-orljital

Fio. 02.—Skull of Arclomy

opening small (except -in Anomalurits) ; mandible with the angular

part arising from the interior surface of the bony socket of the lower

incisor ; clavicles well-developed ; fibula distinct.

Family ]. ANOMALUKID.E.

Arboreal Rodents, having their limbs connected by a cutaneoua

expansion supported by a cartilaginous jtrocess arising from the

olecranon; with a long hairy tail having large scales on its inferior

surface near its root ; with sixteen pairs of rib?, and without post-

orbital processes of the frontals ; ;))» \\ molars not tuherculale,

with transverse enamel folds. Ethiopian.

^^j:; .><4..

. Zoal. Soe„ IS7S.FlQ. 93.

—

Anomatui us fulgeiis (reduced). Alston. Pv&

Anomahmis, with (?) five species from West Africa, alone !«?-

presents the family. The peculiar caudal scales, which evidently

as.sist the animal in climl'ing, and the position of the cartilaginous

support of the parachute, are woU shown in the above >YOodcii(

LliS^-SS).

XV. - 53
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Family 2. SciUKIDJ^

Arboreal or terrestrial Rodents, with cylindrical hairy tiils,

without scales, and with twelve or thirteen pairs of ribs. Skull

with distinct post-orbital processes ; infra-orbital opening small

;

palate broad
;
^?ft f i

fi^^t upper premolar very small or deciduous

;

molars rooted, tubercular.

Subfamily 1. Sciurinse.—Incisors compressed, form slender,

t.iil long and hairy (True Squirrels). Cosmopolitan (excluding

Australian region).

There are four genera. Ptertymys,—limbs united by a cutaneous

expansion forming a parachute, the supporting cartilage of which

springs from the carpus,— includes the Flying Squirrels of both

iicmispheres. Sciurus, with more than eighty species, comprises the

true Tree Squirrels. To this group also belong the Short-eared

Squirrels of the genera Xerus and Tamias ; the first-named,

distinguished from Sciurus by possessing only two pairs of mam-
mary teats, by the comparatively short tail, and by the fur being

mixed with flattened spines, includes a few Afiican species which

live in burrows ; Famias, separated by the presence of large internal

cheek-pouches, includes the well-known Ground Squirrels of North
America, of which one species (T. asiaiicus) extends into North
Europe and Asia. See Squikeel.
Subfamily 2. Arctomyinee.—Incisors not compressed ; form

stout ; tail short (Marmots). Palajarctio and Nearctic.

Spermophiliis, distinguished by its large cheek-pouches and by
the absence or rudimentary condition of the poUex claw, resembles

Tamias in the slender form of the body, and connects the Marmots
with the true Squirrels. The distribution and liabits of the species

are similar to those df Tamias. Cynomys, with shallow cheek-

poUches, long poUex claw and stout form, includes the well-known

rrairie Dogs peculiar to North America, which live together in largo

communities, inhabiting burrows which they excavate at short

distances apart ; they feed on the buffalo-grass which covers the

plains. The small buiTowing owl {Athene cimicitlaria) and the

rattlesnake are often found inhabiting their burrows, the former

probably availing itself of the convenience of a ready-made habi-

tation, the latter coming there to feed ou the young Marmots.
Arctomys, distinguished by its rudimentary poUex, includes the

true Uarmots. See Marmot.

Family 3. Hatlodontid^
Terrestrial Rodents, distinguished from Sciuridm by the absence

of post-orbital processes, the depressed form of the skull, and the

rootless molars. Premolars -J, the first upper one small.

Haplodon, with //. rufits, from North America west of the Eocky
Mountains, alone represents the family. The habits of the single

Eoecies are similar to those of the Prairie Dog.

Family i. Castonds.
Natatorial Rodents, with massive skulls, wi^.hout post-orbital

processes, with mandibular angle rounded, and with semi-rooted or

rootless molars with re-entering enamel folds ; 'pm }.

Castor, with one species only, C. Jli>cr, the Beaver of the norrhern

parts of Asia, Europe, and America. The upper molars arc

subequal, each with one internal and two external enamel folds ;

the stomach has a large glandular mass situated to the right of the

oesophageal orifice ; the anal and urethro-genital orifices open within

a common cloaca ; the tail is broad, hoi'izontally flattened, and
naked ; and the hind feet are webbed. See Beaveb.

Section II. Mtomorpha.
Zygomatic arch slender, the malar rarely extending far forwards,

aud usually supported below by the long zygomatic process of the

Fio. 94.—Skxill ot Fibei' tibethicut. Katural

maxillaiy ; no post-orbital processes ; infra-orbital opening vari-

able ; mandible with the angular part arising from the infeiior

surface of the bony socket jof _tbA lower incisor .'except in

Bathyerrjiiise); clavicles well-developed (except in Lophiomys); tibia

and'fibula united.

Family 1. Mtoxii).e.

Arboreal Rodents, with long hairy tails, large eyes and ears, and
short fore limbs. The intestine is without a cscum ; the skull has
contracted frontals ; the infra-orbital foramen is moderate, high, and
narrow ; and the mandible has a long and slender coronoid process.

Pm Y ; molars rooted, with transverse enamel plates. , Palaearctic

and Ethiopian.

There are four genera :

—

Myoxus, with M. glis of Europe, with
bushy, distichous tail, simple stomach, and large molars with well-

marked enamel folds ; Jihcscardinics, with M. avcUanariits, the
common DormouSfe, distinguished by the cylindrical bushy tail and
thickened glandular walls of the cardiac extremity of the cesophagus

;

Fliomys, with about six species, with tufted and distichous tail,

simple stomach and smaller molar teeth with concave crowns and
faintly marked enamel folds ; and GrapJmtriis, with two species,

with short cylindrical tail ending in a pencil of hairs, and very
small molars almost without tr.ace of enamel folds. The Dormice
form a very natural family, distinguished from all other Rodents
by the absence of a c^cura. In their habits and form they evidently
clcsely approach the Squirrels.

Family 2. Lophiojitid^.

Arboreal Rodents, with rudimentary clavicles and rooted

tnberculate molars. Premolars none. Skull murine in form, but
the temporal fossae are completely arched over by thin plates arising

from the temporal ridge and malar bone. Intestine with a small
caecum.

Fio. 05.—i.o/)*iomiM iiiiliami (rednccj). A. tl line-Edwards.

Lophiomys, with L. imhausi (fig. 95), alone represents the

family. This veryextraordinaiyspcciesfrom north-east Africa differs

from all other Rodents in the peculiar granulated plates which cover

the temporal fossje, and from all the species of the section in the

rudimentary condition of the clavicles as well as in the possessiou

of an opposable Hallux. The hair is very peculiar in structure, and

forms a crest along the back aud tail. For full description seo A.

Jlilne-Edwaids. L'Instiiul, xxxv. p. 46.

Family 3. Muridj3.

Rodents of vaiious habit, but geneially terrestrial ; with con-

tracted frontals, with the lower root of the maxillary zygomatic

process more or less flattened into a perpendicular plate ; with a

short and slender malar, generally reduced to a -splint between the

maxillary and squamosal processes ; with (iu typical forms) a high,

perpendicular infra-orbital foramen, wide above and narrow below;

with compressed lower idcisors and rooted or rootless molars,

tnberculate or with angular enamel folds. Pi'cmolars none (except

in Sminthitix) \ poUex rudimentary j tail generally sub-naked and
scaly.

This large family includes more than one-third of all the species

of Rodents, aud is represented by thirty-five generaof cosmopohtan
distribution. These fall into two sections corresponding to the

rooted or rootless condition of the molars.

I. Molars rooted.

Subfamily 1. SminthinsB.—/^ \, m 5 ; infra-orbital opening

subtriaugular, widest below; inci.sive foramina longi

Smintfius, with one species, S. vagus, a Rat-like .Rodent inhabit-

ing northern Asia and Europe.
Subfamily 2. HydroinyinsB. if ?, divided into transvcreo

lobes; infi-a-orbital opening crescentic, scarcely nairov/ed above:
incisive foramina very small.
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Bydromys, with two species from Australia, Tasmania, and New
Ciuiiiea, includes tho Water-Uats of the Australian region, with
nartially webbed toes. They are distinguished from all other

Hodonts by the small number of their molars.

Subfamily 3. Platacanthoinymae.— ;!/ J, with transrerso

lamina; ; fur riiixed with flattened spines
; tail densely htiiry.

PlatncatUhoviys, witl> P. lasiH7'ii3, a small Dormouse-like species

fronri western India, inlmbiting the rocky mountains of Travancore.

Subfamily 4. GerbillinsB.—Incisors narrow, molars with trans-

verse lamiuie ; auditory bulla; osseffi usually large ; hind limbs
elongated ; tail generally long and hairy. Palaiarctic, Indian, and
Ethiopian.

GcrbilluSf with nearly fifty species, has a range coextensive with
that of the subfamily. Pachyuromys is distinguished by the

enormous sizo of the auditory bull», as well as by the short fleshy

rlub-shaped tail. Mystromyn, Oiomys, and Dasymys differ in the
form of the molars, and aro represented by a few specie^s, all from
.South Africa.

Subfamily 6. PhloBomyinae.—Incisors broad, molara with
transverse laminse ; claws large. Indian.

Phlteomys, with P. cuniingii from the Philippines, and NcsoTciaj

with eight species widely distributed throughout the Indian liegion.

The latter (distinguished from tho former genus by the short,

suhjiaked, scaly tail) includes the Great Bandicoot Rat of India
[N. bandicota).

Subfamily 6. DendromyinSB.—Incisors convex in front, molara
tuberculate ; ears hairy ; claws long. Ethiopian.
Three genera, Dendromys, Steatomys, and Lophurtymys, include

several species of small Mouse-like Rodents with the habits of
Dormice generally, though some bun-ow in corn-fields.

Subfamily 7. Crioetinss.—Molars tuberculate. Large internal
cheek-pouches. Palsearctic and Ethiopian.
Of the three genera, Cricctus, SaccosioniuSj and Cricciomys, the

last is distinguished from the otliers by the grooved upper incisors,

while Saccostmnii^ is separated from Cricetus by the tubercles of
the molar teeth being arranged in threes. ^The cheek pouches in
Cricetus are very large, and their walls are connected with muscles
arising from the lumbar vertebra. The best-known species is

O, friLmcniarircs. See Hamster.
Subfamily 8. KurinsB.—llolars tuberculate, at least in youth.

Cheek-pouches absent. ' Tail scaly, moreor less naked. Cosmo-
politan.

This includes the typical murine forms, divided into fifteen genera
with over three handred species, of which nearly halt', however, are
contained in the genus Mus. M. deaimanus, the common Grey Eat,
and H. mttsculus (see Mouse) are familiar examples which have been
introduced in ships into almost every part of the habitsble world.
In Acomys the skull and teeth are as in Mua, but the fur is mixed
with sharp flattened spines. A. dimidiatus presents the appearance
of a little Hedgehog when its spines' are erected ; it inhabits the
stony deserts of Arabia Petroea and Palestine, and feeds on bulbs.
Echiothrix, Uromys, and Eapalotis, the latter with about a dozen
species, aro limited to the Australian region. BrachytarsomySf
Nesomys, Ballomys, and Hyporjcamys, each with one or two species,
are peculiar to Madagascar, where they alone represent the order.
Drymomys, Holodifiiltis, Ochctodon, and Bespermiys are New-World
genera, tha last-named including many species representing the
Old-World Mice, but distinguished 'by the indenting enamel folds
of the molars. Of the remaining genera, PcUhrodon, with grooved
incisors, includes two very remarkable Rabbit-like species, one
inhabiting Patagonia, the other Tierra del Fuego.

11. Molars Semi-Sooted or Rootless.

Subfamily. 9. ArvioolinaB.—Molars composed of triangular
prisms placed alternately

; limbs moderate ; tail moderate or short,
hairy. Palesarctic and Nearctic.

AiTiicola, with over thirty species, includes the 'Voles, of which
the Field-Vole (A. agrestis) and the Water-Vole (A. amphiljUis)
are well-known

' examples (see Vole). Myodes, distinguished by
the hairy loot-sole, includes two species, of which M. lemmvs, of
the Scandinavian Peninsula, is remarkable for its extraordinary
migi-ations (see Lemming). Fiber is represented by a single laro-e
species, F. zibethicxcs (see fig. 94), the Musk-Rat, or Musquashj^a
Beaver-like Water-Rat with webbed -toes, but a laterally flattened
tail, inhabiting tho banks of rivers and lakes in North America,
and constructing dome-roofed dwellings like those of the Beaver •

it is much hunted for its fur.
'

Subfamily 10. Siphneinse.—Molars as in Arvicolinm ; form
cylindrical ; oar-conch rudimentary ; limbs and tail very short,
''alajarctic.

Ellobius, with short claws, connects the species of this subfamily
bf I'ossorial Mole-like Rodents with the Arvicolirne. Siphncm, on
tho other hand, leads to the next family, which inclndes the true
Mole-Rats

; the species, which cluefly inhabit northern Asia, closely
resemble tho Golden Moles {Clirysochloris) in general form and in
tho great development of the claws of tho foro feet (comuare fig.
pa with fig. 64, D. 406\

410

Family i. Spalacids.

Rodent Moles, with vei7 small or rudimentaiT eyes and e»r-

conchs, largo claws, and short or rudimentary tail. Foini
cylindrical. Incisots large ; molars rooted, with re-entering
enamel folds

; palate narrow
Subfamily 1. Spalacinas.—Angular mrt of tho mandible ari.sing

from the lower edge of the socket of the lower incisor. Palfflarctic,

Indian, and Ethiopian.

Spalax, with S. lyphlus of south-east Europe, agrees with the
insectivorous Golden Moles in the complete external absence of tlie

eye, which is covered by the hairy skin, sliowing similar adaptive

Fio. SB.—Siphneus armandii (reduced). A. Milne-Edwards, itammif. Ttbei

modification in widely removed species. In Rhizomys, including
several species from China, Tibet, Malay Peninsula, and eastern
Africa, the eye is very small.

Subfamily 2. BathyerginsB.—Angular part of the mandiblo
arising from the side of the socket of the lower incisor. Ethiopian.

Bathyergv^, with B. maritimus, the Great Rodent-Mole, inhabit,
ing the sand-dunes along the coast in the vicinity of the Cape of
Good Hope, is distinguished chiefly by its grooved incisors from
the other species included in the genera GeorychusxaiHcliophohius,
the former with several, tho latter with one species, and differiag
from both in the presence of two or three premolars.

Family 5. GEOMTina.

Terrestrial or fossorial Rodents, with large cheek-pouches
opening on the cheeks outside tho mouth. The squamosal hones
are much expanded, and the malnrs extend forwards to the
lachrymals. Pm \ ; molars rooted or rootless. Nearctic and
Neotropical.

Subfamily 1. QeorQyinBB.—Incisors broad ; mastoid not appear-
ing on the top of the skull ; eyes small ; ear-conch rudimentary

;

limbs short, subequal. Fossorial.

Geomya bitrsariiis, the common Pouched Rat of North America
with deeply-grooved incisors, inhabits the plains of the Mississippi^
living in burrows like the Mole. Four other species Irom tho
Southern States, Mexico, aud Central America are recognized.
Thamomys talpovies, with plain incisors, extends all over Canada
and North America west of the Rocky Mountains.

Subfamily 2. Heteromyinae.— IncisorsnaiTow; mastoidappear-
ing largely on tho top of tho skull; eyes and ears moderate or
large ; hiud limbs and tail elongated. Terrestrial.

Bipodomys has the molars rootless ; D. phillipsi is the Kangaroo-
Kat of the desert regions east of the Rocky Mountains. Perognath us
and Rcteromys have rooted molars ; the latter genus is distinguished
by tho presence of flattened spines among the fur, with species
extending into South America.

Family 6. Dipodid^.

Terrestrial leaping Rodents, of sfendcr forn;, with elongated hind
limbs. The incisors are compressed, the molars have transverse
enamel folds, the infra-orbital opening is rounded and very large,
the malar ascends in front to the laclirymal in a flattened per-
pendicular plate (see fig. 89, p. 415), and the mastoid part of the
auditory bulla is usually greatly developed.

Subfamily 1. Zapoduiss.—Molars rooted ; cervical vertebrae
free ; metatarsals separate ; hind feet with five digits. Nearctic.

Zapics hxidsemius, the American Jnmping-Mouse, extends over
almost the whole North-American continent from Labrador to
Mexico.
Sutfamily 2. DipodinaB.—Molars rooted ; cervical vertebrse

more or less ankylosed ; met.atarsala united ; liind feet with three
functional digifa only. P,-da'arctic and Ethiopian.

This includes the true Jerboas. It contains three genera : JOipw
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with tliroc toes, and Alactaga and Platyecrcomijs with five, the last-

uamed distinguished by the total absence of picniolars, wiupiiaing

many species extending from Siburia to Nubia.

Subfamily 3. Pedetinae.—Molars rootless; cervical vertebrse

free ; metatarsals separate ; hind feet with four digits. Ethiopinu.

Fcdctis cafer, the Cape Jumping Hare, by far the largest species

of the family, extends from Mozambique and Angola totlie Cape of

Good Hope. See Jeuboa.

Section III. Hystric iorpha.

Zygomatic arch stout; malar not suppoited below by a continua-

tion of the maxillary zygomatic process : infr.vorbiral openintr large ;

Fig. 07.—SUuU of IJydiOificei us capybara (i educed).

mandible with the angular part arising from the outer side of the

bony socket of the lower incisor ; clavicles perfect or imperfect

;

tibula distinct.

Family 1. Octodontid.^.

Terrestrial, rarely fossorial or natatorial Kodents, with perfect

clavicles and long incisive foramina extending into the maxillaries.

Malar with an inferior angle ; molars with external and internal

fnamel folds ; mammary teats placL'd high on the sides of the body.

Subfamily 1. Ctenodactylinse.—Molars semi-rooted ; malar as

in Dipodidss ; the two inner toes of the hind feet with a horny comb
:ind rigid bristles. Ethiopian.

Cteno-iadyUts gnndi and Pcctinatnr spckei, both from North

Africa, alone represent the snbfamily ; the peculiar comb-like inner

toes are used in dressing the soft fur/

Subfamily 2. Octodontinae.—Molars semi-rooted or rootless,

with simple enamel folds ; fur soft. Ethiopian and Neotropical.

There are six genera, including several sj-ecies of Rat-like IJodents.

Octodon cumingii, common in Chili and Peru, about the size of a

Rat, lives likeP.abbits in large communities. Pciromys typicus is

tlie only African representative.

Subfamily 3. Echiomyinae. Molars semi-rooted or rooted,

with deep, curved enamel Iblds ; fur more or less harsh, ofteu mixed
with spines. Neotropical and Ethiopian.

Aulacodiis, with A. swindcriauus, the Ground-Rat of western

Africa; the remaining nine genera are all Neotrojjical. OF these

Myo/'otamus includes Jif. coypa, about 2- feet in length, the largest

species of the family, common in South America, living in burrows
near water, and feeding on aquatic plants. Vapromys piloridcs,

nearly as large, is arboreal in habits, and inhabits Cuba and Hayti,

where it is the largest uidigenous maninial ; the species of this

genus are remarkable for the manner in which the liver is divided

into minute lobult-s. Vlagiodontia scdiuni is peculiar to Hayti and
Jamaica, and in the latter island (besides Bats and Mice, tlie latter

probably introduced) ajipfars to be the only indigenous mammal.
In Lonclvres and Echinomyi most of the species have the fur mixed
with flattened lanceolate spines.

Family 2. HvsTiuciDiB.

Terrestrial or arboreal Rodents, of stout form, with subequal limbs

and more or less spiny integument. Malar without an inferior angle;

the facial part of the skull short and broad ; molars with external

and internal enamel folds.

Subfamily 1. SpingurinsB.—Molars rooted; clavicles perfect;

soles of feet tuberculate 1 ; teats four; tail generally prehensile.

Arboreal. Nearctic and Neotropical.

There are three genera, including .several species. Of these

Ercthizon dorsatus, the Urson, is distributed all over the forest

regions of North America ; Symtliercs { = Ccniolahes) prcheTisilis^

the well-known prehensile-tailed Porcupine of South America
(fig. 9^), 'has the whole upper surface of the body protected by long
white-tipped spines ; Chsstomys subsptnosiis is clothed with strong

wavy bristles; in the kst two genera the feet have four digits o;ily.

Subfamily 2. HystricinEB.—Mulars semi-rooted ; clavicUs

imperfect; soles of feet smooth; teats six; tail not prehyihile.

Terrestrial. Palaearctic, Indian, and Etliiopian.

Uysirix cristata, the Common Porcupine of southern Europe and
noithern Africa, is typical ofthlsgeuus, which includes several ollict

Fig. 08 —Sj/uethercs prchemilis.

Species from the Indian region. The spines are cylindrical, the tal^

short and covered with spines and slender stalked open quills. Tw

Athcrura faxiculaia o^ the Malay Peninsula the spines are flattened,

and the tail is long and scaly, with a tnft of compressed bristles.

A closely allied species, A. a/ricana, inhabits western Afiica. Sm
POBCUPJNE.

Family 3. CHiNrinLLiD^ffi.

Terrestrial Kodcuts, with elongated hind limbs, bushy l;ails, very

soft fur, and perfect chiviclcs. The malar is without an inferior

angle, and extends forwards to the lacrynial ; the palate is con-

traded in front cud deeply enmrginate bchijid ; the incisors are

short, and the molars divided hy continuous folds into transverst:

laminre. Neotropical.

This small family includes only three specie.''^ divided into a<?

many genera. Chinchilla lanitjera and Lagldiuvi -pcruanuvi are

restricted to the alpine zones of the Andes from the northern
boundary of Peru to the soiithera jarts of Chili, and Lagostovnis

trichodactyliis, the Viscacha, to the pampas fiom the Uruguay
river to the Rio Negro. In Chinchilla the fore feet have five and
the hind four digits, the tail is long and buehy, and the auditory

buUre are enormous, appearing on the top of the skull ; I^gidium
has four digits in both fore and hind feet, and Lagostomjis three

only in the hind feet, while tlie auditory bullai are much smaller.

See Chinchilla.

Favdly i. Dasyproctid^.

Terrestrial Rodents, with subequal limbs, hoof-like claws, short

or obsolete tail, and rudimentary clavicles. Mandibular masseteric

ridge obsolete
;
palate broad ; incisors long ; molars semi-rooted,

wit:h external and internal enamel folds. Neotropical.
With two genera:

—

Dasiiproda,\nc\\n\\r\g several species of slender-

limbed, subungulate Rodents with three hind toes, inhabiting
Central and South America, o'ne (Z>. cristata) extending into the
"West-Indian Islands ; and Ccelogcnys, with five hind toes, rt-mark-

able for the extraordinary development of its zygomatic arches,

which are enormously expanded vertically, forming great convex
bony capsules on the sides of the face, enclosing on each side a

large cavity lined with mucous membrane internally, and com-
municating by a small opening with the mouth ; B.'paca is about

2 feet long, and, like the species of Dasyjivocta, lives generally yi

the forests or along the banks of rivers.
^

Family 5, DiN'OMYiD.E.

Terrestrial Rodentfl, distinguished from Dasyproctidmhy the cleft

upper lip and rather long and bushy tail, and by the presence of four

digits in the fore and hind feet. The manubrium is broad ; the

ontic foramina are coniluent, the incisors broad and the molars

lootless, with folds dividing them into transverse lobes.
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This family incluiles but a single epeoies, Diniomys branickii^

known only from a single specimen obtained in ?i!iu, which
resembles Ciclogcnys paca in the general form of its body ami in

6120. It is regarded by its describe!', Professor Peters, as a connect-

ing link between the families Ododontidsc, Chvickillidmf Dasij-

pjudiUse, and Caviidse.

Famihj 6. Caviid^.

Terrestrial or natatorial Rodents, with short incisors, strong

mandibular masseteric ridges, long and curved poroccipitals, and
palate contracted in front. Fore feet with four digits, hind feet

with three ; clavicles imperfect ; molars divided by enamel folds

into transveise lobes ; milk teeth shed before birth. Other
characters as in Dasiqyroctidse. Neotrojiical.

Cavla, limbs and ears short, subequal, tail none, includes several

species widely distributed throughout South America, extending
even to the Straits of Magellan, from one of which (C. a2)crca, prob-

ably) the common Guinea-Pig is derived. DoUchotis has the limbs

and ears long, tail very short, with D. jjatagonica, a large species,

nearly 3 feet long, inhabiting the gi-avelly plains of Patagonia.

The palate is so nmch contracted in__front that the premolars of

opposite sides touch by their antero-internal edges. Hydrochccrus^

.with all the feet fully webbed, also includes a single sp'feeies, which
is the largest of living Rodents. The skull (fig. 97) is distinguished,

not only by its great size, but also by the enormous development of

the paroccipital processes. See Cavy and Capybara.

Suborder II. RODENTIA DUPLICIDENTATA.

Rodents with four incisors in the upper jaw (two of them very
imali, and placed directly behind the large middle pair), the enamel
of which extends round to their posterior surfaces. At birth there

are six of these incisors, but the outer one on each side is soon lost.

The incisive foramina are large and usually confluent ; the bony
palate 'is very narrow from before, backwards ; there is no true

alisphenoid canal ; the fibula is ankylosed to the tibia, and articu-

lates with the 03 calcis ; and the testes are permanently external.

Section IV. Lagomokpua.
Characters those of the suborder.

Family 1. Lagomyid^.

Terrestrial Rodents, with complete clavicles, subequal limbs, no
external tail, and short ears. Skull depressed, frontals contracted
and without post-orbital processes

;
pm 1 or * ; molars rootless, with

transverse enamel folds. Palaarctic and Nearctic.

Lagomys, with about a dozen species of small Guinea-Pig-like
animals, inhabiting chiefly the mountainous parts of northern Asia
(from 11,000 to 14,000 icet), one species only being known from
Bouth-east Europe and one from the Piocky Mountains.

Family 2. Leporidj:.

Terrestrial Rodents, with imperfect clavicles, elongated hind
limbs, short recurved tail, and long ears. Skull compressed,

FiG. 99.—Skull of Lepus (.imidus.

frontals with large wing-shape^ post-orbital processes (fig. 09);
ym ^ ; molars as in Lagomyidx. Cosmopolitan (except Australasia).

Lcpus includes about twenty species, which all resemble one
another in general external characters. In all the fore limbs have five

and the hind oply four digits, and the soles of the feet are densely
clothed with hajrs similar to those covering the legs ; the inner
surface of the cheeks also is hairy. Although the family has SHoh
a wide distribution, the greater number of the species are restricted

to the Pal.-carctic and, Nearctic regions, and a single species only
(
L.

hrasilicnsis) extends into South America. See Hare and Rabbit.

Fossil Rodentia.
Fossil representatives of all the above-Jcfmcd families, with tho

exception only of the small groups included under Anomaluridie,
HuplodontidsE, LophiomyidoB, Spalacidas, and Dinoniyidm, have bceu
described from various dejiosits. Of these the earliest have becu
found in the Upper Eocene of Europe ar.d America, and Kdong to

the family SciuridtB, of which the gtyiera Colotiomys, Taxymys,
Tilloviys, P(iramySt Hcliscomys, and Mysyvpa liave been character-

ized from the Eocene of Nonh America, and Flcsiarcto>injs froni

that of bolh America and France, while examples of even the recent

genus Sciiiriis have been found in beds of the same age iu the latter

country. Other recent families have representatives in later

deposits, as Castoridai with Stcncofibcr and Pc.lxomys from tho
Miocene of Europe and North America, I'rogonotha-iiivi from that

of India, Chalicomys from that of Germany, and Euaistor from
North America, Myoxidx with Myoxus and Miiridx with Elomya,
Dcdicus, Orcomys, and Cricdodon from the European Miocene,
Hystricidm with Erethizon extending back to the Miocene of India,

Geomyidee with Entoptychus and PUurolicus and J)asyprodidss

with Faciculus from the Miocene of North America, Lagomyidte
with Titanomys and Myolagus from the European Jilioceiie, and
Lcporzdas with Palseolagus from corresjiondiiig North American
beds. Later Tertiary strata have yielded Rodent i-emains more
abundantly ; many of them referable to recent geneca, or even
closely allied to or undistinguishable from existing species, have
been described from Brazilian bone-caves.

Besides fhose referable to existing families, several fossil remains
have been discovered which cannot be so classed. These have been
included iu three families :

—

Ischromyidse with Pscudotomvs from
the Eocene, and Ischromys and Gyiprcptyckus from the Miocene of

North America ; Theridomyidx with Thcridomys exteudiug from
the Eocene to the Pliocene of France, and Archa-omys, Issidioromys^

ana Dipoides from the Miocene ; and Casturoidulm with Casloroidcs

from post-Pliocene deposits of North America, and Am.hlyrhiza and
Loxomylus from the bone-breccias of the island of Anguflla. The
first-named family appears to be intermediate between the Sciuridm
and Castoridas ; the second is allied to Geomyidee and DipodidsR ;

and the last, connected with Chinchillidse, includes Castoroidcs

phioeiisis, a species vastly exceeding in size the largest of existing

Rodents. A fourth family, Jlcsotheriids;, including a single fossil

form, Mesothcrium cristatum, also of large size, from the Pliocene
of South America, has been refened to this order, but it is evident
that an animal which, besides presenting many other structur.il

differences, possesses four lower incisors conipietely surrounded by
enamel, and in which the mandibular condyle is transversely

extended and the niaxillaries articulate freely with the nasals,

cannot be considered as coming under the definition of a Rodent.
Thus, like the Jnscdivora and ChiropUra, fossil remains of

Rodentia are found as far back as the Eocene period, and of these

some are even referable to one or more recent genera, and differ but
slightly from existing species, while all others are either capable of

being classed in recent families or are more or less closely related

to them. It follows therefore {if the age of the beds in which these

remains were found has been correctly determined) that, ?.^ in the

case of these orders also, the first appearance of true Rodents musi,

be sought for much farther back in time, and the question of their

descent must be deferred till the di.'xovery of sufficient material

admits of reliable generalizations.

Bibliography of Rodentia —C,_ i; W;iterhouse, " Obsen-ations on the nodcntia."

Maa. .V<^^ Hi^t., iii. (IS!;'); M.. Ami. Nat. Bist., viii. and x. (lS39-4-i); Id,
"Oh ttie GeogruiiJiicul Di.MriLiuti.'n of the Rodentia." Proc. Zool. Soc, 1839,

pp. lf;2-174; Id., .Wilural IlisU-ni 0/ tlie Mammalia, vol. ii., "Rodentia," (lSt8)
;

Gervai-i, Did. C'tu: d'Hist, Nat., xi., p. 202 (1848); Biandt, "Untersuchnngen
iiLiur die cianiologtschcn Entwickelungsstufen und CLissificatliin der Naccr der
Jetzwelt." Mem. de I Acad. Imper. de St Pe'fersbourg (I85o); Lilljeborir.

Sfj^temati.'^f: (Efvevs'dht af de Gnagande Ddggdjuren, Upsala, 1866 Alston, "On
ilie Classification of the Order Oltres," Proc. Zoot. Soc, IS7ti, pp 61-93 ; Trouessarf
" Catal. do Ron-ciirs. Vivanta et Fos^iles," Bullet. Soc. d-fHudes Scient. d"Angers,
lSSO-1 ; various papers by Peters in Monatsb. Akad. Wisiensch. Berlin, and by
Alston. Andeison, Blaii Ifoid. A. Milne-Edwards, Thomas, and others, in Proc.

Zool. Sm., Jour. Asial. Soc. Beiig., Ann. Mag. fi^at. Hist., iLC.

[For the above sections on the I)iscdivora, Cki'^'optcra, and
Rodctitia we are indebted to Dr G. E. Dobson.]

OnDER UNGULATA.
Under this term may be included provisionally a large and

rather hetert)geneous group of mammals, the existing

members of which form the Pecora and Bellusc of Linnxus,

the' Rujuinantia and PachyderntaUi of Cuvier. A few

years ago it was found convenient to restrict the order

to a well-marked and distinctly circumscribed group, com-

prising the two sections known as Perissodadi/la and

Artiodactyla, a«d to leave out such isolated forms as tha

Elephant and Hyras ; but the discovery of a vast number of

extinct species, which could not be brought under the defini-

tion of either Perissodactyle or Artiodactyle Ungulates,
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and yet are evidently allied to both, sind which to a certain

extent bridge over the interval between these and the

isolated groups just mentioned, makes it necessary either

to introdnce a nnmber of new and ill-defined ordinal

divisions, or to widen the scope of the original order so as

to embrace them all.

They are all animals eminently adapted for a terrestrial

life, and in the main for a vegetable diet. Though a few

are more or less omnivorous, and may under some cir-

cumstances kill living creatures smaller and weaker than

themselves for food, none are distinctly and habitually

predaceous. Their teeth are markedly heterodont and

dipliyodont,—the milk set being well developed and

not completely changed until the animal attains its full

stature. Tlie molars have broad crowns with tuberculated

or ridged surfaces. They have no clavicles. Their toes

are provided with blunt, broad nails, or in the majority of

cases with hoofs, more or less enclosing the ungual

phalanges. The scaphoid and lunar bones of the carpus

are always distinct.

The whole group may be divided into the Ungtdata Vera,

containing the suborders Perissodadyla and ArtiodactylOj

and a less well-known assemblage of animals which may
be called Subungulata or

Ungulata Polydactyla.

Cope has pointed out a V-

character in the struc-

ture of the carpus by
which the latter are dif-

ferentiated from the for-
'

mer. In all the Subimga-

lata the bones of the

proximal and distal row
retain the primitive or

more typical relation to

each other (see fig. 100).

The OS magnum of the

second row articulates

mainly with the lunar

of the first, or with the

cuneiform, but not with

the scaphoid, while in

the group to which the

vast majority of modern p.o. loo.-nigat KorrVoo. ot Indian Eie-
j

Ungulates belong the Phant. xj. U.uln:i;R,radius;c,cuncifonii;
° , ,. , ° , /.lunar; ic, scaphoid; o, nncitm-m; m.mae-

Second or distal row has num; W. trapezoid ; Jm, trapezium ; I to V,

been shifted altogether »'="<""<n "ieit. '

towards the inner side of the limb (see figs. 107 and 109),

so that the magnum is brought considerably in relation '

with the scaphoid, and is entirely removed from the cunei-^

form, as in the great majority of existing mammals.

SUEUNGULATA.
By far the greater number of the Siihungulata are extinct,

and of many of those whose former existence has been
revealed, chiefly by the labours of the American paheonto-
logists, our knowledge is at present necessarily imperfect,

though daily extending. It will only be possible here to

give any details of some of the more interesting or best-

known forms'.

SuBOEDEE BYRACOIDEA.
This division is constituted to receive a single family of

mammals, the affinities of which have long constituted a
puzzle to zoologists. They were first placed among the
Rodents, to which animals their small size and general
appearance and habits give them much superficial resem-

blance. Cuvier's investigations into their anatomical
structure, and especially their dental characters, led him
to place them among the Ungulates, near the genus
Ji/iinoceros, a position still accepted by many zoologists.

Further "knowledge of their organization and mode of

development has caused Milne- Edwards, Huxley, and others

to disassociate them from this connexion, and, failing to find

any agreement with any other known forms, to place them
in a group entirely apart. Palieontology has tlirown no

light upou the afiinities of this anomalous and isolated

group, as no extinct animals possessing their distinctive

characters have as yet been discovered.

Tlie dentition consists only of incisors and molars, the

formula in all known species being i A, c ", p |, m f.

The upper incisors have persistent pulps, and are curved

longitudinally, forming a semicircle as in Eodenta. They
are, however, not flattened from before backwards as in

that order, but prismatic, with an antero-external, an

antero-interual, and a posterior surface, the first two only

being covered with enamel ; their apices are consequently

not chisel-shaped, but sharp pointed. They are preceded

by functional, rooted milk teeth. The lower incisors have

Fig. 101.—Skull and Dentition of Dendrohyrax dorialis. x |.

long tapering roots, but not of persistent growth. They
are straight, procumbent, with awl-shaped, trilobed crowns.

Behind the incisors is a considerable diastema or intervaL

The molars and premolars are all contiguous, and
formed almost exactly on the pattern of some of the

Perissodactyle Ungulates. The hyoid arch is unlike that

of any known mammal. The dorsal and lumbar vertebras

are very numerous, 28 to 30, of which 21 or 22 bear ribs.

The tail is extremely short. There are no clavicles. In the

fore foot, the three middle toes are subequally developed,

the fifth is present, but smaller, and the hallux is rudimen-

tary, although, in one species at least, all its normal bones

are present. The ungual phalanges of the four outer digits

are small, somewhat conical, and flattened in form. The
carpus has a distinct os centrale. There is a slight ridge

on the femur in the place of a third trochanter. The
fibula is complete, thickest at its upper end, where it

generally ankyloses with the tibia. The articulation

between the tibia and astragalus is more complex than in

other mammals, the end of the malleolus entering into it.

The hind foot is very like that of Rhinoceros, having three

well-developed toes. There is no trace of a hsUux, and
the fifth meta-tarsal is represented by a small nodule only.

The ungual phalanx of the inner (or second) digit is deeply

cleft, and has a peculiar long curved claw, the others

having short broad nails. The stomach is formed upon

much the same principle as that of the Horse or

Rhinoceros, but is more elongated transversely and divided

by a constriction into two cavities—a large left ml de sac,

lined by a very dense white epil helium, and a right pylorio

cavity, with a very thick, soft, vascular lining. The
intestinal canal is long, and has an arrangement perfectly

unique among mammals, indeed among vertebrated animals,

for, in addition to the ordinary short, but capacious and
sacculated caecum at the commencement of the colon,

there is, lower down, an additional pair of large, conical,

pointed cjica. The liver is much subdivided, and there is
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110 gall-bladder. The brain resembles tbut of the typical

Ungulates far more than tlio Rodents. The testes are

jiermanently abdominal. The ureters open into the fundus

of the bladder as in some Eodents. The female has six

teats, of which four are inguinal and two axillary, and the

[ilaceuta is zonary, as in the Elephant and Carnivora.

There are two distinct forms of }Iyrax, differing both in structure

and habita, and wijieli ni:iy well be accorded generic rank.

1. Byrax.—Molar teetk liaving the same pattern as tho.so of

Jlhmoccrvs. Interval between upper incisois leas than the widtli

of tlie teeth. Lower incisors slightly notched at the cutting edge.

Vertebra! : C 7, D 22, L 8, S 6, C 6. Of this form the- earliest known
Kpecies, IT. capensis, is the type. .There are several other species, as

//. s;piac\ts and habcssinicus, from eastern Africa and Syria. They
inhabit mountainous and rocky regions, and live on the ground.

2. Dtindrohyrax.—^lolar teeth having the same pattern as Falaeo-

thcriuiii (except that the third lower molar has but two lobes).

Interval between upper incisors exceeding the width of the teeth.

Lower incisors with very distinctly trilobed crowns. Vertebrx

:

C 7, D 21, L 7, S 6, C 10. The members of this section frequent

the trunks and large branches of trees, sleeping in holes. There
ore sevei-al species, not distinctly defined, from western and south
Africa, as D. arborcus and P. dora.xlis. The members of both groups
appear to have a power like that possessed by the Liznrds called

Geckos of clinging to vertical surfaces of rocLs and trees by the

soles of their feet. See Hykax.
The anjitomy of Hyrax was first dcaciibcd by Ptillas iSpieiU^a Zoologka).

liesidea minor memoirs, two very detailed accounts of its stracture have recently
nppearcd—one by Brandt, in item. Acad. Nat, ScKit. SI Petersbourg, series vii. vol.

xiv.. No. 2, 1869; and another by (Seorge, in Annates des Sciences NaturclleSt
series vl. torn, i., 1874^ In which references to ail tlie previous literatnre will be
found. Tlie mechimism by which the sole of the foot is enabled to adhere to

smooth surfaces is fully rlescrtbcd by G. E. Dobson, Proc, Zoo'. Soc.^ 1676. p.
HJO.

Suborder PROBOSCIDEA.

This name has been appropriated to a well-marked group

of animals, presenting some very anumaloua characters,

allied in many respects to tlie Vvrjulata, but belonging

neither to the Artiodactyle nor Perissodactyle type of that

order. It has 'been thought that they posse.s3 some, though
certaiidy not very close, affinities with the liodenlia, and
also with the Sirenia. It is certain, however, that the two
species of Elephant which, arc the sole living representatives

of the group, stand quite alone among existing mammals,
differing widely from all others in many points of their

structure. In some respects, as the skull, proboscis, and
dentitio"., they are highly specialized, but in others, as in

the presence of two anterior veniE cavse, and in the struc-

ture of the limbs, they retain a low or generalized con-

dition. A considerable series of extinci; forms, extending

back through the Pliocene and Mioceno epochs, show the

same type under different modifications, and in still more
generalized outlines; and certain recently discovered forms
from the Eocene of North America, if their affinities are

rightly interpreted, appear to link the true Prohoscidea

to some unknown primitive type of Peri-ssodactyle Un-
gulala.

The following are the principal characters common to

e'xisting, and, by inference, to the extinct, Proboscidea.

The nose extended into a long, muscular, very flexible and
pi-ehensile proboscis, at the end of which the nostrils are

situated, and from which the namo given to the group is

derived. The teeth consisting of evergrowing incisors of

very great size, but never exceeding one pair in each jaw,

and often present in one jaw only; no canines; large and
transversely ridged molars. No clavicles. Limbs strong,

the upper segment, especially in the hind limb, tlio

longest. Radius and ulna distinct, the latter articulating

extensively with the carpu.s. Fibula and tibia distinct.

Astragalus very flat on both surfaces. Manus and pes
short, broad, and massive, each with five toes, though the
outer pair may be more or less rudimentary, all encased in

a common integument, though with distinct, broad, short,

hoofs. Third digit the largest. Two anterior vense cafse

entering the right auricle. Stomach simple. A capacious

caecum. Testes permanently abdominal. Uterus bicor-
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nuate. Placenta iion-dcciduate and zonary. Mamm<c two

pectoral.

With regard to the teeth, the iflcisors,' which project

largely out of the mouth, and are commonly called " tusks,"

are of an elongated conical form, and generally curved.

They are composed mainly of solid dentine, the fine elastic

quality and large ma.ss of which renders it invaluable as
" ivory " for commerce and the arts. A peculiarity of the

dentine of the Proboscidea is that it shows, in transverse

fractures or sections, strice proceeding in the arc of a circle

from the centre to the circumference in opposite directions,

and forming by their decussations curvilinear lozenges, as

in the "engine-turning" of the case of a watch. The
enamel covering in existing species is confined to the

extreme apex, and very soon wears off, but in some extinct

species it forms persistent longitudinal bands of limited

breadth. The tusks have small milk predecessors, shed

at an early age.

The molar teeth present a remarkable series of modifica-

tions from the comparatively simple form in Dinotherium,

with two or three strongly pronounced transverse ridges

and a normal mode of succession, to the extremely complex

structure and anomalous mode of replacement found in the

true Elephants. The intermediate conditions occur in the

various species of Mastodon, In this genus the enamel-

covered transverse ridges of each tooth are generally more
numerous than in Dinotherium, and often complicated by
notches dividing their edge or by accessory columns attached

Fic. 102.—Longitadinal StcUons ot the Crown of a Hular Tooth of various Pro-

boscideans, showing stages in the eradusl modification from the simple to the
complex form. I, ifastodon ohiolicus; 11, Stegodon irtsigniB ; lit, loxodon
a/ricanut; IV, Etep/ias primigenftts. The dentine la indicated by I'-ansverse

lines, the cementum by a dotted surface, and the enamel is bluck.

to them, but in the unworn tooth they stand out freely on

the surface of the crown, with deep valleys between (fig.

102, I). In the Elephants the ridges are still further in-

creased in number, and consequently narrower from before

backwards, and are greatly extended in vertical height, so

1
that, in order to give solidity to what wotdd otherwise be

I

a laminated or pectinated tooth, it becomes necessary to

I envelop and unite the whole in a large mass of cementum,

1^ These teeth are by some writers classed as canines, as their roota

are implanted in the maxillaj ; but, as in Eodents, they are originally

j
developed in the gam covering the preroaxills, in -which bones their

I

primitive alveoli are sunk. As growth proceeds, however, firm sup-

1 port for such massive and weighty bodies can only be obtained by
I their roots gradually sinking through the preniasillfe into the great and
specially modified alveolar processes of the ma.-rills, bat this does not

I vitiate their homology with the incieoi-s of other m.immals.
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wliiuli comiiletely filU up tlie valleys, and gives a general

Binootli appaaraiice tu the ui'giri whun unworn; but as tlie

wear cuiiscquent upon the niiisticating process proceeds, tbe

altornato layers of tissue of different hardness— cementam,

dentine, and enamel—wldch are disclosed upon the surface

form a fine and very efficient triturating instrnment. The
modification uf the tooth of a Mastodon into that of an
Elephant is therefore precisely the same in principle aa

that of the molar of a rah-cotlierium into that of a Horse
(see voL xiii. p. 171), or of the corresponding tooth of onD

of the primitive Artiodactylcs into that of an Ox. The
intermediate stages, moreover, even in the present stvta

of our knowledge, are so numerous that it is not possible

to draw a definite lino between the two types of tooth

structure (see fig. 102, If, III, IV).

As reg'irJs tlie mode of saccession, that of modern
Elephants is, as before mentioned, very peculiar. During
the complete lifetime of the animal there are but six

molar teelh on each side of each jaw, with occasionally a

rudimentary one in front, completing the typical number
of seven. The List three repr sent the true molars of

ordinary mammals ; those in front appear to be milk molurj,

wliich aro never replaced by permanent successors, but the

whole series gradually moves forwards in tlie jaw, and the

teeth become worn away and their remnants cast out in

front, wliile development of others proceeds behind. The
individual teeth are so large, and the processes of growtli

and destruction by wear take place so slowly, that not

more than one, or portions of two, teeth are ever in placj

and in use on each side of each jaw at one time, and the

whole series of changes coincides with the usual duration

of the animal's life. On the other hand, the Dinotherium,

the opposite extreme of the Proboscidean series, has the'

whole of the molar teeth in place and use at one time, and

the milk molars are vertically displaced by premolars in

the ordinary fashion. Among Mastodons transitional forma

occur in the mode of succession as well as in structure, many
species showing a vertical displacement of one or more of

the milk molars, and the same has been observed in one

extinct species of Elephant {E. planifroiis) us regards the

posterior of these teeth.

All known Proboscideans are animals of large dimensions,

and some are the most colossal of land mammals. The
head is of great proportionate site ; and, as the brain case

increases but little in bulk during crowth, while the

Km. 103.—A Section of tlio Slnill of iho Afriraii Elephant (Eleplms a/ricamii)
taken to tile left of tho middle line, and including the vomer (To) and tile

mesctlimDid (.1/^). an, antcr or, and pn, vosterim" nariul apeituce. ^ nat.

size. F\owiir's Ostcoloffir 0/ ifammatia.

exterior wall of the skull is required to be of great super-

ficial extent to support the trunk and the huge and
ponderous tusks, and to afford space for the attachment of

muscles of sufficient size and strength to wield the skull

tnus heavily weighted, an extraordinary development of

air-cells takes place in tlie cancellous tissue of nearly »IS

the bones of tho cranium. These cells are not only formedl

in the walls of the cranium proper, but are also ISrgely

developed in the nasal bones and upper part of the pi-c-

maxilhi3 and maxilla, the bones forming the palate and the.

basi-cranial axis, and even extend into the interior of the

ossified mesethmoid and vomer. Where two originally

distinct bones come into contact, the cells pass freely from
one to the other, and almost all the sutures become
obliterated in old animals. The intercellular lamellae in

the great mass which surrounds the brain cavity superiorly

and laterally mostly radiate from the inner to the outer

table, but in the other bones their direction is more
irregular. Like the similar but less developed air-cells in

the skulls of many other mammals, they all communicate
with the nasal passages, and they are entirely secondary to

the original growth of the bones, their development having:

scarcely commenced in the new-born animal, and they gradu-

ally enlarge as the growth of the creature proceeds towards

maturity. The nasal bones are very short, and the anterior

narial aperture situated high in the face. The zygomatic

arch is slender and straight, the malar boues being small, and
forming only the middle part of the arch, the anterior part

of which (unlike that of all true Ungulates) is formed only

by the maxilla. The maxilloturbinals are but rudimentary,

the elongated proboscis supplying their place functionally

in warming and clearing from dust the inspired air.

The neck is very short. The limbs are long and stout,

and remarkable for the great length of the upper segment
(especially the femur) as compared with the distal segment,

the manus and pes. It is owing to this and the vertical

position of the femur that the knee-joint in the hind leg is

placed much lower, and is more cons[iicuous externally than

in most quadrupedal mammals, and, this hating been erro-

neously compared with the hock-joint or ankle of Ungulates,

the popular fallacy that the joints of the Elephant's leg hevd
in a contrary direction to that of other mammals has arisen.

There is no round ligament in the hip-joint, or third

trochanter to the femur. The radius and ulna are distinct,

though fixed in a crossed or prone position. The fibuhi

also is quite distinct from the tibia. Tho feet ai'6 short

and broad, the carpal and tarsal bones being very square,

with flattened surfaces for articulation ; the astragalus

especially difTers from that of true Ungulates in its flatness,

in the absence of a distinct pulley-like articular surface at

either exti-emity, and in having no articular facet for the

cuboid. The fibula articulates with the calcaneum, as in

Artiodactyles. Of the five toes present on each extremity

(see fig. 100), the middle one is somewhat the largest, and

the lateral ones smallest, and generally wanting (especially

in the hind foot) the complete number of phalanges. The
ungual phalanges are all small, irregular in form, and late

in ossification. The whole are encased in a common in-

tegument, with a flat, subcircular, truncated sole, the only

external indication of the toes being the broad oval nails

or hoofs arranged in a semicircle' around the front edge of

the sole. The hind foot is smaller and narrower than the

front. The liver is small and simple, and there is no gall-

bladder. In form the brain resemldes that of the Kodents

and other lower orders of mammals, the cerebellum being

entirely behind and uncovered by the cerebrum, but the

hemispheres of the latter are richly convoluted

The Proboscidea are exclusively vegetable feedei-s, living

chiefly on leaves and young branches of forest trees and

various kinds of herbage, which they gather and convey to

their mouth by the very mobile proboscis, an organ which

combines in a marvellous manner strengtli with dexterity

of application, and is a necessary compensation for the

shortness and inflexibility of the neck, as by it many of th»
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functions of tlio lips of other animals are performed. By
ita meauB tlio Elepliant is enabled to driuk without bend-

ing the head or Uuiba ; the end of tlie trunk being dipped

into tlie stream or pool, a forcible inspiration fills the two

capacious air-passages in its interior with water, which, on

the tip of the trunk being turned upwards and inserted into

the mouth, is ejected by a blowing action, and swallowed

;

or if the animal wishes to refresii and cool its skin, it can

throw the water in a copious stream over any part of its

BUrfacB. Elephants can also throw dust and sand over

their bodies by the same means and for the same purpose,

and wild animals have been frequently observed fanning

themselves with leafy boughs held in the trunk. The
species are at present limited in their geographical distri-

bution to the Ethiopian and Oriental regions, but they

formerly had a far more estensive range.

Elcplias.—Dentition: t^,c^, m§ = 26. The incisors voriahlo, but

usually of very large size, especially in the male sex, directed some-

wliat outwards, and curved upwards, without ennmel except on the

apex before it is worn; preceded by small milk incisoi-s. The molars

tiuccced each other by horizontal replacement from before back-

wards, never more than one or part of two being in use on each

-sido of each jaw at the same time ; each composed of numerous
flattened enamel-covered plates or ridges of dentine, projecting from

a common many-rooted base, surrounded and united together by
ceinentum. The number of plates increases from the anterior to

the posterior molar in regular succession, varying in the different

tipecies, but the third and fourth {or the last milk molar and the

(irst true molar), and these only, have the same number of ridges,

which always exceeds five. Skull of adult very high and globular.

JIandible ending in front in a prolonged deflected and spout-like

-.Byraphysis. Vertcbrre: C 7. D 19-21, L 3-4, S 4, C 26-33.

The existing species of the genus difler so much that they must
Le placed in two distinct sections, considered by some zoologists as

distinct genera.

1. Elephas proper,. Masmodon, F, Cuv. ; Fuclcphas, Falc.

—

Average number of plates of the six successive molar teeth expressed

by the "ridge formula" 4, 8, 12, 12, 16, 24. The plates com-
pressed from before backwards, the anterior and posterior surfaces

.fas seen, in the worn grinding face of the tooth) being negrly

paralleL Ears of moderate size. Upper margin of the end of the

proboscis developed into a distinct finger-like process, much longer

than the lower margin. r?~e nails on the fore feet, and four

(occasionally five) on the hind leet.

The well-known Asiatic Elephant, E. indiats, inhaoits in a wild

state the forest lands of India, Burmah, the Malay Peninsula, Cochin
China, Ceylon, and Sumatra. Those from the last-named islands,

presenting some variations from those of the mainland, have been

separated under the name o? E. suTtiatranus, buf the distinction has

notrbeen satisfactorily established. The appearance of the Asiatic

Elephant is familiar to all. Though rarely breeding in captivity,

it has been domesticated from the most remote antiquity, and is

atill extensively used in the East as a beast of burden. In the wild

state nt is gregarious, associating in herds of ten, twenty, or more
individuals, and, though it may under certain circumstances become
dangerous, it is generally inoffensive and even timid, fond of shade

and solitude and the neighbourhood of water. The height of the

mate at the shoulder when full grown is usually from 8 to 10 feet,

occasionally as much as 11, The female is somewhat smaller.

See Elephant.
2. Loxodon.—Molar teeth of coarse construction, with fewer and

larger plates and thicker enamel. Ridge formula: 3, 6, 7, 7, 8, 10,

The plates not flattened, but thicker in the middle than at the

edges, BO that their worn grinding surfaces are lozenge-shaped.

Ears very large. The upper and lower margins of the end of the

tmnk forming two nearly equal prehensile lips. But three hoofs

on the hind foot. The one species, E. africamis, now inhabits the

wooded districts of the whole of Airica south of the Sahara, except

where it has been driven away by human settlements. Fossil

remains of Pleistocene age, undistinguishable specifically, have been

found in Algeria, Spain, and Sicily. It was trained for war and
show by the ancient Carthaginians and Romans, and recent "experi-

ence of the species in captivity in England shows that it is

as intelligent as its Asiatic relative, if not more so, while surpass-

ing it in courage, activity, and obstinacy. Nevertheless, in modem
times, no people in Africa have been sufficiently civilized or enter-

prising to care to train it for domestic purposes. It is hunted
chiefly for the sake of the ivory of its immense tusks, of which it

yields the principal source of supply to the European market, and
the desire to obtain whidh is rapidly leading to the extermination
of the species. In size the male African elephant often surpasses
that of Asia, but the female is usually smaller. The circumference
of the forefoot is half the height at the shoulder, a circumstance
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which onableg the hunters to judge from the footprints the tx&(jl

size of the animals of which they Hro in pursuit.
Exlinct Species o/Eifphant.—Abundant remains of Elephants are

found embedded in alluvial gravels, or secreted in the recesses of

caves, into which they have been washed by streams and floods, or
dragged as food by Hyenas and other carjiivoroua inhabitants of

these subterranean dens. Such remains belonging to the Pleiatocono
and Pliocene periods have been found in many parts of Europe, in-

cluding the Britisli Isles, in North Africa, thronghout the l^orLii

American continent from Alaska to Mexico, and extertsively dis-

tributed in Asia, whore the deposits of the sub-Himalayan or Sivalik

hills, belonging to the earliest Pliocene, are rich in the remains of

Elephants of varied form. These species are chiefly known and
characterized at present by the teeth, some of which resemble the
existing Indian and some the African type, hut the majority ara

between the two, and make the distinction between Elephas and
Loxodon as different genera quite impracticable. Others again
approach so closely in the breadth and coarseness of the ridges and
paucity of cementum to Mastodon as to have been placed by some
zoologists in that genus. These form the group or subgenus called

SUgodon by Falconer.

Among the best known extinct Elephants are E. primigcmus^'iho
Mammoth, very closely resembling the existing Indian species, and
one of the most recently extinct and extensively distributed (sco

Mammoth) ; E. antiquum and E. m^ridiotialis, also found in Britain,

as well as in Europe generally, of rather earlier date, and inclining

more to the Loxodon type, as also do two species found in the island

of Malta, E. mjiaidicnsis and E. mclitcnsis, the latter the smallest

known species of the suborder, sometimes not exceeding 3 feet iu

height when adidt. The Sfrgodon forms, E. difii^ homhifrons, insig-

nis, and ganesa, are all from India, which locality would appear,

from the abundance of remains and variety of forms, as well as the

generalized character of some and the geological horizon (Plio-

Miocene) in which the remains are found, to be the earliest habi-

tation of the true Elephants yet discovereiL Remains of Elephants

of the last-named group have also lately been found in China and
Japan. A tusk the dentine of which presents the characters hither-

to considered peculiar to the Proboscidea, fronj Australia, has been

lately described by Professor Owen under the name of Notelephas.

Mastodon.—Dentition: i r^Q, c ^, p and m f. Upper incisor3

very large, as in Elephas ; sometimes with longitudinal bands

of enamel, more or less sr^lrally disposed. Lower incisors vari-

able : when present comparatively small and straight, sometimes

persistent, sometimes early deciduous, and in some species never

present. Grinding surface of molars with transverse ridges, the

summits of which are divided more or less into conical or mam-
millary cusps, and often with secondary or additional cusps between

and clustering against the principal ridges ; enamel thick ; cemen-

tum very scanty, never filling up tho interspaces between the

ridges. The third, fourth, and fiftn molars having the same num-
ber of ridges,^ which never exceeds five. In some species {M,

okioticus) no vertical succession has been observed, bat in others, as

M. angustidens, the two posterior premolars, and in the American

M. productus apparently all three, are preceded by milk molars.

There is also a horizontal succession as m Elephants, the anterior

teeth being lost before the posterior ones are fully developed, but

not so complete as in the former genus, for as many as three_ teeth

may be in place in one jaw at onetime. The skull generally is less

elevated and loss cellular than in Elephas ; othen^-iee the remainder

of the skeleton is similar.

All known Mastodons are gigantic animals, equalling or exceed-

ing the recent Elephants in size. Their remains have been found in

Europe and southern Asia and America, from the Miocene to tho

Pleistocene epochs,

Dinotherium.—Dentition of adult: z" , c ^, p ^^ m f= 22;

all present at the same time, there being _no horizontal succession,

but the premolars replace milk teeth in the ordinary manner., Tho
presence or absence of upper incisors has not yet been clearly ascer-

tained. Lower incisors, large, conical, descending and slightly

curved backwards, implanted in a greatly thickened and deflected

beak or prolongation of the symphysis. In section they do not show

the decussating strice characteristic of Mastodons and Elephants.

Crowns of molars with strong, transvei"so, crenulated ridges, with

deep valleys between, much resembling those of the Tapirs. Ridge

formula of the permanent molar series : 2, 2, 3, 2, 2. The three

ridges of the first true molar appear to be constant in both upper

and lower jaws, although it is quite an anomalous character among

1 This, and the larger number of ridges in the latter, are the only

absolute distinctions which Falconer could find between Mastodon and

Elephas {PoI&'otU. Memoirs, ii. p. 9), and it is clear that they are

somewhat arbitrary. The line between the two genera is drawn at this

point more as a matter of convenience for descriptive purposes tJian

as indicating any great natural break in the sequence of modifications

of the same type.

X\. — 54
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ProboscMeans for this molar to have more ridge's than those which
come beliind it. Tlje last milk molar has alao three lijges, the pen-

ultimate but fsi-o. The cranium is much depressed, with compara-

Fig. 104.—SknUt of Dinotherium gi^anteuia (Miocene, EppelsheimX

tively little development of air-cells. The remainder of the skeleton

is imperfectly known, but apparently agrees in its geueral charac-

ters with that of the other Proboscideans.

Remains of Diiwt/urium giganieum^ an animal of elephantine pro-

portions, strikingly characterized by the pair of huge tusks descend-

ing nearly vertically from the front of the

lower jaw, were first discovered at Eppels-

heim, near Darmstadt, and described by
Kaup. They have since been met with in

various Middle and Upper Miocene forma-

tions in the south of Germany, France,

Greece, and Asia Minor. Three species,

v. pcidapoitimi^, D. indicum, and J}.

siiidi&nsc, have been described by Falconer

and Lydekker from north-westera India.

The genus has hitherto not been found,

'n England or in America.
The genus Phcnucodus, from the Lower

Eocene of Wyoming, lately described by
Cope {Am. Naturalist, December 1881 and
June 1882), is placed by that zoologist in a

special group called Condylarthra, allied to

the Pruboh-cidea, but distinguished by *'a

post-glenoid process, and a third trochanter

of the femur, and no calcaneal facet for the
fibula. " Tliisi and the ProboscideOr are united

by Cope 'to form the order Ttuccopoda, one

of his primary divisions of the Ungulate.

In all tile preceding forms the astragalus articulates only with
the navicular bono, in those that follow with both navicular and
cuboid.

Suborder AUBLYPODA.

Among the most remarkable of the recent discoveries

iu the Eoceue formations of the western States cf North

America has been that of a group of animals of huge size,

approaching if not equalling that of the largest existing.

Elephants, presenting a combination of characters quite

unlike those known among either recent or extinct creatures,

and of which there were evidently many species living

contemporaneously, but all of which became extinct before

the close of the Eocene period. To form some idea of

their appearance, we must imagine animals very elephan-

tine in general proportions and in the structure of their

liaibs. The fore foot had five, and the hind foot four

toe?. The tail, as in the Eleiihants, was long and slender,

but tlie neck, though stiU short, was not so much abbre-

viated as in modern Proboscideans, and there is no evi-

dence that they possessed a trunli. The head diflfered-

greatly from that of the Elephants, being long and narrow,,

more lilse that of a Rhinoceros, and, as in that animal,

was elevated behind into a great occipital crest, and it

had developed upon its upper surface three pairs of con-

spicuous, Ititerally diverging protuberances, one pair in

the parietal region, one on the maxillaries in front of the
orbits, and one (much smallerl near the fore part of the
elongated nasi! bones. Whether these were merely
covered by bosses of callous skin, as the rounded form
and ruggedness of their extremities would iodicate, or

whether they formed the bases of attachment for iiorna

of still greater extent, like those of the Rhinoceros or of

the Cavicorn Ruminants, can only be a matter of con-

jecture. Tliere were no upper incisors, but three on each
side below, of comparatively small size, as was also 'the

lower canine. A huge, compressed, curved, sharp-pointed

canine tusk, very similar in form and position to that of

the Musk-Deer, descended from each side of the upper
jaw. These were present in both sexes, but very much
smaller in the female, as was also the flange -like process

of the lower jaw by which they were guarded. Behind
these, and at some distance from them, were on each

side above and below six molar teeth, of comparatively

small size, placed in continuous series, each with a pair of

oblique ridges conjoined internally and diverging exter-

nally in a V-like manner, and provided with a stout hasal

cingulum. The dental formula was therefore i §, c\,p^,
7B I = 34 ; and the dentition had thus already attained a-

remarkable degree of specialization, although the brain was
smaller and more rudimentary in characters than in almost-

any other known mammal.

Fio. lOS.-Re.ftoratlon of ^ nat. size. From Jliar3b'(^m. Jour. Sci., vol. xil. pi. 2).

The first-discovered evidences of the existence of cnimals of this

group were described by Leidy in 1672, under the name of UirUa-

tlterium (from the (Jiutab mountains, near which they \7ero found).

Other nearly aJiisd forms have been named DiTiQceras (rostoratioo

of which is shown in fig. lOi), Tuioccras, and Loxelopludon. They
constitute the oxiev Diiwccrala of Marsh, but are included by Cops

in the Atfiblypoda.

Another interesting form referred to this snboi'der is Conjpliodon,

which appears to connect the Proboscidca with tbe most primitive

Pa-issodactyla, especially Lophicdon. It was first described by

Owen in 1 8'46 from a fragment of a jaw from the London Clay.

More perfect remains were afterwards discovered in France, and

lately in great abundance, indicating many species from the size

of a Tapir to that of a Rhinoceros, in the lowest Eocenes of New
Mexico and 'Wyoming, in the United States. It had forty-four

teeth ; the canines of both jaws were large and sharp-pointed,

and the molars had strongly pronounced oblique ridges. The
general proportions were those of a Bear, but the tail was of

moderate length, and the feet short and wide, with five toes on

each.

Tho Tcrtiaries of Sonth America have yielded some very remark-

able forms of mammalian life, the nature and affinities of which
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Imvo greatly puzzled all zoologists who have attempted to unravel

tliein. Mi'cmnchcuia, an aniinal with a CanicMiUe neck, is now
known to be a I'eiissodactylo, tliough in some cliaiaoters somewhat
aberrant. Tlio articuKtion of tlie fibula with the calcaneuin is an

Artiodactyle or perhaps generahzed character, The teeth ally it

to Palaotharium and Jlhinoccros. Novialodontothcrium, from tlie

banks of tho riwr Gallegos, south-east I'atngonia, is known by

the teeth alone, which, though very gcneralize<l, arc on the whole

rhinoccrotic. Nesodon, from the same locality, also only known by

the dentition aud some parts of t!ie skull, connects the last and
MacraueJtciiia with Toxudon. These three genera have* the typical

dental formula of i %,c^,p J, in 5 — •l-l. Tomdon is an animal about

the size of a Hippopotamus ; it was first discovered by Darwin,

and many specimens have since been found in Pleistocene deposits

near Buenos Ayres, and described by Owen, Gervais, and Burmeister.

The teeth consist of large incisors, very small lower canines, and
strongly curved molars, all with persistent roots, the formula being

appaiently ^i §, c
-J, p -J, m § = 38. The cranial characters ex-

hibit a combination of those found in both Perissodactyles aud
Aitiodactyles, but the form of the hinder part of the palate and the

absence of an alispheuuiil canal belong to the latter ; and the tym-
panic, firmly fixed in between the squamosal and the exoccipital,

ankylosed to both, aud forming the floor of a long upward-directed

meatus auditorius, is so exactly like that of the Suina that it

is difficult to believe it does not indicate some real affinity to

that group. Tliese characters seem to outweigh in importance
those by which some zoologists have linked Toxodon to the Fcris-

$o<inctyta, and the absence of the third trochanter and the arti-

cuiarion of the fibula with the calcaneum tell in the same direction.

The structure of the feet- is not completely known, but Cope has

shown that the tarsal bones difler altogether from those of either

Artiodactyles or Perissodactyles, and more nearly resemble those of

the Prohoscidea than any other known Ungulates.
1 Mc30therutni, also called Typoihcriiimy from the same locality, was
an animal rather larger than a Capybara, and of much the same
general appearance. Its skeleton i.^ completely known, and shows
a singular combination of characters, resembling Toxodon or a

Fio 106 —Cranium and Lower Jaw of M<^sf>tkerium cHslalum. ^ nat. size.

From Gcrrais.

Reneralized Ungulate on the one hand, and the Rodents, especially

the Leporidx, on the other. In the presence of clavicles it differs

from all known Ungulates, and in having four lower incisors from

all Rodents. The teeth are i
-J,

c J, p -J, m | = 24.

It will thus be seen that, although our knowledge of many of

these forms is stiU very limited, we may trace among them a curious

chain of aflinities, which would seem to unite the Ungulates on the

one hand with the Rodents on the other ; but further materials are

required before we can establish with certainty so important a rela-

tionship, one which,, if true, would alter materially some of the

prevailing views upon the classification of mammals.

UNGULATA V^UA.

In the typical Ungidala the feet are never plantigrade,

and the functional toes do not exceed four,—the inner digit

being suppressed, at all events iu all forms which have

existed .since the Early Eocene period. The os magnum of

the carpu.s articulates freely with the scaphoid. The allantoia

is largely developed, and the placenta, so far as is known, is

iron-deciduate, the chorionic villi being either evenly diffused

or collected in groups or cotyledons (in I'ecora). The testes

descend into a scrotum. There i.s never an os penis. The
uterus is bicornuate. The mamnise are usually few and in-

guinal, or may be numerous and abdominal (as in Anna), but
arc never solely pectoral. The cerebral hemispheres in exist-

ing Ungulates arc well convoluted.

The group is now, and has been througuont the whole
of the Tertiary period, composed of two perfectly distinct

sections, differing from each other, not only in the obvious

characters of the structure of the limbs, bat in so many
other parts of their organization that they must be con-

sidered as of the rank at least of subonlers. The characters

of these divisions, first indicated by Cuvier, were thoroughly

established by Owen, by whom the names whereby they are

now generally known were proposed.

SuBor.DEK PEraS.'iODACTYLA.

This is a perfectly well-defined group of Ungulater

mammals, represented in the actual fauna of the world by
only three distinct types or families—the Tapirs, the

Eliinoceroses, and the Horses—poor in genera and species,

and (except in the case of the two domesticated species of

JSqxms, which have been largely multiplied and diffused by
man's agency) not generally numerous in individuals,

though widely scattered over the earth's surface. Paheon-

tological records show very clearly that these are but the

surviving fragments of a veiy extensive and much varied

assemblage of animals which flourished upon the earth

throughout the whole of the Tertiary geological period,

and wliich, if it could be reconstructed in its entirety,

would iiot only show members filling up structurally tho

intervals between the existing apparently isolated forms,

but would show several marked lines of specialization

which have become extinct without leaviug any direct

successors.

The following are the principal characters distinguishing

them from the Artiodactyle. Premolar and molar teeth in

Fig. 107.—Bones of Foi-e Foot of existing PcrissodBctyles. A, T.tpir tTapii-vs

indicia), XJ; B. Rliiiioceros {Rhinoceros sumatreitti.-^), xj; C. Hoisc {Eqvus
calatii2s). x\. U.ulna; ^, radius; c, cuneiform; /, lunar; j, scaphoid; u. imci-

foi-m ; m, magnum ; rrf, trapezoid ; tm, traiiezinm. Osttotcgy of ilammalia.

continuous series, with massive, quadrate, transversely

ridged or complex crowns,—the posterior premolars resem-

bling the true molars in size and structure. Crown of the
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lastlower molar commonly bilobed.^ Dorso-lumbar vertebrie

never fewer than twenty-two, usually twenty-three in the

existing species. Nasal bones expanded posteriorly. An
alisphenoid canal. Femur with a third trochanter. The

middle or third digit on both fore and hind feet larger than

any of the others, and symmetrical in itself, the free border

of the ungual phalanx being evenly rounded (see fig. 107).

This may be the only functional toe, or the second and

fourth may be subequally developed on each side of it. In

the Tapirs and many extinct forms, the fifth toe also remains

on the fore limb, but its presence does not interfere with the

symmetrical arrangement of the remainder of the foot

around the median line of the third or middle digit.

Traces of a hallux have only been found in some extremely

ancient and primitive forms. The astragalus has a pulley-

like surface above for articulation into the tibia, but its

distal surface is flattened and unites to a much greater

extent with the navicular than with the cuboid, which bone

is of comparatively less importance than in the Artiodac-

tyles. The calcaneum does not articulate with the lower

end of the fibula. The stomach is simple, the cscum

large and capacious, the placenta diffused, and the mamm.-B

inguinal.

The very distinct minor groups iuto which the Perissodactylcs

are divided in the later periods of the earth's history are, even by
the knowlclge already gained of the ancient members of the sub-

order, so closely united by connected forms that it is difficult to

m.ike any satisfactory classification of the whole. This is of course

what might be expected, and would probably be the case with all

other groups if we knew as much of their past history as we do of

that of the PerissoJactyles. It is necessary, however, for descriptive

purposes to have some arrangement ; and perhaps, if not the most
natural, the most convenient division (especially as it is chiefly or

only by these organs that many are known) is one founded upon
the structure of the lower molar teeth. By this character we may
make three primary divisions, each of which has a representative

at the present time:

—

[A) those in which the crowns of the lower

molars are disposed in transverse ridges, as in the Tapirs
;
(B)

those in which the crowns of the lower molars are formed by a

pair of crescents, as in Rhinoceros ; (C) those in which the

crowns of the lower molars arc formed of a pair of crescents,

with tlie addition of inner lobes or columns, as in the Horses.

As these forms are all modifications of the same essential

pattern, transitions in certain or all of the teeth must be expected

in many cases, and, as before implied, the grouping of the Perisso-

dactyles into Tapiroid, Rhinocerotic, and Equine sections according

to the pattern of their molar teeth may not be a true exposition of

the real affinities of the genera, but must be looked upon rather as

a convenient provisional arrangement.

A. Tapikoid Section

Lower Iflolars bilophodont.

Family L0PHIODONTID.E.

Both upper and lower true molars bilophodont. Preniolars

smaller and simpler than the true molars. Four toes o'n the

anterior and thr-*e on the posterior feet. This familj" includes a

large number of more or less imperfectly known forms, all extinct,

ranging from the size of a Rabbit to that of an Ox. They are

the earliest in time and most generalized in structure of the

known Perissodactylcs. It is possible that from some either of the

known or the still undiscovered members of this group most of the

other types of tlje order have been derived. Their remains liave

been found in Europe only in the Lower and Jliddle Eocene, though
In North America they appear to have lingered to a somewhat later

date. The genus Hyracotkcrmm was established in 1S39 by Owen
for a small animal, no larger than a Hare, the skull of which was
found in the London Clay at Heme Bay. A more perfect specimen

apparently of the same species was afterwards (in 1S57) described

under the name of Philophus mdpiccps. Closely allied forms from

the European continent have been named Pachynolophiis and
Lophioihcrmm. These have all the complete dentition, viz., i 5,

c\,p %, in \ = ii. The posterior lower molar has three lobes. The
genus Lophiodon (Cnvier, 1822) contains animals of much larger

size and later geological period (Middle or Upper Eocene), in which

the dentition was so far specialized as to have lost the anterior pre-

molar of both jaws, the formula being i J, c }, ^ 3, ™ 3 = 40. • The
transvei-se ridj^s of the upper molars are placed obliquely, the

I 'JMG0LATA.

' These dental chiiacters are tot otrictiy tu^Ucable to the most

aj)cieDtiormc

posterior is smaller thou the anterior, and they are nnit^d lay their

external borders; those of the mandible are distinct and only con-

nected by a feeble diagonal crest, the last bearing a talon or rudiment

of a third lobe. On the premolars the anterior ridge only isdeveloped.

Nearly allied was the American genus HyracIiyiiSj the structure of

which is now very completely known from well-preserved remains.

The skeleton closely resembles thatof the Tapir, though the dentition

is more like that of Lophiodon, except that the last lower molar

has but two lobes. A? many as nine species have been aheady de-

scribed, aU from the Upper Eocene. Another form from the same

deposits, Colonoccras of Marsh, is said to have had an attachment for

a dermal horn on each nasal bone. Triplopiis, otherwise closely

similar to Hyrachyus, wants the fifth digit of the mauus, and hence

is placed by Cope in a distinct family, Triplopidas.

Family Tapiru).e.

Both upper and lower true molars bilophodont. Posterior pre-

molars above and below resembling the true molars. This

family is connected with the last by the Middle Miocene genus

Lislriodon. The genus Tapirus, in which as many as three pre-

molars resemble the true molars, and in which the last lower molar

has no talon, appears first in the Upper Miocene of Europe, and has

continued with scarcely any appreciable change until the present

time, being represented by several species in Central and South

America, and one in the Malay Peninsula and adjacent islands. It

is therefore probably the oldest existing genus of mammals. One

of the American species differs from all the others in the gr^at an-

tcHor prolongation of the ossification of the mesethmoid cartilage,

and has been separated generically by Gill under the name of

Elasmognathus. See TapiJU

B. Khinocekotio SECTIO^.

Lower molar teeth with the ridges, instead of being transverse,

curved in a crescentic manner. The outer extremity of each riifgo

is curved forwards so that the hinder ridge abuts against the ex-

ternal surface of the ridge in front of it. An unworn lower molar

of a Rhinoceros has thus externally two convex areas separated by

a vertical groove, and internally two principal sinuses, correspond-

ing to the projections externally. The entrances to these sinuses

are bordered by three conical pillars—the first of comparatively

little importanee, representing the anterior talon of the Tapir's

tooth, the second, the largest, representing the antero-internal

principal cusp, and the third the postero-internal principal cusp.

The upper molars of aU the animals of this section resemble those

of Lophiodon in principle, the transverse ridges being joined by an

outer wall and placed obliquely, their inner ends inclining back-

wards and their posterior surfaces being niore or less concave. Theic

are two further chief modifications of this type :—(1) that in which

the free edge of the outer wall acquires a strongly zigzag or bi-

crbscentic character, being deviated inwards opposite each of the

l>rincipal outer cusps, and outwards at the anterior and posterior

angles of the tooth and in the middle between the cusps, as in

Balmotherium; and (2) that in which the outer wall is greatly

developed, and in the main flat or smoothly couvex, though with

slight elevations and depressions corresponding with those so

re^lar and well-marked in the hist section ; this is the character

of the teeth of Rhinoceros and its allies.

Family Htbacodoxtid*.

Separated by Cope from the next, and containing the genua

Uyracodon of Leidy, a primitive or simple Rhinoceros-like type,

from the Lower Miocene of North America, with the fuU number

of teeth, but only three digits on each foot.

Family RniKOCEKOXTIDiE.

A very extensive group, of which many modifications, form-

ing a gradual series, showing increasing specialization from

prmritive Lophiodon-\i\ie animals, have been discovered both

in North America and in the Old World. One of the most

remarkable of these specializations has been the development

of dermal horns over the nasal bones, cither in laterally placed

pairs as in some of the eariy forms, or in the median line, either

single or double. In America they all became extinct before the

close of the Pliocene period ; but in the Old World, although their

geographical distribution has become greatly restricted, at least

five well-marked species survive. See Rhinocekos.

Family Macbauchekidje.

This contams one extinct genus, Macxauehcnia, with two

species M. patachonica and M. holii-iensis, both from South

America, and apparently from Pliocene formations. They

are very singular and specialized forms, quite out of tho line

of descent of any of the existing Perissodactylcs, and the steps by

which they are connected with the rest of the group have not yet

been discovered. Of the larger species, M patachonica, the akeletor

ia (»mpleteiy ksown. It had the full number of fociy-fil'
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teetTi, forming on iininterniptcd series. Tho cervical vcrtcbrro

resemble tliobt of the Camels in the position of the vertebrarterial

canal, but the ends of the centra are Hat, and not opisthocoelous as

in tho allieil forms. In eomo of the limb characters it resembles

tho EqaidsCy but in the articulation of tho fibula with the calran-

eum it agrees with tho Artiodactyles. The structure of the feet

is, however, distinctly Perissodactyle, there being three toes on
each.

Families CHALicoTHERiiDi: and Menodontid.e.

These families, with not very distinctly defined boundaries, con-

tain a large number of extinct forms from Eocene and Miocene
formations of both the Old and tho Now World. Among the latter

the most remarkable is a group of animals of gigantic size, to tho
first-known fragment of which the name of Mcnodns was given in

1849 by Pomel, but of which more perfect remains have since been
described by Leidy as Titnnothcrinm and Mcyaccrops, by Warsh as
BrontotUcrimn, and by Cope as St/mliorodon, some of which appear
to represent distinct generic modifications, but the synonymy of

the group is at present much confused. The head was large and
much elongated, as in the Rhinoceros ; but they had a pair of
stout diverging osseous protuberances like horn-cores on the
maxillaries in front of the orbits. Their 'molar teeth were of a
simple palceotlieroid type, and the incisors and canines were very
much reduced. Their fore feet had four and their hind feet three
short, stout toes. Their remains abound in the Lower Miocene
strata of North America.

Family Paleotheriid.e.

Tho structure of the type of this family, Pala^othcrium, was
made known by Cuvier, from speciiuens found in the Paris gypsum
beds (Upper Eocene). Fig. 108 gives an idea of its general appear-
ance, not unlike that of a Tapir, which also it resembled in size.

It had, however, hut three toes on the fore feet. The dentition
was i J, c I, p f, m | = 44. Many species and allied genera (as

Fig. 108.—Restoration of PaJxotherium (Upper Eocene). Curler.

PcUaplothcrimn, an earlier form from the Middle Eocene, and
Anchithcrium^ a later one from the Miocene) have been discovered

both in Europe and North America. To some of these the

ancestral form of the modem Horses may be traced, tho transition

from this to the next family being formed by almost imperceptible

C. Equine Section.

Ijower molars formed of a pair of crescents complicated by the

addition of columns or lobes at the inner extremities. Upper
molars a modification of the palceotheroid type, but gradually
{lassing as time advanced from the brachyodont to the hypsodont
orm. Outer digits becoming gradually reduced, until, as in the
modem Horses, there is but one (the third) functional digit on each
foot. To these alone the family Equidso is restricted by some
authors, but in few groups is the artificial nature of the boundaries
placed between such divisions so apparent as in the Perissodactyles,

for the simple reason that their palaeontological history is better
known than that of most others, and so many of the intermediate
forms have been preserved. For tho history, characters, and pre-

sent distribution of the Hquidx, see the article HoESE, vol. xii.

p. 172 sj.

Suborder ARTIODACTYLA.
This is an equally well-defined group, traceable from the

Early Eocene period, though then apparently by no means
80 numerous as the Perissodactyles. Some ot its types, as

that represented in the existing Swine, have retained to the
present time much of tho primitive character of the group

;

but others have been gradually becoming more specialized

and more perfected in structure, and its late.st modiBcation,

the Gavicorn Ruminants or Bovidx (Antelopes, Sheep, and

Oxen), are now the dominating mcmberii of the great

Ungulate order, widespread in geographical range, rich in

generic and specific variation, and numerous in individuals,'

-^forming in all these respects a great contrast to Bueli

decadent types as those represented by the Tapirs and
Rhinocuro.se3.

Tiie principal anatomical characters by which they are

distinguished from the Perissodactyles are as follows.

The premolar and mulnr tcetli not alike, the former being
single and the latler two-lobed. The l;ist lower molar of

botli first and second dentition almost invariably ihree-

lolied. Nasal bones not expanded posteriorly. No
alisphenoid canal. Dorsal and lumbar vertebnc together

always nineteen, though the former may vary from twelvo

to fifteen. Femur without third trochanter. Third and
fourth digits of both feet almost equally developed, and
their ungual phalanges flattened on their inner or con-

tiguous surfaces, so that ""ch ia not symmetrical in itself^

Fia. lOa.-i-Boncs of Fore Foot of existing Artiodactyles. A, PIr (Sus serofa),
x4 ; B, Red Deer (Cenus elaphun. Xl ; C, Camel (Came/tis baeliianus), xi.
U, ulna; A, radius; c, cuneiform; /.lunar; .*. scaphoid ; w. uinifui-m; n4,u]»K-
num; /rf, trapezoid ; ^n, trapezium. Fiota OsCeology of Mammalia.

but when the two are placed together they form a figure

symmetrically disposed to a line drawn between them. Or,

in other words, the axis or median line of the whole foot

is a line drawn between the third and fourth digits, while

in the Perissodactyles it is a line drawn down the centre of

the third digit. Distal articular surface of the astragalus

divided into two nearly equal facets!, one for tlie navicular

and one for the cuboid bone. The calcaneum with an
articular facet for the lower end of the fibula. Stomach
almost always more or less complex. Colon convoluted.

Ciecum small. Placenta diffused or cotyledonary. Mammae
few and inguinal, or numerous and abdominul.

In treating ofmany sections of mammals, it ia only from the exist-

ing species that our characters and classification can be derived, and
to these chiefly our ob.servations upon the group must be directetl,

the extinct forms being so little known that they can only be
referred to incidentally. "With the Ungitlata, however, it is quite

otherwise. As with the last section, the history of the Artio-

dadyla throughout the Tertiary period is now well known, and
throws great light upon the position and relations of the existing

gl'oups.

The principal modifications which have taken place in the type

from its earliest known and most generalized manifestation have
been the following :

—

i

1. As regards the teeth. Assumption of the grinding surfaces of

the molar teeth either of a distinctly tubercular (huiwdont) or of*
crescentio ridged {selcnixiont) foi-m. Hodifidition of the latter from'
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.a brachyodont to a hypsodont type. Loss of upper incisors.

Development of canines into projecting tiisks. Loss of anterior

premolars.

2. As ref^ards the limbs. Reduction of the ulua from a complete

and distinct bone to a comparatively rudimentary state in whicH

it coalesces more or less firmly with the radiu3. Keduction of the

fibula till nothing but its lower extremity remains. Reduction and

final loss of outer pair of digits (second and fifth), with coalescence of

the metapodial bones of the two middle digits. Union of the navi-

cular and cuboid, and sometimes the ectocuneiform bone, of the tarsus.

3. Change of form of the odontoid process of the axis from a cono

to a hollow half-cylinder.

4. Development of horns or antlers on the frontal boney, and
gnulual complication of form of antlers.

5. By inference only, increasing complication of stomach with

ruminating function superadded. Modification of placenta from
simple diffused to cotyledonary form.

The primitive Artiodactyles, with the typical number (44) of

incisor, caniiie, and molar teeth, brachyodont molars, conical odon-

toid process, four distinct toes on each foot, with metapodium and
all c.irpal bones discrete, no froutal appendages, and (in all proba-

bility) simple stomach and diffused placenta, were separated even

in the earliest known forms into Bunodonia and Sclcnodonta.

A. Bunodonta. *

This, the most primitive group, with various oflfsets which became

partially specialized and then e.xtinct, unable apparently to adapt

themselves to new conditions, has been continued to'the present

day with comparatively littlo change in the section of the suborder

called Suina, containing the families IIi2)poj)Otamidse and Suidse.

See Hippopotamus, Peccary, and Swine.

B. Selenodonta.

Members of this group having the complete typical dentition

as regards number, but with various modifications in the details of

the form of the teeth, and also in the sti-ucture of the feet,

abounded in the Middle and Upper Eocene and Ijower Miocene of

Europe and America. One of the earliest known, Anoplothcrium,

was fully described by Cuvier from remains found in the Paris gyp-
Bum beds (Upper Eocene), Its teeth formed a series unbroken by
a gap or diastema, and were of uniform height (as in Man alone of

existing mammals). Its tail was long, with large chevron bones

I'lG. 110.—Restoiation of Anoplut/tcr-ium ccmmvne (Upper Eocene). Cuvier,

underneath, not usnally found in Ungulates, and there ^erc but
two to'.»s on each foot. It was iJi many respects a much bfiecialized
form, apparently not on the line ef descent of any of the existing
groups. Charopotamus, Anthracotherkim, Hyopoiamus^ Xiphodon,
Dkhodmif Dichobiinc, Cainotherium, the American Oreodon, and
numerous others were forms inore or less intermediate in character
between the thi'ee distinct sections into which, by their extinction,
the Sclenodont Artiodactyles can now be divided,—the Tylopoda^
also called Fhalangigradaf the Tragulina^ and the Pecoiu or
Cotylophora.

I. Tylopoda.
Represented at the present time by the t\vo species of Camels of

the Old World and the Llamas of America. For theii* special dis-
tiiig.iisliing cliaracters aeo articles Llama and Camel.

II. Tragttlina.
ITo teeth in premaxillae. Upper canines wnll-developed, especi-

ally in thfi_ male^; narrow and pointed. Lower canines incisiform.
l^Q caniniforiu premolars in either jaw. Molariform teeth in a
continuous series consisting of p -J, m }. Odontoid procesa of axis
conical. Fibula complete. Four complete toes on each foot. The
middle metapodialg generally confluent, tho outer ones (second and
iirth) very slouder but complete, i.e., extending from the carpus or
t:trsus to the digit. Navicular, cuboid, and ectocuneiform bones of
tarsus united. Tympanic buihe of skull filled with caneellar tissue.
No frontal appendages. Ruminating, but the stomach with only
three distinct compartments, the maniplies or third cnvity of the

.
stomach of the I^cora being rndiracutary. Placenta diiTimed.

This section contains the single family Trayalidec, containing a

few animals of small size, commonly known as Chevrotains, inter-

mediate in their structure between the Deer and the f*igs. The
large size of the canines of the male and the absence of horns
caused them to be associated formerly with JWoschus, one of the
true Deer ; hence they are often spoken of as *' Pigmy Musk-Deer,"
although they have no musk-secreting gland, or, except in tho
above-named trivial external characters, no special affinities with the
true Musk. There has scarcely been a more troublesome and ob-
djirate error in zoology than in this association of animals so really

distinct. It has been troublesome, not only as preventing a just

conception of the relations of existing Artiodactyles, but also in

causing great confusion and hindrance in paUeoiitologieal researches

among allied forms ; and most obdiu*ate, inasmuch as all that has
been recently done in advancing our knowledge of both groups ha$
not succeeded in eradicating it, not only from nearly every one of

our zoological text-books, whether British or Continental, but even
from works of the highest scientific pretensions.

The family is now generally divided into two genera.

Traguhls, containing the smallest of the existing Ungulates,
animals having more of the general aspects and habits of some
Rodents, as the "Agoutis, than of the rest of their own order. Tlie

best-known species are T. javanicics, T. napii, T. kanchil, T
stanlcyanus, and T. mcmmina. The first four are from the Malay
Peninsula, or the islands of the Indo-Malayan Archipelago, the
last from Ceylon and Hindustan.

Hyomoschtcs is distinguished chiefly by the feet being stouter and
shorter, the outer toes better developed, and the two middle meta-
carpals not ankylosed together. Its dental formula (as that of

Tragidus) is i -IJ, c {, p ^, m|= 34. Vertebrs : C7, D13, L 6,

S5, C 12-13, The only existing species, J(. aguaticus {fig. Ill),

from the west coast of Africa, is rather larger than any of the

Fig. 111.— Afiican Wntur Clievrotain (Ifucmosd^us aqiiaticus),

Asiatic Chevrotains, which it otherwise much resembles, but it is

said to frequent the banks of streams, and have much the habits of

Pigs, It is of a rich browu colour, with back and sides spotted

and dtri)ied with white. It is evidently the survivor of a very

ancient form, as remains of a species only differing in eize {H.

crassus) have been found in Miocene deposits at Sansan, depart-

ment of Gers, France.

III. PeCORA or COTYLOPHOKA.

No premaxillary teeth or caniniform premolars. Upper canines

generally absent, though sometimes largely developed. Inferior

incisors, three on each side with an incisiform canine in contact

with them. Molariform teeth consisting of jo ^, m §, in con-

tinuous series. Auditory buUiC simple and hollow within. Odon-
toid process in the form of a crescent, hollow above. Distal

extremity of the fibula represented by a distinct malleolar bone of

peculiar shape, articulating with the outer surface of the lower end
of the til>ia. Third and fourth metacarpals and metatarsals con-

fluent Outer toes small and rudimentary, or in some cases entirely

suppressed; their metapodial bones never complete. Navicular and
cuboid bones of tarsus united. Horns or antlers usnally present, at

least in the male sex. Left brachial artery arising from a common
imiominate tnmk, instead of coming off separately from the aortic

arch as in the pi-ecedin^ sections. Stomach with four completP

cavities. Placenta cotyledouous.
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The Pccora or true Etinunanta form at tlie presoit lirae an ex-

tremely homogenoou.s group, one of the best-defined and most closoly

united of any of the Mammalia. Bat, fhouf-'h llic oviginal or com-
l>iOU tyjio has never been departed from in »-s.s'ni.ials, variation haa

been very active among them within certain limits ; and the great

difficulty wliich all zoologists liave felt in subdividing them into

natural minor groups arises from the fact tiiat the changes in dif-

ferent organs (feet, skull, frontal appendaj;cs, teeth, cutaneous
glands, &c.) have proceeded with sucn apparent irregularity and
absence of correlation that the different mouiljcationa of these parts

are most variously combined in different members of the group. It

appears, however, extremely probiiblo that they soon branelipd into

two main types, represented in the present day by the Crrvid^: :xTid

the JSovidx,—otherwise the Antli^reU and Horned Ruminants. In-

termediate smaller branches produced the existing Musk-Deer aud
Giratt'e, aa well as the extinct Ilnhidothcriuui inclining to the first-

named group and the extintt Shalhr.riui}\ Brahmathn-ium lly-

dnspithcrium and others more allied to the latter, although upon
the true relationship of these forros there is a difference of opinion

between the two pidieontologista who have paid most attention to

the gioup, Riitimcycr and LydekUer, hut the materials forthcoming
at present ore scarcely sufficient for forming a decided opinion.

The earliest forms of true Pecora, as Gclocus and Vrcmntkcrhim
(Miocene), had no frontal appendages, and some few fonns {Moschus
and Hydropotcs) continue to the present day in a similar case. In
the very large majority, however, eitlier in both sexes or in the

male only, a pair or occasionally two pairs (Tclraccros and the

extinct Sivatkeritim) of processes are developed ns weapons of

otfence and defence from the frontal bones, these being almost alwava
formed on one or other of two type^.

1. "Antlers" arc an outgrowth of true bone, covered during
their growth with vascular, sensitive hitegument coated with
short Iiair. In this state they remain permanently in the Giraffe,

but i'J the true Cervidx., when the growth of the antler is complete,

the supply of blood to it ceases, the skin dies and peels off,

Waving the bone bafe and iusensible, and after a time, by a
j)ro[-es3 of absorption near the base it becomes detaclied from the

skull and is '*shed." A more or less elongated portion or
** pedicle " always remains on the skull, from the aummit of which

'/'y

.

a new antler is developed. In the greater number of existing
species of Deer this process is repeated^with great regularity at the
same period of each year. The antler may be simple, stniight,

subcylindrical, tapering and pointed, but more often it sends off
one oi* more branches called " tjTies " or " snags." In this case the
ninia stem is termed the "beam." Commonly all the branches
cf the antler are cylindrical and gradually tapering. Sometimca
tlifty arc more or less expanded and ilattened, the antler being then
&\i>\ to be *'palmated." In young animals the antlers are always
imall and simple, and in those species ia which thev are variousJv

branched or palmated, this condition ia only gradually acnuired ir

several successive annual giowth.s. An interesting parallel iias been
observed here, ns in ko many other cases, between the development
of the race and that of the individual. The earliestltnown forms o(
Deer, those of the Lower Miocene, have no antlers, as in the young
of the existing species. The Deer of the Middle Miocene have simple
antlers, with not more than two branches, as in existing Deer of

the second year. Species occur in the Upper Miocene with three
brandies to tlie antlers, but it ia not until the Upper Pliocene and
Pleistocene times that Deer occur with nntlera develop'd with tJiat

luxuriance of growth and beauty of form characteristic of some
of the existing gpecies in a perfectly adult state. Among recent
Cf?*«i(/.-F, antlers are wanting in the genera JI/o^c/m;.? and iYy<^r<r;^&te»;

they are present in both sexes in 2'arandus (the R«indetr). and io

tlic mule sex only in all others.

2. The "horns " of the Btyvidx consist of pennancnt, conical, "usu-

ally curved, bony processes, into which air-cells continued from the
frontal sinuses often extend, called "horn-cores," enshcathed in a
ease of true horn, an epidermic development of libroaa structure^

which growa continuously, though slowly, from the base, and wears
away at the apex, but is very rarely shed entire. The only existing

species in which such a orouess occurs regularly and periodically i=

the American Prong-Buck {Antihcapra), in which the horns also

dilFer from those of all othera in being bifurcated. Horns are not
present at birth, but begin to grow very soon afterwards. The n>a)eg

of all existing £o?wia: possess them, and they are alsopre*;ent (though
usually not so fully developed) in the females of- all except the
genera PortaXj TragdapJuis, Procapra, Antilopc^ jSpyccros^ Saiya^
KobiiSf Cervicapra^ Pclea, Nanotrag^ts^ Neotragus, and Tclraccros,^

Another character by whfch the different members of the Pccora
can be distinguished ia' derivned from the characters of the molar
teeth. Although there ia nothing in the general mode and
arrangement of the enamel folds, or in the nccessnry columns,
absolutely distinctive between the two principal families, existing

species may generally be distinguished inasrauGh aa the true molnra
of the Cervulm are '* brachyodont," and those of the /iovid-m

"hypsodont," i.c.j the teeth of the fonner have coniixaratively

short crowns, which, as in most mammals, take their pluce at once
with th'; iii'ck (or point where the crown and root j<jin) on a level

witii or a little above the alveolar border, and rcmain in ihia

* Sir Victor Druokc, Proc. ZooK Soe., 187^ p. S&4.
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positiou throughout the ariimaVs life ; whereas in the other forms,

tbo crown being lengthened anil the root email, tlie neck does not

come up to the alveolar h-vel until a considerable part of the sur-

face has worn away, and the crown of the tooth thus appears for the

greater part of the animal's life partially buried in the socket. In

this form of tooth (which is almost always most developed in the pos-

terior raolai's of the permanent series), the constituent columns of the

crown are necessarily nearly parallel, whereas in the first-described

they diverge from the neck towards the free or grinding surface of the

tooth. In the more complete hypsodont form the interstices of the

lengthened columnar folds of enamel and dentine are filled up with

cementum, which gives stability to the whole organ, and which is

entirely or nearly wanting in the short-crowned teeth. The same

moditieation from low to high crowns without essential alteration of

pattern is seen in an even still more marked manner in some of the

Perissodactyle Ungulates, the tooth of the Horse bearing to that

of Anchitlurium (see Horse, vol. xii. p. 174) the same relation as

that of an Ox does to tlie early Selenodont Artiodactyles. A
parallel modification has been also shown to have taken place in

the molar teeth of the Probosddai (see p. 423).

As the hypsodont tooth is essentially a modification of and, as it

were, an improvement upon the brachyodont, it is but natural to

expect that all intermediate forms may be met with. Even among
the Deer themselves, as pointed out by Lartet, the most ancient have

very short molars, and the depressions on the grinding surface are

so shallow that the bottom is always visible, while in the Cervklee of

the more recent Tertiary periods, and especially the Pleistocene and

living species, these same cavities are so deep that whatever be the

state of the dentition the bottom cannot be seen. Some existing

Deer, as the Axis, are far more hypsodont than the majority of the

family ; and, on the other hand, many of the Antelopes (as Trag-

el'aphtts) retain much of the brachyodont character, which is, however,

completely lost in the more modem and highly specialized Sheep

and Oxen.

Family Cekvide.

Frontal aj>pendage3, when present, in the form of antlers. First

molar at least in both jaws brachyodont. Two orifices to the lac-

rymal duct, situated on or insidethe rim of the orbit. An ante-

orbital vacuity of such dimensions as to exclude the lacrymal bone

from articulation with the nasal. Upper canines usually present

in both sexes, and sometimes attaining a very great size in the male

(see fig. 114). Lateral digits of both fore and hind feet almost

FlO. 114.—Skull of Bydropotes inet-mit (adult
with largely-developed upper comne teeth
Zool. Soc, 1872, p. 624.

always present, and frequently the distal ends of the metapodals.
Placenta with few cotyledons. Gall-bladder absent (except in
Moschus). This family contains numerous species, having a wide
geographical distribution, ranging in the New World from the Arctic
Circle as far south as Chili, and in the Old Worid throughout the
whole of Europe and Asia, but absent in the Ethiopian and Austra-
lian regions. For the characters of the generic subdivisions and
their distribution, see Stag, also Deer. Muntjac, and UtiSK-
Deeb.

Family CAlIELOPAKDALID.i;.

Frontal appendages consisting of a pair of short, erect,
permanent bony processes, ossified from distinct centres, and
for a time suturally oonnected with the frontals, though after-
wards ankylosed to them, covered externally with a hairy
skin, present in both sexes, and even in the new-born animal.
Anterior to these is a median protuberance on the frontal and
contiguous parts of the nasal bones, which increases with age, and
is sometimes spoken of as a third horn. No upper canines.
Molars brachyodont. Lateral digits entirely absent on both fore
and hind feet, even the hoofs not developed.

This family contains but a single species, the well-known and
very remarkable animal the Giraffe, or Camelopard (Camdopar-
dalis jiraja). See Gibaffe.

Family Bovid.e.

Frontal appendages when present in the form of horns. Molars
usually hypsodont. Usually only one orifice to the lacrymal
canal, situated inside the rim of the orbit. Lacrymal bone almost
always articulating with the nasal. Canines absent in both sexes,

The lateral toes may be completely absent, but more often they are

represented by the hoofs alone, supported sometimes by a very
ru'limentary skeleton, consisting of mere irregular" nodules of bone.
Distal ends of the lateral metapodals never present. Gall-bladder
almost always present. Placenta with many cotyledons.

The Boindse^ov hollow-horned Ruminants(Cafaconiia),form amost
extensive family, with members widely distributed throughout the
Old World, with the exception of the Australian region ; but in

America they are less numerous, and confined to the Arctic and
northern temperate regions, no species being indigenous either to

South or Central America. There is scarcely any natural and well-

defined group in the whole class which presents greater difficulties

of subdivision than this ; consequently zoologists are as yet very
little agreed as to the extent and boundaries of the genera into which
it shomd be divided. The principal species will be found more
particularly described under the headings Antelope, BiaoN,
Buffalo, Cattle, Chamois, Eland, Gnu, Goat, Harteeef.st,
Ibex, Musk-Ox, Nylghau, Ox, Saiga, and Sheep.

Geoup TILLODONTIA.

Here may be noticed a remarkable group of animala,

called by Marsh 2'illodoiitia, the remains of which are

found abundantly in the Lower and Middle Eocene beda of

North America. They seem to combine the characters of

the Ungulata, Rodentia, and Carnivora. In the genua
TiUolherium of Marsh (probably identical with the pre-

viously described Anchippod^ts of Leidy) the skull resembleii

Fio. 115.

—

S'^xi^ oi TiUotherium fodiens. ^ lut. size. From Marsh.

that of the Bears, but the molar teeth were of the Ungulata

type, while the large incisors were very similar to those

of the Rodents. The skeleton resembled that of the

Carnivores, but the scaphoid and lunar bones were distinct,

and there was a third trochanter on the femur. The feet

were plantigrade, and each had five digits, all with long

pointed claws. In the allied genus Siylinodon all the teeth

were rootless. Some were as large as a Tapir.

• These, with other similar animals, constituting a group

called Tseniodonta, are included by Cope in his large order

Bunotlieria, to which also the existing Tnsectivora are

referred. The constantly increasing knowledge of these

annectant forms adds to the difficulty so often referred to

in this article of establishing anything like a definite classi-

fication of the heterodont mammals.

Ordek carnivora.

Though the Carnivora as at present restricted' form a

very natural and well-defined order among the Mammalia,
it is difficult to find any important common diagnostic

characters by which they can be absolutely separated

;

but, as in the case of so many other natural groups, it is by

the possession of a combination of various characters that

' The Ferm of Linnreus included all the then known species of the

modern orders C'amtrora, Inseciivora, and Marsupialia,
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tliey must be distinguished. They are uiiguiculate, and

have never less tbajj four well-developed toes on each foot,

with nails ntoro or less pointed, rarely rudimentary or

absent. The poUex and hallux are never opposable to the*

other digits. They are regularly dipliyodont and hctero-

dont, and their teeth are always rooted.' Their dentition

consists of small pointed incisors, usually three in number,

on each side of each jaw, of which tlie first is always the

smallest and the third the largest, tlie difference being most

marked in the upper jaw; strong conical, pointed, recurved

canines ; molars variable, but generally, especially in the

anterior part of the series, more or less compressed, pointed,

and trenchant ; if the crowns are flat and tuberculated they

are never complex or divided into lobes by deep inilexions

of enamel. The condyle of the lower jaw is a transversely

placed half-cylinder working in a deep glenoid fossa of

corresponding form. The brain varies much in relative

size and form, but the hemispheres are never destitute of

well-marked convolutions. The stomach is always simple

and pyriform. The C3ecum is either absent or short and
simple, and the colon is not sacculated or greatly wider

than the small intestine. Vesiculoe seminales are never

present. Cowper's glands are present in some, absent in

other groups. The uterus is bicornuate. The mammae are

abdominal, and very variable in number The placenta

is deciduate, and almost always zonary. The clavicle is

often entirely absent, and when present is never complete.

The radius and ulna are distinct. The scaphoid and lunar

bones are always united into one, \and there is never a

distinct os centrale in the adult. The fibula is always a

distinct slender bone.

The large majority of the species composing this order

subsist chiefly upon some variety of animal food, though

many are omnivorous, and some few chiefly, though not

entirely, vegetable eaters. The more typical forms live

altogethef on recently -killed warm-blooded animals, and
their whole organization is thoroughly adapted to a pre-

daceous mode of life. In conformity with this manner of

obtaining their subsistence they are generally bold and
savage in disposition, though some species are capable of

being domesticated, and when placed under favourable

circumstances for the development of such qualities exhibit

a very high degree of intelligence and fidelity. The order

is naturally divided into two suborders, the members of

one being the more typical, and mainly terrestrial in their

mode of life, while those of the other are aberrant, having
the whole of their organization specially modified for living

habitually in water. These are called respectively the True
or Fissiped and the Pinnioed Carnivora.

SUEJRDEK CARNIVOnA VERA on FISSIPEDIA.

Generally adapted for terrestrial progression and mode
of life, though some may be partially aquatic in their

habits. The fore limbs never have the first digit, or the

hind limbs the first and fifth digits, longer than the others.

Incisors § on each side, with very rare exceptions. Cerebral

hemispheres more or less elongated ; always with three or

four gyri on the outer surface forming arches above each

other, the lowest surrounding the Sylvian fissure. The
molar series of teeth have not the uniform characters of

those of the Piitnipedia. There is always one tooth in

each jaw which is specially modified, and to which the

name of " sectorial " or " carnassial " tooth has been applied.

The teeth in front of this are more or less sharp-pointed

and compressed ; the teeth behind it are broad and tuber-

culated. The characters of the sectorial teeth deserve

special attention, as, though fundamentally the same

' The tilsk« of the W.ilvus, altogether so .ibemnt in its dentition, are
partial exceptions to tliis statement, but in old individuals the pulp
cavity fdls up, and they cease to grow.

15—17

throughout the suborder, they are greatly modified in

difl'erent genera. The upper sectorial is the most pu.iterior

of the teeth which have predecessojs, and is therefore

reckoned as the last premolar (/.; 4 of the typical denti-

tion). It consists essentially of a more or less compressed

^IG. lliv— Upper Sectorial Teeth i>l c\i

1, unterior, 2. middle, and 3. postcrio

on dlslinct loot; 5, inner lobe, postcrit

characteiistic of the t/rsicix.

iirm-a I. Fclis; 11, Cmiit ; III. t/rlut.

cusp of Ij^iide; 4, inner Jobc >uppoi1cd
in position, and ^vithout it^lilic^ tvot,

blade supported on two rtots and an inner lobe supported

by a distinct root (see fig. 116). The blade when fully

developed has three cusps (1, 2, and 3), but the anterior is

always small, and often absent. The middle lobe is conical,

high, and ]iointed; the posterior lobe has a compressed

straight knife-like edge. The inner lobe (4) varies very

much in extent, but it is generally placed near the anterior

end of the blade, though sometimes it is median in position.

hey ha\e respectively 1

In the Ursida- alone both inner lobe and root are wanting,

and there is often a small internal and posterior cusp (5)

without root. In this aberrant family aho the sectorial is

relatively to the other teeth much smaller than in the rest

of the C'aniivojxi. The lower sectorial (see fig. 117) is the

most anterior of the teeth without predecessors in the milk

series ; it is therefore reckoned the first true molar (m 1).

It has two roots supporting a crown, consisting when fully

developed of a compressed bilobed blade (1 and 2), a heel

(4), and an inner tubercle (3). The lobes of the blade, of

which the hinder (2) is the larger, are separated by a notch,

XV. - 55
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generally prolonged into a linear fissure, lu the most

specialized Carnimra, as 'the Felidx (I.), the blade alone is

developed, both heel and inner tubercle being absent or

rudimentary. In others, as Meles (V.) and l/rsiis (VI,),

the heel is greatly developed, broad, and tuberculated. The

blade in these cases is generally placed obliquclj, its flat or

convex (outer) side looking forwards, so that the two lobes

are almost side by side, instead of anterior and posterior.

The inner tubercle (3) is generally a conical pointed cusp,

jilaced to the inner side of the hinder lobe of the blade.

The special characters of these teeth are more disguised in

the Sea Otter [Eiihydra) than in any other form, but even

in it they can be traced.

The toes are nearly always armed with large, strong,

curved, and tolerably sharp claws ensheathing the ungual

phalanges, and held more firmly in their places by broad

lamina of bone reflected over tlieir attached ends from the

basts of the phalanges. In some forms, most notably the

Felidx, these claws are " retractile." The ungual phalanx,

with the claw attached, folds back in the fore foot into a

sheath by the outer or ulnar side of the middle phalanx of

the difit, being retained in this position when the animal

is at rest by a strong elastic ligament. In the hind foot

the ungual phalanx is retracted on to the top, and not the

side of the middle phalanx. By the action of the deep flexor

muscles, the ungual phalanges are straightened out, the

claws protruded from their sheath, and the soft "velvety"

paw becomes suddenly converted into a most formidable

weapon of offence. The habitual retraction of the claws pre-

serves their points from wear in ordinary progression.

The Fissipedal Carnivora were divided by Cuvier into two

groups, according to the position of the feet in walking,

—

the Planligrada, or those that place the whole of the soles

to the ground, and the Digi/iiyrada, or those that walk only

on the toes ; and the difference between these groups was

considered of equal importance to that wluch separated

from them both the Phmigrada or Seals. The distinction

is, however, quite an artificial one, and every intermediate

condition exists between the extreme typical plantigrade

gait of the Bears and the truly digitigrade walk of the Cats

and Dogs ; in fact, the greater number of the Carnivora

belong to neither one form nor the other, but maybe called

"subplantigrade," often when at rest applying the whole

of the sole to the ground, but keeping the heel raised to a

greater or less extent when walking.

A more natural classification is into three distinct

sections, of which the Cats, the Dogs, and the Bears

may be respectively taken as representatives, and which

are hence called JSluroldea, Ci/noidea, and Ardoidia.

This division is founded mainly on characters exhibited by

the base of the skull, but is corroborated by the structure

of other parts.' Tlie presence or absence of a bridge of

bone, covering the external carotid artery in a part of its

course by the side of tbe alisphenoid bone, and enclosing

the "alisphenoid canal," a character to which the late Mr
H. N. Turner first drew attention, might seem unimportant

at first sight, but it is curiously constant in cert.tin groups,

which we have other reasons, derived often from a cum-

bination of less easily definable characters, to regard as

natural. It is therefore generally mentioned in thefoUovv-

iug family definitions.

Section JSmuoiDEA.
Tlie ^luroidca orCnt-like forms include the Felidsi, i^iverridw,

Prutclidie, and''Nyeenidm.
^

' SeaW. H. Flmver, "On the Value of the Characters of the Base

of the Cranium in the Classification of tbe order Carnivora" Proc.

Zbol. Soc, 1869, p. 4 ; St (Jeorge Mivart, "On the Classification .ind

Distribution of the jEluroidea" ibid., 1882, p. 135; and Id., The

Cat, an IntrMwtion to the Study o/ liackboned Animals, espixially

Mainmals, 1881.

Family Felid^.

True molars reduced to one above and below, that of the upper

jaw very small and transversely extended. Only two inferior pre-

,molars. Auditory bulla not externally constricted, but internally

divided by a septum. No alisphenoid canal. Carotid canal very

minute. Digits 5-4. Dorsal vertebr.!; 13.

Fclis.—T'ne whole structure of the animals of this genus ex-

hibits the carnivorous type in its fullest perfection. Dentition:

i 4. " 1. 1> 4i ""< \ = ^ '< total 30. The upper anterior premolar,

always small, may sometimes be absent without any other modifi-

cation in tlie dental or other structmes. Such a variation should

not therefore be considered as of generic importance. Incisors very

small. Canines large, strong, slightly recurved, with trenchant

edges and sharp points, and placed wide apart. Premolars com-

pressed and sharp-pointed. The most posterior in the upper j.aw 'the

sectorial) a very large tooth, consisting of a subcompressed blade,

divided into three unequal cusps supjiorted by two roots, with a

very small inner lobe placed near the front end of the tooth and

supported by a distinct root. The upper true molar a very small

tubercular tooth placed more or less transversely at the inner side

of the hinder end of the last. In the lower jaw the true molar

(sectorial) reduced to the blade alone, which is very large, trenchant,

and much compressed, divided into two subequal lobes. Occasion-

ally it has a rudimentary heel, but never an inner tubercle. The skull

generally is short and rounded, though proportionally more elon-

gated in the larger forms. The facial portion is especially short and

broad, and the zygomatic arches very wide and strong. The auditory

bullie are large, rounded, and smooth. Vertebra ; C 7, D 13, L 7,

S 3, C 13-29. Clavicles better developed than in other Carnivora,

hut not articulating with either the shoulder bones or sternum.

Limbs digitigrade. Anterior feet with five toes, the third and

fourth nearly equal and longest, the second slightly and the fifth

considerably shorter ; the pollex still shorter, not reaching as far

as the metacarpo-phalangeal articulation of the second. Hind feet

with only four toes. The third and fourth the longest, the second

and fifth somewhat shorter and nearly equal ; the hallux represented

only by the rudimentary metatarsal hone. The claws all very

large, strongly curved, compressed, very shai-p, and exhibiting the

retractilffcondition in the highest degree. The tail varies greatly

in length, being iu some a mere stump, in others nearly as long as

the body. Ears of moderate size, more or less triangular and

pointed. Eyes rather large. Iris very mobile, and with a

pupillary aperture which contracts under the influence of light in

some spe-'ies to a narrow vertical slit, in others to an oval, and iu

some to a circular aperture. Tongue thickly covered with sharp-

pointed, recurved horny papilla;. Csecum small and simple.

As in structure so in habits, the Cats may be considered the most

specialized of all the Carnivora. All the known members of the

genus feed, in the natural state, almost exclusively on warm-blooded

animals which they have themselves killed. One Indian species

{F. vivcrrina) is said to prey on fish and even freshwater molluscs.

Unlike the Dogs, they never associate in packs, and rarely hunt their

prey in open ground, but from some place of concealment wait

until the unsuspecting victim comes within reach, or with noiseless

and stealthy tread, crouching close to the ground for concealment,

approach near enough to make the fatal spring. In this manner
they frequently attack and kill animals considerably exceeding their

own size. They are mostly nocturnal, and the greater number,

especially the smaller S]iecies, more or less arboreal. None are

aquatic, and all take to the water with reluctance, though some may
habitually haunt the banks of rivers or pools, because they more

easily obtain their prey in such situations. The numerous species

of the genus are very widely diflused over the greater part of the

habitable world, though most abundant in the warm latitudes of

both hemispheres. No species are, however, found in the Australian

region, or in Madagascar. Although the Old -World and New-
World Cats (except perhaps the Nortliern Lynx) are all specifically

distinct, no common structural character has been pointed out by

which the former can bo separated from the latter. On the con-

trary, most of the minor groups into which tho genus has been

divided have represeiitatives iu both hemispheres.

Notwithstanding the considerable diversity in external appearance

and size between different members of this extensive gemis, the
'

structural differences are but slight, and so variously combined in

different species that the numerous attempts hitherto made to

subdivide it are all unsatisfactory and artificial. The principal

differences are to be found in the form of the cranium, especially of

the nasal and adjoining bones, the completeness of the bony orbit

posteriorly, the development of tho first upper preniolir and of the

inner lobe of the upper sectorial, the length of the tail, tlie form of

the pupil, and the condition and coloration of the fur, especially

the presence or absence of tufts or pencils of hair on the external

ears. There is one decidedly aberrant form, which enables us to

divide the genus into two sections, to which tlie rank of genera is

sometimes accorded.

1. Felis proper.—A distinctly cuspcd inner lohe to the upper

sectorial tooth. Claws completely retractile. There aro about
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fifty spociea, of which the following are tho most important and best

known.
A. Old' fForld Species.

For F. Ico, see Lion ; and for F, tigris, see Tioer. With regard

to F. pardus, the Leopard or Panther, it is still a matter of un-

certainty whether the largo spot-ted Cats to which these names
are given, found chioHv in wooded districts through nearly the

whole of Africa and the warmer parts of Asia as far as Japan, belong

to one or several species. See Leopard. F. uncia, the Ounce,

inhabits the highlands of Central Asia, from the snowy mountains

of Tibet to the southern parts of Siberia, at altitudes of from 9000

to 18,000 feet above the sea. It is about the size of the common
Leopard, but lighter in colour, with longer fur and less distinct

spots. Its skull differs in shape from that of all the other Felidse,

the facial portion being very broad, the nasal bones especially being

wide and depressed, and the zygomatic arches very strong and

deep. F. macrocdis, the Clouded Tiger, is a beautifully marked
species, with elongated head and body, long tail, and rather short

limbs. The canine teeth are proportionally longer than in any exist-

ing member of the genus. It is thoroughly arboreal, and is found

in tho forests of south-eist Asia and the islands of Sumatra, Java,

Borneo, and Formosa. F. serval, the Serval, from South Africa, is

yellow with black spots, and has a short tail and large ears.

Numerous smaller species called Tiger Cats and WildX^ats, many of

them by no means clearly defined zoologically, are found through-

out the warmer parts of Asia and Africa. The Wild Cat of Europe,

F. cat}is, still inhabits the mountainous and wooded parts of Great

Britain. The Domestic Cat is an introduced species, and generally

supposed to be derived from F. maniculata of Egypt and Syria.

Moderate-sized Cats, with short tails, rather long limbsi especially

the hinder ones, and tufta or pencils of hair on their ears, are called

Lynxes. See Ltnx.
B. New-World Species.

F. concolor, the Puma or Couguar, commonly called "Panther"
in the United States, is about the size of a Leopard, but of an uni-

form brown colour, spotted only when young, and is extensively

distributed in both North and South America, ranging between
the parallels of 60" N. and 50' S. F. onca, the Jaguar, is a larger

and more powerful animal than the last, and more resembles the
Leopard in its colours. It also is found in both North and South
America, but with less extensive range, reaching northwards only
as far as Texas, and southwards nearly to Patagonia. See Jaguar.-
F. pardaliSy and several allied smaller elegantly-spotted species in-

hafeiting the intratropical regions of America, are commonly con-

founded under the name of Ocelot or Tiger Cat. F. yaguarundi,
rather larger than the Domestic Cat, with an elongated head and
body, and of a uniform brownish-grey colour, ranges from Mata-
moras to Paraguay. F. eyra is a small Cat, very Musteline in form,

having an elongated head, body, and tail, and short limbs, and is also

of a uniform light reddish-brown colour. It is a native of South
America and Mexico. F. pajeros is the Pampas Cat. Four species

of Lynx are described from North America, but it is doubtful
rvhether these are specifically distinct from each other and from
t\\G Lynx of northern Europe.

2. CyneeluTus.—Sometimes considered as a distinct genus. The
Cheetah or Hunting Leopard, F.jubata^ is distinguished from the other
Fclidso by the inner lobe of the upper sectorial, though supported
by a distinct root, having no salient cusp upon it, by the tubercular
molai' being more in a line with the other teeth, and by the claws
being smaller, less curved, and less completely retractile, owing to
the feebler development of the elastic ligaments. The skull is short
and high, with the frontal region broad and elevated in consequence
of the large development of the frontal air-sinuses. The head is small
and round, the body light, the limbs and tail long. Its colour is

jtalo yellowish-brown with small black spots. The Cheetah is less

savage and more easily tamed than most of tho Cats. In Asia it

has been trained for the chase of the Antelope. It has rather an
extensive geographical range from the Cape of Good Hope, through-
out Africa and the south-western parts of Asia, as far as southern
India. (

Fossil Felidse.—Numerous extinct species of the genus are found
in Pleistocene, Pliocene,and even later Miocene deposits in Europe,
Asia, and America. Among them is the Cave Lion, F. spclxa, which
can scarcely be separated specifically from F. ho, and of which
abundant remiins are found in caves in England and other parts of

Europe. F. cristata, from the Siwalik Hills, intermediate in size

between a Tiger and Jaguar, is distinguished from the other Fclidec

by the shortness of the face as compared with the cranial part of tlie

skull. These and many others, mostly of smaller size, present no
greater modifications of form than the various existing members of
the penus FcliSf and can therefore be properly included within its

limits; but numerous other forms are gradually becoming known,
especially through the researches of American palaeontologists,

which, though evidently animals of the same general type and
therefore to be included in the family Felidse, depart so much in
various details of structure that they must be placed in different

genera. Aa one of the points in which Felis manifests its special-

ization is the reduction of tho number of the mo!ur series of teeth,
with concomitant shorteniiig of tlie jaws, it might bo pupposcd
that in the earlier and perhaps ancestral forms tliese teeth would
be more numerous and approach more nearly to tlie primitive or
typical number of the heterodont mammals, viz., seven on each side.

This is actually the ease. One European form {also recently found
in America) to which Gervais has given tho nanje of Pscitdmlurvs,
of Miocene age, has the dentition oi FcUs with an addition of one
premolar in the lower jaw; but others have a still largernumber, as
Archsplurus dehilis of Cope from the American Bliocene, about tho
size of a Panther, wjiich has four premolars and a tubercular molar
in the upper jaw, and three premolars and two molars iu the lower
jaw. A tubercular molar in the lower jaw, behind the sectorial, also
occurs in ^Elurogalc, Dinictis, and Nimravus. Anotlier tendency
to generalization is the existence in some forms, as Iloplophoneua^
of a posterior lobe or heel to the inferior sectorial, found in nearly
all Carnivores except the existing Felidse. On the other hand some
of the extinct Felidx show a most remarkable tendency towards a
specialization not occurring in any of tho surviving members of the
family, viz., an enormous development of tho upper canines, with
which is usually associated an expansion downwards and flattening

of the anterior part of the ramus of the lower jaw, on the outer side
of which the canine lies, when the mouth is closed. In Stnilodon
nxogeus, the Sabre-toothed Tiger, from the caves of Brazil and also
from Pleistocene deposits near Buenos Ayres, an ailimal about the
size of a Tiger, these teeth are 7 inches in length, greatly compressed,
and finely serrated on the trenchant anterior edges. Similar serra-

tions are seen on a much fainter scale in the unworn teeth of modern
Tigers. Manymodificationsofthiscommonly-called "machaerodout",
typo have been met with both in the Old and New World to which
the names of Machserodv-s, Drepanodon, Sniilodon, ffoplojjhoneus,

Dinictis, Pogonodon, &c., have been given. A very remarkable form,
Eiismihis, differs from all other known Felines in having only four
incisors in the lower jaw, and a pair of small canines separated
by a very long diastema from the next teeth, which consist only of
one premolar and one sectorial true molar. The lower jaw is

enormously expanded towards the symphysis to protect the large
upper canines. This animal then, although of Eocene age, appears
to form the culminating development of the sabre-toothed or niachae-

rodont dentition, the most specially carnivorous type of structure
known.

Cope divides all the known Feline animalg into two families,

Felidse and Nimravidse^ distinguished by tlie characters of the
foramina at the base of the cranium, the former being of raoi-e

modem origin than the latter, the members of which are all

extinct, and wh.ich seem to connect the Cats with still more
primitive types of Carnivora.

Family VivERRin^.

Premolars 5 orJ. Molars lorf. Auditory bulla externally con-
stricted, and divided by a septum. An alisphenoid canal (with very
rare exceptions). Carotid canal distinct as a groove on the side of
the bulla. Digits usually 6-5, but sometimes the pollex or hallux
or both may be wanting. Dorsal vertebrae 13 or 14. Limited in

distribution to the Old World.
The subfamily Cryptoproctinee contains the single genus Cryp-

toproda. Dentition : i ^, c \, p f , m f =^| ; total 36. The teeth

generally closely resemble those of the Felidse. The first premolar
of both jaws is very minute and early deciduous. The upper
sectorial has a very small inner lobe, quite at the anterior part of

the tooth. The trne'molar is very small pud placed transversely.

The lower sectorial has a large trenchant bilobed blade, and a very
minute heel, but no inner tubercle. Skull generally like that of

Felis, but proportionately longer and narrower. Orbit widely open
behind. Vertebra: C 7, D 13, L 7, S 3, C 29. Body elongated.
Limbs moderate in size. Feet subplantigrade ; five well-developed
toes on each, with sharp, compressed, retractile claws. Ears mode-
rate. Tail long and cylindrical, "*'**^ - fr

The only known species, C. fcrox, the " Foussa *' of the Malagasy,
is peculiar to Madagascar, being the largest carnivorous animal in

the island. It is about twice the size of the common Cat (5 feet from
nose to end of tail), with short close fur of nearly uniform pale brown.
Little is as yet known of its habits, except that it is nocturnal, fre-

quently attacks and carries off goats, and especially kids, and shows
great ferocity when wounded, on which account it is much dreaded
by the natives.

The remaining numerous specific and generic modificatiuris found
in tho existing anjraals belonging to this family seem to group
themselves mainly into two tolerably distinct (jroups, distinguishable
by the characters of the auditory bulla and neighbouring jv-rts of

the base of the skull, and b^ the structure of the feet. The one
form has the genus Vivcrra or Civet Cats for its most typical repre-

sentative, and the other fferpesfes or the Ichneumons-
Subfamily Vivertrinee.—Auditory bulla oval or rather conical,

broad and truncated and not everted behind, narrow in front and

" On :he Extinct C4ts nf Americn," An » Natttralitt, i)cceinbcr 1S80
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inorc'or less compressed at the siJesr' The outer'^or anterior

chamber very small and flat. The meatus with scarcely any inferior

lip, its orifice being close to the tympanic nng. Paroccipital pro-

cess triangular, its apex projecting slightly beyond the bulla. Claws

strongly curved ami more or less retractile.

Vivcrra.—Dentition: i I, c |, p i, m l^\% \ total 40. SkuU
elongated ; facial portion small and compressed. Orbits wtU-
defined but incomplete behind. Vertebroe : C 7, D 13, L 7 {or D 14,

L'6), S 3, C 22-30. Body elongated and compressed. Head
pointed in front ; ears rather small. Extremities short. Feet

small and rounded. Toes short, five on each foot. First toe both

on fore and hind feet much shorter than the others. Palms and
.«!olcs covered with hair, except the pads of .the feet and toes, and

in some species a narrow central line on the under side of the sole,

extending backwards nearly to the heel. Tail moderate or long.

A pair of large glandular follicles situated on the perineum (in both

sexes), and secreting in most species an oily substance of a

peculiarly pcnt-trating odour.

The numerous species of this genus form a large series, the two
extremes of wliich differ considerably, but the several sections into

which they may be divided blend so into one another that it is

difficult to differentiate them sharply. (1) Vivci-ra proper. This

includes the largest species. Tlip teeth are stouter and less com-
pressed than in the other sections. The second upper molar

especially larger. The auditory bulla smaller and more pointed in

front. Body shorter and stouter ; limbs longer ; tail shorter,

tapering. Under side of tarsus completely covered with hair.

Claws longer and less retractile. Fur rather long and loose, and

in the middle line of the neclc and back especially elongated so as

to form a eert of crest or mane. Pupil circular when contracted.

Perineal glands greatly developed. These characters apply especially

to V. civetta, the African Civet, or '* Civet Cat" as it is commonly
called, an animal rather larger than a common Fox, and an inhabi-

tant of intratropical Africa. V. zibctta, the Indian Civet, of about

equal size, approaches in many respects, especially in the characters

of the teeth and feet and absence of the crest of elongated Ifalr on
the back, to the next section. It inhabits Bengal, China, the

Malay Peninsula, and adjoining islands. V. tangalunga is a

smaller but nearly allied animal from the same part of the world.

From these three species and the next the civet of commerce, once

80 much admired as a perfnme in England, and still largely used

in the East, is obtained. The animals are kept in cages, and
the odoriferous secretion collected by scraping the interior of the

perineal follicles with a spoon or spatula. (2) Vivcrricida. Tins

section resembles generally the next, but with the whole of the

under side of the tarsus hairy. Alisphenoid canal generally absent.

V.' inalacccnsis, the Rasse, inhabiting India, China, Java, and
Sumatia, is an elegant little animal, which affords a favourite

perfume to the Javanese. (3) Gcnctta. The Genettes are smaller

animals, with more elongated and slender bodies, and shorter limbs

than the Civets. SkuU elongated and narrow. Auditory bulla

large, elongated, rounded at both ends. Teeth compressed and
sharp-pointed ; a lobe on the inner side of the third upper premolar

not present .in the previous section. Pupil contracting to a linear

aperture. Tail fong, slender, ringed. Fur short and soft, spotted

or cloudy. Under side of the tarso-metatarsus with a narrow longi-

tudinal bald streak. . V, gcnctta, the common Genette, is found in

France south of the river Loire, Spain, south-western Asia, and
Africa from Barbary to the Cape. V. felina, seiiegalensis, tigrina,

a.nd pardali3 are other named species, all African in habitat. (4)

Fossa. V. fossa, from Madagascar, may belong to a distinct section

or genus, but its structure is very imperfectly known. (5) In some
of tiie smallest species the second upper motar {already reduced to

very small dimensions jn the Genettes) is absent ; in other respects

their dentition agrees with section 3. V. gracilis and V. pardicolor,

both from southern Asia, constitute the genus Prionodon of Hors-
field ; V. richardsonii, fronj "West Africa, the genus Poiana of Gray.

Tlie former has the back of the tarsus hairy, the latter has a narrow
naked streak as iu the Genettes.

All the animals of this genus are, foi" their size, extremely active,

fierce, and rapacious. They feed chiefly on small mammals and
birds.

ArcHctis.—Dentition; i |, c |, ^ |, m f=i^; total 40. The
|)Osterior upper molar and thefirst lower premolar very often absent.

Molar teeth generally small and rounded, with a distinct interval

between every two, but formed generally on the same pattern as

Parodoxur^is. yert«brffi : C 7, D 14, L 5, S 3, C 34. Body elon-

gated. Head broad behind, with a small pointed face. Whiskers
long and nnmerous. Ears small, rounded, but clothed with a

pencil of long hairs. Eyes small. Limbs short. Soles and palms
broad," entirely naked. Tail very long and prehensile. Fur
long and harsh. Coecum extremely small. But one species is

known, A. bintnrong, the Binturong, an inhabitant of southern

Asia from Nopal through the Malay Peninsula to the islands of

Sumatra and Java. Although structurally agreeing closely with

the Pnradoxur.?9, its tufted ear?, long, coarse, and dark hair, and
prohcusile tail inve it a very different cgiernal appearance. It is

slow and cautious in its movements, chiefly if not entirely arboreal,

and appears to feed on vegetable as well as animal substances.

Paradoxurus.—Dentition: i %, c ^, p J, 7n s= J-^ total 40. The
blunt and rounded form of the cusps of the hinder premolar

and the molar teeth distinguishes this genus from most of the

members of the family. Vertebras : C 7, D 13, L 7, S 3, C 29-36.

Head pointed in front. Ears small, rounded. Body long. Limbs
modei-ate. Palms and soles almost entirely naked. Claws com-
pletely retractile. Tail long, non-prehensile. The Paradoxures

or Palm-Civets are less strictly carnivorous than the other members
of the family. They are mostl}' about the size of the common Cat,'

or rather larger, and are partly arboreal in their habits. The species

are rather numerous, and present considerable variations in the

details of the form and size of their molar teeth. They are

restricted geographically to southern Asia and the Indo-Malayan
archipelago. The best known species are P. hondar, P. zcylanicus,

P. ttj2Jus, P. m^isanga, P. larvata, and P. grayi. P. virga^ has

been separated from the others, and raised into a distinct genus,

Arctogale, on account of the smallne^s of the teeth and the elonga-

tion of the bony palate. Otherwise it seems not to differ from the

others.

Nandlnia contains one species, N. binotata, a somewhat aberrant

Paradoxure, from West Africa. It is rather smaller than the true

Paradoxures, has smaller and more pointed molar teeth, and no
caecum. The wall of the inner chamber of the auditory bulla

remains through life unossified.

ffcjiiigalca, another modification of the Paradoxure ty\>e, con-

tains one species, II. harduiickii, from Borneo, an elegant-looking

animal, smaller and more slender than the Paradoxures, of light grey

colour, with transverse broad dark bands across the back and loins.

Cynogale also contains one species, C. bcnnettii. Gray {described by
S. MiiUer under the name of Potamophilus barbatus), from Borneo.

This is a curious Otter-like modification of the Viverrine type,

having semi-aquatic habits, both swimming in the water and climb-

ing trees, living upon fish, Crustacea, small mammals, birds, andfruit.

The number and general arrangement of its teeth are as in Para-
doxiiriis, but the premolars are peculiarly elongated, compressed,
pointed, and recurved, somewhat as in the Seals, though the molai-s

are tuberculated. The head is elongated, the muzzle broad and
depressed. Whiskers very long and abundant. Ears small and
;-ounded. Toes short and slightly webbed at the base. Tail short,

cylindrical, covered with short hair. Fur very dense and soft, of

a dark brown colour, mixed with black and grey.

Subfamily fierpestinse.—Auditory bulla very prominent, and
somewhat pear-shaped, the posterior chamber being large, rounded,
and generally with its greatest prominence to the outer side. The
anterior chamber considerably dilated, and produced into a short

inferior wall to the auditory meatus, in which is a depression or

vacuity just below the centre of the opening of the meatus.
Sometimes this vacuity is continued into the meatus, forming a

narrow fissure. The paroccipital process do^s not project beyond
the bulla, but is spread out and lost (in adult animals) on its

posterior surface. Toes stra-!ght ; claws lengthened, exserted, non-
retractile.

Heiyestcs.—Dentition': i %, c\, p ^, sometimes 5» '" I J ^0 or 36.

Teeth of molar series generally with strongly-developed, sharply-

pointed cusps. SkuU elongated, constricted behind the orbits.'

Face short and compressed. Frontal region broad andarched. Post-

orbital processes of frontal and malar bones well-developed, gene-
rally meeting so as to complete the circle of the orbit behind.'

Vertebra: C 7, D 13, L 7, S3, C 21-26. Head pointed'in front.

Ears short and rounded. Body very long and slender. Extrem-
ities short. Five toes on each foot, the first, especially that on the
hind foot, very short. Toes free, or but slightly palmated. Palms
naked. Distal portion of soles naked, under surface of tarsus and
raetatai"sus clothed with hair. Tail long or moderate, generally thick

at the base, and sometimes covered with more or less elongated hair.

The longerhairs covering the bcdy and tail alnwst always annulated.

This genus contains a very large number of animals commonly
called Ichneumons, or in India Mongooses, varying in size from
that of a large Cat down to a Weasel. They are widely distributed

over the African continent and the southern parts of Asia, especially

India and the Indo-Malayan archipelago, one species occurring also

in Spain. They are mostly terrestrial in their habits, feeding on
small mammals and birds, reptiles, especially snakes, eggs of birds

and reptiles, and also insects. Some species are partially domesti-

cated, being used to keep houses clear of rats, mice, and snakes.

H. ichneumon was a sacred animal to the ancient Egyptians.
They vary considerably in appearance, some, as H. galera (also

called paludinosits and robxcstiis), are larger and heavier, with
stouter body, longer limbs, and stronger teeth. Others are small,

with very elongated bodies and short legs. The tail also varies

somewhat in length, and in the amount of hair with which it is

covered. These trivial differences have given rise to the formation
by some zoologists of very numerous genera, the characters of which
are by no means clearly defined, but the following arft the most dis-.

tinct and generally recognized.
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ffclogalc, preniolara 3, contains two small South-African species,

B. parvula und H. undulola.

Bdiogalc contains also two small Ichneumon-like animals,

B. a-assitauda and ptcisa, differing from Hcrf^stea proper in having

only fqur toes on each foot, both poUcx and hallux being absent.

The orWt is nearly complete, the tail of moderate length and rather

bushy.

C'i/""''c'''s'—I'ollox present, hut hallux absent. Skull shorter and
broader than in Hcrpcstcs, rather contracted behind the orbits,

which aro largo and complete behind. Face short. Anterior

chamber of the auditory bulla very largo. Front claws elongated.

C. pcnicillata, from South Africa,-

, All the foregoing Herpestines have the nose short, with its under
surface flat, bald, and with a median longitudinal groove. The
remaining forms have the nose more or less produced, with its

under side convex, and a space between the nostrils and the upper
lip covered with close adpressed hairs, and without any median
groove;

RhinogaU. —Toes 5-5. Claws of fore feet short, compressed, acute.

Under surface of tarsus hairy. Founded on a single specimen from
East Africa, B. vicUeri.

Crossarchus.—Dentition : i 5, c J, p f , m ^ ; total 36. Snout
elongated. Toes 5-5. Claws on fore feet lojig and curved. Hallux
very short. Under surface of tarsus naked. Tail shorter than the
body, tapering. Fur harsh. Species : C. obscuruSy the Kusimanse,
a small burrowing animal from West Africa, of uniform dark-brown
colour; C. fasciatiis ; C. zebra; C. gambianiis.

5'urica/a.^-A more distinct genus than any of the above. The
dental formula as in the last, but the teeth of the molar series

remarkably short in the antero-posterior direction, corresponding
with the shortness of the skull generally. Orbits complete behind.
Vertebra; : C 7, D 15, L 6, S 3, C 20. Though the head is short and
broad, the nose is pointed and rather produced and movable. Ears
very short. Bod,y shorter and limbs longer than in Hcrpcstes. Toes
4-4, the pollex and hallux being absent. Claws on fore feet very long
and narrow, arched, pointed, and subequal. Hind feet with much
shorter claws, soles hairy. Tail rather shorter than the body. One
species only is known, the Suricate, S. tetradactyla^ a small grey-
brown animal, with dark transverse stripes on the hinder part of
the back, from South Africa.

Galidiciis^ Galidca, and Hemigalidia are names of three slight
generic modifications of the Viverrine type, allied to the Herpes-
tinm, but placed by Mivart in a distinct subfamily, Galididinx.
They are all inhabitants of Madagascar. The best-known, Galidia
cUgans, is a lively Squlrrel-liko little animal with soft fur and a
long bushy tail, which climbs and jumps with agility. It is of a
chestnut-brown colour, the tail being annulated with darker brown.
Galidictis vitiata and striata chiefly differ from the Ichneumons in
their coloration, being gi-ey with parallel longitudinal stripes of
dark brown.
Eupkres is another form, also from Madagascar, which has been

placed in a subfamily apart. It diff'ers remarkably from all the
other Vivcrridss in the weak development of the jaws and the small

Fjg. nS.-SkuU ot Euplere, jouJot,.
J i,at. size. Mus. Roy. CuU. Surge

size of the teeth, in consequence of which it was, when first dis-
covered, placed mthe order Inscclivora. Dentition : i l,c\ pim i - 40 Vertebra!

: C 7, D 13, L 7, S 3. 20. But one species is
Known, E. goudoti.

'^

Family 'B.YmmDm.

^
No alisphenoid canab Dorsal vertebra; 15. Molars f. Limited

to the Old Woila. ;

-'

Subfamily Protelidse. -Auditory bulla divided into "two dis-
tinct chambers. Premolar and molar teeth very small and simple
in character. ^

This group contains but a single species, belonging to the genus
Protelcs, P. crislaliis, the Aard-Wolf or Earth-Wolf of the Dutch
colonists of tlie Cape, an animal nearly allied to the Hyainas, but
remarkably modified in its dentition, the molar teeth bein.- very
small, placed far apart, and almost rudimentary in charact'er (see
ng. 119). The canines are long and rather slender. The dental
formula hii,ci,p and m 3^4=,-^ ; total 30 or 32. Vertebra :

C 7, D 15, L 5, S 2, C 24. The fore feet with five toes; the poller
'"OUgh short, with a diitiiiot claw. The hind feet with (our

subequal toes

retractile
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Claws all strong, bhmt, subcomprcssed, and aon-

il extcrnnl appearance is very like that ol
...^..*v-,..x«. j.,T3 (.^rueiui (;A.iern:ii appearance is very iiKe i!

a small otripfii Hya'.na, but the muzzle is more pointed and Ih^ ....
larger. It has a copious mano of long hair, capable of being

Fig. 119.—Skiill and Dentition of ProteJes erislatut, x 4
Mas. Roy. Coll. SuigeonB.

erected, when the animal is excited, along the middle line of tho
neck and back. It is a native of South Africa, and is a burrowing
nocturnal animal, feeding on decomposing animal substances, larvse,
and termites. Observations upon specimens in captivity indicate
that it has neither inclination nor power to attack or feed upon
living vertebrated animals.

Subfamily Hysenidse. —Auditory bulla not divided by a septum-
into two chambers.
Sgmna.—Deatition : i i, c i, P ', m 1 = ^ ; total 34. Teeth,

especially canines and premolars, very large, strong, and conical.
Upper sectorial with a very large, distinctly trilobed blade and
a moderately developed inner lobe placed at the anterior extremity
of the blade. Molar very small, and placed transversely close to
the hinder edge of the last, as in the Fclidx. Lower sectorial
consisting of little more than the bilobed blade, Zygomatic arche:j
of cranium very wide and strong. Sagittal crest high, giving
attachment to very powerful biting muscles. Orbits incomplete
behind. Vertebr.-e : C 7, D 15, L 5, S 4, C 19. Limbs rather long,
especially the anterior pair, digitigrade, four subequal toes on each,
with stout non-retractile claws. Pollex and hallux only repre-
sented by rudimentary metacarpal and metatarsal bones. Tail
rather short. A large post-anal median glandular pouch, into which
tho largely developed anal scent glands pour their secretion.
The three existing species of Hysna (see HY.i;NA) are divisible

into two sections to which some zoologists assign generic rank.
1. Upper molar moderately developed and tliree-rooted. Aa

inner tubercle and heel more or less developed on the lower molar.
Ears large, pointed. Hair long, forming a mane on the back and
shoulders. H. striata, the Striped Hy-iena, of northern Africa and
southern Asia. H. brunnea, of south Africa, in some respects
intermediate.between this and the next section. 2. Genus Croeutor.
Upper molar extremely small, two- or one-rooted, often deciduous.
Lower molar without trace of inner tubercle, and with an extremely
small heel. Ears moderate, rounded. Hair not elongated to
form a mane. H. crocula or Crocuta maculata, tho Spotted Hytena,
from Africa south of the Sahara. In dental characters the first
section inclines more to the J'ivcrridx, the second to the Felids

;

or the second may be considered as the more specialized form, as
it certainly is in its visceral anatomy, especially in that of the
reproductive organs of the female.^

Extinct Byxmda;.—Hyenas abounded in Europe from the Upper
Miocene to the Pleistocene epoch, and a series of transitional forms
from ancient generalized types merging into Vivcrridm, as Icti-
therium and 3i/as7iidis (with additional tubercular molars), leading
by gradual modifications during successive geological ages to the
species now existing, have been traced by Gandry. The Cave Hyaina
(H. spelsea), once so abundant in Britain and other parts of Europe,
is scarcely distinguishable specifically from the existing JT. crocula
of Africa; and e.xtinct forms found in France, described under the
names of B. prisca and IT. arvcrncnsis, are probably thO ancestora
of H. striata. The existing H. brunnea seems to have preserved the
characters ot H. cximia of the Upper Miocene of Pikermi in Greece
with little modification. There is at present no evidence of-fhe
existence of this group in America.

Section Cvnoidea.
This section contains a single family, Canidm, or Dog-like

animals, which appear to hold an intermediate position between
tho other two sections, retaining also m.any of the more generalized
characters of th.e ancient members of the order. The structure of
the auditory bulla and adjacent parts of the bones of the skull 13

1 Tho anQtomtcfll pcciilir

6ctlf3 ipf papers by .MoiTisnn Wat ^, , ... ^ .
for 1977. 1878, 1879, and 1891, iu Which references Iff pi-evious auUiors (

subject will be found.
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?uite intermediate between that of the JEluroid find Arctoid forms,

n the number and arrangement of the teeth they moro nearly

approach the primitive heterodout type than any other existing

Carnivora. A caecum is always present, sometimes short and simple,

bat when long it is folded upon itself in a characteristic manner.

The Dogs form a very compact group, composed- of numerous
flpecies which closely resemble each other in essential characters,

though differing considerably externally. The most marked
differences are a slight variation in the number of the true molar
t€eth, which exceed the usual number in the Cape Long-eared Fox
{Otocyon), and fall short of it in some other less aberrant forms to

which the names of Icticyon and Cyon have been given, and a

diminution in the number of toes in the Cape Hunting Dog (ZT/raoTi),

which has 4-4, instead of 5-4 as in the remainder of the family.

After taking these away, there remain a great number of animals
called Dogs, Wolves, Jackals, and Foxes, varying from one another

only in the characters of the tail, cars, fur, form of the pupil, and
some trifling peculiarities of skull and teeth, upon which, some
authors have divided them into many genera. These divisions

are, however, extremely difficult, if not impossible, to define, on
account of the numerous gradual transitions from one form to the

other.

Cani3.—Pending further investigation, it will perhaps be safest

to retain all the species, with the exceptions of Otocyon and Lycaon
mentioned above, in the old genus Canis^ the most prominent
characttrs of which are the following. Teeth, usually i §, c \, p %,

m 3 = Ti ; total 42. The absence of the last upper molar (m 3),

alone distinguishes this from the generalized dentition of heterodents

(see p. 353), and this tooth is occasionally present in one species

(C cancrivorus). In certain Asiatic s\tec\^s{0. primmvus and its

allies), which on this account have been separated to form the genus

Cyon of Hodgson, the last lower molar {vi 3) aj^pears to be con-
stantly absent, and in C. venaticus.{g<inws Icticyon^ Lund) not only
this but also m 2 is usually not developed. The milk dentition

is rfi f, dc \, dm § = J ; total 28,—the first permanent premolar
having no predecessor. The teeth of both permanent and milk
or temporary series are figured at p. 353 (fig. 3). The upper sec-

torial p 4 consists of a stout blade, of which the anterior cusp is

almost obsolete, the middle cusp large, conical, and pointed back-
wards, and the posterior cusp in the form of a compressed ridge ; the
inner lobe is very small, and placed quito at the fore part of the
tooth. The first mola? is more than half the antcro-posterior length
of the sectorial, and considerably wider than it is long; its crown
consists of two prominent conical cusps, of which the anterior is

the larger, and a low broad inward prolongation, supporting two
more or less distinct cusps and a raised inner border. The second
molar resembles the first in general form, but is considerably

smaller. The lower sectorial 7ii 1 is a very large tooth, with a strong
compressed bilobed blade, the hinder lobe being considerably the
larger and more pointed, a small but distinct inner tubercle placed

at the hinder margin of the posterior lobe of the blade, and a broad,

low, tuberculated heel, occupying about one-third of the whole
length of the tooth. The second molar is less than half the length

of the first, with a pair of cusps placed side by side anteriorly,

and a less distinct posterior pair. The third is an extremely
email and simple tooth with a eubcircular tuberculated crown and
single root.

Ihe cranium is more or less elongated, the facial portion tapep-

ing forwards and compressed. The jaws elongated. The zygomata
moderately strong. The post-orbital processes of the frontal short,

leaving the orbit widely open posteriorly. Vertebrie : C 7, D 13, L 7,

S3, C 17-22. Clavicles present, but very rudimentary. Limbs of
moderate proportions, digitigrade. Feet short ; five toes on the fore

foot, the pollex much shorter than the others, and not reaching to
the ground. Four toes on the hind foot, the hallux being repre-

sented by a rudiment of the metatarsal.^ All the toes are provided
with exserted non-retractile slightly curved and blunt claws, which,
being exposed, become worn at the tips. Tail moderate, or ratlitT

long, generally somewhat bushy. The pupil of the eye, when con-
tracted, is in some species round, in others elliptical and vertical.

This extensive genus may be considered as truly cosmopolitan.
One or more species are found throughout the American continent
from Greenland to Patagonia and the Falkland Isles ; and similarly,

in the Old World, Europe, Africa, and Asia, with most of the large

islands adjacent, and even Australia, have their wild Dogs, though
in the hist case tliey probably belong to a feral race, introduced
ori^nally by man. They arc generally sociable animals, hunting
their prey in packs. Many species burrow in the ground; none
habitually climb trees. Thoufrh mostly carnivorous, feeding
chiefly on animals they have cljased and killed themselves, many,
especially among the smaller species, eat garbage, carrion, insects,

and also fr-uit, berries, and other vegetable substances. The species

1 In Domealic Dogs ft hallui: Is frpqucntiy devolojied, tliotjp-h often In a rudl-
mentRry comlltlon, the t'^irlpiirjc- ^iC.-; claw be. L\i. ponded loosely In ilie skin,
without direct cunncxl r: v.lth the Other tjr.iu: nf Jm !^ci; it It called by ocg-
fundetB the "dew claw."

are very numerous, and, as in most other large genera, vcrj- ill-

defined, few zoologists agreeing as to which of the many slightly

different modifications may be considered as local varieties and
which true species. Perhaps the best cranial character by which,

the different members of the genus can be distinguished is that

pointed out by Burmeister, , viz., that in the animals generally

called Dogs, Wolves, and Jackals the post-orbital process of the

frontal bone is regularly smooth and convex above, with its

extremity bent downwards, whereas in Foxes the process h^ hollowed
above, with its outer margin (particularly of the anterior border)

somewhat raised. This modification coincides in the main with that

upon which Professor Huxley has recently ^ based his division of the
group into two parallel series, the Thooids or Lupine forms and
Alopecoids or Vulpine forms, which he characterizes by the presence

of frontal air-sinuses in the former, which not only affects the exter-

nal form but to a still greater degree the shape of the anterior part

of the cranial cavity, and the absence of such sinuses in the latter.

The pupil of the eye when contracted is round in most members of

the first group, and vertically elliptical in the others, but more
observations are required before this ciiaracter can be absolutely

relied upon. The form and length of the tail is often used for the

purposes of classification, but its characters do not coincide witii

those of the cranium, as many of the South American Cauidx have
the long busliy tails of Foxes and the skulls of Wolves. Taking into

account various combinations of these and other minor characters,

the species may be arranged in the following groups, which some
authors have considered as of generic importance.

A. Thooid or Lupine Scries.

(1) Can/5 proper contains the largest members of the genus, tho

true Wolves of the northern parts of both Old and New Worlds
(C. lupus, &c.), the Jackals of southern Asia and Afiica {C. aureus,

vicsomclas, &c.), and the various breeds of the domestic Dog
[0. familiaris). the origin of which is still involved in obscurity.

Some naturalists believe it to be a distinct species, descended from
one that no longer exists in a wild state; others have sought to find

its progenitors in some one of the wild or feral races, either of true

Dogs, Wolves, Cf Jackals; while others again believe that it is

derived from the mingling of two or more wild species or races. It

is probably the earliest animal domesticated by man, and few if

any other species have undergone such au extraordinary amount of

variation in size, form, and proportion of limbs, cars, and- tail,

variations which have been perpetuated and increased by careful

selective breeding. See Dog. The Dingo or Australian Dog is

met with wild, and also as the domestic companion of the aboriginal

people. Dogs were also in the possession of tiie natives of New
Zealand and other islands of the Pacific, where no placental

mammals exist naturally, on their discovery by Europeans in the

last century. (2) Cyon, wild Dogs of the south-east of Asia,

distinguished by slight modifications as C. prijnsevus, C. dvkk-
cncnsis, and C. suniatrensis, differ from the above in wanting the

small last> lower tubercular molar. (3) Lycalopcx is a group formed

of certain South-American CanidsE, distinguislied from Cams proper

by their longer tails and Fox-like aspect:

—

C. cancrivorus, C. hrnsilU

ensis^ O. melampits, C. vehilus, C.fulvicaudns, C. azarse, C. incgcUani-

cus, C. griseus. The last three have been further separated (under the

name of Pscudalopcx) on account of slight differences in the relative

size of the molar teeth, and of their pupil being elliptical when con-

tracted. (4) J^ydcreutcs (one species, C. procyonidcs, from Japan and
north-east Asia) has no claims to generic distinction but such as are

founded upon its long loose fur, short ears, and short bushy tail,

which give it some superficial resemblance to a Raccoon. (5)

Icticyon, with one small species, C. vcnatictis, the Bush Dog, from

Guiana and Brazil, with close hair, and short legs and tail, has

more reason to be regarded as a distinct form, as it is distinguished

from all other Dogs by the reduction of its molar teeth to J, and
their comparatively small -size. In consequence of this, and
its general external characters, it was formerly placed among the

Mustelidse, but its Canine allinities have now been thoroughly

established.

B. Ahpecoid or VuJpine Scries.

(6) Vulpcs, true Foxes. The species or varieties are numerous and
widely spread over North America, Eurasia, and Africa :

—

C. vulpcs,

the common Fox of Europe ; C. niloticus, adustus, and raricgatus,

Africa; C. JlcivesceTis, montanvs, hengahnsis, japonicus, corsw, A.sia;

C./ulvus, macrourus, velox. North America. The tail of the above

is clothed with soft fur and long hair, uniformly mixed ; from

them Baird distinguishes, under the name of Uroeyon, other species

which have a concealed erect mane of stiff hairs along the upper

line of the tail. These have also a shorter muzzle and a wide space

between the temporal crests; they are C. virginianus and C. liltor-

alis, both from North America. The Arctic Fox {C. lagopus, genua

Lcucocyon, Gray) has the tail very full and bushy and the soles of

the feet densely furred below. Its colour changes according to

season from bluish-grey to pure white. (7) Fennecus. Certain small

elegant African Foxes (C. ccrdo, famelicus, and chama), with very

a Pros, ZqoI. Soc. lond., ItiSO, p. 288.
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! been separ-large

ntuu niuler the abovo name
Lycaon.—This rosomblcs in most of its clmractere'the Dogs of the

Liipiiio series, but the teeth nre ratlior inoro massive and rounded,

tlio ^kiill sliortfir and broader, and it has but four toes on each

limh, as in Jlymiia. The one species, L. pichis, the Cape Hunting
Dog (fig. 120) from south and east Africa, ia very distinct cxter-

s. ^'^^

Toes 5-4. One species,

niiillcr than a common Fox.
tlie least differentiated or

regaiding the presence of

ndition of the dentition

existing Canida; and the

in po —Cai II ni

nally from all the otlier Canidm. It is nearly ns large as a mastiff,

with largo, broadly ovate erect ears, and singularly coloured, being
not only variable in different individuals, but unsymmetrically
marked with large sjtots of white, yellow, and black. It presents
some curious superficial resemblances to Ilymna crocuta, pcrlmps a
case of mimetic analogy. It hunts its prey in large packs.

Otocyon.—Dentition: i ^, c \, p \, vi ^-^=
^-^J

-
; total 46 or

48. The molar tcetli are thus in excess of any other known heter-
otlont mammal. They have the same general cliaracters as iu

CaniSy with very pointed cusps. The lower sectorial shows little

of its typical characters, Iiaving five cusps on the surface ; these

can, however, be identitied as the inner tubercle, the two greatly

reduced and obliq^uely placed lobes of the blade, and two cusps on
tlie heel. The skull generally resembles that of the smaller F^xes,

particularly the Fennecs. The auditory bulla: are very large. The
liinder edge of the mandilde has a very peculiar form, owing to the

great development ot an expanded, compressed, and somewhat
iiiTcrtcd subangular process. Vertebrae: CJ, D 13, L 7, S 3, C 22.

Ears very large. Limbs rather long.

0. megalolis, from South Africa, rather s

Professor Huxley looks upon tliis as

most piimitive existing form of C'anis,

tiro four inolar teetJi as a survival of a

exhibited by the common ancestors of thi

existing carnivorous RIarsupials. There
jiillteontological proof of this, aa none of

oLCanidx yet discovered have more than tlie normal Dtmiber of

molars. One of the best known of these is Amphicyon, from the
Miocene strata of Europe and America, formerly supposed to have
affinities with the Bears, haviug five toes on each foot, and being
possibly plantigrade, but, as the structure of the skull and teeth
ctearly show, only a generalized Dog, in which the true molai-s are

fully developed. Another genus, Cynodidis, of which many modi-
fications have been described by Filhol from the south of Fiance,
approaches the Vivcn-idm, and may be a common ancestor of the
Cyuoid and iEluroid Carnivora.

Section xVrotoidea.

The section Arctoidca includes a considerable number of
forms which agiee in the essential characteiistics of the structures
of the base of the cranium and reproductive organs, and in the
absence of a cEccum to the intestinal canal. They have no Cowper's
glands, and liave a rudimentary prostate and a large cylindrical
peuial bone. All the members of this group have five completely
developed toes on each foot.

Family MusTELID^.

True molars \ (or \ iu MclUvora). No alisphonoid canal. A
largo group widely diffused, especially in the nortliern temperate
regions of t)ie earth. The different geneiu are very difficult to
arrange in any natural order- They are rather artificially divided,

chiefly according to the characters of their feet and flaws, into the
Otter-like (Lutriue), liadgcr-liko (iMelim), and Wcasel-likc (Muste-

line) forms. '

Subfamilv Lutrinae.—Feet short, rounded (except the hind fee!

of EnJiydra). Toes webbed. Clawa small, curved, blunt. Head
broad and much depressed. Upper posterior molars large tfnd

quadrate. Kidneys conglon^erate. Habits aquatic. '

Lutra.—Dentition: i I, c \, p %, in i; total 36. tJppct
sectorial with a trenchant tricusped blade, and a very largo inner
lobe, hollowed on the free surface, with a raised sharp edge, and
extending along two-thirds or more of the length of the blade.

True molar large, with a quadricuspidatu crown, broader than long.

Skull broad and depressed, contracted immediately behind the
orbits. Facial portion very short; brain case large. Vertebrse:

C 7, D 14-15, L 6-5, S3, C 20-26. Body very long. Ears short and
rounded. Limbs short. Feet completely webbed, with well
developed claws on all the toes. Tail long, thick at the base and
tapering, rather depressed. Fur short and close.

The Otters are all more or less aquatic, living on the niarginE

of rivers, lakes, and in some cases the sea, are expert divers and
swimmers, and feed chiefly on fish. They have a very extensive
geographical range, and so much resemble each other in outu;iiJ
aiipearance, especially in the nearly uniform brown colouring, that

the species are by no means well-defined. See Otter.
L.- sandbachii, a very large species from Demerara and Sunnam,

with a prominent ridge along each lateral margin of the tail, con-

stitutes the genus Pteronura of Gray.

Aonyx.— Feet only slightly webbed ; claws exceedingly small oi

altogether wanting on some of the toes. First upper premolar very
small, sometimes wanting. True molars very broad and massive,

presenting an approach to the form of tlie next genus. A. inunguis^

South Africa ; A. Icptonyx, Java, Sumatra.

Enhydriodon.—E. sivalensis is a large extinct OVter-like animal
described by Dr Falconer from the Pliocene strata of the Sub-
himalayan mountains.
Enhydra.—DQnUiiou: i f, c \, p I, m ^ ; total 32. Differs

from all other known Carnivora in having but two incisors on each

side of the lower jaw, the one coiTesponding to the first (very email

in the true Otters) being constantly absent. Though the molar
teeth generally Vesemble those of Lutra in their proportions, they,

differ very much in the exceeding roundness and massiveness of

their crowns and bluntness of their cusps. Feet webbed. Fore
feet short, with five subequal toes, with short compressed claws.

Hind feet very large, depressed, and fin-like. The phalanges

flattened as in the Seals. The fifth toe the longest and stoutest,

the rest gradually -diminishing in size to the first, all with mode-
rate claws. Tail moderate, cylindrical.

One species, E. lutris, the Sea-Otter. It is larger than any of

the true Otters, and is found only on the coasts and islands of the

North Pacific, where it was formerly very abundant, but is gradu^

ally becoming more and moi*e rare, on account of the number;
killed annually for their valuable fur. It is said to live on
molluscs and crabs as well ns fish, and the massive mill-like struc-

ture of the grinding teeth, so unlike that of all the known purely

piscivorous mammals, would seem to indicate some such diet.

Subfamily Melinse.—Feet elongated. Toes straight. Claws
non-retractile, slightly curved, subcom pressed, blunt ; those of the

fore foot especially large. Upper posterior riiolar variable. Kidneys
simple. Habits mostly terrestrial and fossorial.

ircj;Aiiz5.—Dentition: i ^, c \, p ^~
, ?rt ^ ; total 32-34.

Upper molar larger than the sectonal, subquadrate, rather

broader than long. Lower sectorial with heel less than half the

length of the whole tooth. Bony palate terminating posteriorly

opposite the hinder border of the laet molar tooth. Facial portion

of skull short and somewhat truncated in front. Vertebrae: C7,
D16, L6, S2, C21. Head small. Body elongated. Limbs moderate,

sub plantigrade. Ears short and rounded. Tail long, abundantly

clothed with very long fine hnir. Anal glands largely developed
;

their secretion, which can be discharged at the will of the animal,

has an intolerably offensive odour, which circumstance has ren-

dered the Sknnks, as they are commonly called, proverbial. They
are strictly nocturnal animals, terrestrial and burrowing, feeding

chiefly on small mammals, birds, reptiles, insects, worms, roots, and
berries. All the known species have a prevalent black colo'ur,

varied by white stripes or spots on the upper part. They genen'iUy

carry the body much arched, and the tail erect, the long loose hair

of which waves like a plume over the back. There are many
species, all inhabitants of the American continent, over which they

have an extensive range. See Skpnk. The South-American
species, which have only two upper premolars, and differ in some
other characters, have been generically separated under the name of

Conepatus.

Arctonyx.—Dentition : i ^, c |, » ^, ?» ^ ; t'^tal 38. Incisor

line curved, the outer teeth being placed posteriorly to the others.

Lower incisors proolivous. First premolars often rudimentary or

absent. Upper molar mucli larger than the sectorial, longer in t^ie
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antero-posterior direction than Lroad. Lower sectorial with a
very large, low, tuberoulated heel. Cranium elongated and
depressed ; face long, narrow, and concave above. Bony palate

extending as far backwards as the level of the glenoid fossa.

Palatal bones dilated. Suborbit^il foramina very large. Vertebrae :

C 7, D 16, L 4, S 4, C 20. Snout lonj^, naked, mobile, and truncated,

witJi largo terminal nostrils, much like those of a Pig. Eyes small.

Ears very small and rounded. Body compressed, rather than
depressed. Limbs of moderate length and digitigrade in walking.
Tail moilerate, tajjcring. A full soft under fur, with longer, bristly

hairs interspersed. The best-known species is A. coUaris, the
SandrBear or Bhahi-soor {i.e.^ Bear- Pig) of the natives, found in

the mountains of the north-east of Hindustan and Assam. It is

rather larger than tho English Badger, higher in its legs, and very
Pig-like in general aspect, of a light grey colour, with flesh-coloured
snout and feet ; nocturnal and omnivorous. Other species or local

varieties have been described bv A. Milne-Edwards from North
China and Tibet.

Mijdaus.—Dentition as the last, Out tne cus'ps ot tne teem more
Acutely pointed. Cranium elongated, face narrow aiid produced.
Suborbital foramen small, and the palate, as in all the succeeding
genera of this group, produced backwards about midway between
the last molar tooth and the glenoid fossae. Vertebrje: C7, D 14-15,
L 6-5, S 3, C 12. Head pointed in front ; snout produced, mobile,
obliquely truncated, the nostrils being inferior. Limbs rather
short and stout. Tail e.Ktreraely short, but clothed with rather
long bushy hair. Anal glands largely developed, and emitting an
odour like that of the American Skunks (Mephitis). One species,

M. mdiccps, the Teledu, a small burrowing animal, found in the
mountains of Java, at an elevation of 7000 or more feet above the
sea-level,

jl/c^w.-^uehtitio'n : i §, c ^p ^, m ^ ; total 38. The tirst pre-
.nolar in both jaws extremely minute and often deciduous. Upper
molar veiy much larger than the sectorial, subquadrate, as broad
as long. Lower sectorial with a broad, low, tuberculated heel,
more than half the length of the whole tooth. The postglenoid
processes of the skull are so strongly developed, and the glenoid fossa

is so deep, that the condyle of the lowTr jawis firmly held in its place
even after all the surrounding soft parts are removed. Vertebra;:
C 7, I> 15, L 5, S 3, C 18. Muzzle pointed. Ears very short. Body
stout, broad. Limba short, strong, subplantigrade. Tail short.
The best-known species is the common Badger {M. taxvs) of Europe
and northern Asia, still found in many jiarts of England, where it

livesiu woods, is nocturnal, burrowing, and very omnivorous, feeding
on mice, reptiles, insects, fruit, acorns, and roots. Other nearly allied

species, M. Icuaints and M. chineiisis^ avo found, in continental
Asia, and M. anahunia in Japan.

Taxidca.—Dental formula as in Melcs, except that the rudimen-
tary anterior premolars appear to be always wanting in the upper
jaw. The upper sectorial much larger in j^roportion to the other
teeth. Upper molar about the same size as ihe sectorial, triangular,
with the apex turned backwards. Heel ol lower sectorial less than
half the length of the tootlk Skull very wide in the occipital
region ; the lambdoidal crest veiy greatly developed, and the sagit-
tal but slightly, contrary to what obtai.is in Mclcs. Vertebrae:
C r, I) 15, L 5, S 3, C (?). Body ver'- ^coutly built and depressed.
Tail short. The animals of this genus are peculiar to North
America, where they represent .ue Badgers of the Old AVorld,
resembling them much in appearance and habits. T. amcricana
is the common American Badger of the United States. T. herlani-

dieri, the Mexican Badger, is perhaps only a local variety. *

Mellivora.—Dentition : i §, c \, p ^, m -} ; total 32. Upper
sectorial large, with its inner cusp quite at the anterior end of the
blade, as in the following genera ; molar much smaller and trans-
versely extended, having a very small outer and a larger rounded
inner lobe. Heel of lower sectorial very small, scarcely one-fourth
of the whole length of the tootli, and with but one cusp. Tuber-
cular molar absent. Vertebra: C 7, D 14, L 4, S 4, C 15. Body
etout, depressed. Limbs short, strong. Head depressed, nose
father pointed. External ears rudimentary. Tail short. The
animals of this genus are commonly called Eatels. M. indica,
from India, and M. raid and M. Icuconota from South and West
Africa, have nearly the same general appearance and size, being
rather larger than a common Badger. Their coloration is peculiar,

'

all the upper surface of the body, head, and tail being ash-grey,
while the lower parts, separated by a distinct longitudinal boundary
line, are black. They live chiefly on the ground, into which they
burrow, but can also climb trees. They feed on small mammals,
birds, reptiles, and insects, and are said to be very partial to
honey.

Helictis.—Dentition: i 5, c \, p \, m ^ ; total 38. Upper sec-
i

torial with a liirge bicusped inner lobe. Molar smaller, wider
transversely than in the antero-posterior direction. Lower sectorial
with heel about one-third the length of the tooth. Skull elon-
gated, rather narrow and depressed. Facial portion especially
narrow. Infraorbital foramen very large. Head rather small and
'produced in front, with an elongated, obliquely truncated, naked

T^CAJINIVORA.

snout. Ears small. Body elongated. Limbs short. Tail short or
moderate, bushy. Several species are described {H. oricnialis,

mosdiata, niimlcnsiSf subaurantiaca), all from eastern Asia, small
animals compared with the other members of the subfamily, climb-
ing trees with agility and living much on fruit and berries as well
as on small mammals and birds.

Idonyx.—Dentition: i §, c \, p %, rrt h'j total 34. In general
characters the teeth much resemble those of the Polecats {Mustda),
being more delicately cut and sharply cusped than in most of tlie

foregoing. Upper molar smaller than the sectorial, narrow from
before backwards. Lower sectoiial mth a small narrow heel and,

distinct inner tubercle. General form of body musteline. Limbs
short. Fore feet large and broad, with fwe stout, nearly straight,

blunt, and non-retractile claws, of which the first and fifth arc

considerably shorter than the others. Tail moderate, with longer
hairs towards the end, giving it a bushy appearance. Hair gene-
rally long and loose. The best-known species of this genus,

/. zorilta, the Cape Polecat, was placed by Cuvier in the geuu?;

Mustda, by Lichtenstein in Mephitis, and in many characters il

forms a transition between these genera. It is about the size of an
English Polecat, but conspicuous by its coloration, having broad,

longitudinal bands of dark brown, alternating with white. Its od:)ur

is said to be as offensive as that of the American Skunks. FroBi
the Cape of Good Hope it ranges as far north as Senegal, Another
species, /. frenata^ from Sennaar, has been described.

Subfamily Mustelinse.—Toes short, partially wjbbed; cTaws
short, compressed, acute, curved, often semiretractile. Upper pos-

terior molar of moderate size, wide transversely. Kidneys simple.

Terrestrial and arboreal in habi|s.

Galidis.—Dentition: i §, c ^-, p f, m \ ; total 34. Blolars small
but stout ; upper sectorial with the inner lobs near tlie middle
of the inner border of the tooth. 'Lower sectorial with heel small,

and inner tubercle small or absent. Body long. Limbs short

;

claws non-retractile. Palms and soles naked. Head bioad and
depressed. Tail of moderate length. The best-known species,

G. vittaia, the Grison {genus Grisonia, Gray), and G. harhara, tlio

Tayra (genus Galcra, Gray), are both South-American ; G. aUcC;

maiidi is an intermediate form.

Mustda.—Dentition: i -|, c \, p ^, m ^; total 38: Upper
sectorial with inner lobe close to the anterior edge of the tootii.

Molar nearly as large as sectorial. Lower sectorial with small inner

tubercle. Vertebrae : C 7, D 14, L 6, S 3, C 18-23. Body lon| and
slender. Limbs short, digitigrade. Feet rounded; toes short, with
compressed, acute, semiretractile claws. Tail moderate or lonf(,

more or less bushy. One species is British, M. martcs, the Pine
Marten ; the remainder inhabit the northern regions of Europe,

Asia, and America. Many of the species, as the Sable {M. zibel-

Una), yield fur of great value. See Marten.
Futorius.—The dentition differs from that of Mustda chiefly in

the absence of the anterior premolars of both jaws. The teeth are

more sharply cusped, and the lower sectorial wants the inner

tubercle. External characters generally shnilar to those of the

Martens, but the body is longer and iiore sJender, and the limbs

even shorter. They are all small animals, of very active, bloods

thirsty and courageous disposition, living chiefly on bii-ds and
small mammals, and are rather terrestrial than arboreal, dwelling

among rocks, stones, and outbuildings. Some of the species, as the

Stoat or Ermine {P. ermineus), inhabiting cold climates, undergo
a seasonal change of colour, being brown in summer and white in

winter, though tlie change does not affect the whole of the fur, the

end of the tail remaining black in all seasons. This is a large

genus, having a very extensive geographical range throughout tlw

Old and New Worlds, and includes the animals commonly known
as Weasels, Polecats, Ferrets, and Minks.

Gulo.—Dentition ' i ^^ c \, p {, rn ^ \ total 38. Crowns of the

teeth very stout. Upper molar very much smaller thau the sec-

torial. Lower sectorial large, with very small heel and no inner

tubercle. The dentition, though really but a modification of that

of the Weasels, presents a great general resemblance to that ol

Hyaena. Vertebrce: C 7, D 15, L 5, S 3, C 15. Body and limbs

stoutly made. Feet large and poweiful, subplantigrade, with

large, compressed, much curved, and sharp-pointed claws. Soles

of the feet {except the pads of the toes) covered with thick bristly

hairs. Ears very small, nearly concealed by the fur. Eyes small.

Tail short, thick, and bushy. Fur full, long, and rather coarse.

Tho one species, the Wolverene or Glutton,. G. luscits, an inhabit-

ant of the forest regions of northern Europe, Ai>ia, and America,

much resembles a small Bear in appearance. It is a very powerful

animal for its size, climbs trees, and lives on squirrels, hares,

beavers, reindeer, and is said to attack even horses and cows.

Family Procyonid^.-

Tme molars f, obtusely tuberculated. No alisphenoid canal.

Habitat exclusively American.
Procyon.—Dentition : i ^s, c \, p \y m %\ total 40. The molar

teeth broad and tuberculated. The upper sectorial with three

cusps along the outer uiargiu, and a very broad bicusped inner lob--,!
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giving an nlmost quadrate form to tho crown. First molar with a

brge tubcrcukted crown, rather broader tlian long. Second jon-

sidcrabiy smaller, with transversely oblong crown. Lower sec-

tocial with an e.xtrenioly small and ill-defined blade, placed trans-

versely in front, ami a large inner ttiberclo and heel. Second molar

us long as tho first, but narrower behind, with five obtuse cusps.

Vertebnc : C 7, D 14, L 6, S 3, C 16-20. Body stout. Head broad

behind, but with a pointed muzzle. Limbs plantigrade, but in

walking the entire sole is not applied to the ground as it is wliCfl

. tho animal is standing. Toes, especially of the fore foot, very fi—,

and capable of being spread wide apait. Claws compressed, curved,

pointed, and non-retractile. Tail moderately Ion?, cylindrical,

thickly covered •>vith hair, annulatod, non-prehensile. Fur long,

tliick, and soft. The well-known Raccoon (Procyon lolor) of Norm
America is the type of this genus. It is replaced in South

America by P. cancrivoi-us.

Bassaris.—A form closely allied to Procyon, but of more slender

and elegant proportions, with sharper nose, longer tail, and more
digitigrade feet, and with teeth otherwise like, but smaller, and
more sharply denticulated. It was formerly, but erroneously,

placed among the VivorridEB. Two species ;

—

B. astuta, from the

southern parts of the United States and Me.iico, and B. siimi-

ckrasti, from Central America.
Bassariajon.—This name has recently (1876) been given to a

distinct modification of tho Procyonine type of which at present

only two examples are known, one from Costa Rica and the other

from Ecuador, which, appearing to be ditferent species, have been

named B. (jahbi and B. aUcni, They much resemble the Kinkajou
{Cercolcptcs) in external appearance, but the skull and teeth are more
like those of Procyon and Nasua.

' Kasiia.—Dentition as in Procyon, but the upper canines are larger

and more strongly compressed, and the molars smaller. The facial

portion of the skull is more elongated and narrow. Vertebi-se : C 7,

1) 14, L 6, S 3, C 22-23. Body elongated and rather compressed.
Nose prolonged into a somewhat upturned, obliquely truncated,

mobile snout. Tail long, non-prehensile, tapering, annulated.

These ammals, commonly called Coatis or Coati-Mundis, live in

small troops of eight to twenty, are chiefly arboreal, and feed on
fruits, young birds, eggs, insects, &c. Recent researches have re-

duced the number of supposed species to two, N. narUa of Mexico
and Central America, and N. rufa of South America from Suiinara

to Paraguay.
Caxolcples.—Dentition; i |, c f, p J, m § = 36. Molars with

low flat crowns, very obscurely tuberculated. Skull short and
rounded, with flat upper surface. Vertebra;: C 7, D 14, L 6, S 3,

C 26-28. Clavicles present, but in a very rudimentary condition.
Head broad and round. Ears short. Body long and musteline.
Limbs short. Tail long, tapering, and prehensile. Fur short and
soft. Tongue long and very extensile. But one species of this

somewhat aberrant genus is known, C. caudivolvuhis, the Kink-
ajou, found in the forests of the warmer parts of South and Central
America. It is about the size of a Cat, of a uniform pale, yellow-
ish-brown colour, nocturnal and arboreal in its habits, feeding
on fruit, honey, eggs, and small birds and mammals, and is of a
tolerably gentle disposition and easily tamed.

Family AlLUKiD*.

Formed for the reception of one genus, resembling the
Pi'ocyonidas in the number of true molar teeth, but differing in

some cranial characters, especially tho presence of an alisphenuid
canal, and in its Asiatic habitat.

.4 t'hiriis.—Dentition: i J, c \, p f, m |; total 38. First lower
premolar very minute and deciduous. Molars remarkable for their

great transverse breadth, and the numerous cusps of their crowns.
Vertebrte: C 7, D 14, L 6, S 3, C 18. Skull high and compressed.
Facial portion short. Ascending ramus of mandible extremely high.
Head round. Face short and broad. Ears large, erect, pointed.
Limbs stout, plantigrade, with large blunt non-retractile claws.

Tail nearly as long as body, cylindrical, clotlied with long hairs.

Fur long and thick. One species. A, /iitgcns, the Panda, rather
larger than a Cat, found in the south-east Himalayas, at heights of
from 7000 to 12,000 feet above the sea, among rocks and trees, and
chiefly feeding on fruits and other vegetable substances. Its fur
is of a remarkably rich reddish-brown colour, darker below.

Family UR3ID.E.

True molars §, with broad, flat, tuberculated crowns. The three
anterior premolars of both jaws rudimentary and often deciduous.
Fourth upper premolar (sectorial) with no third or inner root.

Noalisphenoid canal (except in Aituropiis). Kidneys conglomerate.
Geographical distribution extensive.

.Ailuropus.—An interesting annectant form" connecting the true
Bears with Ailurus and with several extin-ct genera. Dentition

:

* 5t c }, jo ^, m f : total 40. Premolars increasing in size from
first to last, and two-rooted except the first. First up|ior molar
with quadrate crown, broader than long. Second larger than the
drst. Cranium with zygomatic arches and sagittal crest immensely

1.")—17*

developed, and ascending ramus of mandible very high, giving
greater spaces for attachments of tcniporal muscle than in any othei

existing member of the order. Facial portion short. Bony jwlnti

not extending behind tho last molar tooth. An ali8|thcnoid canal.

Feet bear-like, but soles more hairy, and perhaps less complete!}

Fio. 121. Ailuropus Tnelanoleucui. From A. AIllne-Edwaida.

plantigrade. Fur long and thick. Tail very short. One extremely

rare species, A. melanoleiicus (fig. 121), discovered by P^re David

in 1869, in the most inaccessible mountains oi eastern Tibet.

Said to feed principally on roots, bamboos, and other vegetables.

It is of the size of a small Brown Bear, of a white colour, with ears,

spots round the eyes, shoulders, and limbs black.

CA-jzM.—Dentition: i i, c i, p ^, m 1 = 42. The three anterior

premolars above and below one-rooted, rudimentary, and frequently

wanting. Usually the first (placed close to the canine) is present,

and after a considerable interval the third, which is situated close

to the other teeth of the molar series. The second is vei-y rarely

present in the adult state. The fourth (upper sectorial) differs

essentially from the corresponding tooth of other Carnivores iu

wanting the inner lobe supported by a distinct root. Its sectorial

characters are very slightly marked. The crowns of both the true

molars are longer than broad, with flattened, tuberculated, grinding

surfaces. The second has a large backward prolongation or heel.

The lower sectorial has a small and indistinct blade and greatly

developed tubercular heel. The second molar is of about the same

length, but with a broader and more flattened tubercular crown.

The third is smaller. The milk teeth are comparatively small, and

shed at an early age. Skull more or less elongated. -Orbits

small and incomplete behind. Palate prolonged considerably behind

the last molar tooth. Vertebrae : C 7, D 14, L 6, S 5, C 8-10. Body
he.-ivy. Feet broad, completely plantigrade. The five toes on each

foot all well-developed, and arajed with long compressed and

moderately curved, non-retractile claws. Palms and soles naked.

Tail very short. Ears moderate, erect, rounded, hairy. Fut gene-

rally long, soft, and shaggy.

The Bears are all animals of considerable bulk, and include among
them the largest members of the order. Though the species are

not numerous, they are widely spread over tho earth's surface (but

absent from tho Ethiopian and Australian regions, and only

represented by one species in the Neotropical region), and difier

much among themselves iu their food and manner of life. They

are mostly omnivorous or vegetable feeders, and even the Polar

Bear, usually purely cirnivorous or piscivorous, devours gra^ with

avidity in summer. Tiie various species may be grouped in the

following sections. {\) Thalassarctos. Head comparatively small,

molar teeth small and narrow. Soles more covered with hair

than in the other sections. U. mariiimus, the Polar or White

Bear of the Arctic regions. (2) Ursus proper. U. arclos, the

common Brown Bear of Europe and Asia, a very variable species,

to which U. syriacxis and isabcllinus, if distinct, are nearly

related ; U. horribilis, the Grizzly Bear, an American represen-

tative form; U. tibetanus, japonicus, and amcricamts, the Black

Boars of tho Himalayas, Japan, and North America ; U. ornatns,

the Spectacled Bear of the Peruvian Andes. (!) Helardos. Head

short and broad. Molar teeth comparatively broad (but the length

still exceeding the breadth). Tongue very long and extensile. Fut

short and smooth. U.malayanits, the Malay Bear or Sun Bear.

See Bear.
Melursus. This differs from the true Bears in the first upper

incisor being absent or shed at a very early age, in the very small

XV. =--56
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size cf the other teeth, in the very large extensile lipsr and- in

other minor characters. The one species, M. lahialus, tlie well-

k'nown Sldth Bear o£ India, feeds chiefly on black ants, termites,

beetles, fruit, honey, &c.

The great Cave Bear, the remains of which are found so abund-

antly in caves of Pleistocene age in Europe, was a true Ursus, and

as much or mdre specialized as any existing species, as it had lost

its three anterior premolars in the adult state, but iu Ursus

ancrnensis and older species from the Pliocene they were all re-

tained. Still more generalised forms of Bears, presenting various

degrees of transition towards a common Carnivorous type, are repre-

sented by the genera Arctotherium from South' America and

Hysinardns of Miocene strata of Europe and Asia, and others

which are not far removed (at least in dental chaiacters) from such

jiiimitive Dog-like types as Amphicyon.

EXTIKCT CAKNIVOBA. OF DonBTPUL- POSITION.

The discovery of fossil remains in Eocene and early Miocene

formations both in Europe and North America, shows that

numerous species of terrestrial carnivorous animals existed upon

the earth during those periods, wliich cannot 1>3 referred to either

of the sections into which the order has now become broken ui'.

By some zoologists these have been supposed to be Marsupials, or at

least to sliow transitional' characters between the Didelphous and
Mouodelphous subclasses. By others they are looked upon ns

belonging altogether to the latter group, and as the common
ancestors of existing Carnivores and Insectivores, or perhaps

rather as descendants or relatives of such common ancestors,

retaining more of the generalized characters than any of the exist-

ing species. They shade off almost insensibly into numerous other

forms less distinctly carnivorous, to the whole of which, including

the modern hiscdivora. Cope (to whom we are indebted for our

principal knowledge of the American extinct species) gives the

name of Bunotheria, those more specially related to the existing

Carnivora forming the suborder Crcodonta, which is divided into

the five families, Arctocyonida;, Miacidx, Oxyamidx, Ainhlyctoiiidx,

and' Mcronydiidx. These are cases, however, in which the appli.

cation of the principles of classification adopted in the case of

existing species, of which the entire structure is known, and

which have become divided into isolated groups by the extinction

of intermediate forms, is really impossible. If the generally

accepted view of evolution is true, and the extreme modifications

pass insensibly into each other by minute gradations (a view

the pak-eontological proof of which becomes strengthened by every

fresh discovery), there must be many of these extinct forms which

cannot be assigned to definitely characterized groups. There are,

hov.ever, some which stand out prominently from the others as

formed on distinct types, having no exact representatives at present

living on the earth. Of these the best-kiionn is that named
JTi/xnodon, of which, with the nearly allied Plerodon, miny species

have.been found both A Europe and America. They had the full

number of forty-four teeth, grouped in the usual manner, and the

incisors, canines, and premolars were formed upon the ordinary

Carnivorous type as now seen in the Canida^, the fouilh premolar

above and the first tme molar below being formed upon the

"sectorial" plan, but the 1j)!eth behind these, instead of being

tuberoulated as in all existing Camimra, repeated the characters of

the sectorial, and also increased iu size, especially in the lower jaw,

from before backwards. They thus present some resemblance to tlie

teeth of such carnivorous Marsupials as the Dasyuridse. ; but, as the

researches of Filliol have demonstrated, their milk dentition follows

precisely the rule of existing placental heterbdont mammals, and

not that characteristic of the Marsupials. They show, moreover.

[carnivoea;

none of the essential cranial modifications which distinguish true
Marsupials. The curious American genus Oxxna seems to have
been a specialized form of this type, and the European Proviverra or
Cynohyxnodon of Filhol) forms a"complete transition between it and
the ViverHdm. In Avctocyon primmvus, the oldest known Tertiary
mammal, from the lowest Eocene beds of La Fere, department of
Aisne, Prance, on the other hand, all the molars were tuberculated,
and have been compared with those of the Procyonidae and also

Gymmcra, among the Inscctivora. The small size of the brain of
these early forms is not, as has been supposed, a special Marsupial
character, but is common to the primitive forms of all groups of
vertebrates. Mesojiya^, from the Eocene of North America, seems to

have been a very generalized form, with flat blunt 'claws, and long
and slender taU. Cope makes the interesting suggestion that this

may have been in the ancestral line of the Pinnipeds, but his state-

ment that the scaphoid and lunar bones of the carpus were distinct

offers a decided difficulty to the acceptance of this view.

SuEonDEF. PIKXIFEDIA.

These dilter from the rest of the Vamivpra mainly in the

stractura of Iheir limbs, which are modified for aquatic

progression,—the two proximal segments being very short

and partially enveloped in the general integument ot the

body, while the third segment, e.specially in the hinder ex-

tremities, is elongated, expanded, and webbed. There are

always five well-developed digits on each limb. In the hiud

limb the two marginal digits (first and fifth) are stouter

and generally larger than the others. The teeth also differ

from those of the more typical Carnivora. The incisors

are always fewer than f. The molar series consists

generally of four premolars and one molar of very uniform

characters, with never more than two roots, and with

conical, more or less compressed, pointed crowns, which

may have accessory cusps, placed before or behind the

principal one, but are never broad and tuberculated. The
milk teeth are very small and simple, and are shed or

absorbed at a very early age, usually either before or within

a few days after birth. The brain is relatively large, the

cerebral hemispheres broad in proportion to their length, and
with numerous and complex convolutions. There is a

very short cojcum. The kidneys are divided into numerous
distinct lobules. There are no Cowper's glands. Mammre
two or four, abdominal No clavicles. Tail always very

short. Eyes very large and exposed, with flat cornea.

The nostrils close by the elasticity of their walls, and art

opened at will by muscular action.

The animals of this group are all aquatic in their mode
of life, spendiag the greater part of their time in the water,

swimming and diving with great facility, feeding mainly on

fish, crustaceans, and other marine animals, and_ progress-

ing on land with difficulty. They always come on shore,

however, for the purpose of bringing forth their young.

They are generally marine, but they occasionally ascend

large rivers, and some inhabit inland seas and lakes, as Ihe

Caspian and Baik.il. Though not numerous in species,

they are widely distributed over the world, but occur most

abundantly on the coasts of lands situated in cold and

temperate zones. The suborder is divisible into three well-

marked families :—the Otariidsc or Sea Bears, which form a

transition from the Fissiped Carnivora to the Seals ; the

Trichechidm, containing the Walrus ; and the Phoddx or

typical Seals.

Family Otakiiu*.

When on land the hind feet are turned fcTwards under the body,

and aid in supporting and moving the trunk as in ordinary

quadrupeds. A small external eai*. Testes suspended in a distinct

external scrotum. Skull with post-orbital processes and alisphenoid

canal. Palms and soles of feet naked.

Otonn,—Dentition: i i, c i, p i, m '-^ ; total 34 or 36.

J'irst and second upper incisors small, with the summits of the

crowns divided by a deep transverse groove into an anterior and a
posterior cusp of nearly equal height ; the third large and
canine-like. Canines largo, c-ju;..o'., pointed, recurved. MdnTS
and premolars, UHuily |,. at vrkicuthe second, third, and fourth are
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TOOceded by milk teeHi shed a few days after birlli ; sometimes (ae

in fig; 123) a sixth upper molar (occasionally developed on ono side

mid not the other) ; all with similar characters, generally uiiiradi-

onlar ; crown moderate, compressed, pointed, with a single principal

cusp, and sometimes a cingulum, and more or less developed anterior

and posterior accessory cusps. Vertebra; : C 7, D 15, L 5, S 4,
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123.—Skull and Denritlon of Otaria forxleri. From G.a^
Proc. Zoot. Soc, 1S72, p. Cun.

5-10. Head rounded. Eyes large. Pinna of earsmall, narrow, and
pointed. Neck long. Skin of all the feet extended far beyond the

nails and ends of the digits, with a deeply-lobed margin. The nails

small and often quite rudimentary, especially those of the first and
fifth toes of both feet ; the best-developed and most constant are

tlie three midille claws of the hind foot, which are elongated, com-
pressed, and curved.

The Otarim.ov Eared Seals, commoniycalled Sea Bears or Sea Lions,

.nre widely distributed, especially in the temperate regions of both
hemispheres, tliough absent from the coasts of the North Atlantic.

As might be inferred from tlieir power of walking on all fours, they
spend more of their time on shore, and range inland to greater dis-

t-mces, than the ^"ue Seals, especially at the breeding time, though
they are obliged always to return to the water to seek their food.

They are gregarious and polygamous, and tlie males are usually much
larger than the females,- a circumstance which has given rise to some
of the confusion existing in the specific determination of the various
members of the genus. Some of the species possess, in addition to

tlio stiff, olose, hairy covering common to all the group, an e.xceed-

ingly fine, dense, woolly under fur. The skins of these, when
dressed and deprived of the longer harsh outer hairs, constitute the
*' sealskin " of commerce, so much valued for wearing apparel, which
is not the product of any of the true Seals. The best-known species

:iro 0. stnllcri, the Northern Sea Lion, the largest of the genus, from
the North Pacific, about JO feet in length; 0. juhataj the
Southern Sea Lion, from the Falkland Islands and Patagonia

;

O. caliJmnHctiia, frotu California, . frequently exhibited alive in

menageries in Eui'ope ; 0. iirsina, the common Sea Bear or Fur
Seal of the North Pacific, the skins of which are im^iorted in

immense numbera from the Prybiloff Islands ; 0. j^^^silla, from the

Capo of Good Hopo ; 0. forsteri and others, from the coasts of Aus-
tmlia and various islands scattered over the southern hemisphere.
These have been grouped by some zoologists into many genera,

fountJ*d upon verv trivial modifications of teeth and skull,

Famihj TuicHF.cniD^.

In many characters the single genus comprising this family
is intermediate between the Olaritds; and Phocidse, but it has a

completely aberrant dentition. It has no external ears, as in tho
Pliocidm ; but when on land the hind feet are turned forwards and
used in ^jrogression, though less completely than in the Ota/i'iidse.

The upper canines are develojied into immense tusks, which
descend a long cfistance below the lower jaw. All the other teeth,

including tht' lower canines, are much alike, small, simple and
one-rooteti, the molars with flat crowns. The skull is without post-

orbjtal process, but has an alisphenoid canal.

Trichcchics, Liun. ; Odobfenus, Brisson {which some modern
zoologists have revived).—Dentition of young : i ^, c^, p and m f.

Many of these teeth are, however, lost early or remain through
life in a rudimentary state, concealed by the gums. The teeth
which ,are usually developed functionally are i h c {, p ^, m -g ;

total 18. Vertebrae : C. 7, D 14, L 6, S 4, C 9. Head' round. Eyes
rather small. "Muzzle short and broad, with on each side a group of
long, very stiff, bristly whiskers. The remainder of the hair cover-
ing very short and adpres*ed. Tail very rudimentary. Fore feet

>vith subequal toes, with five minute flattened nails. Hind feet with
subequal toes, the fifth slightly the largest, with cutaneous lobes pro-
jecting beyond the ends as in Otaria

; first and fifth with minute
flattened nails ; second, third, and fourth ^\'ith large, elongated, sub-
comprossed pointed nails.

Th.'AValrus or Morse (T.rosmanis) is found throughout the circum-
]>ol>i- r''L,'ions, those of the North Atlantic and North Pacific being
cMisidj-rcd by some zoologists as distinct species, by others as local
varieties. It ia gregarious, but, owing to the destruction by the

sealers for the sake of ita tuakfl, oil, and hide, it is furlesa abunaa..,

than formerly. The use of tho great tusks (which ure developed in

both sexes, though in tho femalo they are more slender than iu the

male) a]>pcars to be for scraping and digging among the sand and
shingle for the molluscs and crustaceans which form its principal

sustenance ; they ore also formidable weapons of defence.

FamiUj VaotcihM.

T&e true Seals are the most completely adapted for aquatic life

of all the Pinnipeds. When on land the hind limbs are extended
behind them and take no part iu progrcshiou, which is effected by a
series of jumping movements produced by tho muscles of the trunk,

in somt species aided by the fore limbs only. The palms and soles

of the feet are hairy. There is no pinna to the ear, and no scrotum,
the testes being abdominal. The upper incisors have simple, pointed
crowns, and vary in number in the different groups. 'All have well
developed canines and ^ teeth of the molar scries. In those species

of which the milk dentition is kiiown, there are three miik molars,

which precede the second, third, and fourth permanent molars ; tho
dentition is therefore ^j J, vi \y the first premolar having as usiial

no milk predecessor. Tho skull has no post-orbital process and no
alisphenoid canal. Tlie fur is stiff and adpressed, without woolly
upder fur.

Subfamily Phoclnae.—Incisors ^. All feet with five well-

developed claws. Tho toes on the hind feet subequal, the first

and fifth not greatly exceeding the others in length, and with the

iiiterdigital membrane not extending beyond the toes. ,

Halichoerus.—Dentition: i $, c |, ^ ^, m ^ ; total 34. Molars
with large, simple, conical, recurved, slightly compressed crowns,

with sharp anterior and posterior edges, but without accessory

cusps, except sometimes the two hinder ones of the lower jaw.

"With the exception of the last one or two in the upper jaW and the

Ust in the lower jaw they are all uniradicular. Vertebra; : C 7.

D15, L5, S4, C14.
One species, //. grypus, the Grey Seal of the coasis of Scandinavia

and the British Isles.

jPJioca.—Dental fonnula as the last. Teeth smaller and more
pointed. Molars with two roots (except the first in each jaw). Crowns
with accessory cusps. Vertebrie : C 7, D 14-15, L5, S 4, C 11-14^

Head round and short. Fore feet short, with five very strong, sub'

compressed, slightly curved, rather sharp claws, subequal in length;

On the Jiind feet the claws much narrower and less curved. TIiio

species of this genus arc widely distributed throughout the northeni
hemisphere, and include JP. harhata, the Bearded Seal; P. grocala'iidi

ica, the Greenland Seal ; P. vUulina, the Common Seal ; and P.

hispida, the Ringed Seal of the North Atlantic ; P. casvica^

from the Caspian and Ai-al Seas; and P. siberica, from Lake Baikal.

See Seal.
Subfamily StenorhyiLClun£e.—Incisors |. Molars two-rooted,

except the first. On the hind feet' the first and fifth toes greatly

exceeding the others in length, with nails rudimentary or absent.

Mojuxchics.—Dentition: i |, c ^, p \, w|; total 32. Crowns of

molars strong, conical, compressed, hollowed on the inner side, with

a strongly-marked lobed cingulum, especially on the inner side,

and slightly developed accessory cusps before and behind. The
first and last upper and the first lower molar considerably smaller

than the others. Vertebra : C7, D 15, L5, S2, C 11. AUthenail;-

of b6th fore and hind feet very small and rudimentary. One
species, M. alhivcnter {Pclagius monachiis of some authors), the

Monk Seal of the Mediterranean and adjacent parts of the

Atlantic.

Tho other genera of tli.'s section have the same dental formuiu,

but are distinguished by the characters ^of the inolar teeth and
the feet. They are all iuhabitants of the shores ^^ the southern

hemisphere.
Stcnorhynchus [Ogmorhinus, Peters;. - .ojttne ree«,u ot i.ue molar

series with three distinct pointed cusps, deeply separated from each

other ; of these the middle or principal cusp is largest and slightly

recurved ; the other two {anterior and posterior) are licarly equal in

size, and have their apices directed towards the miUdle one. . Skull

much elongated. One species, S. leptonyx, the Sea Leopard, widely

distributed iu the Antarctic and southern temperate seas.

Lobodon.—Molars with much-compressed elongated crowns, with

a principal recurved cusp, rounded and somewhat bulbous at the

apex, and with one anterior, and one, two, or tfiree posterior, very

distinct accessorj' cusps. One species, L. carcinophaga.

Leptonyx.—Molars small, with simple, sub'oonxpressed, conical

crowns, with a broad cingulum, but no distinct accessory cusps.

L. wcddcUii.

Ommatophoca.~k\\ the teeth very small; those of the molai

series with pointed recurved crowns, and small posterior and stilJ

less developed anterior accessory cusps. Orbits -s^ery large. Nails

quite rudimentary on front and absent on hind feet. The skull

bears a considerable resemblance to that, of the members of the nesl

subfamily, towards which it may form a transition. There is one

species, 0. rossi'i, of which very little is known.
Subfamilv Cystophorinse.—Incisors }. Teeth of molar series
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^cinrally onq-rootod. Ncso of liialos with an e;']iendn{;e capable of

UMiig infliitcd. First anil fiftli tOL-s of hind foot f,'reatly exceeding

tlio -otiicrs in Icnjjth, with prolonged cutaneous- lobes, and nidi-

;»entary or no nails.

Cijsliiphora.— Dentition: t ?, c\, p J, m^; total 30. The last

nolar li.is generally two distinct roots. Beneath the skin over the

face of tlie male, and connected with the nostrils, is a sac capable

of inllation, when it forms a kind of hood covering the npper part

of the head. Nails present, though small on tlie hind feet. C.

crislula, tlie Hooded or lUadder-Nose Seal of tlic Polar Seas.

Mncrorhinus.—Dentition as the last, but molars of simpler char-

actiT, and all onc-rootcd. All the teeth, except tlie canines, very

small relatively to the size of the animal. Hind feet without
nails. Vertebra;: C7, D15, L5, S4, CH. Nose of adult male pro-

duced into a sliort tubular proboscis, ordinarily flaccid, but capable

of dilatation and elongation under excitement. One species, M.
Icoiiina, the Elephant Seal, or "Sea Elephant" of the whalers, the

largest of the whole family, attaining the length of nearly 20 feet.

Koruierly abundant in the Antarctic Seas, and also found on the
co.nst of California.

Extinct PiNKirEns.

Remains of animals of this group have been found in Tntt

Miocene and Pliocene strata in Europe and America, the most
abundant and best preserved being those of the Antwerp Crags,

the subject of a recent illustrated monograph by Van licnedcn.

Nothing has, however, yet been discovere(l which throws any light

upon the origin of the group, as all the extinct forms at present

known come within the definition of the existing families ; and,

though auuectant forms between these occur, there are as yet no
transitions to a more generalized type of mammaL Indeed, all

those of which the characters are best known belong to the com-
pletely developed Phocine 'or Trichechine, not to the Otarint^

type. The structure of the Pinnipeds is so clearly a modification
of that of the terrestrial Carnivores, especially of the Arctoid tyT)e,

tliat it is difficidt to imagine that they can have had any otlier

origin but one in common with that group; but the separation

must have taken place early in the Tertiary epoch, if not before.

Bibliography o/ PinnipeJia.—J. A. Allen. IJislflrit of North American Pinni-
peds, 18S0 ; P. J. Van Benedcn, Ossctnents /ossifes d'Anvers. pt. 1., 1877. .

Order PRIMATES.
This order in tlio sy.stem of Linnjeus includes Man, all

tlie Monkeys, the Lemurs, and tlie Bats. By common con-

sent ot. all zoologists the last-named animals have been
removedinto a distinct order. With regard to the associa-

tion of the others, there has been, and still is, much
difference of opinion.

That all the Mnukeys, from the highest Anthropoid
Apes to the lowest Marmosets, form a natural and tolerably

homogeneous group seems never to have been questioned
;

but whether the Lemurs on the one hand and Man on the

other should be united with them in the same order are

points of controversy. With regard to the first, the question

has already been referred to in the article Lemur, in which
an account has been given of the characters and the princi-

pal modifications of the type. If, in accordance with the

traditional views of zoologist?, they are still considered to

be members of the order Primates, they must form a sub-

order apart from all the others, with w-hich they have really

very little in common except the opposable hallux of the

hind foot, a character also met with in the Opossums, and
which is therefore of very secondary importance.

Tlip history of all the various forms of true Monkeys is

very fully given in the article Ape. The position of Man
alone remains to be con.sidered. In the Syalema Naturx
of Linnajus he was separated only generically from ths

Apes, but in the next great work which exercised a wide-

spread influence over the progress of zoological science, the

yfiegne Animal of Cuvier, he forms a distinct order under
the name of Bimana, the Monkeys and Lemurs being

associated together as Quadruvuina. This has been the

prevailing arrangement in the zoological systems of the

present eentuvy, though in the classification of Owen his

position is still farther removed from that of the Monkeys,
as in it the genus Homo forms one of the four primary
divisions or subclasses of the Afammalia, called Archence-

'2>hnla, the Quadrummia being uaited with the Carnivora,

TJngulata, and others in another division called Gyrencc-
phala. On the other hand the tendency of most modern
systematists, for reasons which havo been fully stated bv
Professor Huxley,^ is to revert towards the Linnceaii

position. Considering solely the facts of Man's bodily

structure, it can be clearly demonstrated that the points in

which he differs from the most nearly resembling Ape are

not of greater importance tliau those by which that Ape
differs from other universally acknowledged members of

the group ; and therefore, in any natural system, if Mau is

to be made a subject of zoological classification upan tlip

same principles as those applied elsewhere, he must be in-

cluded in the order which comprises .the Monkeys. We
say upon the same principles as are applied elsewhere, as

zoological cl.assification has never taken into consideration

the psychological characteristics which distinguish the sub-

jects of its investigations, but only their tangible and
physical structure, otherwise endless confusion would
result, at all events with our very imperfect knowledge of

animal psychology. The essential attributes which distin-

guish Man, and give him a perfectly isolated position

among liviivg creatures, are not to be found in his bodily

structure, and therefore should either be left entirely out

of consideration or have such weight given to them as

would remove him completely out of the region of zoologi-

cal classification. To profess to classify Man as if he

were one of the animals, as in all points of the structure

and functions of his organs he undoubtedly is, to place

him in the class Mammalia, and then to allow other con-

siderations to influence the judgment as to the particular

position he should occupy in the class, is most illogicah

Man, therefore, considered from a zoological point of

view, must be included in the order Primates, even if the

Lemurs are removed from it, as his structural aflinities

with the Monkeys are far closer than are those of the so-

called " Half-Apes." Wo may, without treading upon
debateable ground, go farther, and say that the difi'erences

between Man and the Anthropoid Apes are really not so

marked as those which separate the latter from tlie

American Monkeys. Perhaps the best exposition of the

facts relating to the present condition of the order will be

a division into five sections, which may be considered as

families, of course without intending to imply that they

are exactly equivalent, or that the intervals which separate

them are of precisely the saiue importance, but that they

are five distinct groups, all branches from a common stem,

and unconnected in the present condition of nature by
any intermediate forms. These are

—

(\) Hominida:, cm-
taining Man alone

; (2) Simiida; containing the four generdi

of Man-like Apes : Troglodytes, Gorilla, Simla, and Bylobates
;

(3) Cercopithecidse, containing all the remaining Old-World
Monkeys; (4) Cebidso, containing the American Monkeys
having three true molar teeth on each side of each jaw

;

and (5) HajMlida:, the American Monkeys with two molar

teeth, or Marmosets.

The distinctions between Hominida: and Siniiidse, of

which alone we have to treat at present, as the characters of

the other families are given in the article Ape, are chiefly

relative, being greater size of brain and of brain case as

compared with the facial portion of the skull, smaller

development of the canine teeth of the males, more com-

plete adaptation of the structure of the vertebral column

to the vertical position, greater length of the lower as com-

pared with the upper extremities, and greater length of hallux

or great toe, with almost complete absence of the power of

bringing it in opposition to tie other four toes. The last

* Man's Place in Nature, 1863, and Anatomy of Vcrtehratcd Ani-
mals, 1871. See also the more recent investigations of Broca into the

comparative sti-ucture of Man and the higher Apes, pubUshed mostly
in the Revue d'Anthropologie.



riUMATES.] M A M I\I A L 1 A 445

ami tlic small sizo of tbc canino teetli are perliaps the most

iiiarkoJ and easily defined distinctions that can be drawn

between the two groups.

Man is universally admitted to form a single genus,

Homo of Linnieus, but a question of considerable import-

ance in treating of him from a zoological point of view,

and one which has been a Bubject of much controversy, is

whether all men should be considered as belonging to one

or to several species. This question is perhaps of less

importance now than formerly, when those who maintained

a plurality of species associated with the hypothesis

plurality of origin. One of the strongest arguments

against the view that the various races ,of Man represent

more than one species is that none of those who have

maintained it have been able to agree as to how many dis-

tinct specific modifications can be defined, almost every

number from three to twenty or more having been advo-

cated by different authors. If the distinguishing characters

of the so-called species had been so marked, there could

not be such a remarkable diversity of opinion upon them.

jVgain, the two facts— (1) that, however different the ex-

tremes of any two races may be in appearance (and it

must be admitted that, as advocated by many polygenists,

the ditferences are greater than many which are considered

specific among other animals), every intermediate grad-

atiou can be found through which the one passes into

the other, and (2) that all races are fertile inter se—are

quite conclusive in favour of considering Man as repre-

.senting a single sjiecies in the ordinary sense in which

the word is now used, and of treating of all his various

modifications as varieties cir races.

The great problem at the root of aU zoology, the discovery

of a natural classification which shall be an expression of

our knowledge of the real relationship or consanguinity of

dilferent forms, is also applicable to the study of the races

of Man. When we can satisfactorily prove that any two
<if the known groui>3 of mankind are descended from the

sime common stock, a point is gained. The more such

points wo have acquired fhe more nearly shall we be able

to picture to ourselves, not only the present, but the past

distribution of the races of Man upon the earth, and the

mode and order in which thoy have been derived from

one anotlrer. But the difficulties in the way of applying

zoological principles to the classification of Man are vastly

greater than in the case of most animals. When groups

of animals become so far differentiated from each other as

to represent separate species, they remain isolated ; they

may break up into further subdivisions--in fact, it is only

by further subdivision that new species can be formed ; but

it is of the very essence of species, as now universally

understood by naturalists, that they cannot recombine, and
so give rise to new forms. With the varieties of Man it

is otherwise. They have never so far separated as to

answer to the physiological definition of species. All

races, as said above, are fertile with one another, though

perhaps in different degrees. Hence new varieties have

constantly been formed, not only by the segmentation of

portions of one of the old stocks, but also by various

combinations of those already established.

Without entering into the difficult question of the

method of Man's first appearance upon the world, we
must assume for it vast antiquity,—at all events as

measured by any historical standard. Of this there is

now ample proof. During the long time he existed in a

savage state—a time compared to which the dawn of our

historical period is as yesterday—he was Influenced by
the operation of those natural laws which have produced
the variations seen in other regions of organic nature.

The first Men may very probably have been all alike ; but,

when spread over the face of the earth, and become subject

to all kinds of diverse external conditions,—climate, food,

competition with mcudjers of his own species or with wild

animals,— racial difl'oreuces began slowly to bo developed

through tlio potency of various kinds of selection acting

upon the slight variations wliich appeared in individuals

in obedience, to the tendency planted in all living things.

These differences manifested themselves externally in the

colour of the skin, the colour, quality, and distribution

of the hair, the form of the head and features, and' the pro-

portions of the limbs, as well as in the general .stature.

Geographical position must have been one of the main
elemetits in determining the formation and permanence of

races. Groups of Men isolated from their fellows for long

periods, such as those living on small islands, to which
their ancestors may have been accidentally drifted, would

naturally, in course of time, develop a new type of features,

of skull, of complexion, or hair. A slight set in one direc-

tion, in any of these characters, would constantly fend to

intensify itself, and so new. races would be forme']. In

the same way, different intellectual or moral qualities

would be gradually developed or transmitted in diherent

groups of Men. The longer a race thus formed remained

isolated, the more strongly impressed and the more perma-

nent would its characteristics become, and less liable to

be changed or lost v.'hen the surrounding circumstances

were altered, or under a moderate amount of intermixture

from other races—the more " true " in fact, would it be.

On the other hand, on large continental tracts, where no
mountain ranges or other natural barriers form obstacles to

free intercourse between tribe and tribe, there would always

be a tendency towa'rds uniformity, from the amalgamation

of races brought into close relation by war or by com-
merce. Smaller or feebler races would be destroyed or

absorbed by others impelled by superabundant population

or other causes to spread beyond their original limit.? ; or

sometimes the conquering race would itself disappear

by absorption into the conquered.

Thus, for untold ages, the history of Man has presented

a shifting, kaleidoscopic scene : new races gradual'v be-

coming differentiated out of the old elements, and, after

dwelling a while npon the earth, either becoming suddenly

annihilated or gradually merged into new combinations

;

a constant destruction and reconstruction; a constant

tendency to separation and differentiation, and a tendency

to combine again into a common uniformity— the two
tendencies acting against and modifying each other. The
history of these processes in former times, except in so far

as they may be inferred from the present state of. things,

is a difficult study, owing to the scarcity of evidence. If

we had any approach to a complete paUtontological record,

the history of Man could be reconstructed ; but nothing

of the kind is forthcoming. Evidence of the anatomical

charactei's of Man, as he lived on the earth during the time

when the most striking racial characteristics were being

developed, during the long ante-historic period in which
the Negro, the Mongolian, and the Caucasian were being

gradually fashioned into their respective tj-pes, is entirely

w.anting, or if any exists it is at present safely buried in

the earth, perhaps to be revealed at some unexpected time

and in some unforeseen manner. Even the materials from

which a history of the modifications of the human species

as known to our generation must be constructed are rapidly

passing away, as the age in which we live is an age in

which, in a far greater degree than any previous one, the

destruction of races, both by annihilation and absorption,

is going on. Owing to the rapid extension of maritime

discovery aud commerce, changes such as have never been

witnessed before are now taking place in the ethnology of

the world, changes e'specially afi'ecticg the island popula-

tions among which, more than elsewhere, the solution of
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many of tbese problems may be looked for. The subject
is, however, attracting the attention of observers of all

countries to a greater degree than it ever has before, with
the usual result of bringing distrust upon, and dissatis-
faction with, the old systems, without as yet establishing
anything in their place which meets with universal accept^
ance. The difficulty of finding distinctive characters
capable of strict definition by which races or groups may
be differentiated may be inferred from what has 'been said
above. It is rather by the preponderance of certain
characters in a large number of members of a gro«p than
by the exclusive or even constant pussession of these
characters in each of its members that the group must be
distinguished. Hence, in all cases in which the characters
can be expressed by the numerical method, as in the

dimensions and proportions of different parts of the bodv
averages are now largely used by anthropologists. Provided
the data upon which these averages are based have been
obtained from a sufficient number of individuals, thev mnbe absolutely relied upon to express the prevailing or most
characteristic development of each particular feature in any
group, and permit satisfactory comparisons between the
conditions of that feature in different groups Great pro
gress IS now being made in perfecting the methods of
investigation of racial characteristics, and as we are begin-
ning to learn what Imes of research are profitable and
what are barren, we may hope that the time is not far
distant when we may get some clear insight into the
knowledge of the natural classification and relationships of
the races of ilan. z^. ^ ^^
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MAMMOTH, a name commonly given to one of tiie

numerous extinct forma of Elepliant, Elephas primiffenius

of Blumeiibach and most subsciiuent authors.' Prob-

ably no animal which lias not survived to the hiatoric

period has left such abundant and well-preserved evidence

of its former existence. The discovery of immense

numbers, not only, as in the ca.se of most extinct creatures,

in the form of fragmentary bones and teeth, but often as

more or less entire carcases, or "mummies" as they may be I

FiQ. 1.—Restored Skeleton of Mammoth {Elephas primigenius). From Tilesius in Mem. Acad.

Imp. Sc. Si PUershourg, t. T. (1815)

called, with the flesh, skin, and hair in situ, in the frozen

•oil of the tundras of northern Siberia, has for a long time

given great interest to the species, and been the cause of

many legendary stories among the natives of the lands in

which they occur. Among these one of the most prevailing

is that the Mammoth was, or still is, an animal which passes

its life habitually in burrows below the surface of the

ground, and which immediately dies if by any chance it

comes into the upper air.

The general characteristics of the animals of the order

I'rohoscidea, to which the Mammoth belongs, are given in

the article Mammalia (p. 423). Its position is also there

indicated as a member of the most highly specialized section

of the group of Elephants, that called by YAXconei Euelepkas,

which also contains the modern Asiatic species. Of the

whole group it is in many respects, as in the size and form
of the tusks, and especially the characters of the molar teeth,

the farthest removed fl-om the primitive Mastodon-like

type, while its nearest surviving relative, E. indicus, has

retained the sliglitly more generalized characters of the

Mammoth's contemporaries of more southern climes, E.

columhi of America, and E. anneniacus of the Old World,

if, indeed, it can be specifically distinguished from them.

The tusks or upper incisor teeth were doubtless present

in both sexes, but probably of smaller size in the female.

In the adult males they often attained the length of from
9 to 10 feet measured along the outer curve. Upon leav-

ing tlie head they were directed at first downwards and
outward.s, then upwards and finally inwards at the tips,

^ The word Mammoth was introduced into the languages of western
Europe about two centuries ago from the Russian, and is tliouglit by
'Pallas and Nordenskidid to be oi Tartar origin, but others, as Witzen,
Strahlenburg, and Howorth have endeavoured to prove that it is a
corruption of the Ar.abio word Betiemoth, or groat beast.

and generally with a tendency to a sj/iral form not seen m
other species of Elejihant. Different specimens, however,

present great variations in curve, from nearly straight tc

an almost complete circle.

It is chiefly by the characters of the molar teeth that

the various extinct modifications of the Elephant type are

distinguished. Those uf the Mammoth (see fig, 2) differ

from the corresponding organs of allied species in (1) great

breadth of the crown as compared with the length, (2) the

narrowness and crowding or

close approximation of the

ridges, (3) the thinness of the

enamel and its straightness,

parallelism, and absence of

"crimping" as ceen on the

worn surface, or in a horizontal

section of the tooth. The
molars, as in other Elephants,

are six in number on each

side above and below, suc-

ceeding each other from before

backwards. Of thise Dr
Falconer gave the prev,iiling

"ridge-formula" (or number
of complete enamelled ridges

in each tooth) as 4, 8, 12, 12,

16, 24, as in E. indicus. Dr
Leith Adams, working from

more abundant materials, has

shown that the number of

ridges of each tooth, especially

those at the posterior end of

the series, is subject to very

great individual variation,

ranging in each tootli of the

series within the following

limits: 3 to 4, G to 9, 9 to 12, 9 to 15, 14 to 16, 18

to 27,—excluding the small plates tailed "talons" at each

end of the tooth. Besides these variations in the number
of ridges or plates of which each tooth is composed, the

thickness of the ,

enamel varies so r .
r-

much as to

have given rise

to a distinc-

tion between a '

" thick-plated
"

and a " thin-

plated " varietj-,

—the latter be-

ing most pre- fio. 2.-

valent among
the. specimens

from the Arctic regions, and most distinctively characteristic

of the species. From the specimens with thick enamel
plates the transition to the other species or varieties men-
tioned above, including E. indicus, is almost imperceptible.

The bones of the skeleton generally more resemble those

of the Indian Elephant tlian of any other known species,

but th« skull differs, in the narrower summit, narrower

temporal fossEe, and more prolonged incisive sheaths,

required to support the roots of the enormous tusks.

Among the external characters by which the Mammoth
was distinguished from either of the existing species of

Elephant was the dense clothing, not only of long coarse

outer hair, but also of close under woolly hair, of a reddish-

brown colour, evidently in adaptation to the colder climate

which it inhabited. This character, for a knowledge of

which we are indebted to the well-preserved remains found

in northern Siberia, is also represented iu the rude but

ng Surf.ace of Upper Molar Tooth
of the Mammoth {Klephas primigenius). From
Owen, c, cementum ; d, dentine ; e, enamel.
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graphic drawings of prehistoric age, found in caverns in

the south of France.^ In size differeivt individuals varied

considerably, but tlie average lieight does not appear to

liave exceeded that of either of the existiug species of

Elephant.

The geographical range of the Mammoth was very

extensive. There is scarcely a county in England in which

some of its remains have not been found either in alluvial

deposits of gravel or in caverns, and numbers of its teeth

are frohi time to time dredged up from the bottom of *.he

sea by the fishermen who ply their trade in the German
Ocean, ha\-ing been washed out of the water-worn cliffs of

the eastern counties of England. In Scotland and Ireland

its remains are less abundant, but they have been found in

vast numbers at various localities throughout the greater

part of central Europe (as far south as Sautander in Spain

and Rome), northern Asia, and the northern part of the

American continent, though the exact distribution of the

Mammoth in the New World is still a question of debate.

It lias not hitherto been met with in any part of Scan-

dinavia or Finland.

In point of time, the Mammoth belongs exclusively to

the post-Tertiary or Pleistocene epoch of geologists, and it

was undoubtedly contemporaneous with man in France, and
probably elsewhere. There is evidence to show that it

existed in Britaia before, during, and after the glacial

period.

As bsfore indicated, it is in the northern part of Siberia

that its remains have beeu found in the greatest abund-

ance, and in quite exceptional conditions of preservation.

For a very long period there has been from that region

a regular export- of Mammoth ivory in a state fit for com-

mercial purposes, both eastward to China and westward to

Europe. In the middle of the 10th century. an active

trade was earried on at Khiva in fossil ivory, which was

fashioned into combs, vases, and other objects, as related

by Abu '1 KAsim, an Arab writer of that period. Mid-
deudorff reckoned that the number of tusks which have
yearly come into the market during the last two centuries

has been at least a hundred pairs, and Kordeuskiold from

personal observation considers this calculation as prob-

ably rather too low than too high. They are found at all

suitable places along the whole line of the shore between

the mouth of the Obi and Behring's Straits, and the farther

north the more numerous do they become, the islands of

New Siberia being now one of the most favourite collecting

localities. The soil of Bear Islands and of Liachoff Islands

is said to consist only of sand and ice with such quantities

of Mammoth "bones as almost to compose its chief substance.

The remains are not only found around the mouths of the

great rivers, as would be the case if the carcases had been
washed down from more southern localities in the interior

of the continent, but are imbedded in the frozen soil in

such circumstances as to indicate th,at the animals had lived

not far from the localities in which they are now found, and
they are exposed either by the melting of the ice in

unusually warm summers or by the washing away of the

sea cliffs or river banks by storms or floods. In this way
the bodies of more or less perfect animals, often standing
iu the erect position, with tlie soft parts and hairy covering
entire, have frequently been brought to light.

References to the principal recorded discoveries of this kind, and
to the numerous speculations to which they have given rise, both
among the ignorant peasants and learned academicians, will be
I'ound iu Nordenskiold's Voyage of the Vega (English translation,
volj- i. 1S81, p. 398 8q.) and a series of papers in the Geological
Magazine for 1880 and 1881,, by H. H. Howorth. For the geo-

Tlie best-known of these is the etching upon a portion of tusk
found in the cavo of La Madelaine in the Dordogne, figured in Christy
and Lartet's Reliquise A quitanicee. and in many other works bearing
on the subject of the antiquity of

graphic.il distribution and anatomical characters, see Falconer's
Palsoatological Memoirs, vol. ii., 1868; Boyd Dawkins, ** Elephas
primigcniiis, its range in space and time," Qitari. jour. GeoL
Soc., XXXV. p. 138 (1879); and Leith Adams, "Monograph of

British Fossil Elephants " nart ii., FalsMntographical Society^
18" (W. H. F.)

MAMMOTH CAVE, iu Edmoudson county, Kentucky,

United States, 37° U' N. lat. and 86° 12' W. long., by
rail 85 miles south-south-west of Louisville, was discovered,

in 1809, by a hunter named Hutchins, while in pursuit of

a wounded Bear. Its mouth is in a forest ravine, 194 feet

above Green river, and 600 feet above the sea. This

aperture is not the original mouth, the latter being a chasm a

quarter of a mile north of it, and leading into what is known
as Dixon's Cave. The two portions are not now connected,

thongh persons in one can make themselves heard by those

in the other. Saltpetre was formerly made from the uitrouB

earth in which the cave abounded ; but it is now mainly
turned to account as a place of exhibition

The cavernous limestone of Kentucky covers an area of

8000 square miles, is massive and homogeneous, and belongs

to the Subcarboniferous period. It shows few traces

of dynamic disturbance, but has been carved, since the

Miocene epoch, into many caverns, of which the Mammoth
Cave is the noblest specimen known. The region is

undulating, "but its valleys are mostly funnel-shaped

depressions emptying through fissures into subterranean

streams, which feed rivers, often of navigable size, aud
whose waters are never frozen over, even in severe winters.

Such valleys are called sink-holes.

The natural arch that admits one to Mammoth Cave has

a span of 70 feet, and from a ledge above it a cascade

leaps 50 feet (* the rocks below, where it disappears. A
winding flight of stone steps leads the way down to a

narrow passage, through which the air rushes with violence,

outward in summer, and inward in winter. The tempera-

ture of the cave is uniformly 54° Fahr. throughout the

year, and the atmosphere is both chemically and optically

of singular purity. While the lower levels are moist from

the large pools that have secret counexion with Green
river, the upper galleries are extremely dry. These con-

ditions led, at one time, to the erection of thirteen cottages,

at a point about 1 mile under ground, for the use of

invalids, especially consumptives. The experiment ended

in failure, and only two cottages now remain.

The Main Cave, from 40 to 300 feet wide, aud from 35

to 125 feet high, has several vast rooms, e.g., the Rotunda,

where are the ruins of the old saltpetre works ; the Star

Chamber, where the protrusion of white crystals through

a coating of the black oxide of manganese creates an optical

illusion of great beauty ; the Chief City, where an area of

2 acres is covered by a vault 1^5 feet high, and the

floor is strejvn with rocky fragments, among which rire

found numerous half-burnt torches made of canes, asd

other signs of prehistoric occupancy. Two skeletons were

exhumed near the Rotunda ; but no other bones of any

description have been found. The so-called Mammoth
Cave "mummies" (i.e., bodies kept by being inhumed in

nitrous earth), with accompanying utensils, ornaments,

braided sandals, and other relics, were fouud in Short and

Salt caves near by, and removed to Mammoth Cave for

exhibition. The Main Cave, which abruptly ends 4 miles

from the entrance, is joined by winding passages, with

spacious galleries on diS'erent levels ; and, although the

diameter of the area of the whole cavern is less than 10

miles, the combined length of all accessible avenues is

supposed to be about 150 miles.-'

2 The present manager, Mr F. Klett, has undertaken the difDcult task

of a thorough survey, the results of. which, so far as completed, are

presented in the accompanying nap. The portion beyond River Hall

. is supplemented from an older survey by Stephen, the guide.
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The chief points of interest are arranged along two lines of

exploration, besides which there are certain shU excursions. Tbn
** short route " requires about four houis, and the "long route"

iiine. Audubon's Avenue, the one nearest the entrance, is seldom

visited, except by the bats that hang from the walls in clusters like

swarms of bees. The Gothic Avenue contains numerous large

stalactites and stalagmites, and an interesting place called the

Chapel, and ends in a small double dome and cascade. Among the

most surprising features of cave scenery are the vertical shafts that

pierce through all levels, from the uppermost galleries, or even from

the sink-holes, down to the lowest floor. Tliese are styled pits or

domes, according to the position occupied by the observer. A
orcvico behind a block of stone 40 feet long by 20 wide, called the

Giant's Coffin, admits the explorer to a place where six pits, varying

in depth from 65 feet to 220 feet, exist in an area of 600 yards.

This includes Gorin's Dome, which is viewed from a point midway
in its side, and is by many regarded as the finest room in the

cavern. Others admire more the Mammoth Dome, at the termina-

tion of Spark's Avenue, where a cataract falls from a height of 250

feet amia walls wonderfully draped with stalactitic tapestry. The
Egyptian Temple, which is a continuation of the Mammoth Dome,

contains six massive columns, two of them quite perfect, and 80
£cet high and 25 feet in diameter. The combined length of thew
contiguous chambers is 400 feet. By a crevice above they arc con-
nected with an arm of Audubon's Avenue. Lucy's Dome, about
300 feet high, is supposed to be the loftiest of all these vertical

shafts. A pit called '*thc Maelstrom," in CroghanV Hall, ia tha
spot most remote from the mouth of the cave ; a son of Prentice,

the poet, permitted himself to be lowered 190 feet by a rope to the
bottom, in 1859. There are some fine stalactites near this pit, and
others in the Fairy Grotto and in Pensico Avenue ; but, consider-
ing the magnitude of Mammoth Cave, its poverty of stalactitic

ornamentation is remarkable. The wealth of crystals ia, however,
surprising. These are of endless variety and fantastic beauty.
Besides the sparkling vaiJt of the Star Chamber (300 feet long and
80 high), there are halls canopied by fleecy clouds, or studded with
mimic snowballs, and others displaying vaiious grotesque resem-
blances on the walls and ceiling.

Cleveland's Cabinet and Marion's Avenue, each a mile long, are

adorned by myriads of gj'psum rosettes and curiously twisted
crystals, called "oulopholites." These cave flowers are unfolded
by pressure, as if a sheaf were forced through a tight binding, and

MAP
OF THE

MMOTH CAVE,

the crystal fibres curl outward from the centre of the group. Thus
spotless arches of 50 feet span are embellished by floral clusters and
garlands, hiding nearly every foot of the grey limestone. The
botryoidal formations hanging by thousands in Mary's Vineyard
resemble mimic clusters of grapes, as the oulopholites resemble
roses. Again there are chambers with drifts of snowy crystals of
the sulphate of magnesia, the ceilings so thickly covered with their
efflorescence that a loud concussion of the air wUl cause them to fall

like the flakes of a snow storm.
Many small rooms and tortuous paths, where nothing of special

inttrest can be found, are avoided as much as possible on the
regular routes ; but certain disagreeable experiences are inevitable.
There is peril also in the vicinity of the deep pits. The one known
as the Bottomless Pit was for many years a barrier to all further
exploration, but is now crossed by a wooden bridge. Long before
the shaft had been cut as deep as now, the water flowed away by a
channel gradually contracting to a serpentine w&y, So extremely
narrow as to be called the Fat Man's Misery." The walls, only
18 inches apart, change direction eight times irf 105 yards, while
the distance from the sandy path to the ledge overhead is but
5 ff^t. The rocky sides are finely marked with waves and ripples,

as if running water had suddenly been petrified. This winding
v.ay conducts one to River Hall, beyond which lie the crystalline

gardens that have been described. It used to be said that, if this

narrow passage were blocked up, escape would be impossible ; but
lately an intricate web of fissures, called the Corkscrew, has been
discovered, by means of which a good climber, ascending only a few

hundred feet, lands 1000 yards from the mouth of the cave, and
cuts off one or two miles.

The waters, entering through numerous domes and pits, and
falling, during the rainy season, in cascades of great volume, are

finally collected in Eiver Hall, where they form several extensive

lakes, or rivers, whose connexion with Green river is known to

be in two deep springs appearing under arches on its margin.

Whenever there is a freshet in Green river the streams in the

cave are joined in a continuous body of water, the rise some-

times being 60 feet above the low-water mark. The subsidence

within is less rapid than the rise ; and the streams are impassable

for about seven months in each year. They are na^-ignble from
May to October, and furnish interesting features of cave scenery.

The first approached is called the Dead Sea, embraced by cliJfs 60

feet high and 100 feet long, above which -a path has been made,

iV. — 57
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whonco a stairway conducts us down to the banks of the River

Styx, a body of water 40 feet wide and 400 feet lonfc, crossed by a

natural bridge. Lake Letho comes next—a broad basin enclosed by
walls 90 feet liigli, below which a narrow path leads to a pontoon at

the neck of the lake. A beach of the finest yellow sand extends for

600 yanls to Echo river, the largest of all, being from 20 to 200

feet wide, 10 to 40 feet deep, and about three-quarters of a mile

long. It is crossed by boats. The arclied passage-way is very

symmetrical, varying in height from 10 to 35 iVet, and famous for

its musical reverberations,—not a distinct echo, but an harmonious
pinlongation of sound for from 10 to 30 seconds after the original

tone is produced. Tlie long vault has a certain keynote of its own,
which, when firmly struck, excites harmonics, including tones of

ii:(-rcdil)le depth and sweetness.

Tlic fauna of Mammoth Cave has been classified by Putm.in,

Packard, and Cope, who liav'e catalogued twenty-eight species truly

subterraneous, bi'sides tliose that may be regarded as stragglers from
the .surfiici'. Tlicy arc distriijuted tlms :

—

Vcrtchrata, 4 species;

\lnscciit, 11 ; Arachnlda, C ; Myriitpoda, 2; CTiisiacca, 2 ; Vermes,

3, Klironbi-rg adils a list of .8 I'olygastrio Infusoria, 1 fossil

infusoriaii, 5 PhijlftHtharia, and several Tnicroscopic fungi. A
bed of Anarkits was found by the writer near the River Styx

;

and upon tliis liint an attempt has been made to propagate edible

fungi in this locality. The most interesting inhabitants of Mam-
motli Cave are tlic blind, wingless grasshoppers, with extremely
long antennit: ; blind, colourless crayfish (Camliarus pellucidiis,

Tclk.); and the blind fish, Amhhjopsis. s^c/a:!(s, colourless and
viviparous, from 1 inch to 6 inches long. The Camhar^is and
Amhjijniisis have wide distribution, beihg found in many other

caves, and also in deep wells, in Kentucky and Indiana. Fish

not blind arc occasionally caught, whiedi are apparently identical

with species existing in streams outside. The true subterranean

fauna may bo regarded as chiefly of Pleistocene origin
;
yet certain

forms are possibly remnants of Tertiary life. The strongly marked
divergence of these animals from those found outside convinced
tlio elder Agassiz that they were specially created for the limits-

within which they dwell. Biit the opinion now held is that they

arc modified from allied species existing in this sunlight, and that

their peculiarities may all be accounted for on principles of evolu-

tion,— tlio process being accelerated (or retarded) by their niigra-

Lion from the outer world to a re^lm of absolute silence and
peritctual darkness.

Tlic lUcmture of Mommotli Cave is extensive, though scattered throngh many
perioinciila, vohiraes of travels, and scientific reports. Sec especially Bullitt,

Ifimbia tiij a Vitiloi; ISH; ColUnj, History of Kentucky, 1842 ;' ror\voo(l, TUc
fifiimmolh Cace, 1870; Packard and Putnam, Inhabitants of Mammoth Cave, 1S72;

SImlci-, Afrmoirs of GeoFoi/ical Surcetj of Kentucky, 1876 ; Hovcy, *' In Mammoth
Cave," Scrihner's Magaiine, 1880 ; Celebrated Caverns, 1882. (H. C. H.)

MATT. See Anthropology (vol. ii. p. 107 sq.) and the

articles ou the various contributory sciences there referred

to. Compare also Mammalia, above, p. 444.

MAN, Isle of, a dominion of the crown of England,
situated in the Irish Sea, almost equidistant from England
on the east, Scotland on the north, and Ireland on the

west. It lies between 54° 2' and 54° 25' N. lat, and
between 4° 18' and 4° 50' W. loi j., Douglas on the east

coast of the island being distant 58 miles west-north-west

from Fleetwood, wliile Peel on the west coast is 65 miles

south-east of Belfast. TliB greatest length of the island

is about 33 miles, and its greatest breadth about 12 miles.

The total area is 145,325 acres, or about 227 square miles.

A moiintiin range occupies the larger portion of the

island, extending from Maughold Head to the Calf Islet;

the highest summits—Snaefell (2024 feet). North Barrule

(1842), and Slieu Ctiairw (1808)—are iu the north-west.

Those mountains rise abruptly from the narrow tract of

almost level ground which forms the extreme northern
Inmndary of the island; and between their lofty chasms are

the lovely and picturesque recesses of Ravensdale, Sulby
Glen, Glen Aldyn, and Ballure. The fine scenery of the
mountains, has been made more accessible by the construc-

tion of a series of roads, commanding at many points views
'unsurpassed in the United Kingdom for picturesqueness

find variety. In the south-western portion of the mountain
range only one summit, that of South Barrule (1585 feet),

rises above 1500 feet. From Peel southwards along the
western slioro the mountains stretch to the very edge of

the coast-line, and at the south-western extremity the shore
is wildly precipitous, especially at Cronk-ny-Irree-Lhaa,

which rises abruptly from the sea to the height of 1449

feet; at Brada Head, near which Brada Hill forms ari

almost precipitous wall over 700 feet in height ; at Calf

Islet, surrounded by rugged broken rocks ; and at Spanish

Head (said to take its name from the destruction which

there overtook a portion of the Spanish Armada). Towards

the south-eastern shore the mountains slope more gradually

towards the sea, the coast of which is generally low add

sandy, being indented by .several finely rounded bays, in-

cluding Castletown Bay and Derby Haven. From Derby
Haven to ^Maughold Point the coast is frequently bold and

rocky, and the numerous creeks and bays, the largest of

which are Douglas Bay and Laxey Bay, greatly add to the

charm and variety of the scenery. From Blaughold Head
round to Peel the coast presents little of special interest,

being formed in great part of sand and gravel cliffs,

although along the western side the bold clay-slate forma-

mation again appears.

The largest river in the island is the -Sulby, which rises

uear Snaefell, and, after flowing norfli^'ard.^ through a
rugged glen to Sulby village, winds eastwards through a

level and well-cultivated country to the'-sea at Ramsey.

The Neb or Great Eiver, which is formed by' the junction

near Slieuwhallin of a stream rising near Sou6h Barrule

and flowing north by the Foxdale Gleuj and of another

flowing south from Sartfell by Rhenass, passes west to

the Irish Sea at Peel. The Silverburn flows southwards

from South Barrule to the Castletown Bay. The Dhu
and Glass flowing eastwards unite before entering the sea

at Douglas, which takes its name from their union. The
streams abound with trout, and fishing is generally'per-

mitted without restriction. There are no lakes.

Geolof/y.—The greater part of the island is formed of

slaty Silurian rocks of identical formation with the

mountainous regions of Cumberland and Westmore-
land. No characteristic fossils, however, exist to deter-

mine their exact age except one, Palxochorda major,

found in the Skiddaw slates. The line of strike is from
south-west to north-east, and the strata are highly in-

clined. The mountains for the most part present a smooth
rounded appearance, superinduced by prolonged subaerial

waste. The clay-slate formation is sometimes brokeiv

through by intrusions of granite and other eruptive rocks

The " greenstones " are especially visible at Brada Head.
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Castletown, Langnoss, and other points along the coast,

A largo mass of granite, containing silvery mica, red and

white felspar, and gray quartz, rests on the eastern slope

of South Barrule mountain, and valuable masses of the

same roek appear at tlio Dhoon river to the north-east of

the Laxey lead-mines. Upper Old Eed Sandstone and

conglomerate occur at Peel on the west coEist, and on the

south coast, in the neighbourhood of Castletown Bay,

chiefly at the peninsula of Langness. It rests on the

upturned edges of the slates, and passes imperceptibly

into the beds of limestone. The Carboniferous or Moun-
tain Limestone is the only representative of the Carboni-

ferous strata in the island. The limestone contains

numerous fossils. At Poolvash it assumes the character

of black marble, which is much used for chimneypieces.

At Scarlet Point, and thence to Poolvash, interesting evi-

dence exists of volcanic eruptions during the accumulation

of the Carboniferous rocks. A great blank in the geolo-

gical record occurs at the top of the limestone series, for

the next strata that appear are the clays and gravels of

the Glacial period. These strata occupy the greater portion

of the low ground of the island, and consist of boulder

olsy, drift gravel, and sands. They occasionally reach as

far up the mountains as 500 feet, and in the southern dis-

tricts erratic boulders are sometimes to be observed on the

very highest summits. Boulders of granite, for example,

have been carried across South Barrule Hill (1585 feet)

and dropped on the top of Crook-ny-Irree-Lhaa (1'149

feet). The whole of the plain in the north of the island is

occupied by Drift deposits, which occasionally form hills

above 300 feet in height. Numerous depressions in the

plain at one time occupied by lakes are now filled by beds

of peat.

Minerals.—The most important minerals are lead, copper, and
zinc. The principal mines are those of Laxey, near the Laxey
river, which produce lead, copper, and especially sulphide of zinc,

which forms more than two-thirds of the total quantity of ore

raised from those mines. The galena obtained is very rich in silver.

The Foxdale mines, between Castletown and St John's, are also

very largely wrought. The amount of copper ore is comparatively
small. The mines are rented ft-om the queen as lady of the manor,
the lessees paying orie-tenth of the produce. In 1852 the total

quantity of lead ore obtained was 2415 tons, of lead 1834J tons, and
of silver 36,700 oz., the value of which was £7646. lu 1871 the
total quantity of lead ore obtained was 4645 tons, producing 3335
tons of lead and 176,631 oz. of silver

; 5768 tons of zinc were also

obtained, valued at £19,015, and 267 tons of copper ore, producing
18 tons of copper, valued at £1074. In 1881 Biada Head copper-
mine yielded 78 tons of ore, producing 6 tons 5 cwts. of fine cojiper,

valued at £562, 13s. ; and at Great Laxey 7567 tons of zinc were
raised, giving 3480 tons of the metal, valued at £28,701. The fol-

lowing t^ble gives the produce of the lead-mines in 1881.

Mine.
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Trish elk • .nd tlie red deev, as is rroved by the references to it in

old law9,'and the representations of it on Kunic monuments, was

a oie time common although the species had almost disappear d

about the beginning of the 18th century. H"o^/"'
'^f

P}?"* '"'

than formerly, and rabbits are not numerous except on the Calf Islet.

sSpearT abundant. There are a few partridges, grouse, and quad,

but neither pheasants nor black game. Various species of water-

fowl 4.t tlfe island, including wild geese, wild ducks plover,

widoeon and teal The Manx pufRn {Proccllaria anglorum)>B

becoming scarce but stiU frequents the Calf Islet The peregrine

falcon breeds in the precipitous rocks in the neighbourhood of the

Caf Islet, and at Maugholi Head. The red-legged crow is common

the kingfisher scarce. The cuckoo is a yearly visitant as is also

the lapwing. Wild pigeons and seabirds of great variety frequent

*''l'vari;ty of the domestic eat, remarkable for the absence or

stunted condition of the tail, is common in the 'sland.

Manufactnres and y™rf..-Partly perhaps on account of the

absence of eoal, the manufactures of the island 'jj^e not attained

cuiy importance, the principal being Manx cloth ^^°™^..
"f^-

rones and twine. There is, however, a large export of aU k nds ol

aStSral produce, horses, cattle, and sheep, as well as of lead,

ffme and birck marble. -Much of the trade is still earned on by

mTansof small coasting vessels, but these are being gradually supe -

^ded by steamers which ply between Douglas and Liverpool

Barrow Fleetwood, SUloth, Dublin, Bellast, Whitehaven and

GlS The imporU consist principally of provisions from

EngCd timber froj; Norway, ani lean cattle from Irel^"d
_

n

1881 the number of vessels engaged in ^^e forcgn and colon 1.

1

trade that entered the ports of the island was 2b of 4885 tons, while

ifo 29r6 tons cleared' The number -gaged in the coasting trade

was-entered, 2288 of 440,158 tons ; cleared, 2328 of 436,107 tons.

There ^ daily communication between Douglas and Liverpool

There are very valuable fishing grounds especially for herring

and coi round tL southern half of the island from Peel to Douglas

and raaekerel fishin" is also largely prosecuted by the islanders off

"the rst of Ireland.' The Manx°fi/u ig boats, decked and undecked

number unwards of seven hundred, employing moie than our

Thousand men. Peel and Port St Mary alone ^-e »bo t,

liundred and fifty-seven boats, manned by two tliousand hve

hundred men the capital invested in boats and nets being lor the.e

^°?L"°t;^ftSa;d, apart fromitsfishingandagnculti^^^^

is mainly Lpemlent on its yearly influx of summer visitors, the

.annual number being now about 120.000. The season lasts from

the middle of May to the middle of September.

McrnalComimaiicatwn.-rU roade, which of late years have

befn greatly ^proved and extended, are e«ellent. They a^e main-

tained by a system of licences on innkeepers grocers and haw keis

a! d bv^i impost on carriages, carts, and dogs, and a rate on rea

^ronerU ^le highways are under the management of a board

app^nted by the Tvnwald court, a surveyor-general, and parochial

'"ffi first railway in the Isle of Man was that between Douglas

and Peel opened in 1873. There is now communication by lail

tefw c^ the various towns of the island, and a proposal has also

been made for a direct line between Douglas and Ramsey via Laxey

The inslr government has assisted one of the railway o?mP='n''=

iy a guarantee. The railways are single narrow-gauge lines, an.

nrft worked on the baton system.
, ,. xi. • i j

"X™i»« and ^rfmml(«(.-<,« -The government of the ^
and

is vested in a governor appointed by the "7"-
''j?°^^";i'f^'"t

acts as an upper chamber ol the legislature, and the House ol Keyo

Th governo^r'and council and the House "f Keys together eoustit,

the court of Tvnwald ; but the approval of the queen of Great

Britain in council is esintial to every legislative .nactment Acts

M the British legislature do not affect the island except it bo

spec luy named i^, them. For the purposes « civil junsdction

tL island is divided into a northern and a 's™'>'e'".d'=Hr
^if;"

each of these is again subdivided mto three "sheadings, which

"Virgo-nlr whol the representative of the. sovereign is

captain-general of the military forces. He
F^'^^J

'"
^^f/J"™

and in all courts of Tynwald. and is ex o#fio sole judge ol the

chancery and exchequer courts. The counc, consists of he lord

bishop of the diocese, the attorney-general, the two decmsteis. the

cle k of the rolls, the water-bailiff, the receiver-general the arch-

deacon and the viear-general, all of whom are appom ed by the

"except the vicar-general, who is appointed ty the ^^'"P-

NoTct of the governor and council is valid unless it is the act of

fhe gove nor and at least two members of the council. The House

of Ke7s the representative branch of the lesi^.'"'".^""''
'^I^ ,'f

"^1

is one of the most ancient legislative assemblies in the world.
_

Jt

;:::^tttwent:.-fourmemberselectedby,„aeowi,e^^^^^^

each! aTd boi^'las, llio chief town, three. There is a property qoah-

fication reo Hired of the members, and the house sits for seven years

unless previously dissolved. The Keys were at one time self-elected

but in 1S65 they consented to popular election in exchange for the

privileoe of controUing the expenditure of the surplus revenue of

the isknd, agreeing, Tiowever, to pay into the imperial exchequer

a fixed sum of £10,000 annually as the island's contribution to-

wards the expenses of the army and navy of the United Kingdom.

In matters of property the court of chancery has the most exten-

sive jurisdiction of any in the island, and is a «"* both "f
/"X

and of equity. The governor presides, and is assisted by the clert

of the rolls and the deemsters. The exchequer court takes cogniz-

ance of all matters connected with the revenue, and also determines

the right of tithe. The common law courts for the southern

division are beld at Douglas and Castletown alternately and those

for the northern division at Ramsey, once in three months. Ihey

ire nresided over by the deemsters, and take cognizance of all

"actions, real, personal, and mixed, and of civil matters that require

to ba determined by a jury. Courts of general jail delivery aie

held at Castletown, for the trial of prisoners indicted for criminal

offences ; the governor presides, attended by the deemsters, tlie

clerk of the rolls, and the water-bailiff.

The deemsters or judges of the island (supposeu t>y some to bo

the successors of the Druidieal priests) until the 15th century aeed

according to unwritten laws, called ' breast laws, of which they

were the depositaries. They have concurrent J"»sd>ction over the

whole island. Their advice is taken by the governor on all difficult

noints of law. Each has now a salary of £1000 per annum,

becmster courts are held weekly, alternately at Douglas and

Castletown by the deemster for the southern divisien, and at

Ramsey and Peel or Kirk Michael by the deemster of the northern

division They take cognizance m a summary manner ol mattei-s

of debt,' and have jurisdiction in criminal '^°/es. The herring

fisherv and the boats employed in it, are placed under the chaigc

of the water-bailiff, who holds courts to redress grievances and

enforce the regulations of the fishery He appoints with a snial

salary two fishermen, called admirals, to preserve order. The

water-bailiff has also civil jurisdiction in questions of salvage ami

takes cognizance of suits in maritime matters. The liigU baimi s

courts a?e held weekly in Douglas, Castletown. Ramsey, and Peel

Ol the recovery of deh\s under 40s., and.daily for tl'e l™n.shme',

of drunkenneas and offences against public order. The magistiatea

hold regular courts in each of the towns for the summary rial of

brcachef of the peace and minor offences. They are appoiu d by

commission under the great seal of. England, but their powers are

egulated by nsular acts of Tynwald. The members of the counci

ami the four high bailiffs are also ex officio magistrates. iho

coroner of the sheading, who is appointed annually by the governor

is a Wind of sheriff Inquests of death are held by the hifili baililf

and lury There are about thirty legal practitioners, called advocates,

who combine the functions of barrister and solicitor. _

The laws of the island still retain much of their aiicient neculi-

ari y of character, though modified by acts of Tyja^d, and

rendered in some respects more in unison with those of England.

The criminal law was consolidated and amended by the criminal

'°Thf ge^n^r'al tenure is a custom.ary freehold devolving from each

possessor to his next heir-at-law. The <!"«>>' "f'^-^ff^^.t";
same rules as the descent of the cyown of E"^1™J-

^''"u"" ^ct
iwimoseniture extends to females in default of males in the diiect

iue \he interest of a widow or widower, being the fi-st.wife or

Ssband of a person deceased, in a life estate is one-half of the land

which have iescended hereditarily, and is fo'feited by a second

marriage; a second husband or second wife is only entitled to a i o

"teres! in one-fourth. if there be issue of the fi-'^t ".^"r'^S";.,, «/
*''«

and purchased by the husband the wife surviving him is entitled to a

ife interest in one moiety. By a statute of the year 1777 proprietors

of land are empowered lo grant leases for any tern, not exceeding

twenty-one years in jiossession without the cousent e! the wife

Previous to the Act of Revestmeiit in 1765, the commere of the

island consisted principally in the »"Po'^'"g "":^^ '^P^'\",ff ^^^

contraband goods, the average return of which exccedeu naii a

milion sterling per annum.'the.loss to tlie Br.t.sh revenue beig

estimated at £300,000. . After this period he e-'on s oHh si id

wcio rceulated by the imiierial parliament, llie \aricrus loans lo

The insular government were consolidated in 18S2, and the funded

'1l"°the"verend°nf Mk"reh 31, 1882. the net revenue of tlio

cuftll'of r/isTandlas £70,9o\ and the "Fnditure^50.5o8.

leavin" a balance of £20,348, which is disposed of thus .

o"r-mn.„ part ot th. nuartcr-s revenue ,0 3.s. M.n:h ISJ. ...... £1.03.

Due exchequer ."•"":;*;"„*.!? '

Les3 abatement on account ol loss 00 impoitat.on oi
^^^^

goods J 8,0(10

Expended by War Department, >SS1-SJ j^j

Do. Board of Woika, 1S81-M j^ jjj
Unappropriated surplus duo Iblo of Man

;

—
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Mcligion. and Siumd'oii.—Cliristianity is said to have been

introducod into thu island by St Patrick about tho middle of the

6th century. The bishojiric of Sodor {i.e., Sudrcys, tho southern

Hebrides) was formerly united with that of Man ; and the union

continued till the 14th century, the Manx bisliopsevcn now retain-

ing tho joint title Sodor and Man. Some indeed affirm, but with

small evidence to support the statement, that tho title of Sodor was

derived from the little Lsland oil' Peel, said to have been at one time

called Sodor, now known as St Patrick's Isle, and the seat of the

cathedral of St Gorman. The diocese is in the province of York ;

its bishop has a scat but not a vote in the House of Lords. The
bishop is assisted in ecclesiastical matters by an archdeacon, a

vicar-general, a rei^istrar, and a sumner-general.

The ecclesiastical courts are the consistory, chapter, and the

Hcar-general's summary court. The livings of the clergy arise

bhiefly from tithes ; the patronage, from the bishopric downwards,

Wth the exception of four in the gift of the diocesan, is vested in

the crown.
Besides King 'William's College, opened in 1833, providing an

education equal to that obtainable at the highest class schools of

England, and possessing a considerable number of exhibitions to

the universities, there are in the island several other good secondary

schools. Tho parochial schools are also well taught, and there are

now board schools, under the insular Education Act, established

thronghout the island.

Population.—Tho following table shows the population of each

parish and town from 1726 to 1881.

c I Miiiew, (P.)

.§ ) Castletown, (T.

S ) Aibory, (P.)
« ( r.iishcn. (P.). ..

« ( Santon, (P.)

:g J Braddon, (P.)...

I ) DoUBlrs, (T.)...
^

( Onchin, (P.)...
=

( Marown, (P.)...

I 1 Germain, (P.)..

g ', Patrick, (P.)....

i? ( Lonan, (P.)
^ i Maughold, (P.)

( Ramsey, (T.)....

( Lczayre, (P.)...

i Bride. (P.)

( Andrcai, (P.)...

( Jurby, (P.)

J. Ballauch, IP.).,

j.HittiacI, (P.)...

Tolal , 14,070 20,134 40,0S; 52,110 53,7C3

2,071

15,725

1,500

983
1.692

3,822

2,625

3,275

1.U7
4,214

l,47rt

In 1880 the death-rate was-i!l-9 ner 1000. and the birth-rate
^8-6

The principal towns ef itie island are Douglas, Castletown
Ramsey, and Peel. Douglas, the chief town and seat of government,
is noticed in vol. vii. p. 376 Castletown, the aucient capital of
the island, was until a recent period the residence of the governor.
It possesses u {(""il'harbour, barracks, and a custom-house. Ramsey,
->n account of its fine sandy beach and beautiful situation, is a
favourite watering-place, and it has also a large shipping trade.
Peel, adjoining St Patrick's Islet, is the principal scat of the heroine
fishery.

XaJisritu^c—The Manx Iangu,ige is a suodialect of tho ancient
Celtic, and a dialect of the Irisli branch, to which the Scottish
jaelio also belongs. The differences in pronunciation of these
langu?ges are not so great as to prevent a native of either country
lonversing with one of the other, although the differences in ortho-
granhy perple.t even the most learned linguists. The Manx is now
spoken only in the north-western parishes and a't a few localities
along tho western coast. The natives generally converse in the
English language. Manx is not taught in any of tho schools, and
it is very probable that it will shortly become utterly extinct. See
CSLTIO LiTERATUKE, vol. V. p. 298.

BistoTy ana. AntiquUic3.--lt admits ot ucm-iy aosolure demon-
stration that Anglesey and not Man was the Mona of C<esar. By
incicnt writers the island is called Eubonia. The English name
Man is derived from the Manx Mannin. Many explanations have
been given of the origin of the word, but none of them are better
ihan conjectures.' It is inherently probable that the island was
lecupied by the Romans, and this is confirmed by the discovery of
TRoman altar, which is still preserved in Castle Rushen, and of
'Ionian coins in the same vicinity. A cist and urn found in 1852
icar Tynwald Hill are supposed to belong to the aboiiginal pagan

I and tlieir Origin." by J. M. JeScntt. In Man.

period ; another memorial of this period is probably St Patiick's

chair, consisting of live upright stones on a stone platform foj niiiig

a seat. Two of the stones are marked by a cross, but this in oU
likelihood was done at a period long subsequent to their erection.

According to tradition the island was for a considerable peiiod oiio

of tho chief seats of the Druids. By the peasantry nearly alL tho
old monuments are attributed to the Druids, but the Runic crosses

belong of cour.se to a later period. One of the principal Druidical
stone circles is that on the eminence called Mull, near the Calf

Islet,

The earliest personage mentioned by tradition and history ii

Mannanan-Bcg-Mac-y-Lheirr, who is described in the statute-book
of the island as a paynim, who *' kept the land under mist by his

necromancy." In 517 Maelgwyn, king of North Wales, and
nephew of King Arthur, expelled tht- Scots, and annexed the island

to his Welsh dominions. He was succeeds .1 by his son Rhun-ap-
Maelgwyn in 560, from whom in 581 the island was rcconnncred
by Aydun M'Gabhran, king of Scotland, who appointed his sister's

son Brennus "thane of Man." The Welsh king ai)pears to have
recovered it from the Scots about 611, and to have retained posses-

sion of it until 630, when it was conquered by Edwin, king of North-
umbria. Shortly afterwards it again fell under tlie dominion of the

Welsh, till towards the close of the 9tH century it was subdued by
Harold Haarfager of. Norway. The jarls of Harold for some time
threw off his rule, and held independent sway. Of these Jarl Orry
succeeded in establishing his rule over Man. His descendants
continued to rule till 1077, when Godred Crovan, son of Harold the
Black of Iceland, routed the islanders and slew their king,'Fiiigal

II. On the death of Godred in 1093, Magnus Barefoot succeeded
in obtaining possession of Man, over which he placed the Norwe-
gian jarl Octtar as governor. The inhabitants of the southern

district, becoming displeased with Octtar, elected Macmanus in

his place ; a battle in consequence ensued at Santwart (or Sainthill),'

in the parish of Jurby, aud victory was inclining to the party of

Macmanus, when the women of the north, rushing to the scene of

action, totally changed the issue of the fight,'aUhough not till both

leaders were slain. On the death of Magnus, the light of Godred
Crovan's line to the kingdom of the Isles was recognized, and
Lagman, the son of that conqueror, succeeded to the government-
He at length abdicated, and undertook a pilgrimage to Palestine,

whence he never returned. Olave II., surnained the Dwarf, the

only surviving son of GodredCrovan, being then a minor, a regent

was appointed, who was expelled from the kingdom in the third

year of his government. Olave ascended the throne in 1114. He
entered into alliance with the kings of England, Ireland, and
Scotland, but his reign was disturbed by the pretensions of three

natural sons of his brother Harold, by one of whom he was
treacherously slain in 1154. On this Godred the Black, Olave's

only legitimate son, was recalled from Norway, and the sons of

Harold were delivered to condign punishment. During his reigU'

Somerled, thane of Argyll, obtained possession of the island, and
Godred had to take rehige in Norway, where he remained till the

death of the usurper, on which he regained possession of his

throne. His death took place in 1187. Olave III., his only
legitimate son, being then a minor, Reginald, another son, was
appointed to the government during his minority. The latter

endeavoured to secure to himself the throne by doing homage to

John of England, and afterwards by acknowledging the supremacy
of the pope ; a series of struggles was the consequence, till at length

Reginald was slain in 1226. In 1237 Olave died in Peel Castle,

leaving three sons,— Harold, Reginald, and Magnus ; he was suc-

ceeded by his son Harold II.-, who was drowned, with his queen
and a numerous retinue of nobility, in 1248, on their return from
Norway, where they had been celebrating his marriage with Cecilia,

daughter of Haco. His brother Reginald II. assumed the govern-

ment, but was afterwards slain by Ivar, brother of Reginald the

usurper, in 1249. On the death of Reginald II. his brother

Magnus was chosen king. John of the Isles landed with an
army at Ronaldsway to dispute his claims, but was driven from the
island.

From this time the power of the Norwegian kings began to de-

cline, aud that of the Scottish sovereigns to revive. Magnus did

homage to Alexander HI, of Scotland, and held the island from
the crown of Scotland. He died in 1265, without issue. In tho
meantime Magnus VI. of Norway, as the legitimate sovereign of

Man, ceded in 1266 to Alexander III. all his claims and interest

in the sovereignty and episcopacy of Man for the sum of 4000
marks, and an annual pension of 100 marks. The widow oi

Blagnus (the late king of Man) succeeded, however, in getting'

Ivar, the assassin of her brother-in-law Reginald, placed on the

vacant throne; and Alexander in 1270 sent an army to reduce

the island to obedience. After a decisive battle at Ronaldsway, in

which Ivar was slain, the kingdom was annexed to the dominions
of Alexander. This monarch, in token of his conquest, substituted

the quaint device of "the three legs," which still constitutes tho
national emblem, for the ancient armorial ensign of the is and

—

-.

^g ship in full sail, with the motto, "Bex Mannix et Insulanivu''
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lie jilaccd the island unJcr tTio government of his nobles or

tliaijcs, whose repeated acts of tyrannical oppression at length

inspired the inhabitants to throw off the Scottish yoke. Bishop

Mark (JIarcus Galvadicnsis), a Scotchman, however, being iu-

formcd of their determination, obtained their mutual consent to

ilcciJe the contest by thirty champions selected from each party.

The Manx champions were aU killed, and twenty-five of the Scot-

tish warriors shared tlie same fate. This victory confirmed the

con(|uest of the Scots ; the ancient regal government was abolished,

and a military despotism established.

Tlio most important relics of the Northmen are the Runic crosses,

of which there are about forty, either whole or fragmentary. Nearly

one half of these contain Scandinavian inscriptions in the ancient

Norse language and in Runic character. There are a very large

nnmbor at Kirk Jlichael, but some of the most perfect are those in

the churchyards of Ballaugh, JIaughold, and BradJan.

During the contentions of Bruce and Baliol, Edward L of Eng-

land took possession of the island for a period, whUe two rival

claimants for the throne appeared. One of these was Mary, the

daughter of Reginald II.; the other her aunt Affrica or Alfrida, a

daugliter of Olave II., and sister of Magnus. The lattei- in 1305

conveyed her right in the island to her husband. Sir Simon de

Montacuto, whose son Sir AVilliam afterwards mortgaged its

revenues to Anthony Beck, bishop of Durham and patriarch of

JcrHsalcni. In 1313 Bruce made a descent on the island, and
granted it to his nephew Randolph, earl of Murray.

In the reign of Edward 111. Mary Waldebeof, .daughter of the

l-revious -claimant, solicited the assistance of that monarch. The
king allowed her title, and by giving her in marriage to William

Montacute, earl of Salisbury (the grandson of Sir Simon Montacute

and Alfrida), thus united in their persons the rights of the two

lines of descendants of Olave the Black to the kingdom of Man.

AVith the aid of the English king, the earl was enabled to expel the

Randolphs from' the island ; and in the year 13i4 he was crowned

kin" of JIan. In the year 139J the earl of Salisbury sold to Sir

Wiflianl le Scroop, afterwards carl of AViltshire, "the Isle of ilan,

with the title of king, and the right of being crowned with a

golden crown." On his attainder for high treason, the island in

1399 was bestowed on Henry Percy, earl of Northumberland, but,

he having been attainted and banished, Henry IV. made a grant of

it to Sir John Stanley for life. This grant was cancelled, and a

new patent passed the Great Seal in 1106, bestowing the island on

him and his heirs, to be held of the crown of Great Britain, by

presenting to the king a cast of falcons at his coronation. Sir John
died in 1414. •

' The lords of the house of Stanley governed the island chiefly by
lieutenants, who occupied the castles of Peel and Rnshen. Various

tumults aroso ; .and in 1422 fourteen persons were drawn by wild

liorsis, quartered, and beheaded. Eventually authority was dele-

gated by Sir John Stanley the second to Henry Byron, who
remodelled the House of Keys, and rendered his regency one of the

most popular- in the insular history. Sir John'died in 1432, and

was succeeded by his son Thomas, who was created Baron Stanley

by Henry VI., and died in 1460. Thomas his sou w,as created earl

of Derby,by Henry VII. He died in 1605. This nobleman's son

Thomas, the second earl of Derby, relinquished the title of king of

Man, as he preferred "being a great lord to being a petty king."

Edward, the third earl, son of the last-named Thomas, was a great

favourite with Henry VIII. On his death in 1572 he was succeeded

by his sou Henry, the fourth earl of Derby. He died in 1594, leaving

two sons, Ferdinand and "William, who in time became lords of

JIan. The title of AViUiam was disputed by the three daughters

of Ferdinand ; with these, however, he effected a compromise ; and

in 1610 he obtained an "act for assuring and establishing the Isle

of JIan in the n«me and blood of William, earl of Derby," but in

1627 resigned his dignities to his sou James, celebrated iu,, history

as "the great carl of Derby." ' " • ' '
.

' After the execution of this earl in 1651, Tor bringing am i.*

Ch.ules II. before the battle of Worcester, the defence of the island

was nndertaken by the heroic Lady Derby, who was then in Castle

Eushen ; but Will'inm Christian, the receiver-general, on the apiiear-

ance of a hostile flcL-t, surrendered tlie castle without resistance.

The island was then gianted to Geneial Lord Fairfax, who held it

until the Restoration, when it was restored to Charles, the eighth earl

(the .sou of Earl James), in 1600. On the death of Earl Charles in

1672 lie was succeeded by his son AVilliam, the ninth earl, who
took but little interest .in his JIanx property, and, dying without

issue in 1702, was succeeded by his brother James (a younger son

of Charles, the eighth earl). At this time the lordship of JIan was

approaching dissolution. The leases, which had been granted

for three lives, having nearly expired, and no provision having

been made relative to their renewal, the neglect of agriculture

became general, and the people were wholly "iven up to the fisheries

and the pursuit of the contraband trade. In 1703, however, the

earl conferred on his JIanx subjects the Act of Settlement (very

justly called the JIanx Jt:igna Charta), by which the lessees of

estates were finally established in their possession, and their descent

secured in perpetuity, on the paj-ment of certain fines, rents, and
dues to the lords. James died in 1736 without issue.

The lordship of Man then devolved on James, second dlike of

Athole, a descendant of the Lady Amelia Anna Sophia Stanley

(youngest daughter of the seventh earl of Derby). In 1725, in

order to i)Ut an end to the contraband trade of the island, an Act

of Pariiaju'ent was passed authoriiing the piuchase of all the

royalties and reveuues of the island; but no result followed till 1765,

when proposals for the purchase wer: revived and the sovereignty

and its reveuues were surrendered to ';' .2 crown for £70,000. The
duke and duchess reserved the manorial rights, the patronage of

the see, and other enmluments and perquisites. By the Act of

Revestment the island was more closely united to the crown of

England, although its independent form of government has never

experienced any material change. An annuity of £2000 had also

been granted to the duke and duchess, but, on the ground of

inadequate compensation, the fourth duke presented petitions to

parliament and the privy council in 1781 and 1790. Ho did not

succeed, however, until the year 1805, when an Act was passed

assigning to him and his heirs, as an additional grant, a sum equal

to one-fourth of the revenues of the island, wHch was afterwards

commuted for £3000 per annum for ever.

In 1825 an Act passed both houses of parliament, at the instance

of the lords of the treasury, authorizing the lords of the treasury

to treat with the duke for the pmchaso of his remaining interest

in'the island, and in 1829 he was awarded a further sum of £417,144

for his rights in and over the soil as lord of the manor, as

follows :

—

For Ihc iinnnity fISO.ono

Keiits and alienation fines ai,000

Tithes, mines, and quarries "i

Patroni\ce of tlic biiliopvic, wiili fouitecn advowsons, tlie V 233,144

aggregate value of which wa^ iSOOO }

Total £417,141

The ecclesiastical buildings of Man have never been remarkable

for architectural beauty. The most important ecclesiastical ruin

is St German's cathedral on St Patrick's Isle. The present building,

Ts-hich is roofless and in a very dilapidated condition, dates from

1245, but is supposed to occupy the site of an older building. It is

a rude cruciform structure ilO feet long by 70 feet broad. The

tower, 68 feet in height; Ss still entire. The crypt of the cathedral

was made use of for an ecclesiastical juisou, among its more import-

ant captives being Eleanor, wife of Humphrey, duke of Gloucester,

uncle of Henry VI. She is alluded to by Shakespeare as living in

banishment '
' with Sir John Stanley in the Isle of Jlan. " St Patrick's

church on the same islet is supposed to have been erected in the

time of St Patrick. Adjoining it is a round tower similar to those

so cpmniou in Ireland. Jlost of the other old churches in Man
have been replaced by modern structures, but another very ancient

one is Lonan old church, now partly roofless, a very unpi"ctenJing

stiucture,. but said to date from the 6th century. St Trininn's

church, also in ruins, is said never to hiive been roofed, a circum-

stance accounted for by an interesting legend. Of Rushea^Abbey, a

house of the Cistercians, founded by Olave, king of Man, in 1134,

there now only remain the tower, refectory, and dormitory. The
Franciscan fiiary of Bimakin, founded in 1373, has been partly re-

built in a rude manner, and is used ns a barn. Of tire nunnery of

Douglas, said to have been founded by Jlatilda, daughter of Ethel-

bert, king of the West Sa.\ous, there are now very slight remains,

chiefly of the chapel.

The principal castles are Castle Rushcn, in Castletown, the

ancient residence of the kings of JIan, dating pi-obably from the

13th century, and stdl quite entire ; Peel Castle, the ancient strong-

hold of the island ; and Castle Jlona, Douglas, erected in 1801 as a

residence by the duke of Athole, and now used as a hotel.

T^; chief .somen? of the caily history of .Man are the Norse iind Erse S.ipas,

and Ilic iccoid kL]il by the monks of Itushcn Abbey onriOert C/ti-oitiion Mttmii.K,

wiiicli !iii3 h<xi\ iiiilL-d with le.iincd notes by P. A. Munch. Christianiii. Isuo.

ThcIjtstgLnnal history is that of Train, 2 vols., 1845. Among other worliS may
be mcntiontd J. G. Cumming, /.</(; of Alan, its iiisJoyJt. phirsical, cfclffiitslirnl,

cii-il, ami h'jtiitlfiti/, 1S4S ; Id.. Runic and otlier Rcmaiiii of the J>tt of ila», lS-i7
;

.1. O. nalliwell, liouiidnbout Xotes on the Jf-te of Man, lS(i3. The publications of

the .Mau.'C Society ale of gicat value and intcre*.

MAXACOE, a town in the island of Majorca, stands on

a slight eminence in a fertile plain, 30 miles east of Palma

(40 miles by rail, by way of Tnca). It is suLstautially

built, with wide streets and several squares ; it lias the

usual buildings (a parish churcb, a hospital, schools, and

the like), and the foriner palace of the indyjendent kings

of Majorca is pointed out. The neighbourhood produces

cereals, fruits, an inferior quality of wine, and some oil;

and there is some trade in- these, as well as in sheep" and

cattle. Tlie population in 1877 was 14,894.

]\[ANAGUA, the capital of Nicaragua, Central .^mericfi,

I
lies on the south shore of Lake Managua in 12° 7' N. lac.
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and 86' 12' W. long. Steamboat communication with

Old Leon was oponed in 1881, and a railway (32 miles)

i3 in course of construction to Granada. It was mainly

owing to the rivalry between Leon and Granada that

Managua was chosen as the seat of the national assembly,

and apart from the administrative buildings there is little

of interest in the place. The population is about 12,000.

MANAKIN, from the Datch word Manneken, applied

to certain small birds, a name apparently introduced into

English by Edwards (Aa<. Hist. Jiirds, i. p. 21) in or about

1743, since which time it has been accepted generally, and

is now used for those which form the Family Pipridx of

modern ornithologists. The Manakins are peculiar to the

Neotropical Region, and are said to have many of the

habits of the Titmouse Family (Parid t), living, says

Swainson, in deep forests, associating in small bands, and

keeping continually in motion, but feeding almost wholly

on the largo soft berries of the different kinds of Mdastoma.

However, as with most other South American Passerine

birds, little is really known of their mode of life ; and it is

certain that the Pipi-idx have no close affinity with the

Parida:,^ but belong to the other great division of the

Order Passeres, to which Garrod assigned the name
Mesomyodi, and in that division, according to the same

authority, constitute, with the C'olingidai,^ the group

Heteromeri (Proc. ZooL Society, 1S76, p. 518). The
Manakius are nearly all birds of gay appearance, generally

exhibiting rich tints of blue, crimson, scarlet, orange, or

yellow in combination with chestnut, deep black, black

and white, or olive green ; and among their most obvious

characteristics are their short bill and feeble feet, of which

the outer toe is united to the middle toe for a good part

of its length. The tail, in most species very short, has in

others the middle feathers much elongated, and in one the

outer rectrices are attenuated and produced into threads.

They have been divided by various authors into upwards

of twenty so-called genera ; but Messrs Sclater and Salvin

{Nomenclalor, pp. 53-55) recognize only fifteen, though

admitting sixty species, of which fifteen belong to the

genus Pipra as now restricted, the P. leucocUla of Linnoeu.s

being its type. This species has a wide distribution from

the isthmus of Panama to Guiana and the valley of the

Amazon ; but it is one of the mpst plainly coloured of the

Family, being black with a white head. Tho genus

Machxropterus, consisting of four species, is very remark-

able for the extraordinary form of some of the secondary

wing-feathers in the males, in which the shaft is thickened

and the webs changed in shape, as described and illustrated

by Mr Sclater {Proc. Zool. Society, 1860, p. 90 ; Ibis,

1862, p. 175^) in the case of the beautiful M. deliciosvs,

and it has been observed that the wing-bones of these birds

are also much thickened, no doubt in correlation with this

abnormal structure. A like deviation from the ordinary

character is found in the allied genus Manacus or

Chiromachmns, comprehending six species, and that gentle-

man believes it enables them to make the singular noise

for which they have long been noted (see Bitids, vol. iii.

p. 770), described by Mr Salvin {Ibis, 1860, p. 37) in

the case of one of them, M. candsei, as beginning " with a

sharp note not unlike the crack of a whip," which is

" followed by a • rattling sound not unlike the call of a

landrail"; and it is a similar habit that has obtained for

another species, M. edwardsi, the name in Cayenne, accord-

^ Thougli Edwards called the species he figured {lit supra) a Titmouse,
lie properly remarked that there was no genus of European birds to

•which he could liken it.

^ Excluding, however, the genus Rupicola—the beautiful orange-

coloured birds well known as the "Cocks of the Rock"—which haa

usually been placed among the Cotingidas.

' The figures nre repeated by Mr Darwin (Descent of Man, &c,.

U. p. 66).

ing to liuffon {Hist. Kat. Oiseavx, iv. p. 413), of Casse-

noisette. This view is supported by Sir Layard, who,
writing of the last species, saya {Ibis, 1873, p. 384)

—

" They make a curious rattling noise (I suspect, by some
movement of the oddly shaped wing-feathers), which con-

stantly betrays their presence in the forests," while of the
congeneric M. gutturosm, Mr J. F. Hamilton remarks
{Ibis, 1871, p. 305)—"The first intimation given of the
presence of one of these birds is a sharp whirring sound
very like that of a child's small wooden rattle, followed by
two or three sharp snaps." The same observer adds {toe.

cit.) of a member of the kindred genus Ckiroxiphia, contain-

ing five species, that C. candata is known to the Brazilians

as the Fandango-bird from its "habit of performing a

dance." They say that "one perches upon a branch and
the others arrange themselves in a circle round it, dancing
up and down on their perches to the music sung [?] by the

centre one." Exception m'lst be taken to this story so

far as regards the mode in which the " music " is pro-

duced, for these birds have no true song-muscles ; but
the effect is doubtless as described by Mr Hamilton's

informant. (a. n.)

MANANTADI, or Manantoddy, a town in Malabar
district, Madras, the trading centre of the WainAd coffee

district (11° 48' N. lat., 76° 2' 55" E. long.). The popula-

tion in 1871, including numerous European cofiFee planters,

with their families, in the neighbourhood, was 10,959.

Bcoides several Government offices, it contains a good club.

Early in the century it was a military outpost, and in

1802 the garrison was massacred by the Kotiote rebels.

MANASSEH. Tho tribe of Joseph {q.v.), the northern

and stronger half of the " sons of Rachel," was divided into

two branches, so considerable as themselves to bear the

name of tribes, which referred their origin to Manasseh and

Ephraim, the two sons of Joseph by his Egyptian wife

Asenath. Of the two Manasseh was held to be the elder,

but the patriarchal story relates how Jacob predicted the

superiority of the younger branch (Gen. xlviii.), which in

fact played far the greater part in history, occupying in tho

early days of the settlement in Canaan the part of the

central mountain land (Mount Ephraim) where the head-

quarters of armed Israel and the sanctuary of the ark stood

(at Shiloh), and in later times holding the kingship, and

greatly excelling Manasseh in numerical strength (Deut.

xxxiii. 17). During the conquest, perhaps, the separation

of the two branches of Joseph was not so well marked as

it afterwards became, for the ancient narrative of Josh,

xvii. 14 sq. represents the whole house of Joseph as acting

together, establishing itself in the uncleared forests of the

central mountains till it had strength to contend with the

iron chariots of the Cauaanites about Bethshean, and in

the cities of the rich plain of Jezreel. These cities probably

were not all subdued till the days of David or Solomon

(Jud. i. 27 ; 1 Sam. xxxi. 10; 1 Kings ix. 15); they ulti-

mately fell to Manasseh, which held the nortliern part of

the hill country of Joseph, overlooking the plain, and finally

encroached on lands once reckoned to the less warlike

tribes of Asher and Issachar (Josh. xvii. 11). But tho

line of division between Ephraim and Manasseh was not

always the same, and in the time of Gideon, the great

hero of Manasseh, and the man under whom the seniority

of the tribe had a real meaning, Shechem itself was a

Manassite dependency (Jud. viii. 31, ix. ; comp. Num.
xxvi. 31 ; Josh. xvii. 2). Besides their western settlements

in the fertile glades of northern Samaria, running out into

the great plain, the Manassites had broad territories east of

the Jordan in the pasture land of Bashan and Gilead, mainly

occupied by a clan named Machir, and reckoned as the

first-born of Manasseh. On the probability that these

territories were colonies from the west see vol. xiii. p. 401.
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The outlying Kanassites had many struggles with their

foreign neighbours ; 1 Chron. iL 23 speaks of the loss of

sixty cities to Geshur and the Aramaeans (A. V. mistrans-

lates). After suffering much at the hands of Damascus,

they were carried into captivity by Tiglath Pileser (734

B.C.). The captivity of their bremren in the west followed

some thirteen years later.

The name Manasseh (HtS'jp, he who causes to forget) is referred

in Gen. xli. 51 to Joseph's joy at the birth of the son who caused

him to forget his son-ows aud cease to long for his tome. Unlike

the other tribal names, it occurs as a personal name before the

captivity, being that borne by the sou aud successor of Hezekiah,

the godless king whose sins are designated as the decisive cause of

the rejection of the' kingdom ot Judah.

MANATEE, an animal belonging to the order

Sirenia, for the general characters and position of which

see Mammalia (p. 389). The name Manati was appar-

ently first applied to it by the early Spanish colonists

of the West Indies, in allusion to the hand-like use which

it frequently makes of its fore limbs ; by English writers

from the time of Dampier (who gives a good account

of its habits) downwards it has been generally spelt

" Manatee." It was placed by Linnaeus in his hetero-

geneous genus Trichechus, but Storr's name Manaliis is

now generally accepted for it by zoologists. The question

of the specific distinction of the African and American

Manatees will be treated of further on, but it will be

chiefly to the latter and better known form that the

following description applies.

The size of the Manatee has been much exaggerated, as

there is no trustworthy evidence of its attaining a greater

length than 8 or perhaps 9 feet. Its general external

form may be seen in the figure at p. 390 of the present

volume, taken from a living example in the Brighton

Aquarium. The body is somewhat fish-like, but depressed

and ending posteriorly in a broad flat shovel-like horizontal

tail, with rounded edges. The head is of moderate size,

oblong, with a blunt, truncated muzzle, and divided from

the body by a very slight constriction or neck. The fore

limbs are flattened oval paddles, placed rather low on the

sides of the body, and showing externally no signs of

division into fingers, but with a tolerably free motion at

A

flO. l.-^Front View of Head of American Manatee, showing the eyes,

nostrils, and mouth. A, with the lobes of the upper lip divaricated
;

B, with the lip contracted. From Murie, Trails. ZooL Soc.y vol. si.

the shoulder, elbow, and wrist joints, and with three

diminutive flat nails near their extremities. No traces of

hind limbs are discernible either externally oi internally

;

and there is no dorsal fin. The mouth is very peculiar,

the tumid upper lip being cleft in the middle line into two

lobes, each of which is separately movable, as will be

described in speaking of its maimer of feeding. The
uostrils are two semilunar valve like slits, at the apex of

the muzzle. The eyes are very minute, placed at the sides

of the head, and with a nearly circular aperture with

wrinkled margins, The external car is a minute orifice

situated behind the eye, without any trace of pinna. The
skin generally is of a dark greyish colour, not Bmooth or

glistening, like that of the Cetacea, but finely wrinkled.

At a little distance it appears naked, but a close inspection,

at all events in young animals, shows a scanty covering of

very delicate hairs, and both upper and under lips are

well supplied with short, stiff bristles.

The skeleton is remarkable fur the masslveness aud
extreme density of most of the bones of which it is com-
posed, especially the skull and ribs. The cervical region of

the vertebral column is short, and presents the great

peculiarity of containing only six bones instead of seven,

the number usual in the Mammalia,—the only other case

being that of one species of Sloth {Cholcepus hoffmanni).

Another great peculiarity (which, however, seems to be
characteristic of all the Sirenia) is that the flat ends of the

bodies of the vertebrae do not ossify separately, so as to

form disk-like epiphyses in the young state. Kone of the

vertebrae are united together to form a sacrum, the

rudimentary pelvic bones having no direct connexion with

the vertebral column. The number of rib-bearing vertebra?

appears to vary in different individuals from fifteen to

eighteen, and those of the lumbar and caudal region from

twenty-five to twefity-nine. The skull (fig. 2) is cxceed-

Fia 2—SI 11 r Vlr in M m ee ( 1/ ( /it sts) xj
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ingly different from that of any of the Whales or Dolphins;

(order Cetacea), with which the Manatee was formerly

supposed to be allied. The cerebral cavity is rather small

as compared with the size of the animal, and of oblong

form; its roof is formed of the parietal bones as in ordinary

mammals. The squamosal has an extremely large and

massive zygomatic process, which joins the largely de-

veloped malar bone in front. The orbit is small, but

prominent and nearly surrounded by bone. The anterior

narea taken together form a lozenge-shaped aperture, which

looks upwards and extends backwards considerably behind

the orbits. Their sides are formed by the ascenSing pro-

cesses of the premaxillie below, and by the supraorbital

processes of the frontals above, no traces of nasals being

found in most skulls, though these bones are occasionally

present in a most rudimentary condition, attached to the

edges of the frontals, far away from the middle line, a

position quite unique among the mammalia. In front of

the uarial aperture the face is prolonged into a narrow

rostrum, formed by the premaxillas, supported below and

at the sides by the maxilhe. The under surface of this is

very rugous, and in life covered by a horny plate. The

rami of the mandible are firmly united together at the

symphysis, which is compressed laterally, deflected, and

has a rugous upper surface ; to this another horny plate

is attached, which with that of the upper jaw function-

ally supplies the place of teeth in the anterior part of

the mouth. In the young state there are rudimentary

teeth concealed beneath these horny plates, which never

penetrate through them, and must therefore bo quite
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•functionless, and altogether disappear before the animal is

full-grown. There is besides, on each side of the hinder part

of both upper and lower jaws, a parallel row of molar

teeth, similar in characters from the beginning to the end

of the series, with square enamelled crowns raised into

tuberculateil transverse ridges, something like those of the

Tapir and Kangaroo. The upper teeth have two ridges

and three roots ; the lower teeth have an additional

posterior small ridge or talou, and but two roots. These

teeth succeed each other from before backwards, as in the

Proboscidea, those at the front of the mouth being worn

out, and shed before those at the back are fully developed.

There are altogether about eleven on each side of each jaw,

but rarely more than six are present at one time. The
brain is remarkably simple in sti'ucture, its hemispheres

exhibiting none of the richness of convolution so character-

istic of the Celacea. The stomach is compound, being

divided by a valvular constriction into two principal

cavities, the first of which is provided with a singular

glandular pouch near the cardiac end, and the second with a

pair of elongated, conical ciecal sacs or diverticula, the use

of which is by no means obvious. The ctecum is bifid.

The kidneys are simple. The heart is broad and flat, with

the apex dee_ply cleft between the ventricles. The prin-

cipal blood-vessels form very extensive and complex retia

mirahilia. The lungs are remarkably long and narrow, as

owing to the very oblique position of the diaphragm the

thoracic cavity extends very far back over the abdomen.
The mammary glands of the female are two in number,
situated just behind and to the inner side of the origin of the

pectoral limb. The red corpuscles of the blood are among
the largest of those of any members of the class, averaging

in diameter, according to Gulliver, -j^jj of au inch.

Manatees pass the whole of their life in the water,

inhabiting bays, lagoons, estuaries, and large rivers, but
the open sea, so congenial to the Cetacea, is quite unsuited

to their peculiar mode of life. As a general rule they

prefer shallow water, in which, when not feeding, they lie

near the bottom, supporting themselves on the extremity

of the tail, or slowly moving about by the assistance of the

fore limbs, the tips of which are just allowed to touch the

ground, and only raising the top of the head above the

surface for the purpose of breathing at intervals of two or

three minutes. In deeper water they often float, with the

body much arched, the rounded back close to the surface,

and the head, limbs, and tail hanging downwards. The air

in the lungs obviously assists them to maintain this position,

acting in the same manner as that in the air-sac of fishes.

Their food consists exclusively of aquatic plants, on
which they browse beneath the water much as terrestrial

Ungulates do on the green pastures on shore. They are

extremely slow and inactive in their movements, and
perfectly harmless and inoffensive, but are subject to a
constant persecution from the inhabitants of the countries

iu which they dwell for the .sake of their oil, skin, and flesk

Frequent attempts have of late been made to keep
specimens alive in captivity, and sometimes with con-

siderable success, one having lived in the Brighton
Aquarium for upwards of sixteen months, It was fed

chiefly on lettuce and endives, but would also eat leaves

of the dandelion, sow-thistle, cabbage, turnip, and carrot.

From tins and other captive specimens some interesting

observations upon the mode of life of the animal have been
made. One of these is the free use it makes of its fore-

limbs. From the shoulder-joint they can be moved in all

directions, and the elbow and wrist permit of free extension

and flexion. In feeding they push the food towards their

mouths by means of one of the hands, or both used
simultaneously, and any one who has seen these members
Ibus employed can Tcadily believe the stories of their

carrying their young about under their arms. Still more
interesting and quite unique among Mammals is the action

of the peculiar lateral pads formed by the divided upper
lip, thus described by Professor Garrod :

—" These pads
have the power of transversely approaching towards and
receding from one another .simultaneously (see fig. 1, A
and B). When the animal is on the point of seizing (say)

a leaf of lettuce, the pads are diverged transversely iu

such a way as to make a median gap of considerable

breadth. Directly the leaf is within grasp the lip-pads are

approximated, the leaf is firmly seized between their con-

tiguous bristly surfaces, and then drawn inwards by a
backward movement of the lower margin of the lip as a
whole." The animal is thus enabled by the unaided

means of the upper lip to introduce food placed before it

without the assistance of the comparatively insignificant

lower lip, the action greatly recalling to the -observer that

of the mouth of the silkworm and other caterpillars in

which the mandibles diverge and converge laterally during

mastication. When out of water the Manatee is an ex-

tremely helpless animal ; and, although statements are

frequently met with in books of its voluntarily leaving the

water for the purpose of basking or feeding on shore, all

trustworthy observations of those acquainted with it, either

in a state of nature or in captivity, indicate that it has

not the pow'er of doing so. None of the specimens in con-

finement have been observed to emit any sound.

Manatees, though much less numerous than formerly,

are still occasionally found in creeks, lagoons, and estuaries

iu some of the West India Islands, and at various spots

on the Atlantic coast of America from Florida as far south

as about 20° S. lat., and in the great rivers of Brazil,

almost as high as their sources. They are also met with

in similar situations on the opposite African coast, from

about 1G° N. to 10° S. lat., and as far into the interior as

Lake Tchad. Its range may even extend, if native reports

obtained by Schweinfurth are correctly interpreted, to the

river Keebaly, 27° E. long.

The American Manatee (11. australis, Tilesius) was

thought by Dr Harlan to bedivisible into two species, one

inhabiting Brazil and the other the West Indies and
Florida. To the northern form he gave the name of M.
lati.rosiris, but the distinction is not now generally

recognized. On better grounds the African Manatee was

separated by Desmarest, under the name of M. senegalensis,

and there are certainly constant although not very

important cranial characters by which it can be dis-

tinguished from its American congener, among which the

following may be cited :—the anterior part ef the rostrum

is shorter, shallower, and altogether smaller ; the orbit is

smaller ; the zygomatic process is more deep and massive
;

the malar bone is deeper from above downwards; the upper

margin of the anterior nares is narrower and with a smooth

and rounded instead of a thin and serrated edge; the upper

surface of the frontal is flat, instead of concave; the foramen

magnum and occipital condyles are narrower from side to

side, and the symphysis of the mandible smaller and
shallower.

For an account of the animals most nearly allied to the

Manatee, the Khytina, or " Northern JIanatee " as it is

sometimes called, and the Dugong, as well as the various

extinct kindred forms, see M.4.MMALIA, pp. 390, 391.
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MANBHOM, a district in the lieutenant-governorship of

Bengal, India, lying between 22° 37' and 24° 3' N. lat.,

and 85° 51' and 87° 16' E. long., is bounded on the N".

by HazAribAgh and Birbhilm, on the E. by BardwAn and
BAnkura, on the S. by Singbhum and Midnapur, and on
the W. by LohArdagd and HazAribAgh. It has an area

of 4147 square miles. The headquartjjs station is at

Purulia. MAnbhiim district forms the fin step of a
gradual descent from the table-land of ChutiA NAgpur to

the delta of lower Bengal. In the northern and eastern

portions the country is open, and consists of a series of

rolling downs, dotted here and there with isolated conical

tills. The soil is for the most part composed of hard,

dry, ferruginous gravel, but many of the lower levels are

filled with good alluvial soil, which yields a fine rice crop.

In the western and southern tracts the country is more
broken, and the scenery much more picturesque. The
principal hills are DalmA (3407 feet), the crowning peak
of a range of the same name ; GangAbarl or Gajboro (2220
feet), the highest peak of the Baghmiindl range, about 20
miles south'west of Purulia; and PAncbkot or PAnchet
(1600 feet), on the summit of which stands the old palace

of the rAjAs of PAnchet. The hills are all covered with

dense jungle. The chief river is the KasAi, which flows

through the district from north-west to south-east into

Midnapur, and on which a considerable floating trade in

sdl timber is carried on. The useful timber found in MAn-
bhiim is very limited in quantity, and with the present rate

of decrease the supply cannot last many years. Tigers,

leopards, bears, wolves, attd jackals are not uncommon

;

various kinds of deer abound ; and bison are occasionally

met in the south of the district. Elephants come every

year from the south-east into the hilly country between
MAnbhiim and Singbhum.

The census of 1872 returned the population at 820,521. The
aborigina,! tribes numbered about 100,000, Hindus nearly 700,000,
and Mohatnmedans about 30,000. In 1881 the population was
1,042,117. A large proportion of the aborigines are now semi-
Hinduized. The most niunerous aboriginal tribe are the Santdls

;

but the Bhiimij Kols are the characteristic aboriginal race. In
Manbhum they inhabit the country lying on both sides of the
Subarnarekha. They are pure Mundas, but their compatriots to

the east have dropped the title of Muuda and the -use of their

distinctive language, have adopted Hindu customs, and are fast

becoming Hindus in religion. The Bhumij Kols of the Jungle
MaKJs were once the terror of the surrounding districts ; they
are now a more peaceful tribe, but have lost to a great extent
the simplicity and truthfulness of character for which their

cognates are generally distinguished. Among high-caste Hindus
about 50,000 are Bitihmans and 16,000 BAjputs. 'The Kevmus,
who are agriculturists, form the most numerous caste in the
district. The Christian population numbers about 600, most of
whom are engaged in agriculture. Manbhum is a thoroughly rural

district, and contains only two towns with upwards of 5000 in-

habitants, namely Purulia and Raghundthpur, and three others
with over 2000, namely Jhalidi, Kasipur, and Manbazar.

Three principal crops of rice are grown, one sown broadcast early
in May on table-lands and the tops of ridges, an autumn crop, and
a winter crop, the last forming the chief harvest of the district.

Other crops are wheat, barley, Indian com, pulses, oilseeds, lin-

seeds, jute, hemp, sugar-cane, indigo, pan, and tobacco. Owing to
th6 completeness of the natural drainage floods are unknown, but
the country is Uable to droughts caused by deficient rainfall. The
principal articles of export are oilseeds, pulses, ghi, lac, indigo,-

tasar silk (manufactured near Raghunathpur), timber, resin, coal,

and (in good seasons) rice. The chief imports are salt, piece goods,
brass utensils, and unwrought iron. Cotton hand-loom weaving is

carried on all over the district. Coal is found at Iharia, a few miles
from Parasndth. The total revenue of Manbhum district in ISSl
amounted to £25,760, of which £7562 was obtained from land,
and £6424 from excise. The schools in 1877 numbered 392, with
a816 pupils, the climate of the district is fairly healthy. The
average rainfall for the ten years ending 1880-81 was 55 '95 inches.

MANC-HA, La. This name, when employed in its

widest sense, denotes that bare and monotonous elevated

plateau of central Spain which stretches .between the

mouiitaiira of Toledo and the wesjtern spurs of jthe hills of

Cuenca, being bounded on the S. by the Sierra Morena and
on the K. by the Alcarria, which skirts the upper course

of the Tagus. It thus comprises portions of the modern
provinces of Toledo, Albacete, and Cuenca, and almost the

whole of Ciudad Real. Down to the 16th century tlie

eastern portion was known as La Mancha de Jlontearagon

or de Aragon, and the western simply as La Mancha

;

afterwardv" the north-eastern and south-western sections

respectively were distinguished by the epithets " Alta " and
" Baja " (upper and lower). La Mancha was created a

province in 1691 ; its officially recognized boundaries have

since that time varied considerably, and in common
parlance it is often now identified with the modern province

of Ciudad Real Ciudad Real, which is bounded on the

N. by Toledo and Cuenca, on the E. by Albacete, on the

S. by Jaen and Cordova, and on the W. by Badajoz, ranks

Bext to Badajoz and Caceres in point of extent, containing

an area of 7840 square miles. The population in 1877
was 260,641. From the scarcity of water and the absence

of trees and fences, as also from the circumstance of the

rural population being concentrated only at certain points,

it as a whole presents to the traveller the arid and cheerless

aspect of a desert. The principal river is the Guadiana,

which rises in the so-called Ojos ("Eyes") del Guadiana in

the north-east, and is joined by the Azuer and the Jabalon

on the left, and by the united waters of the Zancara and
Giguela on the right. No advantage, unfortunately, is

taken of these or any of the other streams in the province

for irrigation, the inhabitants depending entirely on the

meagre and precarious rainfall. A peculiarity of the

province is the facility with which water can be reached by
digging ; but neither has this resource been turned to much
account. The mineral wealth of the province (lead, copper,

iron, antimony, coal) is great, the cinnabar mines of

jAlmaden, in particular, which were known to the ancients,

being the chief European source for the supply of quick-

silver. Saltpetre is obtained in several places, especially in

the north (Herencia and Alcazar do San Juan), and there

are quarries of fine stone at Santa Cruz and elsewhere.

The crops, when not interfered with by drought and
locusts, the two scourges of La Mancha, are very large

;

they include wheat, barley, rye, chick pease, wine (that of

Vaklepeuas being especially famous), vinegar, and brandy,

some oil, saffron, esparto, flax, and silk. The mules reared

in the province are considered the best in or out of Spain.

There are manufactures of woollen fabrics, lace, earthenware,

cutlery, saltpetre, gunpowder, and soap. The lace of

Almagro is much appreciated throughout the peninsula.

The province is traversed by the Madrid and Cordova
Railway, which enters near Alcazar de San Juan and passes

through Manzanares and Valdepenas, entering Jaen at the

Venta de Cardenas in the Sierra Morena. The Madrid and
Badajoz line passes through Ciudad Real, the capital of

the province, which is connected by rail with Manzanares.

There are ten judicial partidos,—those of AlcAzar de San
Juan, Almaden, Almagro, Almod6var del Campo, Ciudad
Real, Daimiel, Infantes, Iilanzanares, Piedrabuena, and
Valdepenas. The only towns having a population above

10,000 in 1877 were Almod6var del Campo. Ciudad Real,

and Valdepeiias.

MANCHE, a department in the north west of France,

washed by the English Channel (Fr., La Manche), from
which it derives its name, and made up of the Cotentin,

the Avranchin, and part of the Bocage, three districts of

the former province of Normandy, lies between 48° 28' 40"

and 49° 47' 30" N. lat, and between 0° 43' and 1° 54' 30"

W. long., bounded W.,N., and N.E. by the Channel, E. by
the department of Calvados, S.E. by Orne, S. by Mayciiuo
and Ilie-et-Vilaine. The capital, St L6, is 159 miles west of

Paris. The extreme length from north-west to south-east
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is 81 miles, the mean breadth from cast to west about 28

miles, and the area 2289 square miles.

The department is traversed from south to north by a

range of hills, in many parts picturesque, and connected

in the south with those of Maine and Brittany. In the

tountry round Mortain, which has been called the Switzer-

land or Normandy, they rise to a height of 1200 feet, and

at Cherbourg their altitude is still from 500 to 600 feet.

As a whole the department has an English aspect, with its

broken and tide-beaten shores often enveloped in mist, and

its cver-verdant meadows. The coast-line, running north-

ward along the bay of the Seine from the rocljs of Grand
Camp to Cape Barlleur, thence westward to Cape la Hague,

and finally southward to the Bay of Mont St Michel, has a

length of 200 miles. The Vire and the Taute (which re-

ceives the Ouve as a tributary on the left) fall into the sea

at tlie Calvados border, and are united by a canal some
miles above their mouths. From the mouth of the Taute

a low beach runs to St Vaast la Hougue, where the coast

becomes rocliy, with sandbanks. Between Cape Barfleur

and Cape la Hague lie the roads of Cherbourg, protected by
the famous breakwater. The whole western coast is in-

hospitable ; its petty havens, lying behind formidable

barriers and reefs, are almost dry at low tide. Great clifTs

like the points of Jobourg(420 feet high) and Flamanville

alternate with long strands such as that which extends for

30 miles from Cape Carteret to Granville. Between this

coast and the Channel Islands the tide, pent up between
numerous sandbanks, flows with a terrific force that has

given these passages such ill-omened names as Passage de

la Deroute and the like. The only important harbours are

Granville and the haven of refuge of Ditilette between
Granville and Cherbourg. The chief stream is the Sienne
with its tributary the Soulle flowing by Coutances. South
of Granville the sands of St Pair are the commencement of

tlie great Bay of Mount St Michel, whose area of 60,000
acres was covered with forest till the terrible tide of the

year 709. The equinoctial tides reach a vertical height of

nearly 50 feet. Amidst the foam rise the picturesque walls

of the abbey, from the summit of a rock 400 feet high. The
S^e, which waters Avranches, and the Couesnon (separating

Manche from Ille-et-Vilaine) disembogue in the bay.

The climate of Manche is mild and humid from its

propinquity to the sea. At Cherbourg, in spite of the

northerly exposure, the mean temperature is 3° Fahr. above
the mean for that latitude over France. Frosts are never
severe ; myrtles and fuchsias flourish in the open air. Ex-
cessive heat is also unusual ; the predominant winds are

south-west. Rains are frequent, as the verdure of the

country testifies, but they are not violent, the annual rain-

fall varj-ing from 30 to 34 inches.

Of tho entire area more than the half is arable, 198,000 acres are
meadow land, 52,000 are under wood, and 82,000 are heath. The
soil is not naturally fertile, but vegetation is promoted by the
humidity of the cUmate and by artificial improvements. The
characteristic industry of the department is the rearing of hoi-ses

and other live stock ; the horses number 92,839, besides several
thousands of asses and mules, and there are 270,000 horned cattle,

277,000 sheep, upwards of 100,000 pigs, and 40,000 beehives. In
1876 the department yielded 1,458,476 hectolitres of wheat, 83,393
of meslin, 1,014,662 of barley, 427,360 of sarrasin, 484,365 of oats,

52,236 of rye, 683,334 of potatoes, 72,401 of diied legumes, 363,372
of beetroot, and 8758 quintals of hemp ; and in the same year
there were manufactured 86,088 kilogrammes of linseed oil and
39,380 kilogrammes of colza oil. The arable and meadow lands
occupy the eastern portion of the department ; legumes are grown in
the west, where lands adapted tor market gardening purposes are
worth as much as 15,000 francs per hectare. Manche has a larger
production of cider than any other department of France (upwards
of 28,000,000 gallons). Besides apples, pears, plums, cherries, and
figs are grown. The fields are lined with rows of oak, elm, and
beech, which furnish good timber for building purposes. The aspen,
poplar, walnut, and chestnut are also common. Some attempts at
reclamation have been made along the sea-shore. , The department

cortai IS valuable graruto qunrrios in tho Chcrboiug arroudisscment
and the Chausay Islands ; there are also deposits of carboniferous
marble, kaolin, talc, and of calcareous sand ("tangue") used as
manure. Tliere are smiths' forges and iron foundries, important
brass foundries, and establishments for tho manufacture of tools,

needles, and other kinds of hardware. The port and arsenal of

Cherbourg is very complete in all its appointments. Tho depart-
ment has 45 wool-spinning factories with 13,123 spindles, and 6
cotton-spinning mills with 60,000 spindles ; and cloth-making,
paper-making, tanning, and other industries are carried on. On tho
coast there are important beds for oyster culture, and the maritime
population, when not engaged in the pursuit of tho herring, mackerel,
or lobster, collect ware and sea-grass. Ihe shipping of JIanclio

amounts to some 4600 vessels, with an aggregate tonnage of 29,000
tons ; tho exports consist of butter, eggs, poultry, live stock, legumes,
meat, fish, horses, grain, stone, bj^siery, and hardware. The popu-
lation in 1876 was 539,910. There arc six arrondissements
(St L6, Avranches, Cherbourg, C'outances, llortaio, Valognes), 43
cantons, and 643 commtmes ; tho capital is St L8.

MANCHESTER, a city whose industries are famous
throughout the civilized world, is situated in the south-

eastern corner of Lancashire, and forms the centre of the

towns and villages which constitute the great English

cotton district.

The city of Manchester and the borough of Salford are

about 180 miles north-west of London, and lie in 53' 29'

N. lat., 2° 14' 23" W. long. Th« sister towns stand for

the most part on a level plain, the rising ground being

chiefly on the north side. The rivers are tho Irwell, the

Medlock, the Irk, and the Tib, the last entirely overarched

and covered by streets and warehouses. The Ir*ell,

which separates Manchester from Salford, is crossed by a
series of bridges ; it has here an average width of 91 feet

and an average depth of about 7 feet ; and it discharges

itself into the Mersey, which is about ten miles distant.

The chief part of the district, before it was covered with tho

superficial drift of sand, gravel, and clay, consisted of upper
New Red Sandstone with slight portions of lower New Red
Sandstone, magnesian marls and upper red marls, hard
sandstone and limestone rock, and cold clays and shales of

contiguous coal-fields. The town, as its thousands of brick

built houses show, has been for the most part dug out of

its own fields of clay. The parliamentary borough of

Manchester has an area of 6349 acres ; the municipal area

is 4294 acres. The parliamentary and municipal bound-
aries of Salford are identical, and have an area of 5208
acres.

Paries and Statues.—Of the parks and open spaces the
principal is the Peel Park in Salford, containing an area of

about 40 acres. In its centre is the building containing

the Salford library, and also a valuable museum of natural

Iiistory and a collection of paintings known as the Lang-
worthy gallery (buUt and endowed by the late Mr R R.
Langworthy, a wealthy Manchester merchant). Among the

notable pictures may be named tho Last Sleep of Argyll

and the Execution of Montrose, by Mr E. M. Ward.
Seedley Park, Ordsall Park, and Albert Park have been
recently constructed, and are situated in Salford,—where
also is the Kersal Moor, a bit of wild moorland, some
21 acres in extent, now under the care of the corporation

of Salford. The moor has long been noted for the
richness of its flora, about one-eighth of the English
flowering plants having been gathered on its very limited

area. It has also been the scene of an entomological

incident of some interest—the capture of the CEcopliara

Woodiella, of which there is no other recorded habitat.

The Queen's Park at Harpurhey is pleasantly situated,

notwithstanding that it is now completely surrounded by
cottages and manufactories. In the centre is a sm.all

museum, the chief interest of which depends upon a series

of phrenological casts made by GaU and Spurzheim and
completed by Bally. Philips Park is also attractive, not

withstanding its close proximity to some of the densest
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portions of the town. Tlie principal parks so far named
were constructed from money obtained by a public

subscription in 184G, but the Alexandra Park at Moss Side

lias- been entirely paid for out of the public rates. It

nas very good ornamental grounds, but owing to the

difficulties of fhe situation the construction has been some-
what costly. In this connexion may be mentioned the

Botanical Gardens, which are situated at Old Trafford, and,

although intended chiefly for the subscribers, are ODen at

certain times to the public on liberal terms.

Manchester is not remarkable for the number oi its

public memorials of the dead ; but it possesses some

which should not be passed unnoticed. Cn rrorit of thi

infirmary are bronze statues of Wellington, Watt, Dalton

and Peel. A bronze statue of Coliden occupies a prominent

position in St Ann's Square. Tlie marble statue of the

Prince Consort, covered by a Gothic canopy of stone, ia

placed in Albert Square, in proximity to the town-hal!,

the enormous proportions of which have the effect ol

dwarfing what would otherwise be a striking monument.
The most picturesque is the bronze statue of Cromwell, on

a huge block of rough granite as pedestal. In the Pee!

Park are statues of Queen Victoria, the Prince Consort, Sit

Robert Peel, and Joseph Brotherton.

5^1

Plnn of JIancIiester.

VnUic BiiUdi)i(js.—There arc many fine public buildings

n Mauchcstei Among them may briefly be noticed the

royal infirniarv. consisting of three sides of a quadrangle,

,ine Ol which owes its existence to tbe benevolence of Jenny
Lind, w,ho gave two concerts in order to raise the necessary

'nnd? riic institution will accommodate about two
luiulroa and sixty patienit The royal exchange is a fine

siiccitncn ot Italian .arclutecture, and was erected in 1869
;

the gixv'it mecting-liall is one of the largest rooms in

Engluim, the ceiling having a clear area, without supports,

of 120 feet in width "The exchange is seen at its best on
market days. (Tiic<;-l;iy and Friday), when representitivcs

from all parts of Lancashire, and indeed of the neighbour-

ing counties, are earnestly engaged in buying and selling.

The assize courts were built in 1SC4 from designs by

Waterhouso. The style is a mixture of Early English

and Decorative, and a large amount, of decorative art has

been expended on • the building. Ihe cost was- about

£100,000. The Xew Bailey prison, intended for the

criminals of Salford hundred, was built (1787) in accora-

ance with tJie suggestions of Howard, the' prison philan-

thropist, but in 1868 the present structure, at the reai

of the assize courts, was erected. The style of archi-

tecture is Norman, and the building, which covers 'J

acres, cost £170,000. The city jail is situated in Hyde
Road. . The old town-hall was built in 1832, in imitation
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of tlio Erectheura of Atheus, at a coat o[ £40,000 ; it ia

now occupied by the town' library. The business of the

city is conducted in the new town-hall, probably beyond
dispute the most important municipal building in the

kingdom, if ndt in Europe. It was completed in 1877,

from designs by Waterhouse, who selected as the style of

architecture a form of Gothic, but treated it very freely

as purposes of utility required. The edifice covers 8000
square yards, and includes more thau two hundred and

fifty rooms. The triangular or fiat iron form of the site

was a great difficulty, but. the arehittsct has skilfully sur-

mounted it. The building consists of continuous lines of

corridors surrounding a central courtyard and connected

by bridgeSv The principal tower is 260 feet high, and
atfords a view which extends over a large part of South
Lancashire and Cheshire, and is bounded only by the hills

of Derbyshire. It contains a remarkable peal of bells by
Taylor of Loughborough, forming an almost perfect

chromatic scale of twenty-one bells ; each bell has on it a

line from section 105 of Tennyson's In Meinoriam. The
great hall ia 100 feet long and 50 feet wide, and containa

a magnificent organ built by Cavaillii-Coll of Paris. The
panels of this room are being filled with mural paintings

illustrating the various incidents connected with the history

and progress of the city. The total cost of the building

lias been £1,053,204, inclusive of £201,925 for interest.

The branch Bank of England is a Doric building designed

by Cockerel). The Salford town-hall is also Doric ; and

there are besides separate town-halls for the townships of

Ardwick, Chorlton, Hulme, Cheetham, Broughton, and

Pendleton. Tlie Free Trade hall is a fine structure in the

Lombardo-Venetian style, and its great hall will accommo-

date five thousand people. It is used for public meetings,

concerts, itc, and was built by Walters. The young men's

Christian association hall was originally used as a natural

history museum. The Royal Institution, built by Sir Charles

Barry, is a proprietary institution intended for the encourage-

ment cjiiefly of the fine arts. In the entrance hall are casts

of the Elgin llarbles, given by George IV., and a statue of

Dalton by Cliantrey. There is a smaU permanent gallery,

and periodical exhibitions of pictures are held and coui'ses

of lectures delivered. Arrangements have now (1882) been

concluded by which the institution will become the pro-

perty of the town and be managed by a joint committee of

menibers of the town council and others interested in art

and literature. The ^^thenfeum, also designed by Barry,

was founded by Richard Cobden and others associated

with tin;, for "the advancement and diffusion of know-

ledge." The institution has, perhaps, not developed

exactly on the lines contemplated by its promoters, but it

has become olie of the most useful in the town. All the

advantages enjoyed by members 6f-high-class social clubs,

with the addition of facilities for educational classes and
tbe use of an excellent news-room and a well-selected

library of 18,000 volumes, are offered in return for a

l>ayment which does not amount to a pfenny a day. The
mechanics' institution contains a library of 17,000 volumes,

«nd has connected with it excellent day and evening schools,

and classes for technical instruction. The Portico is a

good specimen of the older proprietary libraries and news-

rooms. It dates from 1806, and has a library of 20,000
volumes. The Memorial Hall was built to commemorate
the memory of the Nonconformist ejected ministers of

16G2. The Unitarian home missionary board has here

its library and rooms for the education of students ; and
the building is used for a variety of meetings, scientific,

educational, musical, and religious. The inconvenience

arising from inadequate provision for postal service is, after

manj years of hesitation, to be remedied by the erection, now
(1882) in progress, of n commodious post-office.

Means of Commnnicdlion —The opening of the Man-
chester and Liverpool Railway in 1830 marked an im-
portant epoch in the history of modern industry, and since

that time Manchester has gradually been connected by rail

wdth every part of the kingdom. The enormous traffic by
this meaus has not, however, entirely superseded the use
of the canals, which formerly played so important a part in

the cotton industry. The construction of the Bridgewater
Canal in 1761 was an event second in impoiiance only to
that of the introduction of the railway system. There are
three large railway stations, Victoria, London Road, and
the Central, and several minor ones. The excellence of the
omnibus system of the city was perhaps one principal cause
for the somewhat tardy adoption of tramways ; but these
have now rapidly developed, and ensure facilities for transit

between the diS'erent parts of the city and also for com-
munication with the neighbouring towns and villages. The
establishment of a ship canal to connect Manchester with
the sea has been frequently suggested at intervals for the
last sixty years, and a scheme of tidal navigation elaborated

by Mr Hamilton Fulton is now (1882) being actively dis-

cussed.

Water Supply.—This is under the control of the cor-

poration, which supplies not only the citizens but the sur-

rounding populations. The gathering-ground is a series of

reservoirs in the valley of Longdendale, chiefly along the

course of the river Etherow. Woodhead, the chief reservoir,

20 miles from Manchester, ia 777 feet above sea-level, is

72 feet deep, covers an area of 155 acres, and has a capacity

of 1,235,000,000 gallons. The present system of water-

works, including the portions now being constructed at

Audenshaw and Denton, have an area of reservoirs of 854^
acres, and a capacity of holding 6,914,000,000 gallons.

The average daily supply of water was in 1855 8,078,152
gallons; in 1881 it was 18,929,704 gallons. In 1877 the

water committee announced that in view of the increased

demand it would be necessary to obtain additional or fresh

sources of supply. The proposal to utilize Thirlmere in

Cumberland for this purpose was vehemently opposed, but
the scheme was eventually sanctioned by parliament, and
the works have been begun, but have not as yet made
rapid progress. Thirlmere ia 533 feet above the sea, and
it b proposed to raise it by an embankment, to 684 feet

above the sea. From this height it is estimated thata
maximum quantity of 60,000.000 gallons might be with-

drawn daily.

Lif/hting.—The corporation not only manufactures gas

for the lighting of the city, but sells it to out-districfs.

The area of distribution amounts to 42 square miles, and
the street mains for the gas supply are 697 miles long.

The entire assets of the gas-works were valued in

September 1881 at £1,386,942. The average quantity of

gas transmitted daily was 2,425,630,000 cubic feet. .The

revenue from the sale of bye-products is about £90,000.

Salford, which is supplied with water by Manchester, has

its own gas-works, the property of the ratepayers, and

managed by a committee of the town council.

Administration of Justice.—The city has a stipendiary

magistrate who, in conjunction with lay magistrates, tries

cases of summary jurisdiction in the police courts ; these

are held in a building erected for the purjjose, and haviug

some architectural pretensions. There are also quarter

sessions, presided over by* recorder. Separate sessions

are held for the Salford hundred. Salford has also a

police court with a stipendiary magistrate. Certain

sittings of the Court of Chancery for the duchy of Lancaster

are held in JIanchester. In addition to the county

court, there is an ancient civil court knoWB as the

Salford Hundred Court of Record. Assizes have been held

since 1866.
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Chm}tes.—Th& chief ecclesiastical building in Man-

chester is the cathedral, which, however, hardly corre-

sponds to the ideas usually associated with that word. It

was indeed built simply as a parish church, and, although

a fine specimen of Perpendicular Gothic, is by no means

what might be expected as the cathedral of an important

and wealthy diocese. Though there are remains of older

work, the bulk of thebuilding belongs to the early part of

the 15th century. The first warden was John Huntington,

rector of Ashton, who built the choir. The building, which

was noticed for its hard stone by Leland when he visited

the town, did not stand time and weather well, and by

1S45 some portions of it were rapidly decaying. This led

to its restoration by Holden, which was not finished until

1868, when the tower was almost completely renovated in

a more durable stone than that formerly used. The total

length is 220 feet and the breadth 112 feet; the only parish

church exceeding it in this last dimension is said to be that

of Coventry. There are several stained-glasa windows. In

the Ely chapel is the altar tomb of Bishop Stanley, the

father of the gallant Sir John Stanley, who fought at

Flodden Field. In the stalls there are some curious

miserere carvings. The tower is 139 feet high, and con-

tains a peal of ten bells, chiefly from the foundry of the

Rudhalls. There are two organs, one by Father Smith,

and 3 new one erected at a cost of more than £7000, and

enclosed in an oak case designed by the late Sir G. Scott.

The church endowments are considerable, and have been

the subject of a special act of parliament, known as the

Manchester Rectory Division Act of 1845, which provides

£1500 per annum for the dean, and £600 to each of the

four canons, and divides the residue among the incumbents

of the new churches formed out of the old parish. There

are about one hundred places of worship in Manchester

belonging to the Church of England, but they are not

especially remarkable. Of the Roman Catholic churches,

the most important are the cathedral church of St John
in Salford, of the earliest Decorative character, with a spire

240 feet in height, and the church of the Holy Name,
which belongs to the Jesuits, and is remarkable for its

costly decoration. Salford is the seat of a Roman Catholic

bishopric, as Manchester is the seat of an Anglican one.

Most of the Nonconformist bodies have churches in the

city and its environs. The meeting-house of the Society

of Friends is said to be the largest of the kind in the

kingdom, and will seat twelve hundred persons.

Literature and Scienee.—Manchester possesses numerous
associations for the cultivation of literature and science.

The oldest of these, the Literary and Philosophical Society,

founded in 1781, has a high reputation, and has numbered
among its working members John Dalton, Eaton Hodg-
kinson, William Fairbairn, J. P. Joule, H. E. Roscoe, and
many other famous men of science. It has published a
lengthy series of memoirs and proceedings. The Man-
chester Literary Club was founded in 1862, and publishes

an annual volume of papers. The Manchester Statistical

Society was the first society of the kind established in the
kingdom, and has issued Transactions containing many
important papers. The Scientific Students' Association,

the Field Naturalists' and Archceologists' Society, the
Microscopical Society, the Botanists' Association, the Geo-
logical Society, and the Science Association ,may also be
named. Several printing clubs, the Chetham, Record,
Holbein, and English Dialect societies, have their head-
ijuarters here. Nine daily papers are published, and the
journalism of Manchester takes high rank. The periodicals

issued are between fifty and sixty in number.
University and Schools.—There are many educational

facilities in Manchester and Salford. The oldest school is

tlie Manchester grammar school, which was founded in

1519 by Hugh Oldham, bishop of Exeter, who was a

native of Crumpsall, one of the outskirts of the town.

The foundation was done " out of the good mind he bore

to the county of Lancashire, perceiving that the children

thereof, having pregnant wits, were for the most part

brought up rudely and idly ; that knowledge might be

advanced, and that the children might be better taught to

love, honour, and dread God and His laws." The master and

usher appointed by the good bishop were to teach freely

every child and scholar coming to the school, " without

any money or reward taken." Some mills were devised

for the maintenance of the- school, which was further

endowed at both the universities by Sarah, duchess of

Somerset, in 1692. The school has been reconstituted on

a new basis within recent years, and has now two hundred

and fifty free scholars, whilst other pupils are received on

payment of low fees. Mr E. R. Langworthy bequeathed

to it £10,000 as an endowment for scholarships. Among
those educated at the grammar school may be mentioned

Thomas De Quincey and the late Mr Harrison Ainsworth.

The Owens College was founded in 184G by John Owens,
who left nearly £100,000 to trustees for an institution in

which should be taught "such branches of learning and
science as were then and might be hereafter usually taught

in English universities." The college was opened in 1851,

in a house which had formerly been the residence of Cobden,

but in 1872 it was removed to its present home, a hand-

some Gothic building designed by Waterhouse. An appeal

made to the public in 1867 in behalf of the college was

heartily responded to, and its capital funds now amouut to

over £400,000. The building is carefully adapted to its

purposes; and the chemical laboratory, a separate struc-

ture at the rear, is of the completest description.; The
first bishop of Manchester, Dr J. Prince Lee, who had an

interesting library of some 6000 volumes, bequeathed it

to the college, which has also received gifts of books and
money from various other quarters, and thus has now the

nucleus of an important collection. The Royal School of

Medicine, which was founded in 1824, and had acquired

the reputation of being one of the most successful of the

provincial schools, has been amalgamated with the college.

The Sledical Society has, by an arrangement with the

college authorities, deposited its valuable library of 22,000

volumes in the college rooms. The Manchester museum is

now the property of the college, and contains the bulk of

the specimens gathered by the Geological Society and by
the now extinct Natural History Society. A suitable build-

ing for the accommodation of -the museum has long been a

decided want, and is now (1882) about to be undertaken.

The growing importance of the Owens College led to the

project for a university charter. The proposal was not

received without some opposition, but as the result of

lengthy discussions and adjustments a scheme was evolved

for a university to consist of afliliated colleges, situated in

different towns, but having its centre in Manchester ; and

the charter of the Victoria University was granted in 1880,

with full powers to grant degrees except in medicine—an

exception which is to be removed. Among the other

educational institutions of the district are the Lancashire

Independent college, the Primitive Methodist college, the

Baptist institute, the St Bede's college (Roman Catholic),

the college for women, the Salford college for working

men, the sdiool of art, and many minor institutions. The
elementary education is controlled by an elected school

board. Salford has also a school board. Very nearly the

oldest educational institution in the town is the Chetham
hospital, a bluecoat school educating one hundred boys;

and almost the latest addition to these institutions is a

similar institution founded by the late Alderman NichoUs.

The schools for the deaf and dumb are situated at Old
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TratTord, in" a contigilous building of tho same Gotliio

design as tho blind asylum, to which Mr Thomas Henshaw
joft a bequest of £20,000. Thero is also an adult deaf

and dumb institution, containing a news-room, lecture-hall,

chapel, &c., for the use of deaf mutes.

Libraries and Museums,—Manchester ia well provided

with libraries. Tho Chetham library is sometimes spoken

of as the oldest free library in Europe, and certainly its

doors have been open without let or hindrance for mora

than two centuries, and the building which it occupies is

almost the only relic now left of ancient Manchester. What
had oiico been the barons' hall, and afterwards the residence

of tho clergy, was purchased by tho trustees of Humphrey
Cbetliam, and by them applied to the purposes of a blue-

coat school and library, provision for the foundation and

maintenance of which he had made by will. The library,

with its quiet and almost monastic corridors, forms a

striking contrast to the busy streets without. The contents

now amount to about 40,000 volumes, and include many
rare manuscripts and curious books, the gem of the collec-

tion undoubtedly being a copy of the historical compilation

of Matthew Paris, with corrections in the author's hand-

writing. There is a large collection of matter relating to

the history and archfeology of Lancashire and Cheshire. A
recent addition to its riches in this department is the ex-.

tensive series of Lancashire manuscripts bequeathed by the

late Canon Raines. The collection of broadsides formed by
Mr J. O. Halliwell-Phillips, and the library of Jchn Byrom,

rich in mystics and shorthand writers, should also be named.

In addition to the library, Chethaui left provision for the

educaticm of a number of poor boys, and the increase in

the value of the endowmeats has raised the number to one

hundred, who receive a good English education and are

aTterwards put to some useful trade or calling. An ad-

ditional school has recently been erected from designs by
Waterhouse, who has been successful in making the new
building harmonize with the quaint and sober architecture

of the hospital and library. The Manchester Free Libraries

xere founded by Sir John Potter, who was instrumental in

promoting a public subscription from which a building was

bought and stocked with books, and then handed over to

the town, by whose municipal authorities the libraries have

since been not only maintained but materially increased.

There is now a reference library containing -about 70,000

volumes, including an extensive series of English historical

works and a remarkable collection of books of political

economy' and trade. The chief object has been to make
a good working collection for the student and man of

letters. But, although the collection of objects dear to the

bibliomaniac has not been considered of first importance,

tho library now includes some literary curiosities of the tirst

rank, among them specimens of the press of Caxton and
Wyukyn do Aiyorde. Affiliated to the central consulting

library there are six lending libraries, the Hulme library

having 17,000 volumes, Ancoats 15,000, Rochdale Koad
15,000, Chorlton and Ardwick 17,000, Cheetham 12,000,

and Deansgate 18,000. Each lending library has attached

to it a commodious reading-room. There are also libraries

in connexion withthe Athenaeum, the mechanics' institu-

tion, the Portico, the Owens College, and other institu-

tions. The sister borough of Salford has also adopted the

free library system, and possesses at Peel Park a large

reference and lending library, whilst additional lending

libraries and news-rooms have been opened at Pendleton,

Greengate, and Regent Road.

Uccrcntion.—The city h.is always been noted for its lovfl of

theatrical- amusements, and tho German element in its population

h.ia ia the last fifty years largely ijilluenced the taste for music by
which it ia now distinguisEed. The theatre royal is a patent

theatre, and was opened in ISiS, its predecessor having been

•luruod in the previous year. It ranks in size with the large metro-

politan theatres, and has connected with it memories of nearly all

the great actora of the present and paat generation. Tlie I'nnce'fl

theatre was opened in 1864, and is- an elegant and beautifully

finished structure. The Queen's theatre ia a substantial building

with but small architectural preteTisions. A theatre has recently

been opened in Salford, Tbo concert-hall will hold twelve hundred
people. Thero are many musical societies ; and amongst other
places of amusement may bo mentioned the Belle Viio Zoological

Gardens, the Pomona Palace, and numerous music-halls, &c.

Papxdation.—According to the census of 1881, tho nuinicipal

borough of Manchester contains a population of 341,11'f (163,476
males, 177,939 ' females), while the parliamentary borough haa

393,685 (189,006 males, 204,680 females). Salford, on the same
authority, has 178,235 (84,610 males, 91,625 females). These
fagures, however, hardly convey the actual facts of the case.

Manchester and Salford are as closely joined as London and
Southwark, and are surrounded by populous districts quite as

much united as the component parts of what the registrar-genera]

styles "Greater London." Tneit haa bceu a seeming decrease

in the f>opulution tjf the city, which in 1S71 was stated to contain

365,655 persons ; but this appearance is fallacious, for, while the

progress of city improvements has reduced the number of inliabited

nouses in -the centi'o, there has been a large influx into Salford,

which has increased by 51,432 persons during the last ten years.

The two boroughs, with the urban sanitary districts immediately

contiguous, have a population of about 800,000 persons. In tha

Middle Ages there were in Manchester and Salford probably not

more than two or three hundred burgesses and theu- dependants.

In 1688 the population was estimated at 10,000, but the parish

is here meant. In 1757 the tw6 towns contained 19,839 persons,

iWho by 1773 had increased to 27,246, and by ,1783 to over 39,000.

At the first census in' 1801 Manchester had 76,275, and Salford

14,477. The last four census statements are :

—

Menchester. Salford.

1861 3e3,SS? 63,850

ISCt 338,722 102,-M9

1871 351,189 124.801

1881 3-U,414 176,235

The increase in rateable value haa been equally remarkable. In

1815 Manchester was rated at i;357,778 ; -in 1882 the estimate

was £2,761,469. The corresponding values for Salford were

£54,130 and £801,192.'

Sanitary Condition,—Manchester, like other towns, grew mora
riipidly than the provision for its wise government ; hut determined

eflorts have been made in the direction of sanitary improvement.

The death-rate in 1840 Was 34-3; in 1850, 29-6; in 1860, 23-0
j

in 1861, 30-4
; in' 1862, 30-3 ; in 1869, 28-9

; in 1870, 26-62 ; in

1871, 29-8
; in 1877, 25-4 ; in 1880, 24-7 ; and for nine months of

1881 it was 23-3. "Whatever may be the causes of these fluctua-

tions, it is clear that there is still ample room for further improve-

ment. The air laden with tho products of the combustion of coal,

and the unspeakably filthy rivers, are urgently in need of energetic

remedial actian.

Manufactures and Commerce.—As has already been stated, Man-
chester is the centre of the English cotton industiy ; but in the

town itself of late years the tendency has been more and more in

the direction of commerce. Owing to the enhanced value of land,

many mills and workshops have been removed to the outskirts and
to neighbouring villages and towns, bo that the centre of Manchester

and an ever-'widening circle around is now chiefly devoted not so

much to production as to the various oflices of distribution. Large

and handsome warehouses and shops abound, and there is every

evidence of quick and opulent life. It would be a mistake, however,

to regard Manchester -as solely dependent upon the industries con-

nected with cotton. There are other important manufactures which

in another community would be described as gigantic. "Wool and

silk are manufa«tured on a considerable scale, though the latter

industi-y has for some yeai-s been on the decline^ The misoenancous

and multifai'ious articles grouped under the designation of small-

wares occupy many hands. Machinery and tools, using the term

with its most comprehensive meaning so as to include alike philo-

sophical instruments and steam-engines, are made in vast quanti-

ties. The chemical industries of the city are also on a large scale.

In short, there are but few important manufactures that are whoUy
unrepresented. The proximity of Manchester to the rich coal-fields

of Lancashire has had a marked influence upon its prosperity ; but

for this, indeed, the rapid expansion of its industries would have

been impossible.

It would probably be difficult to Gna a community m any p,Trt

of the world with which Manchester has no commercial relations.

The enterprise of its merchants has kept pace v-ith the eneigy of its

manufacturers, and the products of its looms are to be found in

every land, though doubtless the supremacy which its cotton goods

have held in the markets of the world tends to become more and

more abated by tho gradually inercasicg forsign competition.

From figures laid before the Manchester Statistical .Society, the

money extent of trailing operations at this centre has been calon
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ktca at about £207,000,000 in 1872 and £318,000,000 in 1881.

These H-urcs though to be taken with certain reservations, indicate

ani.ioximately the extent o£ the actirity o! the city.

'

The commercial institutions of Manchester are too nnmerons for

detailed description. Its chamber of commerce has 'or more than

sixty years heli a position of much influence in regard to the t.ade

bftL district ani of the nation. There are eleven joint-stock

h-,nks seven of which have their head offices in the town • these

Links' besides numerous branches in the surrounding district, have

siteen branches iu the town ; and there are severa' vnvate bankers

Municiimlitu —The affairs of the town are regn.iied by a councu

consistinrof sixty-four representatives of the fifteen wards info

which til city is divided. The body corporate of sixteen aldeimen

and foity-cight councillors, who are presided over by the mayor

has shoin much enterprise and pubfic spirit in the energy with

which it has prosecuted pubUo improvments, and in the business

ability with which it has managed the vast undertakings connected

with the lighting and water supply of the town. The town councl

of Salford ransifts also of sixteen aldermen and forty-eight coiin-

sillors. aud there are fourteeu wards. ,,•.„
Hii^lorv —Very little is known with certainty of the early history

of Mauciiester. It has, indeed, been conjectured and with some

probability, that at Castlefield there was a Bntish fortress, which

was afterwards taken possession of by the soldiers of Agiicola It

U at all events certain that a Roman station of some importance

^xUted in this locaUty, and a fragment of the wall still exists. In

the last century considerable evidences of Roman occupation we.e

stiU visible ; aid from time to time, in the course of excavation

speciaUy during the making of the .BriJgewater Canal) Roman

reiaius have been found. The corns were
*"f?

tl""^. "^

Vespasian, Antoninus Pius, Trajan, Hadrian, J^ero, Domitian

iVitellius, and Constantine, The period succeeaing the Roman

occupitL is for some time legendary As late as the 17th century

there was a floating tradition that Tarqum, an enemy of King

Arthur, kept the carUe of Manchester, and was killed by Launeelot

of the Lake The mention of the town in authentic annals is very

ll^nty It' was probably one of the scenes of the missionary

preaching of PanUnus ; and it is said (though by a chronicler of

Comparatively late date) to have been the residence of Ina fang

of Wessex, and his queen Ethelberga, after he had defeated Ivor

somewhere about the year 689. Nearly the only pmnt of ceTtainty

iu its history before the Conquest is that it suffered greatly from the

devastations of the Danes, and that in 923 Edward, who was then

at Thelwall, near Warrington, sent a number of his Mercian troops

to repair and garrison it. In Domesday Book Manchester, Salfoid

Rochdale, aud Radcliffe are the only places named in South- Last

Lancashire, a district now c'overed by populous towns. Large por-

tions of it weie then forest, wood, and waste lands. Twenty-one

thanes held the manor of Salford among them. The church of bt

Mary and the church of St Michael in Manchester are both named

in Domesday, and some difficulty has arisen as to their proper

identilieation.' Most antiquaries have considered that the passage

refers to the town only, whilst others think it relates to the parish

uiid that, while St Mary's is the present cathedral, bt Hicliaei s

would he the present parish church of Ashton-nnder-Lyne Man-

Chester and Salford are so closely allied that it is impossible to dis-

associate their history. Salford received a charter liom Ranulph de

Bluudeville, in the reign of Henry III., constituting it a liee

borough, and Manchester iu 1301 received a similar waiTant ol

municipal liberties and privileges, from its baron, Thomas bresley,

a desccndaut of one to whom the manor had been given by

Roger of Poictou, who was created by William the Conqueror

lord of all the land between the rivers, Mersey and Kibble

The Gresleys were succeeded by the De la Warres, the last

of whom was educated for the priesthood, and became rector

of the town. To avoid the evil of a non-resident clergy, he made

considerable additions to the lands of the church, ui order that

it might be endowed as a collegiate' institution. A sacred guild

was thus foi-med, whose members were bound to perform the

necessary services at the parish church, and to whom the oW

baronial hall was granted as a place of residence. The manorial

rights passed to Sir Reginald West, the son o Joan Greslct ai^ he

^TO3 summoned to parliament as Baron de la \V am. The West

family in 1579, sold the manorial rights for £3000 to John Lacj-,

vdio in 1596, resold them to Sir Nicholas Moaley, whose dosceud-

ants enioved the emoluments and profits to bR derived from them

until the middle of the present ccntuiy (1845), when they were

purchased by the present town council of M-.-incnester for a sum o

£200 000. The lord of the manor had tne right to tax and toll aU

articles brought for 8.ale into the market of the towTl. But, though

the inhabitants were thus to a large extent taxed for the benefii of

one individual, they had a far gieater amount of local self-govern-

ment than might have been supposed, and the court l-e'. "hich

was then the .Governing body of the town, had, though doubtless in

i somewhat rudimentary form, ne.uly all 'l";a'°""^^"'^/""f'X
now possessed by municipal corporations. This court had no only

control over the watching aud watering of the town, the regulation

of the water supply, and the cleaning af the streets, but also h*l

power which at times was used freely, of interfering with what

would now be considered the private liberty of their fellow-citizens

Some of the regulations adopted, and presumably enforced, sound

grotesquely at the present day. Thus, no single w'oman was allowed

to be a householder ; no person might employ other than the town

musicians ; and the amount to be spent at weddmg feasts and other

festivities was carefully settled. Under the protection of the barons

the town appears to have steadUy increased in prosperity, and it

earlv became an important seat of the textile manufactures, tun-

ing mills were at work in the district in the 13th century ;
and

documentary evidence exists to show that woollen manufactures

were"arried on in Ancoats at that period. In 1641 we hear of the

Manchester people purchasing linen yarn from the I"f'!'f"'°f
it and returmng it for sale in a finished state. They also brought

co'tton wool from Smyrna to work into fustians and dimities. An

Act nassed in the reign of Edward VI. regulates the length of

totto^s ctued Manch^ester, Lancashire, and Cheshire cottons.

These, notwithstanding their name, were probably all woollen tex-

tures It is thought that some of the Flemish weavers who were

n oduced into Ingland by Queen Philippa of H-nault were

settled at Manchester ; and FnUer has given an exceeding y quaint

and picturesque description of the manner in w-hich these artisans

were welcomed by the inhabitants of the country they were about

7o enrich with a new industry, one which in after cen uries has

become perhaps the most important industry of the country The

Flem°sh^ weavers were in all probability -"fo'-d
^J

"^S-"^

refueees from the Low Countries. Leland, writmg in 1633, describes

Manchester as the " fairest, best builded, <!»;'=''"'; ^,
"'I,

"f'^P";
lous town of Lancashire." The right of sanctuary had been granted

to the town, but this was found so detrimental to its mdustrial pur-

suits that after very brief experience the privilege was taken away.

T^e college of Manchester was dissolved in 1547, but was refound«l

in Marv's reifTi. Under her successor the town became the heaa-

auarteis of the commission for establishing the Reformed religion.

^
In the civU wars, the town was besieged by the Royalists under

Lord Strange, but was successfully defended by the .nhahitante

under the command of a German soldier of f?' t"""'
.
'^°1°°^' ^°^

worm, who complained with some bitterness of then- ingratitjide to

him An earlier afi^ray between the Puritans and some of Lord

Strange's followers is said to have occasioned the shedding of tha

first blood in the disastrous struggle between the king =>nd pwlia-

ment. The year 1689 witnessed that strange episode, the trial of

ftose concerned in the so-called Lancashire plot, which ended in

the triumphant acquittal of the supposed Jacobites. That the d^-

trict really contained many ardent sympathizers with the St^.aiis

as, however, shown in the rising of 1716 when tbe clerfflr

ran"ed themselves to a large extent on the side of the Pretender,

Ind-was StiU more clearly slown in the rebellion of 1«5 when the

town was taken possession of by Prince Charles Edward Stuart, and

a Te" iraent known afterwards as the Manchester reginient, was

fomed and placed under the command of Colonel Francis Townley

InThe fatal retreat of the Stuart troops the Manchester contingenl

was left to garrison Carlisle, and surrendered to the duke of Cum-

berland. The officers were taken to London, where they Were tried

for hi»h treason and beheaded on Kennington Common.

The°variations of political action in Manchester had been exceed-

ingly marked. In the 16th century, although it produced both

Calholie and Protestant martyrs, it was earnestly in favour of the

Reformed faith, and in the succeeding century " "^"ame i ule.a a

stronghold of Puritanism. Yet the descendants of the Kq^' f'^^J*

who defeated the army of Charles I. were Jacobite in their sym-

p,athies aud by the latter half of the 18th century had become

Fmbued with the aggressive form of patriotic sentiment known as

Ujacobinismjch^oweditseli^

the last and the beginning of the present century, led to bitter dis-

content, and the anomalies existing in the parliamentary system of

reprosentation afforded only too tair an object of attack While

sin"le individuals in some portions of the country had the powei

to Return members of parliament for their pocket boroughs, great

towns like Manchester were entirely without representation. The

injudicious conduct of the authorities, also, led t° '" "'C'™^ " 'ne

bitterness with which the working classes regal ded the condition ot

soc" r»' -hieh they found themselves compel ed to to.l wl 1. very

liitl« iirrfit to themselves. Their expressions of discontent, instead

I birfvlrtyr girded as svmptomLf disease h, the body politic,

^ere ooked upon as cr,n,es,-and the severest efforts were made to

rel ross all expression ot dissotisfaction. This foolish policy of the

an lorities reached its culmination in the afl-air of Peterloo which

may be regarded as the starting point of the modern reform ^itat.on

This was in 1819, when an immense crowd assembled on bt 1 otol s

F elds (now covered by the Free .Trade hall and warehouses) to

p ion parliament for a'rcdress of their grtevances. The authorities

tad the Riot Act read, but in such a manner as to be quite unlieard

by the mass ef the people ; and drunken yeorainry cavalry wer)
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Ihcn turned loose upon the nnresistinp; mass of spectators. Tho
yoomaury appenr to-lmve usij thuii sabres soinowliat frtoly ; several

piio[ilo were killnil ami many more injured ; and, although Iho

magistrates reeoived the thanks of the prince regent and the

Tninistry, their conduct excited t\w deepest indignation throughout

tho entire country. Naturally enough, the Jlauchester politicians

took an important part in the refown agitation, and when tho Act
of 1832 was passed, the town sent as iL^ ropresentatives the liight

Hon. C. P. Thomson, vice-president of tlie Board of Trade, and

Mr Mark Philips. With one notable exception, this was tho first

time that Mancnester had been represented in parliament since its

Karons had seats in the House of Peers id the earlier centuries.

In 1654 Mr Charles Worslcy and Mr R. Eadclitro were nominated
to represent it in Cromwell's parliament. Worsley was a man of

great ability, and must ever have a conspicuous place in history as

the man who carried out tho injunction of the Protector to ** remove
that bauble," the, raaco of the House of Commons. The agitation

for the re])oal of the corn laws had its headijuarters at Manchester,

and the success whicli attended it, not less than the active interest

taken by its inhabitants in public questions, has made the city the

Irome of various projects of reform. The *' United Kingdom
Alliance for the suppression of tho liquor traffic" wa5 founded
tirore in 3853, and during the continuance of tlio American "War,

the adherents both of the North and of the South deemed it desir-

able to have organizations to influence public opinion in favour of

their respective causes. A charter of incorporation was granted in

1838 ; a bishop was appointed in 1847 ; and tho town became a

city in 1S53. The Lancashire cotton famine, caused by the civil

\rar in America, produced ranch distress in the Manchester district,

and led to a national movement to help tho starving operatives.

Tho relief operations then organized are amongst the most remaik-
able efforts of modern philanthropy.

AJthougli Boveral excellent books have been written on subjects connected with
tho town, there is no aOcquate modem history. The History ofMajtchcMer, by
tho Rev. John W'hitolter, appeared in 1771; it is a meie fragment, and, tliough

contalnhig much important matter, requires to bo very discreetly used, 'ilie

following may be recommended :—Reiliy, BUtoi'v of Manchester, 1861 ; Procter,

ilanchester in lloHdaij Dress (ISGfi), Memorials ofManchester Streets (1871), Memo-
riats of Biyjone Manchester, 1S80; Buxton, Sotanical Onidii to Manchester; &c.,

2d cd., ISJl) : Axon, Uandbook of t'le Public Libraries of Manchester and Satford,

1877 ; Grindun, Manchester' Flora, 1850 l Baines, UisCoi-y cf Lancashire, 2d ed.,

im- (VV. E. A. A.)

MANCHESTER, a town of the United States, in Hart-

ford county, Connecticut, witli a station on the New York
and New England Railroad, 8 miles east of Hartford. Its

spinning and weaving mills turn out annually 2,000,000

yards of gingham and 90,000 pairs of stockings ; and its

paper milb (upwards of a dozen in number) produce not

only vast quantities of Ijook paper but Government and
bank-note paper for several nations. At South Manchester,

2i miles distant, and reached by a branch line, are the silk

factories of Messrs Cheney, which cover about 8 acres, and

give employment to one thousand operatives. The factory

village has been laid out by a landscape gardener ; and
connected with it are a public hall, a library and reading-

room, and a free school The population of the town has

increased from 4223 in 1870 to 6462 in 1880.

MANCHESTER, a city of the United States, one of the

shire towns of Hillsborough county, New Hampshire, is

sitnated mainly on the left bank of the Merrimac, in a

broad plain about 90 feet above the level of the river, in

42° 35' N. lat. and 71" 31' W. long., 16 miles from Concord
and 46 north-west oE Boston. It is a terminus of several

railroads, as well as a principal station on the Boston,

Lowell, and Concord line. The general plan is regular and
spacious; there are several largo and ornamental squares,

and the main thoroughfare, Elm Street, is 100 feet wide,

more than a mile long, and bordered by the trees from
which it takes its name. Towards the river the frontage

consists of great brick-built factories and substantial tene-

ments for the accommodation of the operatives. A city-

hall (rebuilt aftef the fire in 1842), the county court-house,

the State reform school (for one hundred and fifty pupils),

two opera-houses, and a Roman Catholic convent (St Ann's)

and orphan asylum are among the buUdings of note. The
city library (24,000 volumes), founded by private enterprise

in lSt4 as the^Manchester Athenasum, became public pro-
perty in 1854"!^ Water from Lake Massabesic (4 miles
distant and 2300 acres in extent) was introduced into ^he
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town in 1874, at a cost of nearly $1,000,000, and is stored

in a reservoir capable of containing 16,000,000 gallons.

It is almost exclusively to the water-jxiwer furnished by the

Blodgett Canal (built in 1816 round the Amoskeag Falls,

whicii have a descent of 47 feet) that Manchester owe? its

prosperity as a manufacturing centre. Tho Amoskeag Com-
pany (dating from 1831), tho Stark mills (1838), the Man-
chester mills (1839), the Langdon miUs (1857), and the

Amory mills (1880) are tho loading establishments; they

possess an aggregate capital of S7,650,000, work 12,000
looms and 409,000 spindle.s, and make 143 miles of wob
daily. Locomotive engines (produced at the rafe of

fourteen per month), steam fire-engines, edge tools, circular

saws, files, sewing machines, carriages, leather, boots and
shoes, paper, and ale all likewise form important items in

the local industry. Manchester is governed by a mayor,

a board of aldermen (one member for each of the eight

wards), and a common council (three members for each

ward). The assessed value of property in 1881 was

$19,175,408; and the city debt §905,550. The popula-

tion, which was 13,932 in 1850, stands in the succeeding

decades at 20,107, 23,536, and 32,630, and is stated '"

1882 at 36,500.

Originally settled in the close of the irth century by Scotch

Presbyterians and Massachusetts Puritans, Derryfield, as it was then
called, though incorporated in 1751 , continued for upwards of seventy

years to be a place of less than one himdred inhabitants, with
neither minister nor la^v^'er, and so dependent on the river fisheries

that the eels were known as the "Derryfield beef." The name
Manchester was legally recognized in 1810, and a city charter was
granted in 1846. 'The city has recently been described as paying
nearly one-ninth of the State tax and producing one-eighth of the

manufactured goods made in the State, as embracing one-tenth of

the population of the State, as the fourth city of the Union in the

value of its cotton and woollen manufactures, and the third city

in New England in increase during the last decade.

MANCHURIA is the name by which the territory in

the east of Asia occupied by the Manchus is known in

Europe. By the Chinese it is called the country of the

Manchows, or, as it is pronounced by the natives, of tho

Jlunchus, an epithet meaning " Pure," chosen by the

founder of the dynasty which now rales over Manchuria

and China as an appropriate designation for his family.

Manchuria as it has existed for upwards of two centuries,

that is to say since it has had an historical existence, is

a tract of country lying in a north-easterly and south-

westerly direction between 38° -iO' and 49° N. lat. and
120° and 133° E. long., and is wedged, in between China

and Mongolia on the west and north-west, and Corea and

the Russian ten-itory on tho Amur on the east and north.

Speaking more definitely, it is bouidcd on the N. by the

Amur, on the E. by the Usuri, on tho S. by the Oulf of

Leaou-tung, the Yellow Sea, and Corea, and on the W. by

the river Nonni and a lino of palisades which stretch

from Kwan-chung-tsze to the Great Wall of China. The

territory thus defined is about 800 miles in length and 500

miles in width, and contains about 390,000 square miles.

It is divided into three provinces, viz., Tsitsihar or North-

ern Manchuria, Kirin or Central Manchuria, and Leaou-

tung or Southern Manchuria. Physically the country is

divided into two regions, the one a series of mountain

ranges occupying the northern and eastern portions of the

kingdom, and the other a plain which stretches southwards

from Moukden, the capital, to the Gul? of Leaou-tung.

Speaking generally, the mountains run in a direction

parallel with the lie of the country, and are interspereed

with numerous and fertile valleys, more especially on the

southern and eastern slopes,- where the Summer sun biicg

to rich perfection the fruits of the soil fertilized by ttte

showers of the south monsoon.

The principal range of mountains is the Shan-a lin, the

Chinese Chang pik Shan -''tha long whit« mountains."
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^ihxch runs in a north-easterly direction from the shores of

the Gulf of Leaou-tung to the mouth of the Amur river.

In its course through Northern Manchuria it forms the

watershed of the Sungari, Hurka, and Usuri rivers, and in

the south that of the Ya-lu, Ta-yang, and many smaller

streams. It also forms the eastern boundary of the great

plain of Leaou-tung. The mountains of this range reach

their greatest height on the south-east of Kirin, where their

snow-capped peaks rise to the elevation of from 10,000 to

12,000 feet. The scenery among them is justly celebrated

for the grandeur of its beauty, more especially in the neigh-

bourhood of Haiching, Siu-yen, and the Corean Gate.

Another range forms a parallel line to the Shan-a-lin

mountains on their west, and runs from the neighbour-

hood of the junction of the Hurka and Sungari rivers,

passing Kirin, to the plain on the north side of Moukden.

The three princiiial rivers of Manchuria are the Sungari,

Hurka, and Usuri clready mentiouecl. Of the.se the Sun-

gari, which is the largest, risen on Ibe northern slopes of

the Shau-a-lin range, and runs in a, north-westerly direction

to its junction with the Nonni, from which point it turns

north-east until it empties itself into the Amur. It is

navigable by native junks above Kirin, to which city also

the Kussians have succeeded in travelling on it by

steamer. In its long course it varies greatly both in

depth and width, in some parts being only a few feet

deep and spreading out to a width of more than a mile,

while in other and moiintainous portions of its course its

channel is narrowed to 300 or 400 feet, and its depth is

increased in inverse ratio. The Usuri rises in about 44°

N. lat. and 131° E. long., and, after running a north-

easterly course for nearly 500 miles, it also losea itself in

the Amur. The Hurka takes its rise, like the Sungari, on

the northern slopes of the Shan-a-lin range, and not far

form the sources of that river. It takes a north-easterly

course as far as the city of Ninguta, at which point it

turns northward, and so continues until it joins the Sun-

gari at San-sing. It is navigable by junks between that

city and Ninguta, though the torrents in its course make
the voyage backwards and forwards one of considerable

difficulty. Next in importance to these jivers are the

Leaouand Ta-yang, the former of which rises in Mongolia,

and after running in an easterly direction for about 400

miles enters Manchuria in about 43° N. lat., and turning

eouthward empties itself into the Gulf of Leaou-tung. In

bygone days large junks were able to sail up it as far .as

New-chwang, but owing to the silting up of the bed it is

not now navigable for any but small boats beyond Ying-tsze,

where the foreign settlement is situated. The Ta-yang

rises on the southern slopes of the Shan-a-lin mountains,

and flows southward into the Yellow Sea.

Moukden, or as it is called by the Chinese Shing-yang,

the capital city of Manchuria, is situated in the province

cf Leaou-tung, in 41° 40' N. lat. and 130° 30' E. long. It

occupies a fine position on the river Shin, an affluent of

the Leaou, and is a city with considerable pretensions to

grandeur. The city wall presents a handsome appearance,

and is pierced by eight gates. Like Peking, the town

possesses a drum tower and a huge bell. The streets are

broad and well laid out, and the shops are well supplied

with both native and foreign goods. The population is

estimated at about 200,000, including that of the suburbs,

the richest and most extensive of which are on the western

and southern faces of the city. Leaou-yang, which was
once the capital of the country, also stands in the province

of Leaou-tung, but it is not now a place of much import-

ance. Such trade as there is is carried on in the centre of

the city, the remaining portions being open, having been

turned into vejetablo gardens. The other cities in the

province are King-chow-foo on the west o£ the Golf oi

Leaou-tung ; Kin-chow, on the western extremity cf the

Leaou-tung peninsula ; Kai-chow, on the north-western

shore of the same peninsula ; Hai-ching, on the road from
Y'ing-tsze to Moukden ; Ki-yuen, a populous and prosperous

city in the north of the province ; and Hing-king, on tha

northern slope of the Shan-a-lin mountains, which is fanious

rather from the fact that it was the original seat of tha

founders of the present dynasty than for any pretensions

to present importance. The most important commercial

place, however, is the treaty port of Ying-tsze, which is

situated at the head of the Gulf of Leaou-tung. The
main street, which is lined with shops and warehouses, is

2 miles in length, and the trade there carried on is very

considerable. According to the custom-house returns the

value of the foreign imports and exports in the year 1880
was £691,954 and £1,117,790 respectively, besides a large

native trade carried on in junks. The population of the

whole provinco of Leaou-tung is estimated to be about

12,000,000.

The province of Kirin, or Central Manchuria, is bounded
on the N. and N.W. by the Sungari, on the S. by Leaou-

tung and Curea, on the W. by the line of palisades already

spoken of, and on the E. by the Usuri and the maritime

Russian provinces. It contains an area of about 135,000

square miles, and is entirely mountainous with the excep-

tion of a stretch of plain country in its north-western comer.

This plain produces large quantities of indigo and opium,

and is physically remarkable for the number of isolated

conical hills which dot its surface. These sometimes occur

in a direct line at intervals of 15 or 20 miles, and elsewhere

are scattered about " like dish-covers on a table." Kirin,

the capital of the province, is situated in about 43° 40' N.

lat. and 12G° 50' iJ. long., and occupies a magnificent

position, being surrounded on the north, west, and south

by a semicircular range of mountains with the broad stream

of the Sungari flowing across the front. The local trade

is considerable, and is benefited by the presence of large

junk-building yards, which, owing to the abundauce and

cheapt;es3 of wood, have been established there, and from

which the place has derived its Chinese name of Chuen-

chang or "shipyard." The town has a well-to-do appear

ance, and in summer time the houses and shops are gailj

decorated with flowers brought from the sunny soutk

Ashehoh, on the Ashe, with its population of 40,000

;

Petuna, Sinice Sing-chung, on the Sungari, population

30,000 ; San-sing, near the junction of the Sungari and

Hurka; La-Un, 120 miles to the north of Kirin, popula-

tion 20,000 ;and Ninguta, are the other j>rincipal cities in

the provinco.

Tsi-tsi-har, or Northern Manchuria, which contains aboai

195,000 square miles, is hounded on the N. and N.E. by

the Amur, on the S. by the Sungari, and on the W. by the

Nonni and Mongolia. This province is thinly populated,

and is cultivated only along the lines of its rivers. The

only towns of any importance are Tsitsihar and Mergen,

both situated on the Nonni.

Four principal highways traverse Manchuria: The first

runs from Peking to Kirin via Moukden, where it sends off

a branch to Corea. At Kirin it bifurcates, one branch

going to San-sing, the extreme north-eastern town of the

province of Kitin, and the other to Poissiet on the coast via

Ninguta. The second road runs from the treaty port of

Ying-tsze through Moukden to Petuna in the north-

western corner of the Kirin province and thence to

Tsitsihar, Mergen, and the Amur. The third also starts

from Ying-tsze, and strikes southward to Kin-chow at the

extremity of the Leaou-tung peninsula. And the fourth

connects Ying-tsze with the Gate of Corea,

Tho great plain in Leaou-tung is in many parts swampy, and in

the neighbourhood of the sea, where the soil emits a saline esnda-
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tion snch as is also common in the north of China, it is perfectly

Btorilc. In othor parts fine crops of millet anj various kinds of

cniin are grown, and on it trees llourish abundantly.

'I'ho climate over the greater part of the country vai-ies between

the two extremes of heat and cold, tho thermometer ranging be-

tween 90° in tho summer and 10° below zero in tho winter. As in

the north of China, tho rivers are frozen up during tho four winter

months. After a sliort spring tho heat of summer succeeds, which in

itf. turn is separated by .an autumn of six weeks' duration from snow

mill ico. The trees and plants are much the same .as those common in

V.v. ;liiiid, and severe as tho weather is in winter the less elevated

ii'i.untains are covered to their summits with trees. The wild

animals also are those known in Europe, with tho addition of

tijers and panthers. Bears, wild boars, hares, wolves, foxes, and

wild cats are very common, and, in tho north, sables aro found in

/le.it numbers. One of tlio most noticeable of tho birds is tho

Klongolian lark (McJanoconjphya mongolim), which is found in

a wild state both in Manchuria and in tho desert of Mongolia.

This bird is exported in large numbers to northern China, where

if is much prized on account of tho extraordinary power it

1 (r-::esse3 of imitating the songs of other birds, the different

I .^'S of the barks of dogs, and tb3 Diews and hisses of cats, as

w, 1 as all the noises peculiar to the Beighbourhood in which it

li\ s. The Manchurian crane is common, as also are eagles,

rm-koos, laughing doves, &c. Insects, of which there are, .accord-

ing to the Russians, cae thousand different species, abound, owing
(0 the swampy nature of much of the country. The rivers are well

stocked with fish, especially with salmon, which forms a common
article of food among the people. In such immense shoals do these

fish appear in some of the smaller streams that numbers are squeezed

out on to the banks and there perish. This fact possibly gave rise

to tho legend of a certain Prince whoso royal mother became preg-

nant by the influence of the rays of tho sun, and who brought fortli

an egg from which tl>e prince was sprung. His supe^-natural origin

excited the alarm of the king's ministers, who advised that he should

bo put to death, but his mother, having warning of their intention,

sent him away privately. This Manchurfan Phaeton thereu'jion

wandered forth, and in his travels came to a river having neither

bridge nor ferry. In his difficulty ho cried for help to his father

the Sun, and instantly fishes rose to the surface of tho water and
formed themselves into such close array that the prince was able to

walk to the opposite bank on their backs.

In minerals Manchuria is very rich: coal, gold, iron (as well as

magnetic iron ore), and precious stones are found in quantities which
suggest that if better appliances were employed than aro now in use

the returns might be very large.

Of the crops grown by the people indigo and opium are tho most
lucrative. The indigo plant is grown in largo quantities in the

plain countiy to the north of Monkden, and is transported thence

to tho coast in carts, each of whieli carries rather more than a ton

weight of the dye. The poppy is cultivated wherever it will grow,

tiie crop being far moro prolitable than that of any other product.

Cotton, tobacco, pulse, millet, wheat, and barlej* aro other crops

grown by the Manchurian farmers.

Hislory.—Mancliow, or more correctly Manchu, is, as has been
said, not the name of the country but of the people who inhabit it.

The name is a modern one, having been adopted by a ruler who
rose to power in the beginning of tho 13th century. Before that

time the Manchus were more or less a shifting population, with no
fixed location, and, being broken up into a number of tribes, they
went mainly under the distinctive name of those clans which at

different periods exercised lordship over them. Thus under the
Chow dynasty (1122-225 B.C.) we find them spoken of as Sewshin,
and at subsequent periods they were known as Yih-low, Wuh-
keih, Moli-hoh, Pohai, Niiehin, and according to tho Chinese his-

torians also as K'etan. Throughout their history they appear as a
rude people, the tribute they brought to the Chinese court consisting

of stone arrow-heads, hawks, gold, and latterly ginseng. Assum-
ing that, as the Chineso say, the K'etans were Manchus, the first

appearance of tlio Manchus, as a people, in China dates from the
beginning of the 10th century, when K'etans having first conquered
the kingdom of Pohai crossed the frontier into Cliina and estab-.

lishcd tho Leaou or Iron dynasty in tho northern portion of the
empire. These invaders were in their turn overthrown two cen-

turies later by anotlier invasion from BTanchuria. These new
conquerors were Niichins, and, therefore, direct ancestors of the
Manchus. On assuming the imperial yellow in China, their chief
adopted flio title of Kiu or '* Golden" for his dynasty. **Iron''
(Leaou), 1..^ said, "rusts, but gold always keeps its purity and
colour, therefore my dynasty shall bo called Kin.' In a little more
than a centuiy, however, tlio Kins were driven out of China by
the Mongols under Jenghiz Khan. But before the close of their
rule a miraculous event occurred on the Shan-a-liu mountains which
is popularly believed to have laid the seeds of the greatness of tho
present rulers of tho empire. Tliree he.aven-born maidens, so rans
tho legend, were bathing ono day in a lake under the Shan-a-lin

moautaina when a passing magpie dropped a ripe red fruit into the

lop of one of them. Tho maiden ato the fruit, and in due Connw
a child was bom to her, whom she named Aisin Gioro, or the
Golden. When quite a lad Aisin Gioro was elected chief over throe
contending clans, and established liis capital at Otole near the
Slian-a-lin mountains. His reign, however, was not of long dum-
tion, for his subjects rose against him and murdered him, together
with all liis sons except the youngest, Kaucha, who, like tho infant
Haitu in Mongolian nistory, was miraculously saved from liis

pursuers. Nothing is recorded of the lacts of Aisin Gioro's reigii

except that he named tho people over whom he reigned Manclin,
or "Pure." His descendants, through tho rescued Fancha, fell

into completo obscurity until about tho middle of the ICth century,
when one of them, Norhachi by name, a chieftain of a small tribe,

rose to power. Taking advantage of tho shiftuig scenes of Man-
churian politics, Norhachi played with skill and daring the r&le
which had been played by Jenghiz Khan more than three centuriea
before in Mongolia. With even greater success than his Mongolian
counterpart, Norh^^chi drew tribe after tribe under his sway, anj
after numerous wars with Corea and Mongolia, lie established his

rule over the whole of Manchuria. Being thus the sovereign of an
empire, he, again like Jenghiz Khan, adopted for himself the titlo

of Ying-niing, " Brave and Illustrious," and took for his reign the
title of T'een-ming. Thirteccn years later, in 1617, after nunicrons

border fights with tho Chinese, Norhachi drew up a list of "seven
hates," or indictments, ag.ainst his soutliern neighbours, and, not
getting the satisfaction ho demanded, declared war against them.
The progress of this war, the hastily patched up peace, the equally

hasty alliance and its consequences, being matters of Chinese history,

have been treated of under tho article China,
At the present day tho Blanchus are mpidly dying out before tlie

quietly advancing Chineso settlers. By far the greater number of

tho present inhabitants of Manchuria are Chiname*n. The Chinese

system of education is ado])teJ eveiywhere througho"t the country ;

the Chinese language is taught in all tho schools ; and Manchuria
promises to become before long as much a Chinese province aa
Chih-le or Shantung.

See Journeys in North Cliina, Manchuria, and Fasici-n Mcmgolla,

by the Rev. Alexander Williamson; The Manchus, by Rev. John
Ross; Man-chow yucn Icio kaou. (R. K. D.)

MAND^ANS, also known as Sabians, NasorEeanf,

or St John's Christians,' an Oriental sect of great antiquity,

interesting to the theologian as almost the only surviving

example of a religion compounded of Christian, heathen,

and Jewish elements on a type which is essentially that pf

ancient Gnosticism.

The Mandseans, who can neveriiave been numerous, and

are now much decayed, are found in the marshy lands of

South Babylonia (al-bat.'iili), the ancient refuge of so many
strange sects, particularly in the neighbourhood of Basrah(or

Bussorah), and in Khilzistdn (Disful, Shuster).^ They speak

the languages of the localities in which they are settled

(Arabic or Persian), but the language of their sacred books is

an Aramaic dialect, which has its closest affinities with that

of the Babylonian Talmud, written in a peculiar character

suggestive of the old Palmyrene.' The existence of tho

Mandaeans has been known since tht. middle of the 17th cen-

tury, when the first Christian missionaries, Ignatius a Jesu *

> The first of these names (not Mendxans or Tvland-iites) is that

given by themselves, and means yyanTriKot, followers of Gnosis

(S"Nn:SD, from N1JND, Hebr. V'^O). The Gnosis of which they

profess themselves adherents is a pcrsoniJUation, the sou and

mediator " knowli;dge of Ufe " (see below). The title Nasoraans

(Nasoraye), according to Peterm.lnn, they give only to those among
themselves who are most distinguished for knowledge and character.

Like the Arabic Nasara, it is originally identical with the u.ime of the

half heathen half Jewish-Christian Ha^upmot, and indicates an early

connexion with that sect. The in.appropriate designation of St John's

Christians arises from the early and imperfect acquaintance of Christian

missionaries, who had regard merely to tho reverence in which the name

of the B.iptist is held among them, and their frequent baptisms. In

their dealings mth niembci-s of other communions the desi2:nation

they take is Sabians, in Arabic Subba' (sing. Sdbi'), from N2'Si=V3V,

to baptize, thus claiming the toleration extended by tlie Koran (Sui>-

6, 73 ; 22, 17 ;. 2, 69) to those of that name.
' Recent accounts (1882) represent them as shrunk to 200 families,

.and seeking a new settlement on the Tigris, to escape Oio pei-sccutions

to which they are exposed.
5 See Noldeke's admirable Mandaische Cframmatik, Halle, 1875,

* Narratio originis, riluum, et crrorum Ckrislianontm i'. Joamtllt-

Rome, 1652.,
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and Angelas a Sancto, began to labour among them
at Basrah ; further information was gathered at a some-

what later date by Pietro della Valle ^ and Thevenot,^ and
in the following century by Kaempfcr, Chardin, and
Niebuhr. In recent times they have been visited by
Petermann^ and Albert Socin, and last of all Liouffi* pub-
lished in ISSO a full and accurate account of the manners
and customs of the sect, taken from the lips of a converted

Mandsean himself. For our knowledge of their doctrinal

system, however, we must of course still depend chiefly

upon the sacred books already mentioned, consisting of

fragments of very various antiquity derived from an older

literature.^ Of these the largest and most important is

the Sidrd rahbd or " Great Book," known also as Ginzd
(treasure), consisting of two unequal parts, of which the
larger is called "yamfn4" (to the right hand) and the
smaller "s'miU" (to the left hand), because of the manner in

which they are bound together. In Petermann's edition tho
former occupies three hundred and ninety-five large quarto
pages and the other only one hundred and thirty-eight.

The former is intended for the living; the latter consists

chiefly of prayers to bo read at the burial of priests. As re-

gards doctrine, the work is exhaustive; but it is characterized

throughout by diifuseness, and often by extreme obscurity,

besides being occasionally self-contradiijtory, as might be
expected in a work which consists of a number of uncon-
nected paragraphs of various authorship and date. The
last section of the " right-hand " part (the " Book of

Kings ") is one of the older portions, and from its allusion

to " the Persian and Arabian kings " may be concluded to

date from somewhere between 700 and 900 A.D. Many
of the doctrinal portions may in substance well be still

older, and date from the time of the Sassanids. None of

the MSS., however, are older than the 16th century.^

The following sketch represents, as far as can be gathered
from these heterogeneous sources, the principal features of

the Mandcean system. The ground and origin of all things
is Pfri, or more correctly P^r4 rabbd, "the great abyss"
(either Persian Plr, " old," or from lya, " to split," comp.
the Gnostic /Sd^os), associated with whom, and forming a
triad with him, are the primal seons Ayar zfvA rabbA, " the

sreat shining jether," and Mind rabbi d'ekard, " the great

^ RciscbeschTeibumj, p.artiT., Geneva,- 1674,^
^ Voyage au Levant^ Paris, 16S9.
^ Jtcisen im Orient, ii. 447 sq.

* LiouiB, Etudes sur la Religion . . . dcs Soubbas, Paris, 1880.
^ Mandsean MSS. occur in the British Museum, the Bodleian

Library, tho BibliothJque Nationals of France, and also in Rome,
Weimar, and Berlin.

* Tbe first printed edition and translation of the Sidrd rabid, by
Matth. Norberg {Codex Nasanmts, liber Adami appellatus, 3 vols.,

Copenhagen, 1815-16, followed by a lexicon in 1816, and an onomas-
ticon in 1817), is so defective as to be quite useless ; even the came
Book of Adam is unknown to the Mandieans. Petermann's T/ie-

mzirus s. Liber magnus, milgo "Liber Adami" appellatus, opus
Mandieorum summi ponderis (2 vols., Leipsic, 1867), is an excellent
metallographio reproduction of the Paris MS. A critical edition
still remains a desideratum. Next in importance to the Sidrd rabbi
is the Sidr& ffYahyA, or "Book of John," otherwise known as the
D'rdschf d!Malke, or " Discourses of the Kings," which has not as

yet been printed as a whole, although portions have been publishM
by Lorsbach and Tychsen (see Museum, f. bill. u. orient. Lit., 1807,
and Stiiudlin's Beilr. z. Phil. n. Gesch.''d. Eelig v. Sittenlehre,

1796 sq.). The Kolistd (Ar., KlwUsa, " Quintessence "), or, accord-
ing to its fuller title 'Eny&ne uder&shSd'masb&th& umassekthd { "Songs
and Discourses of Baptism and tho Ascent," viz., of tho soul after
death) has been admirably lithographed by Euting (Stuttgart,

1867). It is also known as Sidrd d'neshmdtha, " Book of Souls,"
and besides hymns and doctrinal discourses contains prayers to be
offered by the priests at sacrifice and at meals, as well as other litur-

gical matter. Tho Mandaan marriage service occurs both in Paris
and in Oxford as an independent MS. The Diwdn, hitherto unpub-
lished, contains the ritual for atonement. Tho As/ar malwdslit, or
^"Book of the Zodiac," is astrological. Of smaller pieces many arc
Ilagieal and used aa amulets.

spirit of glory," usually called simply Mdni tabbd. Tho
last-named, the most prominent of the three, is the king
of light properly so called, from whom the development of

all things begins. From him emanates Yardend rabbd,
" the great Jordan," which, as the higher world soul,

permeates the whole jether, the domain of Ayar. • Along-
side of Mand rabbd frequent mention is made of D'miithd,

his " image," as a female power ; the name " image of the

father" arises out of the same conception as that which
gives rise to the names of a-iyi] and oTota among the

Greek Gnostics. Mdnd rabbd called into being the highest

of the zeons properly so-called, Hayy^ KadmdyiS, " Primal
Life," and then withdrew into deepest secrecy, visible indeed

to the highest but not to the lowest oeons (comp. 5o^i'a

and UpoTTaTiop), yet manifesting himself also to the souls

of tho more pious of the Mandteans after their separation

from the body. Primal Life, who is properly speaking the

MandiEan god, has the same predicates as the primaPspirit,

and every prayer, as well as every section of the sacred
books, begins by invoking him.'' The extremely fantastic

delineation of tie world of light by which Hayyi Kadmdyd
is surrounded (see for example the beginning of Sidid
rabbd) corresponds very closely with the Manichsau
description of the abode of the " king of the paradise of

light." The king of light "sits in the far north in might
and gloiy." The Primal Light unfolds himself by five great

branches, viz., "the highest purest light, the gentle wind,

the harmony of sounds, the voice of all the a^ons, and tho

beauty of their forms," all these being treated as abstrac-

tions and personified. Out of the further development
and combination of these primary manifestations arise

numerous ajons ('Uthr^, "splendours," from iny, "is rich"),

of which, the number is often stated to be three hundred
and sixty. They are divided into a number of classes

(kings, hypostases, forms, ic.) ; the proper names by which
they are invoked are many, and for tho most part obscure,

borrowed doubtless, to some extent, from the Parses
angelology. From the First Life proceeds as a principal

emanation the " Second Life," HayyiS Tinyini5, generally

called Viishamin. This last name is evidently meant to

be Hebrew, "Jehovah of the heavens," the God of the
Jews being of a secondary rank in the usual Gnostic style.

The nest emanation after Yiishamin is " the messenger of

life " (Mandd d'hayy^, literally yi'clJo-(9 n^s ^<")Js), the most
important figure in the entire system, the mediator and
redeemer, the Ao'yos and the Christ of the Mandaeans, from
whom, as already stated, they take their name. He is

occasionally also called the primal man, Gabrd Kadmdyd,
as in the Kabbala and by Mani. Yiishamin desired to

raise himself above the Primal Light, but failed in the
attempt, and was punished by removal out of the pure
aetherial world into that of inferior light. The one world
is separated from the other by water chaunels (H'flkcS

Mayy<;). Mandd on tho other hand continues with tlie

First Life and Mdnd rabbd, and is called his " beloved son,"

the " first born, " high priest," and " word of life." Mandd
makes his appearance in the visible world in a series of

incarnations beginning with the three brothers Hibil,

Shithil, and Aniish (late Judaio-Babylonian transformations

of the well-known names of the book of Genesis), and ending
with John the Baptist. Of the first three the most highly
honoured is Hibil, almost invariably referred to as "tho
brilliant Hibil"; he is the alter ego of Mandd, his image in

this present world, having the same predicates and the

same activities, and is the Jesus Christ of the Jlandaians.

The Second Life, Yiishamin, has as the last of three sons
HayyiS t'Utayd, the " Third Life," the most distinguished of

' The use of tile word " life " in a personal sense is usnal in Gnos-
ticism

;
compare the Zw/j of Valentin, and el-Jiayat el-muollama, "tho

dark life." of Maui in the Fihrist,
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iho 'Uthrd, Lence usually called their fatbcr ^AbA d"UthriS,

AbAthui'). His usual epithet is "the Ancient" ('Atfkd);

and ho 13 also called " the deeply hidden and guarded."

lie stands on the borderland between the hero and the

licroaftor, like the mysterious irpea-fji'r-ijs rpiVos or semw
ierlius of j\Iani, whoso becoming visible will betoken tlio

end of the world. Abdthur sits on tho furthest verge of

the world of light that liea towards the lower regions, and
weighs in his balance tho deeds of tho departed spirits who
ascend to hiin. Beneath him was originally nothing but

a huge void with muddy black water at the bottom, in

which his image was reflected, becoming ultimately solidified

into P'tihil, his son, who now partakes of ttie nature of

m.atter. The demiurge of the Manda;ans, and correspond-

ing to the laldabaoth of the Ophites, he at the instance of

his father frames the earth and men,—according to some
passages in conjunction with tho seven bad planetary

spirits. He created Adam and Eve, but was unable to

make them stand upright, whereupon Hibil, Shithih and
Amish were sent by the First Life to infuse into their forms
spirit from MduA rabbd himself. Hibil, at the instance of

the supreme God, also taught men about the world of

light and the aeons, and especially gave them to know that

not P'tahilbut another was their creator and supreme God,
who as " the great king of light, without number, without

limit," stands far above him. At the same time he enjoined

the protoplasts to marry and people the world. P'tahil had
DOW lost his power over men, and was driven by his father

out of the world of light into a place beneath it, whence he
shall at the day of judgment be raised, and after receiving

baptism be made king of the"Uthr6 with divine honours.

The underworld is made up of four vestibules and three

liells properly so-called. The vestibules have each two
rulers, Zartay and Zartanay, Hag and Jlag, Gaf and
Gafan, Anatan and Kin. In the highest hell rules alone

the grisly king Sh'dum, "the warrior"; in the story

immediately beneath is Giv, "the great"; and in the lowest

is Krun or Karkum, the oldest and most powerful of all,

commonly called "the great mountain of ilesh" (Turd
rabbd, d'besra), but also " the first-born of darkness." In
the vestibules dirty water is still to be met with, but the
hells are full of scorching consuming fire, except Knin's
domain, v/here is nought but dust, ashes, and vacancy.

Into these regions descended Hibil the brilliant, in the
pov.^er of MAnd rabbd, just as in the JIanichcean mythology
the "primal man," armed with the elements of the king of

lig"ht, descends to a contest with the primal deviL Hibil
lingers, gradually unfolding his power, in each of the
vestibules, and finally passing from hell to hell reaches

Karkum. Hibil allows himself to be half swallowed by
tlie monster, but is unhurt, and compels his antagonist to

recognize the superiority of inland rabbd, the God of light,

and to divulge his profoundest secret, the hidden name of

darkness. Armed with this ho returns through the suc-

cessive hells, compelling the disclosure of every secret,

depriving the rulers of their power, and barring the doors

of the several regions. From the fourth vestibule he
brought the female devil Riihd, daughter of Kin, and set

her over the whole four. This Riihd, the mother of false-

hood and lies, of poisoning and fornication, is an anti-

Christian parody of the Fai.hd d'Kudshd (Holy Spirit) of

the Syriac Church. She is the mother of Ur, the

personified fire of hell, who in anger and pride made a
violent onset on the world of light (compare the similar

occurrence in the Manich^an mythology), but was
mastered by Hibil and thrown in chains down to the
" black water," and imprisoned within seven iron and seven
golden walls. By Ur, Ki'ihd, while P'tdhil was engaged in

his work of creation, became mother of three sets of seven,

twelve, and five .sons respectively ; all were translated by

P'tdhil to the heavenly firmament (like the Arclions ef

Mani), tho first group forming tho planets and tho next
the signs of tho zodiac, while the third is as yet undeter-

mined. Of the names of the planets Estcra (Istar, Venus,
also called Riihd d'Kudshd, " holy spirit "), Enba (Kebo,
Mercury), Sin (moon), K6wdn (Saturn), Bll (Jupiter).'

and Nirig (Nirgal, Mars) reveal their Babylonian origin
II or II 11, the sun, is also known as Kddiish and Adiinay
(the Adonai.of the Old Testament) ; as lord of the planetary
spirits his place is in the midst of them ; they are the
source of all temptation and evil amongst men. The
houses of the planets, as well as the earth and a second
world immediately to the north of it, rest upon anvils laid

by Hibil on the belly of Ur.

In the Mandajan representation the sky is an ocean of

water, pure and clear, but of more than adamantine solidity,

upon wliich the stars and planets sail Its transparency
allows us to Bee even to the pole star, who is the central

Buu around whom all the heavenly bodies move. Wearing
a jewelled crown, he stands before Abdthiir's door at the

gate of the world of light ; the Mandzeans accordingly

invariably pray with their faces turned northward. The
earth is conceived of as a round disk, slightly sloping

towards the south, surrounded on three sides by the ser. but
on the north by a high mountain of turquoises ; behind
this is the abode of tho blest, a sort of inferior paradise,

inhabited by the Egyptians drowned along with Pharaoh
in the Red Sea, whom the Mandceans look upon as their

ancestors, Pharaoh himself having been their first high,

priest and king. The total duration of the earth they fix

at four hundred and eighty thousand years, divided into

seven epochs, in each of which one of the planets rules.

The Siclrd Eahhd knows of three total destructions of the

human race by fire and water, pestilence and sword, a
single pair alone surviving in each case. In the Manda^an
view the Old Testament saints are false prophets ; such are

Abraham, who arose six thousand years after Nii (Noah)
during the reign of the Sun, Mishd (Moses), in whose time

the true religion was professed by tie Egyptians, and
Shlimiiu (Solomon) bar Davith, the lord of the demons.
Another false prophet and magician was Yishu !M'shih4,

who was in fact a manifestation of the planet Mercury.

Forty-two years before his day, under King Pontius Pilate,

there had appeared the true prophet Yahyd or John son of

Zechariah, an incarnation of Hibil, of whose birth and child-

hood fantastic stories are told. Yahya by a mistake gave
baptism to the false Messiah, who had feigned humility;

on the completion of his mission, after undergoing a seeming
execution, he returned clotlied with light into the kingdom
of light. As a contemporary of Y'ahyd and the false Messiah
Hibil's younger brother Aniish 'Uthrd came down from
heaven, caused himself to be baptized by Yahyd, wrought
miracles of healing and of raising the dead, and brought

about the crucifixion of the false Messiah. He preached the

true religion, destroyed Jerusalem (" Urashlam," i.e., " the

devil finished it"), which had been built byAdiinay, dispersed

over the world the Jews who had put Y''ahyd to death, and
previous to his return into the worlds of light sent forth

three hundred and sixty prophets for the difl'usion of the

true religion. All this speaks of intense hatred alike of

Jews and Christians ; the fasts, celibacy, and monastic and
anchoret life of the latter are peculiarly objectionable to

the- Mandseans. Two hundred and forty years after tlie

appearing of the false Messiah there came to the world

sixty thousand saints out of Pharaoh's world to take the

place of the Mandteans, who had been complete!}' extirpated;

their high priest had his residence in Damascus. The last

false prophet was ^M'hammad or Ahmat bar Bisbat

(Moliammed), but Aniish, who remained close beside him
and his immediate successcrs, prevented hostilities ogaiust
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tho true believers, who claim to have had in Babylonia,

under the Abbasides, four hundred places of v/orship.

Subsequent persecutions compelled their withdrawal to

AmmArah in the neighbourhood of WAsit, and ultimately

to Khuzistin. At the end of tho world the devil Ur will

swallow up the earth and the other intermediate higher

worlds, and thereupon will burst and fall into the abyss

of darkness, where, along with all the worlds and powers

of darkness, he will ultimately cease to be, so that thence-

forward the universe will consist of but one everlasting

world of light.

Tho chief dci-nsitaries of theso Mandcean mysteries ere the priests,

who enjoy a high degree of power and social regard. Tho priest-

Jiood has three" grades. (1) tho Sh'kanda or deacon is generally

clioson from episcopal or priestly families, and must be without

bodily blcrnish. The candidate for orders must bo at least nineteen

years old and have undergone twelve years' preparation ; he is tlica

qualified to assist tho priesthood in tho ceremonies of religion.

(2) Tho Tarmidi {i.e., "Talmidi," initiated") or priest is ordained

l,y a bishop and two priests or by four priests after a long and

(xt-omely painful period of preparation. (3) The Ganzivri

("treasurer ) or bishop, the highest dignitary, is chosen from tho

whole body of tlio Tarmidas after a variety of tests, and possesses

nnlimitcd authority over the clergy. A supreme priestly rank, that

of liish 'aii.ina, or " Head of tho people," is recognized, but only in

theory ; since tho time of Pharaoh this sovereign pontificate has

only once been filled. The priestly dress, which is all white, consists

of drawers, an upper garment, 'and a girdle with the so-called tagi

or "crown": in all ceremonies the celebrants must be barefoot.

Cy far tho most frequent and important of tho religious ceremonies

is that of baptism (masbuth.-i), which is called for in a great variety

of cas"", not only for ehildren but for adults, where consecr.ition or

Sinifica'tion is re(iuired, as for example on all Sundays and feast

ays, after contact with a do(id body, after return from -abroad,

after neglect of any formality on tho part of a priest in the discharge

of his functions, 'in all.thcse cases baptism is performed bytotal

immersion in running water, but during the five days' baptismal

festival tho rite is observed wholesale by mere sprinkling of largo

fliaasea of the faithful at once. Tho Mandseans observe also with

the elements of bread (pohta) and wino (mambiigd, lit. "fountain")

a sort of eucharist, which has a special sanctifying efficacy, and is

usually dispensed at festivals, but only to baptized persons of good

repute who have never willingly denied the Mancfaan faith. In

receiving it the communicant must not touch tho host with his

finger; otherwise it loses its virtue. Tho hosts are made by tho

jiricsta from unleavened fine flour. A peculiar act of piety is for a

Inyman under the guidance of the bishop to receive tho masscktha

(" elevation"), and thereby become a sort of ascetic, a shalmdnA tiiba

(" really perfect"). Tho JIanda;an places of worship, being designed

only for tho priests and their assistants, are excessively small,

and very simply furnished ; two windows, a door that opens

towards the south so that . those who enter have their faces turned

towards tho polo star, a f&w boards in the corner, and a gabled root

complete the whole structure ; there is neither altar nor decoration

of any kind. Tho neighbourhood of running water (for baptisms)

is essential. At the consecration of a church tho sacrifice of a dovo

(tin bird of Vonus) has place among the ceremonies. Besides

Sundays there are six great feasts: (1) that of the New Year (Nauruz

rabba), on the first day of the first mouth of winter ; (2) Dehwi
h'nina, the anniversary of the happy return of Hibil ZivA from tho

kingdom of darkness into that of light, lasting five days, beginning

with tho 18th of the first month of spring; (3) the Marwan.i, in com-

memoration of the drowned Egyptians, on the first day of the second

month of spring; (4) tho great five days' baptismal festival (pantsha),

tlio chief feast, kept on tho fivo intercalary days at the end of the

second month of summer,—during its continuance every Mandman,
mnlo and female, must dioss in white and bathe thrice daily; (6)

Dchw.d d'daimdna, in honour of ono of tho three hundred and sixty

'Uthnis, on the first day of the second month of autumn; (6) Kansho

Zalili, tho preparation feast, held on tho hast day of tho year. There
' are also fast days called m'battal (Arab.), on which it is forbidden

to kill any living thing or cat flesh. Tho year is solar, and has twelve

niontlis of thirty days each, with five intercalary days between tho

eighth and the ninth month. Of tho seven days of the week, next

to Sumlay (hibshaba) Thursday has a special sacredness as the day

of Hibil Ziva. As regards secular occupation, the present Slandreans

are goldsmiths, ironworkers, and house and ship cai-penters. Tliey

practise polygamy, the Sidrd Rahhd laying great stress upon the

duty of procri-ation, but few of them arc rich enough to maintain

more than two wives. In the 17th century, according to the old

travcllei-s, they numbcreil about 20,000 funiiUes, but at the present

day they liardly numlier more than 1200 souls. In external

epiKarance the Maud.Tan is distinguished from tho Jloslein only

bv a brown coat and a parti-iol'juie'. hcadclolii with a cord twisted

round it. They have some peculiar death-bed rites ; i deacon wilt
some attendants waits upon the dying, and as death approaches
administers a bath first of warm and afterwards of cold water ; a
holy dress, consisting of seven pieces (rasta), is then put on ; th«
feet are directed towards the north aud the head turned to tho
south, so that the body faces tho pole-star. After tho buiial a
funeral feast is held in tho house of mourning.
Tho Manda;ans are strictly reticent about their theological dog-

mas in the presence of strangers ; and the knowledge they actually

possess of these is extremely small. The foundation of the systcin

is obviously to be sought in Gnosticism, aud more particularly in

tho older typo of that doctrine (known from the serpent symbol as
Ophite or Naassene) which obtained in Mesopotamia and Further
Asia generally. But it is equally plain that the Ojdute nucleus
has from t|mo to time received very numerous and often curi-

ously perverted accretions from Babylonian Judaism, Oriental

Christianity, and Parsism, exhibiting a striking example of

religious syncretism. In the Gnostic basis itself it is not difficult

to recognize tho general features of tho religion of ancient Baby-
lonia, and thus we are brought nearer a solution of the m-oblem as
to the origin of Gu isticism in general. It is certain that Babylonia,

the seat of the present Mandieans, must be regarded also as tho
cradle in which their system was reared ; it is impossible to think
of them as coining from Palestine, or to attribute to their doctrines a

Jewish or Christian otigin. They do not spring historically from tho
disciples of John tho Baptist {Acts xviii. 25; xix. 3 sq. ; Itccog. Clan.,

i. 54) ; the tradition in which he and the Jordan figure so largely is

not original, and is therefore worthless ; at tho same time it is tnio

that their baptismal praxis and its interpretation place tlicm in tho

same religious group with the Hemerobaptists of Eusebius(//. E., iv.

22) and Epiphanius (ITeer., xvii.), or with the sect of disciples ofJohn
who remained apart from Christianity. Their reverence for John i*

of a piece with their wholo syncretizing attitude towards the New
Testament. Indeed, as has been seen, they aj-propriatc the cntim
pcrsonale of tho Biblo from Adam, Sctli, Abel, Enos, and Pharaoh
to Jesus and John, a phenomenon which bears witness to the clos&

relations of the ilandcean doctiine, at the t-nie of its formation,

both with Judaism and Christianity,—not the less close becauso

they wero relations of hostility. Tho history of religion presents

other examples of tho degradation of holy to demonic figures on
occasion of.religious schism. Tho use of the word "Jordan," even

in tho plural, for "sacred water," is precisely similar to that by

the Naassones described in tho Philosophmncna (v. 7) ; there

6 fiiyai 'lopSafT)? denotes tho spiritualizing, sanctifying fluid

which pervades the world of light. Tho notions of the Egyptians

and the Red Sea, according to the same work (v. 16), are used by
the Peratre much as by the Mandffians. And tho position assigned

by the Scthiaiis (Sijeiarof) to Scth is precisely similar to that given

by tho JIandoians to Abol. Both alike are merely old Babylonian

divinities in a new Biblical garb. Tho genesis of llandojism ami
tho older gnosis from tho old and elaborate Babylouio-Chaldaiaa

religion is clearly seen also in the fact that the names of tho old

pantheon (as for example those of the planetary divinities), are re-

tained, but their holders degraded to the position of demons,—a con-

clusion confirmed by tho fact that tho Mandoians, like the allied

Ophites, Peratoj, and Jlanichreans, certainly have their original scat

in Mesopotamia and Babylonia. Great caution is necessary, in tho

present state of our knowledge, in the use made of the results of

cuneiform decipherment in relation to Babylonian mythology ; but

so much seems clear, that the trinity of Ami, Bil, and Ea in tho

old Babylonian religion has its counterpart in the Manda^an Pira,

Ayar, and Mana rabba. The D'nuitha of Mind is the Damkina,

tho wife of Ea, mentioned by Damascius aa Aoi/ktj, wifji of 'Acis.

Mandi d'hayyc nnd his image Hibil Ziva with his incarnations

clearly correspond with tho old Babylonian Marduk, Mero-

dacli, tho "first-born" son of Ea, with his incarnations, the

chief divinity of tho city of Babylon, the mediator and re-

deemer in tho old religion. Hibil's contest with darkness has its

prototype in Marduk's battle with chaos, tho dragon Tiamat, which

(another striking parallel) partially swallows Marduk, just as is

related of Hibil and tho Manichiean primal man. Oth r features

aro borrowed by tho Mandieau mythology under this head from tho

well-known epos of Istar'a dtiscensiis ad inferos. The sanctity with

whi;h water is invested by tho Mandoians is to bo explained by
this fact that Ea has his seat "in the depths of tho world sea."

Compare K. Kcsslcr'8 nrtlclo "SlandScr" in Ilcrzoc-PIl't'a Rcnl-enciiklopiidie^

flp.d tho same nuthov's paper, " Ucbcr Gnosis ii. oltbabylnnlsclio Religion," in ttio-

j^bhandli. d. Xiiii/tcn intcrnaCionalen Orienlalistm-congyessa su Berlin (Berlin,

1S82), (K. K.)

MANDALAY, the capital of Independent Burniah, is

situated about 2 miles from the left bank of tho Ii-uwadi

river, in 21" 09' N. lat. and 9G° 8' E. long. It was-

founded by the king of Burmah, who transferred to it tlie

seat of government from Amarapura in 1860. The city

proper is laid out in a square, each side of which is a

little over a mile in length. It is cucloscd by a creucl-
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lateJ brick wall 2G feet high and 3 fcct thick; the twelvo

gatos (threa on each side) are surmounted with wooden

watch-towers. A deep wet moat, 100 feet broad, with its

escarp GO feet from the walls, extends along all four sides
;

it is crossed by five bridges. Tho palaco of the king

occupies the central space of tho city ; the walls of its en-

closure are laid symmetrically with those of the city, and

each face is about 370 yards in length. Tho outer fenco

consists of a stockade of teak-wood posts 20 feet high,

and within it are three successive enclosures, bounded by

brick walls. Tho palace is built within the inner enclosure
;

and its front, which faces tho east, contains tho great hall

of audience, 2C0 feet long, composed of teak timber, elabo-

rately carved and gilded, erected on a terrace of brickwork

10 feet high. It is in the form of a colonnade, the central

part running back, forming a nave with two side aisles. At
the extremity of this navo is a space like a chancel (said

to bo tho exact centre of the city) where stands the throne,

over which rises a graceful gilded spire, visible from all

parts of the city and surrounding country. Another feature

of tho complex palaco buildings is tho lofty campanile.

Around the palace walls a wide space has been laid out as

en esplanade, on the further margin of which are situated

most of the houses of the princes, ministers of state, and
court officials. The city may bo said to consist of two parts,

intramural and extramural ; the streets in the former run

parallel with the walls, dividing the building sites into rect-

angular bloclcs. The majority of the houses are constructed

ef bamboos and bamboo matting, slightly raised from tho

ground on posts, with here and there a (evf brick and
wooden buildings. Tho streets inside the city are very

wide, tho principal ones being lined with tamariud trees.

In the suburbs the roads are laid out with something of the

»amo regularity as in the city, but are of less width, with

tho exception of the principal road, the Kuladan or foreign

quarter, inhabited chiefly by Armenians, Mughals, and
tlie few European residents. The number of houses in

the city and suburbs is said to be, in round numbers,

12,000; and tho population is roughly estimated at

C5,000. Monasteries and pagodas are dotted about in

open spaces, both within and without tho walls. Silk-

weaving is the principal manufacture.
Sec Fytclio, Bm-ma Fasl and Present, 1878.

MANDAMUS, Wkit op, in English law, is usually

described as a high prerogative writ, containing a command
in the name of the king, and issuing from the King's

Bench, directed to persons, corporations, and inferior courts,

ordering them to do a specific act within the duty of their

office. Direct orders from the sovereign to subjects com-
manding the performance of particular acts were common
in early times, and to this class of orders mandamus
originally belonged. It became customary for the Court
of King's Bench, in cases where a legal duty was established

but no sufficient meaus existed for enforcing it, to order

performance by this writ. At all times, accordingly,

mandamus has been regarded as of the nature of an
equitable interference supplementing the deficiencies of

the common law. 'When the object sought could be
equally well obtained by other means, as by an action, or

by any other form of proceedings, then mandamus would
not lie. A further condition of mandamus at common law
was that it lay only for the performance of acts of a public

or official character. The enforcement of merely private

obligations, such as those arising from contracts, was not

within its scope. Fnrther, the interference of the court

cotild only be obtained when there was no doubt of the

existence of the duty, or when performance had been
demanded and refused. Nor would the writ be Issued
vrten performance had become impo.ssible. By the

C'dnunoa Law Procedure Act, 1854, the plaintiff in any

action other than replevin and ejectment was entitled to-

claim a writ of mandamus to compel tho defendant to

discharge any duty in which the plaintiff might show that

he was personally interested, or from the non-performanco

of which ho might sustain damage. The duties su

enforceable must, however, bo of a public character. By
the Judicature Act, 1873, a mandamus may be granted by
an interlocutory order of the court in all cases in which it

shall appear to the court to be just and convenient, and
subject to such terms and conditions, if any, as the court

shall think just. > Under this section it has been held that

the court (which now includes what was formerly tho

Court of Chancery) has power to issue a writ of mtuulamus
in any cause or matter pending before it, but when tho

cause is at an end the power is gone. And it has also

been held that, when the circumstances are sudi as would
form ground for an application for the old prerogative writ;

of mandamus, the application must be made to the Queen's

Bench division, which has taken the place of the Court of

Queen's Bench on the old system. The jurisdiction of tho

Court of Chancery to compel specific performance of con-

tracts has some resemblance to mandamus in the domain
of semi-public law. For a collection of the cases in whicli

tho prerogative writ of mandamus will or will not lie,

reference may be.made to Tapping On JIandcmms. and tq

Selwyn's Kisi Prins, art. " Mandamus."
The writ has passed into the law of tho United StatesT' '*TherQ

is in tlie federal judiciary an employment of the wiit substautially|

as tho old prerogative writ in the King's Bench practice, also as a
niodo of exercising appellate jurisdiction, also as a proceeding
ancillary to a judgment previously rendered, in exercise of original

jurisdiction, as when a circuit court having rendered a judgment
against a county issues a mandamus requiring its officers to levy a
tax to provide for the payment of the judgment." And in the

various .States i^andamus is used under varying regulations, man-
date being in some cases substituted as the name of the proceeding.

See Abbott's ZavS Dittionary.

MANDATE (Mandatum). The contract of mandafwn
in Roman, law was constituted by one person (the

mandalarins) promising to do something gratuitouslj' at

the request of another (the mandator), who undertakts to

indemnify him against loss. The jurist distinguished tha

diS'erent cases of mandatum according as the object of tha

contract was the benefit of the mandator or a third person

singly, or tho mandator and a third person, the mandator
and the mandata'rius, or the mandatarius and a third person

together. 'VMien the benefit was that of the mandatarius

alone, the obligations of the contract were held not to

arise, although the form of the contract might exist, thef

commission being held to be merely advice tendered to th^

mandatarius, and acted on by him at his own riskj

Mandatum was classified as one of tho contracts established!

by consent of the parties alone ; but, as there was really no
obligation of any kind until tho mandatarius had acted oii

the mandate, it has with more propriety been referred to

the contracts created by the supply of some fact (re). Tlio

obligations of the mandatarius under the contract were,|

briefly, to do what he had promised according to his

instructions, observing ordinary diligence in taking care of

any property entrusted to him, acd handing over to his

principal the results of his action, including the right to

sue in his name. On the other hand, the principal was
bound to recoup him his expenses and indemnify him
against loss through obligations he might have incurred.

The essentials and the terminology of the contract are preserved

in most modem systems of law. But in English law mandate,
under that name, can hardly be said to exist as a sepai-ate form of

contract. To some extent the law of mandatum corresponds partly:

to oftr law of principal and agent, partly to that of principal and
surety. Story, disputing the assertion that " in the laws of

England tho contract of mandatum is of no use," points out that
" the common law does not indeed comprehend under that appella-

tiou all the contracts of mandate according to the civil h»w,—such.
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for example, as mere nated acts of agency, where there is no bailment

of anything to the agent. But for the most part the principles

applicable to all the various classes of mandate have a place in our

law, although they may be differently named." The difTerence,

however, is more than one of name. English law in this as in other

eases reaches its end by a different method through different prin-

ciples fcom those of the civil law, .though the end may be the same.

Mandate is retained by Story and others to signify the contract

more generally known as gratuitous bailment. It is restricted, as

he points out, to personal property, and it implies the delivery of

something to the bailee, both of which conditions are unknown in

the mandatum of the civil law. Mandate in this later sense is

fuither distinguished from deposit in that the custody of the thing

is the principal object of the latter contract, while in the former it

is something to be done with respect to the thing, though Story

holds that custody and performance concur in both contracts,

^this by way of correction of Sir W. Joues's distinction that

mandate consists in feasance and deposit in custody.

MANDEVILLE, Bernard de (1670-1733), ia generally

knowa as an ethical writer of debasing and degrading

tendency, but he was at least as much of a humorist as

a philosopher, and set up as an analyst of " what is,"

repeatedly disavowing all pretensions as a lawgiver of

" what ought to be." He was a foreigner by birth, a

native of Rotterdam, where his father practised as a

physician for thirty years. A remarkably eloquent school-

boy exercise, De Medicina Oraiio Scholastica, was printed

for him at Rotterdam in 1685. Ha studied for sis years

at Leyden, and took his degree in medicine in 1691, his

inaugural thesis being De Chylosi Vitiata. Immediately

afterwards he came over to England "to learn the

language," which he did to some purpose, writing it with

such mastery as to throw doubts upon his foreign extrac-

tion. He settled in London as a physician. The Fable

of the Bees is the general title of the miscellaneous work

by which he is known to fame. This work includes tho

fable proper, The Grumbling Hive, or Knaves Turned

Ilonesl (some two hundred doggerel couplets, published as

a sixpenny pamphlet and pirated as a halfpenny sheet in

1705); Remarks on the fable and An Inquiry into the

Origia of Moral Virtue, added to the edition of 1714; An
Essay on Charity Schools, and A Search into the Origin of

Society, added to the edition of 1723. Owing to a curious

misprint in an edition published after Mandeville's death,

a wrong date is commonly assigned to the Grnmhling Hive,

and the contemporary poiut of it consequently missed. It

appeared during the heat of the bitterly contested elections

of 1705, when the question before the country was whether

Marlborough's war with France should be continued. Tho

cry of the high Tory advocates of peace was that the war

was carried on purely in the interests of the general and

the men in office ; charges of bribery, peculation, hypocrisy,

every form of fraud and dishonesty, were freely cast about

among the electors. It was amidst this excitement that

Mandevdle sought and found an audience for his grimly

humorous paradox that "private vices arc public benefits,"

—

that individual self-seeking, ambition, greed, vanity, luxury,

are indispensable to the prosperity and greatness of a nation.

" Fools only strive to make a great an honest hive." The

bees of his fable grumbled as many Englishmen were dis-

posed to do,—" cursed politicians, armies, fleets," whenever

there came a reverse, and cried, " Had we but honesty !

"

Jove at last in a passion swore that he would " rid the

bawling hive of fraud," and filled the hearts of the bees

with honesty and all the virtues, strict justice, frugal living,

contentment with little, acquiescence in the insults of

enemies. Straightway the flourishing hive declined, till

in time only a small remnant was left ; this took refuge

in a hollow tree, " blest with content and Jionesty," but

destitute of arts and manufactures. Tlie Grumhling Hive

was in fact a political Jcij d'esprit, full of the impartial

mockery that might be expected from a humorous foreigner,

aud with as much ethical theory nnderlying it as might be

expected from a highly educated man in an age of active

ethical speculation. The underlying theory was . made

explicit in the Remarks and the Inquiry into the Origin

of Moral Virtue, published in 1714. But his purpose in

dwelling on the text that private vices are public benefits

was still rather the invention of humorous paradoxes than

the elaboration of serious theory. Dr Johnson, who owned

that Mandeville " opened his views into real life very

much," considered that the fallacy of his argument lay in

his defining neither vices nor benefits. But such o

criticism as this overlooks the hiuge on which all

Mandeville's paradoxes turn. He does define virtue and

vice very precisely, in accordance with the current

orthodoxy of the time. He " gives the name of virtue to

every performance by which man, contrary to tho impulse

of nature, should endeavour tho benefit of others, or the

conquest of his own passions, out of a rational ambition of

being good"; while "everything which, without regard to

the public, man should commit to gratify any of his

appetites" is vice. His paradoxical humour has ample

scope in tracing how much vice and how little virtue

there is in the world, when the terms are thus strictly

defined. He finds self-love (a vice by the definition)

masquerading in many virtuous disguises, lying at the root

of asceticism, heroism, public spirit, decorous conduct,—at

the root, in short, of all the actions that pass current as

virtuous. These actions are not virtuous by the definition,

because not performed solely "but of a rational ambition

of being good." " This is the way," Dr Johnson says, " to

try what is vicious, by ascertaining whether more evil

than good is produced by it on the whole." Mandeville

would at once have admitted this, but his definition com-

pelled him, in determining virtue and vice, to consider also

the motive. And having regard to the motive,. " the

nearer we search into human nature, the more we shall be

convinced that the moral virtues are the political offspring

which flattery begot upon pride." Man, " an extraordinary

selfish and headstrong as well as a cunning animal," has

been induced to subordinate his own appetites to the good

of others, by the dexterous management of politicians and

moralists, who have worked upon his pride to persuade

him that self-indulgence is worthy only of the brutes, and

altogether "unbecoming the dignity of such a sublime

creature as himself." When Mandeville, in the 1723
edition of the fable, applied his analysis of self-regarding

motives to the institution of charity schools, at that time

a highly fashionable form of munificence, a great outcry

was made against his doctrines ; his book was presented to

the justices by the grand jury of Middlesex as being of an

immoral and pernicious tendeccy,and a copy was condemned
to bo burnt by the common hangman. Mandeville's defence

of himself was that his remarks were " designed for the

entertainment of people of knowledge and education," and
that his inquiry could hardly be intelligible except to those

accustomed to matters of speculation ; and he claimed that

he had " diverted persons of great probity and virtue and
unquestionable good sense." The truth is that, to be

rightly understood, the prose part of Mandeville's fable

must be read in connexion with Lord Shaftesbury's ethical

writings; the intention to ridicule the amiable but some-

what feebly reasoned theories of that moralist is most
apparent in the Search into the Origin of Soriety, but

many lurking references may be detected elsewhere. If

Mandeville were taken seriously, he would certainly bo

open to tho charge of conveying the impression that those

who restrain their appetites and sacrifice personal interests

for the public good make fools of themselves, and are the

dupes of a designing society. But his main purpose seems

to have been to entertain himself and others at the expense

of more serious but less quick-wittad tlieorizers.
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Besides his political and ptilosopliical parorgd, Mandevillo

wrote, in 1711, a medical treatise, Of Ihe Jlypochondriack

mid llijsUrkh Passions—their syniptcms, causes, and cures.

rhe treatiso is in the form of a dialogue, and is " inter-

spersed with instructive discourses on the real art of physic

itself, and entertaining remarljs on the modern practice of

physicians and apothecaries." In this, with the samo

entertaining style and clear and subtle judgment, ho pro-

tests against and ridicules speculative therapeutics, and
pleads for patient diagnosis and careful observation and

record of facts. His own theories about the animal spirits

and their connexion with "the .stomachic ferment" are fanci-

ful enough, but he shows an intimate acquaintance with the

scientific methods of Locke, and a warm admiration for

Sydenham. The Virgin Unmashed ; Free Thoiighis on

Religion, the Church, and National Happiness ; An
Inquiry into the Causes of the frequent Executions at

Tyburn ; An Inquiry into the Origin of Honour, and
Usefulness of Christianity in Wat—are titles of other

works of Mandevillo ; but all that is characteristic of him
as a thinker and humorist may be found in the Fable of

the Bees. (w. M.)

MANDEVILLE, Jehan de, the name claimed by the

compiler of a singular book of travels, written in French,

and published between 1357 and 1371. By aid of trans-

lations into many other languages it acquired extraordinary

popularity, while a few interpolated words in a particular

edition of the English version have gained for Mandevillo

in modern times the spurious credit of being " the father

lof English prose."

In his preface the compiler calls himself a knight, and
elates that he was born and bred in England, of the town
of Ht Albans ; had crossed the sea on Michaelmas Day
13-2 ; had travelled by way of Turkey (Asia Minor),

Armenia the little (Cilicia) and the great, Tartary, Persia,

Syria, Arabia, Egypt upper and lower, Libya, great part of

Ethiopia, Chaldaea, Amazonia, India the less, the greater,

and the middle, and many countries about India ; had
often been to Jerusalem ; and had written in Romance as

more generally understood than Latin. In the body of

the work we hear that he had been at Paris and Con-
stantinople ; had served the sultan of Egypt a long time

in his wars agijinst the Bedouins, had been freely addressed

by him on the corruption of contemporary Christendom,

had been vainly offered by him a princely marriage and a

great estate on condition of renouncing Christianity, and
had left Egypt under Sultan Mclech Madabrou, i.e.,

Mufaffar or Mudhaffar^ (who reigned in 134G-47); had
been at Mount Sinai, and had visited the Holy Land with

letters under the great seal of the sultan, which gave him
estraordinary facilities; had been in Russia, Livonia,

Cracow, Lithuania, " en roialrae darcsten " (i de Darcsten

or Silistria), and many other parts near Tartary, but not

in Tartary itself ; had drunk of the well of youth at

Polombe (Quilon on the Malabar coast), and still seemed to

feel the better; had taken astronomical observations on
the way to Lamary (Sumatra), as well as in Brabant,

Germany, Bohemia, and still farther north ; had been at

an isle called Pathen in the Indian Ocean ;• had been at

Cansay (Haugchow-fu) in China, and had served the emperor
of China fifteen months against the king of Manzi ; had been
among rocks of adamant in the Indian Ocean ; had been
through an haunted valley, which he places near Mille-

storach ( = MilIcscorath, i.e., Malasgird in Armenia); had
been at many great feats of arms, but had been incapable

of performing;_p.ny himself; had been driven home against

his will in 1357 by arthritic gout (despite the well of

' Tha an in MatLibron apparently represents tho Arabic nunation,
thouirh its uae in such a case is very odd.

youth !) ; and nad written his book as a consolation for liia

"wretched rest." The paragraph which states that he
had had his boo'.^ confirmed at Rome by tho pope is, how-
ever, an interpolation of the English versioa

This recital is of itself enough to provoke some little

questioning, and on investigating the sources of the book
it will presently be obvious that part at least of the per-

sonal history of Mandevillo is mere invention. Under
these circumstances tho truth of any part of that history,

and even the genuineness of the compiler's name, become
matter for serious doubt. No contemporary corroboration

of tho existence of such a Jchan de JIandeville seems to

be known. Some French MSS., not contemporary, give a

Latin letter of presentation from him to Edward III., but

this is BO hopelessly vaguo that it might have been

penned by any writer on any subject. At hiige, in tho

abbey of the Guilelmites, now pulled down, there certainly

was in the ICth century a tomb of a man in armour said

to be Mandeville; but the old French inscription showed

no name, and the arms were quite unlike those of tho

Mandevilles, earls of Essex ; while the Latin inscription,

stating that the tomb was Mandevillo's, and that he died

at Liuge on November 17, 1372, is not only apparently

much later in style, but confounds him with a physician

called "ad Barbara," who is said in a printed Latin

edition of Mandevillo to have met him first &t Cairo and
again at Li(5ge, and to have persuaded and helped Mm to

write his travels.^

Leaving this question, there remains the more complex

one whether the book contains, in any measure, facts and
knowledge acquired by actual travels and residence in the

East. Wo believe that it may, but only as a small por-

tion of tho whole, and that confined entirely to the section

of the work which treats of the Holy Land, and of the

difforenfc ways of getting thither, as well as of Egypt, and
in general of what we understand by the Levant.

The prologue indeed points almost exclusively to tha

Holy Lind as the subject of the work. The mention of

more distant regions comes in only towards the end of this

prologue, and (in a manner) as an afterthought. As
regards the writer's claim to have travelled in those inora

distant regions, it is somewhat astonishing to find that any

modern editor could have regarded this as possibly founded

in truth. And the apology sometimes made for the book,

as only a compilation of what was regarded as truth in the

v/ritcr's age, is not tenable in the face of the irequent

assertion (explicit or implicit) that he had himself been in

tho remotest regions spoken of, and had witnessed some of

tho most marvellous circumstances that he details. To
this we shall recur later, for the bearing of these state-

ments can only be appreciated when the true derivation

of the matter about the further East 'shall have been

exhibited.

By far tho greater part of these mora distant travels, extending

in fact from "Trebizond to Ormus, India, the Indian Archipolago,

and China, and back again to western J^.^ia, has been appropriated

from tlie narrative of Friar Odoric(writteii iE '330). These passages,

as served up by Mandeville, ore almost always, indeed, swdilen with
interpolated particulars, usually of an extravagant kind, whilst in

no few cases tho writer has failed to understand the passages which
lie adopts from Odorio atid professes to give as his own experiences.

Thus (p. 193)' in appropriating a passage of Odoric about tortoises

- This physician is called in a. French MS. "Jehan do Bourgoigne

dit a la Barbe." M. Michelant once saw thd'title of a medical or

botanical treatise bearing the name of Jehan de Bourgoigne. Can he

also have written these travels under a feigned name ?

3 Pago indications like this refer to passages in the 1866 re-israe

of Halliwell's edition, as being the most ready of access. But all

these passages have also been verified as substilntially occurring in the

French MS. from Lord AshbuVnham's libr.-.ry mentioned below (of

1371 A.D.\ cited A, and in that nnrabercd xxxii. of the GrenviMe

collection (B. M.), which dates probably froin the early nart of tha

16th century, cittd G.
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of great size, oeen in Champa, these are described as ''snails"
{lyTTiecons, A., liT/iasstyris, G.) whose shells were as big as cottages.

In another place (p. 209), where Odoric has given a most curious

and veracious account of the Chinese custom of employing tame
cormorants to catch 6sh, the cormorants are converted by Mande-
ville into " little beasts called loyres {layrc, A.)( Which are taught
to go into the water '' (the word loi/re being apparently used here
for "otter, " lutra, for which the Provencal is luria or loiria).

Where OdorlCj describing the court of the Great Khan, mentions
the genuine Tartar custom which forbade any man in entering to

set down his foot on the threshold of the door (an etiquette which
P. della Valle found still in force at Ispahan in the 17th century),

Mandeville quite fails to understand the point (see p. 220).

At a very early date the coincidence of Mandeville's stories with
!those of Odoric was recognized, insomuch that a MS. of Odoric,

which is or was in the chapter library at Mainz, begins with the
words : Iiidpit IliTieraHiis Jtdelis fratris Odorici socii Militis Men-
davil per hidiam; Hcct hie [read illc] prius et alter posicrius

pcregrinationcm suam dcscripsit. At a later day Sir T, Herbert
calls Odoric " travelling companion of our Sir John "

; alid Purchas,
with most perverse injustice, whilst calling Mandeville, next to

Polo, "if next, . . . the greatest Asian traveller that ever the
world had," insinuates that Odoric's story was stolen from
Mandeville's. Mandeville himself is crafty enough, at least in ono
passage, to anticipate criticism by suggesting the probability of his

having travelled with Odoric (see p. 282, and below).

Much again of Mandeville's matter, particularly in Asiatic geo-

graphy and history, is taken bodily from the book of Hayton, an
Armenian of princely family, who became a monk of the Prsemon-
fitrant order, and in 1307 dictated this work on the East in the
French tongue at Poictiers, out of his own extraordinary acquaint-
ance with Asia and its history in his own tim^.

It is curious that no jpassage in Mandeville can be plausibly
traced to JIarco Polo, with one exception. This is (p. 163) where
testates that at Ormus the people, during the' great heat, lie in

water,—a circumstance mentioned by Polo, though not by Odoric.
"We should suppose it most likely that this fact had been
interpolated in the copy of Odoric used by Mandeville ; for,

if he had borrowed it mrect from Polo, he would have borrowed
more.
A good deal about the manners and customs oT the Tartars is

demonstrably derived from the famous work of tho Franciscan John
of Piano Carpini (seo Carpini, vol. v. p. 132), though possibly
the immediate source for Mandeville may have been some popular
compilation. For though the passages in question are all to bo
found in Carpini, more or less exactly, the expression is condensed
and the order changed. For examples compare Mandeville, p. 250,

on the tasks done by Tartar women, with Piano Carpini, p. 643 ;*

Mandeville, p. 250, on Tartar habits of eating, with Piano Carpini

pp. 639-40 ; Maudeville, p. 231, on the titles borne on the seals of
the Great Khan, with Piano Carpini, p. 715, &c.
The account of Prester John, and all the wonders of his court

and realm, is taken from the famous Epistle of that imaginary
potentate, which was so widely diffused in the 13th century, and
created that renown which made it incumbent on every traveller in
Asia to assume his existence, and to find some new tale to tell of
him. Many Tabulous stories again of monsters, such as Cyclopes,
ficiapodeg, hipnopodes, r» onoscelides, anthropophagi, and men
whose heads did giow beneath their shoulders, of the phcsnlx and
tho weeping crocodile, such as Pliny has collected, are introduced
here and there, derived no doubt from the popular versions of
Solinus. And interspersed, especially in the chapters about the
Lo'.ant, are the stories and legends that were retailed to every
pilgrim, such as the legend of Seth and the grt^lns of paradise from
which grew the wood of tho cross, that of the shooting of old Cain
by Lamech, that of the castle of the sparrow-hawk (which appears
in the talo of Slelusina), those of tho origin of the balsam
plants at Matariya, of the dragon of Cos, of the river Sabbation,
&c.

Even in that part of the book which may be admitted with prob-
ability to represent some genuine experience, there are distinct
traces that another work has been made use of, more or less, as an
aid in the compilation, we might almost say as a framework to fill

up. This is the itinerary of the German knight William of Boldeu-
selc, written in 1336 at tho desire of Cardinal Talleyrand de Peri-
gord.2 A cursory comparison of this with Mandeville leaves no
doubt of the fact that the latter has followed its thread, using its
suggestions, and on many subjects its expressions, though digress-
ing and expanding on every side, and too often eliminating the
singular good sense of the German traveller. After such a compari-
son we may indicate as examples Boldensele's account of Cyprus
(Mandeville, p. 28, and p. 10). of Tyre and the coast of Palestine
{Mandeville, 29, 30, 33, 34), of the journey from Gaza to Egypt (34),

* Viz., In D'Atcztic's ed. in torn. Iv. of Rec. de'Voyages 6t de Mdmoires, pub. by
il-.-iSoc. doG<<og., 1839.

» 2 It la found la tho Thesattrut of Canlslos, 1604, v. pt. IL p^ 95. and la ccU of
Wij h, Baanaac l72fi, Iv. 837.

passages about Babylon of Egypt (40), about Mecca (42), th«
general account of Egypt (45), the pyramids (52), some of
the particular wondera of Cairo, such as the slave-market, the
chicken-hatching stoves, and the apples of paradise, i.e., plantains

(49), the E«d Sea (57), the convent on Sinai (58, 60), the account
of the church of the Holy Sepulchre (74:-76), &c. The following
may be quoted as a specimen, showing how Mandeville has at onco
followed Boldensele and deviated from his good sense :

—

Boldensete (ed. Basnage, p. S42), MandgvSJe Q). 62).

" Sunt plura antiqaomm monuments, "ITow also I shall speak of another
flgnne pyramidalis, inter qtue Bunt duo thing , . . that is to say of the Garner*
miraa magnitudinia et altitudinis, de of Joseph that he caused to be made,
maximis lapidiblia et politis. in quibua . . . And they be made of stone, fa}l

inveni script :Ta3diversorumidioniatmn. well made of mason's craft; of which
. . . Dicunt Eimplices haec maxima two l)e marvellously great and high,

monumenta fuisse granaria Pharaonia, and the other 13 not so great. . . . Arul
et sic ea appellant, quod venim nullo above the Gamers, without, be many
modo est; quia nee ad imponendam scriptures of divers languages. And
nee ad servandam annonam . . . locus some say that they are sepulchres of
inJpsispyi'amidibusaptusdcprehcnttitnr great Lords . . . but thiit Is not true;
. . . verum quod monumenta Bunt,"Ac for ull the common rumour and epeech

Is . . . that Uiey be the Garnets of

Joseph."

It will be Been from these inaications, and more particularly from
the specific analysis given below, that there is only a small residuum
of the book to which genuine cbaracter, as containing the experi-

ences of the author, can possibly be attributed. Yet, as has been
intimated, the borrowed stories are frequently claimed as such
experiences. We have already alluded to Mandeville's claim (p. 4)
to have visited distant parts of Asia ; to have drunk of the Foun-
tain of Youth, a favourite mediaeval fable which he interpolates in

Odoric's account of Malabar (169) ; to his assertion that he had
visited Lamary (Sumatra), and indeed that he had gone beyond it to
33* 16' of S. lat. (181-82) ; and that he had been at a certain otlier

island in the Indian Archipelago (190). He alleges also that he
had witnessed the curious exhibition of the garden of transmigrated
souls (described by Odoric) at Cansay, i.e., Hangchow-fu (211).

He and his fellows with their valets had remained fifteen moalhs
in service with the emperor of Cathay in his wars against the king
of Manzi,—Manzi, or Southern China, having ceased to have any
existence as a separate kingdom some seventy years before the tinae

referred to. Similar false statements are found at pp. 219, 235,
248, 271. But the most notable of these passages occurs- in his

adoption from Odoric of the story of tho Valley Perilous (282).

This is, in it5 original form, apparently founded on real experiencfja

of Odoric viewed throagh a haze of excitement and superstition.

Mandevilie, whilst swelling the wonders of the tale with a variety

of extravagant touches, appears to safeguard himself from thi
reader's possible discovery that the tale was stolen by the interpola-

tion: "And some of our fellows accorded to enter, and some not. So
there were with us two worthy men, Friars Minor, that were of Loni-
bardy, who said tViat if any man would enter they would go in with
us. And when they had said so, upon the gracious trust of God
and of them, we caused mass to be sung, and made every maji to
be shriven and housoUed ; and then we entered, fourteen persons ;

but at our going out we were but nine,'* &c
In referring to this passage it is only fair to recognize that tho

description (though tho suggestion of tho greatest part exists in

Odoric) displays a good deal of imaginative power ; and there is

much in the account of Christian's passage through the Valley of
the Shadow of Death, in Bunyan's famous allegory, which indicatea

a possibility that John Bunyan may have read and remembered thi»

episode either in Mandeville or in Hakluyt's Odoric.

Such a passage, however, as that which we recently quoted, and
which appears to exist in all the MSS. and versions that have been
examined, leaves no room for the rehabilitation of Mandeville's

character as regards conscious mendacity. But it does not neeea-

sarily follow that the whole work is borrowed or fictitious.

There are other examples in mediceval works of travel in which
fiction has been lipked to true experiences. Eren the great
Jloorish traveller Ibn Batuta, accurate and veracious in the main,
seems, in one part at least of his narrative, to invent experiences:

and in such works as those of John of Hese and Arnold von Harflf,

we have examples of pilgrims to tho Holy Land whose narratives

begin apparently in sober truth, and gradually pass into flourishes

of fiction and extravagance. So in Mandeville also we find various

particulars which wc are unable to trace to other writers, and which
may therefore be, provisionally at least, assigned to the writer's

own experience, or to knowledge acquired by colloquial intercourso

in the East.

It is difficult to decide on the character of his statements as to

recent Egyptian history. In his account of that country (pp. 37,

38) though the series of the Comanian {i.e., of the Bahri Mame-
luke) sultans is bon'owed from Hayton down to the accession of

MeZechjiasser, i.e., El-Malik el-Nagir Mohammed ibn Kalaiin, who
came first to the throne in 1299, Mandeville appears to speak from
his own knowledge when he adds that this " MelccJnmsser reigned

long and governed wisely." Ih fact, though twice displaced in tlie

early part of his life, Malik Ndeir reigned till 1341. a duration vu-
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paralleled in Moliammcdan Egypt, whilst wo aro told that during
tlio last thirty years of his roign Kgypt rose to a high pitch of

woaltli and prosperity. Maudcville, however, then goes on lo say

that his eldest sou Melcchcmadcr was chosen to succeed, but this

iiriuco was caused privily to be slain b)' his brother, who toctk tho

Kingdom under tho name of Mclcchmadahron. *' And he was Suldan
wheu I departed from tliose countries." Now Malik Na^ir
Mohammed was followed in succession by no less than eight of

his sons in thirteen years, the first three of whom reigned in

(Aggregate only a few montlis. Tho names mentioned by Mande-
villo appear to represent those of tho fourth and sixth of tho eight,

Tiz., El-Malik el-Salih *Tmddu-d-dhi, and El-^falik QhMuzfif^ir

£ainu-d-dm Hajj ; and these the statements of Mandevillo do not

fit.

Among particulars which socm to suggest personal knowledge
may be instanced tlie very good dcserijitiou of the Bedouins (p. 64),

starting from that of Boldensele, but largely and accurately

expanded ; tho use of carrier pigeons in Syria (p. 118) ; tho inti-

mation that the Red Sea was frequented oy Venetian merchants
trading with India (p. 140). There are some other particulars

which tho author can hardly have witnessed, but which may pos-

sibly have been heard iu communication withpther travellers (if not
borrowed from some untraeed source). Such are tho practice of

polyandry in a certain island {p. 287), and tho rite of fraternal

-atloption between two persons by drinking each other's blood (195).

The mention of Ani in Armenia with its thousand churches (148)
is probably derived from some book ; the city and its thousand
churches arc mentioned by William of Rubrouek.

On several occasions the writer indicates some acquaintance with
Arabic, though the words are not always recognizaole, owing per-

liaps to the carelessness of copyists in such matters. Thus (p. 142)
lie gives the Moliammcdan confession of faith as La ellct clla

Machomdh rorcs alia {Roscl-alla, A. ) ( La ilal-ia ilia 'Iklh Muhamma-
dun rasulu 'llah)

; (p. 50) tho Arabic names of the wood, fruit, and
sap of the balsam plant

; (p. 99) tho name of bitumen, *' alkatran
"

^o.l-Kairdn) \ (p. 131) three titles of the Koran, viz., **Alkoran,**

**Mcshaf'* (ue.j mj^haf, "written sheets or pages," **a copy of

the Koran"), and JIarme {i.e., haram, in the senso of "sacred,
inviolahle")

; (p. 1C8) tho names of the three difTerent kinds of

pepper (long pepper, black pe])per, and white pepper) as sorbotin,

fulfulf and bano or bauo {/ulful is the common Arabic word for

pepper, tho others we cannot explain with any confidence); (p. 192)
the name of tho elephant (but in A. this runs : £t apclle on Id, Ics

olipha^is vachcs).

Mandevillo again, in some passages (and especially in ono which
is familiar from its being cited by Dr Johnson in the preface to his

distionary) shows a correct idea of tho form of the earth, and of

3X)sition in latitude ascertained by observation of the polo star ; he
knows tliat there are antipodes, and that if shipr- were sent on
voyages of discovery they might sail round the world. And ho
tells a curious story, which he had heard in his youth, how a

worthy man did travel ever eastward until he came to his own
country again (p. 183), But on the other hand ho repeatedly

asserts tho old belief that Jerusalem was in the centre of tho world

(79, 133), and he maintains in proof of this that at the equinox
a spear planted erect in Jerusalem casts no shadow at noon,

—

liiatis, that the city was on the equator.

Brief Anafiisis.—Vvologae. Cliapa. i.-iii. The way to Constantinople; tho
woudera and holy places there ; the Greek Islands, Greek Church, A;c. Chapa.
Iv.-v. Constantinople and Palestine; Rhodes, Cyprus, coast of Palestine ; Egypt
Jind Babylon of Kgypt ; the Sinai Ocsert and convent (these two cliaptcrs on the
lines of Boldensele; Bucccssionof AyubUo and Mameluke sultans from Hayton).
Cliaps. v.-x. Palestine and the hcly pl.iccs (the most original part of the work,
but based occasionally on CoMon-^riGl. Chap. xi. Syiia, vanous routrs from
Western Europe; dosciiptina ol Tartury (the steppe country about tho Volga,

—

Tcry fiood, thoufih expr.'ssly not frcni pci->onal experience). Chap. xii. On ttio

fcai.icen3 and their rcli^'ion, iMohamniL-d, ttc. (paitly based on Boldensele).
Chap. xiii. Countries of Asa an.l Africa : journey to the Last fiom Trchizond
<tln3 and on to chap. xx. inclusive is nil ba^cd on Oitoric, with inlerpolutions
(tfi libitUTri). Chap. xxi. The Grc;it Kluiii; im historj' of Jcn^liiz and his suc-

cessors (from Hayton, with mdirtiiint' fioin Piano Carpini). Chap. xxii. Tlio

court and splendour of il .
; : noncv, &c. (from OJoric). Chap,

xxiii. Customs of the T.n: >,m Plann Carpini). Chap. xxiv.
Countries of Asia shortly .: ron). Chap. ,\x\i. Tho lamb-plnnt
(from Odoilc), with much ^i- t. randtiK; shut-up nations, crirfins,

nnd other monsters. Ch.ii v
. > tate nf Picstcr Jolin (chiefly from

the" Letter" of PrcstcrJuj , -fiom Hayton); the OKI Man of tho
Mountain (from O^oiic). (: Valley Perilous (from Odoiic, with
Inventions), foUowcd by a r|i;

,
:

,'
, i;; j,-eography of iiiisc^l and uncertain

wriRin. Chaps, xxix., xx::. :-i:j I : , ;,i utcli continued (from flie romance
of Alexander, the Iclter of r\-v>u-v .Tuhn, Plinian fables, Ac). Chap, xxxl
The return journey from Cathay, <ke. (from Odoric). The epilogue.

The oldest known MS. of the original is the earl of Ashburnham's
MS. Libri xxiv., dated 1371, but nevertheless very inaccurate in

t»roper names. The English version was made, at least as early as

the beginning of the 15th century, from a French MS. defective be-
tween p. 36 I 7 (" Andthere")of HalUwell's edition and p. C2l. 25

I" And that Valey "), and is represented in this state by nearly
uTcry known English MS.' It was complf^ted and revised by two
independent editors, neither of them later than the first quarter of
the 15th century. One of these revisions is represented by the
iii itish Museum MS. Egerton 1082, and the very badly abbreviated

Bodleian MS. e Mus. 116. The other i^ represented by tho
15ritish Museum MS. Cotton Titus C. xvi. The fii-st printed edition
of tho English version is apparently the undated edition of
Pynson, which gives the version in its original defective shaiie.

So do Wynkyn de Worde's edition of 149^ and eleven editions
before 1725, except that they inseil a paragraph seemingly abbre-
viated from tho revision icpresented by Cotton Titus C. xvi. This
latter revision was, however, followed ir full by tho editions of
1725 and 1727, and is, in Halliwell's editions, tlio text now
current. Tho other revision seems never to have been printed.

That none of the forms of the English version can conceivably
be from the same hand which wrote the original work is mndo
patent to any critical reader by their glaring erroi-s of translation,
but the form now current asserts in tho preface that it was made
by Mandevillo himself, and this assertion has been taken on trust
by almost all modern historians of English literature. The words
of the original " je eusse cest livret mis en latin .... maia . . .

je I'ay mis en romant " were mistranslated as if " je eusse " meant
" I had " instead of *' I should have," and then (whether of fraudu-
lent intent or by the error of a copyist thinkii.g to 6up]ily an
accidental omission) the words were added "and translated it a^en
out of Frensche into Englyssehe." Schonbom and Miitzncr
respectively seem to have been the first to show that the cuiTent
Latin and English texts cannc-t possibly have been made by
Mandevillo himself. Dr J. Vogels states the same of unprinted
Latin versions which he has discovered in the British Museum, and
he has proved it as regards the Italian version.

The terseness, the simplicity, and the quaintnesg of the English
version, together with the curiosity of tVo subject-matter, will

always make it delightful reading ; but tho title " father of English
prose," which in its stricter sense already belonged to King Allrcd,

must in its looser sense be now transferred to "WicklilTe.

bcschrcibung Mandcviile's zur franriisisclien" in a. Festschrift, dem Qymnasium
zu iloers zur Feier seines^ SOOJdhrigen Uesleftens gewidmet worn Lehrrr'
Collegium des Crefelder Oymnasiums, Bonn, 1882, and his lerthcominff " Hand-
Bchnftlichc Untersuchungen iibcr MandcviIIc'8 Uelsebcachreibimg," In Vojlinollcr'*

Romanische Forscftiingen; alsoforthe bibliopraphy of editionsand tr.inslations.np

to 18G7, Toblcr'a Bibl iographia geograp/tica FalxsliTKC. See also Yule's Cathag
and Iht.' Wa'j Thither (Hakluyt Socitty), 1, 27, 28, on tlie sources of the book. At
least two critical editions arc understood to be In preparation—by VorcIs (French
and English), and by Michelant (French, for the SociL^ft? do rOrient Lalin). Oa
a French Lapidaire and other worlcs attributed to JIaiidevillc see T-ujinler'a

Lapidaires fran^aii dit moyen &ge, Paris, 18s2, pp. 1S9-204. (E. B. N.—U. T.)

MANDT, a native state in the Punjab, India, lying

between 31' 23' 45" and 32° 4' N. Itit., and between
76° 40' and 77° 22' 30" E. long., and bounded on the N.

and E. by KuUu, on the S. by Suket, and on the W. by

KAngrA. Tho country is very mountainous, being intersected

by two great parallel ranges, reaching to an average height

of from 5000 to 7000 feet above sea. The valleys between

the hill ranges ore very fertile, and produce all the ordinary

grains, besides more valuable crops of rice, maize, sugar-

cane, poppy, and tobacco. Salt-mines contribute about

one-third of the state revenue. Iron is found in places,

and also gold in small quantities. The area of the stato

is estimated at about 1200 squure miles, and a censua

in 1881 gives the population as 147,017. The chief,

a RAjput by caste, enjoys an approximate income of

£3G,500, and the state pays a tribute to the British

Government of £10,000 a year. Mandi town, the -capital,

is. situated on the Bids, in 31' 43' N. lat. and 76° SS*

E. long.

MAXDIXGOES, otherwise known as Wangaeawa,
I.Ialinkes, or Wakoee (tho last probably their primitive

designation), are one of the mcit widely distributed and

important peoples of Western Africa to the north of the

equator, and perhaps form the best representatives of tho

Negro stock The country of Manding, from which their

ordinary name is derived, is a comparatively small district

on both banks of the Niger, about the intersection of 12°

N. lat. with 9' E. long. A Mandingo empire, usually called

after Mali, tho chief town, which stood on the bank of the

Niger to the north of Eurd, was founded by a certain

prince Baramindana or Earamangole in the 12th centur}'

;

and jtn power was gradually extended till, in the reign

of Mansa :\hisa (13jl-3I),"Sriii;hai, Timbuctoo, aiid, in

fact, the whole of the Sudan %viih tho exception of Geiui^
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on the Niger, were more or less tliorouglily subjugated.

Timbuctoo finally fell into the hands of the Berbers about

1 133 ; but Mali remained a leading state and its capital

a great commercial centre till the beginning of the 16th

century, when Omar Askia, prince of Songhai, captured the

city. The Mali dynasty was a Jlohammedan one ; and,

though some sections of the Mandingo race are still pagans,

the greater number are ardent supporters of Islam. Of
the present grouping and relations of the states in which
they are the dominant element detailed information does

not exist ; but such accounts as those of Benjamin
Anderson {Journey to Musardu, the capital of the Western

Manditiffoes, New York, 1870) show that some of them are

possessed of a considerable share of barbaric civilization.

According to Dr Quintin, the loading areas of Mandingo
occupation are the country watered by the great head-

streams of the Senegal (the Faleme, the BaSng, &c.), the

district to the south of the lower course of the Gambia,
and the coast region of Susu to the north of Sierra Leone.

The Mandingoes are generally tall and strongly built

;

black in complexion, and harsh and ugly in features, but

with a spirited and intellectual expression. They are great

traders, work in iron and gold, weave cotton cloth, tan

excellent leather, and regularly cultivate a considerable

variety of crops— rice, cotton, tobacco, kola, potatoes.

Their clay-built walled towns often contain 8000 to 10,000
inhabitants, and villages and hamlets are thickly scattered

over the country.

Besides Park's Travels (in which the Mandingoes play a promin-
ent ]iart) sec Enrth, Travels in Central Africa, and Dr L. Quintin,
" Etudo cthnogr. sur les pays entre lo Senegal et le Niger," in Bull.

de la Soc. de Giogr., Paris, 18S1.

MANDLA, a district in the chief commissionership of

the Central Provinces, India, lying between 22° 14' and
23° 22' N. lat., and between 80" and 81° 4S' E. long., is

bounded on the N.E. by Eewah state, on the S.E. by
Eildspur, on the S.W. by Balaghat, and on the W. by
Seoni and Jabalpur. It has an area of 4719 square miles,

aud the headquarters are at Mandia town. The district

consists of a wild highland region, broken up by the valleys

of. numerous rivers and streams. In the lower valleys

there is abundance of rich black cotton soil, while in the

less favoured valleys a light friable soil is found. The
Nerbudda river flows through the centre of the district,

receiving several tributaries which take their rise in the

Maikal Hills, a range densely clothed with sdl forest, and
forming part of the great watershed between eastern and
western India. The loftiest mountain is Chaun-ldadar,

about 3400 feet high. Tigers and wild beasts abound, and
the proportion of deaths caused by wild animals is greater

in Slandla than ia any other district of the Central

Provinces.

The census of 1872 disclosed a population of 213,018 (males,
110,473 ; females, 102,645). The aboriginal or hill tribes num-
ter more strongly in Mandia than in any other district of the
Central Provinces, the Gonas being alone returned at 113,306.
Mandia town, with a population of 4936, is the only place
in tho district with upwards of 2000 inhabitants. Of the
total area of 4719 square miles, 556 were returned in 1881 as culti-

vated, and 2530 as cultivable. In the same year 54,431 acres were
devoted to tho production of rice, and 75,196 to wheat, while other
food gi-ains occupied 199,062 acres. Fibres and sugar-cau- are pro-
duced in considerablo quantities. The magnificent scil forests which
formerly clothed the highlands of tho district have suH'ered greatly
from the nomadic system of cultivation .practised by the hill tribes,

who cut down and burn tlio wood on the hiU-sidcs, and sow their
crops in the ashes. Of late years, however, measures have been
taken to prevent further damage to the forests. The only local

manufacture consists in the weaving of coarse cotton cloth. Tho
total gross revenue of tho district in 1881 was returned at £21,398,
of which £8999 was derived from the kml. There are 46 Govern-
ment and aided schools. The cost ot officials and police was £6390.
The district has a bad rejintatioii for fever.

MANDOLINE. See Lute.

MANDRAKE, Mandragora officinarum, L., of the

potato family, order Solanacess, is a native of Spain, Sicily,

Crete, Cilicia, Syria, &c., and North Africa (Beath. et

Hook., Gen. PL, iL p. 900; and DC, Prod., xiiL p. 466).

It has a short stem bearing a tuft of ovate leaves, with a
thick fleshy and often forked root. Tho flowers are soli-

tary, with a purple bell-shaped corolla. The fruit is a
fleshy orange-coloured berry. The mandrake has been long

known for its poisonous properties and supposed virtues.

It acts as an emetic, purgative, and narcotic, and was much
esteemed in old times; but, except in Africa and the East,

where it is used as a narcotic and antispasmodic, it has fallen

into disrepute (Pickering's Chron. Hist, of Plants, p. 247).

In ancient times, according to Isidorus and Serapion, it wag
Used as a narcotic to diminish sensibility under surgical

operations, and the same use is mentioned by Kazwinf,

i. 297, s.ii. "LuffAh." Shakespeare more than once alludea

to this plant, as when Banquo in JIacheth says—" Or have
we eaten of the insane root that takes the reason prisoner 1

"

and again in Antony and Cleopatra—"Give me to drink

mandragora." The notion that the plant shrieked when
touched, so that those who desired to pluck it up had to

stop their ears with pitch, is alluded to in Romeo and
Juliet—" And shrieks like mandrakes torn out of the

earth, that living mortals, hearing them, run mad." Tho
mandrake, often growing like the lower limbs of a man,
was supposed to have other virtues, and was much used

for love philtres (Diosc, iv. 76), while the fruit waa
supposed, and in the East is still supposed, to facilitate

pregnancy (Aug., C. Faust., xxii. 56; compare Gen. xxx. 14,

'where the Hebrew D*N"in is undoubtedly the mandrake).

Like the mallow, the mandrake was potent in all kinds of

enchantment (see Maimonidesin Chwolson, Ssabier, ii. 459,

and the notes). Dioscorides identifies it with the KipKaitx,

the root named after the enchantress Circe. To it appears

to apply the fable of the magical herb Baaras, which cured

demoniacs, and was procured at great risk or by the death

of a dog employed to drag it up, in Josephus {B. J., vii. 6,

§ 3). The German name of the plant (Alraune ; O. H. G.

Alrilna) indicates the prophetic power supposed to be in

little images (homunculi, Goldmannchen, Galgenmiinnchen)-

made of this root which were cherished as oracles. The
possession of such roots was thought to ensure prosperity.

(See Ducange, s.v. "Mandragora," and Littr^.)

Gerard in 1597 (Ilcrlall, p. 280) described the male and fenialo.

mandrakes. Dioscorides also recognizes two such plants apparently

corresponding to the spring and autumn species {M. vcmalis, Bei-t.

,

and M. officinarum, L., respectively), ditfering as ho says in the-

colour of the foliage and shape of fruit. He alludes to the "ridicu-

lous tales" and "doltish dreanies" aboutit merely to scout them.
Ho notes that tho root is often single, or with two to many
branches. Even in his day, as now, the root of the wild bryony
was trimmed to represent the human form, miscalled mandi'ako,

aud then sold as such to the ignorant.

MANDPJLL, the name of one of the most remark-
'

able, at all events in outward appearance, of the Baboons,

Oynocephalus maimon or mormon. The general characters

of the genus to which it belongs are given in the article

Ape, vol. ii. p. 152. The word appears to have been first

introduced into our literature in a work published in 1744

called A Neio Voyarje to Guinea, by William Smith, who in

an account of the animals of Sierra Leone describes one
" called by the v/hite men in this country Mandrill," but

adds, "why it is so called I know not."^ Smith gives

sufliciently accurate details to show that his animal is not

1 " ' Mandrill' seems to signify a 'man-like ape,' the word ' Drill
'

or * Di'il ' having been anciently employed in England to denote att-

Apo or Baboon. Tims in the fifth edition of Blount's ' Glossographia,

or a dictionary interpreting tho hard words of whatsoever languaf;©-

now used in our refnied English tong-ae . . . very useful for all such

as desire to understand what they read,' published in 1631, 1 fmd.

' Dril, a stonecutter's tool wherewith he bores littlo holes in marble.
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tliat now called Mandiill, but the Chimpanzee. Buffon,

however, while quoting Smith's description, transferred the

name to the very different species now under consideration,

and to that it has been attached ever since.

The Baboons generally are distinguished from other

Monkeys by the comparative equality of the length of their

limbs, which with the structure of the vertebral column

adapts them rather for quadrupedal progression on the

ground than for climbing among tlie branches of trees.

They are also remarkable for the great size of their face

if.nd jaws as compared with the part of the skuU which

encloses the brain. The Mandrill, in addition to these

characters, is distinguished by the heaviness of its body,

stoutness aud strength of its limbs, and exceeding shortness

of its tail, which is a mere stump, not 2 inches long, and

usually carried erect. It is, moreover, remarkable for the

prominence of its brow ridges, beneath which the small and

closely approximated eyes are deeply sunk ; the immense
size of the canine teeth; the great development of a pair of

oval bony prominences on the maxillary bones in front of

the orbits, rising on each side of the median lino of the

face, and covered by a longitudinally- ribbed naked skin
;

and more especially for the extraordinarily vivid colouring

of some parts of the skin.

The body generally is covered with a full soft coating of

nair of a light olive-brown above and silvery-grey beneath,

aud the chin is furuished underneath with a small pointed

yellow beard. The hair of the forehead and temples is

directed upwards so as to meet in a point on the crown,

which gives the head a triangular appearance. The ears

are naked and of a bluish-black colour. The hands and
feet are naked and black. A large space around the

greatly developed ischial callosities, as well as the upper
part of the insides of the thighs, is naked and of a crimson

colour, shading off on the sides to lilac or blue, which,

depending not upon pigment but upon injection of the

superficial blood-vessels, varies in intensity according to

tlie condition of the animal—increasing under excitement,

fadiug during sickness, and disappearing after death. But
it is in the face that the most remarkable disposition of

vivid hues occur, more resembling those of a brilliantly

coloured flower than what might be expected in the

cutaneous covering of a mammal. The cheek prominences

are of an intense blue, the effect of which is heightened by
deeply sunk longitudinal furrows of a darker tint, while

the central line and termination of the nose are a bright

scarlet. Notwithstanding the beauty of these colours in

themselves, the whole combination, with the form and
expression of features, quite justifies Cuvier's assertion that
" il serait difficile de se figurer un fitre plus hideux que le

Mandrilh"
It is only to fully adult males that this description

applies. The female is of much smaller size, and of more
slender make ; and, though the general tone of the hairy

parts of the body is the same, the prominences, furrows, and
colouring of the face are very much less marked. The
young males have black faces. At the age of three the
blue of the cheeks begins to appear, and it is not until they
are about five, when they cut their great canine teeth, that

they acquire the characteristic red of the end of the nose.

The Mandrills, especially the old males, are remarkable for

the ferocity of their disposition, as well as for other disagree-

able qualities, which are fully described in Cuvier's account
of the animal in La Menagerie dii Miiseuin d'Eistoire

Naturclle (1801), but when young they can easily be tamed.
Like the rest of the Baboons, they appear to be rather

&c. Also a lars'

used in the

jrown Ape aud Baboon, so called, ' * Drill

sense in Charlton's Onomasticon Zoicoji, 1668.
The siugulav etymology of the word given by Buffon seems hardly a
VrobaUe one."—Hniley's Man's Place in A'aiare,. p. 10, 1863.

indiscriminate caters, feeding upon fruit, roots, reptiles,

insects, scorpions, &c., and inhabit open rocky ground

rather than forests. Not much is known of the Mandrill's

habits in the wild state, nor of the exact limits of its

geographical distribution. The specimens brought to

Europe all como from the west coast of tropical Africa,

from Guinea to the Gaboon.

An allied species, the Drill {CynoccplialuS:hucoplix'us),

which resembles the Mandrill in size, general proportions,

and shortness of tail, but wants the bright colouring of

the face which makes that animal so remarkable, inhabits

the same district. (w. ir. r.)

MANDURIA, a city of Italy in the province of

Lecce, 22 miles east of Taranto on the road to Lecce,

in the midst of a wide open country. It had 7948
inhabitants at the census of 1871, is the seat of two pretty

important fairs, and contains a spacious palace of the

Francavilla family, and a fine old church with campanile

and rose window ; but the main interest of the place

attaches to the ruins of the ancient city in the neighbour-

hood. The whole circuit of the double line of ancienS

walls, built of large rectangular stones without mortar, can

still be traced, the outer wall and ditch measuring 23 feet

iu breadth, and the inner passage with the inner v^-all about

50 feet. At Scegno, just outside the walls, the visitor

may still see the fountain of Manduria, the level of which,

according to Pliny, it was impossible to alter by any

drawing out or pouring in of water.

Manduria is lirst mentioned in connexion with the death of

Archidamus, king of Sparta, who perished in a battle fonght under

its walls in 338 B.C. ; and the only other fact of importance in its

ancient annals is the capture by Fabius JIaxinms in 209. Though
omitted from Pliny's list of towns in this region, it appears in tlie

Tabula Peutingcriana. After the destruction of the old town by
the Saracens the inhabitants removed to the present site, and the

name Casalnuovo, which they at first applied to the new settlement

was exchanged by Ferdinand I. for the original Manduria.

MANES. This term, which is clearly euphemistic,'

meaning " goodies " or " good fellows," was appUed by the

Romans to the spirits of the departed. As in all nations

of antiquity, and in many existing savage tribes, these

spirits were held by them in great awe aud veneration, aa

being powerful for good or for harm. The doctrine,

whether imported from the Egyptian theology or of

Turanian origin through the Etruscan tomb-builders, is

closely allied to that of the Greek belief in the existence

of the souls of heroes, ancestors, and generally of the

" mighty dead," whom they called 8ai/iow5, but, of course,

in a sense widely different from our notion of demons.

Thus in iEschylus the spirits of Agamemnon and of Darius

are invoked as 8at)aovcs, and in the Suppliant TVoinen

(24) they are appealed to as IdapvTijioi ;)(6drtoi, where the

notion of " heavily-punishing " seems conveyed by the

compound epithet. Generally, the dxmones were regarded

as hostile, or at least dangerous, and blood-offerings

(h'ayuTjjioi) were made to them to propitiate their wrath,

and to induce them to send aid or material blessings from

the realms below. The idea appears to have been that the

spirits ranged the earth, hungry and forlorn, and seeking

whom they might devour. Hence pestilences and sudden

deaths were attributed to them, and in this sense they

came to be regarded as the enemies of the living. Victims

were given to them, that they miglit not themselves make
victims of whomsoever they pleased. Offerings of all kinds

were placed in the tomb or burnt on the pyre, and the rites

of burial were, with the lamentations of surviving friends,

thought necessary for the repose of the ghost. Hesiod,

however, in a remarkable passage (Op. et D., 122), speaks

of the Sai'/xoi/ts iu terms more allied to our ideas of " guardian

angels." He says they were the souls or spirits of the men
who lived in the golden age, and that their office now is to.
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walk.tbe earth unseen, and to watch the actions and conduct

iof man. The meaning of the word demon is very obscure.

Some connecl it with Sif, the root of Dis, Dymis, Zcv's,

JvpinCur, &c., others with Sai'cif, "to allot," "to distribute,"

(Curtius, Gr. Etym., i. 230), while others, with Plato (Cra^y-

inx, p. '398, B), have supposed that Saijyawi', " knowing," is

the original sense. ~<-- In a general way, Sai/xuiv meant a man's

luck or fortune in life, and hence Suo-W/tui' and rfSat/icui'

are common phrases for " unfortu-..- te " and "prosperous."

The word inanes seems referable to an old adjective, of

which there were two forms, manis and manus, " good."

From the former comes immanis, applied to things or

persons of formidable size, power, dimensions, &o., and so

"huge,". "savage," or in any sense "uncanny." The
morning is mane, " the good or lucky time," because there

was an old proverb (Hesiod, Op. el D., 578) that morning
was the best time for work. It is generally used as an
ablative, mane novo, &c., yet Virgil haa dum mane aoviim,

(Geory. iii. 325). Manus is found in the old Italian

divinity GeniCa, ifana, the "good -mother," also called

'Mania and Larunda, the reputed mother of the Lares or

household gods. To this goddess Pliny tells us (iV. H.
xxix. 58) the Romans offered in sacrifice a puppy-dog,

cntulus. In xxL 11 he says that chaplets used to bo offered

to the manes, and inxxxiii. 2 he speaks of men digging

mines to get wealth in sede manium, in the depths where
the spirits reside. ,

^There can be no doubt that food offerings were, accord-

ing to a widely spread superstition, offered to the manes,

as to the Lar, to Hecate, to Trivia, and to other infernal

powers. 1 Thus Virgil (who is fond of the use of the word)
says in ^n. iiL 63, " aggeritur tumulo tellus ; stant

Manibus arae." On these altars, he adds, goblets of milk

,
and the blood of victims were offered, though he evidently

has in view the Greek rite of appeasing the dajmons.

Perhaps there were not such solemn propitiatory sacrifices

made to the manes as to the Greek Sai/i.oi'cs. But all

nations have reverenced the spirits of their ancestors, and
especially those nations which retain strongly patriarchal

traditions and the distinctions of caste.

The genms was a kind of attendant on tne living, the

sharer of his fortunes, and perhaps to some extent regulat-

ing them, from birth to death. To indulge one's genius

originally meant to please him with good cheer, an idea

that lay at the root of all primitive notions of sacrifice.

Of this notion there is no Greek equivalent. It seems

more nearly allied to the superstition of a "double" or
" wraith," a kind of alter ego who at once was, and was
not, identical with the individual person. (See Hor.,

Episl. ii. 2, 187.) t

Between the manes and tho received idea of souls there

was a pretty close analogy. When Virgil says (jSn. vi.

743), "quisque suos patimur manes," he appears to mean
tliat the souls of all receive tho reward of deeds done in

life. There was, of course, a corresponding idea that the

manes could be conjured up, and could appear as ghosts.

Thus Propertius (EL, v. 7), commencing with the verse
" Surtt aliquid manes, letum non omnia finit," describes

how tho ghost of his Cynthia appeared to him and
upbraided him for his faithlessness. See also Virg., ^^^.

iv. 490 and v. 99. Like the Sat/K-oi/es, they were also

supposed to have the power oi sending dreams {ibid. vL

897).

lu sejjulchral inscriptions, even on early Christian tombs,
the dedication dU manibus is common, showing the strong

tendency to d«ify which prevailed with the Remans under
the empire.

MANETHO. . Manetho Scbennyta (MareSwi/, MafeSS,
MartSoV. MaviOuiS, litc, i.e., Mai en Tkoih, "beloved by
Xhofh "), Egyptian priest and annalist, was a native of

Sebennytus (Semmeniid) in the Delta. His name is con-
uectad liy Plutarch with the reign of Ptolemy I., and he is

usually btated to have written under Ptolemy U. Philadel-

phus, though the only authority for this is an epistle to that
king of the Pseudo-ilanetho, author of the forged Book of
Sothis preserved by Syncellus. He was instructed in Greek

—

so Joseplius tells us—and the three books of his Aiyuirria/ca

composed in that language opened to foreigners the history
of Egypt from the mythical period downwards, as it was.

preserved in the records of the priests. Unhappily the
book is now known only by some lists and fragments pre-

served by Josephus in his treatise Against Apion, by-

Eusebius in his Chroniea, and by Syncellus. Syncellua
used the work of Eusebius (also known to us through
Jerome and the Armenian version') and the lost Pentabiblon
of Africanus. Thus the little that we know of Maiietho'a.

history has reached us through a process of transcription

and retranscription very unfavourable to the correct trans-

mission of the lists of kinsfs and dynasties, to whicli

Josephus alone adds any considerable narrative excerpt^
It seems indeed that our authorities themselves used vary-

ing and partly corrupt recensions of tho original text, and
that deliberate corruptions of the Manethonic tradition

were not wanting appears from the existence of the Book
of Sothis cited by Syncellus, wbich was undoubtedly a
spurious work. That Manetho himself made honest use-

of his Egyptian sources is generally recognized, since tha
Egyptian monuments have afi'orded confirmation of many,
though by no means all, of his statements ; but how the-

corrupt and varying data we now have sikould be used, or
whether the Egyptian tradition can be made the basis of

a rational chronology of the oldest historical period, ia

doubtful (see vol. viL p. 729 si.).

The titles of several other books ascribed to Ifonetho, with a mas*
of uselul material and discussion, will be found along with tho best
edition of the fragments in MiiUer's Fragmeiita Historicorum Gra^
coruvt, ii. 511-616. Au extant astrological poem called 'AiroTeXcff-

iiaTiKo. bears the name of Manetho, hut is ot' much later date (last

edition by Koechly, Leipsic, 1858). See Boeckli, MandUo u. die
lliindsstcnipcriode, 18-15 ; Gutschraid, in Phiiolorjus (1856), and
Rlicin. Mus.^ 18'^9

; Lauth, Manetho uiid dcr Tnrincr Konigs^
Papyrus, 1865' Lieblein, Acg. Chrun. (1863) and Rcckcrclics sur
la Chron. £g., 1873 ; and in general the books on Egyptian history

and clironology. A fuller list of relative literature is given by
Engchnann, h'ibl. Scrii>lor. Class. (8th ed.), L 507.

MANFRED (c. 1231-1266), regent and king of the Two-
Sicilies, a natural son of the emperor Frederick II. by
Bir.r.oa Lanzia, the daugliter of a Lombard earl, was bora
in Sicily about 1231, and received from his father the titlo

of prince of Tarentum in 1248. Frederick II. at his

death appointed him regent of the Two Sicilies during tba

absence of his brother Conrad IV., and notwithstanding

the hostility of Innocent IV., and the revolt of many
nobles ard towns in Apulia at the instigation of that

pontiff, he was able in 1252 to hand over to Conrad au

undivided sovereignty. On the death of the latter in 1254,

Manfred was once more called to the regency in the

interests of his infant nephew Conradin, and by his victory

over the forces of Innocent IV. at Foggia on December 2d
of that year was able to establish his authority over tho

entire kingdom. 'When in 1258 rumours had reached

Sicily of the death of Co-nradin, Jlanfred, yielding to tho

solicitations of his prelates, barons, and people, allowed

himself to be crowned at Palermo on August 11. Shortly

afterwards envoys arrived from the mother ot Conradin to

say that he was .-.till alive, and to demand the crown for

him ; but this the king, strong in the popularity which h&

had acquired by bus brave defence of his country, by his

pleasing person, and by his many accomplishments, declined

to give, promising only to preserve the crown for his nephew.

' £usebi Chrmicvrum liM duo, ed- *• Schoeue, Berlin,iSS&dfS*
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and faithfully to boqueiitli it to him on his own death.

Excommunicated in 1259 by Alexander IV., Manfred

a^ain resorted to arms, and overrunning the papal etates,

was made master of Tuscany by the battle of Monto Aperto

(September 4, 1260). Now at the height of his power,

ho was anew excommunicated by Urban IV. in 12G1, and

in 12G3 his forfeited crown was offered to Charles, count

of Anjou, and brother of Louis IX. of France. Towards

the end of summer in 12G5', giving cllect to a crusade

proclaimed by Urban, Charles with his army entered

Piedmont, but the encounter with the Sicilians did not

take place until February 126G at Benevento, where

Manfred, filled with despair by the cowardly flight of his

Apulians, spurred into the thickest of the battle and fell

covered with wounds. His mangled body was hastily

buried under a heap of stones near the bridge, but after-

Wards, at the instance of Pope Clement IV., was dragged

out and laid in unconsecrated ground on the frontier of

the kingdom.

MANFREDONIA, a seaport and city of Italy, in the

province of Foggia, the see of an archbishop, and the centre

of a maritime district, lies 22 miles north-east of Foggia,

with which it is connected by railway. The situation, on

the shores of the Gulf of Manfredonia and at the foot of

Monte Gargano, is finely sheltered, and the vegetation of the

district b similar to that of Sicily. A castle dating from

the 13th century protects the port, and tho city is sur-

rounded by walls and towers. The principal building is

the cathedral Though the anchorage is available only for

small vessels, a fair trade is carried on in the export of

grain. While in 18G3 thero entered in all 413 vessels

with a total burden of 20,34G tons, in 1680 the burden of

the 463 vessels was only 10,832 tons. The population of

the commune in 1881 was 9401.

Manfredonia is the historical representative of Sipontum, a Roman
municipium and colony of some mark, which lay about 1^ miles to

the south. Tlie ancient city having greatly declined, partly owing to

the unhealthiness of its situation and partly to the disasters of war,

Manfred transferred its inhabitants to the present site in 1261.

For a time Manfredonia flourished greatly, but tho ravages of the

Turks in 1620 proved fatal to its development. Tho site of

Sipontum is ma^kc^ by the ancient church of Santa Maria di

Siponto.

MAN" .'jALIA, a town on tne coast of the Black Sea, in

the south of the Dobrudja, at the head of a district in the

new Roumanian province of Kustendji. In the time of

Genoese supremacy in the Black Sea it was a place of

30,000 inhabitants ; and its population has again risen

from a few hundreds to upwards of two thousand.

According to the Co7-jyus Inscriptiomtm Latinarum, it is to

be identified with the ancient Thracian city of Callatis (or

Acervetis, as it was formerly called)—a colony of Miletus

which continued to be a flourishing place to the close of

the Roman period.

MANGALORE, the administrative headquarters of

south Kinara district, Madras, is situated on the Malabar
coast, in 12° 51' 40" N. lat., 74' 52' 3G" E. long., with a

population in 1871 of 29,667. The town is picturesque,

clean, and prosperous. The native houses are laid out in

good streets, and the European quarter is particularly

pleasant. Mangaloro clears and exports all the cofl'ee of

Coorg, and trades directly with Arabia and the Persian

Gulf. In 1875 3G00 ships of 264,000 tons entered.

The exports in that year were valued at X505,800, and
the imports at £272,704. There is a large native Roman
Catholic population, with two European bishops, several

churches, and a convent. Tho Basel Lutheran mission
has its headquarters here, and has done much good in

teaching trades, &c. Good cloth is woven at their

establishment ; the making of roof tiles, printing, and
huokbinding are also taught.

MANGANESE, a metallic chemical element (symbol
Mn ; atomic weight 55), widely difl'used throughout fho
mineral kingdom, being an almost constant companion of
ferrous oxide, lime, and magnesia in their native carbonates
and silicatta. Of manganese minerals proper—which an
comparatively scarce—the most imjiortant is pyi-olusile.

the native binoxide, MnOj. This is a black crystalline

or crystallized solid with semi-metallic lustre, sufficiently

soft to give a (black) streak on paper; hardness, 2 to 2-5

:

specific gravity, 4-8 to 4-9. It is known in commerci-
as "black oxide of manganese" or " manganese," and is

fcxtensively used for tho industrial extraction of chlorin»
from muriatic acid. Its most extensive beds are found
at Ilmenau and Elgersburg, Thuriiii;ia; near Giessen,
North Hesse; near Miihrisch-Triibau, Moravia; and ir

Spain. Almost all pyrolusite is contaminated with mor(»

or less of the following "manganites"—general formula
Mn02.R"0—which besides occur (in the same localities)

as independent minerals:

—

braunite, MuoOj or Mn02MnO:
manganite, or grey manganese ore, MnoOj.HoO; hausman^
niie, MujOj or Mn02.2MnO ; and pnlomelan, a complex:

mineral, the composition of which generally approximates
to 4Mn02.RO-l-a;H20,—the R being chiefly Ba or K^,

but including in general more or less of Ca, Mg, and
Mn, These ores are not unlike pyrolusite in their

general appearance, but can usually be easily distinguished

from it by their greater hardness and other physical pro-

perties. Closely allied to psilomelan are those earthy,

massive, or reniform mineral mixtures known as " bog-

manganese," •' cupreous manganese," " earthy cobalt." Id
the two last-named the RO is chiefly CuO and CoO respec-

tively. We must here mention those curious formations

known as " manganese nodules " which were so frequently

dredged up by the " Challenger " expedition, and with

which, it seems, large areas of the ocean's bed are thickly

covered. The writer found in one of these, which seemeil

exceptionally rich in manganese, 20'12 per cent, of bin-

oxide of manganese (fully oxidized), 0-4 of oxide of nickel,

0"25 of cobalt, and 0'27 of copper,—a total of 21-04 per

cent of the psilomelanic part, not reckoning the CaO, MgO,
(tc, belonging to it. All the manganese ores named are

available for the manufacture of chlorine, and indeed aro

so used, as components of what goes in the arts as " man-
ganese."

Tho industrial val'io of a "manganese" depends, of coarse, on
its actual or virtual percentage of binoxide. A convenient method
for its detcrmuiation was worked out by Fresenius and Will, on tho
basis of a reaction long before discovered by Turner. MTien MuO. is

brought in contact with aqueous sulphuric and oxalic acids, it is

reduced to MnO (-salt) mth formation of carbonic acid ; thus : MnOg
+ q.OjH. + H„.S04 - 2H„0 + MnOSOa -1- 2C0j. Jt is easy so toanango
matters that all the CO3 leaves the apparatus and nothing else, so

that the weight of COj formed identifies itself with tha loss of
weight suffered by the co-reagents ; and obviously every one gramma

of CO2 formed indicates opQ' — H — 0'99S6 gramme of real UnOj,

A determination of the free water (loss of weight suffered by tho

powdered ore at 120° C. ) must accompany the assay to enable ou«

to compare two analyses made at different times.

For the making of manganese preparations, high class

pyrolusite is the most convenient raw material.

Metallic manganese may be prepared by intimately

mixing it with lamp-black' and heating the mixture to

whiteness in a blast furnace. But the regulus thu;

obtained contains a large percentage of combined carbon

A purer metal was obtained by Deville, who started wit)

perfectly pure " red oxide, " Mn,,©^, and heated it alon;

with a proportion of sugar-charcoal insufficient forcomplett

reduction in a double crucible made of quicklime. Tin

unreduced oxide (MnO) and part of the lime fuse togethci

into a violet slag, from which the regulus is ea.sih

separated. Brunuer's manqanese (obtained by the rcdur
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tion of the fluoride with sodium in a clay crucible) is not

manganese at all, but a silicide of the metal.

Hugo Tamm, who endeavoured to work out a process for the manu-

facture of the metal, gives the following process :— 11 parts of good

pyrolusito is mixed with 1 part of lam])-blacl> and 6 parts of a

flux consisting of 20 parts of lead-free bottle-glass, 7 parts of quick-

lime, and 7 of fluor-spar; and the mixture is strongly heated, in

a graphite crucible coated over with a mixture of 3 parts of

graphite and 1 part of clay, by means of a blast-fumaee. There

is formed a regulus covered by a gi-een silicious slag containing

much protoxide of manganese. The " raw " manganese thus pro-

duced is contaminated with about 1 per cent, each of iron, silicon,

and carbon, and traces of sulphur, phosphorus, calcium, and

aluminium. The green slag in subsequent ojierations is substituted

for part of the white llux. The raw metal, when re-fused with about

one-third of its weight of m.nnganous carbonate, yielded a regulus

which contained 99-9 per cent, of the metal,—the remaining iV per

cent, consisting of carbon, silicon, and iron.

Manganese metal is grey, like cast iron (Deville's had a

reddish hue like bismuth) ; its specific gravity is about

8 ; it is hard and brittle, and about as difficult to fuse as

wrought iron. It readily tarnishes in ordinary air ; even

pure water, and much more dilute acid, attack it with

evolution of hydrogen and formation of manganous (MnO)

hydrate or salt. It is worth stating that neither MnO
nor MnCIj is reducible at a red heat by hydrogen ga.=!

;

yet Bunscn succeeded in obtaining metallic manganese by

the electrolysis of a concentrated solution of the chloride,

using a strong current and a negative electrode of very

email area.

Oxides.—Puro peroxide can be obtained artificially by

keeping the pure nitrate at 200° C. But really pure nitrate

is hard to procure. Perhaps the only method for obtairi-

ing a really pure preparation is Volhard'a : 10 grammes

of " pure " (iron- and cobalt-free) manganous sulphate is

dissolved in half a litre of water and 100 cm. of nitric acid

of 1 "2 specific gravity; the solution is heated to boiling, and

strong solution of permanganate of potash added until the

MnO is nearly but not quite down, and the mixture kept

for a while on a water-bath. The precipitate of binoxide

formed (according to equation Mn.07-l-31InO = SMnO,)
is washed, first with dilute nitric acid, then with water, and

dried (when it retains some combined water).

\Vhon binoxide of manganese is heated to reilness—in vacnnm, air,

oxygen, nitrogen—it loses oxygen w-ith formation of lower oxides.

This phenomenon was investigated by W. Dittmar, who foimd that,

when the binoxide is heated in a constantly renewed atmosphere,

the result, for a given temperature, depends only on the partial

tension of the oxygen in that atmosphere. Pure (brown-red)

Mn30i remains when this tension is less, while (black) MnjOj
remains when the tension is greater than a certain limit value 7?.

In X>ittmar's experiments (which were all made at a temperature

BOTijcwhat above the melting point of sterling silver), the value p
was., found to lie close to 2G cm. of mercury. An exact determina-

tion (jf this critical point was not possible, because the temperature

was not perfectly constant, and an increase in temperature is equi-

valent to.ir diminution in the partial tension of the oxygen. Hence,
supposing the oxide Mn^Oj to be heated, say in vacuum and within

a close apparatus, it will give off oxygen at any temperature greater

than a certain minimum ig, and at any temjierature i^ + At the g:is-

evolution will come to a stop as soon as the tension of the gas has

come up to the critical value p corresponding to this t^ + At,—p
increasing with At.

The protoxide, MnO, is most readily obtained by heating

any higher oxide to redness in a current of hydrogen gas,

as a dull green powder which gets readily discoloured by
cteidation in ordinary air. It is not acted on by water,

but readily dissolves in aqueous acids, with formation of

iflanganous salts.

"The sulphate, MnSO^, is prepared by making pyrolusite

iiito'a paste with concentrated sulphuric acid and then
heating in a crucible to dull redness until vapours of the

acid cease to come off. The ferric and aluminic sulphates

(originally present) are now, at least mostly, decomposed
anaradnced to insoluble basic salts, so that the residue

when treated with water and filtered may yield a solution

free of these impurities, and, of course, of baryta.

Should any iron or alumina be left it is easily eliminated bj

digestion with a little carbonate of manganese (prepared from «

small portion of the solution by precipitation with carbonate ot

soda) and filtration. Cobalt and nickel, if present, can beremovofl

by fractional precipitation with sulphide of sodium (or HjS in tlw

presence of MnCOj ?) ; the black sulphide of Co or Ni comes down
first, the (flesh-coloured) MnS afterwards. But lime, magnesia,

and alkalies (which are frequently present) are very difficult to get

rid of. Compare the section on binoxide. The salt, according tk>

the temperature at which it crystallizes, takes up 7 or 5 or 4 or

even 3 or 1 H„0. Crystallized sulphate of manganese generally

exhibits a rose-red tint ; but this is owing to the presence of a trace

of manganic salt (if not to cobalt salt). The pure salt is colourless.

2'he chloride, MnCL.—The crude chloride contained in

the preparation of chlorine from the binoxide and muri-

atic acid is purified by methods analogous to those

explained for the sulphate. This (very soluble) salt

crystallizes at 15°-20° C, with tUfi. To obtain real

MnCU, the salt must be dehydrated in a current of dry

hydrochloric acid gas.

The carbonate, MnCOj, is obtained by precipitating the

solution of the sulphate or chloride by excess of carbonate of

srda on boiling. It is a white precipitate, soluble in 8000

parts of water, which, when dried in the air, gets slightly

oxidized with discoloration.

Far more oxidizable ia the hydrate, Mn(0H)2, as ob-

tained by precipitation of manganous solution by caustie

alkalies. In the presence of an excess of alkali or other

strong soluble base (such as lime, for instance) the oxidation

progresses very rapidly, with forjiation, ultimately, of a

black manganite MnO„.KO {e.g., MnO.CaO). This is the

rationale of the famous " Weldon Process" for the recovery

of the " manganese " from chlorine liquors (see Bleach-

ing Poavdee). a mixed solution of chloride of manganese

and sal-ammoniac, when mixed with ammonia, gives no pre-

cipitate ; but the alkaline liquor readily absorbs oxygen

from the atmosphere with formation of a brown precipitate

of a higher oxide. Ir, immediately after addition of the

ammonia, the excess ot volatile alliali is chased away by

boiling, the resulting (neutral or slightly acid) liquor

remains clear, even in air. Hereupon is founded a method

for the separation of ferric iron and alumina from man-

ganese.

Manganic salts, i.e., salts of lIUoOj, are produced only nnder

very special conditions. Solutions containing the sulphate and a
phosphate respectively are obtained by heating finely divided pyr&-

lusite with strong sulphuric or phosphoric acid. Both products

dissolve in water with formation of intensely purple solutions,

which, however, are very unstable, showing a great tendency to

pass iuto the manganous condition. Any manganic salt when
boiled with hydrochloric acid gives manganous salt with evolution

of chlorine. This tendency separates them sharply from tho corre-

spondiug compounds of iron.

Manganates and permanganates (compounds with bases

of the hypothetical oxides MnOj and Mn^Oj).—The most

important of these is the manganate of potash, KoMnO,^
Four parts of very finely divided binoxide of manganese

and 3.V parts of chlorate of potash are evaporated to dry-

ness with the solution of 5 parts of caustic potash, and the

residue ignited (not fused) in platinum crucibles until all

the chlorate is decomposed. The intensely green mass,

containing large excess of caustic alkali, dissolves in water

iuto an intensely green solution from which crystals of the

salt K2Mn04 canbeobtained; but when the alkali is neutral-

ized by an acid, the liquor turns intensely purple with for-

mation of permanganate and a precipitate of alkaliferous

binoxide : 2KoMn04 + 2H.,0 = 2KMn0^ + 2KH0 -f 2H
and 2H + K.MnO^ = H,© -(-"K.iMnOj. The purple solution

when alkalinized with" potash contaminated with organic

matter reassumes its original green colour (whence its old

name of " chamoeleon minerale "). For the preparation of

permanganate of potash it is best to pass chlorine into tho

green_8olution, when tho whole of the manganese assumes

the permanganate form : KjMnO^ + CI = KCl + KMnO,.
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From tlio pur[ilo liquid crystals of pcrmnnganate are easily

obtained by evaporation. Tlie crystals (long prisms) are

isomorphous with perclilorate of potasli, KCIO4. They are

soluble in IC parts of cold and far less of hot water. They
are almost black, and endowed with a peculiar greenish or

Muish metallic lustre. Their powder is red. Their aqueous

solution is most intensely purple, one milligramme of the

salt giving a perceptible colour to a whole litre and more

of water. On addition of acid the solution, through libera-

tion of MOjOj, becomes pink.

Of all wet-way reagents, manganates and permanganates

are the most powerful oxidizing agents, especially when
they are employed in conjunction with free alkali, or (the

permanganates) along with free mineral acid. By one or

the other of the two combinations most oxidizable inorganic

and almost all organic substances are promptly oxidized,

llcnce both manganates and permanganates are extensively

employed as disinfectants, and, in chemical laboratories, as

oxidizing agents. For the former purpose impure forms

of the soda salts arc generally used, while pure per-

manganate of potash, nowadays, is exclusively employed
for scientific or analytical laboratory work.

Tlic ultimate fate of tlic reagent ilcpenJs on whether alkali or acij

was used as an auxiliary agent. In the former case the salt passes

successively into (green) manganate and (insoluble brown) hydvatcJ

binoxide ol' manganese,—tliree-scvcntlis of the oxygen in the Mn^Oy
being utilized. li\ the presence of free acid (sulpliniic works best)

liic iln^07 loses five-sevenths of its oxygen with .brmation of a
colourless solution of manganous (MnO) salt. Hence, supposing

such a change to take place promptly, and the reagent to be added
gradually, the exact point of completed oxidation is reached wlieu

file liquid, by the addition of another drop of the jiermanganatc,

assumes a permanent pink colour. This is the principle of a num-
ber of processes for the determination of certain reducing agents by
means of a standard solution of permanganate.

Anali/sis.—A manganiforous substance wlicn fused up with car-

bonate of soda on platinum in the presence of air yields a green

mass (manganate), the colour being more distinct after cooling.

Jlangancse oxides, wlicn fused up with a borax bend in the oxidizing

flame, impart to it au intense amethyst colour, which disappears in

the reducing llamc. To detect manganese in a solution of mineral

salts, we first eliminate what can be precipitated by sulphuretted

hydrogen in the presence of mineral acid. In the liltrate the iron

(if present) is oxidized by boiling with a granule of chlorate of

potash, and the ferric oxide precipitated along w ith the aluinina by

addition of sal-ainmoniac and excess of ammonia, and boiling oif

the free volatile alkali. From the filtrate the manganese is pre-

cipitated by sulphide of ammonium, qs a sulphide wliicli, when
puic, exhibits a delicata fleshred colour but is readily discoloured,

by oxidation, when iu contact with air. Cobalt, niciccl, and zinc,

if present, go down with the manganese, but can be cliniinatcd by

treatment of the w.ashed sulphides with acetic acid, which dissolves

the manganese only. (W. D.)

MANGEL WUEZEL. See Agriculture, vol. i. p. 3C8.

MANGO. The mango-tree (Man;/ifera indlca, L., natural

order Anacardiacex or Terehintiiacex) is a native of tropical

Asia, but during the last hundred years has been exten-

sively cultivated in the tropical and subtropical regions of

the New as well as the Old World. It grows rapidly to a

height of 30 to 40 feet, and its dense, spreading, and glossy

foliage would secure its cultivation for the sake of its shade

and beauty alone. Its fruit, a drupe, though in the wild

variety (not to be confused with that of Spoiidias manyi/era,

Pers., belonging to the same order, also called wild mango in

India) stringy and sour from its containing much gallic acid,

and with a disagreeable flavour of turpentine, has become
sweet and luscious through culture and selection, to which

we owe many varieties, diflfering not only iu flavour but

nUo in sLzo, from tliat of a plum to that of an apple.

When unripe, they are used to make pickles, tarts, and

preserves ; ripe, they form a wholesome and jvery agreeable

dessert. In times of scarcify, the kernels also arc eaten.

Not only the flesh and kernel of the fruit, but also the

bark and resin are of some medicinal value ; and the

timber, although soft and liable to decay, serves for common
purposes, and, mixed with saudal wood, is employed iu

cremation by tlio Hindus. It is usually propagated by
grafts, or by layering or inarching, rather than by seed.

See Drury's Useful I'hmts of Jmlia.

MANGOSTEEN, Garcinia jUnn^oslana, L, is a tree

belonging to the gamboge order (Ctnsiacex or Gxillifcfar).

It is a native of the Molucca Islands, but has been intro-

duced into the other islands of the eastern archipelago,

Ceylon, and southern Asia, and even the Antilles, though

uot without difficulty. It grows about 20 feet high, and
is somewhat fir-like in general form, but the leaves arc

large, oval, entire, coriaceous, and glistening. Its fruit,

the much-valued mangosteen, is about the size and shape of

au oravige, and is somewhat similarly partitioned, but is of

a reddish-brown to chestnut colour. Its thick rind yields

a very astringent juice, rich in tannin, and containing a
gamboge-like resin. The soft and juicy pulp is snow-white

or rose-coloured, and of exceedingly delicious and subtle

flavour and perfume. Being perfectly wholesome, it may
be eaten freely, and administered iu fever. O. pvrjmrea

is known in India as mate mangosteen, and Emh-;/oplei-U

glutinifera, an ebenaceous tree, as wild mangosteen. See

Drury's Useful Plants of India.

MANGROVE. The remarkable "mangrove forests"

which fringe tidal estuaries, overrun salt marshes, and line

muddy coasts in the tropics of both Old and New Worlds,

are composed of trees and shrubs belonging to the lilu:o-

phoraccx, a small order of calycifloral exogens, mixed,

however, with the "white mangrove," ^I'^VcnnM, a ver-

benaceous plant. Their trunks and branches constantly

emit adventitious roots, which, descending in arched fashion,

strike at some distance from the parent stem, and send up

new trunks, the forest thus spreading like a banyan grove.

The roots and stems afford lodgment and shelter to inuumer-

able bivalves, ci-abs, and other marine animals, while

the branches are inhabited by aquatic birds. A further

advantage iu dispersal, very characteristic of the order, is

afforded by the seeds, which have a striking peculiarity of

germination. While the fruit is still attached to the

parent branch, the long radicle emerges from the seed and

descends rapidly towards the mud, where it may even

establish itself before falling ofl". Owing to its clubbed

shape, this is always in the right position, the plumule

then making its appearance. The wood of some sjiecies

is hard and durable, and the astringent bark is employed

in tanning. The fruit of the common mangrove, Phhophora

Mangle, L., is sweet and wholesome, and yields a light

wine. See Treasure/ of Ilotani/, and Liudley's Ver/ctalile

Kingdom.
MANICH^ISM. At the cloje of the 3d century three

great religious systems stood opposed to one another in

western Asia and the south of Europe ; these were Neo-

Platonism, Catholicism, and Manicha:ism. All three may
be described as the final results reached, after a history of

more than a thousand years, by the religious development

of the civilized nations stretching from Persia to Italy.

Each had put off the national and particular character of

the ancient religions, and had become a world-religion, with

universalizing tendencies, and with demands which in their

eflcct transformed the whole of human life, both public aud

private. The place of national worship was taken by a

system which not only aimed at being a philosophy of God,

tiie w-orld, and history, but at the same time embraced a

definite code of ethics and a religious ritual. In point of

form, then, the three religions were like each other, as they

also were in this, that each had appropriated elements of

older and widely different religions. Their mutual resem-

blance becomes still further apparent when we obsers-e

that in all three the ideas of revelation, redemption, ascetic

virtue, and immortality come into the foreground. Ncii«

Platonism, however, was the spiritualized religion of natnnv'

XV. — 61
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Greek jiolyllicism transfigured and developed into Pan-

tlicism'tbrough Oriental influences and philosophical specu-

lations; Catholicism was the monotheistic universal re-

ligion, based upon the Old Testament and the Gospel, but

built up with the resources of Hellenic speculation and

ethics; Manichoeism was the dualistic and universal religion,

founded ion Chaldaism, but charged with Christian, Parsic,

and perhaps Buddhistic ideas. In Maniclu-eism the Hel-

lenic element was wanting, in Catholicism the Chaldieo-

Pcrsian. These three universal religions were developed

in the course of two centuries (c. 50-250 a.d.), Catholicism

being the earliest and Manicha>ism the latest creation. To

both of tliese, however, Neo-Platonism was from the outset

inferior, because it did not possess a founder, and conse-

(jucntly did nut develop elemental force, but retained the

character of an art-ificial creation. Attempts were made to

invent a founder for it, but these, of course, entirely

failed. Catliolicism, again, appears as superior to Mani-

ch;Eism, even if we d> not look at the contents of the two

religions, because it honoured its founder, not only as a

bearer of revelation, but. as Ecdeemer in His own person,

and as the Son of God. The struggle of Catholicism with

Neo-Platoni^m had been already decided by about the

middle of tlie 4th century, though the latter maintained

itself in the Greek empire for nearly two centuries longer.

Ill its contest with ilanich-eism, the Catholic Church was

from the outset certain of victory, being at the time the

privileged church of the empire. But this rival could not

be annihilated ; it maintained itself both in the East and

in the West, though in various forms and modifications,

until far on in the Middle Ages,

tliirii's Mani (Mdn;?, Manes, Mai-txaio?, Manichreus') is said,

'"'* in th.6 Ada Arcliclai, to have originally been called

"Cubricus" (according to Kessler, a corruption of "Shura-

ik"). Nothing reliable about his life was ever known
iu the Groeco-Roman empire ; for the account in the Ada
Archdai is quite incredible, and shaped by the objects

of its author. If criticism may succeed in showing the

sources from which this account has flowed, in ascertaining

the tendencies which have been at work in it, and thus in

extracting some solid matter, it can only do sa by starting

from the Oriental, the Jlohammedan, tradition, which is

'•".omparativcly worthy of credence. It is therefore to the

latter alono that wo must apply for information. Accord-

ing to it, Mani was a high-born Persian of Ecbatana. The

year of his birth is uncertain, but Kessler accepts as

reliable the statement made by Biruuf, that Mani was

Lorn in the year 527 of the astronomers of Babylon

(215-21G A.i).). Ho received a careful education at

Ctesiphon from his father FiitAk (IlaTeKios). As the

father connected himself at a later period with the

confession of the Morjhtasilah, or " Baptists," in southern

Babylonia, the son also was brought up iu the religious

doctrines and exercises of this sect. These Baptists (see

the Fihrist) were apparently connected with the Elkesaites

and the Hemerobaptists, and certainly with the Mandseans.

Tt is not improbable tliat this Babylonian sect had absorbed

Christian elements. Thus the boy early became acquainted

witli very different forms of religion. If even a small part

of the stories about his father is founded on fact,—and

there is no doubt that most of them are mere Jlanichajan

legends,—it w;is he who first introduced Mani to that

medley of rcli^iions out of which his system arose. Mani-
di;can tradition relates that Mani received revelations

while yet a boy, and assumed a critical attitude towards

the religious instruction that was being imparted to him.

This is the more incredible since the same tradition informs

' The immo h.is i

whether it be of Pel

as yet hceu exitl.iiiied, uoT is it even known
I or Semitic orida.

US that the boy was as yet prohibited from making public"

use of his new religious views. It was only when Maui
had reached the age of twenty-five or thirty years that ho
bfigan to proclaim his new religioo. This he did at tha

court of the Persian king, Sapor I., and according to thoj

story, on the coronation-day of that monarch (241—42).'

A Persian tradition says that he had previously been a
Christian presbyter ; but this is certainly incorrect. Mani
did riot remdin long in Persia, but undertook long

journeys for the purpose of spreading his religion, and also

sent forth disc-.ples. According to the Ada Archdai, his

missionary activity extended westwards into the territory

of the Christian church ; but from Oriental sources it is

certain that Mani rather went into Transoxania, western

China, and southwards, as far as India. His labours thcra

as well as in Persia were not without result. Liks

Mohammed after him and the founder of the Elkesaites

before him, he gave himself out for the last and highest

prophet, who was to surpass all previous divine revehition,

which only possessed a relative value, and to set up th»

perfect religion. In the closing years of the reign of

Sapor T. (c. 270) Mani returned to the Persian capita)^-

aud gained adherents even at court. But the dominant

priestly caste of the Magians, on whose support the king

was dependent, were liaturally hostile to him, and after

some successes Mani was made a prisoner, and had then

to flee. The successor of Sapor, Hormuz (272-273),

appears to have been favourably disposed towards him,

but Bahriin I. abandoned him to the fanaticism of the

Magians, and caused him to be crucified in the capital in

the year 270-7. The corpse was flayed, and Mani's

adherents were cruelly persecuted by the king.

Mani himself composed a large number of works and Mani'*

epistles, which were in great part still known to the wiiUos*

Molianimediin historians, but are now lost. The later

lieads of the Manich.xan churches also wrote religious

treatises, so that the ancient Manicha;an literature must

have been very extensive. According to the FihriM, JIani

made use of the Persian and Syriac languages ; but, lilcB

the Oriental Marcionites before him, he invented au
alphabet of his own, which the Fihrist has handed down to

us. In this alphabet the sacred books of the Manichreans

were written even at a later period. The Fihrixl reckons

seven principal works of Mani, six being in the Syriac

and one in the Persian language ; regarding some of tlicso

we also have information in Epiphanius, Augustine, Titus

of Bostra, and Photius, as well as in the formula of

abjuration (Cotelerius, PP. Jvost. 0pp., i. 543) and ii»

the Ada Archdai. They are (1) The Boole of Sccrds (seo

Ada ArchcL), containing discussions bearing on the Chiis-

tian sects spread throughout the East, especially the Mar-

cionites and Bardcsanitcs, and dealing also with their

conception of the Old and New Testaments ; (2) 2'he

Book of the Giants (Demons?); (3) 2'he Book of Precepts

for Hearers (probably identical with the Epistola Funda-
menti of Augustine, and with the Booh of Chapters of

Epiphanius and the Acta Archelai ; this was the most

widely spread and most popular Manichasan work, having

been translated into Greek and Latin ; it contained a short

summary of all the doctrines of fundamental authority);.

(4) The Book Slidhpilrahdn (Fliigel was unable to ex-

plain this name ; according to Kessler it signifies " epistle

to King Sapor " ; the treatise was of an eschatological

character)
; (5) The Book of Qnickeniny (Kessler identifies

this work with the " Thesaurus [vit^e] " of the Ada
Archelai, Epiphanius, Photius, and Augustine, and if thia

be correct, it also must have been in use among the Latia

Manichajans)
; (6) The Book Trpayixare^a (of unknown con-

tents)
; (7) a book in the Persian language, the title of

which is not given in our present text of the Fi/trist, but
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/rhich h in nil probribilUy iclcntic&l wilh the " holy gospel

"

of tho Maniuliivaii-i (mentioned in the Acta Archel. and

niany other nutliorities). ' It \va3 this work which tlie

^lanichxana set iii' in r.{iposition to the Gospels. Besides

these priiici[ial woiks, ilani also wrote a largo number of

•mailer treatises and epistles." The praetico o'f writing

cpistlei was continued by his successors. These Manichaean

dissertations also became known in the Gra^co-Koman

tmpiro, and existed in eoUeetions.' There also existed a

Manichauin book of memorabilia, and of prayers, in Greek,

ns well as many others," all of which were destroyed by
tho Christian bishops acting in conjunction with the

authorities. A JIanichcean epistle, addressed to one
ilarccllus, has, however, been preserved for us in the Acta

Though the leading features of ManichaDan doctrine

can be exhibited clearly even at the present day> and
though it is undoubted that Mani himself drew up a com-

plete system, many details are nevertheless uncertain, since

they art! differently described in different sources, and it

often remains doubtful which of tho accounts that have

been transmitted to us represents the original teaching of

the founder.

The Manichaian system is one of consistent, uncompro-
mising dualism, in the form of a fantastic philosophy of

nature. The physical and tho ethical are not distinguished,

and in this respect die character of the system is

thoroughly materialistic ; for when Mani coordinates good

with light, and evil with darkness, this is no mere figure

of speech, but light is actually the only good, and darkness

the only evil. From this it follows that religious

knowledge can be nothing else than tho knowledge of

nature and her elements, and that redemption can only

consist in a physical process of freeing the element of light

from the darkness. Under such circumstances ethics

becomes a doctrine of abstinence in regard to all elements

which have their s(mrce within the sphere of darkness.

The .self-contradictory character of the present world

forms the point of departure for Mani's speculations.

This contradiction presents itself to his mind primarily as

elemental, and only in tho second instance as ethical,

inasmuch as he considers the sensual uature of man to be
the outflow of the evil elements iu nature. From the

contradictory character of the world he concludes tho

cxfstenco of two beings, originally quite separate from each
other—light and darkness. Each is to be thought of

according to tho analogy of a kingdom. Light presents

itself to us aa the good primal spirit (God, radiant with
the ten

f twelvel virtues of love, faith, fidelity, high-minded-
ncss, wisdom, meekness, knowledge, understanding, mystery,

and insight), and then further as the heavens of light and
the earth of light, with their guardians the glorious aions.

Darkness is likewise a spiritual kingdom (more correctly,

it also is conceived of as a spiritual and feminine person-

ification), but it has no " God " at its head. It embraces
an "earth of darkness." As the eartli of light has five

tokens (tho mild zephyr, cooling wind, bright light,

quickening fire, and clear water), bo has the earth of

darkness also five (mist, heat, tho sirocco, darkness, and

* A Pi0\toy iiTiirro\icv is spoken of iu tlie formula of ahjuration,

«nd nn Epistola ad virgiiicm Mrnoch by Augustine. Fabricius has
collected tho ** Greek fnagnients of Mauichiean Epistles" in his BibliO'

thcca Grxca (vii. p. 311 sq.).

^ The Canilcnm aiTuUoriuin is cited by Augustine: n^ y
* Zittwitz asiiumes that this epistle was in its original form of much

hrger extent, and that tho author of the Acts took out of it tho njatter
for the speeches which ho makes Mani deliver during his disputation
with Bishop Archelaus. The same scholar traces back the account by
Turbo iu the Acts, and tho historical data given iu the fourth section,
to the writings of Turbo, a Mesopotamian, who is assumed to have been.
A Manicha>.in reneg-ide and a CUristtan. But as to this differeuceof
opiiupa U 5t least allowable. '

vapour).' Satan with Jiis demons was born from tho
kingdom of darkness. These two kingdoms stood opposed
to each' other from all eternity, touching each othe^ on
one Bide, but remaining unmingled. Then Satan began to

rage, and made an incursioh into the kingdom of light,

into tho earth of light. Tho God of light", M-ith his syzygy,
" the spirit of his right hand," now begot tho primal man,
and sent him, equipped with the five pure elements, tc

fight against Satan. But the latter proved himself the
stronger, and the primal man was for a moment vanquished.'

And, although the God of light himself now took to ths
field, and with the help of new leons (the spirit of life,

etc.), inflicted total defeat upon Satan, and set the primal
man free, the latter had already been robbed of part of his

light by the darkness, and the five dai-k elements hail

already mingled themselves with the generations of light.

It only remained now for the primal man to descend into

the abyss, and prevent the further increase of the generations

of darkness by cutting off their roots ; but he could
not immediately separate again the elements that had onco
mingled. These mixed elements are the elements of the

present visible world, which was formed from them at tho
command of tho God of light. The forming of the world
is in itself the beginning of the deliverance of the
imprisoned elements of light. The world is represented

as an orderly structure of various heavens and various

earths, which is borne and supported by tho leons, the

angels of light. It possesses in the sun and moon, which
are in their nature almost quite pure, large reservoirs, in

which the portions of light that have been rescued are

stored up. In tho sun dwells the primal man himself, as

well as the glorious spirits which carry on the work of

redemption ; in the moon the mother of life is enthroned.

Tho twelve constellations of the zodiac form an ingenious

machine, a great wheel with buckets, which pour into the

sun and moon, those shining ships that sail continually

through space, the portions of light set free from the
world. Here they are purified anew, and attain finally

to the kingdom of pure light and to God Himself. The
later Western Manicha;ans termed those portions of light

whicli are scattered throughout the world— in its ele-

ments and organisms—awaiting their deliverance, the
Jesits padliilis.

It is a significant mark of the ntatcrialistic and inhuman
character of the system that, while the formation of the
world is considered as a work of the good spirits,' tho

creation of man is referred to the princes of darkness.

The first man Adam was engendered by Satan in conjunc-

tion with "sin," "cupidity," "desire." But the spirit of

darkness drove into him all the portions of light he had
stolen, in order to be able to dominate them the more
securely. Hence Adam is a discordant being, created in

the image of Satan, but carrying within him the stronger

spark of light. Eve i:; given him by Satan as his com-
panion. She is seductive sensuousness, though also having
in her a small spark of light. But if the first human
beings thus stood entirely under the dominion of the devil,

the glorious spirits took them under their care from the

very outset, sending jeons down to them (including Jesus),'

who instructed them regarding their nature, and in particu-

lar warned Adam against sensuality. But this first man
fell under the temptation of sexual desire. Cain and Abel
indeed are not sons of Adam, but of Satan and Eve ; Sethj

however, who is full of light, is the offspring of Adam by
Eve. Thus did mankind come into existence, its various

members possessing very different shares of light, but ths

men having uniformly a larger measure of it than thf

women. In the course of liistory the demons sought t«

bind men to themselves by means of sensuality, error, and

false religions (among which "is to be reckoned above aU
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tbe rcligicn of Mosoa and tho prophets), while the spirits

of light carried on their process of distillation with the

view of gaining the pure light which exists in the world.

T!ut these good spirits can only safe men by imparting to

them the true giuisis concerning nature and her forces,

and by calling them away from the service of darkness and

sensuality. To this end propliets, preachers of true

Imowledgc, have been sent into the world. Maui, follow-

ii." the example of the gnostic Jewish Christians, appears

to liave held Adam, Noah, Abraham (perhaps Zoroaster

and Buddha) to be such prophets. Probably Jesus was

also accounted a prophet who had descended from the

world of light,—not, however, tlie historical Jesus, the

devilish Messiah of the Jews, but a contemporaneous

jihantom Jesus, who neither suflered nor died {Jesus

impatibllis). According to the teaching of some Mani-

chajans, it was the primal man who disseminated the true

gnosis in the character of Christ. But at all events Maui

himself, on his own cHim, is to be reckoned the last and

greatest prophet, who took up the work of Jesus

impatibilis and of Paul (for ho too finds recognition), and

first brought full knowledge. lie is the "leader," the
•" ambassador of the light," the " Paraclete."' It is only

through his agency and that of his imitators "the elect,"

that the separation of the light from the darkness can bo

completed. The system contains very fantastic descrip

tions of the processes by which the portions of light when

once set free finally ascend even to the God of liglit. He
who during his lifetime did not become one of the elect,

who did not completely redeem himself, has to go through a

Bcvere process of purification on the other side of the grave,

till he too is gathered to the blessedness of the light. It

is erroneous, however, to ascribe, as has been done, a

doctrine of transmigration to the Manichoeans. Of course

men's bodies as well as the souls of the unsaved, who
according to the oldest conception have in them no light

whatever, fall under the sway of the powers of darkness.

A later view, adapted to the Christian one, represents the

portions of light in the unsaved as actually becoming lost.

When the elements of light have at last been completely,

or as far as possible, delivered from the world, the end of

all things comes. All glorious spirits assemble, the God
of light himself appears, accompanied by the jeons and

the perfected just ones. The angels supporting the world

•vrithdraw themselves from their burden, and everything

falls in rums. A tremendous conflagration consumes the

world ; the perfect separation of the two powers takes

place once more ; high above is the kingdom of light, again

brought into a condition of completeness, and deep below

is the (? now powerless) darkness.

On the basis of such a cosmical philosophy, ethics can

only have adualistic ascetic character. Manich«an ethics

is not merely negative, however, since it is necessary

to cherish, strengthen, and purify the elements of light,

as well as free oneself from the elements of darkness.

The aim is not self-destruction, but self-preservation ; and

yet the ethics of Manich^ism appears in point of fact as

thoroughly ascetic. The j\Ianicha?an had above all to

refrain from sensual enjoyment, shutting himself up against

it by three seals, the signaculum oris, manns, and si?ius.

The signaculiun oris forbids all eating of unclean food

(which included all bodies of animals, wine, &c.,—vege-

table diet being allowed because plants contained more
light, though the killing of plants, or, even plucking their

fruit and breaking their twigs, was not permitted), as well

as all impure speech. The signaciihtm Tttanws prohibits all

traffic with things generally, in so far as they carry in thcni

elements of darkness. Finally by the signacnlmn simi.'

every gratification of sexual desire, and hence also marriage,

is forbidden. Besides all this, life was further regulated

by an exceedingly rigorons system of fasts. Certain

astronomical conjunctions determined the selection of tlio

fast-days, which iu their total number amounted to nearly

a quarter of the year. Sunday was regularly solemuized

as one, and the practice was also generally observed on

Monday. Hours of prayer were determined with equal

exactness. The Manichaiau had to pray four times a day,

each ])rayer being preceded by ablutions. The worshipper

turned towards the sun, or the moon, or the north, as the

seat of Ught ; but it is erroneous to conclude from this, aa

has been done, that in Manichaeism the sun and moon

were themselves objects of worship. Forms of prayer used

by the ManicliEans have been preserved to us in the

Fihrist. The prayers are addressed to the God of light,

to the whole kingdom of light, to the glorious angels, and

to Mani himself, who is apostrophized in them as "tho

great tree, which is all salvation." According to Kessler,

these prayers are closely related to the Mandxan and tho

ancient Babylonian hymns. An asceticism so strict and

painful as that demanded by Manichsism could only bo

practised by few; hence the religion must have atandoncd

all attempts at an extensive propaganda, had it not con-

ceded the principle of a twofold morality. A distinction

was made in the community between the Elecli (Per/edi),

the perfect Manichreans, and the Catechnmeni {Aiiditores),

the secular Manicha^aus. Only the former submitted

themselves to all the demands made by their religion

;

for' the latter the stringency of the precepts was relaxed.

Tliey had to avoid idolatry, sorcery, avarice, false-

hood, fornication, etc.; above all, they were not allowed

to kill any living being (the ten commandmcuts of

JIani). Tbey liad also to free themselves as much aa

[lossible from the world ; but in truth they lived very

much as their nou-Manichasan fellow-citizens. We liavo

here essentially the same condition of things as in tho

Catholic Church, where a twofold morality was also in

force, that of tho religious orders and lliat of secular

Christians,—only that the position of the electi in

Manichaeism was a more distinguished one than that of

the monks in Catholicism. For, after all, the Christian

monks never quite forgot that salvation is given by God
through Christ, whereas the Manichoian electi were

actually themselves redeemers. Hence it was the duty of

the auditores to pay the greatest respect and most

assiduous attention to the electi. These " perfect ones,"

wasting away under their asceticism, were objects of

admiration, and of the most elaborate solicitude.' Food

was presented to them in abundance, and by their eating

it the electi set free the portions of light from the

vegetables. They prayed for the auditores, they blessed

them and interceded for theni, thereby shortening tho

process of purification the latter had to pass through after

death. It was only the electi, too, who possessed full

knowledge of religious truths, a point of distinction from

Catholicism.

The distinction between electi and auditores, however,

does not exhaust tho conception of the Manichasan

Church ; on the contrary, the latter possessed a hierarchy

of three ranks, so that there were altogether five grada-

tions in tho community. These were regarded as a copy

of the ranks of tho kingdom of light. At the head stood

tho teachers (" the sons of meekness," Mani hiniself and

his successors) ; then follow the administrators (" the sons

of knowledge," tho bishops) ; then the elders (" the sons of

understanding," the presbyters) ; the elecli (" the sons of

mystery ") ; and finally the auditores (" the sons of

' Analogous to this is tiie veneration in which the Catholic monks
and tho Neo-Platonic " [jliilosophera " were held, b\it the prcstifjo of

the Manicha^an clccti was gi'oattir thOQ that of the moiiks and tbe

philusopherai
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position'

of Malux

iusiflit ").*' Tlio number of the electi must always liavo

bceu Email. ' According to Augustine the teacliera were

iwelve, and tlie bishops sevcuty-two in n.umber. One of

tJio teachers appears to have oecupicd the position of

auperior at the hea4 of the whole Maiiichsean Church.

At least Augustine speaks of Buch a personage, and the

iFihrist also has knowledge of a cliicf of all Manichasans.

The constitution, therefore, had a monarchic head

The worship of the Manicha,'ans must have been very

simple, and must have essentially consisted of prayer-s,

Lymns, and ceremonies of adoration. This simple service

promoted the secret dissemination of their doctrines. The
'Manich.-eans too, at least in the West, appear to have

odaptcd themselves to the church's system of festivals.

Tiie electi celebrated special feasts ; but the principal

festival with all classes was the " Bema " (/3)}/ia) the feast

of the " teacher's chair," held in commemoration of the

death of Moni in the month of March. The faithful

prostrated themselves before an adorned but empty chair,

which was raised upon a podium of five steps. Xong fasts

accomoanied the feasts. The Christian and Mohammedan
historians could learn little of the Mauichaean mysteries

and "sacraments," and hence the former charged them

.with obscene rites and abominable usages. It may be

held as undoubted that the later Manicha;an3 celebrated

tnysteries analogous to Christian baptism and the Lord's

Supper, which may have rested upon ancient consecration

rites and other ceremonies, instituted by Maui himself and

having their origin in nature worship.

it From the foregoing account it will be evident, as

indeed from modern investigation it is certain, that

Manichfeism did not originate on Christian ground. It

would be more proper to speak of Llohammcdanism than

of Manichseisra as a Christian sect ; for Mohammed
stands in a far closer relation to the Jewish and Christian

religions than did Mani. It is Kessler's merit to have

ihowu that the ancient Babylonian religion, the original

•ource of all the gnosis of western Asia, was the basis of

the Manichaian system. Hence the erroneousnoss of tho

assumption, which formerly prevailed, that ilanicha-ism

was a reform movement of Parsism, a modification of

Zoroastrianism under the influence of Christianity.

Manichceism is a system which rather belongs to the

Semitic group of religions. It is the Semitic religion of

nature, withdrawn from national limits, modilied by
Christian and Persian elements, elevated into a gnosis,

and transforming human life by the inlluence of stringent

regulations. But the recognition of this fact only supplies

us \vith a very general explanation of the origin of

MLmiclutism. The question still remains, through what
channels and to what extent Mani adopted those Persian

and Christian elements, and further, iu what form the

ancient nature religion of Babylonia was utilized by him.

As far as the latter point is concerned it is known that,

two centuries before Mani, tho Semitic nature-religions

had already been taken up by various enthusiastic or

speculative spirits, who had given them philosophic depth

and moulded than into " systems," which were propagated

.with the aid of mysterious rites. Maui's undertaking,

then, was by no means a novel one, but was rather the

last in a long series of similar efi'orts. Again, even in the

earlier of these attempts, from that of Simon Magus
onward, Christian elements had been adopted to a greater

Br less extent ; and tho sects of the Christian gnostic

schools of Syiia and western Asia may all be traced back
to the nature-religions of ancient Semitism, transformed
into a philosophy of the world md of life. It is the

Babylonian sect of the Moghtasilah that seems to have fur-

nished Mani with the matter of his religious philosophical

, specnlatioua^ and the religion of this sect was purely

Semitic (see Mand-eans ; tho Jland.Taus were roh.ted to

the Moghtasilah). This was the source of tho thorough-

going dualism which forms tho basis of Mani's system ; for

the ancient I'ersiau religion was not ossontially dualislic,'

but was at bottom monistic, since Ahriuian is created by
Ormuzd. Aftlio same time Maul turned the thcologu-

mena of ancient Persia also to account. Tho fact that the

two opposed elements are called "light" and "darkness"
can hardly bo independent of Parsism, and Mauich;uisui

uses other termini tecliiiici of the Persian religion.

Whether Mani's idea of redemption is to be traced to the

ancient Babylonian or to the Zoroastriau religion we do-

not venture to decide. The idea of " tho prophet " aurl

i'he primal man " is at all events Semitic.

It is very difficult to determine what was the extent of

Mani's knowledge of Christianity, how much he himself

borrowed from it, and through what channels it reached

him. In any case it is certain that Manichaiism, in Ihoso

districts where it was brought much into contact with

Christianity, became additionally influenced by the latter

at a very early period. The Western ManicIi.Tans of tho

4th and 5th centuries are much more like Christians than

their Eastern brethren. In this respect Manichaiism ex-

perienced the same kind of development as Nco-Platonisni.

As regards Mani himself, it is safest to assume that he held

both Judaism and Catholic Christianity to be entirely falso

religions. It is indeed true that he not only described

himself as the promised Paraclete—for this designation

probably originated with himself—but also conceded a

high place in his system to " Jesus ; " we can only conclude

from this, however, that he distinguished between Christi-

anity and Christianity. The religion which had proceeded

from tho historical Jesus he repudiated together with its

founder, and Catholicism as well as Judaism he looked

upon as a religion of tho devil. But he distinguished

between the Jesus of darkness and the Jesus of light who
had lived and acted contemporaneously with the former.

This distinction agrees with that made by the gnostic

Basilides no less strikingly than the Mauichoean criticism

of tho Gld Testament does with that propounded by the

Marcionites (see the Acta Archdcd, in which Mani is mado
to utter the antitheses of Marcion). Finally the Maui-

ehtcan doctrines exhibit points of similarity to those of

the Christian Elkesaites ; but, as it is possible, and even

probable, that such resemblances are to be ascribed to a

common ancient Semitic source, they do not here call for

further consideration. The historical relation of Mani
to Christianity is then as follows" From Catholicism,

which he very probably had no detailed knowledge of, ho

borrowed nothing, rejecting it as devilish error. On tho

other hand, he looked upon what he considered to be
Christianity proper, that is, Christianity as it had beei?

developed among tho sects of Basilidians, Marcionites, and
perhaps Bardesanites, as a comparatively valuable and

sound religion. He took from it, however, as from- tho

Persian religion, hardly anything but names, and, perhaps

we may add, a criticism of tho Old Testament and of

Judaism so far as he required it. Indications of the

influence of Marcionitism are found in the high estimation

in which Mani held tho apostle Paul, and in tho fact that

he explicitly rejects the Book of Acts. Mani appears to

have given recognition to a portion of the historical matter

of the Gospels, and to havo interpreted it in accordanco

v.'ith his own doctrine. .In conclusion, it remains to be

asked whether Buddhistic elements can also be detected in

Manichsism. Most modern scholars since F. C. Baur have

answered this question in the affirmative. According to

Kessler, Mani made use of the teaching of Buddha, at

least as far as ethics was concerned. It cannot be doubted

that Mani, who undertook long journeys as far as Iudi.->,
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knew of Buddhism. The name Buddha (Buddas) which

occurs in the legendary account of Maui, and perhaps in

the latter's own writings, indicates further that ho had

occupied Ms attention with Buddhism when engaged in the

work of founding his new religion. But his borrowings

frorj this sonrce must have been quite insignificant. A
detailed comparison shows the difference between Buddhism
and JIauichajisni in all their principal doctrines to be very

great, while it becomes evident that the points of resem-

blance are almost everywhere accidental. This is also

true of the ethics and the asceticism of the two systems.

Tliere is not a single point in Manicha;ism which demands

for its explanation an appeal to Buddhism. Such being

the case, the relationship between the two religions

remains a mere possibility, a possibility which the inquiry

of Geyler l^Das St/stem des Manicha-isimis tiiid seiii

Ve7-ha!!niss sum SadJhismus, Jena, 1875) has not been

r.ble to elevate into a probability.

How are we to explain the rapid s^jread of Manichaeism,

and the fact that it really became one of the great religions ?

One answer is that Mauichteism was the most complete

gnosis, the richest, most consequent, and most artistic

system formed on the basis of the ancient Babylonian re-

ligion (so Kesslcr). This explanation is insufficient, for no

religion operates mainly through the perfection of its system

of doctrine ; and it is not strictly correct, for the older

gnostic systems were not less richly equipped than the

Manichaian. What gave strength to Manich.'eism was

rather that it united an ancient mythology and a thorough-

going materialistic dualism with an exceedingly simple

spiritual worship and a strict morality. Ou comparing it

with the Semitic religions of nature, we perceive that it

retained their mythologies, after transforming them into

" doctrines," but abolished all their sensuous cultus,

substituting instead a S'piritual worship as well as a strict

morality. Manichreism was thus able to satisfy the new
wants of an old world. It offered revelation, redemption,

moral virtue, and immortality, spiritual benefits on the

basis of the religion of nature. A further source of

strength lay in the simple yet fi-rm social organization

which was given by Mani himself to his new institution.

The wise man and the ignorant, the enthusiast and the man
of the world, could all find acceptance here, and there was

l:iid on no one more than he was able and willing to bear.

Each one, however, w'as attached and led onward by the

prospect of a higher rank to bo attained, white the

intellectually gifted h;id an additional inducement in the

assurance that tliej' did not require to submit themselves

to any authority, but would bo led to God by pur.e reason.

Thus adapted from the first to individual requirements,

this religion also showed itself able to appropriate from

time to time foreign elements. Originally furnished from

fragments of various religions, it could increase or dimini:h

tills possession without rupturing its own clastic framework.

And, after all, great adaptability is just as necessary for a

universal religion as a divine founder in whom the highest

revelation of God Himself may be seen and reverenced.

Manicha:isni indeed, though it applies the title " redeemer "

to Mani, has ideally no knowledge of a redeemer, but only of

a physical and gnostic process of redemption ; on the other

hand, it possesses in Mani the supreme prophet of God.

If we consider in conclusion that Jlanichrcism gave a

simple, apparently profound and yet convenient solution of

the problem; of good and evil, a problem that had become

peculiarly oppressive to the human race in the 2d and 3d

centuries, wo shall have named the most important factors

which account for the rapid spread of the system.

Manicha:ism first gained a firm footing in the East,

i.e., in Persia, Mesopotamia, and Transoxania. The

persecutions it had to endure did not hinder its extension.

The seat of the Manichc-ean pope was for centuries ia &iArh
Babylon, at a later period in Samarkand. Even after the^f *•*

conquests of Islam the ManichsSau Church continued 10*4^?"',

maintain itself, indeed it seems to have become still more^j^j^
widely diffused by the victorious campaigns of the

Mohammedans, and it frequently gained secret adherents

among the latter themselves. Its doctrine and discipline

underwent little change in the East ; in particular, it drew
no nearer to the Christian religion. More than once,

however, Manicho^ism experienced attempts at reforma-

tion ; for of course the auditores very easily became
worldly in character, and movements of reformation led

temporarily to divisions and the formation of sects.

Towards the close of the 10th century, at the time tha

Fi/trist was written, the Manichreans in Mesopotamia and
Persia had already been in large measure ousted from the

towns, and had withdrawn to the villages. But in

Turkestan, and as far as the Chinese frontier, there existed

numerous Manich;ean communities, and even whole tribes

that had adopted the name of Mani. Probably it was the

great migrations of the ^Mongolian race.tliat first put au

end to Manicha^ism in Central Asia. But even in tha

15th century there were Manichteans living beside the

Thomas-Christians on the coast of Malabar in India

(see Germann, Die 2'homas-Cliristeit, 1875). JIanichxism

first penetrated the Greek-Roman empire about the year

280, in the time of the emperor Probus (see the Clironicon

of Eusebius). If we may take the edict of Diocletian

against tlie jlanichaians as genuine, the system must have

gained a firm footing in the West by the beginning of tha

4 th century, but we know that as late as about the year

325 Eusebius had not any accurate knowledge of the sect.

It was only subsequent to about 330 that Mauichjeism

spread rapidly in the Roman empire. Its adherents wero

recruited on the one hand from the old gnostic sects

(especially from the JIarcionites,—Manicba;ism exerted

besides this a strong influence on the development of the

JIarcionite churches of the 4th century), on the other

hand from the large number of the "cultured," who wero

striving after a " rational " and yet in some manner

Christian religion. Its polemics and its criticism of tho

Catholic Church now became the strong side of Mani-

cha;ism, es[iccially in the AVest. It admitted tho stumb-

ling-blocks which the Old Testament offers to every

intelligent reader, and gave itself out as a Christianity

without tho Old Testament. Instead of the subtle

Catholic theories concerning divine predestination and

human freedom, and instead of a difficult theodicita, i»

offered an exceedingly simple conception of sin and

goodness. Tho doctrine of the incarnation of God, which

was especially objectionable to those who were going over

to the new universal religion from the olil cults, was not

proclaimed by Manichieism. In its rejection of this

doctrine Manicha^ism agreed with Neo-PIatonism ; but»'

while the latter, notwithstanding all its attempts to

conform itself to Christianity, could find no formula by

which to inaugurate within its own limits the special

veneration of Christ, the Western Manichxans succeeded

in giving their teaching a Christian tinge. The only part

of the Manicha;an mythology that became popular was the

crude, physical dualism. The barbaric elements were

judiciously screened from view as a "mystery;" they

wore, indeed, here and there explicitly disavow^ed even by

the initiated. The further Jlanichxism advanced into the

West, the more Christian and philosophic did it becotva

in Syria it maintained itself in comparative purity.^ fa

North Africa it found its most numerous adlierents, gainiai^

secret support even among the clergy. The explanatio-n «rf

.tliis perhaps lies in the fact that one part of the populatit-m

of North Africa was of Semitic origin. Augustiiie was am
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auditor for nine years, while Fanstus was at that time the

most esteemed JManichiean teacher in the West. Augustine

in hia hiter writings against the Manichseans deals chiefly

with the following prohloms :— (1) the relation between

"knowledge and faith, and between reason and authority
;

(2) the nature of good and evil, and the origin of the

latter ; (3) the existence of free will, and its relation to

the divine omnipotence
; (4) the relation of the evil in the

world to the divine government.
' Tlio Christian Byzantine and Eoman emperors, from

A''aleu3 onwards, enact' 1 strict laws against the Mani-

chreans. But at first th ;e bore little fruit. The auditores

wore difficult to trace tit, and besides they really gave

little occasion for persecution. In Rome itself between

370 and 440 Manich.-Eism gained a largo amount of

support, especially among the scholars and public teachers.

It also made its way into the life of the people by means

of a popular literature in which the apostles were made to

play a prominent part (Aporir/plinl Aels of l/ie Apostles).

Manichreism in the West had also some experience of

attempts at reformation from the ascetic side, but of these

we know little. In Rome Leo the Great was the first

who took energetic measures, along with the state

authorities, against the system. Valentinian III. decreed

banishment against its adherents, .Justinian the punish-

ment of death. In North Africa Manicha^ism appears to

have been extinguished by the persecution of tlie Vandals.

l!ut it still continued to exist elsewhere, both in the

Byzantine empire and in the West, and in the earlier part

of the Middle Ages it gave an impulse to the formation of

new sects, which remained related to it. And, if it has

not been quite proved that so early as the 4th century the

Priscillianisfs of Spain were influenced by Manichieism, it

is at least undoubted that the Paulicians and Bogomiles as

well as the Catharists and the Albigenses are to be traced

back to Jlanichajism (and Marcionitism). Thus the

system, not indeed of Mani the Persian, but of Manicha;ism
as modified by Christian influences, accompanied the

Catholic Church until the 13th century.

Sources.—(a) Oriental. Among tlic sources for a history of Mani-
ch;iMsin, tlie most important are tlio Oriental. Of these tlie Mo-
hanmictlan, though of comparatively late date, are distinguished by
the excellent manner in which they have been transmitted to us, as
well as by their impai tiality. They must bo named first, because
ancient Waniclixan writings have been used in their construction,
"while, with the exception of some .email and rather unimportant
pieces, we possess no other original Iilaniehrean works dating from
the 3d ccntniy. At tlio hc„(! of all stands En-Nedi'm, Fihrisl (circa

SSO), edited by FUigol (1S71-72); eomp. the lattcr's work Mani,
seine Lehrc v. seine Sehriften, 1862. See also Shahrastini, Kitdb
al-milal wan-nuhal (12th cent.), edited by Cureton {\Si6) and
translated into German by Haarbrucker, 1861, and individual notes
and excerpts by Tabari (lOth cent.), Al-Binini (11th cent.), and
other Arabian and Persian historians.

or tho Christian Orientals those that afford most information
Are Bphraem Syrua (ob. 373), in various writings ; tho Armenian
Esnik (see Zeitsch. f. hist. TIteol., 1840, ii. ; Langlois, Collection,
ii. 375 sq.), who wrote in the 5th century against Marcion and
Mani

; and the Alexandrian patriarch Eutychius (o4. 916),
Annaks, ed. Pococke, 1628. Thera are besides scattered pieces
of information in Aphraates (ith cent.), Barhebrxus (13th cent.),
and others.

(i) Greek and Latin. The earliest mention of the Afanichceans
in the Graco-Roman empire is to be found in an edict of Diocletian
(see Hanel, Cod. Grcgor., tit. xv.), which is held by ^ome to bo
spurious, while others assign it to one or other of the years 287
290, 296, 303 (so Mason, The Persee. of Diocl., p. 275 sq.). Eusebius
gives a short account of the sect (ff. E., vii. 31). It was the Acta
Archelai, however, that became tho principal source on the subject
of Maniohxism for Greek and Roman writers. Theoo Ada are not
indeed what they give themselves out for, viz., an account of a
dimiutation held bet\veon Mani and tho bisliop Archelaus of Cascar
in Mesopotamia

; but they nevertheless contain much that is trust-
worthy, especially remrding the doctrine of Mani, and they also
include Manichiean documents. They consist of various distinct
incTOs, and originated in the beginning of the 4th cf^ntury, probably
at idessa. They were translated asiaatly as the first half of the

same century from tho Syriac (as is mLintained by Jerome, De Vir.
Illusl., 72 ; though this is doubted by modern scholars) into Greek,
and soon afterwards into Latin. It is only this secondary Latin
version that wo possess (edited by Zacagni, 1698; Routh, neli<i.

San., vol. v., 18)8; translated in Clark's Antc-Nicene Libranj,
vol. XX.); small fragments of the Greek version have been pre-
served. Regarding the Ada Archelai, see Zittwitz iu Zcitschr.

f. d. histor. Thcol, 1873, and Oblasinski, Ada disp. Arch, el

Manctis, 1874. In the form in which wc now possess them, they
are a compilation after the pattern of the ClemeiHine Homilies,
and have been subjected to manifold redactions. These Ada were
used by Cyril of Jerusalem (Catceh., G), Epiplmnius (Ilxr., 06), and
a great number of other writers. All tlic Greek and Latin heresi-
ologists have included tho Manichxans in their catalogues ; but
they seldom adduce any independent information regarding them
(see Theodoret, Uxr. fah., i. 26). Important m.attcris to be found
in the resolutions of the councils from the 4th century onwards
(see Jlansi, Ada Condi., and Hefclc, Conciliengcschichte, vol. L-iii.),

and also in tho controversial writings of Titus of Bostra (6th cent),
Uphs Mafixaiov! (ed. Lagarde, 1859), and of Alexander of Lycopolis,
Aoyos irpb! Tas Mawx"'"" 5<ifns (ed. Combefis ; transl. in Ante-Nie.
Lib., vol. xiv. Of the Byzantines, the most worthy of mentioi,
are John of Damascus (flc Bsercs. and Dialog.) and Photius (cod.

179 Bibliolh. ). The struggle with the Paulicians and the Bogomiles,
who were often simply identified with the JIanicha:ans, again
directed attention to tho latter. In the West the works of Augus-
tine are the great repertory for information on the subject of

Maniclucism [Contra 'epistolavi Munuhxi, qiiam vocant funda-
mcnti; Contra Fansium Manichxum ; Contra Fortunntum ; Contra
Adimantuni ; Contra Seeundinuvi ; De actis cum Felice Manichxo

;

Dc GcKcsi c. Ma.nichxos ; De natura boni ; Dc dualnts animnbus
;

De idilitate ercdcndi ; De moribus eccl, eathol. et de moribim
Maniclixorum ; Dc hxres.). The more complete the picture,

however, which may here bo obtained of Manichseism, the moie
cautious must we bo in making generalizations from it, for it

is beyond doubt that Western Manichieism adopted CInistian
elements which are wanting in the original and in the Oriental
ManicliKism.

Literature. —1\\e most important works on Sfanichaeism aro
Beaiisobre, Hist, critique dc Manichie ei da Mameh&isnie, 2
vols., 1734 sq. (the Cliristian elements in Manichwibm are hero
strongly, indeed too strongly, emphasized) ; Baur, Das manieh.
Jlcligionssystem, 1831 (in this work Manicha^an speculation is

exhibited from a speculative standpoint) ; Fliigel, Mani, 1S62 (u

very careful iiivestiga.tion on the basis of the Fihrisl) ; Kessler,
Untcrsuchnng zur Genesis des tnanich. Hcligionssi/stcins, 1876

;

and the article " JIani, Maiiichaer," by the same writer in Hcrzog-
Plitt's Jl.t'., ix. 223-59. This article is very thorough, and leada

to most favourable expectations regarding the author's forthcoming
work. The accounts of Mosheim, Lardner, Walch, and Schrockh,
as well as the monograph by Trcchscl, Ucber Kanon, Krilih, vnd
Excgcse dcr Maniehacr, 1832, may also he mentioned as still useful.

The various researches which have been made regarding Parsism,
the ancient Semitic religions. Gnosticism, &c., aro of the greatest
iniportance for the investigation of Maiiicliadsm. (A, HA.)
MANILA (less correctly Manilla), the capital of

Luzon and the Philippine Islands, and the centre of

Spanish commerce in the East, was founded by Legaspi
in 1571, and is situated on the eastern .shore of a circular

bay ISO'nautical miles in circumtcrence, 14" 3G' N. lat. and
120° 52' E. long. The country around the bay is more or

less flat in character, and in the dry season almost bare if

vegetation, so that, excepting the Mafonso and Mati5o

mountains behind Manila, and the chains of mountains
running north and south of the entrance to the baj-, "there

^

is really nothing attractive about the harbour. It is unsafe

in the north-east and south-west monsoons, and vessels over

300 tons have to run for shelter to the naval port of Cavity
the smaller craft finding a safe atichorage behind a break-

water facing the mouth of the Pasig. A'ncv breakwater,

however, was commenced in 1880 for large vessels. Thia
river Pasig, which is about 1 4 miles long, is fed by an inland

lake called tho Laguna de Bayo, and on its way into the

harbour it divides M.anila into two parts. On its northern
bank are large commercial warehouses, a bazaar occupied
chiefly by Chinese, known as the Escolta, and trending

eastwards an extensive suburb of native dwellin;rs extending
some miles up the Pasig. Beyond the Escolta lie Binondo,
the business .part of Manila, and San Miguel, the fashiom
able<iuarter where Spaniards and foreigners have their resi-

dence, and where since the earthquake of ISSO.two jialaces
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liave been erected for the governor or captaiiirgeiieral and
for the admiral of the fleet. There are nun",crou3 churches

and liarracks in this part of the town, and ^jveral public

buildings, of which the following may be mentioned,—the

hospital of St Lazarus, the gariicro or large military

storehouse, and tho famous cigar factory, covering a space

bi about 6 acres, and employing daily 10,000 women.
Beyond and blending as it were with Binondo are villares

ill which the governor has his country house, and where
Europeans have built pretty villa residences. A stone

bridge and a new suspension bridge connect Binondo or

modern Manila with the suburb opposite and the old fort

of St lago, situated on the south bank and about a mile

from the mouth of the Pasig. Within the fort wall lies

the old city, or, as it is commonly called, the Plaza de
Manila it is approached by several gates—the principal

being the Entrada, near which stands the custom-house.

It has several squares, and the streets running at right

angles with each other are fairly broad and clean, but, as

110 trade is carried on in tliis part of the town, they are dull

by day, and, as only oil lamps are used, gloomy by night.

The public edifices, such as the governor's palace, tlie

town-hall, and the cathedral, are in a large square, in the

centre of which is a statue of Charles IV. surrounded by a
garden of flowers. - To. these may be added the civil and
military hospitals, the mint and museum, the university

ond the academy of arts, the arsenal, the prison, and
uumerons barracks, convents, and monasteries. Beyond
tho walls is the cahada or esplanade, with a small paseo

or promenade facing the bay, where three or four military

bands play twice a week to a largo concourse of people.

This forms the chief out-door attraction for the ^lite of

Manila. There are two theatres—occasionally visited by
European companies; but there is a want of the caf(5s and
bull fights so associated with Spanish life. Evening recep-

tions are given by the Spaniards, where cards and music

serve to while away the time, and the well-to-do Tagah,
besides imitating his masters in all their amusements, has

another to which he is passionately addicted, viz., cock-

fighting This is under Government control, and in town

can only be held in licensed cockpits, which in 1878

yielded above £33,000 to the revenue. The native officials

may sometimes be a little officious and overbearing; bat

the natives generally, especially those out of Manila, are

as hospitable to the stranger as the Spaniard.

The population in the walled town, inclusive of the

garrison, is given in the consular reports for 1880 as

12,000, and that of Binondo and the suburbs as 350,000
to 300,000. In 1842 the total was rather more than

150,000.

The climate is healthy, and though hot is not unbearably

BO, the mean temperature being about 82°'6 Fahr. The
hot season prevails from March to the end of June ; tho

rest ,of the year may be said to be showery and stormy.

The chief climatic drawbacks to a residence in Manila are

hurricanes, earthquakes, and fearful thunderstorms. Great
damage was done to property by a tornado of exceptional

severity in October 1882.

The cemetery of Jlanil.i is well suited for a hot climate and tho
bat-kwnvd condition of its s-initary armngements. It is .a lar^c

circular area, surroimdcd by au outer and an inner wall, witli

hori/toiital recesses betu-een them ]ilaced one above another in tiers.

On the ala•iv.^l of a body for sepulture it is taken out of its coflru

and put into one of these recesses ; f|uickUmc is then spread upon
it and tho mouth of the reecss biicked up. If the recess is tho
pioperty of tho ^ relatives of the dead, the body remains undis-

tiu-bcd for /ever. .If otherwise, it remains until the reeess is abso-

lutely required for another inmate, when the bones, tlie only remains
left of the deceased, are collecNd and carefully den-'^sited in a hri^o

hollow or fosse Rcpt 'or that purpose.', ' ^ ._ - .'

For two centuries after tlie Spanish settlement the trade of Manila
VfitU the "Western world w.as cariicd on via .\c;ipuleo and Mexico

;

and it was not till 17G4 that even the" Sp.anisli vessels began to come-
round by the Cape. The port, however, was opened with soma
restrictions to foreign vessels in 1789

;
permission for the establish-

ment of au English commercial house was granted in 1809 ; tlio;

same liberty was before long extended to other nationalities.; and
in 1834 the privileges of the Royal Company of tho Philippines
expired and left the commercial movement to its natural tendencies.
Since that time the trade of Manila has greatly increased. Wliiloi
in 1810 the port was entered by 187 vessels with a burden of about
57,000 tons, the corresponding iigures for 1881 are, including 182
steamers, 317 vessels (British, 118 ; Spanish, 95 ; German, 38), witli
a burden of 244,000 tons. Manila hemp (abaca), sugar, cigars, and
coffee are the" chief articles of export ; and sapaa wood, mother of
pearl, and gum are regular though secondary items. The quantity,
of hemp shipped at Manila has increased from 528,206 piciils

(1 pieul = 139 lb) in 1877 to 662,886 in 1881, and in the san.o
period the quantity of sugar has risen from 1,215,066 pieuls to
2,001,310. Britain and tho United States are the great markets
for both. The average number of cigars cxpoi led is 92,620,000, tho
greater proportion going to Singapore and Chin.i. The total vaUi^
of the exports was £5,460,000 in 1881, against .£2,079,000 in 1804 ]
and a corresponding ineieasc has taken place in the inqiorts.

Telegraphic commuuicatiou between JIanila and Uoug-Kong w.i#
established in ISSO.

MANILA HEMP, the most valuable of all fibres for

cordage, is the produce of the leaf-stalks of Mnsa textilis,di

native of the Philippine Islands. Ihe plant, called abac^

by the islanders, throws up a spurious stem from its!

rhizome, consisting of a cluster of sheathing leaf-stalks

which rise to a height of from 20 to 30 feet, and spread

out into a crown of huge undivided leaves characteristic

of the various species of Musa (plantain, banana, &c.)^ ilii

its native regions the plant is rudely cultivated solely as

a source of fibre; it requires little attention, and when
about three years old develops flowers on a central stem,

at which stage it is in the most favourable condition for

yielding fibre. The stock is then cut dow-n, and the sheath-

ing stalks torn asunder and reduced to small strips. . These
strips in their fresh succulent condition are drawn between
a sharp knife-edged instrument and a hard wooden block
to which it is fixed, and by repeated scraping in this way
the soft cellular matter ndiich surrounds the fibre is

removed, and the fibre so cleaned has only to be hung up
to dry in the open air, when, without further treatment, it

is ready for use. Each stock yields, on an average, a littla

under 1 Ih of fibre ; and two natives cutting down plants and
separating fibre will prepare not more than 2D lb per daj'.

The fibre yielded by the outer layer of leaf-stalks is hard,

fully developed, and strong, but the prndnce of the inner

stalks is increasingly thin, fine, and wca;;.r The finer Cbra

is used by the natives, without SDinnins or. twisting (the

ends of the single fibres being knotted together), for

making exceedingly fine, light, and transparent yet com-
paratively strong textures, which they use as articles of

dress and ornament. The hemp exported for cordage

purjjoses is a somewhat woody fibre, of a bright brownish-

white colour, and possessing great durability and strain-

resisting power. It contains a very considerable amount
of adherent pectinous matter, and an unusually large pro-

portion, as much as 12 per cent., of water in a dry condition.

In a damp atmosphere the fibre absorbs moisture so freely

that it has been found to contain not loss than 40 per cent,

of water, a circumstance which dealers in the raw fibre-

should bear in mind. The plant has been introduced into

many tropical lands ; but the cheapness of labour in its-

native regions, and its abundance there, prevent its being a
profitable substance for general cultivation. The entiro

supply comes from Manila and Cebu in the Philippino

Islands, where- its cultivation and preparation must givo

employment to a very large population. ' The exports^

which are increasing with great rapidity, amounted in ISSi
to about 400,000 bales of 2i cwts. each, almost the wholo-

uf which goes to the United Kingdom, the United- States,:

and the Australian colouics. The quatility imported into
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the United Kingdum in 18S1 •.as 316,908 cwts., valued

at £C76,514. The fibre* is now so. valuable that manila

jicinp cordagrf 'is fcepXv adultoratod by manufacturers,

chiefly by admixture^ 'it phormiumi^New Zealand flax)

and Russian hemp. •

JIAISILIUS, a Komau poet, was tha dufchor of a poem
ill fivo books called Astronomica. Nothing is recorded of

the author; he is neither quoted nor mentioned by any

ancient writer. His very name is uncertain, but was

probably Marcus Slanilius. From the work itself it may
be gathered with much probability that the writer lived

under Augustus or Tiberius, and that he was a citizen of

and resident in Rome. He bears the name of a distin-

guished plebeian family. His work is one of great learn-

ing ; he had studied his subject in the best writers, and
generally represents the most advanced views of the

nucients on astronomy. It is, however, destitute of

poetical or literary merit. It is difficult to explain how a

work of such learning on a subject which Tas studied

Avith such interest by the ancients should ha :6 remained

so neglected. Firmicus, who wrote in the time of

Constantine, has so many points of resemblance with the

work of !Maniliu3 that he must cither have used him or

have followed some work that Manillas also followed. As
Firmicus says that hardly any Roman except Cssar,

Cicero, and Fronto had treated the subject, it is probable

that he did not know the work of ilauilius. The latest

event referred to in the poem is the groat defeat of 9 A.D.

MANIISr, Daniele (1801-1857), president of the

Venetian republic in lSi8-49, and one of the principal

founders of Italian independence, was born in Venice on
the 13th May 1804. He studied at Padua, graduating as

doctor of laws when only seventeen years of age, and soon

after translated Pothier's large ' treatise Stir le Droit

Romain. To his father, an eminent barrister, he was
indebted not only for much of his skill iu jurisprudence

but for his strong republican bias, having as a boy con-

Btantly heard him denounce indignantly the injustice of

Bonaparte in handing Venice over to Austria by the

scandalous treaty of Canipio Formio. In 1830 Manin
commenced practice as an advocate, but 'oidy to become
conscious of the harsh restrictions laid by Austria upon
the administration of law. That and the following year
showed some stirrings of political life in Italy ; and ilanin,

already the leading spirit ia Venetia of the new national

party, strove to train his countrymen to united purpose
and action. The question of a railway to Jlilan, for in-

ftance, or whether the Indian mail should go by Venice,
was utilized to quicken the patriotic instinct by thwarting
the Government, and that without neglecting the great

prir.eiple "legality and publicity"—which till 1848 was
his unswerving rule of conduct.

In 1847 he spoke ably on political economy at the
scientific congress held in Venice, and soon after presented
two petitions to the "congregation,"—a shadowy deliber.a-

tive assembly which was tolerated by Austria. His
principal demands were^separate government of Venice
and Lombardy, revision of the code, an annual budget,
freedom of the press, and religious equality. On the
18th January 1848, soon after Radetsky's cruel treatment
of Milan, he was arrested, but only to intensify the
patriotic enthusiasm of the people. TIio population of
Venice marched past his prison silently and mournfully,
every head uncovered. The carnival (that year spent in
gloom) was scarcely over, however, when the glad news
from Sicily, Naples, and Paris so worked upon their minds
that the Austrian authorities were forced to feel that the
revolutionary wave had reached Venice. Ou *'>e 17th
March Mania was carried in triumph to the Place St ilark,
»nd virtually declared dictator. Now that the moment for

action was come he innnodiatoly formed a 'civic guard, anj
by his energy and earnestness inspired all classes of fho
citizens to act as one man. On the il2d the dictator

became president of the now republic of St Mark, to coi>o

alone with all the dilliculties of admijiist.rati<m, organiza-
tion, and finance. In ilarch 1849, ou IVo defeat of King
Charles Albert, Venice had to prepare herself resolutely

for defence; and on the 2d April there was mssed in thrf

palace of the Doges a decree in two clauses :— " (1) Venice
will resist tbe Austriaus at whatever cost

; (2) the president
ilanin is invested with unlimited powers." On the 2Gth
May one outlying fort was taken, but on the 3d July,
wlien Rome .and Mazziui had succumbed to tlie French,
Venice and Manin were still strpimous in their heroic
defence. Only when cliolera had also attacked them,
when food and ammunitiou were spent and pi.oplo wero
dying of hunger, wheu every house not burned down was
riddled by the shot and shell of the bombardment, and no
gleam of hope from without was visible, was the capitu-

lation signed, 24th August, on terms of amnesty to all

except the president and thirty-nine other citizens.

Leaving Venice on the 27th, with his wife and two
children, Manin spent the rest of his life in Paris, where
he maintained a modest independence by teaching his

native language. His energies were still devoted to the
unification of Italy, so that, whether as. a republic or as a

kingdom, she might be freed fiom Austrian domination,

lie died of heart disease ou the 22d September 1857, and
was buried in the family tomb of Ary Schcfler. In 1808
the remains were removed to Veuice, and honoured with a
public funerah

See TTcnri Martin, D. jVnnin, 1859, aniVX'U'niU TInTiniuf,
ISOi (.Al.artin also wrote tlic articlo in tlio Uioar. Ciihcrscl/,);
C. L. Cliassin, Manin ct Vltallc; Eirera's Vila ili ]'. Minilii,
Vliucc, 1S72 ; P. do La F.ayc'a Documents, ic, dc li. Muniv, ISGO.
Other writers are Ernest LcgouviS, A. do La Forge, ouil EduiiirJ
Elagg (Kew York).

MANIOC or Mandioc.^ Sec, Cassava 'and Akeow-
EOOT.

MANIPUR, a native state m north-eastern India, lying
between W^ 35' and 24-° 48' 30" N. lat., and between
93° and 94° 40' E. long., is bounded on the N. by the Naga
country and the hills overlool;ing the Assam valley, on
the W. by CAchAr district, and on the E. by Independent
Burmah. Ou the south the bound.iry is undefined, and abuts
ou the country inhabited by various independent wild hill

tribes of Lushais, Kukis, tic. The state consists of an
extensive vn.lley, estimated at about CiO square miles in

extent, and a large surrounding unsurveyed tract of

difficult mountainous country stretching between Assam,
CAchar, Burmah, and Chittagoug. The total area is

estimated at about 7000 square miles. The population of

the Manipur valley and the surrounding hills is supposed
to be about 74,000 hill-men and 05,000 Manipuris. Tha
hill ranges generally run north and south, with occasional

connecting spurs and ridges of lower elevation between.

Their greatest altitude is in the north, where they reach

to upwards of 8000 feet above sea-level. The princip.al

geographical feature in the valley is the Logtak Lake, au
irregular sheet of water of considerable size, but said to

be yearly growing smaller. The valley is watered by
numerous rivers, the BArak being the most important^

The hills are densely clothed with tree jungle and largo

forest timber. There are large herds of wild elephant-s

as well as tigers, leopards, bears, buffaloes, &c. Ths
country seems to be singularly free from poisonous snakes;

tbfi cobra does not appear to exist iu the valley, but th|

boa constrictor is found in the dense forests to the south.'

The first relations of tlie British with Jlanipur date from 176^
wheu the r.ija solicited British aid to re]>el a Buraiese nivasioR,

and a treaty wad catered into. The iorce was recalled, aii4

XV. — 62
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bnl little communicatioa betwuea the two countries took place

until 1824, on the outbreak of the first British Burmese war.

British assistance was again invoked by the i^ja, and the

Burmese were finally expelled both from the Assam and Manipur
valleys. A political agent acts as a means of communication

between the state aud the British Government. Jlanipnr valley

appears to have been originally occupied by several tribes which

came from different directions. Although their gener.%1 facial

characteristics are Mongolian, there is a great diversity of feature

among the Manipuris, some of them showing a regularity approach-

ing the Aryan type. In the valley the people are cliiclly Hindus,

that relig*ion being apparently of recent introduction. They have

a caste system of their own, different from that of India, and
chiefly founded on what is known as the system of lallup or forced

labour. Every male between the ages of seventeen and sixty is

obliged to place his services at the disposal of the state for a

certain number of days each year, and to different classes of the

people different employments are assigned. About four hundred
Mohammedan families, descendants of settlers from Bengal, reside

to the east of .the capital. The aboriginal hill-men belong to one

of the two great divisions of Nagas and Kukis, and are sub-

divided into innumerable clans and sections witlr slight ditfcrenccs

in language, customs, or dress. The state is noted for the excellence

of its breed of ponies. The now popular English game of polo was
introduced from M.inipur, whore it forms a great national pastime.

The trade is but small, owing chiefly to the want of means of

transport, none of the roads being available for wheeled carts,

MANIS. See Pangolin.

MANIS A, or Manissa, a town of Asia Minor or Anatolia,

Bituated on the nortt side of Mount Sipylcis, 28 miles north-

east of Smyrna. This town was anciently called Magnesia

ad Sipyhim (see Magnesia). It is situated on the banks

of the Hermus, and is noted as being one of the neatest

end cleanest cities in Asia Minor. It contains above
twenty mosques, two of which are adorned on the exterior

with double minarets, and in the inside with paintings and
other articles. The Armenians, Greeks, and Jews have

Biso tlieir respective places of worship. There is also a

fine khan, and a citadel, which stands on a lofty rock, and
commands an extensive view. The surrounding country

is.rich and productive, especially of saffron, which is ex-

ported. The town is the seat of some considerable trade,

and many of the inhabitants are employed in the manufac-
ture of cotton and silk goods and goats' hair shawls.

Population about 40,000. The town is now connected

with Smyrna by a railway, which is continued on to Ala-

Shehr (Philadelphia). A few miles from JIanisa is a

colossal statue cut in the-rock, which is generally supposed

to be the figure of Niobe, alluded to by ancient authors.

MANISTEE, a city of the United States, the county
seat of Manistee county, Michigan, is situated 135 miles

north-west of Lansing, on the east side of Lake Michigan,

at the mouth of the Manistee river, which is navigable

for vessels drawing 10 to 12 feet of water for the distance

of IJ miles to Manistee Lake. It is a great seat of the

lumber trade, shipping anutially 200,000,000 feet of

timber, and having a score of saw-mills and about as

many shingle mills, the latter of which produce in the

year 400,000,000 shingles,—the largest quantity made at

any one place in the world. Planing-mills and foundries

fire also maintained ; and, in consequence of the discovery

in 1881 of a bed of solid salt 30 feet thick, extensive salt

factories are being built. The surrounding district is

especially adapted for fruit-growing; and sportsmen are
attracted to the Manistee river and its tributaries by the
abundance of the rarely found grayling. The population,
3373 in 1870, was 7080 in 1880.
MANITOBA, one of the western provinces of the

Dominion of Canada, is situated midway between the
Atlantic and the Pacific coasts of the Dominion, about 1000
miles due west of Quebec (see vol. iv. plate xxxv.). It is

bounded on the S.' by the parallel 49° N. lat., which
divides it from the United States; on the W. by 101° 20'

S- long; on the N. by .52° 50' N, lat.; and on the E.
by the western boundary of Ouliaria. Manitoba formcily

belonged to the HtTDSON's Bay Company {q.v.), and was,
after the transfer of their territory to Canada, admitted
in 1870 as the fifth province of the Dominion. At that
time the infant province had an area of 13,500 square
miles, and some 12,000 people, chiefly Indian half-breeds.
In 1881 the limits were increa-sed to the extent indicated
above, and now contain, taking the Lake of the Woods
as the eastern boundary, upwards of 80,000 square miles,
au area only 87S2 square miles less than that of England
and Scotland together, extending 2G4 miles from north
to south and upwards of 300 from east to west. Tha
old district of Assiniboia, tlio result of the efforts in
colonization by the earl of Selkirk in 1811 and succeeding
years, was the nucleus of the proviace. Manitoba was so
called by the Dominion parliament after the lake of that
name ; the designation is usually considered to be a com-
pound of the Ojibway words, Manito, great spirit, and
Waba, straits between lakes, or a word meaning echo.

The drainage of Manitoba is entirely north-eastward
to Hudson's Bay. The thre* lakes—whose greatest

lengths are 250, 150, and 130 miles respectively—ara
Winnipeg, Winnipegoosis, and Manitoba. They are all

of a very varying and irregular shape, but average
respectively 30, 18, and 10 milea in width. They ara
fresh, shallow, and tidelcss. Winnipegoosis and Manitoba
at high water, in spring time, discharge their overflow

through small streams into Winnipeg. The chief rivers

emptying into Lake Winnipeg are the Winnipeg, the Red,
and the Saskatchewan. The Assiniboine river, with its

source in the province, and navigable from 250 to 350
miles for steamers of light draught, enters the Red river

45 miles from Lako Winnipeg, and at the confluence of

the rivers ("The Forks") is situated the city of Winnipeg.

The Winnipeg, which flows from the territory lying south-

east of Lake Winnipeg, is a noble river some 200 miles long,

that after leaving Lake of the Woods, dashes with its clear

water over many cascades, and traverses very beautiful

scenery. At its falls from Lake of the Vi'oods is one of tho

greatest and most easily utilized wafer-powers in the

world. Like most rivers in the New World, the Red river

is at intervals of years subject to freshets. In tho seventy

years' experience of the Selkirkcolonists there have been four
" floods." The highest level of the site of the city of Winni-

peg is said to have been under 5 feet of water for several

weeks in May and Juno in 1826, under 2 J feet in 1852, not-

covered in 1861, and only under water on the lowest levels

in 1882. The extent of overflow has thus on each occasion

been less. Tho loose soil on the banks of the river is every

year carried away in great masses, and the channel has so-

widened as to render the recurrence of an overflow unlikely.

The Saskatchewan, though not in tho province, empties

into Lake Winnepeg less than half a degree from the

northern boundary. It is a mighty river, rising in the-

Rocky Mountains, and crossing eighteen degrees of longi-

tude. Near its mouth are tho Grand Rapids. Above these,

steamers ply to Fort Edmonton, a point upwards of SOO-

miles north-west of the city of Winnipeg. Steamers run

from Grand Rapids, through Lake Winnipeg, up Red river

to the city of Winnipeg.

Geologically Manitoba may be said to be the resumption

of the Secondary rocks left behind in the fertile portions

of Ontario. The whole north-east of North America,

running from Labrador, crossing the Ottaw'a, and skirting

tho Georgian Bay and Lake Superior, is a region of

Laurentian or Primary rocks—containing copper, silver,

and probably gold-bearing rocks. From Lake Superior

north-westward to within 40 miles of Red river and up tc

the eastern shore of Lako Winnipeg the same region con-

tinues for about 500 miles, including near its western limits-

the Lake of the Woods. This barren recion 'eft be'iiiid, tho-



M A N — M A N 4JH

fertilo" plains of Manitoba be^in—a'district Testing oa

Silurian limestonca. For 100 or 150 mika these cocks

oontinuo. Tiiis is the first prairie steppo. . At very few

points does an outcrop of limestone occur. A range of

Jiills running from south-east to north-west bounds this

region on the west. These are Pembina Mountains, Hiding

Mounfiiins, and Duck Mountain, varying from 200 to 700
feet in height. Before the Riding Mountains are reached,

on the shores and islands of Lakes Manitoba and Winni-

pegoosis are found a few buif-colourod Devonian limestones.

From this line of hills westward spreads out the second

prairie steppe, extending some 400 or 500 miles. Beyond
this for an equal distance, at a still higher elevation, is the

third [rairie steppe, till the Rocky Mountains are reached.

From the Pembina and Riding Mountains to the Rocky
Mountains, say 1000 miles, Cretaceous beds underlie the

plains and crop out at long intervals. The most striking

feature of this formation, of which only the eastern 100 or

150 miles are within Manitoba, is the presence of coal.

It is, like most of the Tertiary varieties, a lignite ; a
specimen analysed gives water 7 '82 per cent., volatile

combustililo matter 31 '35 per cent., fixed carbon 54'97

per cent, and ash 5'86 per cent. The supply of tlris coal is,'

according to Professor Selwyn, practically inexhaustible.

Mr G. M. Dawson, Government explorer, has figured

exposures of lignite 1 foot, 7 feet, and even IS feet in

thickness in ttie Souris valley, 250 miles soath-west of

.Winnipeg. As a fuel for domestic purposes, this coal in

general answers very well. The drift deposit on the first

and second prairie levels varies from 20 to 100 feet, and
consists of clay and boulders. A clay lying near the

surface is used for making the white brick of which
Winnipeg is built. The most recent geologic deposit is a

rich vegetable mould, sometimes 4 feet in thickness. It is

this that gives the reputation for fertility which the soil

of the province enjoys.

The surface of Manitoba is somewhat level and mono-
tonous. It is chiefly a prairie region, with treeless plains

of from 5 to 40 miles extent, covered in summer with an
exuberant vegetable growth, which dies every year. The
river banks are, however, fringed with trees, and in the

more Undulating lands the timber belts vary from a few
hundreds of yards to 5 or 10 miles in width, forming at

times forests of no inconsiderable size. The chief trees

of the country are the aspen (Populus tremuloides), the

ash-leaved maple (Negxmdo aceroiJes), oak (Qitercus alba),

elm (Ulmus americana), and many Varieties of willow.

The strawberry, raspberry, currant, plum, cherry, and grape

are indigenous.

The. climate of Manitoba, being that of a region of wide
extent and of similar conditions, is not subject to frequent

variations. Winter, with cold but clear and bracing

weather, usually sets in about the middle of November, and
ends with March. In April and May the rivers have
opened, the .snow has disappeared, and the opportunity

has been afforded the farmer of sowing his grain. The
month of June is often wet, but most favourable for the

springing crops ; July and August are warm, but, excepting
two or three days at a time, not uncomfortably so ; while the

autumn months of August and September are very pleasant.

Harvest generally extends from the nriddle of August to

near the end of September. The chief crops of the farmer
are wheat (which from its flinty laardness and full kernel is

khe specialty of tho Canadian north-west), oats, barley, and
pease. Hay is made of the native prairie grasses, which
grow luxuriantly. From the ricljness. and mellowness of

tlio soil potatoes and all tap-roots reach a great size. Heavy
dews in summer give tho needed moisture after the rain8<

ot' June have ceased. The traveller and farmer are at times

annoyed, by „ the mosquito. . This troiiblfiaDiaa_inaQ£t.Ja

chiefly found near swampy ground or on the" untultivated

prairie. It usually continues through June and July.

Tho population of tho province is voir nibtei In 1870 there
were 2000 wliitos and 10,000 Indian h>alf-breed?. Of Uie latter,

Olio half arc of English-spcakin'; parentage, and chiefly of Oikui-y
ori;^in ; the remainder are known as Metis or Eoii'-brulcs, and arc
descended from French-Canadian voyagcurs. In 1875 a number
of Russian Mennonites (descendants of the Anabaptists of tbo
Rcfoniiation) came to the country-. Some fifty 3*0:11-3 ago tbcy
originally emigrated from Gennany -0 t"io plains ofsouthern Knssia,
but came over to Manitoba to es'^ape tbo conscription. They luiin-

bcr nearly 8000. About 4000 French Canadians, who had emigrated
from Quebec to the United S.-<vte3, have also m.adc tbo provim-o
their home, as well as a number of Irelan^Iers. The remainder of
the population is chiefly made up of English-speaking iieojdo from
the other provinces of tho Dominion, from the Uiiiteii States, from
England and Scotland and the north of Ireland. Though souic-

wliat difficult to estimate, the popuktion of ilanitoba is estimated
by competent authorities at upwards of 120,000 in 1882.

la ISSl the religious opinions of the people were as follows :—
E[^iiseopaliaiis, 22 per cent ; Presbyterians, 22 ; Roman Catholics,

19; Slethodists, 14; Baptists, 2i ; Lutherans, IJ per cent.

There is a system of primary and secondary free school education
for Protestants, and another for Roman Catholics. For tho higher
education there are the three colleges of St Bonifaoo (Roman Catho-
lic), St John's (Episcopalian), and JIanitoba College (If'esbytcrian),'

These are affiliated to tho university of Manitoba, which is an ex-
amining and degi-ee-couferring body.

Like other provinces of the Dominion, ^lanitoba is under a
lieutenanf-goveraor, with a council of five niinistoi-s responsible to
the local legislature, which again is com-posed of thirty-one member^
The province is represented by three senators in tho Dominion'
senate, and by five members. in tho Dominion house of commons.
There are throe judges of the superior court, and a number of county
court judges. The whole province is divided into municipalities,

each of which chocses a warden and six, councillors annually.

The city of Winnipeg, the provincial centre of government, law,
education, and religion, had in 1882 upwards of 20,000 inhabitants.

The trade of the country has chielly grown up since Winnipeg wa4
connected in 1873 ^v^th the United States railroad system, and il

has received a further impulse from the construction of tlio

Canadiati Paciiic Railway, which traverses tho territoiy. (G. -BI?/

MANITOWOC, a city of the United States, the county
seat of Manitowoc county, Wisconsin, is situated on the

west side of Lake Michigan, at the mouth of JIanitowoc

river, 77 miles north of Milwaukee by the Milwaukee,

Lake Shore, and Western Railway. It has a good harbour,

and is the seat of an active trade in lumber, leather, and
whea.t. Shipbuilding is also extensively carried on.

Population in 1870, 3059 ; in 1880, 6367.

MANKATO, a city of the United States, the county

seat of Blue Earth county, Minnesota, is situated in tho

midst of a good agricultural district on the right bank of

the Minnesota river, and is a station on the Chicago,

Milwaukee, and St Paul, the Chicago and North Western,

and tho Chicago, St Paul, Minneapolis, and Omaha
railways. From St Paul it is distant 86 miles. Besides

carrying on an extensive trade Mankato manufactures

woollen goods, linseed oil, flour, beer, carriages and
waggons, iron wares, and furniture. It has a fine park

and fair ground, three public halls, a public library, and a
State normal school The population increased from 3482
in 1870 to 5550 in 1880.

MANLEY, Maky dela RinKR (1672-1724), dramatist,

political writer, and novelist, the most eminent female
" wit " of the reign of Queen Anne, was the daughter of a

studious and literary royalist, Sir Roger Stanley, governor

of the Channel Islands, part author of I'he Turkish Spy,

and author of several military histories. Mrs Manlcy is

herself the chief authority for such particulars of hor

private life as are known. Towards the close of Anne's

reign, finding that Curll had announced The Advcntmcs <>}

Rivdla, or the History of the Author of Atalantif, and

suspecting this to be the work of an enemy, she contrived

with dexcCTous t-^ct to supplant Curll'.s author, and wrote

her own biography under the announced title. Her motlip-t

.diedjyhen she was a child, her father when die was a ;zirl
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of sixteen. A kiustiian, already married, tooK aavantage

of her position, went through a mock ceremony of

marriage, and' deserted her basely three years afterwards.

She was patronized for a short time by the duchess of

Cleveland, and in 1696 made good a position among
wi'iters of established reputation by two plays, a comedy
and a tragedy. Tho dialogue of the comedy, The Lost

Lover, is extremely brilliant and witty, overflowing with

liigh animal spirits ; in freedom of speech it goes almost

beyond the most licentious male writers of comedy in that

generation. The play was at once published. In the

preface she thanks the town for not keeping her long in

suspense : her comedy was damned with promptitude. A
simliar fate befel her tragedy, The Royal Mischief, though

great literary power was shown in it. The splendid energy

of the characters, and the hyperbolical vigour of their

language, may be Compared with the undisciplined youth

of the Elizabethan drama ; but it was not without reason

that even contemporary critics complained of the " warmth "

of certain passages. She pleaded in defence the example

of Dryden ; but Dryden in his most indecent moments falls

short of it. From 1G96 Mrs Manley was a favourite

member of witty and fashionable society ; she admits that

she never had any pretensions to beauty, but the charms
of her eyes and her conversation made her very fascinating.

She achieved her principal triumph as a writer by her

Secret Memoirs of Several Persons of QtwMty, a scandalous

chronicle "from the New Atalantis, an island in the

Mediterranean," published in 1709. Henceforth she was
known as " the author of Atalantis." The Atalantis had
a political purpose. Mrs Manley was a warm Tory
partisan, and she sought in this scandalous narrative to

expose the private vices of the ministers whom Swift,

Bolingbroke, and Harley combined to drive from office.

There are many references to her in Shift's Journal to

Stella. " She has very good principles for one of her sort,

and a great deal of good sense and invention." Mrs
Manley was in fact one of the most romantically public-

spirited and disinterested politicians of that corrupt time,

and next to Swift the most effective writer on the side

of Harley and Bolingbroke. During the keen political

campaign in 1711 she wrote several pamphlets, and many
numbers of the Examiner, criticizir.g persons an^l policy

with equal vivacity. After the accession of George, she

wrote a tragedy Lurins (1717)—a failure, and two so-

called novels, Bath Intrifjues, and A Stage-Goach Journey to

F.j.xter. The story in these novels is told in letters between

the principal characters.

MANLIUS is the name of a Eoman gens, chiefly

patrician, but, in later times at least, also containing

jilebeian families. The Roman historians represent them as

intrepid", but stern even to cruelty.

I. Maecus Manlius Capitolinus, a brave and distin-

guished soldier, was one of the garrison of the Capitol while

besieged by the Gauls ; when they attempted to scale the

rock by night, Manlius, aroused by the cackling of the

sacred geese, rushed to the spot and threw down the fore-

most. Several years after, seeing a centurion led to prison

for debt, he freed him with his own money, and even sold

liis estate to relieve other poor debtors, while he accused

the senate of etnbezzling public money. He was charged

with aspiring to kingship, and condemned by the

comitia, but not until tho assembly had adjourned to a

place without the walls, where they could no longer see the

Capitol which he had saved. His house on the Capitol was
razed, and the Manlii resolved that no patrician Manlius
should hencofortli bear the name of Marcns,

IT. Titus Manlius IiirEniosus Toequatus went to the

tribune Pompnnius, Avho had brought his father to trial for

overstepping the limits of his office, and threateueJ to kill

hiii unless he desisted from the accusation (305 B.a).

Shortly after he slew a gigantic Gaul in single combat, aud
took from him a torques or iieck-ornameut, whence his

surnamo is said to have beeu derived. When the Lotiua

demanded an equal share in the government of the con-

federacy, Manlius vowed to kill with his own hand the

first Latin he saw in the senate-house. The Latins and
Campanians revolted, and Manlius, consul for the third

time, marched into Campania and gained two great

victories, near Vesuvius (where Decius his colleague devoted

himself to gain the day), and at Trifanum. lu this

campaign Manlius executed his own son, who had killed an
enemy in single combat, and thus disobeyed the express

command of the consuls.

Both these Manlii belong to a great extent to legend,

much of which is probably due to attempts to explain their

surnames.

III. Titus Manlius Tokqitatus in his first consulship

(235 B.C.) subjugated Sardinia, recently acquired from the

Carthaginians; he was consul again (224) during the

Gallic war. In 216 he opposed the rausoming of the

Romans taken prisoners at Cann:e ; and iu 215 ho was
sent to Sardinia and defeated a Carthaginian attempt' to

regain possession of the island.

I'V. CnjEUs Manlius Vulso, consul in 189 B.C., re-

ceived Asia as his province. Starting from Ephesus in

the spring, he marched into Pamphylia, levying enormous
contributions. He then attacked the Celts of Galatia on
the pretest that they had aided Antiochus. They took

refuge in Mounts Olympus and Magaba, but the missiles

of the Roman light troops won each position with great

slaughter. In the winter, assisted by ten delegates sent

from Rome, he settled the terms of peace with Antiochus.'

He returned to Rome in 187, and triumphed after much
opposition. The discipline of his army was loose, and his

soldiers brought into Rome many foreign luxuries.

MANN, Horace, one of the best-known of American
educationists, was born at Franklin, Jfassachusetts, Jlay 4,

1796, and died at Yellow Springs, Ohio, August 2, 1859.

His childhood and youth were passed in great poverty.
" It was the misfortune of his family that it belonged io

the smallest district, had the poorest schoolhouse, and
employed the cheapest teachers, in a town which was itself

small and poor." His health was early injured by hard

manual labour, which left him no time for recreation either

in summer or winter. He lost his father at the age of

thirteen. He was from his childhood an eager reader ; but

liis only means of gratifying this desire was a very small

library in his native town. Up to the age of fifteen he

had never been able to attend school for more than eight

or ten weeks in any one year. He remained at home,

working for his mother and the rest of the family, till the

age of t\v'enty. At that age he was taught the rudiments

of Latin and Greek and a little English grammar by an

itinerant schoplmaster, and entered the junior classes in

Brown UnivcSrsity in the year 1816. Symptoms of ccii-

sumption, poverty, the necessity of supporting himself

while at college, and other circumstances interfered with

his studies. He, however, graduated in 1819. In 1821

he entered the school of law at Litchfield, Connecticut, and

was called to the bar in 1823. InlS27he was elected to

the State legislature of JIassachusetts, and in 1833 he was

returned to the upper house. He suggested and organized

the State lunatic asylum of Worcester. In 1S37 the

legislature appointed a board of education to revise and re-

organize the common school system of the State; and Mann
was appointed secretary. To give his whole time to the

work, he gave up his profession and also his scat iu tho

senate. Ho v.'as secretary for twelve years. For these

twelve years he worked fifteen I'^urs a day, held teachcre'
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conventions, gave lectures, and carried on an enormous

correspondence. He started a periodica!, The Common
Sfkool Journal, in which he explained his views on educa-

tion. ^ Ho also published n series of Anunat Eeports

;

these American critics call "a classic on the subject."

His seventh annual report gave the substance of his obser-

vations in Europe, and compared the systems of instruction

followed in Prussia with those in use in Massachusetts,

much to the disadvantage of the latter.'

In 1848 Mann was elected to Congress to fill the

vacancy causefl by the death of John Quincy Adams. He
tried to induce the Government to establish a bureau

of education at Washington, but this was not done till

much later. He resigned his seat in Congress in 1853,

and became tlie firct president of Antioch College, at

Yellow Springs,—a college for the combined education

«)f men and women. Mann's chief work in American

education is the reform which he brought about in the

common and normal school system of Massachusetts

;

and this reform is largely due to bis twelve annual

report:

Mann's other works an—Lectures on Education, 1S48 ; A Few
Thoughts for a Young Man, 1850 ; Slavery, Letters and Speeches,

1851 ; Poiccrs and Duties of Women, 1853, &o. A complete etiition

of his m-itings, with a biography, was published in Cambridge,

Massachusetts, in 1867; and a selection, under tlie title of Thouglils

Selectedfrom, the Writings of Horace Mann, in 1S69

MANNA, a concrete saccharine exudation obtained by

making incisions in the trunk of the flowering or manna
ash tree, Fraxinus Ormis, L. At the present day the

manna of commerce is collected exclusively in Sicily from

cultivated trees, chiefly in the districts around Capaci,

Carini, Cinisi, and Favarota, small towns 20 to 25 miles

west of Palermo, and in the towuships of Geraci,

Castelbuono, and other places in the district of Cefalii, 50 to

70 miles east of Palermo. In the frassinetd or plantations

the trees are placed about 7 feet apart, and after they

are eight years old, and the trunk at least 3 inches in dia-

meter, the collection of manna is begun. This operation

is performed in July or August during the dry weather,

by making transverse incisions 11- to 2 inches long, and
about 1 inch apart, through the bark, one cut being made
each day, the first at the bottom of the tree, another directly

above the first, and so on. In succeeding years the pro-

cess is repeated on the untouched sides of the trunk, until

the tree has been cut all round and exhausted. It is then

cut down, and a young plant arising from the same root

takes its place. The finest or flaky manna appears to have

been allowed to harden on the stem. A very superior kind,

obtained by allowing Hie juice to encrust pieces of wood
or straws inserted in the cuts, and called manna a cannolo,

is not found in commerce in England. The fragments

adhering to the etem after the finest flakes have been re-

moved are scraped oflT, and form the small or Tolfa manna
of commerce. That which flows from the lower incisions

is often collected on tiles or on a concave piece of the

prickly pear (Opuntia), but is less crystalline and more
glutinous, and is less esteemed.

Manna of good quality dissolves at ordinary temperatures

in about 6 parts of water, forming a dear liquid. Its

chief constituent is mannite or manna sugar, a hexatomic

alcohol, C|;Hj;(OH)'^, which likewise occurs, in much smaller

quantity, in certain species of Fucus and in plants of

several widely separated natural orders.
,
Of this substance

the best manna contains 70 to 80 per cent. It crystallizes

in shining rhombic prisms from its solution in boiling

alcohoL Manna possesses mildly laxative properties,

^ Tliis report has been publislicd and edited, with preface and
notes, by Dr W. B. Hodgson, under the title of Report of an Edu-
cational Tour in Germany, Fr(fnce, BoTTand, and parts of Great

ligiain and Ireland. London. 1846

and on account of its sweet tii?te is employed as a mild

aperient for children. ; It is less used in England now
than formerly, but is still- largely consumed in South

America. In Italy mannite is prepared for sale in the

shape of small cones resembling Iqaf sugar in shape, and

is frequently prescribed in medicine instead of manna.

The mauna of the present day 'appears to • have beeu

unknown before the 15th century, although a mountain in

Sicily with the Arabic name Gibelman, !>., "manna moun-

tain," appears to point to its collection there during the

period that the island was held by the Saracens, 827-1070.

In the IGth century it was collected in Calabria in Italy,

and until recently was produced in the Tuscan Maremma,
b'ut neither from that locality nor from the States of the

Church is any now brought into commerce, although the

name of Tolfa, a town near Civita Vecchia, is still applied

to an inferior variety of the drug
Various other kinds of manua are known, but none of these have

been found to contain mannite. Alhagi manna (Persian and Arabic

tar-angubtn) is the produce of Alluigi camclorum, Fisch., a small,

spiny, leguminous plant, growing in Pei-sia, Afghanistan, and
Baluchistan. This manna occurs in the form of small, roundish,

hard, dry tears, varying from the size of a mustard seed to that of

a coriander, of a light-brown colour, sweet taste, and senna-like

odour. The spines and pods of the plant are often mixed with it.

It is collected near Kandahar and Herat, and imported into India

from Cabul and Kandahar to the extent of about~2O00 lb. annually,

and is valued, at about thirty shillings per lb. Taniariak maiiua

(Persian gaz-anguhln, tamarisk honey) exudes in June and July

from the slender branches of Tamarix gallica, var. mannifera,

Ehrenb., in tlie form of honey-like drops, which, in the cool tem-

perature of the early morning, are found in the solid state. This

secretion is caused by the puncture of an insect. Coccus mannipariis,

Ehrenb. In the valleys of the peninsula of Sinai, especially in the

W.idy el-Sheikb, this manna (Arabic ^nan) is collected by the Arabs

and sold to the monks of St Catherine, who supply it to the pilgi-ims

visiting the convent. It is found also in Persia and the Punjab,

but does 'not appear to be collected in any quantity. This kind of

manna seems to be alluded to by Herodotus (vii. 31). Under tho

same name of gaz-anguhln there are sold commonly in the Persian

bazaars round cakes, of which a chief ingredient is a manna obtained

to the south-west of Ispahan, in the month of August, by shaking

the branches or scraping the stems of Astragalus florulentus and

A. adseendcns, Boiss. and Hausskn.- Shirkhist, a kind of manna
known to wrftcrs on materia medica in the 16th century, is still

found in the bazaars of north-west India, being imported from

Afghanistan and Turkestan to a limited extent. Haussknecht

states that it is the produce of Cotoneastcr nummularia, Flsch. aud
Mey. {FMsaccx), and Atrapheixis spiilosa L. (Foli/goiuicese), anithat

it is brought chiefly from Hprat.

O.ik manna, according to Haussknecht, is collected from the twigs

of Qucrcus Vallonea, Kotschy, and Q. persiea, J.aub. and Spach, on
which it is produced by the puncture of an insect during the moirtli

of August. This manna occurs in the state of agglutinated tears,

and forms an object of some industry .among the wandeiing tril ics

of Kurdistan at the present day. It is. collected before sunrise, by
shaking the grains of manna on to liuen cloths spread out beneath

the trees, or by dipping the small branches in hot water and
evaporating the solution thus obtained. A substance collected by

the inhabitants of Laristan from Pyrus glabra, Boiss., stroiiL-lv

resembles oak manna in appearance.

Australian manna is found on the leaves at Eucalyptus viminaci?,

Lab. ; the Lerp manna of Australia is of animal origin.

Brian^ou manna is met with on the leaves of the common LAr.cis

ij.v.), and a kind of manna was at one time obtained from the cedar,

but none of these are- now collected for commercial purposes.

The manna of Scripture, notwithstanding the miraculous circum-

stances which distinguish it in the Biblical narrative from anything

new known, answers in its description very closely to the tamarisk

manna.
See Pharmaeographia, p. 409 j Hanbury, Science Papers, p. 355-

368 ; Stewart, Punjab Plants, Lahore, 1869, pp. 57-92; Geoffroy,

Mat. Med., ii. (1741) p. 584 ; Dobson, Proc. Roy. Soc. Kan Dicmcn's

Land, i. (1851) p. 234.

MANNHEIM, the most populous town and the second

capital of the grand-duchy of Baden, lies on the right

bank of the Pihine, in the triangular piece of low-Jying

"round enclosed between that river and the Neckar. "' It

^ See Bombay Lit. Tr., vol. i. art. 16, for details as t» the g.iz-

angijbin.' A common Persian sweetmejjt consists of wheat-ffou*

kneaded with manna into a thick paste.
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is the most regularly built town in Germany, consisting of

twelve parallel streets intersected at right angles by ten

others, which cut it up into about 130 square sections of

equal size. These blocks are distinguished, after the

American fashion, by letters and numerals. Except on
the south side all the streets debouch on the promenade,

which forms a circle round the town on the site of the old

ramparts. . Outside this ring are the suburbs of Schwetz-

inger Garten to the south and Nectargarten to the north.

Mannheim is connected by a handsome bridge with

LuJwigshafen, a rapidly growing commercial and manu-
facturing town on the left bank of the Rhine, in Bavarian

territory. The Neckar is spanned by a suspension bridge.

la 1880 Mannheim contained 53,545 inhabitants, of whom
about 4500 were Jews, and the rest Roman Catholics and
Protestants in nearly equal proportions. Ludwigsliafen
contained 15,012 inhabitants.

Nearly the whole of the sonth-west side of the town is

occupied by the palace, built in 1720-29, and formerly the

reaidence of the elector of the Palatinate. It is one of the

largest buildings of the kind in Germany, covering an area

lof 15 acres, and having a frontage of

650 yards. The left wing was totally

destroyed by the bombardment of

11795, but has since been restored.

I

The palace contains a picture gallery

and collections of natural

history and antiquities.

The large and beautiful

garden at the back forms

Plan of Mannheim.

the public li^'J>'

park of the

town. Among the

other prominent

buildings are the

theatre, the arseu-

al, the synagogue,

the " kaufhaus,"

the town-hall, the

railway station, and the observatory. The only note-

worthy church is that of the old Jesuit college, the

interior of which is lavishly decorated with marble
and painting. The square in front of the theatre is

embellished with statues of Schiller, Mand the actor,

and Dalberg, intendant of the theatre in the time of

Schiller. Mannheim is the chief commercial town on
the upper Rhine, and yields in importance to Cob-

lentz and Cologne alone among the lower Rhenish towns.

The staple commodities of its trade are tobacco, grain,

petroleum, hops, timber, and coffee. Its new harbour,

constructed at a cost of X650,000, and measuring 2300
yards in length, is the most extensive inland harbour in

[Germany. It is entered annually by 3000 river craft,

carrying nearly 700,000 tons of goods. The railway goods

station and warehouses in connexion with the harbour cover

400 acres of groand. The principal industrial products of

Mannheim are machinery, iron, brass, india-rubber, sugar,

mirrors, chemicals, wall-paper, and cigars. The manufac-

tories of Ludwigshafeu produce aniline dyes, soda, tartarie

acid, alum, artificial manures, and lime. Mannheim is

the seat of the central board for the navigation of the
Rhine, of a chamber of commerce, and of the supremo
court of Baden. Ten or twelve ditfereut countries are
represented here by their consuls. The schools and publis
institutions of Mannheim include a gymnasium, a "real-
schule," an industrial school, a high school for girls, a
public library, a large poorhouse, three hospitals, and an
orphanage.

Histor}/.—The name of Mannheim was connected with its present
site as early as the 8th century, when a small village belonging to
tho abbey of Lorsch lay in the marshy district between the Neckur
and tho Rhine. To the south of this village, on the Rhine, was the
castle of Eicholzheim, which acquired some celebrity as tho placa
of confinement assigned to Pope John XXIII. by the council of
Constance. The history of the modern Mannheim beg'ns, however,
with the opening of the 17th century, when Elector John Frederick
IV. founded a town here, which he peopled chielly with Protestant
refugees from Holland. The strongly fortified castle which he
erected at the Sume time had the unfortunate result of making the
infant tcfwn an object of contention in the Thirtj' Years' War, during
which it was five times taken and retaken. In 16S9 ilanuheim,
which had in the meantime recovered from its former disasters, was
captured by the French under Melac, and ruthlessly destroyed. Tea
years later it was rebuilt on an extended scale and provided with
fortifications. For its subsequent importance it was indebted to
Elector Charles Philip, who, owing to ecclesiastical disputes, trans-

ferred his residence from Heidelberg to Mannheim in 1720. It

remained tho capital of the Palatinate for nearly si.xty years. In
1794 Mannheim fell into the hands of the French, and in the
following year it was retaken by the Austrians after a severe

bombardment, which left scarcely a single building uninjured. In
1802 it was assigned to the grand-iluke of Baden, who caused th«
fortifications to be razed. Ludwigshafeu, originally only the tcU-

du-poiii of Mannheim, received its present name in 1843, and
became a town in 1859. Towards the end of last century Mann-
heim attained great celebrity in the literary world as the plact

where Schiller's early plays were performed for the first time. It

was at Mannheim that Kotzebue was assassinated in 1810.

See Feder^ Gcschiclde dcr Stndt Mannheim, 1875 ; and Unglcnk.
Pralciischcr Fiihrcr durch Ma/inhdm, 1880.

MANNING, RoBEKT, commonly known as Robert of

Bruane, a monk of tho priory of Brunne or Bourne in

Lincolnshire, wrote in the beginningof the reign of Edward
III. a metrical history of England from the landing of the

imaginary Brute to the end of the reign of Edward L
The work has no independent historical value ; it professedly

follows Peter of Langtoft's Chronicle from the Anglo-Saxon

or " Inglis " invasion downwards, and Wace for the previous

"British" story. It is a lively narrative, written "not
for the lered bot for the lowed," and it has a certain

interest as a landmark, not only in the history of the

Eflglish language, but also in the history of national

sentiment. Manning is warm in praise of the deeds and
the character of- Edward I., "Edward of Inglond,"

although he deplores the Norman Conquest as a " bondage,"

and says concerning the death of Harold that " our freedom

that day for ever took the leave." The old monk is our

first avowedly " popular " historian. He wrote for the

entertainment of men who knew neither Latin nor French,

and in his prologue comments humorously on the " quaint

English " and subtle rhymes of his predecessors, claiminr;

for himself purity of language and simplicity of metr::.

A passage in this prologue has often been quoted as beam-

ing on the authorship of the romance of Sir Tris(rar.i,\

Manning also translated William of Waddington's Mannelf

dcs Pechiez under the title of Haiidlyinj Si/nne, in 1303,'

and is plausibly conjectured to be the author of Mc3y-

hicyv.ns of the Soper of onre Lorde /At's?(, translated from

Bonaifentura's Vila Christi. He is not a bald rhymester,

but uses language with skill and effect, and in some places

wher6 he departs from his originals shows genuine poetical

rapture.

MANOMETER, or Peessitee Gauge, is an instrument

for measuring the hydrostatic pressure exerted by g.ises.
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vapours, of liquids against the sides of tlie closed vessels

in which they are confined,—as. for instance, the pressure

of Btcam in a steam-boiler. •

The simplest and at the same timo most accurate form

ot manometer is that known as tho " mercury manometer,"

sometimes also called tho "froe-air mano-

meter," and represented in fig. 1. It consists

essentially of two vertical communicating

tubes. Ono of these, AB, open at both ends,

and made of thick glass, with a narrow uni-

form bore, is fixed hermetically in the neck

of a large wrought-iron cylinder C, its lower

end dipping below the surface of mercury

eontained in the cylinder. The other tube,

EF, is attached at its lower end to the

cylinder by the cross pipe D, and at its

upper end can be put in communication

with tho vessel the pressure in which is to bo

ascertained. Usually the tube EF, the cross

pipe D, and the space above the mercury in

O are filled with water. At first the tube EF
is loft open to the atmosphere, and tho

height of the mercury in AB noted. VTheu
EF is then put in communication with the

vessel in which the pressure (above atmo-

spheric) is to be determined, the mercury in

AB rises, and from the height to which it

rises the pressure is deduced. For accurate

work corrections must bo made for the fall

of tho mercury in C as it rises in AB, and
for the temperature and the height of tho

barometer at the time of the experiment.

The great drawback to tho employment of tho
cimplo mercury- manometer for measuring very
great pressures is the meclianicaldifhculty of obtain-

ing a Bufllciently lonw column of mercury. E. If.

M. Amagat, however, nas lately (1880) worked with
a column oiic-fifth ofa mile high. His experiments
were undertaken to find out how tlie various gases,

nitrogen, oxygen, air, hydrogen, &c., departed from
Mariotte's law when subjected to enormous pres-

sures. At tho bottom of a coal-mine at Verpilleux,

near St litienno, which had a depth ot 327 metres,

w.as placed the glass manometer tube containing
the compressed gas, while the mercury tube (made
of steel) extended up the shaft, being gradually
built rrp in sections. Sec Nature, vol. xxii. pp. „
62, 63. By means of Aniagat's tables of the volume *" ^~
and corresponding pressure of tho several gases,

-'lercury

and with special forms of mauoracter to suit par- jUanometer.

ticular circumstances, accurate and delicate measures of enormous
pressures can now bo obtained. Professor Tait, for instaifco, has
recently applied these tables along with a manometer of his own
devising for testing tho behaviour of the thermometers supplied to
tho "Challenger" expedition under a pressure of as much as 10
tons to the scjuare inch.

"Kcgnault's manometer" is shown in fig. 2. AB is a
strong metil tube, closed at the lower end, and carrying at

tho upper a bent pipe for admitting the compressed gas and
a stop-cock U pierced with holes in a T form. DE and
FG are two graduated glass tubes communicating at their

lower ends by a narrow passage in the metal block to

which they are hermetically fixed. DE and AB also com-
municate at the upper ends by a passage -in a metal piece

attached hermetically to them. By the stop-cock R',

having radial holes at right angles to each other, DE can
communicate either with AB or with the atmosphere at O

;

and by the stop-cock R" it can communicate either with
FG or with the open air. The three tubes are surrounded
by a cylinder MM' containing water to keep the tempera-
ture constant. The tube AB is filled with the compressed
gas whose pressure is to be ascertained. The stop-cock

R' being thetf placed as in fig. 2, m.ercury is poured
into FQ till it fills DE and runs out at O. The stop-

cocks R and R' are then turned as in fig. 2a, so that AB
and DE communicate viith each other. Part of the com-
pressed gas flows

over into DE, and
tho mercury in FG
rises. By manipu-
lating tho stop-cock

R" as shown in

fig. 25, part of the

mercury is allowed

to run out of DE
till a conveniently

measurable differ-

ence of level be-

tween the mercury
surfaces in DE and
FG is attained.

Let A bo this differ-

enco. Also let x be
tho pressure of the gna
originally filling the
volume V of AB, V
the additional voluma
occupied by the ex-

panded gas, and H bo
the heiglit of tho baro-

meter at tho time

;

then we have by Mari-
otte's law

xV= (V -^ V')(h + A) ^'°- ^-—Reg'i'ui^t's Manometer.

from which x=l±X'(H-fA) (1).

V is determined by weighing the mercury required to fill tho
spaco it occujii^s, and V can be calculated from (1) when AB is

filled with dry air at pressure H.
lu Kegnault's apparatus the len^h of AB and DE was 1 met-e,'

tho diameter of AB 5 mm. and of BE 20 mm. The section of DE
was thus sixteen times that of AB, and in this way a very great

pressure could bo measured by a comparatively small difference of

level between the mercury surfaces in FG and DE. The Instru-

ment, however, is subject to errors, arising chiefly from the diffi-

culty of measuring accurately the volumes V and V'.

The "compressed air manometer" (fig. 3) consists of a
strong graduated glass tube of uniform narrow bore, closed

at the top and fixed hermetically into the

neck of a wide iron cylinder. The tube

contains dry air, and its lower end dips

below the surface of mercury contained

in the cylinder. Attached to the side of

the cylinder is a tube A, with a stop-cock,

to afford communication with the vessel

the pressure in which is to be measured.

When the manometer is attached to the

vessel containing compressed gas the mer-

cury rises in the glass tube till the pres-

sure of tho air confined in the tube (reck-

oned in millimetres of mercury) plus the

height of tho mercury column above the

level of the mercury in the cylinder is

equal to the pressure on the surface of

mercury in the cylinder.

"DcsgolTu's manometer" aepends upon the

same principle as the hydraulic press, and can

bo employed to measure the enormous pressure

reached in the cylinder of that instrument. It

is represented in perspective in fig. 4 and in

section in fig. 5. V is a strong circular iron

vessel, in which moves up and down for a short

distance a flat piston D attached to a cylindrical

plug T. Tho lower part of V contains mercury which has freo

communication with a graduated vertical glass tubo AB fixed her-

metically into tho side of V. Above the mercury in V is placed a

thin layer cf water, and above that is stretched a thin ir.etcbrane of

india-rubber bolted down water-tight by an iron ring. The chamber

C contains a cavity in wliich the plug T moves water-tight. By
m£,'»£i3 of the tube t the instnimcut can be put in communicatiou

Fin. 3.-
Com pressed All

M.anom€ter.
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. Section of D( Manometer.

'vith the vessel contaiuin:; the fluid whose pressure 4s to be mr/.-

jurecl. The compressed fluid acting upon T depresses the piston D
^nd causes the mercury to rise in AB.
Let p be the pressure of the fluid per unit of area, 5 the area of

T, and S the irea of

D ; also let P be the

pressure per unit of

area as record ;d by
the hei.qht .of the
mercury in AB. Ihua
evideiitiY »we have

yrf=PS\:oi*s; = -P;

Ileiice'by making
H very great and 5

vcy small a very
great pressure can
Bo measured by a
com parati vely short
oohima of mercury
in Aa As part uf

the pressure;? is em-
ployed to stretch the
iiulia-rubber mem-
brane, the ratio S : s

should be made vciy
crcat, so that D will

only sink 0. very
short distance. Caille-

tvt, who employed
this manometer in

his experiments on
the . compressibility

of fluids, had it sa

arranged that (tie-

plectinrr the stretcli-

iiip of the india-

lubber) the mercury
ill AB rose 4*3 metres while the piston in D sunk only one-eighth

of a millimetre.

Metallic manometers depend on the principle exemplified in the
i{neroid barometer. Suppose a long tube, preferably of elliptic

section, and having thin wall^ of elastic material, to be closed at

one end and either bent or coiled up in the form of a spiral. Let
llie open end be attached to an apparatus whereby the pressure in-

siile the tube can be cither increased or diminished. If the pressure

inside the tube be made gre;itcr than that outside, the tube has a

tendency to straighten or uncoil itself, but if the pressure outsid'j

be greater than that iusido the tube has a tendency to bend or coil

itself up farther. Fig. 6 ^presents au early form of metallic mano-
meter made on this

principle by Bourdon,
the first to construct

ench instruments. A
met,allictubert&,rloscd

it b, is coiled in a

spiral and rigidly at-

tached at the opiMi

end a to a tube with
etnp-CQtk in, whereby
it c;iu communicate
with the compression
apparatus. A light

index c is attached to

h and moves <Jver a,

graduated scale. Tho
scale is graduated by
ajiplying known pres-

sures inside the tube.

This form of mano-
meter is very conveni-

ent forrough practical

work, but haa no pre- « ^ „ . j
..^-,7' ,.

tensions to seientifio
^^^' 6.-Botirdons Metaihc Manometer,

accuracy, as changes of temperature aflect the elasticity of the tube
in a way which is diflTicult to discover and allow for. Various forms
of metallic mauoraetei-s have been recently invented, the best-known
of which are perhaps those of Bomdon and Schiifer, in which the

index is moved by a train of wheels actuated by the free end of the

clastic tube.

/I ir-pump Manometer.—Yor measuring pressures less than thnt

of the atniOsphere, as in the receiver of an air-pump, a special form
of. mercury manometer is employed, consisting of a glass [J tube

with each leg over 30 inches long and half filled with mercury.
One leg communicates by an Air-tight communication with the re-

ceiver of the air-pump, and tlie other is left open. As the exh^.ustion

proc€eds,-jthe mercury falls iu the o|icn le^; and rises in the other.

When only considerable degrees of exhaustion are to be measured,
the instrument taka; iae form of a short U tube closed at one end
and open at the other, and has its closed leg completely filled witli

mercury, the mercury being heldmp by the atmospheric pressure.

'J'he whole is enclosed in a wide glass tube closed at the top-ard
hermetically fixed at the lower end to a brass piece, provided with
a stop-cock, whereby it can be screwed on to the sole plate of the
:iir-pump. The difference of level in the two legs gives the degree
of exhaustion obtained.

See Ganoi' a Fhi/sics; y^iWhieT's Lckrbnchder E3^c7'ime7italphT/sil';

Amagat in Annalcs de Chemie ei de PhysiqitCy March 1880; JUport

of E. M.S. Challenger, in regard to pressure correcfions supplied by
thermometers, liy Professor Tait. (J. BL.)

MANOH, in English law, is an estate in 'land, to whicU
is incident the right to hold certain courts called courts

baron. It might be described as the unit of tenure under
the feudal system, and it is historically connected with the

territorial divisions of the mark and the parish or township.^

The legal theory of the oiigia of manors refers them to a

grant from the crown, as stated iu the following extract

from Perkins's Treatise on the laws of England:—*'Tlie

beginning of a manor was when the king gave a thousand
acres 6f land, or a greater or lesser parcel of land, unto cue
of his subjects and his heirs, which tenure is knight'.<i

service at the least. And the donor did perhaps build

a mansion house upon parcel of the same land, and of

20 acres, parcel of that which remained, or of a grea'.3r

or lesser parcel before the statute of Qvia Emptores did

enfeoff a stranger to hold of him and his heirs to plow 10
acres of land, parcel of that which remained in his posses-

sion, and did enfeoff another of another parcel thereof to go

to war with him against the Scots, *tc., and so by continu-

ance of time made a manor." It is still, as Rtr Joshua

Williams terms it, a "fundamental rule" that all lands

were originally derived from the crown, and that the queen

is lady paramount mediate or immediate of all the land in

the realm. A manor then arises where the owner of a

parcel so granted or supposed to have been granted by the

crown (and who is called in relation thereto the lord) Jias

in turn granted portions thereof to others who stand to

him in the relation of tenants. Of the portion reserved by
the lord for his own use (his demesne) part was occupied

by villeins, with the duty, of cultivating the rest for the

lord's use. These were originally tenants at will, £iud in a

state of semi-serfdom, but they became in course of time

the copyhold tenants of the later law. (^See Copyhold.)

It is of the essence of copyhold that it should be regulated

by the custom of the manor j and that, according to some
authorities, is one reason why a manor cannot be created

at the present day. " Length of time being of the very

essence of a manor, such things as receive their perfection

by the continuance of time come not within the compass

of a king's prerogative" (Scriven, Copyhokh, chap, i.)."

But the effect of the statute of Quia Emptores was to make
the creation of manors henceforward impossible, inasmuch

as it enacted " that upon all sales or feoffments of land, tlie

feuffee shall hold the same, not of his immediate feoffor,

but of the chief lord of the fee of whom such feoffor him-

self held it." The statute did not apply to the king's

tenants in capita, who miglit have aliened their land under a

licence. Accordingly it is assumed that all exibting naanors

are "of a date prior to the statute of Quia, Emptorts,

except perhaps some which may have been created by the

king's tenants in capite with licence from the crown"

(Williams," i?ea/ Propertij, chap. iv. ; see also iSciiven, Copy-

holds^ chap. l). When a great baron had granted out smaller
.

1 Laveleye {Primitive Property, chap, iviii.) observes that in the 10th

century, even before the Nomiau Conquest, the mark had already been

transfoniied into the -manor, although the term was not yet in use.*

The country was covered with a great number of dortiai iis {maneria), of

very different extent;^, from the maoeriolum cf.oae tiough tC tho lati-

fuiidium of fifty ploughs*
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manors to othrrs, tlio scignory of tho supDrior baron was

frequently termed an honour.

MANKESA, a town of Catalonia, Spain, 39 miles

north-west of Barcelona, with a population of 15,264.

It was formerly Bacasia, one of tho cities of the Jaccctani,

tho most important of tho small tribes at the foot of the

Pyrenees. It lies on tho left bank of the Cardoncro,

2 miles above its junction with the Llobregat, in tlie

midst of a fertile and well-irrigated district, and its chief

manufactures are cloth, cotton, silk, gunpowder, and

brandy. Building stono is quarried near the town. The
Cardoneto is crossed by two bridges,'-—one ancient, the

other erected in 1804. The two principal sights of Man-
resa are the collegiate church, El Seo, commenced in

1328, and finished in the 15th century, and the Cueva de

San Ygnacio. The late Mr G. E. Street has minutely
described the church in his Gothic Architecture of Spain.

Among its greatest treasures he specializes a magnificent

altar frontal as "the most beautiful work of its age." It

is 10 feet long by 2 feet 10 inches in height, and is divided

into nine compartments, at tho bottom of which is

the inscription in Lombardic characters :

—

geki : lapi :

REciiAM.iTOEE : MEFKciT : INFLORENTIA. In the Cueva de
San Ygnacio, Ignatius Loyola lived for a year, fasting and
submitting himself to the severest penances, constantly

gazing at the shrine of the Virgin of Montserrat, who, he
asserted, encouraged him in his austerities. A great

monastery surrounds tho cave, which is visited by
thousands of pilgrims, and from the esplanade there is a

magnificent view of the "pinnacles, .spires, turrets, sugar-

loaves, and pyramids of faint grey rocks," constituting the

famous mountain of Montserrat. At Cardona, a little

more than 20 miles to the north-west of Manresa, there is

a remarkable hill of rock-salt 3 miles in circumference,

and 350 feet in height, which is estimated to contain 400
million cubic yards of salt.

MANS, Le, a town of France, formerly capital of Maine
and now of the department of Sarthe, lies 118 miles (131 by
rail) W.S.W. from Paris, near the confluence of the Sarthe
and the Huisne, on an elevation rising from the left bank
of the former river. Three bridges besides that of the rail-

way connect the town with the quarter on the right bank.

Of the wide and commodious thoroughfares which are

gradually superseding the old winding and narrow streets,

tho most worthy of notice is the tunnel by which the Place,

des Jacobins is connected with the river side. The principal

building is the cathedral, originally founded by St Julian,

to whom it is dedicated. Rebuilt in the 6th century by
St Innocent, in the 9th by St Aldric, and a third or fourth
time in the 11th by Vulgrin, who was at once architect

and bishop, it was completed by the addition of two towers
in the 12th. Destroyed by two fires, the roof was recou-

structed in the Gothic style, and the transept and south
portal were added. In the 13th century the choir was en-

larged in the grandest and boldest style of that magnificent
period. Finally a new transept and a bell tower were added
in the 15th century. In the large window of the west front
the ten divisions which have for their subject the legend of

St Julian are the oldest extant specimens of stained glass

in France (end of 11th century). The side portal (12th
century) is richly decorated, and its statuettes exhibit many
interesting costumes of the period. The aisles have ten
hays, but the nave only five ; the transept is much higher

;

from it rises the only tower of the building. The austere
simplicity of the nave is in striking contrast with the lavish
riclinesa of the ornamentation in- the choir and apse. The
former is 1 1 5 feet in height, and has twelve chapels besides
the sacristy

; its windows almost entirely date from the
niiddle of the 13th century. The glass of the north transept
13 of the 15th century, and represents the Last Judgment;

)."i—19

it contains many historical figures. Tlio cathedral has also

curious tapestries and some remarkable lomb.s, iucluding
that of Berengaria, queen of Richard Canir do Lion. Tho
entire length of the building is 427 feet. Close to tho
western wall is a mcgalithic monument nearly 15 feet in
height. The church of La Couture, which belonged *» "U
old abbey founded in the 7th conlury by Si Ucrtrand or

Bertram, has a remarkable porch of the 13th century; Ihe

rest of the building is older. Of the other churches of Lo
Mans, none require special mention except that of Notre
Dame du Prd, on the right bank of the Sarthe. Of tho

secular buildings may be mentioned the hotel de villo,

built about a century ago on the site of the former castle

of the counts of Maine, and tho prefecture, occupying the

site of the monastery of La Couture (17G0). The latter

contains the library (50,000 volumes, 700 MSS.), the com-
munal archives, ^and the museum of paintings, archn;ology,

and natural history. Other prominent buildings are the

general hospital, the lyceum, the seminary, the palais de
justice, and the cavalry barracks ; the house occupied by
Scarron is stdl pointed out, and there are considerable

remains of the old Gallo-Eoman enceinte. The principal

promenades are those of the Jacobins, of the horticultural

garden, Du Greffier (on the right bank of the river), and
Des Sapins (on the road to Tours). The industries of Le
Mans, which are carried on chiefly in the faubourg of

Pontlieue, include metal-working, the manufacture of agri-

cultural implements, and weaving. For some years there

has been a Government tobacco factory. A local specialty

is the fattening of poultry. Tho population in 1876 was
50,175 (including 5283 representing the garrison, be). . Le
Mans is an important railway junction.

As the capit.al of the Aulerci Cenomani, Le Mans was called

Suindinum or Vindinum. The Komans surrounded it ^ith walls
in the 3d century ; it was evangelized by St Julian in the 4th.

The countship of Maine was made hereditary by Hugh Capet
in the 10th century. Le Mans was seized by William the Con-
queror, bnt his son Kobert was unable to retain it. Having chosen
tlie side of Richard Cceur-de-Lion, it was taken by Philip Augustus,
recaptured by John, subsequently confiscated, and afterwards ceded
to the widow of Richard. Maine was next held by Marg.aret, the
wife of St Louis, who gave it to his brother Charles of Anjou. Le
Mans was five times besieged during the Hundred Years' War, and
was subsequently devastated by the Huguenots in 1562. In 1793
it was seized by the Vendeans, who were expelled by Malceau after

a sanguinary battle in the streets of the town. In 1799 it was
again occupied by the Chouans ; and in January 1871 the second
army of the Loire sustained in the neighbom'hood of Le Mans a
defeat which made the relief of Paris impossible. The town is ths

birthplace of Henry XL of England, of John the Good, king of

France, and of Chappe, the inventor of the aerial telegraph.

MANSEL, Heney Longuetille (1820-1871), meta-

physician and theologian, was born at Cosgrove, North-

amptonshire (where his father was rector) in 1820, and
educated at Merchant Taylors' School and St John's College,

Oxford. He succeeded to a fellowship in 1842, graduated

in 1843, and became tutor of his college. He was ap-

pointed jeader in moral and metaphysical philosophy at

Magdalen College in 1855, becoming Waynfiete professor

in 1859. In 1867 he succeeded Dean Stanley as professor

of ecclesiastical history, and in the following year was
appointed dean of St Paul's. He died July 31, 1871

The philosophy of Mansel, like that of his older contemiwraiy

Sir W. Hamilton of Edinburgh, w.as mainly due to three sources,

—

the works of Aristotle, the speculations of Kant, and the philosophy

of Eeid. Like Hamilton, Mansel maintained the purely formal

character of logical science, the duality of consciousness as testify-

ing to both self and the external world, and the limitation ot

knowledge to the finite and "conditioned." His logical doctrine;*

were developed in his edition of Aldrich's Artis Lo^css Itudimcnla

(1849)—his chief contribution to tho reviving study of Aristotle

—

and in his Prolegomena Lor/ica,—an Inqnir^j into the Psi/eliological

Character of Logical Processes (1851), in which the limits of logic as

the " science of formal thinkiug " aro rigorously dcterniinid. In

his Bamptou Lectures on The Limits of jRcligions ThxnigM {\K,i)

XV. — 63
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Iio applied to Cliiistiaii theology the metaphysical agnosticism

wliicli seemed to result from Kant's criticism, and which had

been developed in Hamilton's Philosophy of llie Unconditioned.

Showing the contradictions which arise when we attempt to conceive

God under the categories of substance or cause, Mansel contends

that we can have no positive conception cither of the metaphysical

or moral attributes of the Absolute and Infinite Being, though we
are compelled to believe in His existence, the religious conscious-

ness being built up by reflexion from the feeling of dependence and

the conviction of moral obligation. Hence he infers the invalidity

of all objections to revelation from its alleged inconsistency with

the Divine character, maintaining the dependence of its claim to

acceptance upon the evidences accompanying it. 'VVhile denying all

knowledge of the supersensuous, Mansel deviated from Kant in

contending tliat cognition of the ego as it really is is itself a fact

of experience. Consciousness, he held,—agreeing thus with the

doctrine of "natural realism" which Hamilton developed from
Reid,—implies knowledge both of self and of the external world.

The latter Hansel's psychology reduces to consciousness of our

organism as extended ; with the former is given consciousness of

free-will and moral obligation. These views and a summary of

his whole philosophy are contained in his article "Metaphysics"
contributed to the Sth edition of the Enoydopxdia Britannica

(separately published, 1860). Slansel was also the author of an
essay on Th& Philosophy of the Conditioned (18G6) in reply to

Mill's criticism of Hamilton, of other controversial and occasional

iwrilings republished in Letters, Lcctiires, and Rcvicios (1873), and
of lectures on Tlie Gnostic Heresies (edited by J. B. Lightfoot,

1875).

MANSFELD, Count Ernest op (1585-162G), a

natural son of Peter Ernest, governor of Luxemburg and
Brussels, was born in 1585. Trained by his godf;ilher,

the archduke Ernest of Austria, in the Roman Catholic

religion, he devoted himself to the service of the liing of

Spain in the Netherlands, and to that of the tmperor in

Hungary. The emperor Rudolf II. coufcrred on him
the rights of legitimate birth, and promised to put him in

possession of his father's lands in the Netherlands. As
this promise was not fulfilled, he joined the Reformed
Church, and in 1610 formally associated himself with the

Protestant princes. From the outbreak of the Thirty

Years' War in 1618 he fouglit steadily on behalf of the

elector of the Palatinate both in Bohemia and in the Rhine
country. In 1625 he was able to collect a powerful force

with which he intended to attack the hereditary territories

of Austria, but, on the 25th of Aprd 1 626, he was defeated

by Wallenstein at Dessau. He pressed forward to effect a

junction with Bcthlen Gabor, prince of Transylvania, but
as the latter changed his policy ifansfeld had no alternative

but to disband his army. When preparing to go -to

England by Venice, he became ill at a village near Zara,

and died on the 20th of November 1625. He was a man
of great courage and resource, and ranks among the most
brilliant generals of his age.

See Reuss, Graf Ernst von Mansfcld im bohmiscJicn Kricgc
1618-21 (1SS5)| Villermont, Ernest do Mansfcld (1866); and
Graf Uctterodt zu Scharffenberg, Ernest Oraf zu Mansfeld, his-

torisehe Darstelluufj (1867). ^

MANSFIELD, a raarket-town in the county of

Nottingham, England, is situated in Sherwood Forest, near

the north bank of the river Mann or Maun, 11 nules

north-west from Nottingham, and MO north-north-west of

London by rail. The town is built of stone, with regular

streets radiating from- the market place, and several good
houses. The church of St Peter is partly Early Nonpau
and partly Perpendicular. There is a grammar school

founded by Queen Elizabeth in 1561, for which new
buildings have lately been erected at a cost of .£10,000.
Twelve almshouses were founded by Elizabeth Heath in

1693, and to these six were afterwards added. In addition
there are a number of other charities. The other principal

buildings are the town-hall, the mechanics' institute, and
the public- baths. In the market place there is a monu-
ment to Lord George Bcntinck. The industries of the town
are the manufacture of lace thread, cotton hose, machines,
engines, and bricks and tiles, irou-foundiiig, and brewing.

In the neiglibourhood there are quarries of liLnestone,

sandstone, and freestone. Population in 1871, 11,824;

in 1881, 13,651.

From coins found at Mansfield and the remains of a Roman i-ill.i

in the neighbonrliood, it is believed to have been a Homau station.

During the heptarchy it was occ.isionally the residence of the

Mercian kings, and it was aftenvanls a l';ivourito resort of Xonnan
s<.vcreigns. By Henry VIII. the manor w:is granted to the carl of

Surrey. Afterw.irds it went by cxcli:ingc to the duke of Kewcastle,

ami from the Kewc^istles to the I'oitland family. The towa
obtained a fair from Richard II. in 1377.

MANSFIELD, the county seat of Eichland county,"

Ohio, U.S., pleasantly situated on high ground, 5-1 miles

south of Sandusky, in the midst of a prosperous farming

district. It is the terminus of the North-Western Ohio Rail-

road, and is at the junction of the Baltimore and Ohio, the

Pittsburgh, Fort Wayne, and Chicago, and the New York,

Pennsylvania, and Ohio lines. It possesses a flourishing

trade, and extensive manufactories of agricultural imple-

ments, machinery, (lour, boilers, carriages, and household

furniture, with many minor industries. Jlansfield has

public water-works on tlio " Holly " system, a public library,

and an opera-house. The population was 8029 in 1870

and 9859 in 1880.

JIANSFIELD, WiLLLUt JIureay, Earl of (1705-

1793), was born at Scone, in Perthshire, on 2d March 1705.

He was the eleventh child and fourth sou of David, fifth

Viscount Stormont, a nobleman whose family possessions

had shrunk within so narrow limits that he had to bring up
his numerous family with exceedingly strict economy. The
family was Jacobite in its politics, and the second son, being

apparently mixed up in .some of the plots of the time, joined

the court of the Pretender at. the accession of G-eorgo I.,

and was created by him carl of Dunbar. William ilurray

was sent first to the grammar school at Perth, where he

remained until he was thirteen, and at that age was sent

to Westminster at the suggestion of his exiled brother, who
had been in close relation with Attcrbury (then dean of

Westminster), and probably desired to bring the boy under

his inttuenca. He was elected a king's scholar a year after

his entrance, and in 1723 was first on the list of scholars

sent on the foundation to Christ Church, where he remained

for nearly four years. It had been originally intended that

he should enter the English church, as, although his own
inclination while at school pointed strongly towards the

bar, the circumstances of his family seemed to .forbid the

expense of a legal education. But this obstacle was

removed by the kindness of the father of one of his school-

fellows, and he was entered at Lincoln's Inn. Soon after

ho went to Oxford. In 1727 ho took chambers in

Lincoln's Inn, and in 1730 was called to the bar. His

studies from the time he left Westminster seem to have

been steadily directed towards his future profession, but in

a manner far more liberal than was then usual amoug
lawyers. He had made himself at Westminster and Oxford
an admirable classical scholar; he paid particular attention

to English composition and to the art of debate; his

liistorical studies were extensive, and in the more strictly

professional sphere his wide view of the education necessary

for a lawyer was shown by the knowledge he acquired of

Roman law and of the juridical writers of Scotland and
France. At the same time ho enjoyed the advantage of

mixing extensively with the best literary society. He had
early become an intimate friend of I'ojje, and his own
ability and accomplishments soon made him everywhere a

man of mark.

For two or three years he made little or no progress at

the bar, but at length his appearance in some important

Scotch appeal cases brought him into notice, and in

Scotland at least he acquired an immense reputation by
his aiipc-irance for the city of Edinburgh when it was
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threatened with disfranchisement for the affair of the

Porteous mob. His English business had as yet been

scanty, but in 1737 a single speech in a jury trial of note

u:ay be said to have placed him at the head of the bar, and

from this time he enjoyed a great business. In 1738 ho

married Lady Elizabeth Finch, daughter of the earl of

Winchelsea. His political career commenced in 1742 with

his appointment as solicitor-general. Probably his politi-

cal opinions were not of a marked party character ; ho had

been bred a Jacobite, and many of his earlier associates

belonged to the high Tory camp, but his calm sense and

temper disinclined him to extreme factions, and indeed his

interest in politics seems at all times to have been sub-

ordinate to the love of his profession. He had kept entirely

aloof during the straggles which preceded the fall of Sir

llobert Walpole ; he refused any purely political ajipoint-

ment, and only took ofEce as solicitor when he felt assured

of the permanence of the new administration. During the

next fourteen years Murray was one of the most con-

spicuous figures in the parliameutary history of the time.

Although holding an office of subordinate rank, and not

sharing, nominally at least, in the councils of the adminis-

tration, he was the chief defender of their measures in the

House of Commons, and during the time that Pitt was in

opposition had to bear the brunt of his attacks. He was
especially conspicuous in the great debates on the employ-

ment of the Hanoverian troops, the treaty of Aix-la-

Chapelle, and the Regency BdL In 1751 he became
attorney-general, and for the next two years acted as

leader of the House of Commons under the administration

of the duke of Newcastle. During these years \i6 had to

defend a weak Government against the incessant, vehe-

ment assaults of Pitt, and, according to the testimony of

contemporaries, acquitted himself brilliantly in the contest.

But in 175G, when the Government was evidently ai>-

proaching its fall, an unexpected vacancy occurred in the

chief justiceship of the king's bench, and he claimed the

office. Newcastle made every effort to retain him in the

House of Commons, feeling as he did that his departure

would hasten the fall of the Government, but jluiray

was inexorable. He seems to have been tlioroughly tired

of his parliamentary life, and to have long looked forward

to the bench as the proper sphere of his work. He was
at the same time raised to the peerage as Baron Mansfield.

From this time the chief interest of his career lies in his

judicial work, but he did not wholly dissever himself from
politics. He became by a singular arrangement, only once
repeated subsequently in the case of Lord EUeuborough, a

member of the cabinet, and remained in that position

through various changes of administration for nearly
fifteen years, and, although he persistently refused the
chancellorship, he acted as speaker of the House of Lords
while the great seal was in commission. During the time
of Pitt's ascendency he took but little part in politics, but
while Lord Bute was in power his influence was very
considerable, and seems mostly to have been exerted in

favour of a more moderate line of policy. ' He was on the
whole a supporter of the prerogative, but within definite

limits. Macaulay terms him, justly enough, " the father

of modern Toryism, of Toryism modified to suit an order of

things in which the House of Commons is the- most power-
ful body in the state." In this spirit he continued to act a
conspicuous though not a foremost port in political life

during the rest of his career. During the stormy session

of 1770 he came into violent collision with Lord Chatham
and Lord Camden in the questions that arose out of the

Jliddlesex election and the trials for political libel, and in

the subsequent years he was made the subject of the bitter

attacks of Junius, in. which his early Jacobite connexions,

and his "apijarent leanings Jo^arbitrarv_ power, _ were used

against him with extraordinary ability and virulence. In
177G he was created earl of JIansfield. In 17S3, althougli

he declined to re-enter the cabinet, he acted as speaker of

the House of Lords during the coalition ministry, and
with tliis his political career may be said to have closed.

He continued to act as chief justice until his resignation iu

June 1788, and after five years spent in quiet retirement
died peacefully on 20th March 1793. Ho left no family,
but his title had been re-granted (in 1792) with a direct
remainder to his nephew. Lord Stormont.

jord ^Mansfield's great reputation rests chiefly on his
judicial career. The political trials in whicii he presided,
although they gave rise to numerous accusations against
him, were conducted with singular fairness and propriety.

He was accused with especial bitterness of favouring arbi-

trary power by the law which belaid down in the trials for

libel which arose out of the publications of Junius and
Home Tooke, and which at a later time he reaffirmed iu the
case of the dean of St Asaph (see Libel). But, although
his political opinions led him to look with disfavour on the
popular view, and although it was unquestionably. unfor-

tunate that in some of these instances he was a member
of the cabinet which directed the proceedings, we must
remember that his view of the law was concurred in by
the great majority of the judges and lawyers of that time,'

and was supported by undoubted precedents. In other

instances, when the Government were equally concerned,'

he was wholly free from suspicion. He supported Lord
Camden's decision against general warrants, and reversed

the outlawry of Wilkes. While on the whole he leaned in

opinion to a view of the law which we should now call

oppressive, there is no instance in which he can justly be
accused of wresting it, and in every instance he treated

the accused with a fairness and decency which had not
always been shown by his predecessors. In another way
he came into conflict with popular prejudices. He was
always ready to protect the rights of conscience, whether
they were claimed by Dissenters or Catholics, and the

popular fury which led to the destruction of his houee
during the Gordon riots was directed against him very

much because a Catholic priest, who was accused of saying

mass, had escaped the penal laws by his charge to the jury.

His chief celebrity, however, is founded upon the con-

summate ability with which he discharged the civil duties

of his office. He has always been recognized as the founder

of English mercantile law. The common law as it existed

before his time was wholly inadecpiate to cope with the

new cases and customs which arose with the increasing

development of commerce. The facts were left to the jury

to decide as best they might, and no principle was cveij

extracted from them which might serve as a guii|e h\

subsequent cases. Lord Mansfield found the law in this

chaotic, state, and left it in a form that was almost

equivalent to a code. Working patiently with the guild-

hall juries, wh^m he trained to act in thorough understand-,

ing with him, ho defined almost every principle that

governed commercial transactions in such a manner that his

successors had only to apply the rules he had laid down.

His knowledge of Eoman and foreign law, and the general

width of his education, freed him from the danger of rely-

ing too exclusively upon narrow precedent*, and afforded

him a storehouse of principles and illustrations, while the

grasp and acuteness of his intellect enabled him to put his

judgments in a form which almost always commanded
assent. A similar influence was exerted by Jiim in other

branches of the common law ; and althoi'h, after his

retirement, a reaction took place, and he was i-egarded for

a while as one who had corrupted the ancient principle.^

of English law, these prejudices passed rapidly away, auu

the value of hia work in brins;hicthe older law in har.uuny
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With'the " needs of modern society has long been fully

recognized.

The chief defect of Lord Mansfield's character was
ii'certfiin -coldness and want of moral courage. He had
n3"very warm attachment either to persons or opinions,

although' invariably kindly and considerate in his de-

meanour. -y'.Eyea his greatest speeches owe their impres-

Eiveness to a certain intellectual nobleness and breadth of

view. His attachment to justice was not impassioned, but
of the type which is bred from highest professional custom,

and from the kind of intellectual taste which led him so

frequently to the ethical writings of Cicero. He could not

always face the enthusiasm of Chatham, and we cannot

feel certain that his courage would have sustained him
through any very perilous stand for righteousness. But in

the spliere in which he was chiefly famous these defects

were scarcely disadvantages. His sense of duty and of

personal' dignity was amply sufficient to bear him perfectly

Unstained through life. No suitor had ever to Complain

of delay or neglect. His want of strong feeling only per-

mitted him 'to use his magnificent intellect with greater

impartiality ; and, if at any time he was aS'ected by personal

prejudice, no trace of it was ever allowed to appear.

Nothing ever disturbed the perfect dignity and propriety

of his judicial conduct, which is apparent in every trial at

which he presided. He impressed himself on the mind
of his contemporaries as one of the best examples of

what a great judge ought to be, and from that estimate

a closer eximination of his claims will scarcely lead us to

differ. (a. gi.)

MANSLAUGHTER. See Muedee.
MANSON, George (1850-1876), a Scottish water-

colour painter, was born in Edinburglj on the 3d of

December 1850. When about fifteen he was apprenticed

as a woodcutter with Messrs W. & R. Chambers, with

whom he remained for over five years, designing and
engraving vignettes distinguished by singular rightness and
directness of technical method, diligently employing all

his spare time in the study and practice of art, and pro-

ducing in his morning and evening hours water-colours of

much delicacy and beauty, like the Milking Time and the

Cottage Door, In 1871 he left the Messrs Chambers, and
devoted himself exclusively to painting. His subjects

were derived from humble Scottish life—especially child

life, varied occasionally by portraiture, by landscape, and
by views of picturesque architecture. In 1873 he visited

Normandy, Belgium, and Holland ; in the following year

he spent several months in Sark ; and in 1875 he resided

at St L6, and in Paris, where he mastered the processes

of etching. He afterwards produced a series of plates

which promised excellence in the art. Meanwhile in hia

water-colour work ho bad been adding more of breadth

and power to the tenderness and richness of colour which
distinguished his early pictures, and he was planning more
complex and important subjects. But his health had been
gradually failing, and he was ordered to Lympstone in

Devonshi.re, where he died on the 27th of February 1876.

Among his chief productions are the High School Wynd

;

the Companions—a gipsy girl and her donkey ; Waiting for

the Boats ; What is It 1—a child examining an antique

clock ; and his own portrait as a Sark fisherman. Since

his death several exhibitions of his works have been held

in London and Edinburgh, and a volume of photographs

from his water-colours and sketches, with a memoir by
T. M. Gray, was published in 1880. For an account of

Manson's technical method as a wood engraver see P. G.

Uamerton's Graphic Arts, p. 311.

MANSUE, Mansoor, or more properly, with the article,

Al-Mansi5e, " the victorious," a surname (lakab) assumed
by not n few Mohammedan princes. Among the person-

ages commonly referred to by this title the following may
be noticed.

1. Abii Ja'far ibn Mohammed, second caliph of th?

house of 'Abbas, who reigned 734-775 A.D, See
M0HAMM£DAN ElIPIEE.

2. Abii TAhir Isma'll ibn Al-Kdim, third Fatimite caliph

of Africa (946-953). Under Al-K.-lim, his father, the Fatim-

ites, already weakened by their conflict with the Omayyadn
of Spain, were threatened with utter ruin by a Berber rising

under Abil Yezfd, a poor nonconformist ('IbAdi) school-

master, who appeared as a religious reformer, and gathered

round him the Sunnites, who detested the Fatimites. In

944 Abu Yezid conquered the capital Kairawin, and

recognized the spiritual headship of the Spanish caliph.

While the Spanish caliph and his vassals stripped th?

Fatimite of his remoter possessions, Abu Yezfd presseq

him at home, and during the siege of Siisa Al-KAim died,

and was succeeded by Al-Man.sur. Then the fortunes ol

war rapidly turned, Abii Yezid alienated many of hi."

followers by lapsing into habits of ariogant luxury and

by treachery towards the Sunnites. At length he lost ah

he had won, fell into the hands of Al-Jlausilr, and wa;

put to death (947). The caliph built the city of Man-
siiriyah on the field of the decisive battle and made it his

residence; the empire was rapidly restored, and the Spanish

vassals driven from Africa. Al-Mansiir died at Mansiirf-

yah, and was succeeded by Al-Mo'izz, the conqueror ol

Egypt (see vol. vii, p. 750 sq.).

3. Ibn Abf 'Amir Mohammed, commonly called

Almanzor by European writers, of an ancient but not

illustrious Ajab family, which had its seat at Torrox neat

Algeciras, was born 939 a.d., and began life as a lawyei

at Cordova. In 967 he obtained a place at the court

of Hakam II., the Andalusian caliph, and by an unusual

combination of the talents of a courtier with administrative

ability and address in dealing with men, rapidly rose to

distinction, enjoying in particular the powerful support o|

Subh, the favourite of the caliph and mother of his heii

Hishdm. On the death of Hakam (976) the accession ol

a minor gave fresh scope to the genius of Ibn Abf 'Amir,

who threaded his way with con.summate but unscrupulous

taleq^; through the intrigues of the court, and in 971'

became prime minister. He now aimed at absolute do-

minion. The weak young caliph, absorbed in exercise;

of piety was easily reduced to a cipher, but at first Ibn

Abi 'Amir had to share the power with his father-in-law

Ghillib, the best general of Andalusia, and his chief aid,

along with the mother of HishAm, in the steps that had
raised him to power. At last a rupture took place be-

tween the two ministers, and ended in a war. in which
GhAlib professed himself the champion of the caliph and
called in the aid of the Christians of Leon. But his rival

had anticipated the struggle ; he had long before found
means to add military to administrative reputation, and

since he rose to the direction of affairs had remodellet!

the army so as to make it more formidable and mor«
devoted to his cause. Ghdlib fell in battle (981); a vic-

torious campaign chastised the Leonese ; and on his return

to Cordova the victor assumed the regal surname of Al-

Mansilr billah, and became practically sovereign of Anda-
lusia. The caliph was a mere prisoner of state, holding n

nominal dignity, and Al-Mansiir ultimately assumed the

title as well as the prerogatives of king (996). Unscrupu-
lous in the means by which he rose to power, he wielded

the sovereignty nobly. His strict justice and the en-

lightened excellence of his internal administration were not

le.ss notable than his military prowess. But it is by the

latter that he is best known. His arms were the terror of

the Cliristians, and raised the Moslem power in Spain to

a pitch it had never before attained. He fought more than
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fifty campaigns, all glorioua, and destroyed many cities,

including tlie tkreo capitals of Leon, IV.mpeluna, and Bar-

celona, and the sacred shrine of Santiago de Conipostella.

la Africa his armies were for a time hard pressed by the

revolt of Zir(, viceroy of Mauretania, but before his death

this enemy had also fallen. Al-JJansur died at Medinaceli

10th Angust 1002, and was succeeded by his son Modafi'ar.^

4. Abii Yiisuf Ya'kilb ibn Ynsuf (Jacob Almanzor), of

the Moorish dynasty of the Almohades, the conqueror of

Alphonso III. in the great battle of Alarcos m95), reigned

118.1-99.

MANTEGNA, Andrea (1431-1506), one of the chief

heroes in the advance of painting in Italy, was born in or

near Padua, of very humble parentage. It is said that

in his earliest boyhood Andrea was, like Giotto,

put to shepherding or cattle-herding ; but this can have

lasted only a very short while, as his natural genius for art

developed with singular precocity, and excited the attention

of Francosco Squarcione, who entered him in the guild of

painters before he had completed his eleventh year.

Squarcione, whose original vocation was tailoring, appears

to have bad a remarkable enthusiasm for ancient art, and
a proportionate faculty for acting, with profit to himself

and others, as a sort of artistic middleman; his own per-

formances as a painter *ere merely mediocre. He travelled

in Italy, and perhaps in Greece also, collecting antique

statues, reliefs, vases, &c., forming the largest collection

then extant of such works, making drawings from them
himself, and throwing open his stores for others to study

from, and then undertaking works on commission for

which his pupils no less than himself were made available.

As many as one hundred and thirty-seven painters and
pictorial studtnts passed through his school, established

towards 1440, which became famous all over Italy,

JIantegna was, as he deserved to be, Squarcione's favourite

pupil. Squarcione adopted him as his son, and purposed

making him the lieir of his fortune. Andrea was only seven-

teen when he painted, in the church of St Sophia in Padua,

a Madonna picture of exceptional and recognized excellence.

He was no doubt fully aware of having achieved no com-
mon feat, as he marked the work with his name and the

date, and the years of his ago. This painting was destroyed

in the 17th century.

The affectionate relation between Squarcione and
Mantegna was not destined to continue long. As the

youth progressed in his studies, he came under the influence

of Jacopo Bellini, a painter considerably superior to

Squarcione, father of the celebrated painters Giovanni and
Gentile, and of a daughter Niccolosia ; and at some date,

which may have been towards 1450, Jacopo gave Niccolosia

to Andrea in marriage. This connexion of Andrea with
the pictorial rival of Squarcione is generally assigned as

the reason why the latter became alienated from the son
of his adoption, and always afterwards hostile to him.
Another suggestion, which rests, however, merely on its

own internal probability, is that Squarcione had at the

outset used his pupil Andrea as the unavowed executant of

certain commissions, but that after a while Andrea began
painting on his own account, thus injuring the professional

mterests of his chief, and incurring his animosity. The
remarkably definite and original style formed by Mantegna
may be traced out as founded on the study of the antique
in Squarcione's atelier, followed by a diligent application

of principles of work exemplified by Paolo Uccello and
Donatello, with the practical guidance and example of

Jacopo Bellini in the sequel.

Among the other early works of Mantegna are the fresco

of two saints over the entrance-porch of the church of S.

' His life is brilliantly described in vol. iii. of Dozy, Bhloire des

Antonio in Padua, 1452, and an allarpieco of St Luke
and other saints for the church of St Justina, now in the

Brera Gallery in Milan, 1453. It is probable, however,

that before this time some of the pupils of Squarcione,

including Mantegna, had already begun that scries of

frescos in the chapel of St Christopher, in the church of

S. Agostino degli Eremilani, by which the great painter's

reputation was fully confirmed, and which remain to this

day conspicuous among his finest achievements.^ The now
censorious Squarcione found touch to carp at in the earlier

works of this series, illustrating the life of St James; ho
said the figures were like men of stone, and had better

have been coloured stone-colour at once. Andrea, cou-

sciouS as he was of his great faculty and mastery, and of

the transcendent display he had here made of these, seems
nevertheless to have felt that there was something in his

old preceptor's strictures ; and the later subjects, from the

legend of St Christopher, combine with his other excel-

lences more of natural character and vivacity. Trained as

he had been in the study of marbles and the severity

of the antique, and openly avowing that he considered the

antique superior to nature as being more eclectic in form,

he now and always affected precision of outline, dignity

of idea and of figure, and he thus tended towards rigidity,

and to an austere wholeness rather than gracious sensi-

tiveness of expression. His draperies are tight and closely

folded, being studied (as it is said) from models draped in

paper and woven fabrics gummed. Figures slim, mus-

cular, and bony, action impetuous but of arrested energy,

tawny landscape, gritty with littering pebbles, mark the

athletic hauteur of his style. He never changed, though

he developed and perfected, the manner which ho had
adopted in Padua; his colouring, at first rather neutral

and undecided, strengthened and matured. There is

throughout his works more balancing of colour than fine-

ness of tone. One of his great aims was optical illusion,

which he carried out by a mastery of perspective that,

though not always impeccably correct, nor absolutely

superior in principle to the highest contemporary point of

attainment, was worked out by himself with strenuous

labour, and an effect of actuality astonishing in those

times.

Successful and admired t&ongh he was in raana,
Mantegna left his native city at an early age, and never

afterwards resettled there ; the hostility of Squarcione has
been assigned as the cause. The rest of his life was
passed in Verona, Mantua, and Piome—chiefly "Mantua

;

Venice and Florence have also been named but without

confirmation.

It may have been in 1459 that he went toA'erona; ana
he painted, though not on the spot, a grand altarpiece for

the church of S. Zenon, a Madonna and angels, with four

saints on each side. The Marquis Lodovico Gonzaga of

Mantua had for some time been pressing Mantegna to enter

his service ; and the following year, 14 GO, was perhaps

the one in which he actually established himself at the

Mantuan court, residing at first from time to time aC

Goito, but, from December 1466 onwards, with his family

in Mantua itself. His engagement was for a salaiy of 75
lire (about X30) a month, a sum so large for that period

as to mark conspicuously the high regard in which his art

was held. He was in fact the first painter of any eminence

- His fellow-workers were Bono of Ferrara, Ansnino of Forli, and
Ificcoli Pizzolo, to wbom considerable sections of the fresco-paiutins^

are to be assigned. Tlie acts of St James and St Christoiilier are tlio

leading subjects of the series. St James Exorcisins may have bceu

commenced by Pizzolo, and completed by Mantegna. Tlio Calling of

St James to the Apostleship appears to be Mantegna's design, partially

carried out by Pizzolo ; tUo subjects of St James baptizing, his appear,

ing before the judge, and going to execution, and most of the legend

of St Christopher, are entirely by Mantegna.
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ever domiciled in Mantua. He built a stately house in the

city, and adorned it with a multitude of paintings. The

house remains, but the pictures have perished. Some of

his early Jfantuau works are in that apartment of the

Castell'o which is termed the Camera degli Sposi,—full

compositions in fresco, inclaiding various portraits of the

Goiizaga family, and some figures of genii, &c. In 1488

he went to Home at the request of Pope nnoeent VIII,,

'to paints the frescos in the chapel of the Belvedere in

'the Vatican ; the duke of Mantua created him a cavaliere

before his depirture. This series of frescos, including a

noted Baptism of Clirist, was ruthlessly destroyed by Pius

VI. in laying out the Musco Pio-Clementino. The pojie

treated Mantegna with less liberality than he had been used

to at the Mantuin court ; but on the whole their connexion,

which ceased in 1490, was not unsatisfactory to either

patty, Mantegna then returned to Mantua, and went on

with a series of works—the nine tempera-pictures, each of

them 9 feet square, of the Triumph of Cssar—which he

had probably begun before his leaving for Borne, and
which are now in Hampton Court. These superbly

invented and designed compositions, gorgeous with all

splendour of subject-matter and accessory, and with the

classical learning and enthusiasm of one of the master-

spirits of the age, have always been accounted of the first

rank among Mantegua's works. They were sold in 1G28

along with the bulk of the Mantuan art treasures, and
were not, as is commonly said, plundered in the sack of

Mantua in 1630. They are now greatly damaged by
patchy repaintings. Another work of Mantegna's later

years was the so-called Madonna della Vittoria, now in the

Louvra. It was painted in tempera about 1495, in com-

memoration of the battle of Fornovo, which Gouzaga found

it convenient to represent to his lieges as an Italian victory,

though iu fact it had been a French victory; the church

which originally housed the picture was built from

Mantegna's own design. The Madonna is here depicted

with various saints, the archangel Michael and St Maurice

holding her mantle, which is extended over the kneeling

Francesco Gonzaga, amid a profusion of rich festooning

and other accessory. Though not in all respects of his

highest order of execution, this counts among the most
obviously beautiful and attractive of Mantegna's works,

—

from which it must be said that the qualities of beauty and
attraction are often excluded, in the stringent pursuit of

those other excellences more germane to his severe genius,

tense energy passing into haggard passion.

Vasiri eulogizes Slantegna for his courteous, distin-

guished,' and praiseworthy deportment, although there are

indications of his having been not a little litigious in dis-

position. With his fellow-pupils „at Padua he had been

affectionate ; and for two of them, Dario da Trevigi and
Marco Zoppo, he retained a steady friendship. -That he
had a high opinion of himself was natural, for no artist of

hia epoch could produce more manifest vouchers of high

and progressive attainment. He became very expensive in

his habits, fell at times into difficulties, and had to urge

his valid claims upon the duke's attention. After his

return to Jlantua from Rome his prosperity was at its

height, until the death of his wife. He then formed somfe

other connexion, and became at an advanced age the father

of a natural son, Giovanni Andrea; and at the last,

'although he continued launching out into various expenses

'and schemes, he had serious tribulations, such as the

banishment from Mantua of his son Francesco, who had
incurred the duke's dis[)leasurc. Perhaps the aged master
and connoisseur regarded as Ijarcly less trying the hard
necessity of parting with a beloved antique bust of

(Faustina. : Vory soon after this transaction he died in

tMantua, on 13th September 150G In 1517 a handsome

monument was set up to him by his sons in the church o£

S. Andrea, where he had painted the altarpiece of the

mortuary chapel.

We have spoken as yet of Mantegna as a painter and architect

;

he was no le^s eminent as an engraver, and is reported to have been
a sculptor and poet as well, though we are not aware that any verses

of his are extant, or that his sculptural practice extended beyond
making a drawing for a statue of Viigil. As an engraver his his-

tory is somewhat obscine, partly because he never signed or dated
any of his ))lates, unless in one single disputed instance, 1472. The
account which has come down tp us i? that filantfgna began en-
graving in Kome, prompted by the engravings produced by Baccio
Baldiui of Florence after Sandro Botticelli ; nor is there anything
]iositive to invalidate this account, except the consideration that it

would consign all the numerous and elaborate engravings made by
Jlautegna to the last sixteen or seventeen years of his life, which
seems a scanty space for them. To get over this difficulty, it has
been suggested, but without any evidence, that he began engraving
while still in Padua, under the tuition of a distinguished goldsmith,
Niccol6. He engraved about fifty plates, according to the usual
reckoning ; some thirty of them are indisputable—often large, full

of figures, and highly studied. Among the principal examples are

Homan Triumphs (not the same compositions as the Hampton Court
pictures), A I5acchanal Festi^'al, Hercules and Aiit.iius, Marine
Gods, Judith with the Head of Holopiiernes, the Deposition from
the Cross, the Entombment, the Resurrection, the Blan of Sorrows,
the Virgin in a Grotto. Mantegna has sometimes been credited
with the important invention of engraving with the burin on
copper. This claim cannot be sustained on a comparison of dates,

but at any rate he introduced the art into upper Italy. Several of

his engravings are supposed to be executed on some metal less hard
than copper. The technique of himself and his followers is charac-
terized by the strongly marked forms of tlio* design, and by the
oblique formal hatchings of the sliadows. The prints are frequently
to be found in two states, or editions. In the first state, the prints

have been taken off with the roller, or even by hand-pressing, and
they are weak in tint ; in the second state, the printing press has
been used, and the ink is stronger.

The influem^e of Mantegna on the style and tendency of his age
was very marked, and extended not only to his own flouiishing

Slantuan school, but over Italian art generally. His vigorous per-

spectives and trenchant foreshortenings pioneered the way to other
artists ; in solid antique taste, and the power of reviving the aspect

of a remote age with some approach to system and consistency, he
distanced all contemporary competition. He did not, however,
leave behind him many scholars of superior faculty. His two
legitimate sons were painters of only ordinary ability. His
favourite pupil was known as Carlo del Mantegna ; Caroto of

Verona was another pupil, Bonsignori an imitator. Giovanni
Bellini, in his earlier works, obviously followed the lead of liia

brother-in-law Andrea.
The works painted by Mantegna, apart from his frescos, are not

numerous ; thirty-three or thereabouts are regarded as fully authen-
ticated. AVe may name, besides those already specified—in the
Naples museum, St Euphemia, a fine early work ; in Casa Melzi.
ililan, the ]\Iadonna and Child with Chanting Angels, 1461 ; in
the Tribune of the Uffizi, Florence, three pictures remarkable for

scrupulous finish ; in the Berlin Museum, the Dead Christ with two
Angels ; in the Louvre, the two celebrated pictures of mythic
allegory—Parnassus, and Jlinerva Triumphing over the Vices; in

the Loudon National Gallery, the Virgin and Child enthroned,

with the Baptist and the Magdalen, a late example ; the mono-
chrome of Vestals, lately bought from HamiltonPalacc; the Triumph
of Scipio (or Phrygian Mother of the Gods received by the Eouiaii

Commonwealth), a tempera in chiaroscui'o, painted only a few
months before the master's death ; in the Brera, Milan, th«

Dead Christ, with the two Maries weeping, a remarkable tour tie

force in the way of foreshortening, which, though it has a stunted
appearance, is in correct technical perspective as seen from all

points of view. "With all its exceptional merit, this is an emi-
nently ugly picture. It remained in Mantegna's studio unsold at

his death, and was disposed of to liquidate debts. (W. M. R.)

MANTELL, Gideon Algep.non (1790-1852), bum in

1790 at Lewes, Sussex, rose to eminence as a popular

exponent of geology, and contributed many original papers

to the literature of the science. Educated for the medical

profession, he first practised in his native town, afterwards

in Brighton, and finally at Clapham, near London. While
devoting himself with industry and success to the duties

of a medical man, he yet found time to prosecute researches

in the paloeontology of the Secondary rocks, particularly in

Sussex—a region which he has made for ever classical in.

the history of discovery. While he was still a country
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doctor at Lewes hia ominence as a geological investigator

was fully recognized on the publication of his work on I'he

Fossils of the SoiUh Downs, 1822. His most remarkable

discoveries were made in the Wealden formations, whence

he brought to light and described the rcmarl'.able

Dinosaurian reptiles known as Ir/iianoilon, Ilylxosaurus,

Pelarosauriis, aiid Regnosatirus. The memoirs in which he

sketched the structure of these strange creatures, and

pointed out the probable conditions in which they lived,

were recognized by the Geological Society as deserving of

its highest honour—the WoUaston medal. The Royal

Society also awarded him a lloyal medaL Besides these

and otiier contributions to the I'cerature of palaeontology

and geology, he published from time to time various

popular works which had a large sale and did much to

spread a knowledge of aud interest in the science.^ Towards
the end of his life Dr Mantell retired to London. Though
for many years sufFerin.;; from a severe spinal disease, the

result of an accident, he coutinued with unabated

enthusiasm the prosecution of his favourite scientific

pursuits, sparing neither pains nor expense towards the

attainment of his objects, and kindling in others a spirit of

eager desire to further the cause of science. He wrote with

great clearness and attractiveness, so that his general works

were deservedly popular. As a lectuj-er also he was almost

unrivalled for fluency and eloquence. His name appeared

on the list of membership of many learned societies both

at home and abroad. He died in 1852.

MANTINEIA was one of the most famous cities of

Arcadia. It was situated in the long narrow valley,

running north and south, which is now called after the

chief town Tripolitza. Tegea was in the same valley,

about 10 miles south of Mautineia, and the two cities

continually disputed the supremacy of the valley. In

every great war we find them ranged on opposite sides,

except when superior force constrained both. In the

Peloponnesus the disputes between Argos and Sparta

lasted for centuries ; and Mantineia was always an ally of

the former. In the war between Sparta and Athens,

Mantineia was at first forced to be an ally of Sparta, but

in 421 it joined Argos in making an alliance with Athens.

The city is said by Strabn to have been founded under
Argive instigation, by the union of several villages of the

valley ; there can be no doubt that this was done in order

to maintain a party in the valley hostile to Tegea and
Sparta. It is impossible here to trace the varying history

of the town. It was one of the chief members of the

Arcadian league that heljied Epaminondas to break the

power of Sparta. It was one of the original members of

the Achaean league, but deserted it for the ^tolian. The
Achsans and Antigonus Doson captured the city in 222
CO., and changed its name to Antigoneia, but the emperor
Hadrian restored the ancient name. The worship and
mysteries of Cora at Mantineia were famous. The valley

in which the city lies has no opening to the coast, and the

water finds its way, often only with much care and artificial

aid, through underground passages (catabothra) to the sea.

It is bounded on the west by Mount Masnahis, on the east

by Mount Artemision. The river Ophis flowed through
the city. The position of the town in the centre of this

valley route made it of great military importance, and five

important battles were fought beside it: in 418 B.C.

Sparta defeated the alliance above mentioned ; in 362
Epaminondas defeated the Spartans and lost his own life

;

^ Of these the following may be enumeraterl

—

The Wondei-s of
Geology, 2 vols. ; The McdaU of Creation, 2 vols. ; .Thoughts on a
Pebble , or First Lessons in Geology ; A Geological Ezcitrsion round
the Isle of Wight; Pictorial Atlas of Fossil Remains; Thoughts on
Aniinalcules, or a Qlimpsc at the Invisible World as rvealed by the
ilicroscope; Petrifactions and their Teachings.

in 29.5 Demetrius Poliorcetes C-'feated the Spartans; in

242 Aratus defeated the Spartans; in 207 Philopoemeu
defeated the Spartans. In the beginning of the 4tli

century B.C. Mantineia had 3000 citizens capable of bear-
ing arms.

MANTIS. Probably no other insect ha.-,*bee^ the sub-'

ject of so many and widespread legends and superstitious

as the common "praying mantis," Mantis rdigiosa, L.
(see Insects, Oithoplera, fam. Mantids, vol. xiii. p. 152).

The ancient Greeks endowed it with supernatural powers
(fiavTi's, "a diviner ") ; the Turks and Arabs hold that it

prays constantly with its face turned towards Mecca ; the

Provencals call it Prega-Diou {Prie-Diev.) ; and numerous
more or less similar names—preacher, saint, nun, mendi-
cant, soothsayer, kc,—are widely diffused throughout
southern Europe. Children ask it to show them the way,
and Mouffet assures us that it rarely or never deceives

them ; and it is even recorded that one specimen, which
alighted on the hand of St Francis Xavier, and which he
commanded to sing the praise of God, loudly intoned a

very beautiful canticle. In Nubia it is held in great

esteem, and the Hottentots, it not indeed worshipping the

local species {M. fatista), as one traveller has alleged, at

least appear to regard its alighting upon any person both
as a token of sainlliness and an omen of good fortune.

Fraying Mantis {Mantis religiosa).

Yet tuese are "not the saints, but the tigers, of the

insect world." The front pair of limbs are very peculiarly

modified,—the coxa being greatly elongated, while the

strong third joint or femur bears on its curved underside

a channel armed on each edge by- strong movable spines.

Into this groove the stout tibia is capable of closing like

the blade of a penknife, its sharp, serrated edge being

adapted to cut and hold. The arrangement is essentially^

similar to the sub-chela of SquiHa and Amphipods among
Ceustace.^ (?".)> as well as to the choliceroB of spiders

(see AraCHNIDa). Thus armed, with head raised upon

the much-elongated and semi-erect prothorax, and with the

half-opened fore limbs held outwards in the characteristic

devotional attitude, it rests motionless upon the four

posterior limbs waiting for prey, or occasionally stalks it

with slow and silent movements, finally seizing it with its

knife-blades and devouring it. Although apparently not

daring to attack ants, these insects destroy great numbers

of flies, grasshoppers, and caterpillars, and the larger

South-American species even attack small frogs, lizards,

and birds. They are very pugnacious, fencing with their

sword-like limbs "like hussars with sabres," the larger fre-

quently devouring the smaller, and the females the males.

The Chinese keep them in bamboo cages, and match them

like fighting cocks.

The elytra of the common mantis have been compared to

a withering willow leaf, a circumstance which not improb-

ably aids in concealing them from their prey. Some

of the tropical forms exhibit as perfect mimicry of the

leaves as the leaf insects proper iPhasmidx). Bates found

a mantis on the Amazon which exactly resembled tho
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white ants it preyed upon, while Wallace mentions a

Javanese species which mimics a pink orchid flower, and

" is said to feed largely on butterflfes,—so that it is really

a living trap, and fornjs its own bait
!

"

The common species fixes its somewhat nut-like egg

capsules on the stems of plants in September. Xhe young

are hatched in early summer, and resemble tlie adults, but

are without wings.

See Wcstwood's Zntrod. Mod Class, of Insects, 1840, and forth-

coming monograph of the famUy.

MANTUA (Italian, Mantova), a fortified city of Italy,

the chief town of a province, the see of a bishop, and the

centre of a military district, lies 95 miles east-south-east of

Milan, and 25 miles by rail south of Verona on the way to

Modena, occupying, at the height of 88 feet above the level

of the Adriatic, an almost insular oite in the midst of the

Kwampy lagoons of the Mincio, with their vast reaches of

reeds and bulrushes. As the belt of marshy ground along

the south -side can be laid under water at pleasure, the site

of the city proper, exclusive of the considerable suburbs of

Borgo di Fortezza to the north and Borgo di San Giorgio

to the east, may still be said to consist, as it formerly did

more distinctly, of two islands separated by a narrow

channel and united by a number of bridges. On the west

side lies Lago Superiore, on the east .side Lago Inferiore

—the boundary between the two being marked by the

Arginc del Mulino, a long covered wooden bridge stretch-

ing northward from tho north-west angle of the city. As

approached from the north by the old road, Mantua pre-

sents a beautiful prospect with its "towers and walk and

waters." On the highest ground in the city rises the

cathedral, built after his death according to the plans of

Giulio Romano on the site of the ancient church of Sis

Peter and Paul; it has double aisles, a dome-covered

transept, and a large tower, popularly assigned to the

Roman governor Arius. Architecturally much more im-

portant is the chrirch of St Andrew, built towards the

close of the loth century, after plans by Leon Battista

Alberti, and consisting of a single barrel-vaulted nave 350

feet long by 62 feet wide. It has a noble fajade, with a

deeply recessed portico, and a brick campanile of earlier

date than the main building. The interior is richly

decorated with 18th century frescos. S. Maria delle

Grazie, consecrated in 1399 as an act of thanksgiving for

the cessation of the plague, has a curious Collection of ex

viio pictures and the tombs of the Gonzaga family. The

old ducal palace—one of tho largest buildings of its

kind in Europe—was commenced in 1302 for Guido

Bonaccolsi, and probably completed in 1328 for Ludovico

Gonzaga ; but many of the accessory apartments are of

much later date, and the interior decorations are for the

most part the work of Giulio Romano and his pupils.

Outside of the city, to the south of Porta Pusterla, stands

the Palazzo del Te, Giulio's architectural masterpiece,

erected for Frederick Gonzaga; of the numerous fresco-

covered chambers which it contains, perhaps the most cele-

brated is the Sala dei Giganti, where, by a combination of

mechanical with artistic devices, the rout of the Titans still

contending with artillery of uptorn rocks against the pur-

suit and thunderbolts of Jove appears to rush downwards

on the spectator. Among the educational institutions in

Jfantua are an academy of arts and sciences {Accademia

Veiyi/imia) occupying a fine building erected by Piermarini,

a public library founded in 1780 by Maria Theresa, a

museum of antiquities dating from 1779, a good botanical

garden, and an observatory. The Monte di Pieti was

established in 14S4, the civil hospital in 1449. Oil, beer,

leather, and playing cards are the chief products of the

limited local industry. The population increased from

2C,G87 in 1871 to 28.048 in 1881. Asa fortress Mantua

was long one of the most formidable in Europe, a force of

thirty to forty thousand men finding accommodation within

its walls ; but it had two Serious defects—the marshy
climate told heavily on the health of the garrison, and
effective sorties were almost impossible.

Mantua was originally an Etruscan town, and tad .gtill a strong

Etruscan element in its population during the Roman period. It

was a Roman municipium ; but Martial calls it little Mantua, and,

had it not been for Virgil's interest in his native place and iu tlic

expulsion of a number of the Mantuans from thehr lands iu favour

of Octaviau's soldiers, we should probably iiave heard almost
nothing of its existence. In 668 the Lombards found Mantua a
availed town of some strength ; recovered from their Ijjrasp in 590
by the exarch of Eavenna, it was again captured by .Agilulf in COl.

Tbe 9th century was the period of episcopal supremacy, and in tba

11th the cityformed part of the vast possessions of Bonifacio, marquis
of Canossa. From him it passed to Geoffrey, duke of Lorra^e, and
afterwards to tho Countess Matilda, whose support of the pope hd
to the conquest of Mantua by the emperor Henry IV. in 1090.

Ecdnced to obedience by Matilda in 1113, the city obtained its

liberty on her death, and instituted a communal government of its

own, sahci impcriali Justitia. It afterwards joined the Lombard
League ; and the unsuccessful attack made by Frederick II. in 1236

brought it a confirmation of its privileges. But after a period of

internal discord Ludovico Gonzaga attained to power (1328), and
was recognized as imperial vicar (1329) ; and from that time till

the death of Ferdinando Carbo in 1708 tlie Gonzagas were masters

of Mantua (see Gonz.^ga, vol. x. p. 772). Under Gian Francesco II.,

Ludovico, and Federico II., the first duke «f Mantua, the city rose

rapidly into importance as a seat of industry and culture. Claimed

in 1703 as a fief of the empire by Joseph I ., it was governed for the

greater part of the century by the Austrians. In June 1796 it waa

besieged by Napoleon ; but in spite of terrific bombardments it

held out till February 1797. A three days' bombardment in 1799

again placed Mantua in the hands of the Austrians ; and, though

restored to the French by the jieace of LuneviUe (1801), it became

Austrian once more from 1814 till 1806. In the years between 1849

and 1859 the city was the scene of violent political persecution.

Besides Virgil, Mantua counts among its celebrities Sordello

tho Provengal poet, Castiglioni, Fole'ngo the writer of macaronies,

and Pomponazzi tho philosopher ; and it has a long roll of local

historians—Donesmondl (ecclesiastical affairs), Possevino, Daino,

Amedei, Visa, Tonelli, and Count Carlo d'Arco.

Gaet. Sasani, Xuovo prospcttc delle pilCnre, £c., di Mantova, Mantua. 1R30; Carlo

d'Arco, Delle arti e degli arlefici di Mantova, Munttia, 1857, and Sioria di

Mantova, Mantua, 187-f.

MANUCODE, from the Frencn, an abbreviation of

Manucodiata, and the Latinized form of the Malay Han-ul-

dewahi, meaning, says Crawfurd (Malay and Engl.

Dictionary, p. 97), the "bird of the gods," and a name
applied for more than two hundred years apparently to

Birds-of-paradise in general. In the original sense of its

inventor, Montbeillard (Hist. Nat, Oiseanx, iii. p. 163),

Manucode was restricted to the King Bird-of-paratlise and

three allied species ; but in English it has curiously been

transferred' to a small group of species whose relationship

to the Paradiseidse. has been frequently doubted, and must

be considered uncertain. These Manucodes have a glossy

steel-blue plumage of much beauty, but are easily

distinguished from other birds of similar coloration by the

outer and middle toes being united for some distance, and

they are very remarkable for the extraordinary convolution

of the trachea, in the males at least, with which singular

structure is correlated the loud and clear voice of the

birds. The convoluted portion of the trachea lies on the

breast, between the skin and the muscles, much as is found

in the females of the genus likyncksea, in the males of the

Curassows (Cracidie), and in a few other birds, hut wholly

unknown elsewhere among the Passeres. The Manucodes

are peculiar to tho Papuan Sub-region (including therein

' Manucodiata was used by Brisson (Omilholorjic, ii.^p. 130) as b

generic term equivalent to tbe Linnaean Paradisea. In 1783 Boddaert,

when assigning scientific names to the birds figured by Daubenton,

called the subject of one of them (Pi. enlum, 634) Manucodia

chalybca, the first word being apparently an accidental curtailment of

the name of Biissou's genus to which he referred it. Nevertheless

some writers have taken it as evidence of an intention to found a new

genus by that name, and hence >he importation of Manucodia into

scientific nomenclature, and the English form to correspond.
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the poiiinsula of Capo York), and comprehend, according to

Mr Sharpe {Cat. B. Brit. Museum, iii. p. 16i), two genera,

for tUe first of which, distinguished by the elongated tufts

on the head, ho adopts Lesson's name Phonygama, and
for the second, having no tufts, but the feathers of the head

crisped, that of Manucodia; and' Mr ^N. A. Forbes {Proc.

Zool. Society, 1882, p. 349) obseiTes that the validity of

the separation (which has not yet been generally acknow-

ledged) is confirmed by what is now known of their tracheal

formation. Of Phomjgama Mr Sharpe recognizes three

species,/', heraudrcni (the type) and P. jamcsi, both from

Now Guinea, and P. gouldi, the Australian representative

species; bnt the first two are considered by Mr Elliot {Ihi$,

1S7S, p. 56) and.Count Salvadori {Ornitol. delta Papuasia,

ii. p. 510) to be inseparable. There is a greater unanimity
in regard to the species of the so-called genus Manucodia
proper, of which four are admitted— M. chcdi/heata or

chahjhca from north-western New Guinea, M. comrici from
the south-eastern part of the same country, M. atra of wide
distribution within the Papuan area, and M. johiensis

peculiar to the island which gives it a name. Little is

known of the habits of these birds, e.'icept that they are as

already mentioned remarkable for their vocal povsers, which,

in P. leraudreui. Lesson describes (Voi/. de la Coquille,

Zoologie, L p. 038) as enabling them to pass through every

note of the gamut. Mr Wallace (Aim. JVal. History,

ner. 2, XX. p. 47(i) remarked that J/, atra was very power-

ful and active, clinging suspended to the smaller branches
of trees, on the fruits of which alouo it appears to feed.

M. gorJdi, according to an informant quoted by ^Mr Forbes
{ut supra), frequents in pairs the dense palm-forests, perch-

ing high up, uttering a very deep and loud guttural note
;

it is graceful in its movements, evincing more curiusity

than timidity on being approached. As with members of

the Paradiseidx generally, the uidihcation of the Manucodes
is still shrouded in mystery. (a. n.)

MANUEL I, CoMNENPa, emperor of Constantinople
from 1143 to 1184, was the fourth son of John II. (Calo-

Joanues), and was born about the year 1120. He suc-

i-eeded to the imperial crown on April 8, 1143, having for

his martial qualities been uomiuated by John to the
inheritance in preference to his elder surviving brother.

During his reigu of thirty-seven years he was involved in

almost perpetual war, in which he displayed much more
of the courage of a soldier than of the prudence and skill

of a commander. In 1144 the imperial general Demetrius
Branas brought back Raymoud, the Latin prince of Antioch,
to his allegiance, and in 1145 Manuel in person drove out
the Turks who had invaded Isauria, and compelled them to

accept peace on his own terms. In 1147 he granted a
passage through his dominions to the crusaders under Louis
VII. of France and Conrad III. of Germany, but secretly

harassed them by every means in his power, and sent
word to the Turks of their approach. In the following
year he became involved, along with the Venetians, iu a
war with Roger of Sicily, who had taken Corfu and invaded
Greece ; an episode of the campaign towards its beginning
was his repulse beyond the Danube of the Patzenegues, of
whom he took hostages for their future good behaviour.
Disembarking his host at Corfu before the end of the year,
he invested the fortress iu co-operation w'ith the Venetian
army; the inhabitants, after a long siege, in which he
displayed prodigies of personal strength and valour,
surrendered iu 1149. Manuel was now prevented from
invading Sicily by a diversion made by the Servians and
Hungarians on the Danube, who were not completely
vanquished until 1152. In that year Manuel was repulsed
by the Turks in Cilicia, but in the west his troops obtained
possession of Bari, Brundisium, and other places of

.importance in Apulia and Calabria, The course of Italian

15—19*

politics, nowevcr, deprived him of the means on which ho
had reckoned for enabling him to reunite Bouthern Italy

with the Byzantine empire, and after the defeat of his fleet

at Negropont he concluded a peace with WilUam, Roger'.i

successor, in 1155. The next important war of Jlanuel'a

reign was waged against the Hungarians from 1163 to

1168 ; it came to an end iu the latter year with the hard-

won victory of the Byzantine arms at Zeugminum (Semlin).

Less successful was the expedition under Androuicus
Contostephanus against Egypt in 1169, when the combined
forces of Manuel and King Amalric were compelled to

withdraw from before Damietta. From 1171 to 1174
Manuel had a war with the Venetians ; and in 1176 he led

in person an expedition against Kilidj Arslan, the sultan

of leonium when he sustained a disastrous defeat at

Myriocephalus, and was compelled to sign a dishonourable

peace. This disgrace, although partially retrieved by a
somewhat more successful expedition in 1177, so preyed

upon the spirit of Manuel that he ultimately succumbed to

a slow fever on September 24, 1180. He was first married

to Bertha (Irene), a relative of Conrad III. of Germany,
and afterwards to Maria (Sene), daughter of Raymond of

Antioch ; Alexis II., his son by the latter, succeeded him.

MANUEL II., Pal^eologus, emperor of Constantinople,

was born in 1348, and succeeded his father, John VI. (with

whom he had been associated since 1375), in 1391. At
the time he was a hostage at the court of Bajazet at Nicaea,

but succeeded in making his escape ; he was forthwith

besieged in Constantinople by the sultan, whose victory

over the Christians at Nicopolis, however (September 28,

1395), did not secure for him the capital. Manuel
subsequently set out in person to seek help from the West,

and for this purpose visited Italy, France, and Germany,
but without material success ; the victory of Timur in

1402, and the death of Bajazet in the following year, were

the first events to give him a genuine respite from Ottoman
oppression. He stood on friendly terms with Mahomet L,'

but was again besieged in his capital by Amurath II. in

1422. He died in 1425, and was succeeded by his son,

Johu VII.

MANUEL I., emperor of Trehizond, surnamed the

Great Ca[itain (o o-rparTjyocaJxaTo;), was the second son of

Alexius I., first emperor of Trebizoud, and ruled from 1238
to 1263. Whatever may have been his military skill, or

his personal character for bravery, he was unable to deliver

his empire from vassalage first to the Seljuks and after-

wards to the Mongols. He was the founder of the church

and monastery of St Sophia at Trebizond. His predecessor

was John I., Axuchus, and his eldest son, Audronicus IL,

succeeded him.
Manuel II., the descendant cf Manuel I., rei^^ned only a few

months in 1322-33. JIauuel III. reigned from 1390 to 1417, bnt
the only interest attaching to his name arisrs from his connexion
U'ith Timur, wliose vassal he was.

Sea Finlav, Mediieval Greece and Trehizond, 1851.

MANURE. The term " manure," though formerly ap-

plied only to the excrements of animals, either alone or

mixed with straw, is now more widely used, and is given to

all substances, or mixtures of substances, which are added
to the soil in order to increase its productiveness or to

restore the natural fertility lost by repeated cropping.

The subject of manures and their application involves

a prior consideration of plant life and its requirements.

The plant, growing as it does in the soil, and surrounded

by the atmosphere, derives from these two sources its

nourishment and means of growth through the various

stages of its development. From these sources, each

equally indispensable, the plant obtains the materials which
it has the power of elaborating and building up to form its

own structure.

Chemical analysis has shown that plants are composed
XV. — 64^
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of water, organic or combustible matters, and inorganic,

incombustible, or mineral matters. These last are le£t as

tli2 ash when the plant is burnt. The elements forming

the organic portion of plants are carbon, hydrogen, oxygen,

and nitrogen ; the mineral portion, or ash, consists prin-

cipally of lime, magnesia, potash, soda, oxide of iron,

lAosphorio acid, sulphuric acid, chlorine, and silica.

The atmosphere is the great storehouse of organic plant-

food. The carbonic acid always present in the air is, as

is well known, eagerly taken up by the leaves of plants, all

of which have the power of decomposing carbonic acid,

giving off its oxygen, and assimilating its carbon. Roughly

speaking, three-fourths of the dry substance of all plants is

derived from the atmosphere.

Under conditions of natural growth and decay, when no

crops are gathered in, or consumed on the land by live stock,

the herbage on dying down and decaying returns to the

atmosphere and the 'soil the elements taken from them
during life; but under cultivation a succession of crops

deprives the land of the constituents which are essential

to healthy and luxuriant growth. Without an adequate

return to the land of the matters removed in the produce,

its fertility cannot be maintained for many years. In

newly-opened countries, where old forests have been cleared

and the land brought into cultivation, the virgin soil often

'possesses at first a high degree of fertility, but gradually

its' productive power decreases from year to year. Gene-

rally speaking, it is more convenient to clear fresh forest

land than to improve more or less exhausted virgin land

by the application of manure, labour, and skill. In all

densely peopled countries where such a mode of cultiva-

tion cannot be followed it is necessary to resort to arti-

ficial means to restore the natural fertility of the land and
maintainand increase its productiveness.

The researches of Liebig, Wiegmann, Polstorff, and
ethers have proved beyond doubt the important functions

tf the mineral constituents of the soil in relation to plant

life. The gradual removal of phosphate of lime in the

tillage of dairy districts, or the removal of other mineral

matters essential to the healthy growth of farm crops,

certainly impoverishes the land. The exhaustion of the

soil is caused in a much more marked way, however, by
the rapid loss in available nitrogenous plant food which

Boils sustain when under cultivation witliont manure.

Agricultural improvements manifest themselves in two
different directions—the mechanical and the chemical.

Under mechanical improvement the physical condition of

the soil is bettered and its latent stores of plant food brought
into action by mechanical means, such as ploughing, sub-

soiling, steam cultivation, &c. The introduction of new
and superior agricultural implements, good systems of

drainage, and intelligent division of labour characterize

the first stage of progress in agriculture. The second

stage is marked by the application of chemical principles

to practical agriculture, an application shown by the intro-

duction of a rational system of feeding, a proper rotation

of crops, and chiefly the use of chemical, or artificial,

manures for the purpose of restoring the natural fertility

of the soil and increasing its productive powers.

The aid which chemistry has rendered during the last

twenty-five or thirty years to practical agriculture has
greatly promoted agricultural improvements ; and farming,

which is in a large measure dependent for success upon an
economical use of manures, is now being carried on much
more rationally than in former times. The proper appli-

cation of Various kinds of manures is one of the most
prominent features of successful modern farming.

In considering the economical use of manures on the

land, regard must be had to the following points :—(1) the

re(juirements of the crops intended to be cultivated
; (2)

the physical condition of the sell
; (3) the composition ot

the soil ; and (4) the composition of the manure. Briefly

stated, the guiding principle of manuring economically and
profitably is to meet the requirements of the crops intended

to be cultivated, by incorporating with the soil, in the most

efficacious states of combination, the materials in which

it is deficient, or which the various crops usually grown

on the farm do not find in the land in a sufficiently avail-

able condition to ensure an abundant harvest.

Soils vary greatly in composition, and hence it will be

readily understood that in one locality or on one particular

field a certain manure may be used with great benefit,

while in another field the same manure has little or ijo

efi'ect upon the produce. Although increased attention has

of recent years been paid to the chemical composition and

properties of soils, there is still much room left for improve-

ment, for many farmers disregard almost altogether the

composition of their fields in buying artificial'manures.

It has been pointed out by Sir John Lawes that in

actual English farm-practice there is, speaking practically,

a standard of natural produce which varies within certain

limits, as influenced by seasons and management, and

which cannot be permanently increased or reduced by
cultivation ; and further, when land is spoken of as being

in " good condition," reference is made only to the tem-

porary rise of fertility by means of the manures employed,

while hj land " out of condition " is signified the exhaus-

tion of the manures by the removal of crops, loss by drain-

age, &c., and that the soil has merely gone back to its

standard of natural productiveness. Some soils, indeed,

contain in their natural condition hardly a sufficient pror

portion of available elements of plant food to yield

remunerative crops'; such soils are naturally barren, and,

although by the constant use of manures they may be

improved and may attain some degree of fertility, they will,

if left uumanured, speedily revert to their former natural

unproductive state.

The principal constituerits of manures are—nitrogen,
in the form of ammonia, nitrates, and nitrogenous organic

matters ; organic matters not containing nitrogen (humus)

;

phosphoric acid, jiotash, soda, lime, magnesia, silica,

sulphuric acid, and chlorine. Of these constituents by far

the most important are the nitrogen, phosphoric acid, and

potash, and these will be considered more in detail

I. Nitrogen.—Nothing so much affects the productive-

ness of soils as nitrogen, when it is supplied to plants in a

form iu which it can be assimilated by them, and nothing

is more readily removed from the land, either in the crop

grown or, in the form of nitrates, by drainage. The " good

condition " of land, to which allusion has been made already,

is, in a great measure, the fertility which has been imparted

to the soil by the nitrogen supplied to it, while the " natural

productiveness " may be taken as that due to the phos"

phoric acid, potash, and other mineral constituents of the

soil.

Supply of Fitrorjenoits Plant Food.—In the case of a crop

growing under natural conditions, and not removed from

the land, the mineral constituents taken from the soil,

and carbonaceous as well as some nitrogenous organic

matter, principally derived from the atmosphere, are

returned to the land, and a rich carbonaceous soil or

humus is produced in the course of years. Such a soil is

capable of supplying for a considerable number of years,'

when under cultivation, the nitrogen needed by the crops

grown on the land. This supply of nitrogen, however,'

gradually becomes exhausted by repeated cropping. The

atmosphere, in addition to free nitrogen gas, which consti-

tutes about four-fifths of its volume, contains but very little

combined nitrogen in the forms of ammonia or nitric acid.'

M. Boussingault's experiments clearly show that plants
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du not possess the power of talcing up by tlieir' leaves ancl

of assimilating tht> froo nitrogen of tbe air. This conclusion

has been verified by tlio extensive researches of Messrs

Lawes, Gilbert, and Pugli. The nitrogen contained as

iiitrio acid and ammonia in the air, and descending upon

the land in the shape of rain, dew, or snow, though,

without doubt, adding to the supply of nitrogen in the soil,

is altogether insufficieat to meet the rnquireraents of re-

munerative crops. The experiments of Messrs Lanes and

Clilbert and Professor Way show that the average proportion

iif nitrogen deposited annually upon one acre of land at

Uotbamsted, St Albans, amounts to 7"21 lb, of which quan-

tity 6'-iG lb occur as ammonia and '75 lb as nitric acid.

Tho further investigations of Dr Voelcker, Professor

Fraukland, and Messrs Lawes and Gilbert Upon the
drainage water from cultivated soils show that a consider-

able quantity of nitrogen in tho shape of nitric acid passes

into land drainage, and that this loss of nitrogen is much
greater than the total amount supplied to the land by the

rain and dew. Tho results which Messrs Lawes and
Gilbert obtained in their experiments on the continuous

growth of barley at Rothamsted from 1852 to 1875 afford,

as is shown in the following table (I.), direct evidence of

the insufBciency of the atmospheric supply of nitrogen, and
of that present in the soil in the form of nitrogenous
organic matter.

Table I.

—

Messrs Laivcs and OitbcH's Experimmts on (he Orawth of Wheat and Barley, year after year on the same Land,
without Manure, and with different hinds hf Manure.

Jlanurcs per Acre per An:

I'loducc per Acre (Average per Annum).

Dn-sscd Com.

Weight per Bushel.

nvimr.i

Unmanurcil contbuionslv
Miiicriil manures alone (2U0 lb sulphate of I

100 lb sulplmte of magnesia, anj 3J cwts
200 lb bone ash, 150 lb sulphuric add nf 1'.

Ammonia sails alone for.l84-'i, ami f!i'-'i v- .i

(equal parts of sulphal

ammonia"lts°)"... .'....

Fai'myard manure (H t

irals. ('Ill

itc of soda,

made from
ni water)
Hire in 1S44

, aiid'coo'lb

very y..r )

Barley.^

. Unmauured continuously
, Mineral manure alone (200 lb i

100 lb sulphate of magncsti, !i

, Superphosphate alone (r;i ^m

. Ammonia salts alone (L'uu u. i .

, Nitrate of soda ('275 lb)

. Ammonia salts and minfiat-.
1 salts.)..

late of potasli, liio lb stilpliate of soda,

J of soda and :

inda.)..

1 !a iNu. 2, and 200 lb

i in No. 2, and 275 £

The Rothamsted soil is a moderately stiff one, of con-

siderable depth, and contains naturally the mineral elements

of plant food in abundance ; thus it has been possible to

grow corn crops for over twenty-five years without any

m inure (Plots 1). The crops in tho second period of twelve

years were, however, loss than those of the first period, and

in neither case were full crops obtained. While the

application of mineral manures alone (Plots 2) produced

only a slight increase in the case of the wheat, and rather

better, though poor, results with barley, nitrogenous

manures, applied to tho land either iu the shape of

ammonia salts or nitrate of soda, produced a strikingly

large increase. Tlie experiments further show that while

good crops, both of wheat aud barley, can be grown by
the annual application of 14 tons of farmyard manure
per acre, tho best results are obtained by the use of a mix-

ture of mineral and nitrogenous manures.

In Messrs Lawes and Gilbert's experiments the amount of

nitrogen removed in different crops was determined with the

following results :—over a period of thirty-two years (to

1875), wheat yielded an averageof 20'7 Ibof nitrogen per acre

^ Previous cropping :—1839, turoipa with farmyard m-tnure ; 1840,
barley; 1811, pease; 1842, wheat; 1843, oats; the last four crops
uumauuretl. First experimental whe.at crop in 1844. W'lieat every
year siuce ; and, with som^ exceptions, nearly the same deschption of
manure on the same plots each year—especially during the last

twenty-six years (1852 and since). Unless otherwise stated, the
manures are sown in the autumn before the seed. Area under ex-
periment about 13 .acres.

^ Previous cropping :—1847, Swedish turnips with dang and super-
phosphate of lime, the roots carted off ; 1848, barley; 1849, clover;
1850, wheat; 1851, b.trley manured with ammonia salts. First ex-

l>eriiueutai crop iu 1852. B.uley every year since.

per annum without any manure, but the annual yield has

decreased from an average of over 25 lb in the first eight

to less than IC lb in the last twelve years, and siuce 1875
it has been still less ; over a period of twenty-four years,

barley, when unmauured, yielded an average of 18?. lb

nitrogen per acre per annum, but with a decline from 22 D)

in the first twelve to 14 'G in the last twelve years.

Experiments similar to those on wheat and barley have
been made on oats, root crops, leguminous and grass

crops, all showing the gradual decline in produce when
grown continuously without nitrogenous manures, and prov-

ing that tlie soil and not the atmosphere is the chief

source of nitrogen in plants. In face of these results

the "mineral theory" of Liebig, which attached but small

value to nitrogen applied to the soil in the form of nitro-

genous manures, and maintained the sufficiency of the

ammonia of the atmosphere for supplying the needs of 'the

plant, cannot be accepted without reserve.

Notwithstanding the great effect produced by tho

nitrogenous manures, two-thirds of the nitrogen supplied

was unrecovered in the increase of crops when the ammonia
salts were supplied to wheat in autumn. When, however,

nitrate of so(ia was used, which is always applied in the

spring, the quantity left unrecovered was not much more

than half that supplied.

The following table (II.), by Messrs Lawes and Gilbert,

shows the amount of nitrogen recovered, and the amount not

recovered, in the increase of the crop for 100 supplied in

manure, to wheat and to barley respectively, the result

being in each caaa ths average over a period of twenty

yeara.;

—
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MonurinK qn.antUics iter Acre
pel Annum.
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largely into the composition of recent and fossil bones,

coprolitos, and guano, and of a variety of phosphatic

iniuorals, such as Norwegian and Canadian apatite,

Sombrero and Cura^oa rocli phosphate, South Carolina

phosphate, Spanish and Portuguese pliosphorite, &c. These

and other phosphatic materials are now used largely in

the manufacture of superphosphate and other artificial

manures.

Phosphate of lime is so sparingly soluble in pure water

that, for all practical purposes, it may bo considered to bo

insoluble iu water ; it is, however, attacked by the natural

agencies at work in tho soil, and rendered available as

plant food. According to the more or loss porous condition

of the phosphatic manuring materials, phosphate of lime

is rendered more or less i-eadily assimilable. Thus, while

bone dust and guano, on account of their porous condi-

tion, may be used with good effect as suppliers of

phosphoric acid to tho soil, others, such as hard and

crystalline Canadian or Norwegian apatite, produce but

little or no result when used as manures merely in a

powdered state. It was in 1810 that Liebig suggested

the treatment of bones with sulphuric acid iu order to

make their action more rapid. This treatment of bones

by acid converts the phosphate of lime into a soluble lime

salt called superphosphate, or, speaking chemically, trans-

forms the original tribasic phosphate of lime into tho mono-
calcic phosphate, sulphate of lime being at the same time

produced. Following on this, Mr (now Sir) John Lawes
treated mineral phosphates similarly with sulphuric acid,

and with results which led to the establishment of a new
industry, the manufacture of superphosphate and other

artificial manures. The yearly importation of phosphatic

minerals, itc, into England for this manufacture alone

exceeds 500,000 tons.

The acid or soluble phosphate of lime in superpliosphate,

when applied to the soil, is first dissolved by the rain, and

equally distributed in- a portion of the soil, in which it

must be precipitated and rendered insoluble before it can

be assimilated by the plant. It is this intimate distribu-

tion and subsequent precipitation in a most finely divided

state that would seem to constitute the beneficial effects

of superphosphate, and its superiority over undissolved

phosphates. It supplies at once phesphoric acid, lime,

and sulphuric acid to the soil, and is much used in con-

junction with nitrogenous materials. Superphosphates

are manufactured of various strengths, the percentage of

tribasic phosphate of lime, rendered soluble by acid, being

taken as the basis of valuation.

3. Potash.—The next to rank after phosphoric acid as

a valuable constituent of manures is potash. It enters

largely into the composition of all crops, especially root

crops. Sandy soils, as a rule, are poor in potash, for which
reason they are benefited to a greater extent by the

application of potash salts than most clay soils, which con-

tain suflicient potash to meet the requirements of farm

crops. In clay soila potash mainly occurs in the form of

insoluble silicate of potash together with other silicates.

By autumn cultivation, subsoiling, and similar means of

facilitating the free access of the air to clay-land potash is

gradually liberated from the insoluble silicates and is

rendered available as plant food. Lime also seems to be

an important agent in the liberation of potash. Potash
also occurs in farmyard manure, urine, all excrements, in

oil cakes, and largely in wood ashes.

Most potash salts are very soluble in water ; this explains

their greater abundance in the liquid than the solid excre-

ments of animals. On this account it is a matter of

importance, in making farmyard manure, to preserve the

urine, and not lose tho benefit of the potash salts it con-

tains. On most soila in a good agricultural condition

the addition of potash manures produces little or no effect,

but on poor sandy soils or worn-out pasture land the uso

of potash salts, in conjunction with superphosphate, dis-

solved bones, and guano, is followed by most beneficial

results. Potash salts as an addition to manures for

potatoes have been found advantageous, while their effect

on pasture seems to be to improve tho quality of the

herbage rather than to increase the yield of grass per acre.

4. jS^orfa.—Most soils contain in abundance all the soda that farm

crops require. With the exception of chlori<io of sodium (common
salt), which occftsioually is applied with more or less benefit to light

sandy soils, and of nitrate of soda, which is employed as a nitro-

genous manure, soda salts are not used for manuring purposes.

6. Lime.—Lime is essential for the production of healthy crops.

E.xperienco has 8ho\vn that, when a soil is deficient in lime, farm*

yard manure, Peruvian guano, and other manures, though used iu

abundance, produce comparatively but little effect. Again, an
poor sandy soils, lime, marl, or chalk not unfrequently produces

better ciops than farmyard or expensive artificial manures. Lima
not only supplies an essential constituent of plants, but also

prevents tjie loss by drainage of fertilizing matters such as potash,

ammonia, and phosphoric acid. One of the functions of lime in

the soil is to combine with the acids of the potash and ammoniacol
salts of guano and of farmyard and, other manures, and to liberate

potash and ammonia, which are retained in the land, while tlie

inexpensive lime salts pass into the land drainage.

Limo is used in agriculture in tho form of quicblimc, chalk

(carbonate of lime), gypsum (sulphate of lime), marl, and shell-

sand. For liming purposes gas-lime also is frequently employed,

and, if well exposed to the ail- before being put on the land, may
be used with safety and advantage.

6. Magnesia.—Magnesia is of but slight importance in manm-ea ;

it occurs with potash in kainite and other potash salts, and tha

sulphate is sometimes used in making up artificial manures, but

apparently without benefit.

7. Silica.—Silica is a constituent of the ashes of all plants, and
occurs specially in large proportion in tho straw of cereal crops.

All soils contain such an abundance of silica, that no necessity

exists of supplying it artificially.

8. ChloHnc, Sulphuric Acid, and Oxide of Iron.—These ash
constituents are of little practical importance, inasmuch as most
soils contain a sufficiency of them to meet the requirements of tlie

crops usually cultivated on the farm. It may be observed, how-
ever, that cmorine has been found to bo essential to plant life, and
that iron is necessary for imparting to plants their green colour.

9. Organic Hatter or JJuvius.—The importance of organic matter

in manures was formerly much exaggerated. It has been con-

clusively proved that the carbon of which the bulk of the dry snib-

stance of all agricultural produce consists is derived from the

carbonic aciS of the atmosphere, and not from humus of the soil

or the non-nitrogenous organic matters supplied in the manure.
The organic matters present in dung in the shape of more or less

decomposed or rotten straw exert a beneficial effect by improving
the physical condition of both light and heavy land.

Farmi/ard Manure.—Farmyard manure is composed of

the urine and solid excrements of animals collected in the

stalls or yards, together with the straw used as litter. Its

Table IV.^ The Composition of Fdr:niiard Sotted Dungfrom
Evrses, Cows, and Pigs, in 100 parts.

Water 75-43

Soluble 1 organic matter 3-71

Soluble inorganic matter (asli)—

Potash „.
Soda
Chloride of sodium "....,

Sulphuric acid -OSS

Carbonic acid and loss ,. •100 1-47

Insoluble - organic matter 12-8?

Insoluble inorganic matter (ash)

—

Soluble silica 1-424

Insoluble silica 1-010

Oxid£s of iron and alumina with phosphates -947

(Containing phosphoric acid *374, equal fo
bone earth -573.)

Lime rCC7
Magnesia -Osl

Potash -045

Soda ., -033

Sulphuric acid -. -003

Carbonic add and loss 1-205 C-W

lCO-00

Containing -297 of nitrogen, equal to -30 of ammonia.
Containing -300 of niti-ogcn. equal to -37.5 of ammonia. The whclc oumi

I
containing anmoala Itl free state, 040 ; in form of salts, -057.
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composition varies greatly, according to tlie quantity of

straw used as an absorbent, the nature of the animals, tlio

food they have consumed to produce it, the length of time

and way in wliich it has been kept, <kc. The analysis by

Dr Voelckcr of well-made farmyard manure from horses,

cows, and pigs, given in Table IV., p. 509, will show its

auprosimato composition.

This analysis shows that farmyara manure contains all

the constitneuts, without exception, which are required by

cultivated crops to bring them to perfection, and hence it

may be called a perfect manure. Dung, it will be observed,

contains a great variety of organic and inorganic compounds

of various degrees of solubility, and this complexity of

composition—difficult, if not impossible, to imitate by art

—is one of the reasons which render farmyard manure a

perfect as well as a universal manure.

The excrements of different kinds of animals vary in

composition, and those of the same animal will vary

according to the nature and quantity of tho food given,

the age of the animal, and tho way it is generally treated.

Thus a young animal which is growing needs food to

produce bone and muscle, and voids poorer dung than one

which is fully grown and only has to keep up its condition.

The solid and liquid excrements differ much in composition,

for, while the former contains a good deal of phosphoric

acid, lime, magnesia, and silica, and comparatively little

nitrogen, the urine is almost destitute of phosphoric acid,,

and abounds in alkaline salts and nitrogenous organic

matters, which on decomposition yield ammonia. Unless,

therefore, the two kinds of excrements are mixed, a perfect

manure supplying all the needs of the plant is not obtained

;

care must accordingly bo taken to absorb all the urine by
the litter. Farmyard manure, it is well known, is much
affected by the length of time and the way in which it has

been kept. Fresh dung is soluble in water only to a limited

extent, and in consequence it acts more slowly on vegeta-

tion, and the action lasts longer than when dung is used

which has been kept some time; fresh dung is therefore gene-

rally used in autumn or winter, and thoroughly rotten dung
in spring, when an immediate forcing effect is required.

The changes which farmyard manure undergoes on keep-

ing are illnstrated by the following table of analyses, by

Professor Wolff of Hohenheim in Wurteniberg, of farm-

yard manure in its different stages of decomposition :

—

Table Y.—Ar
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arc put in a separato place, or is aceumtilated under the

animal in the feeding-boxes ; of the two plans the latter ia

the better, the urine being more thoroughly absorbed, and,

owing to the box manure being more compact through

constant treading on it, air enters less freely and the

decomposition goes on less rapidly, the volatile matters in

consequence not being so readily lost. External agents,

such as rain, wind, sun, <tc., do not affect it as they would

in the case of dung-pits. If farmyard manure must bo

stored in heaps, care should be taken to have tlie bottom

and sides of the pit impermeable to water, and the bottom

slightly inclined to allow any liquid manure which collects

to run off into a tank below, from which, by means of a

pump, it may be again poured over the heap. A concrete

bottom for the pit is best, or, failing that, one of thick clay

or well-beaten earth. The manure heap should be kept as

compact as possible, and always moist. The advantage of

farmyard manure lies, not only in its supplying all the con-

stituents of plant food, but also in the improved physical

condition of the soil through its application, as the land is

kept porous, and air is allowed free access. While, how-

ever, farmyard manure has these advantages, experience

has shown that artificial manures, properly selected to meet
the requirements of the crops intended to bo grown, due
regard being had to the chemical composition of the soil,

may be employed to greater advantaga. In farmyard

manure about two-thirds of the weight is water and one-

third dry matter ; a large bulk thus contains only a small

proportion of fertilizing substances, and expense is incurred

for carriage of much useless matter when dung has to be

carted to distant fields. When a plentiful supply of good
farmyard manure can be produced on the farm or bought
at a moderate price in the immediate neighbourhood, it

is economy to use it either alone or in conjunction with

artificial manures ; but when food is dear and fattening

docs not pay, or farmyard manure is expensive to buy, it

will be found more economical to use artificial manures.
Manures from Feeding Stuffs.—The investigations of

Messrs Lawes, Gilbert, and Mure have shown that, in

estimating the value of animal manure, 90 per cent, of the

nitrogen of the food may be reckoned to be recovered in the

case of feeding cakes, pulse, and other highly nitrogenous
feeding stuffs ; 85 per cent, in the case of foods compara-
tively poor in nitrogen, such as cereals and-roots ; and less

than 65 per cent, in the case of bulky feeding stuffs, such
as hay and straw. As a source of manure, the value of

fattening foods is greater the more nitrogen they contain.

Practically speaking, the whole of the mineral constituents

and about nine-tenths of the nitrogen of the food are

recovered in the dung and urine. For the same weight of

dry substance consumed, oxen void more manure than
ehec-p, and sheep more than pigs. The composition of the
different foods given to fattening animals being well k^own,
it is easy to calculate the amounts of nitrogen, phosphoric
acid, and potash of the food which will be recovered in

the manure. Each constituent having its market value
as a manuring constituent, the money value of the manure
obtained from the consumption of a ton of any ordinary
food of which the composition is known can be determined.
Assuming ammonia to be worth 8d. per Bs, potash 2d.

per lb, and phosphate of lime Id. per lb, the money value
of the manure produced by the consumption of a ton of
various foods is given by Mr Lawes in the following table
(VII.), which also shows the general composition of the
different foods as far as their manurial value is concerned.

In these estimates it is presumed that the manure can
bo put on the land without loss, but in practice some loss is

unavoidable ; it may be but slight, as, for instance, when
sheep are fed on the land, or when the manure is made in

feeding-boxes, but it will bo considerable when the food

has been consumed in open yards in a very rainy season.

Allowances mast thus be made for the circumstances

unde? wliich the manure was produced.

Table VII.—Composition of Ordinary Feeding Stuffs in IWO^arts,
and their Manurinrj Value per Ton,
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A7nmon{a Salts.—The principal one is sulphate of ammonia,

largely produccJ in gas works by neutralizing gas liquor with

sulphuric acid ; it i3 usually sold on a basis of 24 to 25 per cent, of

ammonia.
Soot is valuable on account of tne sulphate of ammonia it con-

tains; the percentage of ammonia varies from H to 4.

Nitrate of soda is a natural deposit ; it is greatly used as a top

dressing for wheat and barley. It usually contains common salt,

and when purified is sold on a basis of 95 per cent, of pure nitrate.

Organic Nitrogenous Substances.
—

"Wool," hair, fish, flesh, horn,

blood, rape cake, damaged cotton cake and ot^ . t oil cakes. Wool
refu3e{slioddy), according to its quality, contains from 4 to 8 per cent.

of nitrogen, flesh 14 to 15 per cent., blood (dried) 13 to 15 per cent.

,

rape cake 4 to 5 per cent. , linseed cake about 4 per cent. , cotton cake

(undecorticated) nearly i per cent., and cotton cake (decorticated)

over 6 per cent, of nitrogen.

2. Phosphatic Manures.—(a) The following phosphatio minerals

are used for the manufacture of superphosphate of various strengths,

and of compound manures :—coprolites (Cambridge, Suffolk, and
Bedfordshire), containing 50 to H per cent, of phosphate of lirae ;

))hospIiorite (Spanish and Portuguese) ; apatito (Norwegian and
Canadian), containing often as much as 80 per cent, phospliate of

lime ; South Carolina (land and river) phosphate, 52 to 56 percent,

phosphate of lime ; French phosphate ; Sombrero phosphate, 70 per

cent, phospliate of lime ; Cura^oa phosphate, 80 percent, phospliate

of lime ; Navassa phosphate ; Aruba phosphate, &c.

(J))
Bones.—Raw bones, as ^inch and ^ inchbones; bonemeal; bone

dust, .having about 48 per cent, phosphate of lime and 4^ per cent.

of ammonia ; boiled bones, with 60 per cent, phosphate of lime and
about 1 '8 per cent, of ammonia ; dissolved bones ; bone ash, witli

70 per cent, phosphate of lime ; animal charcoal, with 70 to 80 per

cent, phosphate of lime.

(c) Fhosphaiic Guanos.—Lacepede Island guano ; MexiUoncs
guajio ; ilalden Island guano ; Fanning Island guano ; and
many others varying in composition from 60 to 90 per cent,

phosphate of lime.

3. Saline Materials.—Potash salts (chloride andsulphate); kaiuite,

with 20 to 25 per cent, sulphate of potash, and also sulphate of

magnesia and common salt ; wood ashes, with about 10 per cent,

of potash ; common salt.

4. Calcareous Manures.—Lime, chalk, marl, gypsum, shell sand,

gas lime, coal ashes, road scrapings, &c.

5. Carbonaceous Manures.—Savfdastj peat, sea-weed, vegetable

refuse, &c.

6. Special and Compound Manures.—The basis of these is super-

phosphate, whicli is mixed with other manuring materials to meet
the special reqiiirements of particular crops and soils.

The foregoing remarks made on the application of

mauures to different kinds of crops may now in conclusion

be summed up. Farmyard manure, in order to be most

beneficial, should be applied as quickly as possible after

it is made, the best time being in autumn or early winter.

Nitrate of soda should be applied as a top dressing early

in spring ; its effect will be seen in the first season- only.

Ammonia salts, guano, dung, kc, are best applied to heavy

laud in autumn or winter, either before the seed is sown,

or after the plant is fairly above ground, but in the case

of light land early in spring. The effect of bones in the

Various form of dissolved bones, bone dust, raw bones, &c.,

will last two or more seasons according to the quantities

used and their respective solubility. Lastly, it may be

observed that the presence of limo is essential to the'

economical use of manures.

As regards cereal crops, it has been found that mineral

manures alone, whether simple or complex, do not pro-

duce appreciable increase of crop, but that nitrogenous

manures, whether as ammonia salts, nitrate of soda, or

farmyard manure, greatly benefit the crop ; that nitrate of

soda does rather better than ammonia salts ; and that,

while on fairly heavy land farmyard manure will yield good
crops, the best results are obtained by using mineral and
nitrogenous manures together. On clay soils a top dressing

of nitrate of soda often answers all practical purposes, but
on light soils nitrate of soda or ammonia salts should not

be used without mineral mauures, while it is advisable

eren on heavy land to use superphosphate as well.

For root crops, on cold clays nothing answers so well as

mineral superphosphate alone, but on light land dissolved

boues, bone dust, precipitated phosphate, or a compound

artificial manure will be found to be much preferable to

superphosphate. Bone meal mixed with mineral super-

phosphate makes, for instance, a good manure fpr roots

;

for mangolds Peruvian guano and common salt in addition

are useful, and for potatoes potash salts with phosphatic

and nitrogenous manures.

For pasture land the use of artificial manures is, as

a rule, not economical ; nitrogenous manures raise the

quantity and phosphatic and potash manures improve the

quality of the herbage, while, for worn-out pastures,

potash with dissolved bones or superphosphate or super-

phosphate and guano will do much good. The most

economical way of manuring pasture laud is to apply farm-

yard manure liberally, or feed it oS with cattle, giving

cotton cake in addition.

The employment of artificial manures in a judicious

manner has shown the occupier of land that it is not

necessary for him to be bound down to any system of

rotation of crops which may be practised in his particular

district, but that he has the means of pursuing the course of

cropping, system of manuring, and general management of

his farm which will yield him the best returns. No more
striking instance of this could be put forward than the

experience of Mr Fiout, who at Sawbridgcworth, Herts,

has grown with much success cereal crops, year after year,

on heavy clay land, selling the whole of the growing crops,

and restoring the fertility of the soil by artificial mauures.

The land was purchased in ISGl, and up to the present time

(1882) the crops have been as good as ever, and the land

has not been deteriorated, but on the other hand improved,

by continuous corn growing. The experiments of Messrs

Lawes and Gilbert at Rothamsted and of Dr Voelcker at

Woburn have been thus verified on a large scale in the

experience of Mr Front, and have shown beyond all pos-

sibility of doubt the efficacy and economy of a liberal use

of artificial manures. (a. v.)

MANUSCFiIPTS, Ancient. See DirLOMAiics and

PALa:oGEAruY.
MANUTIU.g. I. ALi)UsMANUTius(li50-1515). Teo-

baldo Mannucci, better known as Aldo Manuzio, the founder

of the Aldine press, was born iu 1450 at Sermoneta in the

Papal States. He received a scholar's training, studying

Latin at Home vinder Gasparino da- Verona, and Greek at

Ferrara uuderGuarino da Verona. Having.qualified himself

for the career of a humanist, according to the custom of the

century, he went in 1-182 to reside at Mirandola with his

old friend and fellow-student, the illustrious Giovanni

Pico. There he stayed two years, prosecuting his studies

in Greek literature. Before Pico removed to Florence, he

procured for Aldo the post of tutor to his neiihcws Alberto

and Lionello Pio, princes of Carpi. To Alberto Pio the

world owes a debt of gratitude, inasmuch as he supplied

Aldo with funds for starting his printing press, and gave

him lands at Carpi. It was Aide's ambition to secure the

literature of Greece from further accident by committing

its chief masterpieces to type ; and the history of his life

is the record of the execution of this gigantic task. Before

his time four Italian towns had won the honours of Greek

publications:—Milan, with the grammar of Lascaris, ^Esop,

Theocritus, a Greek Psalter, and Isocrates, between 1-176

and 14:93 ; Venice, with the Erotemaia of Chrysoloras iu

1484; Vicenza, with reprints of Lascaris's grammar snd

the Erotcmata, in 1488 and 1490; Florence, with Alopa's

Homer, iu 1488. Of these works, only three, the ^Milanese

Theocritus and Isocrates and the Florentine Homer, were

classics. Aldo selected Venice as the most appropriate

station for his labours. He settled there in 1490, and soon

afterwards gave to the world editions of the Hero and

Leander of Musjeus, the Galeomyomachiu, and the Greek

Psalter. These have no date; but they are the earliest
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tracts issued from his press, and are called by bim
" Precursors of the Greek Library."

At Venice Aldo gathered an army of Greek scholars and

compositors around him. His trado was .carried on by

Greeks, and Greek was the language of his household.

Instructions to type-setters and binders were given iu

Greek. The prefaces to his editions were written in

Greek. Greeks from Crete collated MSS., read proofs,

and gave models of calligraphy for casts of Greek type.

Not counting the craftsmen employed in merely manual

labour, Aldo entertained as many as thirty of these Greek

assistants in his family. His own industry and energy

were unremitting. In 1495 he issued the first volume of

his Aristotle. Four mora volumes completed the work iu

1497-98. Nine comedies of Aristophanes appeared in

1498. Thucydides, Sophocles, and Herodotus followed in

1502 5 Xenophon's Ilethntcs and Euripides in 1503;
DemoBthonOG in 1504, T'le troubles of Italy, which pressed

heavily on Venice ot this epoch, suspended Aide's labours

for a while. But in 1508 he resumed his series with an

edition of the minor Greek orators; and in 1509 appeared

the lesser works of Plutarch. Then came another stoppage.

The league of Cambray had driven Venice back to her

lagoons, and all the forces of the republic were concentrated

on a struggle to the death with the allied powers of

Europe. In 1513 Aldo reappeared with Plato, which he

dedicated to Leo X. in a preface eloquently and earnestly

comparing the miseries of warfare and the woes of Italy

with the sublime and tranquil objects of the student's life.

Pindar, Hesychius, and Athenasus followed in 1514.

These complete the list of Aldo's prime services to Greek

literature. But it may be well in this place to observe

that his successors continued his work by giving Pausanias,

Strabo, Jllschylus, Galen, Hippocrates, and Longinus to

the world in first editions. Omission has .been made of

Aldo's reprints, in order that the attention of the reader

might be concentrated on his labours in editing Greek

classics from MSS. Other presses were at work in Italy

;

and, as the classics issued from Florence, Rome, or Milan,

Aldo took them up, bestowing in each case fresh industry

upon the collation of codices and the correction of texts.

Nor was the Aldine press idle in regard to Latin and Italian

classics. The Asolani of Bembo, the collected writings of

Poliziano, the Hypnerotomachia Poliphili, Dante's Divine

Comedi/, Petrarch's poems, a collection of early Latin poets

of the Christian era, the letters of the younger Pliny, the

poems of Pontanus, Sannazzaro's Arcadia, Quintilian,

Valerius Maximus, and the Adagia of Erasmus were

printed, either in first editions, or with a beauty of type

and paper never reached before, between the years 1495
and 1514. For these Italian and Latin editions Aldo had
the elegant type struck which bears his name. It is said

to have been copied from Petrarch's handwriting, and was
cast under the direction of Fi'ancesco da Bulogna, who has

been identified by Panizzi with Francia the painter.

Aldo's enthusiasm for Greek literature was not confined

to the printing-room. He burned with a humanist's

enthusiasm for the books he printed ; and we may well

pause astonished at his industry, when we remember what

a task it was in that age to prepare texts of authors so

numerous and so voluminous from MSS. AVhatever the

students of this century may think of Aldo's scholarship,

they must allow that only vast erudition and thorough

familiarity with the Greek language could have enabled

him to accomplish what he did. In his own days Aldo's

learning won the hearty acknowledgment of ripe scholars.

To his fellow workers he was uniformly generous, free

from jealousy, and prodigal of praise. His stores ot MSS.
were as open to the learned as h'ft printed books were
liberally given to the public. While aiming at that

excellence of typography which renders his editions the
treasures of the book-collector, ho strove at the same time
to make them cheap. We may perhaps roughly estimate

the current price of his pocket series of Greek, Latin, and
Italian classics, begun in 1501, at 23. per volume of our
present money. The five volumes of the Aristotle cost

about £?>. His groat undertaking was carried on under
continual difficulties, arising from strikes among his

workmen, the piracies of rivals, and the interruptions of

war. When he died, bequeathing Greek literature as an
inalienable possession to the world, he was a poor man.
Iu order to promote Greek studies, Aldo founded an
academy of Hellenists in 1500 under the title of the New
Academy. Its rules were written in Greek. Its mem-
bers were obliged to speak Greek. Their names were
Hellenized, and their official titles were Greek. The
biographies of all the famous men who were enrolled in

this academy must bo sought in the pages of Didot's Aide
Manuce. It is enough here to mention that they included

Erasmus and the English Linacre.

In 1499 Aldo married Maria, daughter of Andrea
Torresano of Asola. Andrea had already bought the press

established by Nicholas Jenson at Venice. Therefore

Aldo's marriage combined two important publishing firms.

Henceforth the names Aldus and Asolanus wore as-

sociated on the title pages of the Aldine publications

;

and after Aldo's death in 1515, Andrea and his two sons

carried on the business during the minority of Aide's

children. The device of the dolphin and the anchor, and
the moiiofeslina lente, which indicated quickness combined
with firmness in the execution of a great scheme, were

never wholly abandoned by the Aldines until the expiration

of their firm in the third generation.

11. Padlus Manutius (1512-1574). By his marriage

with Maria Torresano, Aldo had three sons, the youngest of

whom, Paolo, was born in 1512. He had the misfortune

to lose his father at the age of two. After this event his

grandfather and two uncles, the three Asolani, carried on
the Aldine press, while Paolo prosecuted his early studies

with unremitting industry at Venice. Excessive applica-

tion hurt his health, which remained weak during the rest

of his life. At the age of twenty-one he had acquired a
solid reputation for scholarship and learning. In 1533
Paolo undertook the conduct of his father's business, which

had latterly been much ueglected by his uncles. In the

interregnum between Aldo's death and Paolo's succession

(1514-33) the Asolani continued to issue books, the

best of which were Latin classics. But, though their

publications count a large number of first editions, and
some are works of considerable magnitude, they were not

brought out with the scholarly perfection at which Aldo
aimed. The Asolaui attempted to perform the whole
duties of editing, and to reserve all its honours for them-

selves, dispensing with the service of competent colla-

borators. The result was that some of their editions,

especially their jEschylus of 1518, are singularly bad.

Paolo determined to restore the glories of the house, and
in 1540 he separated from his uncles. The field of Greek
literature having been well-nigh exhausted, he devoted

himself prirtcipally to the Latin classics. He was a

passionate Ciceronian, and perhaps his chief contributions

to scholarship ai-e the corrected editions of Cicero's letters

and orations, his own epistles in a Ciceronian style, and

his Latin version of Demosthenes. Throughout his life he

combined the occupations of a student and a printer,

winning an even higher celebrity in the former field than

his father had done. Four treatises from his pen on

Roman antiquities des'erve to be commemorated for their

erudition no less than for the elegance of their Latinity.

Several Italian cities contended for the possession of bo

SV. — 65
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rare a man ; and he received tempting offers from t!ie

Spanish court. Yet his life was a long struggle with

pecuniary difficulties. To prepare correct editions of the

classics, and to print them in a splendid style, has always

been a costly undertaking. And, though Paolo's publica-

tions were highly esteemed, their sale was slow. In 155G

he received for a time external support from the Venetian

Academy, founded by Federigo Badoaro. But Badoaro

failed disgracefully in 1559, and the academy was extinct

in 1562. Meanwhile Paolo had established his brother,

Antonio, a man of good parts but indifferent conduct, in a

printing office and book shop at Bologna, Antonio died

in 1559, having been a source of trouble and expense to

Paolo during the last four years of his life. Other

pecuniary embarrassments ai'ose from a contract for

supplying fish to Venice, into which Paolo had somewhat
strangely entered with the Government. In 1561 Pope

Pius IV. invited him to Piome, ofl'efiug him a yearly stipend

of 500 ducats, and undertaking to establish and maintain

Lis press there. The profits on publications were to be

divided between Paolo Manujjio and the apostolic camera.

Paolo accepted the invitation, and spent the larger portion

pi his life, under three papacies, with varying fortunes, in

the city of Rome. Ill health, the commercial interests

he had left behind at Venice, and the coldness shown him

py Pope Pius V., induced him at various times and for

several reasons to leave Rome. But of these excursions it

is not necessary to take particular notice. As was natural,

his editions after his removal to Rome were mostly Latin

works of theology and Biblical or patristic literature.

Paolo married his vrife, Caterina Odoni, in 1546. She
brought him three sons and one daughter. His eldest son,

the younger Aldus, succeeded him in the management of

the Venetian printing house when his father settled at

Rome in 1561. Paolo had never been a strong man, and
his health was overtaxed with studies and commercial

worries. Yet he lived into his sixtv-second year, and died

at Rome in 1574.

IIL Aldus Manutius, junior (1547-1597). The
younger Aldo, born in the year after his father Paolo's

marriage, cradled in scholarship, and suckled as it were with

printer's ink, proved what is called an infant prodigy. When
he was nine years old, his name was placed upon the title

page of the famous Elcganze della lingua Toscana e Latina.

What his share was in that really excellent selection cannot

be ascertained ; but it is hardly possible that a boy of nine

could have compiled it without assistance. The Eleganze

was probably a book made for his instruction and in his

company by his father. In 1561, at the age of fourteen,

he produced a work upon Latin spelling, called Ortho-

grapliiss Ratio. During a visit to his father at Rome in

the next year, he was able to improve this treatise by

the study of inscriptions, and in 1575 he completed his

labours in the same field by the publication of an Epitome
Ortkographise. Whether Aldo v.'os the sole composer of

tlie work on spelling, in its first edition, may be doubted

;

but he appropriated the subject and made it his own.

Probably his greatest service to scholarship is this analysis

of the principles of orthography in Latin.

Aldo remained at Venice, prosecuting studies in literature

and superintending the Aldine press. But in these days

of early manhood he was not satisfied with the career of

scholarship and business. At oue time he hankered after

the more worldly honours of the law, at another he built

a country house at Asola, perplexing his father, who had

given him too easy independence, with the humours of his

age. A marriage came to make these matters straights

The Giunta family had been steadily rising in the world as

printers, in proportion as the Aldi declined through want

of concentration .uDon commerce. In 1572 Aldo took for

his wife Franceses Lucrezia, aaughter of Bartolommeo
Giunta, and great-grandchild of the first Giunta, who
founded the famous printing house in Venice. This was
an alliance which augured well for the future of the

Aldines, especially as the young husband, in the midst of

distractions, had recently found time to publish a new
revised edition of Velleius Paterculus. Two years later

the death of his father at Rome placed Aldo at the head of

the firm. In concert with his new relatives, the Giunta,

he now edited tin exfensive collection of Italian letters,

and in 1576 he appeared again before the public as a critic

with his commentary upon the Ars Fottica of Horace.
Printing, in this case, as in the case of his father, went
hand in hand with original authorship. About the same
time, that is to say, about the year 1576, he was appointed
professor of literature to the Cancelleria at Venice. The
Aldine press continued through this period to issue books,

but none of signal merit ; and in 15S5 Aldo determined to

quit Iris native city for Bologna, -where he occupied the

chair of eloquence for a few months. In 1587 he left

Bologna for Pisa, and there, in his quality of professor, he
made the curious mistake of printing Alberti's comedy
Philodoxius as a work of the classic Lepidus. , Sixtus V.
drew him in 1588 from Tuscany to Rome; and at Rome
he hoped to make a permanent settlement as lecturer. But
his public lessons were ill attended, and he soon fell back
upon his old vocation of publisher under the patronage of

a new pope, Clement VIIL In the tenth year of his

residence at Rome, that is, in 1597, he died, leaving

children, but none who cared or had capacity to carry on
the Aldine press. Aldo himself, though a precocious

student, a scholar of no mean ability, and a publisher of

some distinction, was the least remarkable of the three men
who gave books to the public under the old Aldine ensign.

Times had changed in Italy since Aldo the elder conceived

the great idea of reaping for the press the harvest of Greek
literature. And his posterity had changed with the times

for the worse. This does not of necessity mean that we
should adopt Scaliger's critique of the younger Aldo
without reservation. Scaliger called him "a poverty-

stricken talent, slow in operation ; his work is very
commonplace ; lie aped his father." What is true in this

remark lies partly in the fact that scholarship in Aide's

days had. flown beyond the Alps, where a new growth of

erudition, on a basis different from that o£ the Italian

Renaissance, had begun.

Renouard's Annates dc I'Imprivicric d<:3 Aldos^ Paris, 1834, and
Didot's Atdc Manme, Paris, 1873, contain all necessary informa-
tion regarding the lives of the Mauutii and their publica-
tions. (J. A. S.)

MANZONI, Alessandeo Fn.uicEsco Tommaso
Antonio (17S5-1873), founder of the romantic school ia

Italian literature, was born at Jlilan, lilarch 7, 1785.

Don Pietro, his father, then about fifty, represented an old

family settled near Lecco, but originally feudal lords of

Barzio, in the Valsassina, where the memory of their

violence is still perpetuated in a local proverb, comparing
it to that of the mountain torrent. The poet's maternal

grandfather, Cesare Beccaria, was a well-known author, and
his mother Giulia a woman of some literary ability.

Manzoni's intellect was slow in maturing, and at the

various colleges where his school days were passed he
ranked among the dunces. At fifteen, however, he
developed a passion for poetry, and wrote two sonnets of

considerable merit. On the death of his father in 1805,
he joined his mother at Auteuil, and spent two years there,

mixing in the literary set of the so-called " idealogues,^'

philosophers of the 18th century school, among whom ho
made many friends, notably Claude FaurieL There too he

imbibed tlie negative creed of Voltairianism, and only after
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his marriage, and under tho influence of his wife, did he

exchange it for that fervent Catholicism which coloured

his later life. In 1806-7, while at Auteuil, he first ap-

peared before the public as a poet with two pieces, one

entitled Urania, in the classical style, of which ho became
later the most conspicuous adversary, tho other an elegy

iu blank verse, on the death of Count Carlo Imbonati, from

whom, through his mother, he inherited considerable

property, including the villa of Brusuglio, thenceforward

hi3 principal residence.

Manzoni'a marriage in 1808 to Henriette Blondel,

daughter of a Genevese banker, proved a most happy
one, and ha led for many years a retired domestic life,

divided between literature and the picturesque husbandry
of Lombardy. His intellectual energy at this period was
devoted to the composition of the Inni Sacri, a series of

sacred lyrics, and a treatise on Catholic morality, forming

a task undertaken under religious guidance, in reparation

for his early lapse from faith. In 1818 he had to sell his

paternal iuheritance, as his affairs had gone to ruin in the

hands of a dishonest agent. The beautiful villa II Galeotto,

where he had spent his childish years amid tlie scenery he

afterwards immortalized, then passed from his hands, to

his great regret. His characteristic generosity was shown
on this occa.sion in his dealings with his peasants, who on
settling their accounts were found heavily indebted to him.

He not only cancelled on the spot the record of all sums
owing to him, but bade them keep for themselves the

whole of the coming maize harvest.

In 1819 Manzoni published his first tragedy, II Conte

iJi Carmagnola, which, boldly violating all classical con-

ventionalisms, excited a lively controversy. It was severely

criticized in the Quarterly Re-jicw, in an article to which
Goethe replied in its defence, " one genius," as Count do

Qubernatis remarks, "having divined the other." Tho
death of Napoleon in 1821 inspired Manzoni's powerful

stanzas II Cinqiie Magrjio, the most popular lyric in tho

Italian language.

Tho political events of that year, and tho imprisonment
of many of his friends, weighed much on Manzoni's mind,

and the historical studies in which ho sought distraction

during his subsequent retirement at Brusuglio, suggested

his great work. Round the episode of the Innoviinalo,

historically identified with Bernardino Viscouti, / Promessi

Sposi began to grow into shape, and was completed in

September 1822. The work when published, after revision

by friends in 1825-27, at the rate of a volume a year, at

once raised its author to the first rank of literary fame.

In the interim of its composition iu»1822, Manzoni
published his second tragedy Adelchi, turning on the over-

throw by Charlemagne of the Lombard domination in

Italy, and containing many veiled allusions to the existing

Austrian rule.

With these works Manzoni's literary career was practi-

CiUy closed. The end of the poet's long life was saddened

by domestic sorrows. The loss of his wife iu 1833 was
followed by that of several of his children, and of his

mother, to whom he was f,ondly attached. In 1837 he
married his second wife, Teresa Borri, widow of Count
Stampa, whom he also sui'vived, while of nino children

born to him in his two marriages, all but two preceded him
to the grave. The death of his eldest son. Pier Luigi, on
April 28, 1873, was the final blow which hastened his end;
he fell ill immediately, and died of cerebral meningitis.

May 22, aged eighty-eight. His country moiu'ned him
with almost royal pomp, and his remains, after lying in

state for some days, were followed to the cemetery of Milan
by a vast corti5ge, including the royal princes and all the
great officers of state. But his noblest monument was
Verdi's Requiem, specially written to honotir his memory.

Manzoni's position in literature is unique; for, while the romantiq
llenaissanco produced in other countries a galaxy of gtimna, in Italy
it remained embodied iu him alone, since none of his disuii>lcacauio
near enough to bo classed with him. Scott declared / I'romcm
Sposi the finest novel over written ; and, if we take as our standard
loftiness of aim combined with ingenuous simplicity of stylo, and
Titiauesquo power of character painting relieved by on under-
current of subtle irony giving point to every trivial incident, wo
need scarcely dispute his verdict. It ocfupics the same place in
Italian as Don Quixote in Spanish literature, overshadowing in
similar fashion the whole field of subsequent fiction. Manzoni'.B
poetry cannot bo classed so high, and, despite its nervous diction and
epigrammatic intensity of thought, it is as a great master of Italiao
prose that he will go down to posterity.

Of exalted private character, Manzoni furnishes an almost solitary
instance of a poet whoso life contains no note of discord with tlio

loftiest standard presented by his works. Tho highest genius; dis-
ciplined by still higher moral self-control, produced in liira the rare
spectacle of a perfect equilibrium of forces in a powerful mind.
His presence was impressive, and his speech, though retarded by a
slight impediment, so full of wisdom tliat Tomraaseo declared he
had learned more from his conversation than from all tlie books he
had ever read. At the samo time he had that exquisite coiulesy
in listening which gave to those who addressed liim the sense
of having spoken well. No man ever attained to greater honour
from his contemporaries, or sought it less, and few have joined
such rai-e intellectual gifts to so much gracious humility of mind
and manners. His warmth of affection, tenderiiess of sympathy,
and universal benevolence endeared him to his friends and IcUow-
citizens, while by his countrymen at largo he was revered as tho
sage and patriarch of Italian letters.

In .addition to the works already named, he wrote La Storia ddld
Colonna In/tnne, and a small treatise on the Italian language.
I Promessi Sjiosi, laboriously revised by the author in accordanco
with tho Tuscan idiom, has gone through 118 Italian, 19 Feench,
17 German, and 10 English editions.

Biographical sltetciiea of Manzoni have been recenUy pnljlislicd by Ctisans
Cam 'a (ISS:}), Benedetto Piina, Giulio Carcano, Anpelo de Gubernatis, Antonio
Stoppani (tiis caily ycarsj, and othevs. Some of his letters have been publislicd
by OiovaJint Sftirza, and a work entitled, ComKiento Sforico su J Promessi Sposi,
by Cesare CantCi. Sec also the essay on " Fauilel " iu Sulnte-BeUve's Portl-aits
Contemporaijis, vol. iv.

MAORI ES. See New Zealand.
MAP. 1. First Ussai/s in Map-mahing.—As each man

stands in the ceutre of his horizon and the portion of tha

earth's surface which lies within his range of vision has the

appearance of a disk, the whole world was in ancient times

conceived as a disk suiTounded by the sea. It was con-

sequently not uncommon for a people to imagine—as was
the case we know with the Chinese, the Hindus, tho

Chaldfeans, the Jews, the Arabs, and even the ancient

Peruvians—that it occupied the middle part of the world.

The wider a people's range of vision, the wider was tho

disk of the world represented. A circular surface is thus

the simplest form for a mappa niundi or map of the world
;

and it is met with both in antiquity and in the Middle

Ages. The extent of the circle of vision depends among
uncivilized peopiles on their way of lifo. Wandering tribes

have seen more of the world than settled tribes ; and

hunters, fishers, and seamen make the widest excupions.

Among them consequeutly we find the beginnings of map-

making ; and Eskimo, Indians, and Polynesians, for

example, show in this matter astonishing quickness cf

apprehension, while among the settled Negro tribes, on

the other hand, there are no maps. A map drawn by

an Eskimo woman enabled Sir Edward Parry to discover

Fury and Heela Strait ; M'Clintock during his endeavours

to clear up the fate of the Franklin expedition repeatedly

got the Eskimo to draw coast-maps of the Arctic lands

;

and mauy similar instances are given by Andree, " Begin-

nings of Cartography," Globus, xxxi. pp. 24t-27, 37-43.

'rurnlng to civilized peoples, it is among the Egyptians

that we iind the earliest recorded examples of cartti-

graphic represe^ntation. Apollonius of Rhodes (born

230 B.C.) reports in his Armmautica (iv. 279) that tha

Egyptians of Colchis, a colony dating from the time of

Ramses II. (1), had preserved as heirlooms certain wooden

tablets (Kvp/3eis) on which land and sea, roads and highways,

were accurately indicated ; Euatathius, in hia commentary



51U HI A P

on Dionysius Periegotes, mentions tliat Sesostris the

Egyptian Ising caused route-maps to be prepared ; and

Strabo also refers to eertain old maps in the library of

Eratosthenes in which Meroe and the south end of the

p.enlnsula of India were placed on the same parallel of

latitude. These statements have been confirmed by the

actual discovery of such maps and plans on old Egyptian

papyrus-rolls. Birch has, for instance, identified a drawing

on a papyrus in the Turin Museum as the topographical

map of a gold-mining district in Nubia. The perspective

ill this case is very childish : in order to show that the road

leads between two mountain-chains, the mountains on one

side of the road are inverted (comp. Lepsius, Url-nn-

denhuch, pi, xxii.). This map is one thousand years older

than that of Anaximander, who was considered by the

Greeks as the inventor of cartography. On another sheet

appears a representation of the victorious return of Sethos

L (1443-1392 B.C.) from Asia, showing the road from

Pelusium by Leoutopolis to Heroopolis, Lake Timsah with

fish in it, the canal from the Nile with crocodiles, and

at Heroopolis a bridge over the canal. Similar picture-

maps were discovered by Layard in Assyria {Nineveli, and
Babylon, p. 231 sq., 1867). The ancient Babylonians have

also the high distinction of having divided space and time

in a way that allowed scientific measurements to be made
after the still customary method. It was they who origin-

ated the division of the ecliptic into twelve signs and later

iiito 360 degrees ; and the division of the circle into 360
degrees with 60 minutes to the degree and 60 seconds to the

minute, as well as the corresponding division of the hour,

was the outcome of their sexagesimal system of numeration.

This method of division was introduced among the Greeks

by Hipparchus (150 B.C.), and obtained general currency

through the geographer Ptolemy (150 a.d.). By this

means were provided the elements necessary for the astro-

nomical determination of geographical position. Among
the Egyptians and Babylonians map- making remained in

its first infantile stage j its scientific development was

received at the hands of the Greeks.

2. Development of Map-mahiny among ilie Greel'S.—
111 Homer the " circumfluent ocean " represents the horizon

which bounds the disk of the world ; the scientific treat-

ment of geography and maij-making has its origin among
the Ionic Greeks of Asia Minor. Anaximander, a pupil

of Thales (about 560 B.C.), sketched the first map (ycwypa-

<j>iKbs TTiVaf), and was the first who sought to deter-

mine the compass of the earth (the world-disk) and the sea.

As the Greeks gradually extended their journeys as far as

India in the East and the Atlantic in the West, the con-

viction gained ground that the world-disk could not be

bounded by a regular circular outline. About one hundred
years after Anaximander, Democritus of Abdera ventured

to draw a new map on the basis of his own observations

(for in his extensive wanderings he had been as far as

Persia and perhaps even India); and in opposition to the

circular form of the lonians he gave the world an oblong

shape, and taught that from east to west it was half as

long again as from north to south. Although after the

time of Aristotle the tabular or flat-surface theory of the

figure of the earth was expelled by the spherical or globe

theory, the portion of the earth's surface which was really

known retained the same oblong shape which it had with

Democritus ; and hence we still speak of longitude and
latitude, that is, length and breadth. It was on this basis

also that the far-travelled Hecata:u3 of Miletus, who wrote
his Tiji Trepi'oSo? between 520 and 500 B.C., drew up his

hiap ; for the representation of the world on a brazen tablet,

which was shown by Aristagoras, tyrant of Miletus, to King
Cleomenes of Sparta, was probably nothing else than the

world-map of Hecataiua. The first application of astronomy

to geography was made by the famous Arctic navigator

Pytheas of Marseilles, about 326 B.C. ; it is from him that

we obtain the first observation of latitude, and, what is of

some importance, this is for Marseilles. His voyage to the

extreme North (Thule) was undertaken partly for the

purpose of satisfyiug himself in regard to the figure and

size of the earth. Dicasarchus of Messana in Sicily, a

pupil of Aristotle's (310 B.C.), made the first approach to

a projection. He divided the inhabited {i.e., the known)
world, which he reckoned to be one and a half times as

long as it was broad, into a northern and a peuthern half

by means of what ho considered a straight line drawn from

the pillars of Hercules, through Sicily, the Peloponnesus,

Caria, Lycia, Paniphylia, Cilicia, and across the Taurus to

the Imaus (Himalaya). He thus drew the first parallel of

latitude, and upon this basis he prepared maps which were

to be publicly exhibited in a hall (Agathem., § 5 ; Strabo,

p. 105). The name Siai^pay/xari/s oiKoi'/xeV?;?, i.e., partition

of the inhabited world, was given to the base-line. For the

next material improvement we are indebted to the famous
astronomer and geographer Eratosthenes of Cyrene, tha

keeper of the Alexandrian library (276-196 B.C.). He was
the first to make a rational geodetic measurement for tha

purpose of determining the size of the earth, and he col-

lected in his VeuiypacjuKa. the whole geographical learning

of his time. This work has unfortunately been lost, but

from the numerous fragments that have been preserved,

especially by Strabo, it is possible to form an idea of

this the first systematic geography. Starting with the

spherical form and the size of the world, it gave a descrip-

tion of the olKovfiivT], discussed the space relations of

the world-island, and estimated its extent in longitude

and latitude. On the basis of the diaphragm of Dicse-

archus, the course of which was more precisely indicated,

a series of seven parallels and as many meridians cutting

the diaphragm at right angles were drawn, and by this

means the inhabited world was divided to the north and
the south of the diaphragm into a certain number of

regular divisions to which the name of sphragidia or seals

was given. Then follows a description of the countries

in the several "seals," beginning with India. In this

arrangement we may recognize the first attempt to con-

struct a network or system of degrees. As numerous
data in regard to distances were already at his command,
Eratosthenes greatly improved on the old maps in the

matter of correctness ; but, as the number of astronomical

determinations of latitude was still small, and the intervals

between the parallels and the meridians were unequal and
conditioned by the available data in regard to distance,

his network of lines was far from being an exact

mathematical system. Hipparchus of Nicaea in Bithynia,

the greatest astronomer of the ancient world (about 150

B.C.), consequently rejected the geography of Eratosthenes

because it only partially utilized the abundant resources

provided by the high development of contemporary mathe-

matics and astronomy. Instead of the uncertain estimates

of distance and direction furnished by travellers, only

astronomical determinations of latitude and longitude

should, he maintained, have been employed. He does not

appear, however, to have himself written a geo- ^ttn

graphy or constructed a map. About the same HH
time Crates of Mallus made the first globe. On .

this he extended the Atlantic Ocean southward to

the south pole, placed a corresponding ocean on the other

hemisphere, ami, in the belief tliat the torrid zone could be

occupied by nothing but water, ran an Oceanic belt along

the line of the equator (fig. 1). In the four segments thus

produced he set four semicircular land-areas, only one of

which was known to the ancient world. This systematic

figure maintained its place down into the Middle Ages, as
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appears from the ornamentation of tlie globe that forms

part of the insignia of royalty.
' Marinus of Tyre (about IDO A.D.) was the first who

souf'ht to give effect to the demand made by Hipparchus

for a trustworthy representation of the countries of the

world. His work unfortunately has been lost ; and we

know of its existence only from his successpr Claudius

Ptolemy. Without Marinus, however, Ptolemy'8 worlc

would have been impossible ; and neither of them was

able rc.iUy to carry out Hipparchus's idea of determining

.the latitude aud longitude for every place ; for observa-

tions of latitude were known only for Marseilles, Syene,

'Alexandria, Rhodes, and perhaps a few other places, and

all other positions were obtained by reducing distances

to degreus. The determination of longitudes was even

more difficult. Ptolemy possessed only the contemporary

observation of the lunar eclipse in Arbela and Carthage

of the year 331 B.C., from which he calculated a dif-

ference of meridian of 45° 10' instead of 34° 2'. The

longer axis of the Mediterranean was consequently a third

too great, 62 degrees of the meridian being assumed

instead of 41 1, and from this there resulted an exaggera-

tion of all the Mediterranean countries, which was corrected

nly by the compass-maps of the later Middle Ages.

Ptolemy, however (availing himself of the stereographic

projection devised by Hipparchus), corrected an important

blunder which Marinus had committed through neglecting

to take account of the sphericity of the earth and coti-

structing a rectangular system of degrees. Like Marinus,

he counted his meridians from the Canaries (the Fortunate

Islands). No maps appear to have been drawn by Ptolemy

himself ; those to be found in the oldest editions of his

work are by Agathodaemon (a mathematician of the 5th (t)

century after Christ), though accurately based, it is true, on

Ptolemy's data. The oldest MS. of Ptolemy is that found

in the Vatopedi monastery of Mount Athos, and published

by Victor Langlois in 1867 along with careful reproductions

of the maps. It dates from the 12th or 13th century.

Besides the exaggeration of the Mediterranean, the greatest

blunders of Ptolemy are the following :—the European

continent between the Black Sea and the Baltic is too

narrow ; India is not represented as a peninsula ; Ceylon

(Taprobane) is made much too large ; and the Indian

Ocean is bounded by lands towards the south (Plate VII.).

But in spite of all this the scientific method pursued in the

representation was perfectly correct. It was not till the

Renaissance that a return was made to the rational treat-

ment of cartography inaugurated by Ptolemy ; and he

then became the teacher of the modern world.

3. Jirctp-making among the Romoiis.—The Romans con-

tributed nothing to the development of the scientific method
of the Greeks, and did not apply astronomy to the purposes

of cartography. 'I'hey valued maps according to their

practical utility as implements of political administration
;

and they accordingly attached most importance to the route-

map, from which they could learn the roads, the stations,

and the distances. If we may judge by the few examples

which hawe been preserved, these sketches may, distortions

apart, be compared with our railway maps. Cicero and

Seneca mention general and topographical maps. In their

time the military routes were already divided into stages,

furnished with milestones, and consequently measured.

During the reign of Augustus a survey of the whole Roman
empire w'as carried out. The routes were marked "on

parchment rolls for the purposes of military and civil

administration. A map of the world was painted in a

portico at Rome ; a map of Italy was to be seen in the

temple of Tellus. Particularly celebrated was Agrippa's

inap. Pliny must plainly have been in possession of maps
to keep himself right in regard to the great number of

names which he records. A map of the Roman empire
was drawn up under Domitian. The emperors of the 2d,

3d, and 4th centuries caused maps to be constructed aud
painted on the walls of public buildings in the cities of

Gaul, as for example in Augustoduuum (Autuii) ; but of

this class unfortunately none has been preserved. The
only Roman map, indeed, of the imperial epoch which has

come down to us is the Tabula I'entingeyuuia, which
takes its modern name from Conrad Peutinger of Augsburg,

who possessed it in the 16th century. It is now preserved

in the Imperial Library of Vienna. Its origin as a map
goes back at least to the 3d century of the Christian era,

—

to the time, that is, of Alexander Severus ; but the actual

copy is not older than the 13th century. It consists of

twelve folio sheets of parchment, which originally formed

one long strip. It has been published by Scheyb (1753)

and Mannert (1834), and in excellent facsimile by
Desjardins (18G9, itc). That the original of this remark-

able map was of a circular shape has been satisfactorily

proved, the pattern followed being that of the map of the

world in the portico of the Campus Agrippse, which for

centuries retained the rank of a model. Probably,

however, such an orbis pictus was not exactly round, but

rather oval. In its construction effect was also given to-

the opinion current from the time of Herodotus that the

extent of the inhabited world was greater from east to west

than from north to south. From this it is clear that the

Romans had not advanced beyond the earlier Greek con-

ception, and were ignorant of the astronomico- mathematical

method inaugurated by Hipparchus.

4. Map-making in the Middle Ages.—The scholastic

Middle Ages confined themselves to imitation of the Roman
orhes. Fulness of detail, moreover, was gradually lost,

meagreness and crudity appearing in its place. Carto-

graphy in fact fell back to a second childhood. Fanatical

exponents of the orthodox faith, like Lactantius, looked

with disdain on all scientific culture. Geographical ques-

tions were of no interest to him because he regarded them

as mere matters of opinion. Astronomy was a piece of

fantastic f ollj', the knowledge of"distant lands mere learned

lumber. "Qu£b beatitude,"' he exclaims, "erit mihi proposita

si sciero unde Nilus oriatur vel quicqukl de coelo physici

delirant 1 " As this narrow conception of things became on

the whole the dominant one, geography and map-making

practically ceased to exist. The doctrine of the sphericity

of the earth was placed under the ban of the church,

and people went back to the Homeric idea of a disk sur-

rounded by the ocean. Isidore of Seville {ob. 636) taught:
" Orbis a rotunditate circuli dictus quia sicut rota est.

Undique enim Oceanus circumfluens ejus in circulo ambit-

fines. Divisus est autem trifarie ; e quibus una pars Asia,

altera Europa, tertia Africa, quaj et Libya nuncupatiir."

Isidore is a master of false etymological inferences.

Deriving roiunditas from rota, a wheel, he declares that

consequently the earth has the appearance of a wheel

Hence the name wheel-maps has been given to all those

maps of the earlier Middle Ages. The three-fold division

which he gives of the world-disk kept its ground for cen-

turies, and the figure of the earth put on the miserable guise

shown in fig. 2. It was only by the Greek fathers that the

doctrine of the earth's sphericity continued to be taughtj

and; as the knowledge of Greek rapidly died out in western

Europe, the fountain was dried up from which a better

science might have been derived. Many minor modifica-

tions were introduced into the map of the' world, but

the fundamental type remained as given in fig. 2.

Jerusalem lay in the centre, Paradise in the extreme east.

Clever artists gave life to the disk of the world by turreted

pictures of towns—.lerusalem, Troy, Babylon, Rome, «tc.,

and drew Adam and Eve in the midst of a Paradise whicU
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was defended b.y a fence of thorns or of flames, and, being

coasidsred the highest place ia the world, was always

introduced at the - top of the map ! The positions of

Jerusalem a:id Paradise served to fix the other points.

How long this conception reaaained in vogue appears from

Septen-

OcciJena.

the fact that in 1422 Leonardo Dati, in a poem on the

sphere {Delia Spera), wrote, "AT within an O shows the

design" (Uii T dentre a una mostra il disegno), thus Q.
In this way the whole science of cartography sank back
below the level attained by the Ionian Greeks.

5. Map-maldnij among the Arabians.—The Qrst develop-

ment of geographical science among the Arabs took place

at Baghdad about 772 a.d., in the reign of the caliph

Mansiir, and tinder the influence of an Indian astronomer

and mathematician; and, not long after the works of Euclid,

Archimedes, Aristotle, and Ptolemy were translated into

Arabic, by orders of the caliph Mamun (813-S33), a degree

was measured in Mesopotamia in the plain of Sinjar, and a

system of the world (Rasm el-ard) was constructed by his

librarian -Mohammed ben Musa of Khiva (Alcharesmius), in

which every place was to bo determined by longitude and
latitude in the style of Ptolemy. But the science split up
only too soon into a practical and a theoretical (astronomical)

section— the one treating geography (ja'rafiyil) as the

doctrine of routes and provinces, the other as the doctrine

of latitudes and longitudes. Astronomy contented itself

with the astronomical determination of the position of

places without drawing maps or exerting any influence on
their projection ; travellers and topographers on the other

hand did not trouble themselves about astronomy, but like

Istakhri {c. 750) or Ibn Haukal (c. 750) added maps to their

descriptions which were destitute of any system of degrees,

and betrayed by the roughness of their outlines the clumsi-

ness of the draughtsman. Ultimately, like Dimishkf{ 1327),

they left mathematical geography completely out of their

works, Ibn Haukal having already declared that mathemati-
cal division only brought confusion into geography. Only
Edrlsl's map, engraved for King Roger II. of Sicily upon a

silver plate (1164), forms an exception ; but, as it was not

drawn according to the Ptolemaic projection, but simply

indicated the seven climates, it was after all but an unsuc-

cessful copy of Ptolemy.

6. Rautical Maps.—The nautical (loxodromic or compass)
maps, which make their first appearance in Italy in the

13th century, indicate a gratifying improvement in

cartography after a long period of stagnation. These maps
were constructed with the aid of the compass, and took the

name of compass-maps because they are covered with the

figure of a compass from which numerous straight lines

radiate out in all directions over the sheet. The fact that

the magnet turns towards the north is first mentioned in

1187. Flavio Gioja of Amalfl was perhaps the first to

mako a mariner's compass and to teach seamen the use of

that important instrument. The Italians divided the

compass into eight parts (venti), assigning 45° to each-^-

Tramontane (N.), Greco (N.E.), Levante (E.), Sirocco

(S.E.), Ostro (S.), Libeccio or Garbino (S.W.), Poiiente (W.),

Maestro (N.W.). Every division had four quarters (quarte

di vento), each of 11^ degrees. The maps were produced as

follows. The courses of individual ships were first of all

inserted as straight lines, calculated according to the

distances traversed, from particular ports, as Genoa or

Venice, to other ports, and when a good supply of such

material had been collected and a series of diagonals

drawn in accordance therewith, the most important points

on the coast and in the islands were fixed. The lines by
which the meridians were cut at the same angle were

called loxodromes ; they gave a correct indication when
they cut the true astronomical meridian, a false one when
they cut the magnetic meridian. On the Italian charts

the loxodromes were drawn as straight lines. The
numerous radii of the compass shown on the maps enabled

the seaman to find the direction which he had to take to

reach his goal. Hence the title loxodromic maps.

Charts on which the degrees were marked became neces-

sary only when navigation extended to the ocean ; they

were introduced by the Portuguese, probably at the sugges-

tion of Prince Henry the Navigator. They are "plane
charts " with lines of longitude and latitude.

The oldest lojrodroinic charts which have been prese'rved come
from Pisa, Genoa, and Venice, The earliest, the so-called Pisau

chart, belongs probably to tlie middle of the 13th century, and
already comprises the whole Mediterranean. As this representation

of the whole must of necessity have been preceded by surveys of

the several portions, the beginning of the chart may be placed at

least as far back as the first part of the iSth century. Next in

point of age comes (2) the Luxoro Atlas in Genoa about the year 1300,

in the possession of the Cavaliere Tomas Luxoro. Then follow (3)

Petrus Vesconte, 1311, in the national archives at Florence, including

the eastern Mediterranean {Petrus Vcscoiiie de Janua fecit ista carta

ami drd M'CCOXJ'), see fig. 3 ; (-4) Marino Sanudo, a map of the

world representing the Mediterranean and the Atlantic coasts as far

as Flanders, probably drawn between 1312 and 1321—several copie*

in Rome (the Vatican), Venice, and Brussels
; (5) an atlas of Petrus

Vesconte's about 1318 (in- Venice, in eight sheets; in Milan, tea

sheets)
; (6) Perrinus Vesconte, 1327, in the Laurentiau Library at

Florence; (7) Joannes da Carignano, between 1306 and 1333, in the

arcliives of Florence {Prcshiter Joannes rector sancti Marci dc por1.u

Januse me fecit)
; (8) a map of 1346 in the Castilian tongue, in thd

National Library at Paris
; (9) the Medicean atlas of 1351 in the

Laurentian Library at Florence, eight sheets, which represents also

the Caspian Sea, and, reniiu-kable enough, the whole of Africa
; (10)

Pizigaui, 1367, in the National Library at Parma, a map of the

world which extends as far as Persia, with numerous entries

not only on the coasts but also in the interior; (11) an atlas of

Pizigani, of date 1363, nine sheets in folio, in the Anibrosian

Library in Milan, comprising the Mediterranean and the Ocean as

far as Jutland (M.CCCLXXIII a die VIII di zugno franzcselia

pi^iganij veniziano in venicxia me fecit) ; (12) the famous Cata-

lonian map of the world of 1375, in four sheets, in the National

Library at Paris; (13) a map by GuilL Solerio of Majorca, 1385,

in the public archives in Florence ; and (14) atlas by some un-

known hand, four sheets folio, in the Biblioteca Marciana at

Venice.

Several of these Italian maps give indubitable evidence that aa

early as the 14tU century the Azores and Canaries had been dis-

covered, as well as the coast of Africa as far as beyond Caps Bojador,

With the middle of tho century the coast maps developed into

map5 of countries with trade routes, pictorial figures, and numerous
inscriptions. Maps preserved from the 15th century are still more
numerous :^15) a map by the Venetian Nicolao, of date 1408. in

Vienna ; (16) Mecia de Villa destes, 1413, in the National Gallery

at Paris
; (17) a map of the world of 1417, in the National Library

at Florence
; (18) Francesco de Oesanis, 1421, in the Museo Correr

at Venice
; (19) a map of 1424 at Weimar ; (20) atlases by Gia-

como de Giraldi, 1426-43, in Venice and Milan ; (21) Gabriel do

Valsecqua, 1434, irom.Majorca;^22) Francesco Beccario, three maps,
in the British Museum

; (23) two maps by Battista Beccario in

Munich (1426) and Parma (1435) ; (24) Andrea Bianco, 1436, an
atlas of ton sheets, where for the first time the medis^ival circular

maps are accoinpauied by the Ptolemaic maps, in tho Biblioteca
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Marciana at Venice ; nlso n map of 1448, drawn at London, now in

the Ambrosiau Lihniry at Milan {Andrea Biunco vciucian comito di

galia mc fac a ioudra, 14-18)
; (25) an elliptical map of the world

in the I'itti PMaco at I'lorenoo, of Genoese origin, and of dale 1447
;

(26) Hannibal de Madiis, 1449, in tlie Anibrosian Library
; (27) a

Oatalonian map of the world, of 1450 (?), in tlie National Library at

Florence
; (23) Giovanni Leardo, two maps of the woi-Id, of uato

1443 (in the museum at Vicenza) and 14D2 (the property of Consul-

general von Pilat at Venice)
; (29) Fra Mauro, a famous map of the

world from 1457-59 in the Bibliotcca Marciana at Venice ; (30)

Gratioso Bcnincasa of Ancona, a diligent cartographer, twenty-

five very carefully executed works dating from between 1460 and

1482 ; most of them are in Italy, chiefly at Venice, two in Paris,

one at Muuich, and one without date in tho Britisli Museum ; (31)

Andrea Benincasa, son of the preceding, tlireo maps of 1476 (Geneva)

and 1490 (Ancona ami Rome)
; (32) Bartolomeo Paroto, a map of the

world, of 1455, at Rome
; (33) Giorgio Giovanni, 1484 (Parma)

;

(34) Count Hortomanus Fredutius of Ancona, 1497 (Wolfenbiittel).

In the beginning of the I6th century, (35) Alberto Cantino,
about 1501-3, was tho first in Italy to draw a map representing
j>ortions of America, Carta da TULvigarc per Ic Jsole nuocavKvU
trovatc in la parte dcllc IndiCf in tho library at Modena. (30) Tho
Maggiolo family, famous for its cartography, flourished in Genoa
between, 1511 and 1648. Visconte Maggiolo, tlie founder of tlio

family, is known to have produced nineteen atlases between 1511
and 1587. A map by Giaeonio Maggiolo, of date 1562, is in the
British Museum. (37) Battista Agneso laboured between 1527 and
1554 in Venice, and tlie thirteen atlases he has left behind him aro
pieces of fine artistic work adorned with charming miniatures. Two
of these atlases, of date 1527 and 1536, are in the British Museum.

In tho 15th century and tho beginning of the 16th Spanish,
Portuguese, Greek, and French cartograpiicrs appear as com]>etitors

with the Italian, Catalonian, and Balearic artists. We namo
only tiio mo.'st important. ,Juan do la Casa, a Basque, and a
companion of Coiumbu.s, drew in 1500 a map of tho world in wliich

for tho first time tho hitherto discovered coasts and islands of

Fig. 3.—Chart of the Mediten-aneaa (P. Vesconte, 1311).

America were introduced. A map of the world by Garcia do Torero,

1522, is preserved at Turin ; and two general maps, the one dating
1527 (probably by Fernando Colon, son of Columbus) and the other

1529 (by Diego Ribcro), exist at Weimar. Between 1558 and 1569
Diego Homem produced several beautiful atlases ; of these four are

in Italy, and one, of date ] 568, at Dresden. Among the French
world-maps a special place is due to that drawn up by order of
King Henry II. It is published by Jomard in his Jlfonumois dc
In gtogra2)hie.

As far as Italian navigation extended, and especiauy witnin the
limits of the Mediterranean, a very correct representation of the
ooaats and of the contours of tho several countries was secured at

un early date. The interior of the countries, on the other hand,
i-emaiued confused and inexact. These defects were first supplied
la the 15th century, when recourse was a"ain had to the contri-

butions of the Greeks, and especially of Ptolemy.
Before proceeding to discuss this new development, it may be as

wjU to mention the various names by which the representations of

the earth's surface have been designated. The Greeks employed tho

expression iriVol (picture), the Romans in like manner said tabula.

The word .map came into use in the Middle Ages, the name mappa-

vrnndi, mappcmondc ("world-napkin"), proving that maps were

originally painted on cloth. In English map is applied only to

a land-map, the sea-map being known.as a chart. The Romance

languages had the expressions discgiw, fiyura, pintura, padron.

When the loxodromic maps came into existence, hand-books with

sailing directions were written to accompany them, hence tho titles

" sailing directions," "sea-books," portulani (by which word actual

maps were afterwards meant), or cartas da marear. The Latin word

charta signifies originally a letter, a wi-itteu doeument ;
and in like

manner the Portuguese and Spanish form carta. But as early as

the 14th century tliis expression was (as appears from the inscnp-

tion ([uotcd under No. 3 above) used to distinguish a sea-map. In tho

same sense Paolo Toscanelli speaks of his carta, which he sent to

the king of Portugal. But the expression did not become general

till the 16th century ; in 1513 we find it in Germany in a Straaburg
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ciHtion of rtolcmy ^Carta Marina rorhigalcn^inm), in 1524 in Spain

(iu the Junta of Badajoz), in 1582 in England (Michael Lock).

7. The Revival of Plolemy.—This produced in the 15th

century a revolution in the construction of maps, and laid

the foundations of modern cartography. Ptolemy's great

work again became generally well known in western Europe

only after it was translated into Latin by Jacobus Angelus

deScarparia in 1409 ; and this version war. '.rst printed in

1475 at Vicenza without maps. The first edition with

maps (to wit, a map of the world, ten maps of Europe, four

of Africa, and twelve of Asia) appeared at Rome in 1478.

Afterwards there were editions at Bologna (1482), Ulm
(1482, by Nicolaus Bonis with 6ve modern maps), Ulm
(1486), Kome (1490, 1507, and 150S, the last with seven

modern maps, among which the famous map of the world

by Joh. Ruysch), Strasburg (1513, with forty-seven maps);

and iu the course of the same century twenty-five other

editions might be mentioned at Strasburg, Basel, Lyons,

Cologne, Venice, and Paris. From this long series, which

if prolonged to the beginning of the Thirty Years' War

would be further increased by five, it is evident that Ptolemy

was the great master of the modern time. At first maps

were drawn according to Ptolemy's determinations of

geographical position ; but, in proportion as the study of

mathematics, astronomy, and cosmography excited the

interest of men of culture, opportunities were afforded of

correcting Ptolemy's astronomical positions, especially iu

the case of central and northern Europe, where the range

of the great cosmographer's knowledge had hardly enabled

him to collect original material. The new arts of wood and

copper engraving supplied the means for a rapid diffusion

of printed maps. The oldest map printed from a wooden

block (in the National Library at Paris), dating from 1460,

and thus belonging to the earliest period of wood engrav-

ing, was produced in Germany, and represents Germany

and western Europe. It is considered to be a copy from

an old Roman map.

After the foundations of trigonometry bad been laid by

Purbach, Regiomontaaus, and others, attempts of a rather

rude kind were made iu the beginning of the 16th century

to execute geographical triangulations and delineations.

The towns formed the central points of the system, their

direction and position from the post of observation being

fixed as precisely as possible, and their distance estimated

in miles according to the best available data without being

iiccurately measured. It was considered sufficient to assign

in this way the relative positions of inhabited places, and

the representation of the physical relations was very super-

ficial ; the course of rivers, for instance, was not measured,

but carried past the towns on their banks in conventional

lines.

In the Ptolemy of 1513 we already find three topographical maps,

viz., one of Switzerland, one of the district of the upper Rhine

fiom Basel to Mainz and Lorraine, and a large one of Crete, which

it has been conjectured was taken from a Venetian original. The

number of maps of smaller districts rapidly increased. In 1523

Aventinus drew the duchy of Bavaria, in 1533 Sebastian of Rotenhamm
produced a map of East i?ranconia. Map drawing became a favourite

occupation with the Germans. The best geographical survej- of

this period was the Chorographia Bmarim, by the famous Philip

Apiauus (tweuty-four sheets, at Ingolstadt, 1568). The number of

cartographers increased so rapidly that Abraham Ortelins, in the first

edition of his collection of maps (
Theulrum Mundi, 1670), was able

to give the names of ninety-three. The first attempts to improve

and to increase the methods nf projection known to the Greeks were

made by Germans,—namely, Johann Stbffler (1452-1536), Johann

Werner otNuremberg(1468-1528), Peter Apianns (1495-1552). 'The

last-mentioned introduced the favourite method of representing

both hemispheres together in an elliptical form with lines of latitude.

Maps of the world were compiled by Peter Apiauus. Oronce Fiu4

(1494-1555), Sebastian Cabot (1544), Giacomo Gastaldo (1546-48),

Ciov. Batt. Guicciardini(1549), Giov. Domin. Methoni .at Venice,

Heinrich Pontanus of Aruhem (1556, a map of the world lu the

shape of an imperial eagle), GuiU. Postel at Paris (1581), i;c.

8. 3fercator and his Successors.—Gerhard Kramer, usually

called Mercator (born of German parents at Rupelmoude
in Flanders in 1512), has the honourable place of a re-

former of cartography. We possess his map of Palestine

(1537), a map of Flanders (Louvain, 1540) in nine

sheets, phototyped in 1882, a globe (1541), and the

first critical map of Europe (1554), by which he laid

the foundation of his fame as the first cartographer of

his age. The exclusive use of Latin letters for maps
in Germany was due to his example. Especially famous

is his map of the world (fig. 4) dating from 1569:

"Nova et aucta orbis terr» descriptio ad usum navi-

gantium emendate accommodata" (one copy in the

National Library at Paris). This map is drawn in the

projection of increasing latitudes with lines of latitude

and parallel meridians, the, basis of which was furnished

by Edward Wright in 1599 in Certain Errors in Naviga-

tion. It is the first chart on which true rhumb lines could

be drawn as straight lines. By 1601 Mercator's projection

was in use for all sea charts. In 1578 Mercator drew

up maps for Ptolemy exactly in accordance with his

determinations ; and these were followed by maps of

Germany, the Low Countries, and France (1585), and of

Italy (1590). It was his purpose to produce a complete

collection of new maps, to which he gave the name Atlas;

but he died in 1594, and the publication of this first atlas

(1595) was left to his son. The title took the place of

the designations previously in fashion

—

Theatrvm Orbis,

Speculum Mundi, &c. The second edition of the 'Atlas

appeared in 1602. The later editions were issued by

Jodocus Hondius in Amsterdam.

Before Jleroator collections of maps, including various conntries,

and independent of Ptolemy, had begun to be published. Thus
Christoffel Froschpver in Zurich issued various "Landtaflen" in 1662

—a map of the world (Universalis Cosmographia, in the shape of a

heart, dated MD.XL.vi.), Europe, Gcrmauia, Gallia, "die gantze

Eydgnoschafrt," and eight topographical maps of Swiss districts.

Of much greater importiince and influence was the collection pub-

lished by Abraham Ortelius of Antwerp (1527-98), Thmtrum Orbis

Tcrrarum (1570), in which the best maps from all countries were re-

engraved. The first edition with a Latin text contained fifty-three

sheets; the seventh (1573) had sixty-nine maps, the twelfth (1679)

ninety-two. Editions appeared with the te.\t in German, French,

Dutch, and after 1600 in English and Italian, and obtained the

widest diffusion. Through this work the centre of cartographic

activity was transferred to Holland. Thero too laboured the suc-

cessors of Mercator, Jodocus Hondius (1563-1611) and his son

Henricus Hondius (1580-1644). Their maps, in several folio

volumes, were numbered by hundreds. To the school of Jlereator

belonged also Petrus Plancius and Lucas Janszoon Waghr-uaer of

Enkhuyzcn ( Aurigarius), who by his Spicghcl dcr Zccvacrdt ( Leyden,

1583) became the founder of nautical map-collections. In 1588 a re-

production of this atlas appeared in London as the first " "Waggoner."

In the beginning of the 17th century the town of Dieppe also pro-

duced excellent charts, —Guill. Levasseur (1601),Jean Dupont (1626),

and Jean Guerard (1631) being at work there. About the same

time another famous cartographic family arose in HoUand. William

Jansz. Blaeu (1571-1638) and his sons Jan and Cornells turned out

about four hundred maps previous to 1655. 'VVifliam Blacu was in

1633 appointed by public decree cartographer to the States-General

;

and it was his duty to examine the ships' logs and so a^mend the

maps. He had a rival in the person of Jan Janszoon (Jansonius),

who, working with the material inherited by him from his father-

in-law Jodocus Hondius, produced a Dutch atlas in six volumes, a

French in six folios, a German in nine folios, and a Latin in two.

Cartography became a lucrative business, but the scientific value of

the work grew less and less in the hands of Nicolaus Yischer

(Pisc.ator) Irom 1621 to 1670 and his son of the same name {ob. 1709),

of Friedrich de AVitt and his sons, and of Peter Schcnck. The in-

fluence of the Dutch school, which had previously been so great,

disappeared with the close of the 17th century.

In the 16th century the Italians were still active competitors with

the Germans and Dutch. In engraved maps Veuice held aspecially

high rank up to 1570, the Piedmontese Giacomo Gastaldo and

Paolo Forlaui of Verona being settled there. Theii- publications com-

prised well-nigh all parts of the earth. Tlie progress of discovery

can be followed on their general {universale) and topographical

maps. Gastaldo's period of activity lay between 1646 and 1569,

Forlaui's between 1560 and 1570. They had a successor in Antonio
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Magiiii (1555-1G17) of Padua, who in his Novas gcorjr. tahulm, pub-

lished in !596, ga7o greater precision to tho determinations of

position. Giovanni Battista Nieoloai (1610-70) of Sicily issued

lit Home a series of huge niajM of tlie homisplicres and continents.

Among tho French mapmakors of this period must bo mentioned
Oronco Fini! (Finxus) from Dau))himS (14L4-1555), who published in

1531 his rionifqikrerinm gcociraiyhkum in tho shape of a heart

according to the projection of Apianus ; Jolivct (about 1560);

Guillaunie Postol (l.^iOS-Sl), who in 1570 drew a new map of

Franco ; the Franciscan Andre Thevet (1502-90), who in 1575

edited a Cosmofjraphie univcrsclU (2 vols, in folio), and finally

Molchior Tavernier, a pupil ofOrtelius {oh. 1641), who published

many maps of European countries. In England there appeared in 1 54 4

the great map of the world by Sebastian Cabot. The first modern
map of England was produced by Humphrey Lhuyd in 1569 {Anglix
rr'jni iahlUa and Cororjraphia Cambria:), He was succeeded by
Christopher Saxtou, who travelled through different parts of the

country with several engineers, and in 1575 gave to the world his

iSrilish atlas of thirty-six sheets, which Philip Lea afterwards re-

duced to twelve sheets. John Speed's atlas {Thcairum) of Great

Jh-itain wag published at Amsterdam in 1610 by Jodocus Hondius.

The iirst map of Scandinavia {Ecgnorum Aquiloniorum Descriptio)

was produced in 1539 by Olaus Magnus, archbishop of Upsaln.

Much more accurate was the map drawn by Adrian Vcno in 1G13,

and engraved by Jodocus Hondius, but the real reformer of nortlnaii

cartography was Anders Euro (liurieus, 1571-1646), wlio surveyed
tho several parts of the country. His maps were afterwards pub-
lished in the atlas of the brotlici-s Blaou between 1650 and 1661).

The first new map of Spain and the first of Portugal both
appeared in tho same year, 1560, tlio former being duo to Pedro do
Medina, tho latter to Fernando Alvarez Seeco.

During all this period thoro prevailed a remarkable variety in
the determination of tlie first meridian. 'Whilst the Spaniards and
Portuguese reckoned from tho line of demarcation (370 leagues west
of tile Cape Verds) sanctioned by the pope, the Protestant Dutch,
Germans, and English at first went back to Ptolemy, who bi-gaji at

the Canaries. Mercator, on his globe of the year 1541, clioso the

island Forteventura in the Canaries as his starting-point, but ho
afterwards adopted Corvo in the Azores, because he there approached
the true indication of the magnetic needle. For the same reason

Ortelius, the younger Mercator, Jansouius, and at first .also William
Blaeu fixed on the Isla del Fuego in the Cape Verd group. Bl.icu

afterwards propose.! the Peak of TenerilTo, and in this he was
followed bv all Dutchmen. In the yc.".r 1634 lUchelicu consulted

Fro. 4.—Outline of Mercator's Nova et Aucia Orbis Descriptio, 1569.

tho astronomers Gassendi (1592-1655) and Morin (1583-1666), and
in accordance with their decision Louis Xlll. connnandeJ, under
jHiialty, that all French ships should calculate their longitudes from
the meridian of Ferro, though it was not till the close of the 17th

century that a French expedition determined with accuracy the

relation of the position of Ferro to th.at of the observatory of Paris.

It was in this way that the Ferro meridian obtained almost uni-

versal currency down to the 19th ceutury. As in this period it was
still practically impossible to secure precise determinations of longi-

tude, all cartographic representaiions were naturally subject to con-

siderable distortions, especially in countries outside of Europe.

9. Period of Transition.—A series of important dis-

coveries and inventions in matliematics, physics, and astro-

nomy having provided the means of making much more
accurate observations and calculations, there followed as a

matter of course a substantial improvement in cartography.

Of chief moment were the invention of the telescope (1606),
Galileo's discovery of Jupiter's moons (1610) and Cassini's

calculation of their periods of rotation, so important for

determinations of longitude (1G66), the first application of

trigonometry to geodesy by Snellius (1615), Picard's

measurement of adegree between Paris and Amiens (16C9

and 1670), the French measurement of a degree between

Dunkirk and Perpignan by Cassini and Lahire ( 1683-1 7 1 8),

Hadley's mirror-sextant (1731; according to Newton's idea,

1699), the improvements made on the lunar tables by
Tobias Mayer (1753), and John Harrison's chronometer

(1761). In this way there set in a period of transition in

cartography which lasted till somewhere about 1750; the

results of new investigations and measurements were

gradually turned to account, but, while here and there

traditional blunders were corrected and expunged, nothing

essentially new was as yet created.

To this epoch in Germany belong Johann Baptist Homann,
(1664-1724), whose elegantly engraved maps, published in' Nurem-
berg, continued to have a wide sale after his death, Johann Slatthias

Hase in Nuremberg {ob. 1743), and the famous Tobias Mayer
(1723-86), who published in Nuremberg a critical map of Germany.

In France eminence was obtained by Nicolas Sanson (1600-67) of

Abbeville, who from 1627 worked at Palis as royal geographer,

and issued more than three hundred maps ; and the reputa-

tion of tha house was maintained by his sons Nicolas, Adrieu, and

XV. — 66
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Guill. Sanson, who worked along with Hubert Jaillot (1681-1717),

Pierre du Val (1619-83), and Jean Baptiste Nolin (1692) at the

French book of charts, Neptune fran<;ois, 1693, in which for

the first time the new astronoiuical determinations were turned

to account. Greater critical acumen was shown by the royal geo-

Kiapher Guill. de I'lsle (1675-1726),'and especially by the talented

Jean Baptiste Bourgignon d'Anville (1697-1782) and his younger
contemporary Philippe Buache (1700-1773). In this period France

was facile princeps in cartographic achievements, and led the

way to the next and latest epoch. In England Dowet's Atlas

was published at the cost of the duke of Argyll, and in tho same year

Aaron Arrowsmith was born (ob. 1828). A beginning of geodetic

labour was at this time made in Sweden under Charles XI.,

—

the proceedings being carried on first under the Baron Karl Griep-

eBhielm {ob. 1684) and afterwards nnder Count Dahlberg. For
political reasons, however, the king did not allow the publication of

the map of Sweden; but, the French ambassador D'Avaux having in

1704 got possession of copies, it- was engraved at Paris by De I'lsle.

lu -Italy P. Vincent CoronclU (ob. 1718) deserves to be mentioned.

10. The Pfirlbd of Triangulations and Geodetic Surveys.

—Up to tills point the whole art of map-making had been

treated as a matter of private speculation. It was France

that gave the first example of carrying out the cartographic

survey of the country at tho cost of the state. Such
surveys had a double object, one military, to provide the

army with satisfactory maps, and the other administrative,

to furnish a cadastre for the land tax. The military interest

predominated ; consequently the surveys have in almost

all countries "been carried out by ofiScers of the general sta/T,

and the maps are briefly designated as general staff or

ordnance maps. For such a survey the whole country is

covered with a network of triangles, and, in order to secure

the most trustworthy basis for the representation, numerous

points are astronomically fixed. In comparison with those

of earlier date the maps thus produced are distinguished

by correctness of detail. In the century between 1780
and 1850 attention was mainly directed to the accurate

rendering of the horizontal development of the face of the

country ; but during the last thirty years the vertical con-

figuration has also been faithfully represented on topo-

graphical maps of large scale by the introduction of contour

lines. The first example of this also was given by France,

when at Laplace's suggestion (181G) it was determined to

publfeh a new m ip of France with curves of altitude. But
owing to the great extent of the country, and the con-

Boqueut difficulty and slowness of the undertaking, only

four sheets of this kind were published by 1833. Hanover,
however, followed suit in 1829, Baden in 1833, Hesse in

1840, and so on. Since the middle of last century nearly

all the states of Europe have been active in map-making
;

and prolonged effort has produced rich results. Surveying
and mapping have been followed by the publication of

topographic maps. The states of the Balkan peninsula

aione lag behind ; there no comprehensive survey has been
undertaken at public expense. As a summary of these

great achievements in the larger part of Europe, we append
a chronological' table of the most important surveys, with

the date of the publication of the first slieat, the name of

the country, the title of the map, the scale, and the number
of sheets. Outside of Europe there are but few countries

in which a survey based on exact triangulation has been
carried out. The largest areas thus measured are the

United States of North America and British India, where
great activity has been shown ; and to these may be added
Asiatic Russia, portions of Australia, portions of the

Dutch possessions in the East Indies, and Algeria. In the

whole of South America there is only one country. Chili,

of which we possess a map based upon a careful survey.

In the second portion of the table consequently some maps
are included which are merely the work of private carto-

graphers, and the list must be regarded as tentative.

' For convenience of comparison tho different series for the British
Isles are grouped together in the table iu -the place of the earliest date.

Cist of Topographic Maps.

Year.

1750
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Austrian. It occurs in novthern Europe, the Caucasus, and
nortlierii Asia. The wood is excellent fuel, and makes the best

charcoal. It is corapaut, of a fine grain, sometimes beautifully

veined, and takes a high polish. Hence it has been celebrated

from antiquity for tables, &c. The wood of the roots is frequently

knotted, and valuable for small objects of cabinet work- The
young shoots, being flexible and tough, are employed in France as

whips. A. pseudo-Flatcmus, h., the sycamore, or great mapl6, is

a handsome tree of quick growth, with a smooth bark. The leaves

are large, with finely acute and serrated lobes, affording abundant
shade. Its longevity is from one hundred and forty to two hundi'ed

years. It is found in various parts of Europe in wooded mountainoiis

situations. The wood when young is white, but old heart-wood is

ycUow or brownish. Like the common maple it is hard and takes

a high polish. It is much prized by wheelwrights, cabinetmakers,

sculptors, &c., on tlie Continent, while knotted roots are used for in-

laying. Sugar has been obtaijied from the sap of this as from other

fipecies, the most being one ounce from a quart of sap. The latter has

also been made into wine in the Highlands of Scotland. There are

many varieties, the variegated and cut-leaved being the most notice-

able (see Oard. Ckron., 1881, p. 229). For remarkable variations

in the niimber of cotyledons arising from fusion, see a paper by the

late Prof, J. S. Henslow in Jl/ftsr. Nat. Hist., vol, v,' p. 346. A,
Platajioides, L., the Norway maple (Loudon, ?.c., p. 408; Gard.

Chron., 1881, p. 661), is met wLtU from Norway to Italy, GrcccG,

central and south Russia. It was introduced into Britain in 1683.

It is a lofty tree (from 40 to 70 feet), resembling the sycamore, but

with yellow flowers, and more spreadiug wings to the fruit. There
ore several varieties. The wood is used for the same purposes as

that of the sycainoro. Sugar has been made from the sap in

Norway and Sweden. The leaves of this species, in common with

those of the sycamore especially, and perhaps all others, are liable

to produce honeydew, which appears to be extravasated cell-sap.

The present writer suggests that the starch formed in the leaves

may be rapidly converted into sugar, which is'then condensed on
the surface of -the leaf under excessive transpiration.

Asiatic Species.—Thirteen species are described by Hiern, chiefly

in the tempe^rate Himalayas {Flor. of Brit. India, p. 692 ; see also

Brandis, For. FL, 110). The wood of some species is used, as that

of A. Ixvigatwn, Wall., for building ; that of A. csesiuvi. Wall,
being soft, inferior drinking cups are made of it ; while that of A.
})ictam, Thunb., is white, light, and fine-grained.

Japanese Species,—Species, and many varieties, especially of A.
jyalmatmn, Thunb., generally known mspolymorphum, with variously

laciniated and mofe or less coloured foliage, have lately been intro-

duced as ornamental shrubs. The original species was introduced

in 1832. The branches and corilla are purple, the fruit woolly.

Tlie foliage of the typical form is bright green with very pointed

lobes. It occurs in the central mountains of Nippon and near

Nagasaki. Beautiful varieties have been introduced under the

names A. P. ampelopsifoHuin, atropurpureujn, disscctum^ &c.

They are remarkable tor the coppery purple tint that pervades

the leaves and young growths of some of the varieties (for figs.,

see Catalogue of Hardy Trees, &c., by Messrs Veitch). Of other

Japanese species, A. ritjinerve, Sieb. and Zucc, with the habit of

the sycamore,.from Nippon ; A. distylum, Sieb. and Zucc, bearing

leaves without lobes; A. diaholicvvi, Bl., with large plane-like

leaves, from Nippon ; and A. carpinifoHu7n, Sieb. and Zucc, with
foliage resembling that of the hornbeams, are especially worthy
of note.

North Ainerican Species.—A. saccJiarinum, L., the sugar, rock,

or bird's-eye maple, was introduced in 1735, It sometimes attains

to 70 or even over 100 feet, more commonly 50 to 60 feet. It is

remarkable for the whiteness of the bark. The wood is white, but
acquires a rosy tinge after exposure to light. The grain is fine and
close, and when polished has a silky lustre. The timber is wsed
instead of oak where the latter is scarce, and is employed for axle-

trees and spokes, as well as for Windsor chairs, &;c. It exhibits

two accidental forms in the arrangement of the fibres, an undulated
one like those of the curled maple {A. riibrum), and one of spots

which gives the name bird's-eye to the wood of this species. Like
the curled maple, it is used for inlaying mahogany. It is much
prized for bedsteads, writing desks, shoe lasts, &c. The wood
forms excellent fuel and charcoal, while the ashes are rich in

alkaline principles, furnishing a large proportion of the potash
exported from Boston and New York. Sugar is principally ex-

tracted from this species, the sap being boiled and tlie syrup
when reduced to a proper consistence run into moulds to "form

cakes. Trees growing in low and moist situations afford the nwst
sap but least sugar. A cold north-west wind, with frosty nights
and sunny days in alternation, tends to incite the flow, which is

more abundant during the day than the night. A thawing night
is said to prom.oto the flow, and it ceases during a soutU-west wind
and at the ap]>roach of a stonn; and so sensitive are the trees to

aspect and climatic variations that tlic flow of sap on the south and
cast side has been rfoticcd to be earlier than on the north and west
^ide of the same tree. The avera:;o quantity of saij n-^r tree is fiom

12 to 24 gallons in a season. For full details of the preparation,

&c, see iToudon, I.e., p. 413 ; and Oard. Chron. 1878, p. 137.

A, rubrmn, L., the red-flowering or scarlet maple, is a middfo-

fiized tree, and was introduced in 1656. It is the first tree to blosL^om

in spring in North America. The wood, like that of other species,

is applicable to many purposes, as for tihe seats of V/indsor chairs,

turnery, &c. The grain in very old trees is sometimes undulated,

which suggested the name of curled maple, and gives beautiful

eflccts of light and shade on polished surfaces. The most constant

use of curled maple is for the stocks of fowling pieces and rifles, as

it affords toughness and strength combined with lightness and
elegance. The inner bark is dusky red. On boiling, it yields a
purple colour which with sulphate of iron affords a black

dye. The wood is inferior to that of the preceding species in

strength and as fuel. Sugar was made from the sap by the French,

Canadians, but the production isonly half as great as that from the

sugar maple (Michaux). In Britain it is cultivated as an orna-

mental tree, as being conspicuous for its flowers in spring, and for

its red fruit and foliage in autumn. A. macrophyllum, Pursch.,

furnishes material for hats, baskets, mats, &c., from its inner bark,

and the sap gives sugar. A. circinaium, Pursed,, of Califoi^iia,

has a fine, white, tough wood, which takes a good polish.

For desci iptlon of other species of North America, see Card. Chron., 1881, Index,

a.v. " Acei'"; Surgcnt's Cut. of For. Trees of iV. Amer.\ Loudun, I.e., p. 405 &q.\

Gl-tiy's Manual of hot., p. 84. (G. H.)

MAR, Earldom of. Mar, one of the ancient divisions

or provinces of Scotland, comprised the larger portion of

Aberdeenshire, extending from north of the Don southwards

to the Moonth. It is remarkable for its association with

the oldest historical dignity of Scotland, or perhaps of any

country, which baa been perpetuated to our own time.

Donald MacEnun MacCainech, mormaer (hereditary ruler

or steward) of ilar, fought, according to nearly contem-

porary testimony, at the battle of Clontarf in Ireland in

1014. Under Anglo-Saxon influences mormaers or great

stewards became earls ; and Ruadri, mormaer of Mar,

whose name appears in the Book of Deer, is designed
" Rothri comes" in a charter of Alexander I. of 1114 or

1115. His representative in the latter part of the 12th

century was Gratney, earl of Mar, who married Christian

Bruce, sister of King Robert, a lady famed for her defence

of the chief stronghold of the earldom, Kildrummy Castle,

against David of Stratbbogie, earl of AtLole, then (1335) in

alliance with the English. Their son, Earl Donald, in his

youth a captive in England, was restored to his country after

Banuockburn. On the landing of Edward Balliol in 1332,

and death of Thouias Randolph, earl of >Ioray, he was in-

vested with the regency, and the troops hastily assembled

by him to meet the invader suffered a disastrous defeat at

Dupplin, the earl of Mar being himself among Ijie slain.

Earl Thomas, the regent's son, dying without issue in 1377,

his successor was his sister Margaret, countess of Douglas

by marriage. From her the earldom of Mar passed to her

daughter, Isabel Douglas, countess of Mar, whose second

marriage forms a notable episode in Scottish history. Alex-

ander Stewart, natural sun of Alexander, earl of Buchan,

and, according to common belief, the instigator of a

murderous attack on that lady's first husband, stormed the

widowed countess of Mar in Kildrummy Castle in 1404,

compelled her to marry him, and extorted from her a

cliarter which, had the king been prevailed on to confirm

it, would have made over the earldom to him and his heirs,

in exclusion of the heirs of his wife. But, weak as waa

the law north of the Mounth in the reign of Robert III.,

this outrage was too flagrant to be condoned. The indis-

pensable confirmation was refused by the king ; but a

compromise was efl'ected, by which Isabel voluntarily

accepted Stewart as her husband, and, by a charter which

Robert duly confirmed, gave him a right to the earldom for

life, with remainder, however, to her own heirs. Qua earl

of Mar, the quondam leader of freebooters became a sup-

porter of law and order; and in 1411, when Donald, lord

of the Isles, was leading his marauding host sovithwards,

it was under Alexander, earl of Mar, that the lowland

gentry and the burghers of Aberdeen mustered to oppose
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his advances. The sanguinary battle of Harlaw arrested

the prog;ress of the highlanders, and left Mar master of

the field.

Earl Alexander died in 1435, when the right to the

earldom passed to Isabel's nearest heir, Robert Lord

Erskiiie (descended from a daughter of Earl Gratuey), who
established his right by retour in 1438, and became earl of

Mar. The crown, however, had seized ou the valuable

territories of the earldom, of which he could only obtain

partial possession ; and James II. and his advisers, after

temporizing for a length of time, in 1457 reduced Earl

Robert's retour by a collusive "service negative," based on

the plea that, either by the bastardy of Alexander or in

virtue of a resignation by him to James I., the earldom

had lapsed to the crown, two ex facie worthless pretexts,

inasmuch as Alexander had only been a liferenter. The
wrongful possession of the crown lasted more than a

century, in the course of which time the earldom was twice

temporarily in possession of younger members of the royal

house, and portions of it were given away to favourites

;

while its laVful owners, the Erskines, continued loyally to

serve the sovereigns who had usurped their inheritance.

At length, on 23d May 1565, Queen Mary, made aware
of the wrongs inflicted by her predecessors, and " moved
by conscience " to make the fullest reparation, granted to

John Lord Erskine a charter restoring the earldom of

which he and his ancestors had been unjustly deprived.

The earl of Mar, thus replaced in his rights, was regent of

Scotland during the last two years of his life ; and his son,

who succeeded him in 1572, and was treasurer to James
VI., recovered by process Of law those portions of his

inheritance which had been alienated by the crown during
the period of illegal possession. In the next two genera-

tions the attachment of the family to the Stewarts brought
with it fines and impaired fortunes. John, earl of Mar,
fourth in descent from the treasurer, headed the rebellion

of 1715, and sufifered attainder, but escaped abroad and
•urvived till 1732. His daughter Lady Frances (who
married an Erskine, the younger son of her uncle, Lord
Grange) would, but for the attainder, have inherited his

title ; and what remained of the lands was preserved to

her by arrangement with the commissioners of forfeited

estates. In 1824 her son, John Francis Erskine of Mar,
was, as "grandson and lineal heir" of the attainted earl,

restored by Act of Parliament from the effects of the forfei-

ture.

At the death in 1866 of John Francis Jliller Erskine, earl of
Mar, grandson of the restored earl, there seemed no room for doubt
that the earldom devolved, in accordance with the rule of succession
which it had always followed, on his sister's son John Francis
Erskine Goodeve, in preference to his cousin and heir male, the earl
of Kellie. The latter, however, claimed, not indeed the ancient
dignity, but a separate titular earldom, supposed to have been
bestowed by Queen Mary, not by her charter above alluded to, but
^y a lost and till then unheard-of patent a few weeks later in date,
«nd with a dilferent remainder, namely, to heirs male of the body.
The resolution of the committee of privileges of the House of Lords
in 1875, finding Lord Kellie entitled to the earldom thus claimed
by him, has caused great surprise ; and Scotch lawyers generally,
wbile disbelieving as a question of fact in this creation of 1565, seem
also to hold in point of law that the resolution alluded to leaves
untouched the right of the heir general to the ancient historical
honour. The same view has been expressed by way of protest by a
large number of the Scottish peers, and enforced by the late earl of
Crawford in his ably written posthumous work The Earldom of
liar in Sunshine and Shade.

MARABOUT is a corruption of tne Arabic Mordhit, a
Moslem name for a hermit or a devotee. Primarily the
word is derived from rihdt, a fortified frontier station. To
8uch stations pious men betook them to win religious
merit in war against the infidel ; their leisure was spent
in devotion, and the habits of the convent superseded those
of the camp (see De Slane in Jour. As., 1842, L 168;

Dozy, SiippL, i. 502). Thus rihdt came to mean a religious,
house or hospice {zdroiya). The great sphere of the
marabouts is North Africa. There it was that the com-

• munity formed by King Yahya and the doctor Abdalla
developed into the conquering empire of the Mordbits, or, as
Christian writers call them, the Almoravides {q.v.), and
there still, among the Berber, the marabouts enjoy extra-
ordinary influence, being esteemed as living saints and
mediators. They are liberally supported by alms, direct all

popular assemblies, and have a decisive voice in intertribal
quarrels and all matters of consequence. On their death
their sanctity is transferred to their tombs, where chapels are
erected and gifts and prayers offered. The prominent part
which the marabouts took in the resistance offered to the
French by the Algerian Moslems is well known ; and they
have been similarly active in recent politico-reUgious

movements in Tunis and Tripoli.

MARACAIBO, a city and seaport of Venezuela, the
capital of the state of Zulia (formerly Maraeaibo), lies

about 25 miles from the sea on the west bank of Lake
Maraeaibo, the suburbs presenting, with their cocoa-nut
groves, a fine contrast to the background of barren-looking

hills sloping up from the shore to a height of about 200
feet. The streets are laid out at right angles ; the houses
are poor structures of a crude concrete br rubble, strength-

ened by wooden beams ; and even the public buildings

—

such as the churches, the government house, the court-

house, and the theatre—owe their pretentious appearance

to plaster and paint. The water of the lake being brackish,

and the sinking of Artesian wells as yet in the experimental

stage, Maraeaibo is dependent on the rains for its drinking

water. The markets are well supplied with provisions

(especially game), and the lower classes, with whom the

plantain forms the staflT of life, are able to subsist in a state

of comparative idleness. The prosperity of the place is

due to the fact that it forms the outlet for the produce
of a wide region;, and if the bar at the mouth of the

lake, preventing the entrance of vessels drawing more
than 10 or II feet, were removed Maraeaibo would bid

fair to become the chief mercantile centre of the north

coast of South America. CoSee, not of prime quality,

cocoa, and hides are the principal exports at present,

$4,029,852 out of the $4,188,017 at which the whole
exports were valued in 1880 being dravm from those

items. Steamers ascend the Catatumbo as far as San
Buenaventura and ViUarnizar and the Escalente to Santa
Cruz, thus tapping the border provinces of both Venezuela
and Colombia, Bricks and tiles, leather and admirable

saddlery, cocoa-nut oil, sugar, rum, and chocolate are

manufactured in the town. Though the Jesuit College,

which formerly made Maraeaibo one of the few real seats

of learning in this part of the world, no longer exists,

means of education are fairly abundant (a national college,

a nautical, school, &c.); and, although they devote them-
selves mainly to political agitation, the upper classes are

not without culture. Maraeaibo was founded by Alonso
Pacheco in 1571. The population, returned in 1873 cs

21,954, is estimated at 30,000 in 1881.

See Eugel, "Maraeaibo," ia Zcit. d. Ges. Erdlc., Berlin, 1870;
and U. S. Consular Reports, 1S82.

MARAGHA, a town of Persia, province Azerbijan,
37° 20' N., 46° 25' E., 68 miles from Tabriz, 232 north-west

of Tehrdn, pleasantly situated in a long narrow Valley

opening towards Lake Urmiah, which lies 10 miles to the

north-west. The town consists mostly of mud houses

enclosed by a high dilapidated wall, and containing no
conspicuous buildings except a large baza,ar and fine public

bath. NAsir-ed-din's observatory formerly stood on a hill

to the west, where there are some old tombs coyered with

Cufic inscriptions. The surrounding gardens and planta-
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tions are watered by canals from a small river crossed here

by tvfo good bridges built in 1809. At the village of

Dish-Kesen, 6 miles from Deh Kurgdu ia this district, are

the famous Mardgha marble pits, occupying a space half

a mile in-circumforence, and sunk to a depth of about 12

feet. Here a multitude of springs charged with carbonic

acid gas bubble up in all directions, precipitating large

quantities of carbonate of lime. Tha marble in the semi-

crystallized formation of this fjeposit forms horizontal

layers, which when cut in thin slabs are nearly transparent,

and serve as windows in the Tabriz baths and elsewhere.

Larger blocks are also used as pavements in bazaars and

palaces, and the famous throne in the Dlwdn KliAna at

TehrAn is made of the same material. Mardgha was

formerly the capital of Hiilakii, grandson of Jenghis KhAn,

and its fifteen thousand inhabitants still belong mostly to

the MukadamjTurki tribe.

MARANHAO, or Maranham (Latinized as Marag-

nanum), in full form Sao Ltnz de Makanhao, the chief

town of the province of Marauhao in Brazil, is situated in

2° 30' S. lat. and 44° 17' W. long., on the West side of an

island of the same name 28 miles long and 15 broad.

Though built on so hilly a surface that carriages cannot

be used, it is laid out with regularity, and has straight,

wide, and clean-looking streets. The public institutions

comprise a naval arsenal, a high court of appeal, a tribunal

of commerce, a military hospital, several general hospitals,

a theatre, a museum, a public library, and a botanic garden,

as well as a cathedral and an episcopal palace, both built

by the Jesuits. Maranhao has some commercial import-

ance, exporting cotton, sugar, hides, &c., from a wide

region of the interior, and receiving manufactured goods

from Europe, and especially from England. Though some-

what difficult of access to large sailing vessels, the port

affords good anchorage to all drawing loss than 20 feet.

Steamers ply to llio de Janeiro and ParA, as well as up

the rivers Itapicuru, Guajahu, and Pindare ; and direct

steam communication ia maintained with Lisbon and

Liverpool. The population of the island Maranhao was

34,023 in 1872, about 30,000 belonging to the city.

French colonists settled at St Luiz in 1612, but they were expelled

ty Jeronimo d'Albuquerque in 1614. The Dutch were in possession

from 1641 to 1653. The bishopric was created in 1676. The city

\^aa captured in 1823 by Lord Cochrane, who was afterwards created

liisrquis of Maranham.

M ABAT, Jean Paul (1743-1793), a famous revolution-

ary leader, was the eldest child of Jean Paul Mara of

Cagliari and Louise Cabrol of Geneva, and was born at

Boudry, in th.e principality of Neuchatel, on May 24, 1743.

His father was a doctor of some learning, who had aban-

doned his country and his religion, and had married a

Swiss Protestant. It was he that laid the basis of the

young Jean Paul's scientific learning, and the son at the

same time imbibed the doctrines of Rousseau. On his

mother's death in 1759 he set out on his travels, and
spent two years at Bordeaux in the study of medicine,

wheuce he moved to Paris, where he made use of his

knowledge of his two favourite sciences, optics and
electricity, to subdue an obstinate disease of the eyes;

After some years in Paris he went to Holland, the retreat

of philosophers, where all the works of the Encyclopedists

were printed for the French market, and then on to

London, where he settled in Church Street, Soho, a

fashionable district, and practised his profession. In 1773,

at the age of thirty, he made his first appearance as an
author with a Philosophiml Essaj/ cm Man, being ati

Attempt to Investigate tlie Principles and Lau's of the Recip-

rocal Influence of the Soul on the Body, of which only two
volumes are extaut, though at the end of the second
volume he speaks of a third. . The book shows a wonder-

ful knowledge of English, French, Carman, Italian, and
Spanish philosophers, and dii-ectly attacks Helvetius, who
had iu his L'Esprit declared a knowledge of science un-

necessary for a philosopher. Marat, as he now began to

call himself, declares that physiology alone can solve the

problems of the connexion between soul and body, and
proposes the existence of a nervous fluid as the true

solution. In 1774 he published a political work. The

Chains of Slavery, which appeared without his name, and
was intended to influence constituencies to return popular

members, and reject the king's friends, with innumerable

examples from classical and modern history of the ways in

which kings enslaved their peoples. The book was too

late to have any influence on the general election, and
was got up iu a style too costly for a wide circulation, but

its author declared later that it procured him an honorary

membership of the patriotic societies of Carlisle, Berwick,

and Newcastle. He remained devoted to his profession,

and in 1775 published in London a little Essay on Gleets,

price Is. 6d., of which no copy is to be found, and iu

Amsterdam a French translation of the first two volumes

of his Essay on Man. In this year, 1775, he visited Edin-

burgh, and on the recommendation of certain Edinburgh

physicians, was, on June 30, made an M.D. of St Andrews
University. On his return to London he published an

Enquiry into the Nature, Cause, and Cure of a Singular

Disease of the Eyes, with a dedication to the Royal Society.

In the same year there appeared the third volume of

the French edition of the Essay on Man, which reached

Forney, and exasperated Voltaire, by its onslaught on

Helvetius, into a sharp attack, that only made the young

author more conspicuous. His fame as a clever doctor

was now great, and on June 24, 1777, the Comte d'Artois,

afterwards Charles X, of France, " owing to the report he ~

had heard of the good and moral life, and of the knowledge

and experience in the art of medicine, of J. P. Marat,"

made him by brevet physician to his guards, with 20O0

livres a year and allowances

Marat was soon in great request as a court doctor among
the aristocracy ; and even Brissot, in his Mhnoires, admits

his influence in the scientific world of Paris. The next

years were much occupied with scientific work, especially

the study of heat, light,. and electricity, on which ho pre-

sented memoirs to the Acad(5mie des Sciences, but the

Academicians were horrified at his temerity in differing

from Newton, and, though acknowledging his industry,

would not receive him among them.
,
His experiments

greatly interested Benjamin Franklin, who used to visit

him ; and Goethe always regarded his rejection by the

Academy as a glaring instance of scientific despotism. In

1780 he had published at Neuchatel without his name a

Plan de Legislation CriminMe, founded on the humane
principles established by Beccaria. In April 1786 he

resigned his court appointment. The results of his leisure

were in 1787 a new translation of Newton's Optics, and

in 1 788 his Memoires Academiques, ou Nouvelles Decouvertes

sur la Lumiere,

His scientific life was now over, his political life was to

begin ; in the notoriety of that political life his great

scientific and philosophical knowledge was to be forgotten,

the high position he had given up denied, and he himself

to be scoffed at as an ignorant charlatan, who had sold

quack medicines about the streets of Paris, and been glad

to earn a few sous in the stables of the Comte d'Artois.

In 1788 the notables had met, and advised the assembling

of the states-general. The elections were the cause of a

flood of pamphlets, of which one, Ofrande ct la Patrie, was

by Maratj and, though now forgotten, dwelt on much the

same points as the famous brochure of the Abb6 Sicyes.

When the states-general met, Marat's interest was as great
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as ever, and in June 1789 he published a supplement to

his 0//"/tiH</?, followed in July by La Coiislilution, in which

ho ombodies his idea of a constitution for France, and in

September by his Tahleaa ties Vices de la Constitution

d'Anglelerre, which he presented to the assembly. The

latter alone deserves remark. The assembly was at this time

full of Anglomaniacs, who desired to establish in France a

constitution exactly similar to that of England. Marat,

who had lived in England, bad seen that England was at

this time being ruled by an oligarchy using the forms of

liberty, which, while pretending to represent the country,

was really being gradually mastered by the royal power.

His heart was now all in politics ; and, feeling that his

enei'gies needed a larger scope than occasional tracts

ntibrded, he decided to start a paper. At first appeared a

single nuniber of the Mouitetir patriolf, followed on

September 12 by the first number of the Puhliciste

parisien, which ou September 16 took the title of L'Ami
du PeufiU, and was to absorb his future life.

The lite of Marat now becomes part of the history of

the French Revolution. From the beginning to the end

he stood alone. He n;a3 never attached to any party; the

tone of his mind was to suspect whoever was in power

;

and therefore no historian has tried to defend him, and all

state the facts about him with a strong colouring. About

his paper, the incarnation of himself, the first thing to be

said is that the man always meant what he said ; no

poverty, no misery or persecution, could keep him quiet

:

he was perpetually crying—" nous sommes trahis."

Further, the suspicious tone of his mind extended to his

paper, and he made it play the part of the lion's mouth at

Venice : whoever suspected any one had only to denounce

him to the Ami du Peuple, and the denounced was never

let alone till he was proved innocent or guilty. He began

by attacking the most powerful bodies in Paris,—the corps

municipal, with Bailly at their head, and the court of the

Chatelet,—and after a struggle found them too strong for

him, and fled to London (January 1790). There he wrote

his Denonciation centre Necker,s.ni in May dared to return

to Paris and continue the Ami du Penph. He was

embittered by persecution, and continued his vehement
attacks against all in power—against Bailly, against La
Fayette, and at last, after the day of the Champs du Mars,

against the king himself. All this time he was hiding in

cellars and sewers, where he was attacked by a horrible

skin disease, tended ouly by the woman Simonne Evrard,

who remained true to him. The end of the constituent

assembly he heard of with joy, and with bright hopes

(soon dashed by the behaviour of the legislative) for the

future, when almost despairing in December 1791 he

fled once more to London, where he wrote his Ecole du
Citoyen. In April 1792, summoned again by the Cordeliers,

he returned to Paris, and published No. 627 of the Ami.

The war was now the question, and Marat saw clearly

enough that it was not sought for the sake of France,

that it was to serve the purposes of the royalists and the

Girondins, who thought of themselves alone. The early

days of the war being unsuccessful, the proclamation of the

duke of Brunswick excited all hearts ; who could go to save

France on the frontiers and leave Paris in the hands of his

enemies 1 Marat, like Danton, foresaw the massacres of

September. After the events of August 10th he took his

Beat at the commune, and demanded a tribunal to try the

royalists in prison. No tribunal was formed, and the

raassacres in the prisons were the inevitable result. In the

elections to the convention, Marat was elected seventh out of

the twenty-four deputies for Paris, and for the first time took
his seat in an assembly of the nation. At the declaration of

the republic, he closed his Amidu Peuple, and commenced
a now piper, the Journal de la Bepnhlique Francaise, which

was to contain his sentiments as its predecessor had done,

and to be always on the watch. In the assembly Marat had

no party; he would always suspect and oppose the power-

ful, refuse power for himself. After the battle of Valniy,

Dumouriez was the greatest man in Franco ; he could

almost have restored the monarchy, yet Marat did not fear

to go uninvited to the tragedian Talma's, and there accuse

Dumouriez in the presence of his friends of want of

patriotism. His unpopularity in the assembly was

extreme, yet he insisted on speaking on the question of the

king's trial, declared it unfair to accuse Louis for anything

anterior to his acceptance of the constitution, and, though

implacable towards the king, as (Aeone n an who must die

for the pediile's good, he would not allow Maleshcrbes, the

king's counsel, to be attacked in his paper, and .speaks of

him as a "sage et respectable vieillard." The king dead,

the months from January to May were spent in an unre-

lenting struggle between Marat and the Girondins. Marat

despised the ruling party because they had suffered nothing

for the republic, because they talked too much of their

feelings and their antique virtue, because they had for their

own purposes plunged the country into war; while the

Girondins hated Marat as representative of that rough red

republicanism which would not yield itself to a Pionian

republic, with themselves for tribunes, orators, and generals.

The Girondins conquered at first in the convention, and

ordered that Marat should be tried before the Tribunal

Kevolutionnaire. But their victory ruined them, for

Marat was acquitted on April 24, and returned to the con-

vention "with the people at his back. Their fall was a

veritable victory for Marat. But it was his last. Tho

skin disease he had contracted in the subterranean haunts

was rapidly closing his life ; he could only ease his pain

by sitting in a warm bath, where he wrote his journal, and

accused the Girondins, who were trying to raise France

against Paris. Sitting thus on the 13th July he heard in

the evening a young woman begging to be admitted to see

him, saying that she brought news from Caen, where the

escaped Girondins were trying to rouse Normandy. He
ordered her to be admitted, asked her the names of the

deputies then at Caen, and, after writing their names, said,

"'They shall be soon guillotined," when the young girl,

whoso name was Charlotte Corday, stabbed liim to the

heart. Grand was the funeral given to the man who had

Buffered so much for the republic. Whatever his political

ideas, two things shine clearly out of the mass of pre-

judice which has shrouded the name of Marat—that ho

was a man of great attainments and acknowledged posi-

tion, who sacrificed fortune, health, life itself, to his con-

victions, and that he was no bete feroce, no factious dema-

gogue, but a man, and a humane man too, who could not

keep his head cool in stirring times, who was rendered sus-

picious by constant persecution, and who has been regarded

as a personification of murder, because he published every

thought in his mind, while othere only vented their auger

and displayed their suspicions in spoken words.

The only works of Marat not mentioned in the text are Lea

aventurea du Comtc Potowshi, a poor novel, which must have been

written in his e.irly days, and which was discovered in MS. and

published by Bibliophile Jacob ; two brocluues on a balloon arci-

dent, 1785 ; Les Clmrlatmis Modcrncs, ou Lcllres sur le Ctarln-

tanisme acadSmique, 1791 ; Xc Junius Franfais, journal polilique,

June 2 to June 24, 1790 ; translation of Chains of Slavery, with

fifty pages on French history prefixed, year 1.

On Marat's life should be read L'ami du peuple, Shi^zca ous

Marat's jounmlistiehtn Lebcn, Hamburg, 1846 ; A. Bougtart,

Marat,Tamidu peupU, 2 vols., 1864 ; G. Piazzoli, ilaral, tamico

del Popolo e la liivolunone,. Milan, 1874 ; A. Vermorel, (Eiivres

dc J. P. Marat, Vami du pcujile, renicillics el annoUes, 1869;

F. Chcvremont, Marat, Index du Bibliophile, &c., 1876; Id.,

Placards de Marat, 1877 ; and particularly his Jean Paul Marnt,

esprit politique, accompaqni de sa vie scientijique, politvpie, etprivee,

2vol3^1881.^ (U. M.S.)
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MARATHON was a plain on the north-east coast of

Attica, containing four villages—Marathon, Probalinthos,

Tdcorythos, and Oinoe, which formed a tetrapolis. It

was divided from the plain of Athens by Jlount Pentelicus

and the hilly district of Diacria, and was in the early period

an autonomous state. After it became incorporated in the

Attic state, it retained something of its original distinctive

character. The worship of Apollo had its first home in

Attica here, and it was carried hence to Athens when the

tetrapolis was made part of the Athenian commonwealth.
The district was one of the chief seats of the worship of

Hercules, and boasted that it was the first place where he

had been worshipped as a god. Hence legend localized

here several events in the story of the Heraclida;, and
especially the self-sacrifice of Macaria, daughter of

Hercules. The legend of Theseus was also known in the.

district ; here the hero slew the Marathonian bull. The
plain derived its fame chiefly from the battle in which

the Athenians and Plat:eans under Jliltiades defeated

the Persians, 490 B.C. The one hundred and ninety-two

Athenians that were slain were buried on the field of battle,

contrai-y to the usual Attic custom, and a mound, which is

etill called Soro, was erected over them. Another tumulus

covered the bodies of the slain PIata:-an3 and slaves, and a
special monument was raised to Miltiades.

MAKBLE is a term applied to any limestone which is

sufficiently close in texture to admit of being polished.

Many other ornamental' stones—such as serpentine,

alabaster, and even granite—are sometimes loosely desig-

nated as marbles, but by accurate writers the term is

invariably restricted to those crystalline and compact

varieties of carbonate of lime which, when polished, are

applicable to purposes of decoration. The crystalline

structure is typically shown in statuary marble. A
fractured surface of this stone displays a multitude of

sparkling facets, which are the rhombohedral cleavage-

planes of the component grains. On placing a thin section

of Carrara marble under the microscope, it is seen that

each grai^ is an imperfect crystal, or crystalloid, of c:dc-

spar, having an irregular boundary, and being itself made

up of a number of crystalline plates twinned together

(see fig. 5, article Geology, vol. x. p. 231). It is said

that a somewhat similar polysynthetic structure may be

artificially induced in calc-spar by means of pressure. As
marble- appears to be, in many cases, a metamorphic

rock, it is probable that pressure and heat have been the

principal natural agents concerned in the alteration of

compact into crystalline limestones. It was shown many
years ago by Sir James Hall that even an earthj limestone,

like chalk, when strongly heated in a closed vessel, might

assume a saccharoidal texture ; and it is a fact familiar to

the field-geologist that a crystalline structure is often locally

developed in limestone where it happens to have been

invaded by an eruptive rock. Prof. Geikie proposes to

distinguish this kind of metamorphism by the term mar-

marosis (Text-Book of Geology, 1882).

Among statuary marbles the first place may be assigned

to the famous Pentelic marble, the material in which

Phidias, Praxiteles, and other Greek sculptors executed

their principal works. The characteristics of this stone

are well seen in the Elgin marbles, which were removed

from the Parthenon at Athens, and are now in the British

Museum. The marble was derived from the quarries of

Mount Pentelicus in Attica. The neighbouring mountain

of Hymettus likewise yielded marbles, but these were

neither so pure in colour nor so fine in texture as those of

Pentelicus. Parian marble, another stone much used by

Greek sculptors and architects, was quarried in the isle of

Faros, chiefly at Mount Marpessa. It is called by ancient

writers lychnitesy in. allusion to the fact that the quarries

were worsed by the light of lamps. The Venus de' Medici

is a notable example of work in this material. Carrara

marble is better known than any of the Greek marbles,

inasmuch as it constitutes the stone invariably employed

by the best sculptors of the present day. This marble

occurs abundantly in the Apuan Alps, an ofl'shoot of the

Apennines, and is largely Vorked in the neighbourhood of

Carrara, Missa, and Serravezza. Stone ^om this district

was employed in Rome for architectural purposes in the

time of Augustus, but the finer varieties, adapted to the

needs of the sculptor, were not discovered until some time

liter. It, is in Carrara marble that the finest works of

Michelangelo and of Canova are executed. The purest

varieties of this stone are of snow-white colour and of fino

saccharoidal texture. Silica is disseminated throngh some
of the marble, becoming a source of annoyance to the

workman ; while occasionally, it separates as beautifully

pellucid crystals of quartz known as Carrara diamonds.

The geological age of the marbles of the Apuan Aliis has

been a subject of much dispute, some geologists regarding

them as metamorphosed Triassio or even Liassic rocks,

while others are disposed to refer them to the Carboni-

ferous system. Much of the common marble is of a bluish

colour, and therefore unfit fpr statuary purposes ; when
streaked with blue and grey veins, the stone is known as

hardiglio. Curiously enough, the common white marble

of Tuscany comes to England as Sicilian marble—a name
probalily due to its having been formerly re-shipped from

some poit in Sicily.

Although crystalline marbles fit for statuary work are

not found to any extent in Great Britain, the "limestones

of the Palajozoic formations yet yield a great variety of

marbles well suited for architectural purposes. The
Devonian rocks of South Devon are rich in handsome
marbles, presenting great diversity of tint and pattern.

Plymouth, Torquay, Ipplepen, Babbacombe, and Chudleigh

may be named as the principal localities, ilany of these

limestones owe their beauty to the fossil corals which they

contain, and are hence known as madrepore marbles.

Of far greater importance than the marbles of the

Devonian system are those of Carboniferous age. It is

from the Carboniferous or Mountain Limestone that Brttish

marbles are mainly derived. Marbles of this age are

worked in Derbyshire and Yorkshire, in the neighbour-

hood of Bristol, in North Wales, in the Isle of Man, and

in various parts of Ireland. One of the most beautiful of

these stones is the encriuital marble, a material which owes

its peculiarities to the presence of numerous encrinites, or

stone-lilies. These fossils, when cut in various directions,

give a characteristic pattern to the stone. The joints of

the stems and arras are known from their shape as

" wheel-stones," and the rock itself is sometimes called

eutrochal marble. The most beautiful varieties are those

in which the calcareous fossils appear as white markings

on a ground of grey limestone. On the Continent a black

marble with small sections of crinoid stems is known as

petit granit, while in Derbyshire a similar rock, crowded

with fragments of minute encrinites, is termed bird's-eye

marble.

Perhaps the most generally useful marbles yielded by the

Carboniferous system are the black varieties, which are

largely employed for chimney pieces, vases, and other

ornamental objects. The colour of most black limestone

is due to the presence of bituminous matter, whence the

mineralogical name anthraconite. Such limestone com-

monly emits a fetid odour when struck ; and the colour,

being of organic origin, is discharged on calcination. Black

marbles, more or less dense in colour, are quarried in

various parts of Ireland, especially at Kilkenny and near

Galwav : but the finest kind is obtained from near Ashfori
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ill Derbyshire. From Ashford is also derived a very

beautiful stone known as rosewood marble. This is a

dense brown laminated limestone, displaying when
polished a handsome pattern somewhat resembling the

grain of rosewood ; it occurs in very limited quantity, and

is used chiefly for inlaid work.

Witli the rosewood marble may be compared the well-

known landscape marble or Gotham stone, an argillaceous

limestone with peculiar dendritic markings, due probably

to the infiltration of water containing oxide of manganese.

This limestone occurs in irregular masses near the base of

the White Lias, or uppermost division of the Rhaetic

series. It is found principally in the neighbourhood of

Bristol. The arboreacent forms depicted in bluish-grey

upon this landscape marble form a marked contrast to the

angular markings of warm brown colour which are seen on

Blabs of ruin marble from Florence—a stone occasionally

known also as landscape stone, or piet7-a paesina.

British limestones of Secondary and Tertiary age are

not generally compact enough to be used as marbles, but

some of the shelly beds are employed to a limited extent

for decorative purposes. Ammonite marble is a dark

browu limestone from the Lower Lias of Somersetshire,

crowded with ammonites, principally A. planicosiala.

Under the name of Forest marble, geologists recognize a

local division of the Lower Oolitic series, so named by W.
Smith from Wychwood Forest in Oxfordshire, where shelly

limestones occur; and these, though of little economic

value, aro capable of being used as rough marbles. But
the most important marbles of the Secondary series are

the shelly limestones of the Purbeck formation. Purbeek

marble was a favourite material with mediajval architects,

who used it freely for slender clustered columns and for

sepulchral monuments. It consists of a mass of the shells

of a fresh-water snail, Pahidina carini/era, embedded in a

blue or grey limestone, and is found in the Upper Purbeck

beds of Swanage in Dorsetshire. Excellent examples of

its use may be seen in Westminster Abbey and in the

Temple Church, as well as in the cathedrals of Salisbury,

Winchester, Worcester, and Lincoln. Sussex marble is a

very similar stone, occurring in thin beds in the Weald clay,

and consisting largely of the shells of Pahidina, principally

P. sussexiensis and P. flusiorum. Tho altar stones and
the episcopal chair in Canterbury cathedral are of this

material.

Mixtures of limestone and serpentine irequently form

rocks which are sufficiently beautiful to be used as orna-

mental stones, and are generally classed as marbles. Such
serpentinous limestones are included by petrologists under
the term ophicalcite. The famous verde antico is a rock of

this character. Mona marble is an ophicalcite from the

metamorphio series of the Isle of Anglesey, while the " Irish

green " of architects is a similar rock from Gonnemara in

western Galway. It is notable that some of the " white

marble" of Connemara has been found by Messrs King
and Eowney to consist almost Vv'holly of malacolite, a

v'ilicato of calcium and magnesium.

A beautiful marble has been worked to a limited extent

in the island of Tiree, one of the Hebrides, but the quarry

appears to be now exhausted. This Tiree marble is a

limestone having a delicate carnelian colour diffused

through it in irregular patches, and containing rounded
crystalloids of sahlite, a green augitic mineral resembling

malacolite in composition. When dissolved in acid the

marble leaves a brick-red powder, which has been studied

by Dr Heddle, who has also analysed the sahlite.

Many marbles which are prized for the variegated pat-

terns they display owe these patterns to their formation in

concentric zones,—such marbles being in fact stalagmitio

deposits of carbonate of lime, and probably consisting in

1,-,—20

many cases of aragonite. One of the most beautiful

stalagmitic rocks is the so-called onyx marble of Algeria.

This stone was largely used in the buildings of Carthage
and Rome, but tho quarries which yielded it were not

kliown tomodem sculptors until 1849, when M. Dclamonte
rediscovered the marble near Oued-Abdallah. The stone

is a beautifully translucent material, delicately clouded

with yellow and brown, and is greatly prized by French

workmen. Large deposits of a very fine onyx-like marble,

similar to the Algerian stone, have been worked of late

years at T^cali, about 35 miles from the city of Mexico.

Among other stalagmitic marbles, mention may be made of

the well-known Gibraltar stone, which is often worked into

models of cannon and other ornamental objects. This

stalagmite is much deeper in colour and less translucent

than the onyx marbles of Algeria and Mexico. A richly

tinted stalagmitic stone worked in California is known as

Californian marble. It is worth noting that the "ala-

baster "of the ancients was stalagmitic carbonate of lime,

and that this stone is therefore called by mineralogists
" Oriental alabaster " in order to distinguish it from our

modern " alabaster," which is a sulphate, and not a car-

bonate, of lime.

The brown and yellow colours which stalagmitic marbles

usually present are due to the presence of o.xide of iron.

This colouring matter gives special characters to certain

stones, such as the giallo antico, or antique yellow marble

of tho Italian antiquaries. Siena marble is a reddish

mottled stone obtained from the neighbourhood of Siena

in Tuscany; and a somewhat similar stone is found in

King's County, Ireland. True red marble is by no means

common, but it does occur, of bright and uniform colour,

though in very small quantity, in the Carboniferous lime-

stone of Derbyshire and north-cast Staffordshire. It may
be noted that the red marble called rosso antico is often

confounded with the iwl-fido rosso antico. which is really a

red porphyritic felstone.

Fire marble is the name given to a brown shelly lime-

stone containing ammonites and other fossil shells, which

present a brilliant display of iridescent colours, like those

of precious opaL It occurs in rocks of Liassic age at the

lead-mines of Bleiberg in Carinthia, and is worked into

snuff-boxes and other small objects. By mineralogists it

is often termed lumachdla, an Italian name which may,

however, be appropriately applied to any marble which

contains small shells.

It would unnecessarily extend this article to enumerate

the local names by which marble-wrkers in different

countries distinguish the various stones which pass under

their hands. The quarries of France, Belgium, and Italy,

not to mention less important localities, yield a great

diversity of marbles, and almost each stone bears a' distinc-

tive name, often of trivial meaning.

America possesses some valuable deposits of marble,

which in the eastern States have been extensively worked.

The crystalline limestones of western New England

furnish an abundance of white and grey marble, while a

beautiful material fit for statuary work has been quarried

near Rutland in Vermont. A grey bird's-eye marble is

obtained from central New York, and the greyish clouded

limestones of Thomaston in Maine have been extensively

quarried. Of the variegated and coloured marbles,

perhaps the most beautiful are those from the northern

part of Vermont, in the neighbourhood of Lake Champlain.

A fine brecciated marble ia found on the Maryland side of

the Potomac, below Point of Rocks. Among the principal

localities for black marble may be mentioned Shoreham

in Vermont and Glen Falls in New York. In Canada

the crystalline limestones of the Laurentian series yield

beautiful marbles.

XV. — 67
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Turning to India, we find important quarries at Makrana

in Rajputana—a locality which is said to have yielded the

marble for the famous Taj Mahal at Agra. In the valley

of the Nerbudda, near Jabalpur, there is a large develop-

ment of marble. The white marble which is used for the

delicately-pierced screens called jalee work is obtained from

near Raialo, in Ulwar. See Ball's Economic Geology of
India, 1882.
For descriptions of ancient marbles see F. Corsi's treatise Delle

I^ielrc aniiche ; and for loarbles in general consult Professor Hull's

Building and Onianuntal Slo7us, 1872. (F. W. E.*)

M.\RBLEHEAD, a town and port of entry of the

United States, in Essex county, Massachusetts, situated on

the coast, 17 miles by rail uortli-east of Boston, and i miles

«outh-ea.st of Salem, and communicates by two branch

BUBS with the main line of the Eastern Railway. It is built

on & rocky peninsula of about 3700 acres in extent, which

jots out into Massachusetts Bay, and has a deep, roomy,

and nearly land-locked harbour. The fisheries in which

Marblehead was once largely engaged have declined ; but

shoemaking has become an important industry, and the

town is rising into favour as a summer resort. Many of

lilie houses date from the " colonial " period, and one of

the churches was built in 1714, but in the summer of

1877 nearly the whole business part of the town was burnt

ba the ground. The population was 7703 in 1870, and

7467 in 1880.

Marblehcad was incorporated in 1649. Of the original settlers, a

ooiisiderable number were from the Channel Islands, and their

peculiavitie? of spetch continued for a loug time to affect the local

dialect. As at that period the second to\vn of Massachusetts in

wealth and size, Marblehead sent one thousand men to the War of

Independence, and ita privateers rendered excellent service ; but its

trading prosperity never recovered from the effects of the contest.

Eibridge Gerry, vice-president of the United States in 1812, was
born at Marblehead ; and the town is the scene of the grim reveuge

oelobrated, with considerable poetical Ucence, iu WMttier's Skipper

Irc^on'B Hide.

MARBURG, an ancient university town of Prussia, in

the province of Hesse-Nassau and district of Cassel, is very

picturesquely situated on the slope of a hill on the right

bank of the Lahn, 50 miles to the north of Frankfort-on-

the-Maiu, and about the same distance to the south-west

of CasseL On the opposite bank of the river, which is

here spanned by two bridges, lie the suburb of Weiden-

hausen and the station of the Main-Weser Railway. The

streets of the town proper are steep and narrow, and the

general character of the architecture is quaint and

medioival. The hill on which the town lies is crowned by

tha extensive old schloss, a fine Gothic building, the most

noteworthy parts of which are the rittersaal (see below),

dating from 1277-1320, and the beautiful little chapeL

This chateau was formerly the residence of the landgraves

of Hesse, afterwards served as a prison, and is now the

repository of the historically interesting and valuable

archives of Hesse. The chief architectural ornament of

Marburg is, however, the Elisabethenkirche, a veritable

gem of the purest Early Gothic style, erected by the grand

master of the Teutonic Order in 1235-83, to contain the

tomb of St Elizabeth of Hungary. The remains of the

saint were deposited in a rich silver-gilt sarcophagus, which

is still extant, and were afterwards visited by myriads of

pilgrims, until the Protestant zeal of Landgrave Philip the

Generous caused him to remove the body to some unknown
spot in the church. The church also contains the tombs of

numerous Hessian landgraves and knights of the Teutonic

Order. The Lutheran church is another good Gothic

edifice, dating mainly from tlie 15th century. The town-

house, built in 1512, and several fine houses in the

Renaissance style, also deserve mention. The university

of Marburg, founded by Philip the Generous in 1527, was

the first university established without papal privileges,

and speedily acquired a great reputation throughout

Protestant Europe. It has a library of 1 40,000 volumes,

and is admirably equipped with medical and other insti-

tiites, which form some of the finest modern buildings in

the town. The number of students is now about seven

hundred. Marburg also possesses a gymnasium, a " real-

schule," an agricultural school, a society of naturalists, a

hospital, a poorhouse, and an extensive lunatic asylum.

It is the seat of a district court, and of superintendents of

the Lutheran and Reformed churches. Marburg pottery

is renowned ; and leather, iron wares, and surgical instru-

ments are also manufactured there. The population in

1880 amounted to 11,225. The environs are very pictur-

esque.

Marburg is first historically mentioned in a docoment of the
beginning of the 13th century, and received its municipal charter
from Landgrave Louis of Thmingia in 1227. On hia death it

became the residence of his wife, Elizabeth of Hungary, who Cuilt

a hospital there and died in 1231, at the age of twenty-four, worn
out with works of religion and charity. She was canonized soon
after her death. By 1247 Marburg hftd already become the second
town of Hesse, and in the 15th and 16th centuries it altemated
with Cassel as the seat of the landgraves. In 1629 the famous
conference between Luther and Zwingli on tho subject of tronsub-

stantiation took place there in therittei-saal of the schloss. During
the Thirty Years' and Seven Years' Wars Marbmg suffered consider-

ably fi-ora sieges and famine. Li 1806, and again in 1810, it was
the centre of an abortive rising against the French, in consequence
of which the fortifications of the castlo w^re destroyed.

Several mnnogiaphs have been published on tliL- conference and tuiiverrity of
Muibui g. A genera] account of tlie town, with rcfci cnccs to the most Important
of these, Is given In BUeking's Wegwcisei- durch Marbur-g, 1875,

MARBURG, the second town of the Austrian duchy of

Styria, is very picturesquely situated on both banks of the

river. Drave, in a plain called the Pettauer-Feld, at the

base of the well-wooded Bachergebirge. It is the seat of

the bishop of Lavant, and of the judicial and administra-

tive authorities of the district, and contains a gymnasium,

a " realschule," an episcopal seminary, a normal school, a
pomological school, a theatre, and three hospitals. The
principal buildings are the cathedral, the tower of which

commands a beautiful view, and the old castle. Its situa-

tion in the midst of a fertile vine-growing district, con-

nected by the navigable Drave with Hungary, and by
railway with Vienna, Trieste, the Tyrol, and Carinthia,

makes it the centre of a considerable traffic in wine and

grain. Its industrial products are leather, iron and tin

wares, liqueurs, and sparkling wine, and it also contains

several large cooperages. The extensive workshops of the

South Austrian Railway are situated in the suburb of

JIagdalena, on the right bank of the Drave, and give

emi)loyment to nearly three thousand hands. With the

exception of a successful resistance to Matthias Corvinus

in 1480-81, the history of the town presents no notable

event. In 1880 Marburg contained 17,C28 inhabitants,

including a garrison of 1600 men. The environs abound
in interesting and picturesque points.

See Puffs Handbook to Marburg, Gratz, 1847.

MARCANTONIO, or, to give him his full name,

Marcantonio Raimondi, is celebrated as the chief Italian

master of the art of engraving in the age of the Renaissance.

The date of his birth is uncertain, nor is there any good

authority for assigning it, as is commonly done, approxi-

mately to the year 1 488. He was probably born some years

at least earlier than this, inasmuch as he is mentioned by a

contemporary writer, Achillini, as being an artist of repute

in 1504. His earliest dated plate, illustrating the story

of Pyramus and Thisbe, belongs to the following year, 1505.

Marcantonio received his training in the workshop of the

famous goldsmith and painter of Bologna, Francesco

Raibolini, usually called Francia. " Having more aptitude

in design," says Vasari, "than his master, and managing the

graver with facility and grace, he made waist-buckles and
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many other tliinjp in niello, such being then greatly in

fashion, and mad'e them most beautifully, as being in

truth most excellei^tin that craft." The real fame, however,

of Marcantonio was destined to be founded on his attain-

ments, not in the goldsmith's art generally, but in that

particular developn^ent of it which consists of engraving

designs on metal jSlatea fdr the purpose of reproduction

by the printing press. This art was not new in Italy in

the days of Marcantonio's apprenticeship. It had been

practised, in a more , or less elementary form, for not less

than forty or fifty years in the workshops of both Tuscany

and Lombardy. A school of engravers had formed itself at

Florence under the i'nspiration, as it appears, chiefly of

Sandro Botticelli ; in Lombardy the prevailing influence

apon the nascent art had been that of Andrea Mantegua.

But hitherto neither the engravers of Florence nor those

of the Lombard cities had produced anything comparable

for richness of effect ai^d technical accomplishment to the

work done during the same period on the other side of

the Alps. The aim of the Italiap engravers had not hitherto

been directed, like that of Schongauer or DUrer, towards

securing such freedom and precision in the use of the

burin ae should impart t'o the impressions taken from their

engraved plates both a striking decorative effect and a
power of suggesting to ti.ie eye a complex variety of natural

objects and surfaces in light and shade. The Italian

masters had been satisfied with a much more primitive

order of effects. They had been content to omit all acces-

sories and details except the simplest. They had merely

drawn with the needle, or dry-point, upon the copper, in

just the same way as they were accustomed to draw on
paper with the pen or silvor point,—taking great pains to

get the outlines true and pure, and indicating shadows
only by means of straight lines rapidly drawn in, or very

simple hatchings.

By the beginning of the 16th century, however, when
Marcantonio began to work at engraving along with the

other pupils of Francia, a desire for a more complicated

kind of effects was already , arising among the followers

of the art in Italy. Both backgrounds and passages of

foreground detail were often imitated, inartificially enough,

from the works of the northern masters. Marcantonio
himself was among the foremost in carrying Out this

movement. There exist about eighty engravings which
can be referred to the first five or six years of his

career (1505-11). Their subjectj are very various, in-

eluding many of pagan mythclogy, and some of obscure

allegory, along with those of Christian devotion. The types

of figures and drapery, and the general character of the

oompositions, bespeak for the most pirt the inspiration, and
sometimes the direct authorship, of that artist as graceful

as he was grave, Francia. But the influence of German
example is very perceptible also in the work of the young
Marcantonio, particularly in the landscape backgrounds,

and in the endeavour shown by him to express form by
means of ligjit and shadow with greater freedom than had
been hitherto the practice of the southern schools. In a

few subjects also the figures themselves correspond to a

coarse Teutonic, instead of to the refinec Italian, ideal. But
so far we find Marcantonio only indirectly leaning on the

north for the sake of self-improvement. It must have been
for the sake of commercial profit that he by and by pro-

duced a series of direct counterfeits of northern work.
We allude to the celebrated facsimiles engraved by
Marcantonio on copper from Albgrt Diirer's woodcuts.
These facsimiles are sixty-nine in number, including
seventeen of Diirer's Li/e of the Virgin, thirty-seven of his

Little Passion on wood, and a number of single pieces.

According to Vasari, Diirer's indignation over those

counterfeits was the cause of his journey to Venice, where

he is said to have lodged a complaint against Marcantonic^i

and induced the signoria to prohibit the counterfeiting 6f

his monogram, at any rate, upon any future imitations of

the kind. Vasari's account milst certainly be mistaken,

inasmuch as Diirer's journey to Venice took place in 1506,
and neither of the two series of woodcuts imitated by
Marcantonio was published until 1511. The greater part

of the designs for the Life of tfie Virgin had, it is true, been
made and engraved seven years earlier than the date of

their publication ; and it is to be remarked that, whereas
Marcantonio's copies'of the Little Passion leave out the

monogram of Diirer, it is inserted in his copies of the Life

of the Virgin
; whence it would after all seem possible that

he had seen and counterfeited a set of impressions of this

series at the time when they were originally executed, and
before their publication. But the real nature of the

transaction, if transaction there was, which took place

between Diirer and Marcantonio, wq cannot now hope to

recover. Enough that the Bolognese engraver evidently

profited, both in money and in education of the hand, by
his work in imitating in a finer material the energetic

charactera of these northern woodcuts. He was soon to

come under a totally different influence, and to turn the

.experience he had gained to account in interpreting the

work of a master of a quite other stamp. Up till the year

1510 Marcantonio had lived entirely at Bologna, with the

exception, it would appear, of a visit or visits to Venice.

Very soop afterwards he was attracted for good and all

into the circle which surrounded Raphael at Rome.
Where or when he had first made Raphael's acquaintance

is uncertain. His passage to Rome by way of Florence

has been supposed to be marked by an engraving, dated

1510, and known as the Climbers, Les Grimpeurs (Bartsch

487), in which he has reproduced a portion of the design oi

Michelangelo's cartoon of the Battle of'Anghiari, and has
added behind the figures a landscape imitated from the

then young Dutch engraver Lucas of Leyden. '- The
piece in which he is recorded to have first tried his hand
after Raphael himself is the Lucretia (Bartsoh 192)J

From that time until he disappears in the catastrophe of

1527, Marcantonio was almost exclusively engaged irl

reproducing, by means of engraving, the designs, of Raphael
or of his immediate pupils. Raphael, the story goes, was
so delighted with the print of the Lucretia that he per-

sonally trained and helped Marcantonio afterwards, adding,'

as some think, a touch of his own here and there to the

engraver's work. A printing establishment was set up
under the charge of Raphael's colour grinder, II Baviera, and
the profits, in the early stage of the business, were shared

between the engraver and the printer. The sale

soon became very great; pupils gathered round about

Marcantonio, of whom the two most distinguished were
Marco Dente, known as Marco da Ravenna; and Agostino

do' Musi, known as Agostino Veneziano ; and he and they,'

during the last ten years of Raphael's life, and for several

years following his death, gave forth a great profusion of

engravings after the master's work,—not copying, in most
instances, his finished paintings, but working up, with the

addition of simple backgrounds and accessories, his first

sketches and trials, which often give the composition in

a different form from the finished work, and are all the,

more interesting on that account.

The best of these engravings produced in the workshop

of Marcantonio—those, namely, done by his own hand;

and especially those done during the first few years after

he had attached himself to Raphael—^justly count among
the most prized and coveted examples of the art. In them

he enters into the genius of his master, the ganins of

choice, of balanccj of rhythmical purify and charm ; he
loses little of the chastened science and subtle grace of
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Eaphael's contours, or of the inspired and winning
Bentiment of his faces ; while in the parts where he is left
to himself—the rounding and shading, the background and
landscape—he manages his burin with all' the skill and
freedom which he had gained by the imitation of northern
models, but puts away the northern emphasis and redund-
ance of detail His work, however, does not long remain
at the height marked by pieces like the Lucretia, the Dido,
th« Judgment of Paris, the Poetry, the Philosophy, or the
first Massacre of the Innocents. Marcantonio's engravings
after the works of Eaphael's later years are cold, osten-
tatious, and soulless by comparison. Still more so, as is
natural, were those which he and his pupils produced after
the designs of the degenerate scholars of Raphael and
Michelangelo, of a Giulio Romano, a Polidoro, or a Bandi-
nelli. Marcantonio's association with Giulio Romano was
the cause of his first great disaster in life. He eni^raved a
^ries of obscene designs by that painter in illustration of the
Sonnetd lussuriosi of Pietro Aretino, and thereby incurred
the anger of Pope Clement VIL, at whose order he was
thrown mto prison. Marcantonio's ruin was completed by
the calamities attendant on the sack of Rome in 1527. He
had to pay a heavy random in order to escape from the
liands of the Spaniards, and fled from Rome, in the words
of Vasari, "all but a beggar." It is said that he took
refuge in his native city, Bologna; but he never again
emerges from obscurity, and all we know with certatnty
IS that in 1534 he was dead. (s. c \

_
MAECASITE, Jlodern mineralogists, following Haid-

inger, have restricted this name to those forms of native
bisulphide of iron which crystallize in the orthorhombic
system.^^and are sometimes known as "prismatic iron-
pyrites." By the older mineralogists the word was used
with less definite meaning, being applied to all crystallized
and radiated pyrites, whether rhombic or cubic. In the
last century both minerals were extensively' used as
ornamental stones. The marcasites were generally of small
size, faceted like rose diamonds, and brilliantly polished
in which form they were mounted in pins, brooches, shoe^
buckles, jvatch-cases, and other ornamental oTjjects. The
lustre of the polished surface was so brilliant that the stone,
although opaque, formed a rough substitute for diamond •

and this lustre was not readily impaired by atmospheric
influences. Much of the old marcasite jewellery is of so
pale a colour as almost to resemble burnished steel • such
kmds generally belong to the true modern marcasite
sometimes called "white pyrites"; while the specimens
which possess a brassy yellow coloXir are mostly referable
to the cubic species, which is distinctively termed pyrite
Some of the finest pyrites suitable for the jeweller is found
in Elba and m Brazil ; but the mineral. enjoys a very wide
geographical distribution, and is common in En<Tland
especially in Cornwall, where it is known to the mincers as
mnndic." By the ancient Peruvians the mineral was

extensively used for amulets, while the larger pieces were
poUshed as mirrors

; hence marcasite is sometimes called
pierre des Incas. The word marcasite, variously written
marc/msite, marchcsite, marquente, &c., appears to have
been introduced from Spain, and is supposed to be of Arabic
origin. It 13 notable that the word was applied by early
writers on chemistry to the metal now called bismuth

MARCELLINUS, St, according to the Libenan
catalogue, became bishop of Rome on June 30 ^gg .

],is
predecessor was Cuius or Gaiuu Of his pontificate virtiallv
nothing IS known. In the Concilia of Mansi and Hardouin
there IS an account of a synod alleged to have been heldm S03 at Smuessa (between Rome and Capua), at which
Marcellinus was accused by three of his priests and two of
his deacons of having accompanied Diocletian into the
temple of Vesta and Isis, and there burnt incense. The
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narrative goes on to say that ultimately embled bishops,
guilt in the presence of the three hundred aelf, for " prima
but that his condemnation was left to hisrther stated in
sedes non judicatur a quoquam." It ishe other bishops
tbe same account that he and mauy oft "3 303 The
were put to death by Diocletian on Aug at^ an early date.
story of the synod of Sinuessa was curre Theodoret as a
but was condemned by Augustine av^abulous character
mere invention of the Donatists. It„) and by Hefele
IS maintained by Dollinger (i'a/^^/ai.ighty authority of
(Co7iciliengeschichte), even against the ison in one of the
the Bremar^, where it constitutes a Imoration day of
nocturns for April 26, the comUng to the Liberian
Marcelhnus. Marcellinus died, accorof eight years three
catalogue, in 304, after a pontificatconsiderable interval
months and twenty-five days ; after has sometimes been
he was succeeded by Marcellus, wh

'^T/il'or T '^tT; , <. Eo-^an warrior, was
MARCELLUS, MABcusCLAimiirst in Sicily against

born about 268 a c, and served 22) he was engaged in
Hamilcar. In his first consulship (,„ the !:polia opima by
the war against the Insubres, and ^^ 216 he was to have
slaying their chief Viridomariis. 4, but was detained on
gone as pr^tor to Sicily with a fle He went to Canusium
the news of the defeat at Cannae. ,nts of the army. He
and took command of the fragm Capua going over to
tried wihout success to prevenju he was in Sicily as
Hannibal, but saved Nola. In

,f Syracuse; he stormed
consul at tlie time of the revolt ^t the engineering skill
Leontim and besieged Syracuse, .cks and compelled him
of Archimedes repelled his attje. Himilco landed with
to content himself with a blockarcellus failed to prevent
a Carthaginian army, and Mq-aking the opportunity of
their occupying Agrigentum. T^ormed Epipola;; but the
a feast of Artemis, Marcellus sj^ed untaken, as also the
old town and the island rem^owever, cut off and soon
fort of Euryalus, which was, ^ed among the Carthaginian
lell. Jleanwhile pestilence ra}t„ several months, during
army encamped outside. Altown, he gained a lodgment
which disorder reigned in the,er, and Syracuse was snr-
by tho aid of a Spanish ofii spared the lives of the
rendered (212). Marcdlusi^eir art treasures to Rome.
Syracusans, but carried 'off tg^i^pia by help of the Roman
Consul again in 210, he took,ath the Numidian garrison.
party there, and put, to dy Hannibal near Venusia, and
Proconsu in 209, he attacketired to that tDwn ; he was
after a desperate battle re and had to leave the armj- to
accused of bad generakihip, i^ his last con.sulship (208),
defend himself in Rome. ,onnoitring near Venusia. they
while both consuls were re(a, and Marcellus was killed.
were unexpectedly atbacke'bly been exaggerated, but he
His successes have pji-obale name often given to him, the
was a brave soldier, ai^d tl],]! deserved. Though plebeians,
sword of Rome," wa^s Wf|ook a high position ; they were

the Marcelh henceforith tjy

^\'?An^^FT'™°' °fp"(cDros, wascurulesedile in 56 b.c.

•
1 T^'V,, ,

' ^^•'^"^'Hhe spoke on behalf of Mlo at his
with P. Clodius. Inj 52 ,^x ^ith ger. Sulpicius. During
trial In 51 he was/ cont(j to remove Csesar from his army
his consulship he pro poseodsion was, however, delayed by
from March 49. TK.e df till February 50, and then the
1 ompeius s irresolu^tion,

[ that Pompeius also should vacate
tribune C. Curio ms iste^'.^ate voted this by a large majority,
his command; and t|he st, cousin of Marcus, and then consul,
but at last C. Marc.ellu^\ the two consuls elect, and ofl-ered
went to Pompeius ' witl ^g army against Ca;sar. In January

?Q°\, ^'^""""^"^ °^ *''c^o put off declaring war till an army
4 J M. Marcellus tr led ,jt when Pompeius left Italy Marcus
could be got read}-^; b: foUowed, while his couyn withdrew
and his brother C aius-
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to Liternam. Aftor Pharsalus M. Marcellus retired to

biytilene. Eo long made no attempt to return, till in 46

the b"inat6 appealed to C^sar. Marcellus accepted this

favour reluctantly. Pressed by Cicero, he left Mytilene

for Italy, but was murdered in May by Magius Cilo in the

l'ira!U3. Marcellus was a thorough aristocrat, but free

from the violence which disgraced many of his party.

MARCELLUS, M. Claudius, son of C. Marcellus and

Octavia, sister to Octavianua, was born about 43 B.C.

Octavianus adopted him and made him pontifex and

senator with praetorian rank. In 25 he married Julia,

daughter^ of Octavianus, and was looked on as his future

successor. Yet in a dangerous illness Augustus gave his

signet to Agrippa, Differences arising, Agrippa was made
proconsul of Syria to separate the rivals. In 23 Marcellus,

while curulo aidile, fell ill and died at Baioe. Livia was

suspected of having poisoned him to get the empire for

her son Tiberiu.s. Great hopes had been built on the

youth, and he was celebrated by many writers, especially

by Virgil, in a famous passage in J^n. vi,

MARCELLUS I., pope, succeeded Marcellinus, after a

•considerable interval, most probably in May 307 ; under

Maxeutius he was banished from Rome in 309 on account

of the tumult caused by the severity of the penances be

had imposed on Christians who had lapsed under the recent

persecution. He died the same year, being succeeded by
Eusebius.

MARCELLUS IL, Marcellus Cervini, cardinal of Santa

Croce, a native of the Mark of Ancona, was elected pope

in the room of Julius III. on April 9, 1555, but his feeble

constitution succumbed to the fatigues of the conclave, the

exhausting ceremonies connected with his accession, and the

anxieties arising from his high office, on the twenty-first

day after his election. He had a high reputation for

integrity, tact, and ability. His successor was Paul IV.

MARCH, the third month of our modern year, contains

thirty-one days. As in the Roman year so in the English

ecclesiastical calendar used till 1752 this was the first

month, and the legal year commenced on the 25th of

March. The Romans called this month 2Iartius, from the

god Mars ; and it received the name Hlyd Monath, i.e.,

loud or stormy month, from the Anglo-Saxons. In France

March was also generally reckoned the first month of the

year until 15C4, when, by an edict of Charles IX., January

was docreed to be thenceforth the first month. Scotland

followed the example of France in 1599 ; but in England
the change did not take place before 1752. There is an
old saying, common to both England and Scotland, which
represents March as borrowing three days from April

;

thus the list three days of March are called the "borrowing

"

or the "borrowed days." In ihe Complaynt of Scotland

we find "the borial blastis of the thre borouing dais of

Marche hed chaisset the fragrant flureise of evyrie fruit-

tree far athourt the feildis." An ancient popular rhyme
says :

—

" March borrowit from AveriU
Three days, and they were ill ;

"

and then there is another rhyme which graphically

characterizes those three " ill " days in detail :

—

" Tlio first, it sail be wind and weet.

The next, it sail bo snaw and sleet

;

The third, it sail be sic a freeze,

S.all gfl.T the birds stick to the trees."

There is an old proverb, " A bushel of March dust is'

worth a king's ransom." Dry weather in March is gene-

rally favourable to the production of grain on clay lands
;

and hence a " dusty March" portended a plenteous season
;

while, on the contrary, a " wet March " frequently proved
destructive of both wheat and rye.

The principal fixed days now observed and noted in the

course of this month are the following:—March Ist, St
David ; March 12th, St Gregory ; March 17th, St Patrick;

and March 25th, Lady Day, one of the established quarter-

days in England.

MARCHE, a former province of central France, waa
bounded on the N. by Berri, on the N. E. by Bonrbonnais,

on the E. by Auvergne, on the S. by Limousin, and ou the

W. by Angoumois and Poitou, embracing the greater part

of the modern department of Creu-se, a considerable portion

of Haute-Vienne, and fragments of Charente and Indre.

It derived its name from the circumstance of its being the

"mark" or boundary between Poitou and Berri; it is

sometimes referred to aa Marche Limousine. It is first

mentioned in history as a separate fief about the middle

of the 10th century, when the countship of Marche was
committed by Duke William III. of Aquitania to Boso L,
count of Limoges and Charroux.

MARCHENA, a town of Spain, in the province of

Seville, lies in a sandy valley, not far from the Corbones,

a tributary of the Guadalquivir, about 30 miles east-

south-e.Tst from Seville. It is a station on the line by

which Seville and Utrera are connected with Osuna and
the Cordova-Malaga line. Formerly it was surrounded

with walls and towers, of which some traces still remain.

Among the principal buildings is the palace of the dukes

of Arcos (descendants of Ponce de Leon), within the en-

closure of which is an ancient Moorish building, now the

church of Santa Maria de la Mota, with a tower of con-

siderable architectural merit. The ancient parish church

of San Juan, rebuilt in 1490, has five naves. At the

eastern end of the town is a sulphur spring which is a place

of considerable resort for the cure of cutaneo;is diseases.

The manufactures of the place are unimportant ; there is

some trade in the wheat, barley, olives, oil, and wine pro-

duced in the neighbourhood. The population in 1877 was
13,768. Marchena (the Castra Gemina of Pliny 1) was
taken from the Moors by St Ferdinand in 1240, and
was presented to Ponce de Leon by Ferdinand IV. in

1309.

JIARCIAN (Maecianus), emperor of the East from 450
to 457, was born in a private station of life in Illyria or

Thrace, about the year 391, and at an early age entered the

army, where after a considerable term of obscurity he

attracted the attention of Ardaburius and subsequently of

Aspar, being made military secretary and a captain in the

guards. He accompanied Aspar in the ill-fated expedition

against Genseric, by whom he was taken prisoner, but soon

released. In 450, having in the meantime become
tribune and senator, he went through the form of marriage

with Pulcheria, the sister and successor of Theodosiua IL,

and was crowned on August 25. In 451 he assembled

the cccumeuical council of Chalcedon, at which the proceed-

ings of the " robber-synod " of Ephesns were annulled,

and the Eutychian heresy condemned, a service to ortho-

doxy which has greatly endeared his memory to the minds

of Catholic historians. In 452 his generals Ardaburius

and Maximin respectively gained victories of some import-

ance over the Arabs near Damascus and over the Blemmyes
who had invaded the Thebaid; and after the death of Attila

(453) he set about the task of repopulating the extensive

tracts which had been devastated by the Huns. He main-

tained the peace of his dominions during the troubles which

convulsed the Western empire in 455 ; and in 45G his arms

were free to repress disturbances in Lazica which had been

fomented by the Armenians and Persians. He died in

457, and was succeeded by Leo L
MARCION AND THE Makcionite Churches. In the

period between 130 and ISO a.d. the varied and compli-

cated Christian fellowships in the Roman empire crystallized

into close and mutually exclusive societies .• —churches witii
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fixed constitutions and creeds, schools with distinctive

esoteric doctrines, associations for worship with peculiar

mysteries, and ascetic sects with special rules of conduct.

Of churchly organizations the most important, nest to

Catholicism, was the Marcionite community. Like the

catholic church, this body professed to comprehend every-

thing belonging to Christianity. It admitted all believers

without distinction of age, sex, rank, or culture. It was no

mere school for the learned, disclosed no mysteries for the

privileged, but sought to lay the foundation of the Christian

community on the pure gospel, the authentic institutes

of Christ. The pure gospel, however, Marcion found to

be everywhere more or less corrupted and mutilated in the

Christian circles of his time. His undertaking thus

resolved itself into a reformation of Christendom. This

reformation was to deliver Christendom from false Jewish

doctrines by restoring the Pauline conception of the gospel,

—

Paul being, according to Marcion, the only apostle who
had rightly understood the new message of salvation as

delivered by Christ. In Marcion's own view, therefore,

the founding of his church—to which he was first driven

by opposition—amounts to a reformation of Christendom

through a return to the gospel of Christ and to Paul

;

nothing was to be accepted beyond that. This of itself

shows that it is a mistake to reckon Marcion among the

Gnostics, A dualist, we shall see, he certainly was, but

he was not a Gnostic. For he ascribed salvation, not to

" knowledge " but to " faith" ; he appealed openly to the

whole Christian world ; and he nowhere consciously added

foreign elements to the revelation given through Christ.

It is true that in mauy features his Christian system—if

we may use the expression—resembles the so-called Gnostic

systems ; but the first duty of the historian is to point out

what Marcion plainly aimed at ; only in the second place

have we to inquire liow far the result corresponded with

those purposes.

The doctrines of Marcion and the history of his churches

from the 2d to the 7th century are known to us from

the controversial works of the catholic fathers. From
Justin downwards, almost every eminent church teacher

takes some notice of Marcion, while very many write

extensive treatises against him. The most important of

those which have come down to us are the controversial

pieces of Irenieus (in his great work against heretics),

Tertullian (Adv. Marc, i.-v.), Hippolytus, Pseudo-Origen

Adamantius, Epiphanius, and the Armenian Esnik. From
these works the contents of the Marcionite Gospel, and

also the text of Paul's epistles in Marcion's recension, can

be settled with tolerable accuracy. His opponents, more-

over, have preserved some expressions of his, with ex-

tracts from his principal work ; so that our knowledge of

Marcion's views is in part derived from the best sources.

Marcion was a wealthy shipowner, belonging to Sinope

in Pontus. He appears to have been a convert from

paganism to Christianity, although it was asserted in later

times that his father had been a bishop. That report is

probably as untrustworthy as another, that he was

excommunicated from the church for seducing a virgin.

What we know for certain is that after the death of

Hyginus (or c. 139 a.d.) he arrived, in the course of his

travels, at Rome, and made a handsome donation of money
to the local church. Even then, however, the leading

features of his peculiar system must have been already

thought out. At Rome he tried to gain acceptance for them

in the college of presbyters and in the church ; indeed he

had previously made similar attempts in Asia Minor. But

he now encountered such determined opposition from the

majority of the congregation that he found it necessary to

withdraw from the great church and establish in Piome a

comroupit.y of hisown. This was about the year 144. The

new society increased in the two following decades ; and very-

soon numerous sister-churches were flourishing in the east

and west of the empire. Marcion took up his residence

permanently in Rome, but still undertook journeys for

the propagation of his opinions. In Rome he became

acquainted with the Syrian Gnostic Cerdo, whose specu-

lations influenced the development of the Marcionite

theology. Still Marcion seems never to have abandoned

his design of gaining over the whole church to his gospeL

The proof of this is found, partly in the fact that he tried to

establish relations with Polycarp of Smyrna,—from whom,
to be sure, he got a sharp rebuff,—partly in a legend to

the effect that towards the end of bis life he sought re-

admission to the churcL Such, presumably, was the

construction put in after times on his earnest endeavonr

to unite Christians on the footing of the "pure gospeL"^

Wheu he died is not known ; but his death can scarcely

have been much later than the year 165.

The distinctive teaching of Marcion originated in a com-

parison of the Old Testament with the gospel of Christ

and the theology of the apostle Paul. Its motive was not

cosmological or metaphysical, but religious and historical.

In the gospel he found a God revealed who is goodness

and love, and who desires faith and love' from men. This

God he could not discover in the Old Testament ; on the

contrary, he saw there the revelations of a just, stem,

jealous, wrathful, and variable god, who requires from hk
servants blind obedience, fear and outward righteousness.

Overpowered by the majesty and novelty of the Christian

message of salvation, too conscientious to rest satisfied with

the ordinary attempts at the solution of difficulties, while

yet he was in no position to reach an historical insight into-

the relation of Christianity to the Old Testament and t*

Judaism—who indeed was so in those days ?—ho believed

that he expressed Paul's view by the hypothesis of two
Gods : the just God of the law (the God of the Jews,

who is also the Creator of the world), and the good God,

the Father o£ Jesus Christ. Paradoxes in the history of

religion and revelation which Paul draws out, and which

Marcion's contemporaries passed by as utterly incomprehen-

sible, are here made the foundation of an etliico-dualistic

conception of history and of religion. It may bo said that

in the 2d century only one Christian—Marcion—took the

trouble to understand Paul ; but it must be added that ho

misunderstood him. The profound reflexions of the

apostle on the radical antithesis of law and gospel, works

and faith, were not appreciated in the 2d century.

Marcion alone perceived their decisive religious importance,

and with them confronted the legalizing, and in this sense

Judaizing, tendencies of his Christian contemporaries. But
the Pauline ideas lost their truth under his treatment

;

for, when it is denied that the God of redemption is at tbe

same time the almighty Lord of heaven and earth, tli«

gospel is turned upside down.

The assumption of two gods necessarily led to cosmo-

logical speculations. Under the influence of Cerdo,

Marcion carried out his ethical dualism in the sphere of

cosmology ; but the fact that his system is not free from

contradictions is the best proof that all along religions

knowledge, and not philosophieel, had the chief value in

his eyes. The main outlines of his teaching are as follows.

Man is, in spirit, soul, and body, a creature of the just and

wrathful god. This god created man from Hylo (matter),'

and imposed on him a strict law. Since no one could

keep this law, the whole human race fell under the curse,

temporal and eternal, of the Demiurge. Then a higher

God, hitherto unknown, and concealed even from the

* On the relation of matter to the Creator Marcion himself seems not

to have speculated, tUongh his followers m.ay have done so.
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Dexniurge, took pity on the wretched, condemned race of

men. Uo sent His Son (whom Marcion probably regarded

na a manifestation of the supremo God Himself) down to

tl.ia earth in order to redeem men. Clothed in a visionary

bcdy, in the likeness of a man of thirty years old, the Son
mule His appearance in the fifteenth year of Tiberius, and

proached in the synagogue at Capernaum. But none of

the Jewish people understood Him. Even the disciplea

whom He chose did not recognize His true nature, but mis-

took Him for the Messiah promised by the Demiurge

tbrongh the prophets, who as warrior and king was to

come and set up the Jewish empire. The Demiurge him-

self did not suspect who the stranger was ; nevertheless

he became angry with Him, and, although Jesus had

punctually fulfilled his law, caused Him to be nailed to the

cross. By that act, however, he pronounced his own
doom. For the riseri Christ appeared before him in His

glory, and charged him with having acted contrary to his

own k.w. To make amends for this crime, the Demiurge
had now to deliver up to the good God the souls of those

who were to be redeemsd ; they are, as it were, purchased

from him by the death of Christ. Christ then proceeded

to the underworld to deliver the spirits of the departed.

It was not the Old Testament saints, however, but only

Binners and malefactors who obeyed His summons. Then,

to gain the living, Christ raised up Paul as His apostle.

He alone understood the gospel, and recognized the

difference between the just God and the good. Accord-

ingly, he opposed the original apostles with their Jydaistic

doctrines, and founded small congregationsoftrueChristians.

But the preaching of the false Jewish Christians gained the

upper hand; nay, they even falsified the evangelical oracles

and the letters of Paul. Marcion himself was the next

raised up by the good Godj to proclaim once more the

true gospeL This he did by setting aside the spurious

gospels, purging the real Gospel (the Gospel of Luke) from

Bupposed Judaizing interpolations, and restoring the true

text of the Pauline epistles. He likewise composed a book,

called the AtUilheses, in which he proved the disparity of

the two gods, from a comparison of the Old Testament

with the evangelical writings.

On the basis of these writings Marcion proclaimed the

true Christianity, and founded churches. He taught that

all who put their trust in the good God, and His crucified

Son, renounce their allegiance to the Demiurge, and

approve themselves by good works of love, shall be saved.

But he taught further—and here we trace the influence of

the current Gnosticism on Marcion—that only the spirit of

man ia saved by the good God ; the body, because material,

perishes. Accoi'dingly his ethics also were thoroughly

du^listic. By the "works of the Demiurge," which the

Christian is to flee, he meant the whole " service of the

perishable." The Christian must shun everything sensual,

pnd especially marriage, and free himself from the body

by strict asceticism. 'The original ethical contrast of

"good" and "just" is thus transformed into the cosmo-

logical contrast of " spirit " and " matter." The good God
appears as the god gf spirit, the Old Testament god as the

god of matter. That is Gnosticism ; but it is at the same

time illogicaL For, since, according to Marcion, the spirit

of man is derived, not from the good, but from the just

God, it is impossible to see why the spiritual should yet

be more closely related to the good God, than the material.

There is yet another direction in which the system ends

with a contradiction. According to Marcion, the good

C3odnevorjudges,but everywhere manifests Eisgoodness,

—

is, therefore, not to be feared, but simply to be loved, as a

father. But here the question occurs, ^Vliat becomes of

the men who do not believe the gospel 1 Marcion answers,

The good God does not judge them, but merely removes

them from His prcseiice. Then they fall under the power
of the Demiurge, who—rewards them for their fidelity 1

No, says Marcion, but on the contrary—punishes them in

his hell ! The contradiction herfe is palpable ; and at the

same time the antithesis of "just" and "good" ultimately

vanishes. 'For the Demiurge now appears as an inferior

being, who in reality executes the purposes of the good
God. It is plain that dualism hero terminates in the

idea of the sole supremacy of the good God.
It is not surprising, therefore, that .even in the 2d

century the disciples of Marcion^ diverged in several

directions. Rigorous asceticism, the rejection of the Old
Testament, and the recognition of the " new God" remained
common to all Marcionites, who, moreover, Uke the

catholics, lived togeflier in close communities ruled by
bishops and presbyters (although their constitution was
originally very loose, and sought to avoid every appearance

of " legality "). Some, however, accepted three first

principles (the .evil, the just, the good) ; others held by
two, but regarded the Demiurge as the god of evil, i.e.,

the devil ; while a third party, like Apelles, the most disr

tinguished of Marcion's pupils, saw in the Deminrge only

an apostate angel of the good God,—thus returning to

monotheism. The golden age of the Marcionite churches

falls between the years 150 and 250. During that time

they were really dangerous to the great church ; for in fact

they maintained certain genuine Christian ideas, which the

catholic church had forgotten. From the beginning of the

4th century they began to die out in the West ; or rather

they fell a prey to Manichaiism. In the East also many
Marcionites went over to the Manichseans ; but there they

survived much longer. They can be traced down to the

7th century, and then they seem to vanish. But it was
unquestionably from Marcionite impulses that the new
sects of the Paulicians and Bogomiles arose ; and in so far

as the western Katharoi, and the antinomian and anti-

clerical sects of the 13th century are connected with these,

they also may be included in the history of Marcionitism,
.j

Literature.—Baur, Die Gnosis, 1835 ; MoUer, Oasckichte der
Kosinologie in der gricchisehen Kircltc, 1860 ; Lipsius, GnosticismVfa,

1860 ; HarnJick, Zur QueUcnhritilc der Gcsehichte dcs Gnosticistrvtt^

1873, and in the Zeilschrift f. hist. Theol, 1874; Hani,ick, Zfe

Apcllis giiosi manarchica, 1874 ; Lipsius, Qucllen der altcstai

Ketzergesclvichte, 1875 ; Mansol, The Gnostic Heresies, 1875 ; Harnack,
Zur Gcsckichie der Marcionitischen Kirchcn "^Hilgenfeld'a Zciischr^t,

1876). Of the numerous works on Marcion's Gospel and Apostolos
lists will be found in any introduction to the New Testament or

history of- the canon. The following are the ascertained results of

criticism :—(1) Marcion was the first to make a canonical collection

of New Testament wrilings
; (2) his Gospel 13 to be regarded as a

reconstruction, and not as the basis, of our canonical Gospel of

Luke. (A. HA.)

MARCO POLO. See Polo.

MARCUS, the successor of Pope Sylvester I., according

to the Liberian catalogue, had a pontificate of eight months
and twenty days, from January 18 to October 7, 336. Of
his character or history nothing is recorded. He was suc-

ceeded by Julius L
MARDIN, a town of Turkish Kurdistan, the seat of a

governordependent on the pasha of Diarbekir, is situated

in 37° 20' N. lat. and 41° E. long., about 60 miles south-

east of Diarbekir, at a height of 3900 feet above the sea.

Climbing the southern side of a steep conical hill (of soft

limestone) in such a way that the roofs of the lower tier of

houses serve as a street for those immediately above, MArdia

presents a very picturesque appearance ; and on the

summit of the hill, which affords an unusually wide view-

over the Mesopotamian plain, stand the ruins of the famous

castle Kal'ah ShuhbA (Maride and Marde in Latin, end

similarly in Syriac), which, at least from the time of the

Romans, played an important part in the history of this

regioa The Arabian geographers characterize it as
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impregnable ; and, the approaches being extraordinarily

Bleep, narrow, and well arranged for purposes of defence, it

was able to offer a protracted resistance to the Mongolian

conqueror Hulagu, and to the armies of Timur. The castle

was for hundreds of years the residence of princes more or

less independent. The town has not much commerce or

industry, but the surrounding country is distinguished for

its excellent water and general fertility, and more especially

for its fruit trees and melons. As regards their capacity

and the honesty of their dealings, the people of Mirdin do
not enjoy the best reputation. They are estimated to

number from 10,000 to 18,000; in 1870 Professor Socin

was informed in the town that there were GOO Jacobite, 300
Catholic Armenian, 200 Catholic Syrian, 30 Chaldrean, and
67 Protestant families. Among the Jacobites are included

a few remnants of the old sect called Shemsiye. See Piitter,

Erdhunde von Asien, 2d ed., vol. vii.

MARGARET of Anjou, who became the queen of

Henry VI. of England, was born at Pont i, Mousson in

Lorraine on the 24thi March 1429. Her father, " the good
King Ren^," as he was called in later years, did not at the

time of her birth possess any of the pompous titles to

which he afterwards laid claim, but was simply count of

Guise, and younger brother of the existing duke of Anjou.

He had, however, married Isabella, daughter of Charles II.,

duke of Lorraine, and during Margaret's infant years he
succeeded to two dukedoms, first Lorraine and then Anjou,

and afterwards to the crowns of Naples, Sicily, ami
Jerusalem. Some of these acquisitions, however, were no
more than empty titles. He had a competitor for the

duchy of Lorraine against whom he was unsuccessful in

war, and he was actually a prisoner in the hands of the

duke of Burgundy when the death of Joan II. of Naples
first made him nominally a king. He deputed his wife

Isabella to go to Naples and take possession of his new
kingdom for him, and she took with her while on this

enterprise her second son Louis and her second daughter
Margaret, then in her seventh year. Ren^ himself obtained

his liberty after a time, and followed his wife to Naples,

but, being defeated by a rival there also, he returned to

France after more than four years' absence. Before

revisiting Lorraine or Anjou, he spent some time in

Provence, and there received a proposal for the marriage

of Margaret, who had by this time nearly completed her

fourteenth year, from Charles, count of Nevers. It was
accepted, and the contract was actually signed ; but the

marriage was delayed on account of some disputes about
the settlement, and next year it was set aside for the

more splendid match offered by the king of England.
This was in 1444. The earl, afterwards duke, of

Suffolk, had proposed the match to Henry VI. as a means
of terminating the long war with France, and securing

peace upon a solid basis. Henry fully entered into the

scheme, and was content for so great an object, not only to

accept a bride without a dowry, but to give up to King
Usui the provinces of Anjou and Maine. A great embassy
was sent over to France, with Suffolk himself at its head,
to negotiate the matter, and some months later the
marriage was celebrated by proxy at Tours, Suffolk acting

as Henry's representative. In April of the following year,

1445, Margaret crossed the Channel, and was received by
Henry on her landing at Porchester. A few days later,

22d April, they were married in Tichfield Abbey, or, as

some other authorities say, at Southwick,- and on Sunday

' Most authorities say tie 23d, but according to the MS. Heures of

Ren6, cited in the Ncncvellc Biographic Oenerale, the day was the 24th.
* Southwick, according to Fabyan, who is followed by Hall and later

writers ; but William Wyrcestre and the anonymous author of the

English Chronicle edited by Eavies for the Camden Society, who are

both strictly contemporary, say Tichfield.

the 30th of May Margaret was crowned at Westminster.
Suffolk was now high in favour at court, but the policy

he had pursued of giving up territory for the sake of peace

was not likely to be generally acceptable in itself, and the

events of the next few years completed his unpopularity.

War broke out again with France tn 1449, and in the

course of a single year the whole of Normandy was lost to

the English. Suffolk was impeached by the Commons,
and the king was persuaded that the best way to protect

him was to order him to quit the country. But he was
taken and murdered at sea, and for some time the country

was in a state of fearful anarchy. Margaret's position was
now one that required great tact and delicacy. The king's

marriage was already unpopular, and the fact was soon

manifest that his wife possessed far higher abilities and
greater power of governing than himself. This, together

with the king's occasional attacks of mental imbecility,

was really the great source of her misfortunes. During
Henry's intervals of sanity it was she who really governed,

and unfortunately she gave her whole support to the duke
of Somerset, whose mismanagement abroad had been the

immediate cause of the loss of Normandy. The duke of

York vainly endeavoured to procure Somerset's removal,

but he was so protected by the court that the complaints

of his accuser were utterly unheeded, except during tho

king's periods of total incapacity, when the lords made
York protector. Civil war at last broke out, and Somerset

fell at St Alban's in 1455. Party feeling was bitterly

exasperated, and Margaret, as we learn from a contemporary

French historian, actually instigated an attack on Sandwich

by the French out of hatred to the duke of York. At
length, in 1400, that nobleman openly challengecJ the

crown as his right and obtained from parliament, with the

consent of Henry himself, a settlement of the succe.ssion in

his favour. But at this time Margaret was out of the way.

The king had been taken prisoner the year before by the

Yorkists at the battle of Northampton, and she had sought

refuge in Wales and Scotland along with lier only sou

Edward, prince of Wales, then seven years old, who was
now disinherited. Margaret's friends took up her cause in

the north of England, and the duke of York, going to meet
them, fell at the battle of Wakefield, 30th December
1160. Margaret naturally endeavoured to improve her

victory by marching on to London. But Edward, earl of

March, the duke of York's son, defeated her adherents on

the borders of Wales, while the earl of Warwick with the

king in his custody left London to oppose her. The ill-

disciplined troops that she brought with her from the north

ravaged the country as they went, and made themselves

generally detested. But they overthrew Warwick's forces

at St Alban's (the second battle fought there in this war),

and liberated the king. The earl of March, however, soon

came up and entered London, where he was proclaimed

king by the name of Edward IV., amid the shouts of the

citizens, who had always been devoted to his father.

Margaret then thought it advisable to withdraw into the

north along with Henry and her son, and Edward and
Warwick pursued them into Yorkshire, where the bloody

battle of 'Towton (29th March 1461) utterly crushed for

the time the hopes of the house of Lancaster. Henry and
Margaret fled to Scotland, and surrendered Berwick to the

Scots as the price of their assistance. Margaret and her

son soon after entered England with a body of Scots, who
besieged Carlisle, but they were driven back by Lord
Montague. Then King Henry accompanied another

invasion into the county of Durham which was equally

unsuccessful. Next year (1462) Margaret sailed from
Kirkcudbright to seek aid in France, and offered the

surrender of Calais to Louis XI. if Louis enabled ier
husband to regain Lis kingdom. Louis gave her two
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thousand men under the command of Pierre de Br6z(5, and
with these she made a descent upon Northumberland and
took Bamborough and some other castles, which, however,

wore soon after besieged by King Edward's forces, and after

a while recovered. King Edward himself, on hearing of her

landing, hastened into the north, on which Margaret took

ship to sail for France, but meeting with a storm was
driven to land at Berwick and lost all her treasure. On
the total failure of this expedition the well-known story is

told by a French writer of her wandering with her son in

a forest where she was attacked by robbers, and appealing

successfully to the loyalty of one of them to save the son

of his king.

Soon after, in April 14C3,' she sailed to Flanders and
sought the aid of Philip of Burgundy, but he declined to

do more than relieve her poverty, and she retired to a

castle in Lorraine, which her father gave her to occupy.

Here Sir John Fortescue, who accompanied her into exile,

superintended the education of her son, and composed for

his benefit his celebrated treatise on the laws of England.

Here also she apparently remained while her husband made
farther efforts and met with further defeats,—while he lay

concealed, for more than a year, in Lancashire, was taken
prisoner, and committed to the Tower. But in 1470, when
her old enemy the earl of Warwick, having rebelled against

King Edward, sought a refuge in France, Louis XL
induced her, though with great difficulty, to pardon him
and concert measures along with him for her husband's

restoration to the throne. The negotiation was cemented
by an agreement for the marriage of her son, the prince of

Wales, to the earl's daughter after the kingdom should be
recovered, and so successful was the project that Edward
was actually driven into exile, and for a period of six

months Henry was again acknowledged as king. But the

return of King Edward and the battle of Baruet once more
changed the aspect of affairs before Margaret was able to

rejoin her husband, and when she at length landed again

in England she was defeated and taken prisoner at

Tewkesbury. To add to her misery her only son Prince

Edward was butchered after the battle. Four years later,

in 1475, on peace being made between England and
France, she was ransomed by Louis XL, and returned to

her native country. She died at Dampierre near Saumur
in Anjou, on the 25th of August 1483.

Principal Aiithoritirs.—Bourdigne, Clironiqiics d^Anjou ct du
Maine ; Villeneuve Bargemont, Ilistoire dc Bcni d^Anjou ; William
Wyrcestre, Annals, edited byHeai-ne (with Liber Niger Scaccarii);
Fray>nenl relating to Edward IV., ei. Heame (with Sprott'a
Chronicle); English Chronicle, ed. Davies {Camden Society); Paston
Letters ; Rolls of Parliament ; Anchiennes Chronicqncs d'JUiiglcterrc,

par Jehan 'de Wavrin, edited by Mile. Dupont ; Lord Clermont's
edition of the Works of Sir John Fortescue. Mrs Hookham's Life
and Times of Margaret of Anjou (London, 8vo, 1872) is an elabo-
rate and useful work, but not always accurate and discriminating in
the use of authorities.

MARGARET of Austria (1480-1530), duchess of

Savoy, and regent of the Netherlands from 1507 to 1530,
was the daughter of the emperor Maximilian and Mary of

Burgundy, and was born at Brussels on January 10, 1480.
In 1482 she was betrothed to Charles, the son of Louis
XL (afterwards Charles VIIL of France) ; and in 1497 she
was actually married to the infante John of Aragon, who
left her a widow a few months afterwards. In 1501 she
became the wife of Philibert II. of Savoy, who only
survived until 1504; and in 1507 she was entrusted by
Maximilian with the regency of the Netherlands and also

' This is dearly the date intended by William Wyrcestre (p. 49C) ;

and it agrees entirely with Monstrelct (iii. 96). Yet almost all
modem historians (except Lingard) and even biographers of Margaret
of Anjou date her departure to Flanders after the battle of Hexham,
«t which she certainly was not present, as they wguld have her.
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with the chorge of his grandson Charles. She died a*

Mechlin in 1530.

MARGARF>T of Austria (1C22-1586), duchess of

Parmi, and regent of the Netherlands from 1559 to 1567,
was a natural daughter of Charles V. by Margaret Van
Gheenst, a Flemish lady, and was born at Brussels in 1522.
In 1533 she was married to Alexander, duke of Florence;

and, having been left a widow in 1537, she became the

wife of Ottavio Famese, duke of Parma, in 1542. The
union proved an unhappy one, and she for the first time
found a sphere for her somewhat masculine abilities in the

Netherlands, which were entrusted to her care by hor
brother Philip IL of Spain on his departure for the

peninsula in 1559 (see Holland, vol xii. pp. 74, 75-). Ik

was with much reluctance that she resigned the reins of

power into the hands of the duke of Alva in 1567 and
retired to Italy. Before her death, which Occurred at

Ortona in 1586, she had the satisfaction of seeing her son
Alexander Famese appointed to the government which
she had occupied some twenty years before.

MARGARET, St, queen of Scotland, bom in Hungary
about 1040, was a daughter of Edward the Atheling, son

of Edmund Ironside ; her mother was Agatha, most prob-

ably a niece of Queen Gisela of Hungary and of the

emperor Henry II. She accompanied her father to Eng-
land in 1057, and after the Norman Conquest she was
brought (1068) to Scotland, where she became the wife of

Malcolm Canmore in the spring of 1069. She survived

her husband, who died in November 1093, by only a few
days (see Scotland). The chroniclers all agree in depict-

ing Queen ^Margaret as a strong, pure, noble character, who
had very great influence over her husband, and through
him over Scottish history, especially in its ecclesiastical

aspects. Her religion, which was gentiine and intense, was
of the newest Roman style ; and to her are attributed a
number of reforms by which the Church of Scotland was
considerably modified from the insular and primitive type
which down to her time it had exhibited. Among those

expressly mentioned are a change in the manner of observ-

ing Lent, which thenceforward began as elsewhere on Ash
Wednesday and not as previously on the following Monday,
and the aiiolition of the old practice of observing Saturday

(Sabbath), not Sunday, as the day of rest from labour (see

Skene's Celtic Scotland, book ii. chap. 8). Her sons

Edgar, Alexander, and David successively occupied the

throne of Scotland ; her elder daughter, Matilda, became
the wife of Henry I. of England in 1101. Margaret was
canonized by Innocent IV. in 1251, and by Clement X
she was made patroness of Scotland. Her festival (semi-

duplex) is observed by the Roman Church on June 10.

MARGAEET (1283-1290), known in Scottish history

as the " Maid of Norway," was, through her mother Mar-
garet, who had been married to Eric of Norway, the only

grandchild of Alexander III. of Scotland, and was bom
in Norway in 1283. At the death of her grandfather

(1286), while she was still an infant, Edward L of Eng-
land arranged for her betrothal to hia son, but this policy

was defeated by her early death, which took place, it was
alleged, in Orkney, as she was on her way to Scotland, in

1290. The circumstances of her death were so obscniy

that doubts were entertained in some quarters whether sh»

had not rather been spirited away. About 1 300 a woman
presented herself in Leipsio as the long-lost queen of

Scotland ; ultimately, however, she was burnt at Bergen as

an impostor.

MARGARET of Vaiois. ^ See Marguerite.
MARGARITA, an island in the Caribbean Sea, about

8 miles off the coast of Venezuela, constituting along with

the lesser islands Blanquilla and Hermanos the new state

of Nueva Esparta. It has an area of 400 square miles,

XY. — 68
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consists oi two portions united by a low and narrow

isthmus, is generally mountainous, and attains its greatest

elevation of 1630 feet in Mont Macanao. The pearls from

which Margarita takes its name, and which proved a con-

siderable source of wealth in the 16th and 17th centuries,

are no longer sought after ; but the ordinary fisheries are

actively prosecuted, and since the War of Independence,

agriculture, trade, and industry have all greatly improved.

Pompatar is the only harbour, Pueblo del Norte and Pueblo

de la Mar being rather open i tdsteads. Asuncion, the

chief town, contains about 3000 inhabitants. The popula-

tion of the island was 16,200 in 1807 (about 8000 being

whites), and that of the state 30,983 in 1873.

Discovered by Columbus in 1498, Marg.iritawasin 1524 bestowed

by Charles V. on Marceto Villalobos. Id 1561 it was ravaged by
Lopez de Aguirro, a notorious freebooter, and iu 1662 tbe town of

Pompatar was destroyed by the Dutch. Long included in the

government of Cuniana, Margarita attained administrative inde-

pendence only in the 18th century. In the Wax of Independence
the inhabitants made an effective stand against llurillo ; and to

this they owe the honour of having theix island erected into the

state of New Sparta.

MARGARITA, St, virgin and martyr, ia celebrated by

the Church of Rome on July 20, but her feast formerly

fell on the 13th, and her story is almost identical, even in

the proper names, with that of the Greek St Marina (July

17). She was of Antioch (in the Greek story Antioch of

Pisidia), daughter of a priest JDdesius. She lived in the

country with a foster mother, scorned by her father for her

Christian faith, and keeping sheep. Olybrius the "prfeses

Orientis " sees her and offers his hand as the price of

renunciation of Christianity. Her refusal leads to her

being cruelly tortured, and after various miraculous in-

cidents, in which a heavenly dove plays a prominent part,

she is put to death. Women prayed to St Margarita

for easy deliverance. It has been shown by H. Usener
{Legenden der heiligen Pelagia, Bonn, 1879) that this

legend belongs to a group of curious narratives which all

have their root in a transformation of the Semitic Aphrodite

into a Christian penitent or saint. Of these legends that

of St Pelagia (q.v.) is perhaps the most important.

Marina is a translation of Pelagia, and both are epithets

of Aphrodite as she was worshipped on the coasts of the

Levant. Pelagia in the legend has Margarito as her second
name. The association of the marine goddess with the

pearl is obvious, and the images of Aphrodite were decked
with these jewels.

MARGATE, a municipal borough, market-town, and
watering-place of Kent, England, is situated in the Isle of

Thanet, 4 miles west of North Foreland, and by rail 90
miles east of London, with which it has also in summer
daily steam communication by water. The streets of the

town are regular and spacious, and there are many good
villas in the suburbs. There is a marine terrace 2500 feet

in length, parallel to which there is an esplanade. The pier,

900 feet long, was constructed by Rennie in 1810. A land-

ing-place permitting the approach of vessels at all tides

was constructed in 1854, and enlarged in 1876. The
church of St John the Baptist, founded in 1050, contains

some portions of Norman architecture, the remainder being
Decorated and Late Perpendicular. It possesses several

fine brasses and monuments. Among the other public

buildings are the new towu-hall, the market, the assembly
rooms, the deaf and dumb asylum, and the royal sea-bathing
infirmary, which has lately been much enlarged through
the munificence of Sir Erasmus Wilson. The old name of

Margate was Meregate, the entrance to the sea. Previous
to the last century it was only a fishing village with a small
coasting trade, but since then, owing principally to its fine

stretch of sand, it has been steadily rising into favour as a
watering-place, and is now one of the most favourite resorts

of the middle classes of London. It received municipal

privileges in 1857. The population of the munidpal
borough (384 acres) in 1871 was 11,995, and in 1881 it

was 1-5,889.

ilARGHILAN, Baber's Maeohinan, 40° 28' N. lat.,

71° 45' E. long., now the administrative centre of the

Russian province of Feeghana {q.v.), a very old town,

with high earthen walls and twelve gates, commanded by
the fort of Yar Mazar, lies in a beautiful and extra-

ordinarily fertile district of the same name, irrigated by
canals from the Shahimardin river. The heat in summer
is excessive. Population about 40,000, chiefly Usbeg.

The principal industry is the production and manufacture

of silk ; camels' hair and woollen fabrics are also made.

The new Russian town, planned by General Skobeleff, is

15 versts distant.

MARGUERITE de Valois. The name Marguerite was

common in the Valois dynasty, and during the 1 6th century

there were three princesses, all of whom figure in the

political as well as in the literary history of the time, and
who have been not unfrequently confounded. The first and
last are the most important, but all deserve some account

I. Maegueriie d'Angotjl£me (1492-1549). This, tho

most celebrated of the Marguerites, bore no less than four

surnames. By family she was entitled to the name of

Marguerite de Valois ; as the daughter of the Count
d'Angouleme she is more properly and by careful writers

almost invariably called Marguerite d'Angouleme. From
her first husband she took during no small part of her life

the appellation Marguerite d'A^en^on, and from her second,

Henri d'Albret, king of Navarre, that of Marguerite do

Navarre. She was bom at Angouleme on the 12th April

1492, and was two years older than her brother Francis \.

She was betrothed early to Charles, Duke d'Alencjon, and
married him in 1509. She was not very fortunate in this

first marriage, but her brother's accession to the throne

made her, with their mother Louise of Savoy, the most
powerful woman of the kingdom. She became a widow in

1525, and was sought in marriage by many persons of

distinction, including, it is said, Charles V. and Henry
VUL In 1527 she married Henri d'Albret, titular king

of Navarre, who was considerably younger than herself,

and whose character was not faultless, but who seems on
the whole, despite slander, to have both loved and valued

his wife.
.
Navarre was not reconquered for the couple as

Francis had promised, but ample apanages were assigned

to Marguerite, and at Nf5rac and Pau miniature courts were

kept up, which yielded to none in Europe- in the iatellectnal

brilliancy of their frequenters. Marguerite w;i3 at once

one of the chief patronesses of letters that France possessed,

and the chief refuge and defender of advocates of the

Reformed doctrines. Round her gathered Marot, Bonavan-

ture Desperiers, Denisot, Peletier, Brodeau, and many other

men of letters, while she protected Rabelais, Dolet, &c.

For a time her influence with her brother was effectual, but

latterly political rather than religious considerations made
him discourage Lntheranism, and a fierce persecution was

begun against both Protestants and freethinkers, a persecu-

tion which drove Desperiers to suicide and brought Dolet

to the stake. Marguerite herself, however, was protected

by her brother, and her personal inclinations seem to have

been rather towards a mystical pietism than towards

dogmatic Protestant sentiments. Nevertheless bigotry and

the desire to tarnish the reputation of women of letters

have led to the bringing of odious accusations against her

character, for which there is not tho smallest foundation.

Marguerite died in 1549. By her first husband she had

no children, by her second a son who died in infancy, and

a daughter, Jeanne d'Albret, who became the mother of

Henry IV. Although the poets of the time are unwearied
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!n celebrating her charms, she does not, from the portraits

which exist, appear to have been regularly beautiful, but as

to her sweetness of disposition and strength of mind there

is universal consent.

Her literary work baa uot yot been given entirely to tiio worlil,

out the ijrintcd portion of it makes her a considorobl© figuro in

Frcuoii literature. It consists of the Meptaiimon, of pooms
autitlcj Lcs Marguerites de la Marguerite dcs Princesses^ nud of

Letters. The Hcjitamcron^ constructed as its name indicates on the
lines of tho Deeavieron of Boccaccio, consists of seventy-two short
itorics told to each other by a company of ladies and gentlemen
who are stopjHid in the journey homewards from Cautcreta by the
sn'clUng of a river. It.was not printed till 1558, ten years after

tho autbor's death. Internal evidence is strongly in favour of its

h.iviug' been a joint work, in which more than one of the men of
letters who composed &Iarguerite's household took part. It is a
delightful book, and strongly chiracteristic of the French Renais-
sance. The sensuality which characterized the period appears in

it, but in a loss coarse form than in the great work of Ilabclais
;

and there is a poetical sprnt which, except in rare instances, is

absent from Pantagrncl. The Letters are interesting and good.
Tho Maj'gucritcs consist of a very miscellaneous collection of poQm.s,

Miysterios, farces, devotional poems of considerable length, spiritual

and miscellaneous songs, &c. Other poems, said to be of equal
moiit, are still uuprintcd,. or have appeared only in part".

II. The second Marguerite (1523-1574), daughter of

Francis I, married the duke of Savoy in 1559. She is

noteworthy as having given the chief impulse at the

court of her brother Henry II. to the first efforts of the

Pl(Siade.

III. The third Marguerite (1553-1615), called more
(larticularly Marguerite de Valois, was great-niece of the

lirst and niece of tho second, being daughter of Henry II.

by Catherine de'MedicL She was bom in 1553. When very

young she became famous for her beauty, her learning, and
tho looseness of her conduct. She was married to Henry
of Navarre, afteiwards Henry IV., on the eve of St
Bartholomew's Day. Both husband and wife were extreme
examples of the licentious manners of the time, but they
not unfrequently lived together for considerable periods,

and nearly always on good terms. Later, however,
Marguerite was established in the castle of Usson in

Auvergne, and after the accession of Henry the marriage
was dissolved by the pope. But Henry and Marguerite

Htili' continued friends ; she still bore the title of queen ; she

i-isited Marie de' Medici on equal terms ; and the king

frequently consulted her on important affairs, though his

somewhat parsimonious spirit was grieved by her extra-

vagance. Marguerite exhibited during the rest of her life,

which was not a short one, the strange Valois mixture of

liceutiousness, pious exercises, and the cultivation of art

and letters, and died in 1615. She left letters and
.aeraoirs, the latter of .which are admirably written, and
rank among the best of the 16th century. She is the
" Reine Margot" of anecdotic history and romance.

The best editions of the works of Marguerite d'An^ulemo ar'e^of
tho Hcplameron, that of Leroux de Lincy, 3 vols., Paris, 1855 ; of

the Letters, that of Genin, Paris, 2 vols., 1842-43; and of the
Marguerites, that of Frank, Palis, 4 vols., 1873 ; the Heptamcron
is also obtainable in several cheap edition.*?. The Menwires of

Marguerite de Valois are contained in the collection of Michaud
md Poujoulat, and have been published senarately by Gues^ard,

Lolanue, Caboche, &c. (G. SA.)

MARIA THERESA (1717-1780;, archduchess of

\<istria, queen of Hungary and Bohemia, and empress of

3ermany, was the daughter of the emperor Charles VI. of

Austria, by his wife Elizabeth Christina of Brunswick-

Wolfenbiittel, and was born in Vienna on May 13, 1717.

By the Pragmatic Sanction of 1713, a settlement which
was guaranteed by the principal states of Europe, her

father had regulated the succession in the imperial family
;

and in 1724. accordingly, after the death of the archduke
Leopold, her only brother, she was publicly declared sole

heiress of the Austrian dominions. In 1736 she married
Francis Stephen of Lorraine, who in the following year

became grana duke of Tuscany ; and on October 20, 1740,

she came to the throne, her husband (emperor iu 1745)
being declared co-regent. The events of her reign have
been briefly summarized under Austria (vol iii. p. 127-

129) and Hukgaev (xii. 370). She died at Vienna on
November 29, 1780. Of sixteen children whom she bore

to Francis, ton reached maturity. Her sons were Joseph
II., who succeeded his father as Holy Roman tmperOr in

1765; Leopold, grand-duke of Tuscany, afterwards the

emperor Leopold II.; Ferdinand, duke of Modena; and
jMaximilian, elector of Cologne. Of her daughters the

best-known is Marie Antoinette, the wife of Louis XVL
of France.

MARIANA, Juan de (1536-1624), a celebrated Spanish
historian, was born of obscure parentage at Talavera de la

Reina iu 1 536. Ho studied at the uruversity of AlculA, and
was admitted at the ageof seventeen into the Society of Jesus,

where he soon attracted notice by his brilliant talents and
extensive acquirements. Called to the Collegium Romanum
in* 1561, he there professed theology four years, and
reckoned among his pupils Robert Bellarmine, afterwards

the famous cardinal He then passed into Sicily, where he
remained for about two years, and in 1569 he was sent to

Taris, where his expositions of the writings of Aquinas
attracted large audiences. In 1574 the decline of his

health compelled him to give up teaching, and he obtained

permission to return to ^pain ; the rest of his life was
passed at the Jesuits' house in Toledo, in a.vigorous literary

activity which was interrupted only by the molestations to

which his too great independence, liberality, and candour

exposed him. He died on February 17, 1624.

His gi'eat work, Hisiorim de Jiebus Hispanise, first appearea in

twenty books at Toledo in 1592 ; ten books were subsequently added
(1605), bringing the work down to the accession of Charles V., and
in a still later abstract of events the author completed it to the
accession of Philip IV. in 1621. It was so well received that
Slariana was induced to translate it into Spanish. The first part
of this iu some respects new work {Historia de Espafia) appeared

in 1601 ; it was completed in 1609, and much enlarged and improved
iu three subsequent editions which appeared during the translator's

lifetime. It has been frequently reprinted since 1624, both in

Latin and in Spanish ; and an English t.'-anslatiou by J. Stevens
appeared in 1699. Mariana's History is justly esteemed for the
extent of the author's researches, for the general accui-acy of his

acquaintance with the materials at his command, for the sagacity

of his reflexions and characterizations, and above all for the merit
of his style, which, in its simplicity, vividness, and directness,

has deservedly been compared to that of Livy. The modem
student m.ay regret but can hardly blame the credulity with
ivhich in too many cases he has without the least attempt at his-

torical criticism adopted the "received traditions of his country."
Of the other works of Slariana, the most interesting is his treatise

Z>e Rec/e et Regis Institutione, of which tho first edition, dedicated
to Philip III., appeared at Toledo in 1599. In its sixth chapter the
question whether it is lawful to overthrow a tyrant is freely dis-

cussed and ansv/ered in the afiii-mative,—a cucumstance which
brought much popular odium upon the Jesuits, especially after the
assassination of Heniy IV. of France in 1610. See Bayle's
ZUctionnaire and Hallam's Litcraiij Histm-y, part ii. chap. iv. A
volume entitled Tractatas VIL Theologici ct Uistoriei, published
by Mariana at Cologne in 1 609, containing in particular a tract " On
Mortality and Immortality," and another " Be ilutatione Monetit,"
was put upon the Index Expurgatorius, and led to the confinement
and punishment of its author by the Inquisition. During his con-
finement theie was found among his papers a criticism upon the
Jesuits {Dc lets En/emiedadcs de la Compailia de Jestts y di su^
RcTiedios), which was believed -to have been written by him. It

was not printed until after his death (1625)

MARTAZELL, a village in the duchy of Styria, Austria,

with about 1200 inhabitants, is very picturesquely situated

in the valley of the SoUa, amid the Styrian Alps. Its

entire claim to notice lies in the fact that it is the most
frequented sanctuary in Austria being visited annually by
about 100,000 pilgrims. The o'oject of veneration is a
miracle-working image of tie Virgin, carved in lime-tree

wood, and about 18 inches high. This was presented to

the place in 1157, and is niw reverently enshrined in i
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chapel lavisbly adorned with objects of silver and ntuer

costly materials. The large church of which the chapel

forms part was erected in 1644 as an expansion of a

smaller church built in 1363 by Louis I, king of Hungary,

after a victory over the Turks. It possesses four lofty

towers. In the immediate vicinity of MaiiazeU there is a

very large and important iron foundry, formerly worked

by Government, but now leased to a company.

MARIE ANTOINETTE, Josepue Jeanne (1755-

1793), queen of France, was the fourth daughter of Maria

Theresa and the emperor Francis I., and was born on the

2d November 1755, on the day of the great earthquake

at Lisbon, and in the year in which the hereditary policy

of enmity between the houses of France and Austria was

changed to an alliance betweea them. From her earliest

years she was destined by her mother to sustain this

alliance, and was educated, with a view to a marriage with

a French prince, by the Abb(5 de Vermond, who was to

have a great influence on her future life. In 1770 Choiseul

negotiated her marriage to the young dauphin, which to(^

place on May 16 with the greatest pomp, but which was

soon overshadowed by a terrible accident in Paris at the

fdte given in honour of the marriage. The dauphine soon

found her position very difficult ; she was but fourteen, and

was intended by her mother to support the Austrian

alliance and Choiseul at the court of France. This use of

her daughters for political purposes has been recently deiiied

by Von Arneth, the able editor of Maria Theresa's letters

;

but a consideration of the letters themselves confirms the

idea, which was at the bottom of, Marie Antoinette's un-

popularity in France, that nhe was only an Austrian spy in

a high position. She had hardly arrived at Paris, when
her friend and the friend of the Austrian alliance, Choiseul,

wag dismissed from the ministry, and she was left alone to

steer a difficult course by the advice of the Austrian minis-

ter, the Count de Mercy-Argenteau, whose reports of her

daily doings to Maria Theresa have been published. In

May 1774 Louis XV. died, and Marie Antoinette became

queen of France. Through the first years of her reign

she played a very important political part, but, except, as

in the cases of Poland and the Bavarian succession, when
her mother pressed her to maintain the alliance, she chiefly

exerted her influence with regard to individuals, not to

measures or policies. Thus she effected the dismissal of

Turgot, and, by the Abbi5 de Vermond's advice, the

Kimmons of Lominie de Brienne to the ministry, not from

political but from personal motives, and obtained enormous
presents for her intimate friends without thinking that they

were interested in her for selfish motives of their own.

This political role of hers, which was more than suspected,

made her intensely unpopular to the French people, and
this feeling was increased- by her social mistakes. Her
eitravagance in dress and her passion for the card-table had
greatly incensed and disgusted her mother ; and, when her

mother's death removed her only frank and bold adviser,

she became more extravagant and more frivolous than

ever. Her passion for play, her love of amusement, her

intimacy with the Polignacs and their wild and dissi-

pated society, her night visits to masked balls in Paris,

and her favours to many officers of her guards and young
foreigners at her court were the subject of ribald con-

versation in every coterie of Paris. The scandal of the

diamond necklace, in which the queen was not to blame,

spread her name with infamy all over France as if she had
been guilty ; hnd among the people her extravagance was
Regarded as a potent cause of their poverty and want. Such
was her unpopularity when the states-general met in May
1789 ; she was believed to be debauched and dissipated,

when her real faults were that she was frivolous and

careless of public opinion, Austrian at heart, though queen

of France, and opposed to Necker as she had been tc

Turgot, and to all the reforms and economies her husband,,.

Bonhomme Louis, was willing to institute. From July

14 onward Marie Antoinette headed the parly of reaction

and armed opposition to the Kevolution, and became
unwittingly the means of her husband's unpopularity and
downfall ; for she always had influence enough to prevent

his carrying out the frank, honest policy of reform which

he desired, but not enough to make him adopt hers in its

stead, and is to blame for his vacillations in decisive

moments. Left to himself, Louis would, from the begin-

ning of his reign, have been a reforming king like Charles

III. of Spain, and the great outbreak might have passed

over. To trace ier policy minutely from 1789 to 1793 is

made very ditficult by the numerous pretended letters of

hers which have been published, and till recently believed

in. She inspired the collection of foreign troops round

Paris, contrary to the king's opinion, and thus "brought on

the taking of the Bastille. She was present at the banquet

at Versailles which caused the march of the women to

Versailles and the transference of the royal family to Paris.

When there, she still looked forward to undoing all that

had been done, and would never frankly recognize her

position. When brought into negotiation with Mirabeau,

she refused to trust him or deal frankly with him. Had
she done so, she would probably have established a strong

constitutional government, but she would not have been

the self-willed Marie Antoinette. He advised her to go
with the king and royal family to some provincial capital,

declare the royal adherence to all tha early acts of the

assembly, but declare also that its later acts were passed

under constraint, and were null and void ; but she must not

do two things—she must not fly towards the frontier, else

she would be suspected of seeking foreign aid, and she

must not depend on the army but the people. She would

not act while Mirabeau was alive,—she was too independent

to act by any one's advice ; but when he was dead she did

what he had advised her not to do, fled towards the frontier,

and to Bouill(5's army. The royal family were stopped at

Varennes, and brought back to Paris, but from that time

were regarded as traitors to France. She had yet two

more chances. She might have thrown herself into the

hands of Barnave, Duport, and the constitutional party of

the constituent assembly, who were ready to rally round

their constitutional king, but she would not trust them or

take their advice. When she was at the end of her power,

when the Tuileries had been stormed, and she was in

prison, and the republic proclaimed, Dumouriez was ready,

after his victory of Valmy, to turn his army on Paris,

dissolve the Jacobins, and re-establish the old constitution,

but she would not trust him. It was her last chance.

VHien once the republic was proclaimed, it was evident

that Louis must die both to cement its foundations and to

remove a dangerous centre of reaction ; and in January

1793 Marie Antoinette became a widow, never to the last

recognizing that she had sacrificed her husband to her

obstinacy and self-will. Harrowing descriptions have been

given of her treatment in prison during the few remaining

months of her life, but, though she was separated from her

children, she had every material comfort, no less a sum
than 1110 livres being spent on her food alone between

August and October, at the rate of 15 livres a day. At
last her trial came on,—a mock trial indeed, as all those of

the time, for her execution was determined before she came

before the tribunal. Much has been said of the shameful

charges made against her; but, shameful as they were, they

were based on a confession made by her son, which, though

probably forced from him and utterly false, was yet put in

evidence. The trial was soon over, and on the same day..

October 16. 1793, she was guillotined.
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It is hard to spoak of Marie Aiitoinetto with justice ; her faults

TToro caused by her education and position rather than her nature,

and she expiated them far more bitterly than was deserved. She

was thoroughly imbued with the imperial and absolutist ideas of

Maria Theresa, and had neither the heart nor the understanding to

sympathize with the aspirations of tlio lower classes. Her love of

pleasure and of display ruined both her character anil her reputation

in her prosperous years, and yet, after a careful examination of many
of the libels against her, it may be asserted with confidence tliat

she was personally a virtuous woman, though always appearing to bo

the very reverse. Innocence is not always its own protection, and
circumspection is as necessary for a queen as for any other woman.
Her conduct throughout the Revolution is heart-reuding ; we, who
live after the troubled times, can see her errors and the results of

her pride and her caprice, but at the time she was the only indi-

viduiil of the royal family who could inspire the devotion which
is-Tcrways paid to a strong character. In the Marie Antoinette who
suffered on the guillotine we pity, not the pleasuredoving queen,

not the widow, who had kept her husband against his will in the

wrong course, not the woman, who throughout her married life

did not scruple to show her contempt for her slow and heavy but

good-natured and loving king, but tho little princess, sacrificed to

state policy, and cast uneducated and without a 'helper int(J the

frivolous court of France, not to be loved, hut to be suspected by
all arouud her, and eventually to be hated by the whole people of

Franco.

talned In M. do Lescuie'a La Vraie Marie Antouiette, Paris, 1S63. Thi
however, contaim many forged letters, pui"portiilg to be hers, and leads to the
question of Marie Antoinette's published letters. There can be no doubt tliat very
many fabrications by autograph makers for autograph collectors are published as
authentic In D'Hunolstein, Corresportdance in^dile de Marie Antoinette, Paris,

1864; and In Feulllet des Conches, Louis JTIV., Marie Antoinette, et Madame
Eliiabeth, lettres et documents inedites, Paris, 1865. The falsky of these letters

'was shown by Professor Von Sybel and by M, Geffroy In the Revue des Deux
Mondes, and still more clearly In the latter's appendix to his Oustave III. et la

tour d& France, Paris, 1867. To study Marie Antoinette as she really lived, tiio

Btadent must consult Von Amcth's numerous publications on her and her mother
and brothers, and particularly Amelh and Geffroy, Marie Antoinette: Corre-
spondance secrHe entre Marie-Tti^rHe et le Comte de Mercy-Argenteau, Pail-s,

I vols., 1674, In which Marie Antoinette's daily life for ten years, from 1770-80.
Is di-scribed for her mother's own eyes. For the affair of the necklace read
Carlyie's Essat/. For her imprisonment, trial, and execution, see Campardon's
Tribunal Revolutionnaire, vol. 1., and the same autlior'a Marie Antoinette h la

Conciergerie, Paris, 1863. (H. M. S-)

MARIE DE FRANCE is one of the most interesting

figures in the literaty history of the Middle Ages. She
is also one of the most mysterious. Nothing is known
of her except from her own statements, which amount to

little more than that her name was Marie and her country

France, that she dedicated one of her works to an unnamed
king, and another to a certain Count William. She is

mentioned by Denis Pyramus, who was her contemporary,

and who says that §he was very popular, but gives no
particulars. Attempts have been made to identify con-

jecturally the king and the count,—the most probable

hypotheses being that the former was Henry III. of

England, and the latter William Longsword of Salisbury

;

that is to Bay, Marie lived in the first half of the 13th
century, and rather towards the beginning than the end of

that half. Her work which remains to us is entirely

poetical, and by no means inconsiderable in extent. It,

falls naturally into three divisions. The first consists of

lais or narrative poems in octosyllabic couplets. There
are fourteen of them, the titles being Gugemer, Squilan,
Le Frene, Le Bisdavaret, Lnnval, Les deux amants, Yicenec,

Le Latislic (" the Nightingale "), Miloti, Lc Chaitivel (
" the

Unhappy One "),£e C/ietirefeuille, Elidiic,Graelent, L Spine.

The longest of these contains nearly twelve hundred lines ;

the shortest only just exceeds a hundred. The term lai is

of Breton origin, and is believed to have had reference

originally to the kind of music to which it was performed.
But in Marie it is simply a short romance, generally of an
amatory character. The merits of these poems are very
great. They have much tenderness and delicacy of

expression, flowing and melodious verso, and not a little

descriptive power. The dialect is decidedly Norman in

character, and English words occasionally occur, but are

invariably explained in FrencL Some of these poems were
paraphrased by the late Mr O'Shaughnessy in his Lays of
France (London, 1872), but the transUtor indulged to such

an extent in amplification that the effect is very dissimilar

to that of the original. The second division of Jlaric's

work is of less poetical but of greater general interest. It

consists of an Ysopet (a general term in the Midc^e Ages

for a collection of fables) of one hundred and three fables,

of which Marie tells us that Heury Beauclerk translated It

from Latin into English, and that for the love of Count

William, ''the most valiant of this realm," she herself

rhymed it from English into French. The fables are

exceedingly well told, with a liveliness, elegance of verse,

and ingenious aptness gf moral which make Marie a worthy

forerunner of La Fontaine. The question has been debated

whether the great fabulist was acquainted with her work.

All that can be said is that, though it is by no means

impossible, and from internal evidence not even wholly

improbable, it cannot be said to be very likely. The third

of Marie's works is a poem of twe thousand three hundred

verses, describing the purgatory of Sainf Patrick, written

at the request of an unidentified " prudom," or man of

worship. Marie has been longer and better known than

most of the poets of mediaeval France, and perhaps she has

been relatively a little overvalued, but her positive

excellence is very considerable. Her style is a good

example of the pure and highly organized language of

the 13th century; and despite its great age it can be

read by any person acquainted with modem French with

a very small expense of attention, and with but slight use

of glossaries.

The standard edition of Mario's works is by B. de Roquefort,

2 vols., Paris, 1820.

MARIENBAD, one of the prettiest and most frequented

watering-places on the Continent of Europe, with a station

(about l| miles S.E of the town) on the Kaiser Franz

Josephs Railway, lies in a pleasant valley in the district of

Tepl, in the north-west of Bohemia, about 18 miles south

of Carlsbad, and nearly 2000 feet above the level of the

b'^k^^A^
Plan of "\Ianenbad.

sea. The gently-sloping hills which enefose it on all side.s

except the south are picturesquely wooded with fragrant

pine forests. The town has an attractive and clean apj

pearance, and is amply provided with buildings for the

lodging and amusement of its thirteen thousand anonal

visitors, including a theatre and a large kurhaus. The
handsome Roman Catholic church and the tasteful little
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English chmcli arc nmoh^ the chief ornaments of the

jilace. The springs loseuiblo those of Carlsbad, except

that they are cold, and contain nearly twice the quantity

of purgative salts. The water is used bouh internally and
externally, and is deemed efficacious in disorders of the

stomach and other organs, skin diseases, gout, and nervous

complaints. About ono million bottles are annually ex-

ported. Tlio curative appliances of Marienbad also include

the use of goats' milk whey, and neat, pi..c-cone, and gas

baths. The climate is healthy and bracing, the mean
annual tem[ierature being about 45° Fahr. The springs of

Marienbad, though previously used by the peasantry of the

district, first came into general notice about the beginning

of this century through the instnmientality of Dr Nehr,

to whom a monument was erected here in 1857. They
belong to the rich abbey of Tepl, which lies about 9 miles

to the east The permanent population of Marienbad was
2009 at the census of 18S0.

MARIENBURG (m Polish, Malhorg), the chief town of

a circle in the district of Dantzic, Prussia, lies 30 miles

to the south-east of Dantzic, in a fertile plain on the

right bank of the Nogat, a channel of the Vistula, here

spanned by a handsome railway bridge and by a bridge

of boats, Marienburg contains a large chemical wool-

cleaning work and several other factories, carries on

a considerable trade in grain, wood, linen, feathers, and
brushes, and is the seat of important cattle, horse, and
wool markets Its educational institutions include a

gymuasium and a Protestant normal schAol. In the old

market-place, many of the houses in which are built with

arcades iu the Italian style, stands' a Gothic towu-hou.se,

dating from the end of the 14th century. The town is

also embellished with a good statue of Frederick the Greal,

who added this district to Prnssi.a, and a monument com-
memorating the war of 1870-71. The population in ISSO
was 9559. Marienburg is chiefly interesting from its

having been for a century and a half the residence of the

grand masters of the Teutonic order. The large castle

of the order here was originally founded in 1274 as the

seat of a simple conmiandery against the pagan Prussians,

but in 1309 the headquarters of the grand master were
transferred hither from Venice, and the " Maiienburger
Schloss" soon became one of the largest and most
strongly fortified buildings in Germany. On the decline

of the order in the middle of the 15th century, the
castle passed into the hands of the Poles, by whom
it jvas allowed to fall into neglect and decay. It

came into the possession of Prussia in 1772, and was
carefully restored at the beginning of the present century.

This interesting and curious builu'ing consists of three
parts, the Alte or Hohe Schloss, the Mittel Schloss, and the
Vorburg. It is built of brick, iu a style of architecture

peculiar to the Baltic provinces, and is undoubtedly one
of the most important secular buildings of the Jliddle
Ages in Germany.

Of the numerous monographs publishedm Germany ou the castle
of Marienburg, it will suffice to mention here tiiisching's Schloss
der Dmtschm Rillcr zii Uaricnhurg, Berlin, 1828 ; Voigt's
OeschicJiU ron Marienburg, Kiinigsberg, 1824 ; and Bergau's
Ordciishavplhaus Marienburg, Berlin, 1871.

MARIETTA, a city of the United States, the capital of

Washington connty, Ohio, lies on the right bank of the
Ohio, at the mouth of the Muskingum, 85 miles south-east

of Columbus, and is the eastern "terminus of the Marietta
and Cincinnati Railroad, and the southern terminus of the
Cleveland and Marietta Railroad. The surrounding
country being rich in petroleum, iron, and coal, the city

has become the seat of no inconsiderable industry in the
shape of oil-works, iron, foundries, and machine-shops, a
rolling mill, tanneries, and carriage, car, bucket, and chair

factories. Marietta College, chartered in 183fi, and

maintained by voluntary endowment and subscription, is.

a flourishing institution, with eight instructors and a.

library of 25,000 volumes, occupying a fine group of
buildings in the midst of extensive grounds. The popula-
tion of the city has lisen from 3175 in 1850 to 5444 in
ISSO. At the latter date the township, which includes
the village of Harmar (1572), contained 8830 persons.

Marietta, founded in 1788 by General P'-itnam, and named in
honour of Marie Antoinette, is the oldest town in Obio. It is

built on the site of a remarkable group of prcliistovic monuments,
the largest^ of which are two enclosures, respectively 40 and 20'

acres iii extent, formed by walls from 20 to ."0 feet broad at tho
base, and still in some places 5 and 6 feet liigli. See Stjnier and'
Davis, Ancient Monuments of the Mississijtjii I'ullcy.

MARIETTE, Augusts Ferdina.vd FrAXcois, elder son
of Francois P. Mariette, advocate and town-clerk of

Boulogne-sur-Mcr, was born in that town on the 11th of

February 1S21. Educated at the Boulogne municipal
college, he distinguished himself in geometry, physic.i,

chemistry, history, Latin, Greek, and English. He also

evinced a remarkable talent for art In 1S39, when but

eighteen yeare of age, he went to England iu the capacity

of professor of French and drawing at a bo3's' school at

Stratford-on-Avon, which occupation he exchanged in.

1840 for that of pattern-designer to a ribbon manufacturer
at Coventry. Weary of ill-paid exile, he returned that

same year to Boulogne, resumed his interrupted studie.s,

and in March 1841 took his bachelor's degree (v.ith

honourable mention) at Douai. He now became a professor

at the college where he had formerly been a student, and
for some years supplemented his modest salary by giving

private lessons, and writing on historical and arch^ological

subjects for various local periodicals. In the meanwhile
his cousin, Nestor L'Hute, the friend and fellow-traveller

of ChampoUiou, died ; and upon Auguste Mariette devolved

the pious task of sorting the multitudinous papers of the

deceased savant The young man thenceforth became
passionately interested in Egyptology, devoted himself to

the study of hieroglyphs aud Coptic, and in 1S47 pub-

lished a Catalogue Anult/tique of the Egyptian Gallery of

the Boulogne Museum. He had now found his vocation,

and in 1849, being appointed to a subordinate position in

the Louvre, left Boulogne for Paris. Entrubted shortly after

with a Government mission for the purpose of seekiug and

purchasing Coptic, Syriac, A.rabic, aud Ethiopic MSS. for

the national collection, he started for Egypt in 1S50.

Soon after his aia-Jval he made his celebrated discovery of

the ruins of the Serapeuin and the subterraneous catacombs
of the Apis-bulls, buried for probably some two thousand

years under the sands of the Libyan desert (see vol. vii. p.

773). His original mission being abandoned, funds were
now advanced for the prosecution of his researches, and
he remained in Egypt for four years, excavating, discover-

ing, and despatching archseological treasures to the

Louvre, of which museum he was, on his return, appointed

an assistant conservator. In 1858, by permi.ssiou of his

own Government, he accepted the position of coiiserviitor

of Egyptian monuments to the ex-khedive, Ismail-Pasha,

and so removed with his family to Cairo. His history

thenceforth becomes a chronicle of unwearied exploration

and brilliant success. The p3'ramid-fields of Jlemphis and
Sakkara, and the necropolises of Meydum, Abydos, and

Thebes were ransacked for sepulchral treasures ; the great

temples of Denderah and Edfoo were disinterred, and, with

their tens of thousands of inscriptions and bas-reliefs,

restored to the light of day ; important excavations were

carried out at Katnak, Medinet-Habu, and Deir-el-

Bahari ; Tanis (the Zoan of the Bible) was partially

explored in the Delta; and even Gebel Barkal iu the far

Soudan was made-to yield monuments of the Ethiopic kings.

The Sphinx was also bared to the roctlevel, and the famous
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grauito and ^iliibfistor monument miscalled the "Temple of

the Sphinx " was discovered. In the meanwhile Mariette,

raised successively to the rank of bey and then of pasha,

had founded the " ficole Franfaiae d'Jllgyptologie" and the

" Inatitut Iilgyptien," and created ah ovo the museum at

Bulak, the richest and by far the most interesting

Egyptian collection in the world. Honours and orders

were showered upon him. Poor in purse but rich in fame,

he received in 1 85 2 the grand cross of the Legion of Honour

and of the Medjidio, in 1855 the Red Eagle (first class)

of Prussia, in 1857 the Italian order of SS. Maurice and

Lazarus, and in 1858 the Austrian order of Francis-Joseph.

In 1873 the Academy of Inscriptions decreed to him the

great biennial prize of 20,000 francs, and in 1878 he

was elected a member of the Institute. He was also an

honorary member of most of the learned societies of Europe.

Though of herculean strength and indomitable energy, he

waa not proof against over-work of all kinds, physical,

mental, and official. Prostrated in 1877 by a first attack

of the insidious malady from which only death released

him, he lingered for a few years, working to the last, and

died at Cairo January 19, 1881. His remains, enclosed

in an nncieut Egyptian sarcophagus chosen by himself for

that purpose, are interred within the precincts of the museum-
garden at Bulak, facing the entrance to that uarivalled

collection which is bis own noblest monument.

Of Mariette'a numerous and important contribuHor.3 to the

literature of Egyptology, wo may here especially note the following

works, which are not only distingnished for their erudition and
accuracy, bat for the exquisite grace of style with which they arc

written :

—

Lg S^ayhim (U Mcviphis, folio, 1857 and following

years ; DciyUraliy five folios and one 4to, 1873-75 ; Abydos, two
folios and one 4to, 1870-80 ; Karnak, folio and 4to, 1875 ; Dcir-

el-Bahari, folio and 4to, 1877 ; Lislcs giographiqites des pyl6nes de

Karnak, folio, 1875 ; Catalogtu: du MiLst^c de Boulaq, six editionsj

1864-76 ; Aperi;u de Thistnre dl'igypte, four editions, 1864-74, &c.

His last, and one of his most important works, Lcs Masiabas

da VAncien Miiipire, text and illustrations facsimiled from the

•riginal MSS., folio, is now in course of publication, edited by
Professor G. Maspera

MARIGNOLLI, Giovajjni de', a notable traveller to

the far East of the 1 4th century, born probably prior to

1290, and sprung from a noble family in Florence. The
family is long extinct, but a street near the cathedral (Via

de' Cerretani) formerly bore the name of the MarignoUL
In vol. V. pp. 628-29 some account has been given of the

extraordinary episode of intercourse between Europe and
China in the first half of the 14th century. In 1338 there

arrived at Avignon, where Benedict XII. held his court, an
embassy from the great khan of Cathay, bearing letters

to the pontiff from the khan himself, and from certain

Christian nobles of the Alan race in his service. These
latter represented that they had been eight years without
a spiritual guide, and earnestly desired one. The pope
replied to the letters, and appointed four ecclesiastics as h:s

legates to the khan's court The name of MarignoUi, a
Franciscan of some repute for learning, appears, as John
of Florence, third on the letters of commission. We know
not what became of his colleagues ; he was the chief if

not the sole envoy who actually went.

The missiori left Avignon in December 1338, picked up
the Tartar envoys at Naples, and sailed across the Black
Sea to Caffa, whence they travelled to the court of

Mohammed Uzbek, khan of the Golden Horde, at Sarai on
the Volga . The khan entertained them hospitably during
the winter of 1339-40, and then sent them across the

steppes to Armalec or Almaligh, the northern seat of the
honae of Chaghatai, in what is now the province of IlL
" There," says MarignoUi, " we built a church, bought a
piece of ground .... sung masses, and baptized several

persons, notwithstanding that only the year before the

bishop and six other minor friars had there undergone

glorious martyrdom for Christ's salvation." Quitting

Almaligh in 1341, they seem to have reached Peking

(by way of Kamil or Hami) in May or Juno 1342. They
were well received by the reigning khan, the last of the

Mongol dynasty in China.

"The grand kaam, when he beheld the great horses {deztrarioa)

and the pope's presents, with his letter, and that of King Robert
(of Naples) too, with their golden seals, and when he saw us also,

rejoiced greatly, being delighted, yea exceedingly delighted with
everything. . . . And when I entered the kaam's presence, it was in

full festival vestments, with a very fine cross carried before me, and
candles and incense, whilst Credo hi unum Deuiii was chauntcd,

in tliat glorious palace where he dwells. And when the cliaunt

was ended I bestowed a full benediction, which he received with aQ
humility."

An entry in the Chinese annals fixes the year of

MarignoUi's presentation by its mention of the arrival of

the great horses from the kingdom of Fulang (Farang or

Europe), one of which was 11 feet 6 inches in length, and

6 feet 8 inches high, and black aU over

!

MarignoUi stayed at Peking or Cambalec three or four

years, after which he travelled through eastern China to

Zayton or Chinchew {q.v.), quitting China apparently in

December 1347, and reaching Columbum (Kaulam or

Quilon in Malabar) in Easter week of 1348. At this place

he found a church of the Latin communion, probably

founded by Jordanus of S^verac, who had been consecrated

bishop of Columbum by Pope John XXIL in 1328. Here
MarignolU remained sixteen months, after which he pro-

ceeded on what seems a most devious voyage. First he

visited the shrine of St Thomas near the modern ^ladras,

and then proceeded to what he calls the kingdom cff Saba,

and identifies with the Sheba of Scripture, but which seems

from various particulars to have been Java. Taking ship

again for Malabar on his way to Europe, he encountered

great storms, of which he gives an imaginative account :

—

.... " The sea as if in flames, and fire-spitting dragons flying

by, which, as they passed, slew persons on board the other junks,

whilst ours remained untouched, by God's grace, and by virtue

of the Body of Christ which I carried with me, and through tb«

merits of the glorious Virgin and of .St Clare.
''

They found shelter in the little port of Pervilis (Beru-

wala or Berberyn) in the south-west of Ceylon ; but hera

the legate fell into the hands of " a certain tyrant Coya
Jan (Khoja Jahau), an eunuch and an accursed Saracen,"

who professed to treat him with all deference, but detained

him four months, and plundered all the gifts and Eastern

rarities that he was carrying home. This detention in

" Seyllan " enables MarignoUi to give a variety of curioua

particulars regarding Adam's Peat and other marvels.

After this we have only fragmentary notices, showing that

his route to Europe lay by Ormuz, the ruins of Eabel,

Baghdad, Mosul, Aleppo (" where there were many Chris-

tians who dressed after the Latin fashion, and spoke a

language very near the French ; at any rate like the French

of Cyprus "), and thence to Damascus and Jerusalem. In

1353 he arrived at Avignon, and delivered a letter from

the great khan to Pope Innocent VI. In the following

year the emperor Charles IV., on a visit to Italy, made
MarignoUi one of his chaplains. Soon after, the pope

made him bishop of Bisignano ; but he seems to have

been in no hurry to reside there. He appears to have

accompanied the emperor to Prague; in 1356 he is found,

acting as envoy to the pope from Florence; and in 1357

he is at Bologna. We know not when he died. The last

trace of MarignoUi is a letter addressed to him, which

was found last century among the records in the Chapter

Library at Prague. The writer is an unnamed bishop of

Armagh, easily identified with Richard Fitz Ralph, a strenu-

ous foe of the Franciscans, who had broken lances in con-

troversy with Ockham and Burley. The letter implies that

some intention had been intimated from Aviguon of sendios
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Marignolli to Ireland in connexion with matters then in

debate. The wrath of Fitz Ralph is sorely stirred at

this, and he brandishes the shUlelah in a style of energetic

metaphor very like what we have been used to from like

quarters in later days.

Fitz Ralph's contemptuous language had probably a good de.il of

foundation. The fragmentary notes of MarignolU's Eastern travels

olten contain most vivid remembrance and graphic description, but
combined with an incontinent vanity, and an incoherent lapse

fi-om one thing to another, matched by nothing in literature but
tlie conversation of Mrs Nickleby. They have no claim to bo called

a narrative, and it is with no small pains that anything like a
narrative can be pieced out of thera. Indeed the mode in which
they were elicited curiously illustrates how little mediaeval travellers

thought of publication. The emperor Charles, Instead of urging
his chaplain to write a history of his vast journeys, set him to thu
repugnant task of recasting the annals of Bohemia ; and he con-
soled himself by salting the insipid stuff by interpolations, apropos
de b«ttcs, of his recollections of Asiatic travel.

Nobody seems to have noticed the work till 1768, wlrcn the
chronicle was published in voL ii. of the Monumcnta Hist. Boheiiiim
nusquam antchac edila by Father Gelasius Dobner. But, though
Marignolli was thus at last in type, no one seems to have read
him till 1820, when an interesting paper on his travels was pub-
lished by J. G. Meinert. Tlie late Professor Kunstmann of

Munich also devoted to the subject one of a series of very intelli-

gent papers on the ecclesiastical travellers of the Middle Ages.
And the whole of the passages bearing on the journey were ex-
cerpted, translated, and commented on by Col. H. Yule in a col-

lection printed in 1866.
Monumenta Eistoriea, ^:c., colle(]:it, &c., P. Gelasius Dobner a S. Cotherinft,

torn, li., Prague. 1768; Meinert, in Abhandl. der K. B6hm. Gfsetlxcft, dt<r U'tsseii-

schtn/ten, \i\. ; Kunstmann. In Historische PoHlische BIdllem von Pltillipi vvd
Gomi, Bd. xxxvlU. pp. 701,793, Munich, 1859 ; Wadding, AttnoF-rs Minomm, vij.;

Sboralea, Supplem. ct Cattigatio ad Scriplores Trium Oi-dd. S. Fi-ancitci a Ilati-

diHgo, Rome, 1806 ; Cathay and the Way Thither, Hak. Soc, 18CG. (H. T.)

MARIGOLD. This name has been given to several

plants, of vrhich the following are the best known :

—

Calendula offiidnalis, L., the pot-marigold ; Tagetes erecta,

Ii., the African marigold ; T. patula, L., the French
marigold; and ChrysanOiemuvi segetum, the corn marigold.

Ail these belong to the order Composite ; but Caltha

palustris, L., the marsh marigold, is a ranunculaceous

plant

The first-mentioned is the familiar garden plant with

large orange-coloured blossoms, and is a native of the

meadows of southern Europe (DC, Prod., vL p. 451).

It is unisexual, the " ray " florets being female, the " disk
"

florets male. This and the double variety have been in

cultivation for at least three hundred years, as well as a

proliferous form, G. -pi-olifera, or the "fruitful marigolde "

of Gerard (Herhatl, p. 602), in which small flower-heads

proceed from beneath the circumference of the flower. The
figure of "the greatest double marigold," C. wultiflora

maxima, given by Gerard {I.e., p. 600) is larger than most
specimens now seen, being 3 inches in diameter. He
remarks of " the marigolde " that it is called Calendula

"as it is to be seene to flower in the calends of almost

euerie moneth." It was supposed to have several specific

virtues, but they are now discredited. " The marigold,

that goes to bed wi' the sun," is mentioned by Shakespeare,

Winter's Tale, iv. 3.

Tagetes jmtula, L., and T. ei-ecta, L. (DC, Prod., v. p.

643), the French and African marigolds, are natives of

Mexico, and are equally familiar garden plants, having been,

long io cultivation. Gerard figures four varieties of Flos

africanus, of the single and double kinds {I.e., p. 609) ; but
they do not appear to be specifically distinct ; indeed

Parkinson (Par., p. 303, 1629) regarded them as one.

Besides the above species the following have been intro-

duced later, T. lucida, Cav., T. signata, also from Mexico,

and T. tenuifolia, Cav., from Peru (Hemsley's Handbook of
Hardy Trees, &c, p. 247).

Chrysanthemum segetwm, L., the yellow corn marigold, is

indigenous to Great Britain, and is frequent in corn-fields

in most parts of England. A decoction of the fresh plant

gathered before flowering is aerid, and is said to be useful

medicinally. When dried it has been employed as hM
It is also used in Germany for dyeing yellow (Baxter, Brtt.

Gen. of PL, voL iv. 306). Gerard observes that in his

day " the stalke and leaues of Corne Marigolde, as

Dioscorides saith, are eaten as other potherbes are."

Caltha pahistris, L., the marsh marigold, the " winking
Mary-buds" of Shakespeare {Cijmb., ii. 3), is a common
British plant in marshy meadows and beside water. It

bears cordate leaves, the florers having a golden yellow
calyx but no corolla, and blossoming in March and April.

The flower-buds preserved in salted vinegar are a good
substitute for capers. A double-flowered variety is often

cultivated, and is occasionally found wild (Baxter. I.e.,

vol. iL 153).

MARINES. With all maritime nations, especially if

they be insular and capable of taking the ofi'ensive in war,

there must frequently be cases in which naval operations

can be supplemented by the landing of a force. The
armament, equipment, and discipline of the armies and
navies of such nations were in early days practically alike.

But with the introduction of more regular levies and
better organization arose the necessity for having on board
ships-ofwar an armed body organized to meet the altered

condition of things. Sailors were but engaged for perioda

during which ships were commissioned ; and their previous

history and training did not tend to furnish the material

required. Regular armies on shore called for disciplined

forces afloat,—that is to say, for marines, or sea soldiers,

who should have the steadiness of the troops of the line,

be accustomed to the peculiar duties of ship life, and J)e

subordinate to the naval authorities.

Previous to 1C64 the British navy had been manned
chiefly by " impress "

; but in that year an order in council

appeared, authorizing the formation of a force of 1200
soldiers, iu six companies, to be raised for sea service

during the Dutch War. Probably it was recruited from
the London Trained Bands, as the Royal Marines, with
the 3d battalion of the Grenadier Guards, the East Kent
Regiment, and the Royal London Militia, alone possess the

privilege of marching through the city with colours flying

and bayonets fixed. Recruits were also obtained from the

foot guards ; and in 1G72 companies of the guards were
employed on shipboard. The Army List of 1684 shows
for the first time the organized battalion of marines, in

H. R.H. the duke of York and Albany's maritime regiment

of foot or "Admiral's Regiment," which, in that year,''

mustered on Putney Heath twelve companies, with a full

proportion of oSicers. This stood third in seniority in the'

line, and eventually became the Coldstream Guards ; the

4th, or " Holland Regiment," which also sent companies

to sea, and had like the above regiment been raised by the^

City of Lon ' .i. taking its place as 3d or " Old Bufls."

Several other maritime regiments were successively formed
and disbanded, until, in 1702, Queeu Anne directed the

addition to the army of six regiments as a marine corps,'

while six existing regiments were also appointed "for sea

service." These were done away with in 1714, three only

being retained, as the 30th, 31st, and 32d of the line.

Independent companies, for service in the West Indies^

were also formed, becoming in 1742 the 49th foot. ' In

1739 six fresh regiments were levied, and augmented in

1742 to ten, of 1000 men in ten companies each; while

three others were collected in America for colonial dtity.

Though commanded by generals and colonels of tlie army,

they were to be quartered in the neighbourhood of the

dockyards at Portsmouth, Sheerness, Chatham, Deptford,

Woolwich, and Plymouth ; and the proportion ef oSicers,

viz., J 00 men with a captain to twenty with a subaltern,

was fixed for the difl'erent classes of vessels. No field

ofiicer was embarked unless a full battalion wtre sent. la
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\7iB two otfier battalions were apocially raised for service

at Cape Breton, becoming finally the 60tU and Slat foot;

and in 1746 tlie Ian regiments were restored to the army,

taking rank from tli6 ^Uh to the 53d. Previous to their

disbandment as marines they had beea partially under

the orders ofi^tho lord high admiral.

By an order in council of 1755 a force of 5000 men in

50 companies was raised and definitely placed under the

naval authorities. They were to be stationed at Chatham,

Tortsmouth, and Plymouth, the 4th or Woolwich divisicm

not being added until 1805 ; and this body was gradually

increased to 19,000 men in 1762, but reduced in 17G3 to

about 4000. Commissions ceased to be purchasable, but

exchange with the army was, for a time, sanctioned.

Naval admirals and caiitains were appointed generals and

colonels of marines in 1760, in consequence of a represen-

tation from the commandants of divisions that there was

an insufficient number of field officers "for the discipline

of the service." This absurd anomaly existeduntil 1833,

when these useless sinecures were abolished.

The revolt of the American colonies in 1775 led, again,

to an increase in the establishment, which by 1783 had

reached 25,291 men,—followed by a reduction to 4495 the

ensuing year. So urgent was the demand for marines

during the struggle that men were frequently embarked
untrained

;
yet, so popular was the service, they still

"recruited better in every part of the island" than the

army. Owing to this unwise policy of reduction, the force,

on the outbreak of the French War in 1793, had to be

supplemented, as formerly, by companies from the line
;

and at its conclusion the marine corps again reached a total

strength of more than 30,000 men. But there bad been

differences between the military and naval authorities as

to the employment of soldiers from the army; so that from

1815, when the numbers again fell to about 6000, there

has been a ste;xdy increase, until an establishment suitable

to the wants of the navy has been fixed. During the long

war, moreover, the necessity for the formation of a body
of marine artillery had become increasingly apparent. The
services of marines in this capacity had been previously

demanded during the American War, when they were

employed in the half-moon battery and citadel at Halifax,

and elsewhere in batteries on shore, as some of them had
been *' trained in the service of great guns" by Lieutenant

Gillespie of the Royal Artillery. By an order in council

»f the 18th August 1804, tliereforej "in consequence of

the inconvenience of embarking the Royal Artillery," it

was directed that one company of marine artillery, composed
of the most intelligent and experienced officers and men,

should be formed at each division to be employed for the

training of the infantry, so as to embark efficient artillery-

men in other vessels besides " bombs." This force suffered

a reduction to two companies in 1822, since which date

it also has been steadily increased ; and in 1862 the artillery

companies were separated from the light infantry and
formed into a separate division at Fort Cumberland,
Portsmouth, whence the headquarters were transferred to

Eastney in 1869. In 1869 the Woolwich division was
abolished, a depot for the training of recruits being formed

at Walmer. At present the Royal Marine force numbers
48 companies of infantry and 16 of artillery, showing a total

force of 2532 artillery and 9862 infantry, at an expendi-

ture of £913,456.

Each division of Royal Marines has a total force of 16 companies,
v;ith a colonel commandant, second commandant, 4 lieutenant-

colonels, 14 majors, *20 copt-xins,. and 42 subaltern's, inclusive of

the divisional staff of instructors of gunnery, muskiptry, &c. . The
headquarter staff, in London, consists of a deputy and an assistant

adjutant-giineral, &c. ; and there are, in addition, tliree generals,

tbi-ee Ueutenant-geuerals, and sixmajor-generals on the active list.

Tlio men are recruited iiy special parties; they are enlisted for

twelve years, with permission to Te-cngf\^Q for nino more. All

recruits underg;© their preliminary training at "Walmer, and arc then
drafted to the several divisions,—those who reach a higher sUinilanl

heing allowed to volunteer for the artillery. The standard for

infantry and artillery, and the system of pay, equipment, pension,

and divisional administration, are similar to tliosc of the line and
Royal Artillery respeetivcly. Ofiicers are obtained by open com-
petition from tlie pnsa-lists for entrance to the Military Ai-ndemy,
Woolwich, and the Royal Military College, Sandhurst. Tlio suc-

cessful infantry cantlidates arc drafted to their several diviHious,

and undergo a course of instruction under the military instructor

to the coriis,—tliose for the artillery rtSceiving a special training for

two years at the Royal Naval College, Greenwich.

The Royal JIarines, reckoning as part of the naval forces, aro

accounted for in the navy estimates; though the names of tlio

oflicers appear botli in the Army and Navy Lists. They aro par-

ticulnrizcd in the Army Act as subject to militai-y law at stated

times, serving on sliore under the Act and the regulntions in force

in the garrisons, where they perform tlio same duties as the land

forces. Afloat they are subject to the Naval Discipline Act; ond
a Jfarine Mutiny Act was formerly passed annually for thu
"regulation of Her JLnjesty's Royal Marine forces while on shore,"

stating tliat they wero under the direction of the lord high admiral,

&c. On board ship their duties are of a purely military character,

being confined to guard mounting, assisting to man boats for shorn

operations, and helping to form the crews for the heavy gunw.

Though under the supremo command of the naval authorities, they
arc only obliged to aiil in work on deck, and when lauded aru

entirely commanded by their own officers.

The war services of the corps are so numerous that they can bo
but briefly referred to. First employed at Cork in 1690, they have
been present in nearly all the actions in whiili the navy has sinra

then been engaged; and between that date and 1800 they look
part in 227 sea tiglits and 70 im))ortant operations on shore. At
Gibraltar and Manila, at Bellcisle and Bunker's Hill, atNcgapatam.
the Cape, and Acre, they earned the special commendation of tho
leaders, as well as for Lord Howe's victory, and the grt-at sea fights

of Camperdown, Cape St Vincent, and the Nile. Nor wero their

enemies backward in recognizing their worth. At Belleisle the
French, in describing the troops whose valour had been most
conspicuous, designated the battalions of marines " les pctits

grenadiers "
; and at Acre General Berthier bore testimony

to the conspicuous gallantry of Major Oldticld, who fell in the
attack on the fortress. From 1800 to 1815 they saw constant
service in 99 coast operations and 142 naval actions. After the
landing at Abonk ir Bay in 1801 the "Bull Dogs " received high
praise for the way in which they had done their work. At the

sie^e of Gaeta, at Rosas, and at Santa Maura, the marines again
distinguished themselves ; and they took part in the decisive battles

at Copenliagen, Trafalgar, San Domingo, and the Dardanellos.
Three battalions were also specially brigaded with the line for

active service in America and Holland in 1813-15. Since that
period the marines have shared in the naval actions at Algiers,

Navarino, Acre, the Baltic, and Black Sea, and have fought by the
side of the land forces at the Cape, in India, China, New Zealand,
Abyssinia, Ashantee, and Zulnland, as also in those numerous
petty skirmishes in which the navy has been so repeatedly engaged.
In the bombardment of Alexandria (1882), and in the operations
that followed it, the corps has agaiu seen service by sea and land.
Nor have their services been less important in other cases. Though
forming part of the ships' companies, and therefore at times
suffering from the same grievances, they have always been faithful

to their trust. In 1797, a period of much sedition throughout the
country, all efforts to shake their allegiance were fruitless, and the
duke of York especially commended their loyalty and zeal. Between
that year and 1802, after the mutinies of tho Nore, Spithead, and
Bantry Bay, of the "Temeraire," "Castor," "Impetueux, " " Her-
raione," *' Gibraltar," and "Excellent," the marines vere publicly
thanked for their devotion.

As part of a ship's company in naval actions, as a force landed to
assist in coast operations, and as troops acting in concert with the
army, the marines have won distinc'^ion and the commendation of

both naval and military authorities for two hundred years. The
motto of tho corps, " Per mare per terram," needs no explanation ;

the title "Royal" was added in 1802 "for its many and varied
services during the war," and its former facings were altered from
white to royal bluei it was also in 1820, by an order in council,

placed next in seniority to the 49th Regiment. In 1827 the globe,

surrounded by the laurel wreath, for the siege of Belleisle, together
with "Gibraltar" in commemoration of the services performed thore,

was added by George IV. In 1855 the infantry branch of the
corps became "light infantry."

Although in the "armed strengths" of the great European
powers marines and marine artillery are mtnitiouod, these troops
have little in common with those in the British navy. In France
their duties are to garrison the five military ports and colonies, and
to tako part iu marine and otlier wars. In Germany the marina
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fcatUl'ons and artUlery dinsions at Kiel and 'Wilhelmsliafcn are in-

tended for coast defence only. In lloUflnd, Austria, and Italy also

they havfi a military organization, but do not form a iecogiii2ed

part of the complements of sea-going ships. America alone employs

marines in the same manner as lingland ; and they have wcu, as their

British comrades have, tho approbation of the naval authorities

and, on nineteen occasions, the thanks of Congress. Admbal Farra-

gufs opinion that "the marine guard is one oi' the great essentials

of a man-of-war" is corroborated by that of Admiral Wilkes,

who considered that' " marines constituted the great diflereuco

between a man-of-war and a privateer." Formed in 1/75 for the

"publick defense," they rank as the oldest force in the American

service ; and since that time they liave shared in land and sea opera-

tions in all parts of the world. In the famous battles between tht?

" Bonhomme Richard "and "Serapis" in 1777, and in that between

the "Chesapeake" and "Shannon," they displayed brilliant gallantry;

and while on the one hand they at Derne in 1803 first planted the

American flag on a fortress of the Old World, for which exploit

'*Tri[>oli" is inscribed on their colours, they on the other shared

in the hard fighting of tho Mexican war as well as all the import-

ant coast actions of the civil war of 1861-65. A proposal to incor-

}>orate them with the army after the struggle met with universal

condemnation from the authorities best qualified to judge of their

value. At present they uiunber seventy-eight olEcers and two
thousand men under the command of a command.ant, who ranlcs

as brigadier-general, with headquartels at Washington. Their

administration, organization, and equipment are, as in England,

identical with those of the soldiers of the line. They are enlisted

fur five years, must be 5 feet 6 inches in height, between eighteen

and thirty-five years of age, and able to read and write. The
complement on board ship varies from thirteen to fift-y-one officers

and men, depending on the rating of the vessel. Their device is a

globe resting on an anchor and surmounted by an eagle. "Ever
faithful " is tho title which Captain Luce, the historian of the

force, appiopriately applies to them- (C. C. K.)

MARESfT, or Marino, Giambattista (1569-1625),

Italiiin poet, was born at Naples on October 18, 1509.

At an early age he secured the powerful patronage of

Cardinal Aldobrandini, whom he accompanied from Rome
to Ravenna and Turin. His ungoverned pen and dis-

ordered lite compelled him to take refugo from 1615 to

1622 in Paris, where he was favourably recognized by

Mary do' Medici. He died at Naples on March 25, 1625.

See Italy, vol xiii. p. 511.

MARLNUS I. (Maetinus II.) succeeded John Vlll. in

the pontificate about the end of December 882. On
three separate occasions he had been employed by tho three

popes who preceded him as legate to Constantinople, his

mission in each case having reference to the controversy

excited by Photius. Among his first acts as pope were

the restitution of Formosus, cardinal bishop of Porto, and
tho anathematizing of Photius. He died in May or June

684, his successor being Adrian III.

MARINUS II. (M-vRTiNus III.), pope from 942 to

946, was preceded by Stephen IX., and followed by
Agapetus IL
MARION, Francis (1732-1795), American general,

was born in 1732 at Winyah, near Georgetown, South
Carolina. In 1759-61 he served as lieutenant in expedi-

tions against the Cherokees, and in 1775 he was elected

il member of the provincial congress of South Carolina.

This voted two regiments of infantry, and Marion was
olected captain in the second. He was made lieutenant-

oolonel after the defence of Fort Moultrie at the entrance

0^ Charleston harbour (June 28, 1776), and was present

at the unsuccessful attack on Savannah, September 1779,

In August he joined Gates, but was detached a few days

before Gates's ddfoat at Camden on August 16 ; at Nelson's

Ferry, on the 20th, he rescued one hundred and fifty of tho

prisoners from a strong guard. He soon received a genejal's

commission. Pursued by Tarleton and Wemyss, he was

driven to North Carolina, bnt soon returned. After

successful skirmishes against superior forces, he formed

a camp et Snow's Island in the midst of the swamps
of the Pedee and the Santee. In March 1731 he de-

feated Watson at Black River ; but meanwhile Dnylo liad

destroyed Mnrinn's camp. In April Lee and Marion tooVr

Fort Watson, and in May Fort Motte. In June Greene de-

tached Sumter with Marion and others to make an incursion

into the low country. At Quinby Marion's men fought

well against Coates; and in August he made a forced marcli

to Parker's Ferry and rescued Colonel Harden, pressed by
a superior force. At Eutaw Springs he commanded the

right under Greene. After the British retreat to Charles-

ton, Marion went to an important session of the colonial

assembly; on the very day that he returned to his brigade,

February 21, 1782, it-was surprised and dispersed, Marion
arriving too late to recover the day. After the war he occu-

pied himself with farming. He died February 27, 1795.

MARIONETTES (probably from morio, a fool or

buffoon). Fantoccini (from /lOi^jiio, a child), or Puppets
(poupee, a baby or doll), are figures, generally below life-

size, suspended by threads or wires and imitating with thoir

limbs and heads t'ue movements of living persons.

The high antiquity of puppets appears from the fact

that figures with movable limbs have been discovered in

the tombs of Egypt and among the remains of Etruria

;

they were also common among the Greeks, from whom
they wero imported to Rome. Plays in which the

characters are represented by puppets or by the shadows

of moving figures, worked by concealed performers who
deliver the dialogue, are not only popular in India and
China at the present day, but during several centuries

past maintained an important position among the amuse-

ments of the people in most European countries. Goethe

and Lessing deemed them worthy of attention ; and

as late as 1721 Le Sage wrote plays for puppets to

perform. Every one remembers in Don Quixote "the
curious puppet show, which represents the play of

Melisandra and Don Gayferos, one of the best shows that

has been acted time out of mind in this kingdom.'

Reference to puppet shows is frequent in English literature

from Chaucer onward. Thus Davenant says :

—

" And man in chimney hid to dress

Puppet that acts our old Queen Bess,

And man that, while the puppets piny.

Through nose expoundeth what they tay.

"

The earliest performances in English were drawn oi

founded upon Bible narratives and the lives of the saint^

in the same vein as the "morality" plays which they sn»-

ceeded. Popular subjects in the 10th century were l^te

Prodigal Son and Nineveh, U'ilh Jonah and the Whale,

And in a pamphlet of 1641, describing Bartholomew Fair,

we read, " Here a knave in a fool's coat, with a trumpet
Bounding or a drum beating, invites you to see his puppets;

Here a rogue like a wild woodman, or in an antic shape like

an incubus, desires your company to view his motion."

In 1667 I'cpys recorded how, at Bartholomew Fair, ho
found " my Lady Castlcmaine at a puppet play. Patient

GriziJl." Besides The Sorrows of Griselda, other puppet

plays of the period were Dick Whillinffion, The Vaijaries

of Merry Andrew, and Tlie Hvmonrs of Haiiholomew Fair,

Powell's noted marionette show was tho subject of an

article in The Taller, 1709, and again in The Spectator,

1711. The latter refers also to Pinkethman, a " motion-

maker," in whose scenes the divinities of Olyrapus

ascended and descended to the strains of music. An idea

of the class of representation may be gathered from an
advertisement of Crawley, a rival of Pinkethman, which sets

forth—" The Old Creatr^n of tho World, with the addition

of Noah's Flood," also several fountains playing water

during the time of the play. The best scene represented
" Noah and his family coming out of the ark, with all tho

animals two by two, and all the fovls of the air seen in a
prospect sitting upon trees ; likewise over the ark is the

Bun rising in a gorgeous manner; moreover a multitude of
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angels in a double rauk,"ll]e angels ringing bells. "Like-

wise madiiues descending from above, double, with Dives

rising out of hell and Lazarus seen in Abraham's bosom

;

besides several figures dancing jiggs, sarabands, and

country dances, with the merry conceits of Squire

Puuch and Sir John Speudalt." Yates showed a mov-

ing picture of a city, with an artificial cascade, and

a temple,— with mechanical birds in which attention was

called to the exact imitation of living birds, the quick

motion of the bills, just swelling of the throat, and
fluttering of the wings. The puppets were wax figures

5 feet in stature. Toward the end of the 18th cen-

tury, Flockton's show presented five hundred figures at

work at various trades. Brown's Theatre of Arts showed

at country fairs, from 1830 to 1840, the battle of

Trafalgar, Napoleon's army crossing the Alps, and the

marble palace of St Petersburg; and at a still later date

Clapton's similar exhibition presented Grace Darling

rescuing the crew of the " Forfarshire " steamer wrecked on

the Fern Islands, with many ingenious moving figures of

quadrupeds, and, in particular, a swan which dipped its

hsad into imitation water, opened its wings, and with

flexible neck preened and trimmed its plumage. In these

mechanical scenes the figures, painted upon a flat surface

and cut out, commonly of pasteboard, are s'id along

grojves arranged transversely in front of the set scenery,

the actions of legs and arms being worked by wires from
the hands of persons below the stage, though sometimes

use is made of clockwork.

Mariouottes proper, nnd the doUs exhibited in jiuppot shows (not

iucluding Punch and his companion actors), are constructed of wood
or of pastcboai'd, with faces of composition, sometimes of was; and
each figure is suspended by a number of threads to a short bar of

wood which is commonly held in one hand of the hidden performer
while the finger of his other hand poses the figure or gives action

to it by means of the threads. In tlie mode of constructing the
joints, and the greater elaboration with which the several parts of tlie

Umbs arc supported and moved, and especially in the fine degrees

of movement given to the heads, marionettes liave been so im])roved

as to present very exact iraitatious of the gestmxs of actors and
actresses, and the postures and evolutions of acrobats ; and, in

addition, ingenious exhibitors such as Theodon, who introduced

many novelties from twenty to thirty years ago, have employed
mechanical arrangements for accomplishing the tricks of pantomime
harlet^uinade. Among the ]mppet personages presented in the small

street shows are generally included a sailor who dances a hornpipe,

a hoop-da]iccr, a dancer of the Highland fling, a wooden-legged
pensioner, a vanlter on a pole also balancing two chairs, a clown
playing witli a butterfly, a dancing figure without head until the
head rises out of the body, gradually displaying an enormously long
neck, a juggler tossing gilt balls which, sliding up and down upon
tight invisible threads, fall into his hands again, a milk-woman
carrying buckets out of which fly white dolls, and a skeleton, seen at

fii-st in scattered parts lying about the stage, but piece successively

Hying to piece, the body first sitting up, then standing, and finally

capped by the skull, when the completed figure begins to dance.

OuiOi'cs Chinois are the shadows of figures projected upon a
stretched sheet of thin calico or a gauze scene painted as a
transparency. The cardboard flat figures are held behind this

Bcreeu, illuminated from beliind,.—the performer suppoi-ting each
figure by a long wire held in one hand wliile wires from all the
movable parts tenuiuate in rings in which are inserted tho fingers

of his other hand

MARIOTTE, Edjie (died 1684), a celebrated French
physicist, was a native of Burgundy. He lived chiefly

near Dijon as prior of St Martin sous Beaune, and was one

of the first members of the Academy of Sciences, which
was founded at Paris in 166G. He died at Paris May 12,

1684. The first volume of the Histoire et Memoires de

VAcademie (1733) contains many original papers by him
upon a great variety of physical subjects, such as the motion
of fluids, the nature of colour, the notes of the trumpet,

the barometer, the fall of bodies, the recoil of guns, the

freezing of water, itc. His Essais de Physique, four in

number, of which the first three were published at Paris

l.otweeu 1676 and 1679, are his most important works,

and form, together with an elaborate treatise on the p..

cussion of bodies, the first volume of the (Eim-cs de
Mariotte (2 vols., Leyden, 1717). The second of these

essays (" De la Nature de I'Air ") contains the statement of

the law connecting the pressure and volume of a gas which,

though very generally called by tho name of Mariotte,

was discovered seven years before by Boyle. The fourth

es.say is a systematic treatment of the nature of colour,

with a description of many curious experiments aud a

discussi(m of the rainbow, halos, parhelia, difl'raction, and
the more purely physiological phenomena of colour. The
discovery of the blind spot is noted in a short paper in the

second volume of his collected works.

MARITIME LAW. See Sea Laws.
MARITIME PROVINCE (Russian, Prmo)'sta2/a OUast\

a province of the Russian empire, and part of the general-

governorship of Eastern Siberia, is a strip of territory which

extends along the Siberian coast of the Pacific from Corea

to the Arctic Ocean, and also includes the peninsula of

Kamchatka (?.t'.), the island of Saghalien or Sakhalin, aud
several small islands scattered along the coast. Its western

boundary stretches northwards from the Corean town of

King-hing (11° 45' N. lat.) by Lake Khangka aud along

the Usuri, keeping to the eastward of the hilly tracts and

prairies of northern Manchuria ; it then follows an ima-

ginary line which runs due north from the mouth of the

Usuri to the bay of Udskoy, separating the province from

the lowlands and mountain wildernesses of the Amur pro-

vince ; it next runs along the Stanovoy watershed between

the Pacific and the Arctic Ocean, leaving to the west the

elevated tracts of the Siberian plateau, and finally it crosses

the spurs of this plateau through barren tundras belonging

to Yakutsk, reaching the Arctic Ocean at tlie Chaunskaya

Bay (70"^ N. lat.). The province has a length of 2300
miles and a width varying from 40 to 420 miles; it covers

an area of 730,000 square miles, and exhibits very great

varieties of climate, scenery, and population. The northern

part, known as the land of the Chukchees, occupies the

north-eastern peninsula of Asia between the Arctic Ocean

on the one side and the Seas of Behring and Okhotsk on

the other, and has the character of a barren plateau from

1000 to 2000 feet high, deeply indented by the rivers of

the Anadyr basin, and by long fiords, such as the Kolnchfn

Bay (the wintering-place of Nordenskjold's "Vega"), the

Gulf of Anadyr, and the Bays of Penzhina and Ghizhiga.

To the north this plateau is bordered by a chain of

mountains, the highest known within the Arctic circle,

several summits of which reach a height of 8200 feet

(Makachinga peak aud others), while the promontories

by which the Asiatic continent terminates towards Behr-

ing Strait—Serdtze-kamen, Cape Vostochnyi (the most

easterly point of Asia), and Cape Chukotskiy—have

heights ranging from 1000 to 2000 feet. Only lichens

and mosses, with a few dwarf species of Siberian trees,

cover this district, in marked contrast to the rich forests

of the corresponding part of Arctic America. The fauna,

however, is far richer than might have been expected,

owing to the migrations of animals along the plateaus of

Eastern Siberia, which extend in a northeastern direction

from the very heart of Asia to Behring Strait. The fauna

is further enlarged by a few American birds and mammals,

which cross the strait when it is frozen. This country,

and still more the seas by which it is surrounded, have

been for the last two centuries the paradise of hunters, and

have upplied Siberian trade with its best furs. Entire

species of animals have been exterminated within this short

period; the renowned blue fox and black sable have nearly

disappeared, and the whale, which was hunted a few

decades' ago by hundreds of American vessels, has become

very rare. The sea-otter, of whioii the party of Stellet
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Tjilied seven hundred during its eight months' stay on

Behring's Island, is rapidly becoming extinct, as well as

the sea-lion (Otaria stelleri) ; whilst the sea-cow {Rhytitia

stelleri) was completely extirpated in the course of forty

years. Thanks to the care taken by an American company

which has the monopoly of hunting on Behring and Copper

Islands, the sea-bear (Otaria ursina), which was likely to

meet with the same fate, is nearly domesticated at present,

and multiplies rapidly, yielding no less than twelve

thousand skins per annum. The inhabitants of this region,

the Chukchees (Tuski, or Chaouktoos), who number no

more than 12,000 souls (according to some authorities

only 5000), seem to have immigrated from the south

;

their racial characters make them an ethnological link

between the Mongols of Central Asia and the Indians of

America ; they are also very nearly akin in their features

and customs to the Eskimo. They are subdivided, how-

ever, into two distinct branches, with different customs

and languages. Those of the interior support themselves

by reindfeer breeding (herds of ten thousand being not

uncommon) and by hunting ; whilst those of the coast live

by fishing, and are very poor. All travellers who have

had dealings with Chukchees speak in the highest terms

of the character of the former branch, and of the fraternal

feelings shown by them in their mutual relations. The

Koryaks (about 5000), who occupy the southern part

of this region, are nearly akin to Chukchees. They

extend theif migrations also to the northeru part of

Kamchatka^' Those of the interior are reindeer proprietors

and hunters, and like the Chukchees are quite independ-

ent, own no superiors, and live in federations of families.

They have firmly resisted Russian conquest; and there are

tribes among them which still refuse to pay the yasak

(tribute in furs) to the Russian authorities. Their national

character is described by travellers as very different from

that of the settled Koryaks of the coast, who live in the

utmost poverty, and have acquired vicious habits from

their intercourse with European and American sailors.

The middle part of the Maritime Province is a narrow

.strip of land (40 to 60 miles wide) along the shores of the

Sea of Okhotsk, including the basin pf the Ud in the south.

This area is occupied by wild mountains, 4000 to 7000

feet high, forming the eastern border of the high plateau

of Eastern Siberia. Thick forests of larch clothe the

mountains to nearly one-half of their height, as well as

the deep valleys, where short streams discharge into the

Pacific the water produced by the melting of accumulations

of snow and ice (nal-ipi, naledi). The undulating hills of

the basin of the Ud, which is a continuation to the south-

west, between the Stanovoy and Bureya mountains, of the

deep indentation of the Sea of Okhotsk, are covered with

forests and marshes. Only Tunguses visit these inhospit-

able mountain wildernesses and the bays of the coast,

living by hunting or fishing.

The southern part of the province includes two distinct

regions. From the north-eastern extremity of the Bureya,

or Little Khingan range, of which the group of the Shantar

Islands is a continuation, a wide and deep depression runs

south-westwards to the junction of the Amur and Usuri,

and thente to the lowlands of the lower Sungnrt. It is

for the most part less than 500 feet above sea-level.

The Amur, which takes a north-eastern course after reaching these

Ibwlands, runs close to their eastern boundary, at the foot of the

mountains of the sea-coast ; wliilst on its left or western bank it

spreads into numberless lakes and marslies, large and small, and
extensively inundates the swamps at time of flood. The area on

the right banks of the Amur and Usuri, between these rivers and
the sea-coast, is occupied by a very little known luUy tract consist-

ing of several intricate systems of mountains, usually represented on

maps as a .single range, and known under the general name of

Sikhota-alin. The summits reach the height of 6150 feet (Golaya

., (iora peak) and the average elevation of the few passes is about

2500 feet. There is, however, one depression in these monntains,
occupied byL.ake Kizi, which may have been at onetime an outflow

of the Amur to the sea. The Sikhota-alin mountains are covered

with tliick impracticable forests, through wliich a passage can be

forced only by means of the hatchet. The lowlands and the count-

less islands of the Amur are covered with a grass vegetation as

luxuriant as that of the forests, and present the same difficulties to

the pioneer. Herbaceous plants, 7 to 10 feet high, intertwined with
numberless climbing plants, cover the soil with nn impenetrable

thicket, and, when destroyed by fire, rapidly grow again to their

former height. The flora and fanni of this region (espi-cially in the

Usuri district) cxiiibit a striking combination of species, of warm
climates with those of subarctic regions; the wild vine clings to the
larch and cedar-pine, and the tiger meets the bear and the sable.

The quantity of tish in the rivers is immense, and in August the

wide channels of the Amur and Usuri literally swarm with the

ascending salmon. 'The mountain-wildernesses are visited by no-

madic Timguses, while the banks of the great rivers are inhabited,'

bcsiiles Russians, by Golds and Orochous, both of Tungusian origin,'

and tlie lower Amur by Ghilyaks, closely allied to the Ainos of

Saghfllien. Mancbus and Chinese are scattered here and there

eunoug the Russian population on the right bank of the UsurL
The best part of the Jlaritime Province is at its southern

extremity, in the valley of the Suifun river, which enters the I'aeifio

in the Gulf of Peter the Great, and on the shores of the bays of the

southern coast, where new settlements have appeared since this

territory was annexed to Russia in 1860. But even here the

climate is very harsh. The warm sea-current of the Kuro-sivo does

not reach the coasts of Sibeiia, while a cold current, originating in

the Sea of Okhotsk, brings its icy water and chilling fogs to the

coasts of Saghalien, and flows along the Siberian shores to the
eastern coast of Corea. The high mouutains of the sea-coast and the

monsoons of the Chinese Sea contribute to produce in the southern

l>.vrts of the Maritime Proviuco cold wintere and wet summers.
Accordingly, at Vladivostok (in the Gulf of Peter the Great),'

which lias the same l.ititude as Marseilles, the average yearly tem-

perature is only 39°'5 Fahr., and the harbour is IVozeli for nearly

three months ; the Amur and Usuri are frozen in November.
Towards the end of summer the moist monsoons cause heavy rain-

falls, which destroy the harvests and bring about such inundations

that even in the two miles wide channel of the Amur the water

within a few days rises more than 15 feet, and covers tho low-

lauds to a breadth of 15 to 20 miles ; the navigation also becomes

dangerous for small river steamers and barges, on account of

storms from the Chinese Sea. The sea-coast farther north *»
a continental and arctic climate. At Kiliolayevsk, temperatures as

low as -41°-5 F.ahr. are observed in winter, and as high as 9<"-6

in summer, the average yearly temperature being below zero ( ^0'9).

At Ayan (66° 27' N. lat.) the average temperature of the year is

25°-5 (-0°-4 in winter, and 50°-5 in summer), and at Okhotsk
(59° 21' N. lat.) it is 23° ( - 6° in winter, and 62°-5 in summer).

Russian settlements occur at interv.als throughout the whole, of

the province, but, with exception of those ou the banks of tho

Amur and Usuri, and the southern ports of tho sea-coast, they are

mere centres of administration. Aiiadyrsk on the Anadyr river,

Penzhinsk and Ghizhiga at the heads of bays of the same name,

.Ayan on the coast of the Sea of Okhotsk, and Udskoy Ostrog on the

rivci Ud, all have played an important part in the conquest of

Siberia by Cossacks and merchants^; but at present they are only

small blockhouses with a few buildings around them, and the seat

of local authorities ; the population of none exceeds two hundred.

Okhotsk, which 1ms given its name to the sea between Kamchatka
and the Siberian coast, is one of the oldest towns of Eastern Siberia,

having been founded in 1649. Until the acquisition by Russia

of the Manchurian sea-coast, this port, 700 miles distant from

Yakutsk, poor though it is, was an object of special solicitude to

the Russian Government for the maintenance of its possessions on

the Pacific. It is connected by a bridle path with Yakutsk, and

even in 1851-56, during the conquest of the Amur, all communica.

tion with the mouth of the Amur was by this route. It has now
but 210 inhabitants. Nikolaycvsk, on the left bank of tlie Amur,

23 miles from its mouth, was until lately tlie capital of the Mari-

time Province. Great expectations Were formed regarding it when

it was founded in 1861. It was provided with machiue-works,

foundries, and dockyards, and was proclaimed a free port. But the

difficulties of navigation and of Qpmmunication with the ulterior,

and the complete failure of the governmental colonization of the

Anmr, made tlie prosperity of tho new Russian port ou the Pacitio

impossible, and the seat of government was transferrc.l to tho

more central Khabarovka. At presout Kikolayovsk has only 3600

inhabitants, nearly all military or officials, and a few foreign

merchants trading chiefly in giocorics and spirits. The port ik

visited every year by from twenty to twcnty-hve ships, imjiortlng

manufactured and groceiy wares to the value of about ilOO.OOO,

and of wines and spirits estimated at £20,000. On the banks of

the Amur, from Nikolayevsk to tlie mouth of the Usuri, is a chain

of Russian settlements at distances not oxceediug 25_mile3. Theis
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liilialiitiints, froo settlers from Eassia, arc very badly off on account

of tho dilKuulties of agriculture in this region, anil from the bad

selection of sites. Many have migrated to the sea-coast, whilst

those who still remain are for tho most part very poor, and almost

every year reijuiro to be provided by Government with corn brought

from Transbaikalia. Soliysk (1000 inhabitants, of wliom 700 are

military) is a purely military post. Khabarovka, on a high promon-

tory at the coulluence of the Amur and Usuri, is the present capital

of tho Maritime Province. It has a settled population of about

seven hundred, besides military and officials. A few Russian mer-

chants carry on an active trade in furs with natives (about £20,000
a year), in silver money brought from Russia and sold to Chinese,

and in spirits and gloceries. The Russian settlements on the right

hank of tho Usuri are very like those of the lower Amur. The
peasants, who have received the name of Cossacks, and have a mili-

tary organization, with the exception of a few settlements on the

upper Usuri, are mostly in a wretched condition, and since 1859

have been dependent for food almost every year on Government aid.

A line of posts and settlements connects the villages of the Usuri

with the settlements on the shores of the Gulf of Feter the Great.

This wide gulf.divided into two long bays,—those ofAmur andUsuri,
which are connected by an inlet called the Eastern Bosphorus,

—

is regarded as the principal port of Russia on the Pacific, and the

town on the inlet lias received the name of Vladivostok ("ruler of

the East ") ; its spacious harbour, very similar to that of Sebastopol,

has heen called the Golden Horn. At present Vladivostok has, how-

ever, merely tlie aspect of a middle-sized Russian village. One-half

of its 8500 inhabitants are Chinese and Coreans, the other half

being military and officials. All necessaries of life, including rye-

bread biscuits, continue to be imported by sea, and every spring,

bcfoi-e the opening of the navigation, provisions become scarce.

The trade is in the hands of Chinese, who export stag-horns, sea-

weed, and mushrooms to a value of about £10,000 a year, and of

Germans, who import groceries and spirits (£218,500 in 1879). The
entrance to. the harbour is well-fortilied, and the town possesses a

machine-work, storehouses, and a station of the Northern Tele-

graph Company. Other settlements (at the Imperial, Vladimir,

und Olga harbours, &c. ) are developing very slowly. Altogether

the Russian population of these settlements has still a provisional

character, and has to overcome great difficulties before it can become
Independent of the interior for its means of subsisteiice. The total

population of the Maritime Province is estimated at 20,000 Russians,

[12,000 military and officials), and at about 37,000 natives ; but tliis

is certainly under the truth. The province is made up of one terri-

tory—that of the Usuri—and six circles {okrwjhi) :^Nikolayevsk,
Sotiysk, Petropavlovsk (Kamchatka), Okhotsk, Ghizhighinsk, and
Udskoy; the territory of the Usuri is subdivided into five circles:—
Usuri, Suifun, Khangka, Avvakumovo, and Suchan. (P. A. K.)

MARIUPOL, a seaport of Russia, on the northern shore

of the Sea of Azoft', at the mouth of the Kahnias, in tlie

government of Ekateriuoslav, 55 miles west of Taganrog.

It is coimected by a branch railway with the line between

Kharkoff and Taganrog, and is situated on the highway

between the latter town and the Crimea. The jjlace is said

to hav&been inhabited in remote times under the name of

Adamakha ; but the present town was built only in 1779

by Greek emigrants from the Crimea who settled on the

shores of the Sea of Azoff and on the left bank of the lower

Kalmius. Mariupol is the chief town of this district, the

40,000 inhabitants of which are engaged in agriculture,

cattle-breeding, and fishing, and sell their produce in the

town. In export trade Mariupol ranks next to Taganrog

among the ports of the Sea of Azoff; but its harbour is

open to the south-east and shallow, the line of 14 feet

being U miles from the shore, with a narrow strip, 12 to

22 feet deep, which allows larger flat-bottomed ships to

approach the town, especially daring south-east winds.

Like all ports on this sea it is becoming more and more
shallow. Mariupol is visited every year by about 150
foreign ships (about 30,000 tons) and by 700 to 8G0
coasting vessels (65,000 tons\, mainly carrying wheat and
linseed, as also skins and tallow, from the Greek district,

and from the provinces of Don and Ekaterinoslav. The
importance of the port may increase when the mineral

riches of the district (coal close to the sea-shore, kaolin,

and quartz sand) are exploited. Population, ..with two
suburbs, Marinsk and Karasou, 9800
MARIUS, Caius (155-86 b.c), is one of the most

striking figures Id Roman history. Born the son of a

small farmer at Arpinum (Arpino), the birthplace also

of Cicero, in 155 B.C., he worked bis way up from this

humble origin, in spite of the most determined opposition

from tho senate and the aristocracy, to the highest posi-

tion in the state, was seven times consul, and was spoken

of as a third Romulus and a second Camillus. He began

life as a soldier, and first saw war in Spain nndct the

groat Scipio Africanus, whose good op_inion he won, and
so rose from the ranks to bo an officer. But this was not

enough to help him forward, on his return to Rome, in

rising to those political offices .which were invariably a
stepping-stone to tho highest military rank. He had,

however, when about forty years of age, the good luck to

marry a great lady, of patrician rank, Julia, the aunt of

Julius Caesar ; and, being at the same time a popular

favourite, as a man of plain and simple tastes, and a brave

energetic soldier, he was in 115 B.C. elected praetor, which

gave him an opportunity of still further showing his

military ability in the thorough subjugation of the trouble-

some province of Further Spain (Spain west of the Ebro),

where a good officer was specially wanted to check the

marai;ding raids of a number of wild tribes. But it was
in the war with Jugurtha, from 109 to 106 B.C., that

he distinctly came to the front as the lieutenant of the

constU Quintus Metellus. It would seem that his conduct

towards his superior officer was not perfectly straightforward

and honourable, as he tried to make the Roman traders in

Africa, and through them the people of Rome, believe

tjiat the war was intentionally prolonged from corrupt

motives. Under the circumstances this was comparatively

easy, as political feeling was just at this time particularly

bitter, and the senate was reputed, not withont some good

reason, to be venal and corrupt. Already Marius had
achieved some important successes over Jugurtha, and had
shown that he was the man to settle a tiresome guerilla war,

and now, when he was a little over fifty, in 107 B.C., he was,

amid great popular enthusiasm, elected consul for the first

time. In the following year, in conjunction with his future

l)oUtical rival, SUlla, he brought the war to a triumphant

issue, and passed two years in hisprovinceofNumidia, which

he thoroughly subdued and annexed to Rome's dominion.

By this time Marius was generally recognized as the

ablest general of the day, and in face of the great peril

now beginning to threaten Rome from the north of the

Alps, where an immense multitude of Cimbri and Teutones-

were hanging on the borders of Italy, public opinion

promptly summoned him to the chief command. Two
armies had been utterly destroyed in the neighbourhood of

the Lake of Geneva, and it seemed as if a repetition of the

disaster of Allia in 390 B.C., and the capture of Rome itself,

might be not impossible. Marius, out of unpromising

materials and a demoralized soldiery, organized a well-

disciplined army, with which he inflicted on the invading

hordes two decisive defeats, the first in 102 B.C. at Aquae

Sextice (Aix in the department of Bouches du Rhone, some
way north of Marseilles), and the second in the following

year at Vercellae (Vcrcelli, about midway between Turin

and Milan), the result being that for a period of some
centuries Rome had nothing to fear from the northern

barbarians. Deservedly indeed was Marius elected consul

a fifth time, hailed as the ".saviour of his cnimtry," and

honimred with a triumph of unprecedented splendour.

The really glorious part of his career was now over, and

the remainder of his life is associated with the worst

cruelties and horrors of civil war, revolution, and proscrip-

tion. The hideous strifes of Marius and Sulla have passed

into a proverb. It is indeed a dreadful and monotonous

story of bloodshed, but it must be carefully studied if we
are to understand the nature of the political changes which

had their final development in imperialism. , Marius was a.
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nlain, tougn, tiio'igli vory able, suldier, without any of the

intellectual Culture wUich is indispensable to • statesman,

and which the Gracchi, his political ancesto . possessed.

As a politician he on the whole failed, though almost to

the last he had the confidence of the popular party. But

he unfortunately associated himself with low and vulgar

demagogues, men probably more degraded than the worst

of the senators and of the aristocracy, ad thus, although

perhaps he never quite sank to their level, he let himself be

guilty of cruel and perHdious acts, which it is hard to

reconcile with the character of a brave man and a hero.

He was indeed appointed in 88 B.C., after a riot and partial

revolution, to the command in the war in the East with

Mithridates, but the triumph of Sulla and the aristocratical

party almost immediately afterwards drove him as an

outlaw from Rome, and he- had to seek safety amid the

marshes round Minturnie (Garigliano) In Latium. The
Gallic trooper sent by the local authorities to strike off the

old man's head quailed, it is said, before the fire of his

eye, and fled with the exclamation, " I cannot kill Caius

Marius." Meantime, in the absence of Sulla, who had left

Italy for the Mithridatic war, Cinna's sudden and violent

revolution had put the senate at the mercy of the popular

leaders, and Marius greedily caught at the opportunity of

a bloody vengeance, which became in fact a reign of terror

in which senators and nobles were slaughtered wholesale.

He had himself elected consul, for the eeventh time, in

fulfilment of a prophecy givep to him in early manhood.

Thus, full of honours in one sense, but really hated and

execrated, he closed liis career, dying in the delirium of

fever in 8G B.C., at seventy years of age.

Marius was not only a great and successful general, but

also a great military reformer. A citizen militia was from

his time exchanged for a professional soldiery, which had

hitherto been as little liked by the Roman people as it was

by our own ancestors. A standing army, their instincts

told them, would be a ready tool of despotism ; and indeed

the changes of which Marius was the author paved the way
for the subsequent military imperialism. The Roman
soldier was henceforth a man who found his home in the

camp, and who had no trade but war. A great general

could hardly fail to become the first and foremost man in

the state. Marius, however, himself did not attempt to

overturn the oligarchy, as Caesar afterwards did, by means

of the army, but rather by such expedients as the constitu-

tion seemed to allow, though they had to be backed up by
street riots and mob violence. He failed as a political

reformer because the merchants and the moneyed classes,

whom the more statesmanlike Gracchi tried to conciliate,

feared that they would themselves be swept away by a

revolution of which the mob and its leaders would be the

ultimate controllers. The farmer's son, the rough blunt

soldier, the saviour of his country in middle life, and its

curse and pest in his old age, had a -decided tinge of fanati-

cism and that vein of superstition which is often allied to

such natures. In matters so important as canvassing for

the consulship he would be guided by the counsels of an
Etruscan soothsayer, and would be accompanied in his

o-nrnpaigns by a Syrian prophetess. The fashionable accom-

plishments of the day,Und the new Greek culture,were wholly

alien, to his taste, and he was thus really disqualified for

the political life of his time. When his militaiy career was
once ended, failure and disgrace became a certa'nty for him.

For the life of Marius our orif;inal sources are a multitude of

i|)issnges in Cicero's works, Sallusfs Jugurlhan War, the epitome^
of the lost books of Livy, Plutarcli's Lives, &o. In Smith's
Hwgraphical Dictionary the life is given at great lengtli, and the
dc.-tnila st.ited generally withgreat accuracy. In Mommsen's Uislory
of Home, bk. iv. chaps. 6, 7, 8, a clear picture of the whole period is

jirescnted to us ; and Niebuhr's Lectures on Roman Eislory (Lectures
-.81-86) may bo consulted with grft" advautaKe.

MARFVAUX, PiEEEE Caelet be Chamblain db]

(1688-1763), novelist and dramatist, was born at Pari.'j

on the 4th February 1688. His father was a financier of

Norman extraction, whose real name was Carlet, but who
after the loose fashion of the period assumed the surname
of Chamblain, and then, finding that others of his

class had chosen the same, superadded that of Marivaux.

M. 6arlet de Marivaux, however, was aman of good reputa-

tion, and he received the appointment of director of the

mint at Riom in Auvergne, where and at Limoges the

young Pierre was brought up. It is said that lie developed

literary tastes early, and Wrote his first play, the Pere

Prudent et Uquitahle, when he was only eighteen ; it was
not, however, published till 1712, when he was twenty-

four. His chief attention in those early days was paid to

novel writing, not the drama. In the three years from 1713
to 1715 he produced three novels

—

Les Ejfets Surprcnanies

de la SympaMe, La Voiture Emhourbee, and a book which
had three titles Pharsamon, Les Folies Ro7nanesques, and
Le Don Quichotls Moderne. All these books were in a
curious strain, not in the least resembling the pieces which
long afterwards were to make his reputation, but foUowinfj

partly the Spanish romances and partly the heroic novels

of the preceding century, with a certain intermixture of the

marvellous. Then Marivaux's literary ardour took a new
phase. He fell under the influence of La Motte, and
thought to serve the cause of that ingenious paradoxer by
travestying Homer, an ignoble task, which ho followed up
by performing the same office in regard to Fenelon. His

friendship for La Motte, however, introduced him to the

Mercure, the, chief newspaper of France, where in 1717 he
produced various articles of the " Spectator " kind, which
were distinguished by much keenness of observation and
not a little literary skill. It was at this time that the

peculiar style called Marivaudage first made its appearance

in him. 'The year 1720 and those immediately followiug

were very important ones for Marivaux ; not only did Lo

produce a comedy, now lost except in small part, entitled

VAinour et la Verite, and another and far better one

entitled Arlequin PoHjmrl'Amour, but he wrote a tragedy,

Annibal, which was and deserved to be unsuccessful.

Meanwhile his worldly affairs underwent a sudden revolu-

tion. His father had left him a comfortable subsistence,

but he was persuaded by friends to risk it in the

Mississipjji scheme, and after vastly increasing it for a

time lost all that he had. His prosperity had enabled

him to marry a certain Mademoiselle Martin, of whom
much good is said, and to whom he was deeply attached,

but who died very shortly. His pen now became almost

his sole resource. He had a connexion with both the

fashionable theatres, for his Annibal had been played at

the Com(5die Frangaise and his Arlequin Poli at the

Comidie Italienne, where at the time a company who
were extremely popular, despite their imperfect command
of French, were established.' He endeavoured too to turn

his newspaper practice in the Mercure to more account by
starting a weekly Spedateur Fran^ais, to which he was the

sole contributor. But his habits were the reverse of

methodical ; the paper appeared at the most irregular

intervals ; and, though it contained some excellent- work, its

irregularity killed it. I'or nearly twenty years the theatre,

and especially the Italian theatre, was Marivaux's chief

support, for his pieces, though they were not ill received

by the actors at the Frani,-ais, were rarely successful there.

The best of a very large number of plays (Marivaux's

theatre numbers between thirty and forty items) were the

Surprise de VAmour (1722), the Triomphe de Plvtus

(1728), the Jen de I'Anmnr et du Uasard (1730), Xft>

Fausscs Confidences (1737), all produced at the Italian

theatre, and Lc Legs, produced at the- French. Meanwhilo
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la had at iutervals returned to botli his other lines of

composition. A periodical publication called L'lndigent

PIdlosophe appeared in 1727, and another called Le
Cabinet du PIdlosophe in 1734, but the same causes which

had proved fatal to the Spcctaieur prevented these later

efforts from succeeding. In 1731 Marivaux published the

first two parts of his best and greatest work, Marianne, a

novel of a new and remarkable kind. As was usual, how-
ever, with him when he ventureil ou any considerable task,

ha was very slow wiith it. The eleven parts appeared in

batches at intervals during a period of exactly the same
number of years, and after all it was left unfinished. In
1735 another novel, the Paysan Parvenu, was begun, but

this also was left unfinished. The year afterwards

Marivaux, who was then nearly fifty years of age, was
elected of the Academy. Ho survived for more than twenty
years, and was not idle, again contributing occasionally to

Uie Mercure, writing plays, "reflexions" (which were seldom
of much worth), and so forth. He died on the 12th
February 1763, aged seventy-five years.

The personal character of Marivaux wes curiooa and Boraewhat
contradictory, though not without analogies, one of the closest of
which is to be found in Goldsmith. He was, however, unlike I

Goldsmith, at least as brilliant in conversation as with tlie pen. He i

was extremely good-natured, but fond of saying very severe things, I

nhesitating in his acceptance of favours {he drew a regular annuity i

from Helvetius), but exceedingly touchy if he thought himself iu

any way slighted. He was, though a great cultivator of sensibiliU,

on the whole decent and moral in his writings, and was unsparing
in his criticism of the rising Philosopher. This last circumstance,
and perhaps jealousy as well, made him a dangerous enemy in
Voltaire, who lost but few opportunities of speaking disparagingly
of him. Not very much is known of his life, though anecdotes of
liis sayings are not uncommon. He had good friends, not merely,
fts has been said, in the rich, generous, and amiable Helvetius, but '

ki Madame de Tencin, in Fontenelle, and even in Madame de
Pompadour, who gave him, it is said, a considerable pension, of tho I

soarce of which he was ignorant. It is even asserted that annoyance
j

at the discovery of tho origin of a benefit which he thought came i

directly from the king hastened his death ; and, though this is
j

scarcely likely, his extreme sensitiveness is shown by many stories,

one of which carries out in real life and almost to the letter

Farquhar's famous ^mt as to "laughing consumedly." He had one I

daughter, who took the veil, the duke of Orleans, the regent's
auccessor, furnishing her with her dowry.

j

We have no space here for a detailed criticism of Mariraux'a
'

«ittensive work. The so-called ilarivaudage is the main point of I

importance about it, though the best of the comedies have great
merits, and Marianne is an extremely important step in the

\

legitimate development of the French novel,—legitimate, that is, in
opposition to the brilliant but episgdic productions of Le Sage. The
subject-matter of Marivaux's peculiar style has been generally and
with tolerable exactness described as the metaphysic of love-making.
His characters, in a happy phrase of Crebillon's, not only tell each
other and the reader everything they have thought, but everything
that they would like to persuade themselves that they have thought.
The style ohosen for this is justly regarded as derived mainly from
Fontenelle, and through him from the Precieuses, though there are
traces of it even in La BruyJre. It abuses metaphor somewhat, and
delights to turn off a metaphor itself in some unexpected and bizarre
fashion. Now it is a familiar phrase which is used where dignified
language would be expected ; now the reverse. In the same
criticism of Crebillon's which has been already quoted occurs
another happy description of Marivaux's style as being " an intro-
duction to each other of words which have never made acquaintance,
and which think that they will not get on together," a phrase as
happy in its imitation as in its satire of the style itself. Yet this
fantastic embroidery of language has a certain charm, and suits
perhaps better than any other style the somewhat unreal gallantry
and sensihilitl which it describes and exhibits. The author possessed,
moreover, both thought and observation, besides considerable com-
mand of patlios. He is not, and is never any more likely to be,
generally popular, but he is one if the authors in whom those who
do like them are siu-e to take particular delight.
The best and most complete eaition of Marivaux Is that of 1781, 12 vols 8vo.

There Is a good modL>m edUlon of the plays by E. Foumlcr, and another of
Mar%anne and the Paiisan rarvenu in two volumes. J. Flenry's Marivaux el la
Marivauda<;e (Paris, 18S1) Is worth consalUne by those who are Interested In the
"^''J°''' (G. SA.)

MARK, the traditional name of the author of the Second
Gospel. The name Mark occurs in several books of the
-Now Testament. . In the Acts of the Apostles, chap. xiL

mention is made of "John whose surname was Mark," to

the house of whose mother, Mary, at Jerusalem, Peter went
when miraculously released from prison.' This John Mark
went with Barnabas and I'aul on their missionary journey,
as far as Perga in Painphylia, and then, "departing from
them, returned to Jerusalem" (Acts xiL 25; xiii. 13).

His departure was afterwards the occasion of a "sharp
contention " between Paul and Barnabas ; tlio former
"thought not good to take with them him who withdrew
from them from Pamphylia, and went not with them to

tho work "
; the latter " took Mark, and sailed away into

Cyprus " (Acts xv. 38, 39). On the subsequent history
of Mark the Acts of the Apostles are silent

The same name Mark occurs in three Pauline epistles.

(1) In Col. iv. 10 the writer enumerates Mark among his

fellow-workers, mentioning also that he was a nephew (soma
translate " cousin ") of Barnabas, and implying that he was
a Jew ("of the circumcision"). He is evidently about to

send him, in accordance with a previous intimation, on a
special mission to the Colossians ; but there is no evidence,

except the statement of the Coptic subscription to the
epistle, to show whether the contemplated journey took
place. (2) In Philemon 24 the writer also mentions Mark
as one of his fellow-workers, i.e., probably in preaching the

gospel during his imprisonment at Rome. (3) In 2 Tim.
iv. 11 the writer gives the charge to Timothy, "Take
Mark and bring him with thee, for he is useful to me for

ministering." It is a plausible conjecture that this is a

request that Mark might be brought back to Rome after

his mission to Colossze.

The same name also occurs in 1 Peter v. 13, "Mark, my
son." This expression has sometimes been taken literally

;

but it is more usually understood in a metaphorical sense, as

meaning' that Peter had converted Mark. Those who take
" Babylon " iu the same passage toimean Rome necessarily

infer that Mark was with Peter at Rome ; a tradition to the

same effect is mentioned in fragments of Clement of

Alexandria, preserved in Eusebius, H. E., iL 15 ; vL 14.

The preponderance of patristic and mediaeval tradition is

in favourof the hypothesis that the same person is designated

in all these passages of the New Testament. But other

hypotheses have found favour, especially among those

writers of various schools who have felt a difficulty in under-

standing how the same person should be an intimate com-
panion at once of St Paul and of St Peter. It has been
supposed (1) that the John Mark of the Acts is the Mark of

the Pauline epistles, but not the Mark of 1 Peter; (2) that

the John Mark of the Acts, the Mark of the Pauline epistles,

and the Mark of 1 Peter are all different; (3) that the

John Mark of the Acts is the Mark of 1 Peter, But not the

Mark of the Pauline epistles. Into the arguments for these

several hypotheses it is unnecessary to enter here ; they

are of course complicated by the prior question of the

authenticity and date of the books of the New Testament

iu which the name occurs. The most elaborate modern
discussion of the question, which arrives at the conclusion

that the first of the three hypotheses just mentioned is tho

true one, is contained in the work of Molini, whose title is

given below. But, whether there was only one Mark or

more than one, there is a general belief, which rests ulti-

mately on the testimony of the presbyter (John) who is

quoted by Papias (ap. Euseb., .ff. E., iii. 39, 15), that the

second canonical Gospel, or its original, is to be ascribed to

the Mark who was the disciple of St Peter.^ Of this Mark

1 This double name, the one Jen-ish, the other Roman, may be com-

pared with the double name "Saul, who is also called Paul," in

succeeding chapters of the Acts ; sometimes the dottble name, some-

times one or other of the single names, is used.,

* Most of the arguments by which KJenlen {Stud. «. Krit, 1843,

pp. 423 sj.) endeavours to show that the Gospel is the work of the
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tho evangelist, as of other persons whose names are pro-

minent in the New Testament, there is a large mass of

traditional biography, in which possible fact and obvious

fiction are 80 closely interwoven as not to be easily dis-

entangled, and which would not be worth recording were

it not for the later historical associations which have

clustered round it. {

Of Mark'3 birth and country nothing is positively known ; the

m;ijority of mediaeval writers state that he was a Levite ; but this

is probably no more than an inference from his supposed relationship

to Baiuabas. The Alexandrian tradition seems to have been that

lie was of Cyrensean origin ; and Sevenis, a writer of the 10th

century, adds to this tlie statement that his father's name was
Aristobulus, who, with his wife Mary, was driven fron\ the

Vuntapolis to Jerusalem by an invasion of barbarians {Seyeins

Aschimon, ap. Reuaudot, Mist. Patriarch. Alex., p. 2). In the

apocryphal Acts^'of Barnabas, which profess to be written by him,

he speaks of himself as having been formerly a servont of Cyrillus,

the high priest of Zeus, and as having been baptized at Iconinm.

The presbyter John, whom Papias quotes, says distinctly that " he

neither heard the Lord nor accompanied Him" (ap. Eusebius, I.e.);

and this positive statement is fatal to the tradition, wliicli does not

appear until about two huiulroj and fifty years afterwards, that he

was one of the seventy disciples (Kjiiphaniiis, pscudo-Origen De recta

in Deicmjide, and the author of the Pascfuxl Chronicle). Various

other results of the tendency to fill up blank names in the gospel

history must be set aside ou the same gi-ound ; it was, for example,

believed that Mark was one of the disciples who "went back"
because of the "hard saying" (pseudo-Hippolyt, De LXX.
Apostolis in Cod. Barocc. ap. Migne, Patrol. Grxc., vol. x. 955) ;

there was an Alexandrian tradition that he was one of the servants

at the miracle of Cana of Galilee, that he was the " man bearing a

pitcher of water" in whose house the last supper was prepart-d,

end that he was also the owner of the house in which the disciples

met on the evening of the resurrection (Renaudot, I.e.) ; and even

iu modern times there has been the conjecture that he was the
,'* certain young man " who " fled naked " from Gethsemane, Mark
xiv. 61, 52 (Olshausen).

A tradition which was widely difi"ased, and which is not in itself

improbable, was that he afterwards preached the gospel and presided

over the church at Alexandria (the earliest extant testimony is that

of Eusebius, if. £., ii. 16, 1; ii. 24 ; for the fully-developed legend

of latar times see Symcon Metaphrastes, KzV-a S. Afarci, and
Kutychius, Origlnes Ec^lesim Alcxandrinee). There was another,

though perhaps not incompatible, tradition that he preached the

gospel and presided over the church 'at Aquileia in North Italy. The
t.ulicst testimony in favour of this tradition is the vague statement

of Gregory of Nazianzus that Mark preached in Italy, but its

existence in the 7th century i.s shown by the fact that in 629 A.D.

Hcra^'.lius sent the patriarchal chair from Alexandria to Grado, to

which city the patriarchate of Aquileia had been then transferred

(Chron. Patriarch. Gradciis , ap. Ughelli, Italia Sacra, torn. v. p.

,1086 ; for other references to the general tradition see De Rubeia,
Monum. Eccles. Aquilei^n., c. 1 ; Acta Sanctwum, ad April, xxv. ).

It was through this tradition that Mark became connected with
(Venice, whither the patriarchato was further transferred from
Grado ; an early Venetian legend, which is represented in the
Cappella Zen in the basilica of St Mark, antedates this connexion by
picturing the evangelist as having been stranded on.the Rialto, while
it was still an uninhabited island, and as having had the future
greatness of the city revealed to him (Danduli, Chron., iv. 1, ap.

Muratori, Rcr. Hal, Script., yol. xii. 14).

The earliest traditions appear to imply that he died a natural
death (Eusebius, Jerome, and even Isidore of Seville); but the
Martyrologies claim him as a martyr, though they do not agree as
to the manner of his martyrdom. According to the pseudo-
Hippolytus he was burned ; but Symeou Metaphrastes and the
Paschal Chronicle represent him to have been dragged over rough
stones until he died. But, however that may be, his tomb appears
to have been venerated at Alexandria, and there was a firm belief

nt Venice in the Middle Ages that his remains had been translated
thither in tho 9th century {the fact of the translation is denied
even by Tillemont ; the weakness of the evidence in sup]iort of the
tradition is apparent even in Molini'a vigorous defence of it, lib. ii.,

c. 2; the minute account which the same writer gives, lib. ii. c. 11,
of the discovery of the supposed actual bones of the evangelist in
1811 A.D., is interesting). There was another though less whlely
accepted tradition, that the remains soon after their translation to
Venice were retranslated to the abbey of Reichenau on Lake
Constance

; a circumstantial account of this retranslation is given
in the treatise Ex Miraculis S. Afarci, ap. Pertz, Mon. Hist.

Prulino and not of the Petrine Mark arc- used by other writers in
support of the hypothesis that in ita present form it ia not the work of
which Papias speaks. /

German. Script., tom." iv. p. 449. It may be added that the
Venetians prided themselves on possessing, not only the body of St

Mark, but also the autograph of his Gospel ; this autograph, how-
ever, proved on examination to be only part of a 6th-centuiy book of

the Gospels, the remainder of which was published by Bianchini as

the Evangeliariuiii Furqjulicnse ; the Venetian part of this MS. was
found some years ago to have been wholly destroyed by damp.

It has been at various times supposed that Mark ^\rote othej

works besides the Gospel. Several books of the New Testament
have been attributed to him : viz,, the Epistle to the Hebrews
(S[ianheim, Op. Misccll., vol. ii p. 240), the Epistle of Jude {cf.

Holtzmann, E>ic Synoptische Evajig^Hcn, p. 37^), the Apocalypse
(Hitzig, Ucber Johannes MOfTcus, Zurich, 1943). The apocryphnl
Acta Bamabx purport to have been written by him. There is a
liturgy which bears his name, and which exists in two fonns ; the
one form was found in a MS. of the 12th century in Calabria, and
is, according to Renaudot, the foundation of the three liturgies of

St Basil, St Gregory Nazianzen, and St Cyril ; the other is that

which is used by the Maronite and Jacobite SjTians. Both forma

have been published by Renaudot, Liturg. Oriental. Collect, vA. i, p.

127, and vol. ii. p. 176, and in Neale's History of the Holy Eastein

Church; but neither has any substantial claim to belong lo the

ante-Nicene period of Christian literature.

The symbol by which Mark is designated in Christian art is

usually that of a lion. Each of the "four living creatures'* of

Ezekiel and the Apocalypse has been attributed to each of the four

evangelists in turn ; Augustine and Bede think that Mark is desig-

nated by the "man"; Theophylact and others think thnt he is

designated by the eagle ; Anastasius Sinaita makes his symbol the

ox ; but mediaeval art acquiesced in the opinion of Jerome that ho
was indicated by the lion. Most of the martyrologies and calendars

assign April 25 as the day on which he should bo commemorated ;

but the Martyr. Hieron. gives September 23, and some Greek
martyrologies give January 11. This unusual variation probably

arises from early differences of opinion as to whether there was oiw

Mark or more than one.

The work of Canon MoUni of Venice, De Vila et Lipsanis .'-. ifarct Erani/e/istx,

edited, afrer the auljlior's death, by S. Piernlisi. tlio librarian of the Barbcrim

libiary, in 18G4, gives full Infonnation on all that relates lo t)ie subject of tb*

present ailicle. tE. UA.)

MARK, Gospel of. See Gospels.

MARKIRCH (in French, Ste-Marie-anx-Mines)^ a flour-

ishing industrial town of Germany, in Upper Alsace, circU

of Rappoltsweiler, is prettily situated in the valley of th§

Leber or Liepvrette, an affluent of the Rhine, near the

French frontier. The once productive silver, copper, and

lead mines of the neighbourhood are now no longer worked
;

and tlie present chief industries of the place are weaving

and dyeing. Iu and about Marldrch th^re are nearly forty

wool and cotton factories, besides numerous looms in the

cottages of the weavers ; and these produce cloth to the

annual value of £025,000. It is estimated that there are

about 40,000 workpeople in the industrial district of which

Markirch is the centre. The small river Leber, whicfe

intersects the town, was at one time the boundary between

the German and French languages, and traces of this

separation still exist, The German-speaking inhabitant*

on the right bank were Protestants, and subject to the

counts of Rappoltstein, while the French inhabitants wem
Roman Catholics, and under the rule of the dukes of

Lorraine. The population in 1880 was 11,824.

MARLBOROUGH, a municipal and parliamentary

borough of Wiltshire, England, situated on the great liigh-

road between London and Bath, and distant 75 miles from

the former, 33 from the latter, and 13 from Devizes. It

stands on the left bank of the Kennet, a tributary of the

Thames, in 51° 25' N. lat. and T 43' W. long. It is an

agricultural centre, and has a weekly market. In the days

of its prosperity forty-two public coaches halted daily at its

doors, and it had a fair trade iu corn and malt ; but its

traffic was to a great extent diverted by the opening of the

Great Western Railway, and it now carries on a very small

trade in tanning, rope-making, and malting. It consists

mainly of a long and broad street, terminated at one 6nd

by St Mary's cliurch and the town-hall, and at the other

by St Peter's church and the college. The municipal

council consists of a mayor, four aldermen, and twelve

councillors, und t'j3 borough returns one member t) parlia-r
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•mcnt In 1881 the populiition of tho municipal borougli

^area 18G acres) was 3343, and of the parliamentary

borough (area 4665 acres) 5180.

Tho name has been a frequent matter for discussion, some
declaring it to be tho hill [berg) or fortress lliurg) of Merlin the
.liritou, others the Marl borough, in allusion to the surrounding
soil, vi4iich, however, is chalk. A great British mound exists at

the south-west extremity of the town, and a castle was erected

around it by William the Conqueror. This became a somewhat
notable place. Henry I. kept Easter here in 1110, and Henry II.

granted it to John Lackland. Henry III. held his last parliament
here in 1267, and passed tho " Statutes of Marleberge." Later the

eastlo served as an occasional royal residence ; it was probably
dismantled during the Wars of the Roses. The town was besieged

and taken during the civil wars, and a few years later (1653) was
almost entirely consumed by fire. A large mansion was erected by
Lord Seymour in tho reign of Charles II. near the site of the castle,

.and this, after various vicissitudes, was in 1843 converted into

*' Marlborough College,"— a public school designed mainly for the

education of the sons of tho clergy. A large group of buildings-
chapel, schools, dining hall, racket courts, &c.—soon sprung up
around the original building, and the school numbered five hundred
and eighty in 1832.

MARLBOUOUQH, a town of tlie United States,' in

Middlesex county, Massachusetts, about 25 miles west

from Boston, with stations on the Old Colony and the

Fitchburg Railways. It lies in a fertile hilly district, and
contains a beautiful sheet of water 160 acres in extent,

known as Williams Lake. Shoemaking is the staple

industry, some of the factories in the department rivalling

tbo largest in the world. . There is a good public library;

and three weekly newspapers are published in the town.

The population increased from 8174 iu 1870 to 10,126 in

18S0. Marlborough, colonized by settlers from Sudbury
in 1653, and incorporated in 1G61, occupies the sito of

the Christian Indian village of Okommakamesitt.
MARLBOROUGH, JoHNCnuucuiLL, Duke of (1650-

1722). In the small manor house of Ashe, situated in the

parish of Musbury in Devonshire, but hardly a stone's throw

beyond the parish of Axminster, John Churchill the first

duke of Marlborough was born 24th of Juue 1650.

Arabella Churchill, his eldest sister, and the mother of the

duke of Berwick, was born in the same house on the 2Sth

of February 1648. They were the children of Winston
Churchill of Glanville W'otton in Dorset and Elizabeth

the fourth daughter of Sir John Drake, who after tlio

close of the civil war received his son-in-law into his

own house. For a year or two aftbr the Restoration

John Churchill went to St Paul's school, and there is

a tradition that during this period he showed the bent

of his taste by reading and re-reading Vegetius De lie

'MUitari. When fifteen years old he obtained a place in

the household of the duke of York, and about the same
time his sister Arabella became maid of honour to the

duchess, two events which contributed greatly to the

advancement of the Churchills. Next year, in 1666, he
received, through the influence of his master, a commission
in tho guards, and left England for service at Tangiers.

Such fighting as was waged with the Moors did not accord

with his feelings, and he soon returned to his own country.

For a few years afterwards Churchi.I remained in attend-

ance at the court, and it was during this period that the

natural carefulne.is of his disposition was shown by -his

investing in an annuity a present of X5000 given him by
a court beauty. In 1672, when England to her shame sent

sijf thousand troops to aid Louis XIV. in his attempt to

subdue the Dutch, Churchill formed one of the company,
and soon attracted the attention of Turenne, by whosepro-
fonnd military genius the whole army was directed. At
the siege of Niniegnen Churchill acquitted himself with
such success that the French commander predicted his

ultimate rise to distinction. When Maestricht was besieged

he saved the life of the duke of Monmouth, and received

tho thanks of Louia XIV. for his services. , Early iu 1078

he was married to Sarah Jennings, the favouiite attendant

on the Princess Anne, the younger daughter of the duke

of York. Her father Richard Jennings, a Hertfordshire

squire, had twenty-two brothers and sisters ; one of the

latter married a London tradesman called Hill, and their

daughter Abigail Hill afterwards succeeded Iter cousin the

duche.%3 of Marlborough as favourite to Queen Anne.

Sarah Jennings had as little money as her husband, but

this deficiency was moro than compensated for by an

abundance of energy and ambition.

On the accession of James II. the Churchills received a

great increase in fortune. Colonel Churchill had been

created a Scotch peer iu 1682, and as a reward for his

services in going on a special mission from the new
monarch to Louis XIV. -he was advanced to the English

peerage under the title of Baron Churchill of Sandridge in

Hertfordshire, the village in which the Jennings's property

was situated. A step in the army was at the same time

conferred upon him, and when the duke of Monmouth
attempted his ill-fated enterprise in the western counties

the second position in command was bestowed on Lord

Churchill. Through his vigilance and energy victory

declared itself on the king's side. After the death of

Monmouth he withdrew as far as possible from the

administration of public business. Whilst on his embassy

to the French court he had declared with emphasis that if

the king of England should change the religion of the state

ho should at once leave his service, and it was not long

before the design of James became apparent to the world.

Churchill was one of the first to send overtures of obedience

to the prince of Orange. Although he continued in a higft

position under James, and drew the emoluments of his

places, he promised William of Orange to use every exertion

to bring over the troops to his side. James had been

warned against putting any trust in the loyalty of the man
on whom he had showered so many favours, but the warn-

ings were in vain, and on the landing of the Dutch prince

at Brixham Churchill was sent against him with five

thousand men. When the royal army had advanced to the

downs of Wiltshire and a battle seemed imminent, James
was disconcerted by learning that in the dead of night his

general had stolen away like a thief into the opposite camp.

For this timely act of treachery Churchill received another

advancement in the peerage. He had now become the earl

of Marlborough and a member of the privy council, a mark

of royal favour which during this and the next reign was

more than an unmeaning honour. William felt, however,

that he could not place implicit reliance in his friend's

integrity; and, with a clear sense of the manner in which

Marlborough's talents might be employed without any

detriment to the stability of his throne, he sent him with

the army into the Netherlands and into Ireland. For

some time there was no open avowal of any distrust in

Marlborough's loyalty, but m May 1692 the world was

astonished at the news that he had been thrown into the

Tower on an accusation of treason. Though the evidence

which could be brought against him was slight, and he was

soon set at liberty, there is no doubt that Marlborough was

iu close relations with the exiled king at St Germains, and

that he even went so far as to disclose to his late master

the intention of the English to attack the town of Brest.

The talents of the statesmen of this reign were chiefly dis-

played in their attempts to convince both the exiled and

the reigning king of England of their attachment to his

fortunes. The sin of Marlborough lay in the fact that he

had been favoured above his fellows by each in turn, and

that he betrayed both alike apparently without scruple or

without shame. Once again during the Fenwick plot he

was charged with treason, but William, knowing that if Iiq

XV — TO
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jjusuea iVlarlooruugn and his friends to extremities t'nere

were no other statesmen on whom he could rely, contented

himself with ignoring the confessions of Sir John Fenwick,

and with executing that conspirator himself. Not long

afterwards the forgiven traitor was made governor to the

Vonng duke of Gloucester, the only one of Anne's numerous
children who gave promise of attaining to manhood.
During the last years of William's reign Marlborough once

more was placed in positions of responsibility. His
daughters were married into the most prominent families

'of the land : the eldest became the wife of the eldest son of

Lord Godolphin ; the second, the loveliept woman at the

court, with her father's tact and temper and her mother's

beauty, married the only son of Lord Sunderland. Higher
honours were in store for his family, and they came on the

accession of Queen Anne in March 1703. She had not

been more than three days upon the throne before the

knighthood of the Garter was conferred upon Marlborough.

He was made captain-general of the English troops both

at home and abroad, and master-general of the ordnance.

The new queen did not forget the life-long service of his

wife ; three positions at the court by which she was
enabled to continue by the side of the sovereign as closely

as she had lived with the princess were united in her person.

The queen showed her devotion to her friend by another

signal mark of favour. The rangership of Windsor Park
was granted her for life, with the especial object of enabling

Lady Marlborough to live in the Great Lodge. These were
the opening days of many years of fame and power. A
week or two after the death of William it was agreed by
the three great powers, England, Holland, and Austria,

which formed the grand alliance, that war should be
declared against France on the same day, and on May 4,

1702, the declaration was made by the three countries.

Marlborough was made commander-in-chief of the united

arniies of England and Holland, but throughout the war
his plans were impeded by the jealousy of the commanders
who were nominally his inferiors, and by the opposite aims
of the various countries that were striving to break the

power of France. He himself wished to penetrate into

the French lines ; the anxiety of the Dutch was for the

maintenance of their frontier and for an augmentation of

their territory ; the desire of the Austrian emperor was to

ensure his son's rule over Spain. To secure concerted

action by these different powers taxed all the diplomacy of

Marlborough, but he succeeded for the most part in his

desires. In the first year of the campaign it was shown
that the armies of the French were not invincible. Several

fortresses which Louis XIV. had seized upon surrendered

themselves to the allies. Kaiserswerth on the Rhine and
Venloo on the Meuse soon passed from the hands of the

French to the English. The prosperous commercial town
of Li(5ge with its commanding citadel quickly capitulated.

The successes of Marlborough caused much rejoicing in his

own country, and for these brilliant exploits he was raised

to the highest rank in the peerage, and rewarded with a
handsome annuity. In the spring of the following year a
crushing blow fell upon the duke and duchess. Their
eldest and .only surviving son, the marquis of Blandford,
was seized whilst at King's College, Cambridge (under
the care of Hare, afterwards bishop of Chichester), with
the small-pox, and died on the 20th February 1703, in his

seventeenth year. If the character of the youth which is

given by Cole, the Cambridge antiquary, can be accepted
as true, and Cole was not likely to be prejudiced in favour
of the family of Churchill, his talents had already justified

the prediction that he wouid rise to the highest position

in the state.

The result of the campaign of 1703 inspired the French
>ng with fresh hopes of ultimate victory- The dashing

plans of Marlborough were irustrated by the opposition

of his Dutch colleagues. When he wished to invade the

French territory they urged him to besiege Bonn, and
he was compelled to accede to their wishes. After this

digression from his first purpose he returned to his original

plan of attacking Antwerp ; but, in consequence of the

incapacity of the Dutch leaders, the generals (Villeroi

and Boufllers) of the French army surprised the Dutch
division and inflicted on it a loss of many thousands of meiL

Marlborough was forced to abandon his enterprise, and all

tlie compensation which he received was the capture of

the insignificant forts of Huy and Limburg. After a year

of comparative failure for the allies, Louis XIV. was
emboldened to enter upon an offensive movement against

Austria ; and Marlborough, smarting under the misadven-

tures of 1703, and conscious that the war could only be

brought to an end by more decisive measures, was eager

to meet him. A magnificent army was sent by the French
king under the command of Marshal Tallard, with instruc-

tions to strike a blow at Vienna itself. Marlborough

divined the intention of the expedition, and, without com-

municating his intentions to his colleagues, led his troops

into Bavaria. The two armies (that under Marlborough and
Prince Eugene numbering more than fifty thousand men,

whilst Tallard's forces were nearly ten thousand stronger)

met in battle array near the village of Blenheim. The
French commander made the mistake of supposing that

the enemy's attack would be directed against his position

in the village, and he concentrated an excessive number
of his troops at that point. The early part of the fight was
in favour of the French. Three times were the troops led

by Prince Eugene driven back in confusion ; Marlborough's

cavalry failed on their first attack in breaking the line of

the enemy. But in the end the victory of the allies

was conclusive. Nearly thirty thousand of the Frenck

and Bavarians were killed and wounded, and in Blenheim

alone ten thousand were made prisoners. Never was a

victory more eagerly .welcomed than this, and never was a

conquering leader more rewarded than Marlborough. On
his return to his own country he was received with

enthusiasm on all sides. Poets and prose writers were
employed to do him honour, and the lines of Addison com-

paring the English commander to the angel who passed

over "pale Britannia "in the storm of 1703 have been

famous for nearly two centuries. The manor of Wood-
stock, which was transferred by Act of Parliament from the

crown to the duke, was a reward more after his own heart.

The gift even in that form was a noble one, but the queen

heightened it by instructing Sir John Vanbrugh to build a

palace in the park at the royal expense, aud, although the

works subsequently caused much anxiety to the duke and
duchess, £240,000 of public money was spent on the

buildings.

The following year was not marked by any stimng
inoident. Marlborough was ha^mpered by tedious forma-

lities at the Hague and by jealousies at the German courts.

The armies of the French were again brought up to their

full standard, but the generals of Louis were instructed to

entrench themselves behind earthworks and to act on the

defensive. In the darkness of a July night these lines

were broken through, and the French were forced to take-

shelter under the walls of Louvain. Marlborough urged

an attack upon them in their new position, but his

passionate arguments were spent in vain, and when 1705

had passed away the forces of the French king had suffered

no diminution. This immunity from disaster tempted

Villeroi in the next spring into meeting the allied forces

in an open fight, but his assurance proved his ruin. The
battle of RamUlies (23d May 1706) ended in the total.,

rout of the French, and caused the transference of neurly
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the whole of Brabant and FlanderB to the allies. Five

days afterwards the victor entered Brussels in state, and
the inhabitants acknowledged the rule of the archduke.

Antwerp and Ostend surrendered themselves with slight

loss. Menin held out until three thousand of the soldiers

of the allies were laid low around its walls, but Dender-

mondo, which Louis had forty years previously besieged in

vain, quickly gave itself up to the resistless Marlborough.

Again a year of activity and triumph was succeeded by a

period of languor and depression. During the whole of

1707 fortune inclined to the other side, with the result

that early in the next year Ghent and Bruges returned to

the allegiance of the French, and Marlborough, fearing

that their example might be followed by the other cities,

advanced with his whole army towards Oudenarde. Had
the counsels of Vendome, one of the ablest of the French

generals, prevailed, the fight might have had a different

issue, but his suggestions were disregarded by the duke of

Burgundy, the grandson of Louis, and the battle, like its

predecessor, ended in their defeat. After this victory

Marlborough, ever anxious for decisive measures, wished

to advance on Paris, but he was overruled. Tho allied

army invested the town of Lille, on the fortifications of

which Vauban had expended an immensity of thought; and
after a struggle of nearly four months, and the loss of

thirty thousand men, the citadel surrendered. By the end
of the year Brabant was again subject to the rule of the

allies. The suffering in France at this time weighed so

heavily upon the people that its proud king humbled him-

self to sue for peac^ Each of the allies in turn did he

supplicate, and his minister endeavoured by promises of

large sums of money to obtain the support, of Marlborough

to his proposals. These attempts were in vain, and when
the winter passed away a French army of one hundred and
ten thousand, under the command of Villars, took the field.

On the 3d of August 1709 Tournay capitulated, and the

two leaders, Marlborough and Eugtne, led their forces to

Mons, in spite of the attempt of Villars to prevent them.

For the last time during the protracted war the two armies

met in fair fight at Malplaquet, 11th September 1709,

where the French leader had strengthened his position by
extensive earthworks. The fight was long and doubtful,

and, although the French ultimately retreated under the

direction of Boufllers, for Villars had been wounded on
the knee, it was in good order, and their losses were less

than those of their opponents. The campaign lasted for a

year or two after this indecisive contest, but it was not

signalized by any such " glorious victory " as Blenheim.

All that the English could plume themselves on vvas the

acquisition of a few such fortresses a.- Douai and Bethune,
and all that the French had to fear was the gradual

tightening of the enemy's chain until it reached the walls

of Paris. The energies of the French were concentrated

in the construction of fresh lines of defence, until their com-
mander boasted that his position was impregnable. In
this way the war dragged on until the conclusion of the

peace of Utrecht.

All that Marlborough bad effected on the battlefield

during these years of war had not prevented his position

from being undermined by party intrigues at home. In

the early part of Queen Anne's reign his political friends

were to be found among the Tories, and the ministry was
chiefly composed of members of that pai'ty. After a year

or two, however, the more ardent Tories withdrew, and
two younger adherents of the same cause, Harley and St

John (both of whom were at present content to conceal

their animosity to Marlborough), were introduced into the

ministry. The duchess, partly through the influence of

her son-in-law, the earl of Sunderland, and partly through
the opposition of the Tories to the French war, had gor>o

over to the Whig cause, and she pressed her views on the

sovereign with more vehemence than discretion. She had

obtained for her indigent cousin, Abigail Hill, a small

position at court, and the poor relation very soon began to

injure the benefactor who had befriended her. With Hill't

assistance Harley and St John widened the breach with the

queen which was commenced by the imperious manner of

the duchesii. The love of the two friends changed into hate,

and no opportunity for humiliating the family of Marl-

borough was allowed to pass away neglected. Sunderland

and Godolphin were the first to fall (July-August 1710); a

few months later the duchess was dismissed from her offices

;

and, although Marlborough himself was permitted to con-

tinue in his position a short time longer, his fall was only

delayed until the last day of 1711. Life in England had

become so unpleasant that he went to the Continent, and

he remained abroad until the death of Anne (1st August

17H). Then he once more returned to the shores of

England and resumed his old piilitary posts, but he took

little part in public affairs. Even if he had wished to

regain his commanding position in the country, ill-health

would have prevented him from obtaining his desires.

Johnson, ifcdeed, says, in the Vanity of Human Wishes, that

" the streams of dotage" flowed from his eyes; but it is

not desirable to examine too critically the assertions of a

poem which relied for its snccess upon the strength of it*

comparisons. It is certain that at the time of his death

he was able to understand the remarks of others and to

express his own wishes. At four o'clock on the morning

of the 16th June 1722, he died at Crinbourn Lodge near

Windsor. His remains were at first deposited in West-

minster Abbey, in the vault at the east end of King Henry

VIL's chapel, but they now rest at Blenheim.

His widow, to whom must be assigned a considerabVe

share both in his rise and in his fall, survived till October

1744. Those years were spent in bitter animosity with many
within and without her own family. Left by her husband

with the command of boundless wealth, she used it for the

vindication of his memory and for the justification of her

own resentment. Two of the leading opponents of the minis-

try, Chesterfield and Pitt, were especially honoured by her

attentions. To Pitt she left ten thousand pounds, to the

other statesman twice that sum and a reversionary interest

in her landed property at Wimbledon. Whilst a widow,^

she received numerous offers of marriage from many titled

suitors. She refused them all : from her marriage to her

death her heart had no other inmate than the man as

whose wife she had become almost a rival to royalty.

Marlborough obtained his first start in life through a

handsome pension, and his rapid rise to the highest position

in the state was due to his singular tact and to his skill in

the management of men. In an age remarkable for grace

of manner and for adroitness of compliment, his courteouB

demeanour and the art with which he refused or granted

a favour extorted the admiration of every one with whom
he came in contact. Through his consideration for the

welfare of his soldiers he held together for years an army
drawn from every nation in Christendom. His talents

may not have been profound (he possessed "an excellent

plain understanding and sound judgment " is the opinion

of Lord Chesterfield); but they were such ns Englishmen

love. Alike in planning and in executing, he took infinite

pains in all points of de il. Nothing escaped his oliserva-

tion, and iu the hottest moment of the fight the coolness

of his intellect shone conspicuous. His enemies indeed

affected to attribute his uniform success in the field to

fortune, and they magnified his love of money by drawing

up balance sheets which included every penny which he

had received, but omitted the pounds which he had spent

in the cause he had sincerely at heart. M\ that can be
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alleged in excuse ot his attempt to serve two masters, the

king whom he had deserted and the king who had received

him into favour, is that not one of his associates was with-

out sifl in this respect.

The boolcs on llarlborough are very numerous. Under his name
in tho catulo^e of the British Museum there are 121 entries, and
3'J under that of lii^ wife, 'i'lie chief'works are Lediard's, Coxe's,

and Alison's Lives ; a French memoir in 3 volume 1808 ; llarl-

boroui^li's Letters and Vcspntchcs, edited by Sir George Murray (5

volunifs): and Mrs Crcigliton's interesting summary. The descrip-

tions in Mr Jolin Hill Burton's Jicitjn of Queen Anne of the battle

Bccncs of Marlborough are fiom personal observation. A good

account of his birthplace and country will be found in Pulnian's

Jioo/c of the A:r,e District ; and for the homo of the duchess the

render can refer to Mr Cussan's History of Ecrtfordshire. Long
after the death of the duke there were many pamphlets written on

the couduct of his wife from her appearance- at court ; but they

rehito to matters of little interest at the present time. (W. P. C.)

MARLOW, Great, a parliamentary borough of Buck-

inghamshire, England, is finply situated on the Thames,
and on a branch of the Great Western Railway, 37 miles

west of London and 25 south-east of Oxford. It consists

principally of two streets which cross each other at right

angles. The church of All Saints, in the Lifter English

style, erected in 1835, and lately extensively restored,

possesses a number of brasses. The former bluecoat school

has been reorganized under tho endowed schools commis-

sion as a grammar school. The town has paper-mills, a

brewery, and manufactures of lace and embroidery. It is

also a favourite resort for boating and fishing. Marlow,

anciently ]iferla,w, is a very ancient manor, and for some
time after "William the Cuiqueror it was in the possession

of the crown. It return6d members to parliament from

the 28th of Edward I. till tho 2d of Edward II., and tho

privilege was again restored in the 21st of James I.;

since 1868 it lias returned but one member. The borough

includes Great and Little Marlow, Medmenham, and Bisham
in Berkshire, which is united with Great Marlow by a

suspension bridge, erected in 1835, at a cost of .£20,000.

The population of the borough, which has an area of

14,514 acres, 2424 being in the county of Berks, was

6C27 in 1871 and 6779 in ISSl.

MARLOWE, CiiRiSToriiER (1564-1593), the father of

English tragedy and the creator of English blank verse, was
born at Canterbury in February 1564, and christened on

the 26th of that month, ^ohn Marlowe, his father, is said,

on authority which satisfied the best editor of the poet, to

have been a shoemaker by trade ; it is supposed also that

he was clerk of his parish, and survived his illustrious son

for upwards of eleven years. The boy was educated at

the King's School, Canterbury ; matriculated as pensioner

of Benet College, Cambridge, March 17, 1581 ; took the

degree of bachelor of arts in 1583, and that of master of

arts four years later. BefoVe this date he had produced

the first tragedy worthy of that name in our language,

and called into existence that highest and most difficult of

.all its other than lyrical forms of verse, which alone has

proved worthy of acceptance among his countrymen as tho

fit and adequate instrument of tragic drama. At some
uncertain date of his early life he is supposed to have been

an actor, and said to Iiave broken his leg in the practice of

his profession. But for this and many other traditions of

his career and conversation there is no better evidence

than that of a religious libeller. His first tragedy of

Tamhurlaine the Great, in two parts, was successively

followed by Doctor Faustm, The Jew of Maltd, Edward
tlie Second, and The Massacre at Paris. The tragedy of

Dido, Queen of Cart\aye, was probably completed for the

stage after his death by Thomas Nash, the -.worthiest

English precursor of Swift in vivid, pure, and passionate

prose, embodying the most terrible and splendid quabties

•of -a social and personal satirist; a man gifted also with

Bome fair faculty of elegiac and even lyric versei but m iiS

wise qualified to put on the buskin left behind him by the
" famous gracer of tragedians," as Marlowe had already

been designated by their common friend Greene from

among the worthiest of his fellows.

The only authentic record concerning the death of

JIarlowe is an entry " in the burial-register of the parish

church of §t Nicholas," Deptford :
" Christopher Marlowe,

slain by Francis Archer, June 1, 1593." Two Puritan

scribblers have left two inconsistent reports as to the

circumstances of this manslaughter. On the more respect-

able authority of Francis Meres the critic (1598) we are

told that Marlowe was "stabbed to death" by a "serving-

man" of bad character, "a rival of his in his lewd love."

The one thing unhappily certain is that one of the greatest

among English poets died of a wound received in a brawl

(stabbed in the head, according to one account, with his

own dagger) at the untimely age of twenty-nine years and
three months. Like Sir Walter Raleigh and a few less

memorable men of the same generation, he was attacked ia

his own time not merely as a freethinker, but as a
propagandist or apostle of atheism ; nor was the irregularity

of his life thought worthier of auimadversion than the

uncertainty of his livelihood. The informer whose name
has survived as that of his most venomous assailant was
duly hanged the year after Marlowe's death ; and the list

of his charges, first published by Ritson, is hardly a docu-

ment which can commend itself to any man's confidence

as plausibly or even possibly accurate in all its detailed

report of the violent and oftensive nonsense attributed to

the freethiuking poet in common conversation " concerniHg

his damnable opinions."

The majestic and exquisite excellence of various lines

and passages in Marlowe's first play must be admitted to

relieve, if it cannot be allowed to redeem, the stoTmy

monotony of Titanic truculence which blusters like a
simoom through the noisy course of its ten fierce acts.

With many and heavy faults, there is something of genuine

greatness in Tamhurlaine the Great ; and for two grave

reasons it must always be remembered with distinction and
mentioned with honour. It is the first poem ever written

in English blank verse, as distinguished from mere
rhymeless decasyllabics ; and it contains one of the noblest

passages, perhaps indeed the noblest in the literature of

the world, ever written by one of the greatest masters of

poetry in loving praise of the glorious delights and sublime

submission to the everlasting limits of his art. In its

highesj and most distinctive qualities, in unfaltering and
infallible command of the right note of music and the

proper tone of colour for the finest touches of poetic execu-

tion, no poet of the most elaborate modern school, working

at ease upon every consummate resource of luxurious learn-

ing and leisurely refinement, has ever excelled the best and

most representative work of a man who had literally no
models before him, and probably or evidently was often if

not always compelled to write against time for his living.

The just and generous judgment passed by Goethe on

the Faust'.ts of his English predecessor in tragic treatment

of the same subject is somewhat more than sufficient to

counterbalance the slighting or the sneering references to

that magnificent poem which might have been expected

from the ignorance of Byron or the incompetence of

Hallam. And the particular note of merit observed, the

special point of the praise conferred, by the great German
poet should bo no less sufficient to dispose of the vulgar

misconception yet lingering among sciolists and pretenders

to criticism, wliich regards a writer than whom no man
was ever born with a finer or a stronger instinct for perfec-

tion of excellence in execution as a mere noble savage of

letters, a rough self-taught sketcher or scribbler of crude
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and rudo genius, whose unbcwn blocks of verse Lad in

them some veins ot rare enough metal to bo quarried and

polished by Sliakespoare. What most impressed the

author of Faust in the work of Marlowe was a quality the

want of which in the author of Man/red is proof enough

to consign his best work to the second or third class at

most. " How greatly it is all planned !
" the first requisite

of all great vvork, and one of which the highest genius

possible to a greatly gifted barbarian could by no possibility

understand the nature or conceive the existence. That

Goethe "had thought of translating it" is perhaps hardly

less precious a tribute to its greatness than the fact that it

has been actually and admirably translated by the matchless

translator of Shakespeare—the son of Victor Hugo ; whose

labour of love may thus be said to have made another

point in common, and forged as it were another link of

union, between Shakespeaie and tho young master of

Shakespeare's youth. Of all great poems in dramatic form
it is perhaps the most remarkable for absolute singleness

of aim and simplicity of construction
;
yet is it wholly free

from all possible imputation of mon-otony or aridity.

Tamburlaine is monotonous in the general roll and flow of

its stately and sonorous verse through a noisy wilderness

of perpetual bluster and slaughter; but the unity of tone

and purpose in Doctor Fanstus is not unrelieved by change
iif manner and vaiiety of incident. Tho comic scenes,

written evidently with as little of labour as of relish, are

for the most part scarcely more than transcripts, throv/n

into the form of dialogue, from a popular prose History of
Dr Faiistiis, and therefore should bo set down as little to

the discredit as to the credit of the poet. Few master-

pieces of any age in any language can stand beside this

tragic poem—-it has hardly the structure of a play— for

the qualities of terror and splendour, for intensity of

purpose and sublimity of note. In the vision of Helen,

for example, ,th6 intense perception of loveliness gives

actual sublimity to the sweetness and radiance of mere
beauty in the passionate and spontaneous selection of

words the most choice and perfect ; and in like manner the

sublimity of simplicity in Marlowe's conception and ex-

pression of the agonies endured by Faustus under the

immediate imminence of his doom gives the highest note

of beauty, the quality of absolute fitness and propriety, to

the sheer straightforwardness of speech in which his agoniz-

ini^ horror finds vent ever more and more terrible from the

first to the last equally beautiful and fearful verse of that

tremendous monologue which has no parallel iu all the
range of tragedy.

It is now a commonplace of criticism to observe and
regret the decline of power and interest after the opening
acts of The Jew of Malta. This decline is undeniable,

though even the latter part of the play is not wanting in

rough eneigy and a coarse kind of interest ; but the first

two acts would be sufficient foundation for the durable
fame of a dramatic poet. In the blank verse of Milton
alone, who perhaps was hardly less indebted tliau

Shakespeare was before him to Marlowe as the first

English- master ot word-music in its grander forms, has
the glory or the melody of passages in the opening
soliloquy of Barabas been possibly surpassed. The figure

ot the hero before it degenerates into caricature is as finely

touched as the poetic execution is excellent ; and the rude
and rapid sketches of the minor characters show at least

some vigour and vivacity of touch.

In Edward the Second the interest rises and the execu-
tion improves as visibly and as greatly with the course of
the adrancing story as they decline in The Jeii) of Malta.
The scene of the king's deposition at Kenilworth is almost
.»s much finer in tragic efi'ect and poetic quality as it is

shorter and less elaborate than the corresponding scene in

Shakespeare's King Richard II. The terror of tho death-
scene undoubtedly rises inio horror ; but this horror is with
skilful simplicity of treatment preserved from passing into
disgust. In pure poetry, in sublime and splendid imagina-
tion, this tragedy is excelled by Doctor Faustus ; in

dramatic power and positive impression bi natural effect it

is as certainly tho masterpiece of Marlowe. " It was almost
inevitable, in tho hands of any poet but Shakespeare, that
none of the characters represented should be capable of

securing or even exci_ting any finer sympathy or more
serious interest than attends on the mere evolution of

successive events or tho mere display of emotions (except
always in the great scene of the deposition) rather animal
than spiritual in their expression of rage or tenderness or
suffering. The exact balance of mutual effect, the final

note of scenic harmony, between ideal conception and
realistic execution is not yet struck with perfect accuracy
of toucli and security of hand ; but on this point also

Marlowe has here come nearer by many degrees to

Shakespeare than any of his other predecessors have ever

come near to Marlowe.

Of 27ie Massacre at Paris it is impossible to judge fairly

from the garbled fragment ot its genuine text which is

all that has come down to us. To Mr Collier, amonc
numberless other obligations, we owe the discovery of a

noble passage excised in the piratical edition which gives

us the only version extant of this unlucky play, and which,

it must be allowed, contains nothing of quite equal value.

This is obviously an occasional and polemical work, and
being as it is overcharged with the anti-Catholic passion of

the time has a typical quality which gives it some empirical

significance and interest. That antipapal ardour is indeed

the only note of unity in a rough and ragged chronicle

which shambles and stumbles onward from the death of

Queen Jeanne of Navarre to the murder of the last Valois.

It is possible to conjecture, what it would be fruitless to

affirm, that it gave a hint in the next century to Nathaniel

Lee for his far superior and really admirable tragedy on

the same subject, issued ninety-seven years after the death

of Madowe.
In the tragedy of Dido, Qtieeii of Carthage, a servile

fidelity to the text of Virgil's narrative has naturally

resulted in the failure which might have been expected

from an attempt at once to transcribe what is essentially

inimitable and to reproduce it under the hopelessly alien

conditions of dramatic adaptation. The one really noble

passage in a generally feeble and iucomposite piece of work
is, however, uninspired 'by the unattainable model to

which the dramatists have been only too obsequious in

their subservience. It" is as nearly certain as anything car

be which depends chiefly upon cumulative and collateral

evidence that the better part of what is best in the serious

scenes of A'wjy Uetiri/ VI. is mainly the work of Marlowe.

That he is at any rate the principal author of the second

and third plays passing under that name among tho works
of Shakespeare, but first and imperfectly printed as Th':

Contention between the tiso Famous Houses of York and
Lancaster, can hardly be now a matter of debate among
competeut judges. The crucial difficulty of criticism in

this matter is to determine, it indeed we should not rather

say to conjecture, the authorship of the humorous scenes

in prose, showing aS they generally do a power of com-

paratively high and pure comic realism to which nothing

in the acknowledged Xvorks of any pre-Shakespeareai;

dramatist is even remotely comparable. Yet, especially in

the original text of these scenes as they stand unpurificd

by the ultimate revision of Shakespeare or his editors,

there are tones and touches which recall rather the

clownish horseplay and homely ribaldry of his predecessors

than anything in the lighter interludes of his very earliest
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plays. We find the same sort of tmng which we find in

their writings, only better done than they usually do it,

rather than such work as Shakespeare's a little worse done

than usual And even in the final text of the tragic or

metrical scenes the highest note struck is always, with one

magnificent and unquestionable exception, rather in the

key of Marlowe at his best than of Shakespeare while yet

in great measure his discipk

Had every copy of Marlowe's boyisi. version or perver-

sion of Ovid's Elegies deservedly perished in the flames to

which it was judicially condemned by the sentence of a

brace of prelates, it is possible that an occasional book-

worm, it is certain that no poetical student, would have

deplored its destruction, if its demerits could in that case

have been imagined. His translation of the first book of

Lucan alternately rises above the original and falls short of

it,—often inferior to the Latin in point and weight of

expressive rhetoric, now and then brightened by a clearer

note of poetry and lifted into a higher mood of verse. Its

terseness, vigour, and purity of style would in any case

have been praiseworthy, but are nothing less than admir-

able, if not wonderful, when we consider how close

the translator has on the whole (in spite of occasional

slips into inaccuracy) kept himself to the most rigid limit

of literal representation, phrase by phrase and often lino

by line. The really startling force and felicity of occa-

sional verses are worthier of remark than the inevitable

stiffness and heaviness of others, when the technical

diSiculty of such a task is duly taken into account.

One of the most faultless lyrics and one of the loveliest

fragments in the whole range of descriptive and fanciful

poetry would have secured a place for Marlowe among the

memorable men of his epoch, even if his plays had perished

with himself. His Passionate Shepherd remains ever since

unrivalled in its way—a way of pure fancy and radiant

melody without break or lapse. The untitled fragment, on

the other hand, has been very closely rivalled, perhaps very

happily imitated, but only by the greatest lyric poet of

England—by Shelley alone. Marlowe's poem of Hero and

Leander, closing with the sunrise which closes the night of

the lovers' union, stands alone in its age, and far ahead

of the work of any possible competitor between the death

of Spenser and the dawn of Milton. In clear mastery of

narrative and presentation, in melodious ease and simplicity

of strength, it is not less pre-eminent than in the adorable

beauty and impeccable perfection of separate lines or

oassages.

The place and the value of Christopher Marlowe as a

leader among English poets it would be almost impossible

for historical criticism to overestimate. To none of them

all, perhaps, have so many of the greatest among them
been so deeply and so directly indebted. Nor was ever

any great writer's influence upon his fellows more utterly

and unmixedly an influence for good. He first, and he

alone, guided Shakespeare into the right way of work
; his

music, in which there is no echo of any man's before him,

found its own echo in the more prolonged but hardly more

exalted harmony of Milton's. He is the greatest discoverer,

the most daring and inspired pioneer, in all our poetic

literature. Before him there was neither genuine blank

verse nor a genuine tragedy in our language. After his

arrival the way was prepared, the paths were made straight,

for Shakespeare. (a. c. 8.)

MARLY-LE-ROI, chief place of a canton in the de-

partment of Seine-et-Oise, France, 5 miles to the north of

Versailles and 3 miles to the south of St Germain-en-Laye,

is, notwithstanding some fine country houses, a dull and

uwiftractive village of 1250 inhabitants, which owes all its

celebrity to the sumptuous chateau of Louis XIV. It was

originally designed as a simple hermitage to which the king

could occasionally retire with a few of his more intimate

friends from the pomp of Versailles, but gradually it grew

until it became one of the most ruinous extravagances of the

Grand Monarque. The central pavilion (inhabited by the

king himself) and its twelve subsidiary pavilions were in-

tended to suggest the sun surrounded by the signs of the

zodiac. Seldom visitedby Louis XV., and wholly abandoned

by Louis XVI., it was demolished after the Revolution, its

art treasures having previously been dispersed, and all that

now remains consists of a few mouldering ivy-grown walls,

some traces of parterres with magnificent trees, the park,

which is well stocked with game, and the forest of 8J

square miles, one of the most pleasant promenades of the

neighbourhood of Paris.

Close to the Seine, half-way between Marly-le-Roi and St Germain,

is the village of Port-Marly (500 inhabitauts), and 1 mile farther

up is the hamlet of Marly-la-Machine. Here, under Louis XIV., an

immense hydraulic engine, driven by the current of the river, was

erected ; it raised the water to a high tower of 155 metres (508

English feet), wliere the aqueduct of Marly commenced (2100 English

feet in length, 75 in height, with 36 arches, still well-|)ieserv-ed),

carrying the waters of the Seine to Versailles. The first engine of

Marly began to work in 1682, but it was necessary to modify it in

1803. In 1826 a steam-engine was substituted, aud since 1858 ftu

atmospheiic engine has been employed.

MARMONT, AuousTE Frederic Louis viesse db
(1774-IS52), duke of Ragusa, and marshal of France, one

of Napoleon's earliest friends and most trusted generals,

was born at Chatillon-sur-Seine, on July 20, 1774. He
was the son of an ex-officer in the army, who belonged to

the pefile noblesse, and had adopted the principles of the

Revolution. His love of soldiering soon showing itself, his

father took him to Dijon to learn mathematics prior to

entering the artillery, and there he made the acquaintance

of Bonaparte, which he renewed after obtaining his com-

mission when he served in Toulon. The acquaintance

ripened into intimacy ; Marmont became General Bona-

parte's aide-de-camp, and accompanied him to Italy and

Egypt, winning distinction and promotion as general of

brigade. In 1799 he left Egypt witli Bonaparte to the

mercy of the English ; he was present at the revolution

of the ISth Brumaire, and organized the artillery for

the expedition to Italy, which he commanded with great

ett'ect at Marengo. For this he was at once made general

of division. In 1801 he became inspector-general of

artillery, and in 1804 grand officer of the Legion of

Honour. In 1805 he received the command of a corps,

with which he did good service at Ulm. He was then

directed to occupy Dalmatia with his army ; he defeated

the Russians on October 30 at Castel Nuovo, and occupied

Ragusa. The next five years were the most creditable

in his life ; he was both military and civil governor of

Dalmatia, and has still left traces there both in great

public works and in the memories of the people. In 1807

he was made duke of Ragusa, and in 1809, being summoned

up to the help of Napoleon, who was closely beset in the

island of Lobau, earned the marshal's baton by his conduc'-.

at Wagram. In July 1810 he was hastily summoned fiioi

his palace, where he lived in Eastern luxury, to sucae.

Massina in the command of the FreiYih army in the north

of Spain, called the army of Portugal. The skill with

which he manreuvred his army during the year ho com-

manded it has been always acknowledged. His relief of

Ciudad Rodrigo in the autumn of 1811 in spite of the pre-

sence of the English army was a great feat, and in the

tactics which preceded the battle of Salamanca ho had

the best of it. The e.xtension of his left on the 22d July

1812 was, however, fatal, and its result was the great

defeat of Salamanca, in which Marmont was severely

wounded in the right arm and side. He retired to France

to recover, and was still hardly cured when in April 1813

Napoleon gave him the command of the Cth coi>ps. VVi*'
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jl Li sbi vbJ at tliu b.tolles ol Lutzen, Bautzen, and Dresden,

Eiad throughout the great defensive campaign of 1814,

until tlio last desporate balllo buforo the walls of Paris,

from which he drew back his forces to the commanding

position of Essomie. Here he had 20,000 men in splendid

condition, and was the pivot of all thoughts. Napoleon

said of Essonne, "Cest li queviendront s'addresser toutes les

intrigues, toutes les trahisons ; aussi y ai-je place Marmont,

nion enfant <Slev6 sous ma tente." Marmont betrayed

tJiis trust and sufTered for it. On the restoration of the

Bourbons he was made a peer of France, and a major-

general of the royal guard, and in 1820 a knight of St

Esprit and a grand ofhcer of the order of St Louis, but he

vjas never trusted, never popular. Ho was tha major-

geoeral of the guard on duty iu July 1830, and was

ordered to put down with a strong hand any opposition to

the ordinances (see France). After persevering some
time he gave way, and allowed the republicans to succeed

ia their revolution. This defection brought more obloquy

upon him, and the Due d'Angouleme even ordered, him
Hnder arrest, saying, " Will you betray us, as you betrayed

him!" After this Marmont left France and wandered

about the Continent for twenty years, publishing many
volumes of travels, an edition of Ctesar and of Xenophon,
and his Esprit des Jnstilutiotis Militaires. Much of his

time was spent upon his Memoires, which are of real value

for the military history of his time, though they must be read

as a personal defence of himself in various junctures rather

tlian as an unbiassed account of his times. They show
Marmont, as he really was, an euibittered man, who never

thought his services sufficiently requited, a great artillery

general indeed, but without the fire of genius which is

so striking in several of his contemporaries, and above all,

a mau too much in love with himself and his own glory to

be a true friend or a faithful servant

For Marmont's military ability consult Napier, Jomini, and tho
historiaus of tho tinio, particularly General Pelet. His out. ^vorks are

Voya^je en Hongric, &c. , 4 vols. , 1 837 ; Voyage en Sicile, 1 838 ; Esprit
eies histitidions Militaires, 1845 ; C^ar ; Xeuo^tJwn ; and Mimoires,
S Tols.

,
published after his death in 1856. See also a long and

oarefnl notice by Saiate-Beuve, Causcrics du Lundi, vol. vi.

MARMONTEL, Je.in Fe.^n^ois (1723-1799), one of

the most disti.iguished men of letters in Paris during the

latter half of the 18th century, was born of poor parents in

Limousin, on the 11th July 1723. After studying with

the Jesuits at Mauriac, he taught in their colleges at

Clermont and Toulouse ; and in 1745, acting on the advice
of Voltaire, he set out for Paris to try for literary honours.

Frota 1748 to 1763 he wrote a succession of tragedies

which,' though for the most part considered prolix and
artificial by modern readers, had great success on the stage,

and secured to Voltaire's new disciple a good position in

literary and fashionable circles. Being now associated

with Diderot and D'Alembert, he wrote for the great

Kncyclopedie a series of articles evincing considerable

critical power and insight, which in their collected form,
under the title Elements de Litterature, still rank among
the higher French classics. He also wrote several comic
operas, the two best of which probably are Sylvain and
Zemire et Azore. In 1758 he gained the patronage of

Madame Pompadour, and was soon after appointed manager
of the official journal Le Mercure, in which he had already
oommenced a series of elegant and attractive tales. These
w^re the Contes Moraux, on which, according to some
critics, Marmontel's literary reputation mainly rests.

Their merit lies partly in the literary style, which in
delicate finish frequently rivals that of his master Voltaire,
but mainly in their graphic and charming pictures of

'^ t>f.nys U Tyran, 174S ; Aristomiiu, 1749: ClScaMre, 1750:
airaclidts, 1762 1 Eijypliu.; 1763.

French society under Louis XV. After being elected to

the French Academy, in 1763, he appears to have been
ambitious to create a new literary style, exemplified

notably in his dull prose-epic romance Jiilisaire, now
remarkable only ou account of a chapter on religious

toleration which incurred tho censure of the Sorbonne and
the archbishop of Paris. Marmontel retorted in Lts Jiicas,

by tracing the cruelties in Spanish America to the religio«8

fanaticism of the Roman Catholic invaders.

After being appointed historiographer of France, seors-

tary to the Academy (1783), and professor of history in

the LyciSe (1786), Marmontel in 1788 wrote a history

of the regency, which is of little value. To compensate
for this, however, he in 1795 began his Memoires, the

most interesting and valuable if not the greatest of liia

works, being a picturesque review of his whole life, a
literary history of two important reigns, a great gallery o£

portraits extending from the venerable Massillon, whom
more than half a century previously ha had seen at

Clermont, to the fiery Mirabeau amidst the tempestuous
first years of the French Revolution. Reduced to poverty

by the Revolution, Marmontel in 1792 retired from the

Reign of Terror to Evreux, and soon after to a co'tage near

Gaillon, in the department of Eure. To that retreat we
owe the Memoires, and there, after a short stay in Paris

when elected in 1797 to the Conseil des Anciens, he
died on the 31st December 1799.

See Villenave, Notices s^ir Marmontel ; Sainte-Beuve, Causeries,

vol. iv. ; Morellet, £loge, 1805 ; Edinburgh Review, January 1806.

MARMORA, Sea of. See Black Sea.

MARMOT. The word marmot may be considered to

include animals belonging to the three following genera:-

—

the true marmots, forming the genus Arctomys (" bear-

mouse "), so called from the thickset, bear like form of its

members ; the prairie marmots of North America, better

known as the "prairie dogs" {Cynomys, "dog-mouse");
and the pouched marmots, or sousliks, comprising the

gonus Spermopkiliis, or seed lovers, so named from the

character of their food. These three genera are all closely

allied to each other, and together form the subfamily

Ardomyinx of the great squirrel family, the Sci-uridx, of

which the only other subfamily, the iSciurinm, consists of

the true squirrels (Sciurus) and the flying-squirrels (Ptero-

mys). The members of the marmot subfamily are con-

fined to the northern hemisphere, and in fact are almost

entirely limited to the north temperate zone, in marked
contrast to the genera of the subfamily Sciurinse, which
attain their greatest development in tropical or semi-

tropical countries.

The Arctomyinse; agree in the possession of somewhat
short, stumpy bodies, comparatively short tails (except in

certain sousliks), and long and powerful claws suitable for

burrowing. They all have broad, strong, and ungrooved
incisors or cutting teeth, two pairs of premolars above and
one below, and three pairs of true molars in each jaw.

The grinding teeth are all on the whole very similar, the

first upper premolar much smaller than the others, and
nearly round, the next three teeth triangular in outline,

and each with either two or three transverse grooves upon
the crown ; the last molar is rather broader and more com-
plicated than the others, as is shown in fig. 2. The general

form of the skeleton is very similar to that of the true

squirrels, but the bones as a rule are stouter and heavier.

1. The foUowing are the generic characters of Arctomys.

External form stout and heavy, ears short, tail short aud
hairy, cheek-pouches rudimentary or absent Fore feet

with four well-developed toes, and a rudimentary thumb
provided with a flat nail; skull (see Mammalia, p. 417,

fig. 92) similar in general form to that of the other genera,

but very much larger aud heavier. th6 post-orbital processes
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stouter, and at riglit angles to the axis of tl]o skull. In-

cisors broad and powerful. First upper premolar nearly

as large as the second. Molar seriesi nearly parallel,

scarcely converging behind at ajl.

The various species of marmot, about ten in number,

are all much alike in general appearance, ranging in size

from about 15 to 25 inches in length, with tails from 3 to

6 inches long. The foJlowing are the species now generally

recognized, though the Central-Asiatic forms are still very

imperfectly known :

—

Ardomys marmotta^ Linn., southern Europe, the Alps, Pyrenees,

and Carpathians; A. bobac, Schreb., eastern Europe and Siberia;

A. himalayamis, Hodgs., south-west Tibet ; A. heniachaJamis,

Hodgs. , Nepal ; A. caiidaCiis, Jacquemont, Cashmere; A. dichrous,

Anderson, Afghanistan ; A. aureus^ Blanford, Turkestan ; A.
tnonaj:, Linn., eastern North America; A. Jlixvivcntcr, Aud. and
Bach, western United States ; A. pruinosics, Grael., north-western
North America-

It wiU thus be seen mat one species only is peculiar to

Europe, and three to North America, while at lejist-six, and
perhaps mors, are found in various parts of Central Asia,

—

one of these, A. bohac, occurring also as far west as Russia

and eastern Germany.

Fio 1.—AJpine Marmot ( 4rc;omy5 marmoiia) After Biebm.

The following account of the habits of the Alpine
marmot, A. marmotta, extracted from Professor Blasius's

well-known work on the mammals of Germany, applies,

with but little variation, to all the members of the genus.

Marmots live high up iu the snowy regions of the mountains,
generally preferring exposed cliffs, whence they may hare a clear
view of any approaching danger, for which, while quietly basking
ia the sun or actively running about in search of food, a constant
watch is kept. AVhen one of them raises the cry of waraijig, the loud
piercing whistle so well known to travellers in the Alps, they all

instantly take to fligh.t and hide themselves in holes and crannies
among the rocks, often not reappearing at the entrance of their
Liding-places until several hours have elapsed, and then frequently
standing motionless on the look-out for a still longer period. Their
food consists of the roots and leaves of various Alpine plants, wldch,
like squirrels, they lift to their mouths with their fore paws.

For their winter quarters they make a large round burrow, with
but one entrance, and ending in a sleeping-place thickly padded
with hay. Here often from tcu to fifteen marmots pass the w'inter,
all lying closely packed together fast asleep until the spring. On
awijking, hungry with their long fast, they remove the hay with
which they stulf np the doors of their burrows, and resume their
life of activity and watchfulness. The breeding season is in the
early summer, when they brin^ forth from four to six young ones.
Their flesh, although coarse and rank, is eaten by the peasants, and
their fur, though of but little value, is also made use of.

. 2. Our second genus is Cyreomyi, containing only the well-

known " prairie dogs," or more correctly " prairie marmots,"

of the United States. The genus may be ciiaracterlzed

as follows. Size and form intermediate between Arclomys
and Spermophilus. Ears and tail short. Cheek-pouches
shallow. Fore feet with five claws, that on the thumb as

large as that on the fifth toe. Skull heavily built, the,

post-orbital processes di-

rected outwards. Den-

tition, as shown in fig. 2,

remarkably heavy, the

molar teeth differing

from those of Arctomys
and Spermophilus by
having three instead of

two transverse grooves

on their crowns. First

premolar nearly as large

as the second. Molar

series strongly converg-

ent behind.

Of this genus two
species have been de-

scribed, very closely

allied to each other,

but separable by their

slightly different size Fio. 2.—Under Side of Skull of,

and coloration. The Cyuomys hulovidanm.

larger and better-kuown of the two is the eastern prairie

marmot, C. ludovicianta:, Ord., inhabiting the open prairies

of the central United S^-ates, while the smaller species,

C. columhianns, Ord., is found to the westward as far as

the Rocky Mountains.

The habits of the prairie marmots nave, been so oftfen

described that every one is familiar with their custom of

forming their burrows iu groups or "towns," of sitting

outside to watch intruders, and of making the peculiar

barking sound from which they have derived their

erroneous popular name of prairie dogs. In the burrows
made by them there are commonly found three Strang
and, notwithstanding the earlier travellers' talcs, certainly

unwelcome visitors, namely, rattlesnakes, owls, and weasels,

all of which at times probably prey upon the J'oung

marmots. Prairie marmots do not truly hibernate,

although in the more northern and colder parts of their

range they retire to their burrows during the very severest

weather. They feed on grasses and roots, for whose
mastication, however, their grinding teeth appear to be

unnecessarily powerful.

3. The last genus to which the name marmot may be
applied is that of the sousliks or pouched marmots
(Spermophihis), of which the following are the characters.

Size much smaller than that of Arclomys or Cynomys, and
form more slender aud squirrel-like. Tail very variable,

from 1 to 8 or 9 inches in length. Cheek-pouches always

present. Fore feet with four well-developed toes and a
rudimentary thumb, of which the claw may be either

present or absent. Skull much more lightly built than

that of either of the preceding genera, and the post-

orbital processes slender and directed backwards. Molar

series nearly parallel, as in Arctomys, but all much smaller

and lighter ; the first premolar simply rounded, never more

than about one-third of the size of the second.

The members of this large genus present a far greater

range of variation than is found among the true marmots,

some of them, such as the European souslik, being scarcely

as large as a common squirrel, almost entirely without

external ears, and with the tail reduced to a mere stump,

barely an inch long, while others again are more than

three times this size, with long and often tufted ears and

long bushy squirrel-like tails. These differences, and

other corresponding cranial ones, have caused the genni"
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to be dryitled into t!u3 lliico follnwins subgenera:—
Spermophilus proper, coiitaining thirteen . oi-° fourteen
species, of small size, with rudimentary ear-conclies,
short stumpy tails, and comparatively largo teeth

;

OlospcnnopJuliis, two species, of sriuirrcl-liko build, with
large and tufted ears, and long bushy tails ; and Idldomys,
with four species, of very slender, weasel-like form, with
fihort cars, long but slender tails, and comparatively small
teeth. The last two subgenera are confined to Xoith
America, while the range of the fust is extremely similar
to that of Ardomys, although certain species penetrate
somewhat farther south in the New AVorUI, and none are
found so far west in Eui-ope. Professor Elasius gives the
following details of the habits of the common European
sonslik (S. cilUlus, L.).

It lives in dry treeless jilains, especially on n sandy or claver soil,
nnil IS never found either in forests or on swampy ground, it fonns
imrows olten 6 or 8 feet deep, in which food i? stored up and the
wn.ter .sleep takes place. Each liurrow has But one cntiauci, winch
IS closed up when wmter approaches,—a second hole, however brino-
previously formed from the sleepius-pl.ieo to just below the surface
ot the ground. This second hole is opened the ne.vt vcar. and used
as the onlmary entrance, so that tlie number of closed up holes
round a burrow gives an indication ot the length of time tliat it has
been occupied. SousUks ordinarily feed on roots, seeds, benies,
&-e. but occasionally also on animal food, preying readily on c^s,
small birds, and mice, tho remains of these latter being often found
in their bu.roivs. They bring forth in the spring from four to ei'-ht
young ones, winch, if taken early, may be easily tamed. Theylre
often eaten by the peasants, the inhabitants of tho Russian steppes
considering their flesh uu especial delicacy. (O. T.)
MARN'E, a department of the north-east of France,

made up from Champagne-Pouilleuso, IJdmois, Perthois,'
Vallagc, and La Brie-Champenoise, districts formerly be-
longing to Champagne. Its chief town, Ch.llons-sur-
Marne, is 92 miles in a direct line east of Paris. Bounded
on the W. by Seineet-Marne -and Aisno, on the N. by
Ardennes, on the E. by Meuse, ou the S. by Haute-Marue
and Aiibe, it is situated between 48° 31' and 49° 26' N.
lat., und 3° 25' and 5° E. long. Its greatest length froni
north-^st to south-west is 73 miles, and tho area 3159
square miles. About one half of this consists of Cham-
pagne-Pouilleuse, a monotonous and barren plain covering
a bed of chalk 1300 feet in thickness. On the west and
on the east it is commanded by two ranges of hills. The
highest point in the department (920 feet) is in the
hill distcict of Rheims, which rises to the south-west of the
town of the same name, between the Vesle and the Marne.
The lowest level (16-t feet), where the Aisne leaves the
department, is not far distant. To tho, south of the
Marne the hills of Kheims are Continued by tlie heights of
La Brie (700 to 800 feet). AU these belong geolo°gically
to the basin of Paris. They slope gently towards the west,
but command the plain of Champngne-PouiUeuse by a
steep descent on tho east. On the further side of the
plain are the heights of Argonne (8G0 feet), formed of beds
ot the Lower Chalk, and covered by forests ; they unite
the calcareous formations of Langres to tho schists of
Ardennes, and a continuation ot them stretches southward
into Perthois and the marshy Socage. Tlio department
belongs entirely to the Seine basin, but of that river there
nreouly 13 miles, in the south-west; it there receives the
AuDe, which has 10 miles within the department The
principal river is the Marne, which runs, through the
department for 105 miles in a great sweep concave to the
south-west, passing Vitry-le-Franc;ois, Chalons, fipernay
.and Dormans. In its course through the department it
alls from 410 to 213 feet. The principal tributaries are
fhe feaulx (which .receives the Ornain) on the right, and on
the left the Blaise, which waters Vassy, the Somms Sonde
.ind the Surmelin (with its tributary the Dhuis), whence
1 aris IS supplied

; besides the Petit Morin and the Grand
iVlorin. Of the last thrcj only the upper courses he within
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the department. Tho Aisno enters tho department at n.
point 12 miles from its source, and traverses it for 35
miles, watering Ste Menehould. Two of its affluents on
the left, the Suippe and the Vesle, ou wlrich stands P.heims
have a longer course from south-east to north-west across
the department.

Marno h^ the olim.atc of the region of the Seine ; tho annualmean temperature is 60° Fahr., tho rainfall about 24 inehe... 01tho total area about three-fourths consists of arablo laud, and nsixth is uuder forest, whilst a twenty-fifth is inradow landA ineyaids cover 637 s.piare miles. The department is largei;
stocked with sheep (536,000, of which 133,000 are a ini.-ced merino
breed, whose wool is used in tlio manuracture of meriiiocs (laniiels

S9 ooo "'"'in £,^5'° "''' •^'^''"""^J to nunilTcr 95,260 ; liorsn.!
53,000; pigs, 62,000; goats, 6000; .arid asses, 6000; these last

A? "fc^J,".^!; w""/?" l«"liways which iuterscct the vineyards.
About 600,000 lb of honey and 240,000 lb of wax are produced
Iho viney.wds, though not ot great extent, are of high valuo
Irom the quality of their products. The manufacture of the siiark-
liug wines 01 Champagne is an important industry, of whi.h
tperuay, Ithcims, and Chalons are the chief centres. Tho yearly
e-xi.ortatiou is about 20,000,000 bottles, at tho average value of
half a crown a bottle. Cereals ore grown in excess of Uie local
coiisiimptiou. Corn, ]i,ay, lyo, barley, potatoes, and beetroot aio
the cJiicf ciops. Several commnucs supply the more valuable vo-e-
tables. In ISSl the produce of wine was more than 14J million
gallons. The principal orchard fruits are tl.o apple, plum, and
cherry. Pine woods are largely planted in Chami>agne.PouilIcuse.
Iho department produces iron ore, phosphate of lime, quantities
ot turf, and excellent millstones and stone for building.

^

The chief iudustiy is that in wool, which has brou|ht together,
in the neighbourhood of Eheims, establishments for spinniug,
carding, dyeing, and weaving. The materials wrought are flannels!
mennoes, tartans, shawls, rugs, and fancy articles. In 1879 the
aggregate length of the various stuffs measured at Rheims was
12,198 miles. This business alone occupies 30,000 operatives in
the department, and produces annually nearly 800,000 pieces
valued at £18,000,000. Hosiery in woollen employs 420 looms'
and in c6tton. 1800. Marne contains blast-furnaces, iron, copper
and beU foundries, and manufactories of agricultural implements'
Besides these tliere are lanyards, cun-ying and leather-dressing
estabhshmcuts, and glassworks, which, with sugar-works and
breweries, complete tlio list of the most important industries
Biscuits and gingeibread are a specialty of Rheims. Tho chief
imports are wool, coal, and colonial wares ; the exports are wine,
grain, live stock, stone, whiting, pit-props, and woollen stuffs.'
Iransport is supplied by the river Jlarne and the canal connecting
it with the Rhine and with the Aisne, and by 300 miles of railway
Tire population in 1881 w.as 421,027, an increase of 116,371 since
1801. There are five arrondissemeuts—those of Ch.ilons (the
chef-li(ju), i:pem.iy, Rheims, Sto Menehould, and Vitry-le-Franfois.
The department belongs partly to the archbishopric of Rheims anj
partly to tho see of Chalons. Ch.alons is the headquarters of tho
6th army cor]is

; to the north of the town is the great cami>
devoted to military exercises.

MAKXE, Haute-, a department of eastern France, made
up for the most part of districts belonging to the former
province of Champagne (Bassigny, Perthois, Tallage), with
smaller portions of Lorraine and Bui;guDdy, and some
fragments ot PrancheComti It lies between 47° 35' and
48° 40' N. lat., and between 4° 40' and 5° 55" E. loug..
the capital, Chaumont, being 133 miles east-south-ciTst
from Paris in a direct line, and it is bounded on the N.K
by Meuse, on the E. by Vosges, ou the S.E. by Haute-
Saone, on the S. and S.W. by Cote d'Or, on the W. by
Aube, and on the N.W. by Marne. The extreme length
from north-north-west to south-south-east is 81 miles, and
the arca^ 2402 square miles. Its greatest elevation (1693
feet) is in the plateau of Langres, between the sources
of the Marne and those of tho Aube; the watershed
between the basin ot the Rhone on the south and thoso
of the Seine and Meuse on the north, which is formed
by the plateau of Langres and the Monts Faucilles, has
an average ieight of 1500 or 1600 feet. The country
descends rapidly towards the south, but in very gentle
slopes northwards. To the north is Bassigny (" paybas,"
as distinguished from the highlands), a district of country
characterized by monotonous flats of small fertility, aa'd
generally under wood The lowest level ot the department
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is 3G0 feet. Hydrograpliically Haute-Marne belongs for

Ihe most part to the basin of the Seine, the remainder to

those of the Rhone and the Meuse. The principal stream

is the Marne, which rises here, and has a course of 75

miles within the department. Among the more important

aiSuents of the Marne are on the right the Rognon, and

on the left the Blaise, one of the rivers of France most

fully utilized for the supply of water-power. The Saulx,

another tributary of the Marne on the right, also rises in

Haute-Marne. Westward the department is watered by
the Aube and its tributary the Aujon, both of which have

their sources on the plateau of Langres. The ileuse also

rises in the Monts Faucilles, and has a cour.'sa of 31

miles within Haute-Marne. On the Mediterranean side

the department sends to the Saone the Apance, the Amance,

the Salon, and the Vingeanne. The climate is partly that

of the Seine region, partly that of the Vosges, and partly

that of the Rhone ; the mean temperature is 51° F., nearly

that of Paris ; the rainfall is slightly below the average for

France.

Of the total area rather more than one half is arable, about a
tliird is under wood, a twentietli under meadow, and a fortieth is

occupied by vineyards. There are 39,000 horses {extensively

bred iu Bassigny), 86,000 head of cattle, 170,000 sheep, 68,000 pigs,

6000 goats, 25,000 beehives, and a large quantity of all kinds of

poultry. Though not very fertile, the soil is well cultivated, .ind

iu 1878 yielded 1,271,363 hectolitres of wheat, 144,348 of barley,

1,446,421 of oats, 1,177,187 of potatoes, besides meslin, rye,

buckwheat, dried legumes, colza, beetroot, and hemp. Upwards of

8 million gallons of wine of ordinary quality were produced in

1881. The timber consists chieily of oak, beech, elm, ash, maple,

birch, and aspen ; the orchards produce cherries, apples, pears, and
prunes. The department is very rich in iron ; the annual output

of 300,000 tons is exceeded only by that of Meurthe-et-Moselle.

Building and paving stones are quarried. The warm springs of

Bourbonne-les-.Bains are among the longest-known and most fre-

quented in France. The leading industry is the metallurgical ; in

1881 76,000 tons of pig iron and 85,000 of wrought iron were pro-

duced. The establishments include blast furnaces, foundries, forges,

plate-rolling works, and shops for nailmaking and smith work of

various descriptions. St Dizier, the place ef largest population, is

the chief centre of manufacture and distribution. The cutlery trade

alone occupies 6000 persons in the neighbourhood of Langres. The
department employs ISOO spindles in the woollen manufacture

;

glove-making, basket-making, brewing, tanning, and other industiiea

are also carried on. The principal import is coal, whUe iron, stone,

wood, and cereals are exported. The population in 1876 was
253,943, making an increase of 27,288 since 1801. There are

tluee arrondissements fChaumont, Langres, and Vassy), the capital

heing Chaumont.

MAROCCO. See Morocco.
MARONITES (Syriac, Mdrilnoye ; Arabic, Mawdrina),

an ecclesiastical community, and therefore also, according to

the usage of the Christian East, a distinct political or social

body, found mainly In or near the Lebanon, acknowledg-

ing the headship of the pope and the Latin standard of

orthodoxy, but still retaining some peculiar privileges,

including the use of a Syriac service—which few even of

the priests now understand—and permission for the inferior

clergy to marry. Maronite writers, trained either at Rome
{in the Maronite college, founded by Gregory XIIL in

1584) or under Roman influences, have not unnaturally

atriveu to prove that their church was always in essential

accord with the Church of Rome except in ritual, but there is

clear evidence that this is incorrect. The earliest references

to the Maronites (beginning in the 8th century) leave no
doubt that they were Monothelites, and there is contem-
porary evidence (William of Tyre) that they only abjured

their heresies in ir82, when with their patriarch and
some bishops they joined the Latin Church. Even in later

times it has cost Rome much pains and money to attach

them closely to herself and produce real conformity to Latin

or nltimatety to Tridentine orthodoxy. The origin of the

Maronites and their earlier history are obscure. The name
is no doubt connected with tlie monastery of St Maron,

near the source of the Orontes, one oi the chief monasterieb

of Syria in the 6th century ; ' the Maronites themselves

(Assemani, Bib. Or., i. 496 sq.) have much to tell of their

great patriarch John Maron, or rather John of Maron, who
studied at the convent of St Maron, converted the Lebanon
to orthodoxy, and died 707 a.d. Much of the history of

this personage is certainly fabulous.

-

Though the Maronite college at Rome sent forth some
distinguished scholars— the grammarian Amira, Gabriel

Sionita, Abraham Ecchellensis, and the three Assemanis^
the Maronite community never took on much Western
culture. A s-'mple warlike race, they long maintained a

great measure of internal freedom under their native

nobility, only paying tribute to the pasha of Tripoli ; and

for a time, when the princely house of ShihAb left Islam

and became Maronites, they greatly outweighed the Druses

in their influence in the Lebanon.^ Since th3 fall, in 1840,

of the Maronite emir Beshfr, who was only by outward pro-

fession a Moslem, their power has sunk. For their subse-

quent history see vol. vii. p. 486, and for statistics, &c.,

at the present time, see 'Lebanon.

The seat of the Maronite patriarch is at Kannobln
(Ccenobium); the bishoprics are Aleppo, Baalbek, Jebeil,

Tripoli, Ehden, Damascus, Beir>it, Tyre, and Cyprus.

See in general Le Quien, Oricns Christinnv$, iii. 1-100 ; Nairon,
De origiru, etc., Maronitarmii, Home, 1679 ; D.iudiui's account of

the mission of 1596 in the French translation witli K. Simou's notes

( Voyage du Mont Lebanon,- Paris, 1685) ; Schnurrer, Be Ecclcsia

Maron liica, 1810-1811; and Kodiger's article " Maroniten " in

Herzog's Real-Encycl.

MAROONS. A negre marron is defined by Littr4 as a

fugitive slave who betakes himself to the woods ; a similar

definition of cimai-ron (apparently from cima, a mountain

top) is given in the Dictionary of the Spanish Academy.
The old English form of the word is st/nmron (see

Hawkins's Voyage, sec. 68). The designation in modern
English is applied almost as a proper name to the

descendants of those negroes in Jamaica who at the first

English occupation in the 17th century fled to the moun-
tains. See vol. xiii. p. 550.

MAROS-VASARHELY, a royal free town of Hungary,

and capital of the Transylvanian county of Maros-Torda, is

situated on the Jlaros and on the Hungarian Eastern

Railway, 50 miles northeast of Hermannstadt, in 46° 30'

N. lat., 24° 31' E. long. It is the seat of the •' royal table
"

court of appeal for the Transylvanian circle, of royal and

circuit courts of law, of a board of works, and of ofiices

of assay and of the Government tobacco monopoly ; as also

the headquarters both of the militia and regular infantry

for the district. The town is well built, partly upon

rising ground, and has a citadel with barracks, three

churches (one large and handsome), and a college belonging

to the Calvinists ; Roman Catholic and Greek Orthodox

churches, religious houses, and schools ; a public library

of 80,000 volumes, with a picture gallery and fine collec-

tion of minerals ; a theatre, a hospital, and several philan-

thropic and industrial institutes. The trade is chiefly in

timber, planks, materials for house-roofing, grain, wine,

tobacco, and other products of the neighbourhood. Both

weekly and special markets are held. At the end of 1880

the population amounted to 12,843 (6265 males, 6578
females), Magyars and Roumanians by nationality.

' The rains of this place are described by Robinson, Bib. Researches,

iii. 539 ; Renan, Pkinide, p. 119.
' The John of Maron known to Bar-Hebraeus (Chron. Eecles., i. 463),

and pbced in the 10th century, was apparently a Monopliysite. That
Monophysite as well as Monothclitc doctrine was once current among
the Maronites appears from various things in tlieir ecclesiastical books,

which they now try to explain away or reject is interpolations.

'See Niehuhr, ./?«''.t(;tejc7m, voL ii.; Volney, Voynfje; Robinsaji,

Researches, ii. 506.
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MAROT, Cr,ii;>tENT (M9C-1544), one of tbomost agioe-

'nblc if not one of tko greatest poets of France, and a figure

of all but tlio first importance in her literary history, was

born at .Cahora, the capital of tbo proviuco of Quorcy,

some time during the winter of the year 1496-97. Flo

was, however, not a southern by blood, at least by bis

father's side. That father, Joan M;u-ot, whose more correct

name appears to have been Mares, Marais, or Marets, was

a Noruiaii of the neighbourhood of Caen. He was himself

a poet of considerable merit, and held the post of escripvain

(apjiarently uniting the duties of poot laureate and Listorio-

graiihor) to Anne of Britanuy. lie had however, on what

busincas or in what capacity is not known, resided

in Cahors for a considerable time, and was twice married

there, his second wife, whose name is not known, behig

the mother of Cldment. The boy was " brought into

Franco "—it is his own expression, and is not unnoteworthy

as showing the strict seuse in which that term was still

nsed at the beginning of the 16th century—in 1506, and
ho appears to have been educated at the university of Paris,

and to have then begun the study of the law. But, whereas

most other poets have had to cultivate poetry against their

father's will, Jean ilarot took great pains to instruct his

son iu the fashionable forms of versemaking, which indeed

required not a little instruction. It was the palmy time of

the rliitoriqiieiirs, poets who combined stilted and pedantic

language, with an obstinate adherence to the allegorical

manner ot the 15th century and to the most complicated

and artificial forms of tbo Balladi and the RomUau.
Clcmont himself practised with diligence this poetry

(which ho was to do more than any other man to over-

throw), and lie lias left panegyrics of its coryphajus

Guillaume Cr6tin, the unfortunate suggester of the Eamina-
grobis of Rabelais. Nor did ho long continue even a
nominal devotion to law. He became page to a certain

Messire de Neuville, and this opened to him the road of

court life. Besides this, his father's interest must have
been not inconsiderable, and the house of Valois, which was
about to hold the throne of France for the greater part of

a century, was devoted to letters. As early as 1514, before

the accession of Francis I, Cldment presented to him
his Jtuhjmenl of Minos, and shortly afterwards he was
cither styled or styled himself facteur (poet) de la reine

to Queen Claude. In 1519 he was attached to the suite

of Marguerite d'Angouleme, the king's sister, who was for

many years to bo the mainstay not only of him but of almost
all French men of letters. In 1524 ho drew 95 livres

annually from her as a pension, and he had a post in the

household of her husband the Due d'Alemjon. It is

certain that Marot, like most of Marguerite's literary court,

and perhaps more than most of them, was greatly attracted

by her gracious ways, her unfailing kindness, and her
admirable intellectual accomplishments, but there is not
the slightest ground for thinking that his attachment was
other than platonic. Indeed the most famous passage of

his poems which relates to the future queen, in which he
describes her " sweet refusal with a sweeter smile," is

tolerably decisive on the point. It is, however, evident
that at this time either sentiment or matured critical

judgment effected a great change in his stylo, a change
which was wholly for the better. At the same time he
celebrates a certain Diane, whom it has been sought to

identify with Diane de Poitiers. There is nothing to

support this idea and much against it, for it was an almost
invariable habit of the poets of the IGth century, when the

mistresses whom they celebrated were flesh and blood at

all (which was not always the case), to celebrate them under
pseudonyms. In the same year 1524, Marot accompanied
Francis on his disastrous Italian campaign. He was
wounded and taken at Pavia, but«oon released, and he was

back again at Paris by tho beginning of 1525. His luck had,
however, turned. Marguerite for intellectual reasons, and
her brother for political, had hitherto favoured the double
movementof Avjldarunrj, partly humanist, partly Reforming,
which distinguished the beginning of the century. For-
midable opposition to both forms of innovation, however,
now began to be manifested, and Marot, who was at no
timo particularly prudent, was arrested on a charge of

heresy and lodged in the Chatelet, February 1520. But
this was only a foretaste of tho coming trouble, and a
friendly prelate, acting for Marguerite, extricated him from
his durance before Easter. The imprisonment gave him
occasion to write a vigorous poem on it entitled ICnfa; which
was afterwards imitated by his luckless friend Dolet. His
father died about this time, and Marot seems to have been
appointed to the place which Jean had latterly enjoyed, that
of valet de chambre to the king. He was certainly a mem-
ber of the royal household in 1528, with a stipend of 250
livres, besides which he had inherited property in Querpy.
In 1530, probably, he married. Next year he was again
in trouble for heresy, and was again rescued ; this time thb
king and queen of Navarre seem to have bailed him them-
selves. In 1532 he published, under the title of Adoles-

cence Clementine, a -title the characteristic grace of which
excuses its slight savour of affectation, the first printed col-

leption of his works, which was verj' popular, and was fre-

quently reprinted with additions. Dolet's edition of 1538
is believed to be the most authoritative. Unfortunately,
however, the poet's enemies were by no mearis discouraged
by their previous ill success, and the political situation was
very unfavourable to the Reforming party. In 1 535 Marot
was again summoned to appear on the charge of heresy, and
this time he was advised or thought it best to fly. He
passed through B^arn, and then made his way to Renee of

Ferrara, a supporter of the French Reformers as steadfast

as her aunt Marguerite, and even more elficacious, because
her dominion.s were out of France. At Ferrara he wrote a
good deal, his work there including his celebrated Slasons
(adescriptive poem, improved upon mediaeval models), which
set all the verse writers of Francs imitating them. '" But the

duchess Renie was not able to persuade her husband, Ercole
d'Este, to share her views, and Marot had to quit the city.'

He then went to Venice, but before very long obtained per-

mission to return to France. Francis himself, though a

fickle and unsafe patron, was attached to him, and in 1539
gave him a house and grounds in the suburbs. It was at

this time that his famous translations of the Psalms
appeared. The merit of these has been sometimes denied,'

owing apparently to the absurd partiality which seeme in

the case of some critics to make it impossible for tho reader

to appreciate the manner of a work to the matter of which'

he is opposed on political or religious grounds. It is, how-
ever, considerable, and the powerful influence which the

book exercised on contemporaries is not denied by any one.'

The great persons of the court chose different pieces, each
as his or her favourite. They were sung in court and city,

and they aie said, vrith exaggeration doubtless, but still

with a basis of truth, to have done more than anything else

to advance the cause of the Reformation in France. Indeed
the vernacular pi-ose translations of the Scriptures were in

that country of little merit or power, and the form of poetry

was still preferred to prose, even for the most incongruous

subjects. At the same time Marot enga^d in a curious

literary quarrel characteristic of the time, with a bad poet

named Sagon. Half the verse writers of France ranged

themselves among the Marotiques or the Sagontiques, and
a great deal of versified abuse was exchanged. The victory,

as far as wit was concerned, naturally rested with Marot,

but his biographers are probably not fanciful in supposing

that a dertain amount of odium was created against him by
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the squabble, and tliat, as in Dolet's case, Lis subsequent

misfortunes were not altogctber unconnected with a too

little governed tongue and pen. Although on Lis last

return into France he had formally abjured his errors, the

publication of the Psalms gave the Sorbonne a handle, and

the book was condemned by that body. In 1543 it was

evident that he could not rely on the protection of Francis,

who was probably too seliish in any case to have given him
iDconvenient help, and who, like many of his family, was

disposed to compound with the church for a libertine life

by ceremonial devotion and by sacrificing heretics liberally.

Marot accordingly fled to Geneva ; but the stars were how
decidedly against him. He had, like most of his friends,

been at least as much of a freethinker as of a Protestant,

and, notwithstanding the immense service he had done to

the cause by the publication of his Psalms, this was fatal

to his reputation in the austere city of Calvin. He had

again to fly, and made his way into Piedmont, where he

seems to have enjoyed a sort of left-handed protection from

Francis, who then held it. But the harassing effect of these

constant persecutions, assisted very likely by the careless

living which was but too common at the time, proved too

much for him, anihe died at Turin in the autumn of 154-1,

aged barely forty-eight

In character Slarot seems to have been a typical Frenchman of

the old stamp, cheerful, good humoured, aud amiable enough, but
probably not very much disposed to elaborately moral life and con-

versation or to serious reflexion. He has sometimes been charged,

though on no very defiuitc grounds, with a want of independence

of character, and his attitude towards his patrons was certainly Dot

that of almost haughty equality which Ronsard brought in ; but it

is fair to remember that Marot belonged almost as much to the

Middle Ages as to the Renaissance, and that in the Sliddle Ages
men of letters naturally attached themselves as dependants to the

great. Such scanty knowledge as we have of his relations with his

equals is favourable to him. He certainly at one time quarrelled

with Dolet, or at least wrote a violent epigram against him, for

which there is no known cause. But, as Dolet quarrelled with

almost every friend he 'ever had, and in two or three cases played

them the shabbiest of tricks, thQ presumption is not against

Marot in this matter. Whatever may have been Marot's personal

weaknesses, his importance in the history of French literature is very

great, and it is wont nowadays to be rather under- than over-valued.

Comins immediately before a great literary reform—that of the

Pleiade—Marot suffered the drawbacks of his position ; he was both
eclipsed and decried by the partakers in that reform. In the

reaction against the Ploiade he recovered honour ; but its restoration

to virtual favour, a perfectly just restoration, has again unjustly

depressed him. Yet Marot is in no sense one of those wi-iters of

transition who are rightly obscured by those who come after them.

He himself was a reformer, and a i-ctormer on perfectly independent
lines, besides which it may be said that he carried his owr .eform

as fer as it would go. It has been said that his early work was
couched in the rhetoriqucnr style, the distinguishing characteristics

t)f which are elaborate metre and rhyme, allegoric matter, and
Aedantic language. In his second stage he entirely cmanoipated
himself from this, and became one of the easiest, least affected, and
most vernacular poets of France. In these points indeed he has,

with the exception of La Fontaine, no rival, and the lighter verse

writers ever since have taken one or the other or both as model.
In his third period he lost a little of this flowing grace and ease,

butacquired something in stateliness, while he certainly lost nothing
in wit. It is beyond question that Marot is the first poet who
strikes readers of French as being distinctively modem. He is not

so great a poet as Villon nor as some of his successors of the Pleiade,

but he is much less antiquated than the first (whose works, as well as

the Ixomaii dc la liosr. it may be well to mention that he edited) and
not so elaborately artificial as the second. Indeed, if there be a fault

to find with Marot, it is undoubtedly that in his gallant and success-

ful effort to break up, supple, and liquefy the stiff forms and strlfer

language of the 15tn century, he made his poetry almost too ver-

nacular and pedestrian. In his hands, and while the style Marotique
was supreme, French poetry ran some risk of finding itself unequal
to anything but graceful vers dc socUU. But it is only fair to

remember tliat for a century and more its best achievements, with
rare exceptions, had been vers de soctetc which were not graceful.

There is a very cfieap, handsome, and nscful edition of Marot by Jannet and
Hijricault, 4 vols.. Paris, 1873; but M. Georges Guiffkey Is slowly producing a
cftbtly and splendid work, containing a vast quantity of unpublished piattor, which
\*ill undoubtedly be the standard. This worit contains much biographical detaj,
which, however, as being gtiil incomplete, la not avaliubie to modUy former
occotmtfi,

'
(Q. SA.)

MAKQUESAS ISLANDS, or Mendana Islands-

( French, Les Marquises), an archipelago of twelve islands

lying between 7° 60' and 10° 35' S. lat., and 138° 30' and
140° 50' W. long. They extend over 200 miles from S.E, to

N. W., and have a total area of 489 square miles. The lower

or true Marquesas group consists of the islands Fatouhiva

or Magtlaleua, Motane or San Pedro, Tahouata or Sta

Christina, and Hivaoa or Dominica, the last with a coast-

line of more than 60 miles. With these is often included

the rocky islet of Fetohougo or Hood's, lying in uiid-

channel to the north of Hivaoa. The north-western or

Washington group is formed of seven islands, the four

largest being Koa-Poua or Adams, Houahouua or

Washington, Noukahiva or Marchaud (70 miles in circum-

ference), and Hiaou. Along the centre of each island is a

ridge of mountains, sometimes attaining an altitude of

3500 feet, whence rugged spurs forming deep valleys

stretch towards the sea. The vulcanic origin of the whole

archipelago is proved by the principal rocks being of

basalt, trachyte, and lava. Except on a few barren peaks

the islands are clothed with verdure, and in the valleys

which are well watered with streams and brooks, the

vegetation is luxuriaut. The flora includes over four

hundred known species, many of them identical with those

belonging to the Society Islands. The vegetable products

comprise bananas, bread-fruit, yams, plantains, wild cotton,

bamboos, sugar-cane, cocoa-nut and dwarf palms, and several

kinds of timbet trees. The land fauna is, however, very

poor: there are few mammals with the exception of dogs,

rats, and pigs ; and amphibia and insects are also generally

scarce. Of twenty species of birds more than half belong

to the sea, where animal life is as abundant as at other

"'ibtropical Polynesian groups.

The climate of the Marquesas, although hot and humid,
is not unhealthy. During the greater part of the year

moderate easterly trade winds prevail, and at the larger

islands there are often both land and sea breezes ; the

rainy season, accompanied by variable winds, sets in at the

end of November, and lasts for about six months. During
this period the thermometer varies from 84° to 91° F.; in

the dry season its average range is from 77° to 8C°.

The inhabitants, a native Polynesian race, have in many
respects a great affinity to the Tahitians, but excel them
in symmetry of form. They live chiefly on bread-fruit,

vegetables, and fish, almost entirely neglect agriculture,

but rear hogs and fowls in great numbers. They exchange
live stock, timber, vegetables, fruit, and fresh water with

traders for iron utensils, firearms, gunpowder, cloth,

tobacco, aud brandy. They are polite in their intercourse

with strangers, susceptible and courageous, but at the same
time excitable, revengeful, addicted to stealing, lazy, and
immoral The efi'orts of missionaries, whether Protestant

or Roman Catholic, have hitherto proved of little avail

either in converting them to Christianity or in improving

their moral and social condition. At the commence-
ment of the present century the population exceeded

20,000, but since then petty warfare, infectious maladies,

and various other causes have greatly reduced its

number; and on the 31st December 1876 it reached only

5754.

In 1842 the Marquesas archipelago was formally taken

possession of for France by Captain Du Petit-Thouars

;

and the French still maintain a nominal protectorate over

the Islands, with a resident and a small garrison at

Noukahiva. Since 1861, however, French colonization

has been virtually abandoned.
The Marquesas Islands were first discovered 21st July 1595, by

Alvaro Mcndaua, who, however, only knew of the south-east group,
to which he gave the name of Marquesas de Mendoza, in honour of

the viceroy of Peru. Cook, pursuing the same track, rediscovered

this group, with Ae addition of Fetohougo, in 1774. Tha north'
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west islands were first siglitcd by InRraliam tlio American in 1701,

and were suliso([Ucntly visited by jinrcliand (1791) and Hergcst

{1792). A nioro extensive iuvostigation of llie arcliipelago was
made by Kruseustorn in 1804. Of later navigators to the Marquesas

the most notowortliy are Stewart (1829), Bennett (1835), and
D'Urvillo (1838), ami, since tlie date of tlio Fieucli occupation,

Dunioulin, Jounn, and above all Jardin.

See C. E. Meinicko, Die Inscln dcs sUllcn Oceans^ Loipsic,

1875-7(3 ; Tableaux dc pop.y t£-c., dc3 col. franif. for 1877.

MARQUETRY. See Fuenitdee.
MAR(^UETTE, a city and port of entry of the United

States, and the county seat of Marquette county, Michigan,

lies on a bluff about 25 feet above a bay of Lake Superior,

and is a terminus of the Marquette, Houghton, and Onton-

agon, and the Detroit, Mackinac, and Marquette Railroads.

Though the population of the city was only 4G90 in 1880,

Marquette is a place of importance as the chief .shipping

port for the great iron-ore region of western Michigan

(787,150 tons shipped in 1881), and contains a number
of blast furnaces, foundries, machine-shops, and powder-
mills, while at the same time it has a reputation as a

resort for invalids and tourists. A Roman Catholic cathe-

dral, convent, and orphan asylum are among the public

buildings.

I.IARQUETTE, Jacques, a Jesuit missionary and
explorer, was bora in 1637 at Laon in France, and died

May 18, 1G75, on the banks of a email stream, now
known as the Marquette, which has its mouth on the

eastern shore of Lake Michigan. ' Having joined the

Society of Jesus, he sailed for. Canada in ICGC, spent

eighteen months in the vicinity of Three Rivers, founded
tlis mission of Sault Sainte Marie on Lake Superior in 16G8,

and followed the Hurons to Mackinaw in 1671. It is

mainly, however, as Joliet's companion in his voyage down
the Mississippi in 1673 that Marquette holds a permanent
position in the history of discovery in America.

His narrative, iirst published in Thevenot's Rcciuil dc Voyages
(Paris, 1681), is printed along with other documents relating to

him in Shea's Discovery and Exiylfyfation of the Mississijtj^i Valley
(New York, 1852).

MARQUIS, or Maequess, a title and rank of nobility,

the second in the order of the British peerage, and there-

fore next to duke. The first marquis in England was
Robert de Vere, the ninth earl of 0.xford, who by Richard
IL, 1st December 1385, was created marquis of Dublin.

On the 13th of October following the patent of this

marquisate was recalled, Robert de Vere then having been
raised to a dukedom. John do Beaufort, the second
legitimate son of John of Gaunt, was created to the
eecond marquisate as marcjuis of Dorset, 29th September
1397. From that period this dignity appears to have
been dormant till the reign of

Henry VL, when it was revived,

and thenceforward it maintained,

its place in the British peerage.

A marquis is " most honourable,"

and is styled "my lord marquis."

His wife, who also is " most honourable," ia a marchioness,
and is styled " my lady marchioness." The coronet is a
circlet of gold on which rest four leaves and as many large
pearls, all of them of equal height and connected. The
capandlining, if worn, arethesameas in ^he other coronets.

The coronet, which in representations displays one central
leaf with two pearls and two half-leaves, when without cap
or lining, is shown in the annexed woodcut. The mantle
of parliament is scarlet, and has three and a half doublings
of ermi""

MARRIAGE, Law of.i Marriage may be defined here
.as thq act, ceremony, or process by .which the legal relation-

Mai (lala's Coronet

See also HcsBiND and Wife aud Divoece.

sliip of nusoand and wife is constituted, fn most if not

all legal systems it takes the form of a contract—the
mutual assiint of the parties being the prominent and itidis-

pcnsable feature of the ceremony. 'Whether it is really a

contract or not, and if so to what class of contracts it

belongs, are questions which have been much discussed,

but into which it is not necessary to enter. WhUe the

consent of parties is universally deemed one of the con-

ditions of a legal marriage, all the incidents of the relation-

ship constituted by the act are absolutely fixed by law.

In the United States it has been expressly decided that

marriage is not a contract within the meaning of the

constitutional law, which prohibits state enactments
"impairing the obligation of contracts." Mr Bishop,'

however, in his very valuable book on Marriage and
Divorce, suggests that a State law permitting the status

of marriage to be created without the consent of both
parties would not be constitutional ; but that ia a
difficulty arising out of the peculiar relation of the States

to the Union. The question whether marriage is merely

a contract or more than a contract, whether a purely civil

or also a religious act, belongs to a similar order of inquiries.

The jurist has only to deal with marriage in so far as it

creates the legal status of husband and wife. It should

be added that, while marriage is generally spoken of by
lawyers as a contract, its complete isolation from all other

contracts is invariably recognized. Its peculiar position

m.ay be seen at once by comparing it with other contracts

giving rise to continuous relationships with more or less

indefinite obligations, like those of landlord and tenant,

master and servant, &c. In these the parties may in

general make their rights and duties what they please,

the law only intervening when they are silent. In marriage
every resulting right and duty is fixed by the law.-

Roman Law.—The three primitive modes of marriage

were coiifarreatio, coemptio in mannm, and -usus, all of

which had the efl'ect of placing the woman in tte "power"
(vianus) of her husband, and on the same footing as the

children. The first was a religious ceremony before ten

witnesses, in which an ox was sacrificed and a wheaten cake

broken and divided between the spouses by the priesJ.

Coemptio was a conveyance of the woman by mancipaiio,

and might be described as a fictitious sale per as et

lihratn, like that employed in emancipation and testa-

mentary disposition and other processes. Usus was the

acquisition of the wife by prescription, through her cohabit-

ing with the husband for one year without having been
absent from his house three continuous nights. But a

true marriage might be concluded without adopting any
of these modes, aud they all f^l into desuetude and with

them the subjection of the wife to the manus. Marriage

without manus was contracted by the interchange of con-

sent, without writing or formality of any kind. By some
jurists it is regarded as incomplete until consummated by
delivery of the woman, and is accordingly referred to the

class of real contracts, The restrictions as to age, relation-

ship by consanguinity and affinity, previous marriage, <fec.,

were in the main those which have continued to prevail in

modern Europe with one important exception. The consent

of the paterfamilias to the marriage of the children

under hi.s power was essential.

In the Canon Law, which is related on the one hand to'

the civil law, on the other to the modern matrimonial law

of Europe, although marriage was not merely a contract

but a sacrament, the validity of marriages by consent was

nevertheless admitted. " When the natural and civil

contract was formed," says Lord Stowell, "it had the full

' A. full collection of juridical opinion as to the legal character

of marriage is to be found in Lord Fraser's Uusland andJYife.

vol. i. chap. ii.
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essence of matrimony without the intervention of a priest.

It had even in that state the character of a sacrament, for
it is a misapprehension to suppose that, this intervention
was required as a matter of necessity even for that purpose
before the council of Tfent."'

England.—Marriage may be the subject of an ordinary
contract on which an action may be brought by either

party. It is not necessary that the promise should be in

writing, or that any particular time should be named. The
parties were formerly inadmissible as witnesses in this

action ; but they are now competent to give evidence,
subject to the condition that the plaintiff shall not recover
" unless his Or her testimony shall be corroborated by
some other material evidence" (32 & 33 Vict. c. 68).
The ordinary defences, e;jr., fraud, discharge, minority, are

available in these actions, and there are also special defences
arising from the nature of the contract, such as the bad
character of the plaintiff, the relationship of the parties

within the prohibited degrees, <fec. Promises to marry are

not within the meaning of "agreement made in consideration

of marriage " in the statute of frauds, which requires such
agreements to be in writing. Contracts in restraint of

marriage, i.e., whose object is to prevent a persgn from
marrying anybody whatever, are void, as are also contracts

undertaking for reward to procure a marriage between
two persons. These latter are termed marriage brocage

contracts.

Any man and woman are capable of marrying, subject

to certain disabilities, some of which are- said to be
canonical as having been formerly under the cognizance of

the ecclesiastical courts, others civil. The effect of a

canonical disability as such was to make the marriage not

void but voidable. The marriage must be set aside by
regular process, and sentence pronounced during the life-

ticae of the parties. Natural inability at the time of the

marriage to procreato children is a canonical disability.

So was proximity of relationship within the prohibited

degrees, which has been made an absolute avoidance of

marriage by 5 & 6 Will IV. c. 54. A pre-engagement

to another person was at one time recognized as a canonical

disability. Civil disabilities are (1) the fact that either

party is already married and has a spouse still living \^

(2) the fact that either party is a person of unsound mind

;

(3) want, of full age, which for this purpose is fixed at the

age of puberty as defined in the Roman law, viz., four-

teen fcr males and twelve for females ;
^ (4) proximity of

relationship within the prohibited degrees, already alluded

to. The statute which lawyers regard as establishing the

rule on this last point is the 32 Henry VIII. c. 38 (repealed

in part by 2 & 3 Edw. VL« c. 23, in whole by 1 & 2 P. and
M. c. 8, but revived by 1 Eliz. c. 1, and so left as under the

Act of Edward), which enacts that " no prohibition, God's

law except, shall trouble or impeach any marriage without

the Levitical degrees." The forbidden marriages, s" more
particularly specified in previous statutes, are tliose between
persons in the ascending and descending line in infinitum,

and tliose between collaterals to the third degree inclusive,

according to the computation of the civil law, which reckons

from one of the persons related to the common stock and
so down to the other person. The prohibitions extend not

only to consanguinei (related by blood) but to ajjines

(related by marriage). A man may neither marry his

sister nor his deceased wife's sister, for bnfh are related

* Some restrictions on marriage peculiar to the canon law are noticed
at the end of this article.

- A divorce nisi does not enable the parties to marry until it ia

made absolute.

' A marriage in which either of the parties is below the age of con-

sent is, however, said to bfe not absolutely void ; if the parties agree
to continue together at the age of consent no new marriage is

necessary, but either of then may disagree and avoid the marriage.

to him in the second degree ; nor his sister's daughter,,

nor his deceased wife's sistei'c daughter, for both are in the
third degree ; but he may marry his first cousin, for she
is in the fourth degree. Consanguineifoi either spouse
are related by affinity to the other ; bilt the consauguiiiei

of the one are not necessarily related to the coitsanguinei

of the other. Hence two brothers may marry two sisters,

or a father and son a mother and daughter. A husband is

not related to the affines of his wife, and so a man may
marry the widow of his deceased wife's brother. The rule

as to collaterals includes those related by the half blood

and bastards (see Stephen's CoTmneniaries, book iiL c. 2).

Other disabilities previously admitted were abolished by
the statute of Henry. The Act of 5 i 6 Will. IV. c. 64.

enacted that " all marriages which shall hereafter be
celebrated between persons within the prohibited degrees

of consanguinity or affinity shall be absolutely null and
void to all intents and purposes whatsoever." They had
previously, as already stated, been only voidable. The Act

at the same time legalized marriages within the prohibited

degrees of affinity (but not con3anguiniiy)actually celebrited

before the 31st August 1835.

The celebration of marriages is now regulated wholly by statutory

legislation. The most important Acts now in force are the 4 Geo. IV.

c. 76 and the 6 & 7 William IV. o. 85.* The former regulateq

marriages within the Church of England, but was intended to bo of

universal application, Jews and Quakers only being excepted b^
section 31. It re(Juires either the previous publication of banns, or

a licence from tho proper ecclesiastical authority. As to banns,

the rule of the rubric, so far as not altered by the statute, is re-

quired to be observed. They must be published on three successive

Sundays at morning service after the second lesson, in the church

of the parish in which the parties dwell ; the bishop may, howerer,

authorize the publication of banjis in a public chapel. Seven (Jays'

notice must be given to the clergyman of the names of the parties,

their place of abode, and the time during which they have Jived

there. If either party is under age, the dissent of the pareijts or

guardians expressed at the time of publication of banns renders

such publication null and void. Licence in lieu of banns may
only be granted by the archbishop, bishop, or other authority, for

the solemnization of a man'iage within the church of the parish in

which one of the parties shall have resided for fifteen days before.

Before a licence can be granted an oath must be taken as to the fact

bf residence and that the necessary consent has been obtained in the

case of persons under age. Tlie father, or la\vful guardian, or

mother if unmarried, or guardian appointed by the coiu-t, is each in

order of substitution the proper person to consent to the marriage

of a minor, and the place of any sach person incapacitated mentally

is taken by the lord chancellor. The absence of such consent does

not, however, avoid a marriage once solemnized. But if persons

wilfully intermarry (unless by special licence) In a place not being,

a church or public chapel, or without duo publication of banns or

proper licence, or before a person not in holy orders, the marriage

is null and void to all purposes. Marriage must be celebrated with-

in three months after banns or licence, and between the hours of

eight and twelve in the morning.

For tho relief of the great body of dissenters the Act 6 & 7 Will.

IV. c. 85 was passed. It permits marriage to be solemnized in two

additional ways,—viz. (1) by certificate of the superintendent regis-

trar of a district without licence, and (2) by such certificate with

licence. In the fir^t case, notice must be given to the registrar of

the district or districts within which the parties have resided for

seven days previous, which notice is inscribed in a marriage notice

book, open to public inspection at all reasonable times, and there-

after suspended for twenty-one days in some conspicuous place in

the registrar's office. The notice must bo accompanied by a decla-

ration as to the absence of impediments, necessary consent, &c^

Any person whose consent is necessary to an ecclesiastical licence

may lorbid the issue of a certificate, but in default of such prohi-

bition the certificate will issue at the end of the twenty-one days.

Tho marriage may then take place on any day within three months-

of the entry of notice, and in one of the following ways :—(1) in a

certified place of religious worship, registered for the solcmni.'ation

of marriage ; in that case a registrar of the district with two wit-

nesses must be present, and the ceremony must include a mutual

declaration of assent by the parties and a disavowal of any impedi-

ment ; (2) at the supCTintendent registrar's office, with the same

* A complete list of the acts reguhating the solemnization of marriage

or confirming marriages which through some defect might be void will-

be foimd in Phillimoic's Ecclesiastical Law, vol. i.



MARRIAGE 561

declarntion, lint with no religious service
; (3) in a cliurch ncconling

to tlio uaiiiii fonn, tlio consent of tlie minister thereof having been

Jiroviously obtained ; (4) according to tho usages of Jews liiid

ynaUeis. Tlie place of marriage in all cases must havo been speci-

fied in the notice oiid certificate.

In tlie second case, when it is desired to proceed by licence,

notice must ho given to tho registrar of the district in which one of

the persons resides, together with a declaration that he or she has

resided for fifteen days therein, that there is no impediment, and

that the necessary consents if any have been obtained. Tho notice

is not exhibited in the registrar's office, and the certificate may be

obtained at the expiration of one whole day after entry, together

with tho licence. No registrar's licence can be granted for a

marriage in church or accotding to the forms of the Church of Eng-

land,—tlie ecclesiastical authorities retaining their monopoly in

that respect. It is also provided that in the case of persons wilfully

intermarrying in a place other than that mentioned in tlie natico

and certificate, or without notice or certificate, &c., the marri.ige

shall be null and voiii. And, as under the former Marriage Act of

Geo. IV., a valid marriage between persons one of whom is under

age, brought aboirt by fraud or false oath, subjects the ofl'endingparty

to a forfeiture of all property that otherwise might accrue to him
Irom the marriage, a like penalty is provided in like cases under

the later Act.

It will be observed that the various rules as to consent of parents,

&c., to the marriages of minors are regulations of procedure only.

The absence of the necessary consent is not a disability invali-

dating a marriage actually solemnized.

Tho Act 26 Geo. II. c. 3.3, commonly known as Lord Hardwicke's

Act, which forbids the solemnization or marriage without banns
or licence, also enacts that "in no case whatsoever shall any suit or

proceeding be had in any ecclesiastical court in order to compel a

ct'lehration in facie ccclcsim, by reason of any contract of matrimony
whatsoever whether per verba de presenH or per verba de futitro."

Blaekstone observes tha*- previous to this Act " any contract made
;>C7' verha de presently or in words of the present tense, and in ease of

c. habitation j^C)' verba defiUuro also, was deemed valid marriage to

many purposes; and the parties might be compelled in the spiritu.al

courts to celebrate it in facie ccciesias." In hie celebrated juugment
ill the case of Dalrymple v. Dalrymple, which turned on the effect

of promises exchanged between the parties in Scotland, Lord Stowell

laid it down "as the basis of the canon law, the known basis of

the matrimonial law of Kurope," that " in the irregular marriage,

I.e., spousaliajjer verba de presently everything was presumed to be

complete and consummated in substance but not in ceremony; and
the ceremony was enjoined to be undergone as a matter of order.

In the sp07isalia dc/aturo nothing was presumed to be complete or

consummated either in subst!\nco or in ceremony, bat if tho parties

who had excliaiiged the promise had carnal intercourse with each

other the eflcct was to convert the engagement into an irregular

marriage." On the other hand, in the case of the Queen v. Millis in

the House of Lords on appeal from the Irish Queen's Bench, the

position of Lord Stowell was strongly criticized. Lord Lyndhurst's
conclusion was that, "although a marriage contracted ^tfr verba de

prcsenti was indissoluble, though it could not bo released even by
the mutual consent of the parties, though either of them might en-

force it and compel solemnization, though it had the elfectof ren-

dering voidable a subsequent marriage solemuized m facie ccclesi^,

even after the cohabitat'on and birth of children, though it was
considered to be of the essence and substance of matrimony—yet by
the law of England it did not confer those rights of property or the

more important right of legitimacy consequent on a nianiage duly
solemnized according to the rites of the church." The lords were
equally divided in their decision, and the question has since been
agitated, not so much with reference to England, where After the

Act of Geo. II. it had a merely historical interest, as to the colonies

and the United States (see below), where the common law of Eng-
land prevails unless changed by legislation. Dr Lnshington in tho

case of a marriage in New South "\Vales declared that, when there

has been a " fact of consent between two parties to become man and
wife," such is "sufiicient marriage to enable me to pronounce when
necessary a decree of separation. " In the cases noticed the promises

had been exchanged before ministers of religion not technically
" in holy ordei-s," and the question has accordingly sometimes been
put in the form whether, according to the common law, the inter-

vention of a clergyman was necessary to a valid marriage.

Koy.al Marriages in England have been subject tn special laws.

The Royal Jlam.age Act of 1772 (12 Geo. III. c. 11), passed in

cunsequencc of the marriages of the dukes of Cumberland and
Gloucester, enacted that " no descendant of his late majesty George
II. (other than the issue of princesses married or who may marry
into foreign families) shall be capable of contracting matrimony
without tile previous consent of his majesty, his heirs and suc-

cessors, signified under the great seal. But in case any descendant
of George II., being above twenty-five yeara old, shall persist to
contract a marriage disapproved of by his majesty, such descendant,
sfrer giving twelve mouths' notice to the privy council, may con-

tract such marriage, and the snmo may be duly solemnized without
tho consent of hia majesty, &c., and shall be good except both
Houses of Parliament shall declare their disapprobation thereto."

Scotland.—The chief point of distinction, as compared
with English law, ia tho recognition of irregular marriages
above noticed. (1) " A public or regular marriage," says

Fraser, " is one celebrated, after due proclamation of banns,

by a minister of religion ; and it may be celebrated either

in a church or in a pri /ate house, and on any day of the

\veek at any hour of the day." The ministers of the national

church at first aloue could perform the ceremony; but the

privilege was extended to Episcopalians by 10 Anne c. 7,

and to other ministers by 4 <5c Will. IV. c. 28. (2) A
marriage may also " be constituted by declarations made
by the man and the woman that they presaiUy do taka

each other for husband and wife." These declarations
" may be emitted on any day at any time and without the

presence of witaessfes," and either by writing or orally or

by signs, and in any form which is clearly expressive of

intention. Such a marriage is as effectual to all intents

and purposes as a public marriage. The children of it

would be legitimate ; and the parties to it would have all

the rights in the property of each other, given by the law
of Scotland to husband and wife. (3) A promise followed

by copula does not, according to Fraser, constitute marriage,

unless followed either by solemnization in facie ecclesisc

or declarator. On the other hand, in Larimer's Handbook
it is urged that the promise and copula are mere tokens

of consent recognized by the law, and that " the date of

the marriage is the date of the copula." However this

may be, Lord Moncreiff's opinion in the case of Brown v.

Burns is admitted on both sides to be good law, viz., that

declarator is essential to the constitution of a marriage
of this kind, so that, if no such declarator be brought ii»

the lifetime of both parties, the marriage can never be
established afterwards. The copula is presumed to have
reference to the promise, but evidence may be adduced to

show that such was not the case.

By 19 & 20 Vict. c. 96, it is enacted that no. irregular

marriage shall be valid in Scotland, unless one of the

parties has lived in Scotland for the twenty-one days next
preceding the marriage, or has his or her usual residence

there at the time.
" Habit and repute " has sometimes been spoken of as

constituting marriage in the law of Scotland, but it is

more correctly described as evidence from which marriage
may be inferred. The repute must be the general, constant,

and unvarying belief of friends and neiglibours, not merely
tlie controverted opinion of a section of them. The co-

habitation must be in Scotland, but in one case proof of

cphabitation in another country was allowed, as tending

to throw light on the nature of the cohabitation in Scot-

land.

The consent of parents is not necessary to the validity

of the marriage, even of minors, but marriage under tho
age of puberty with or without such consent is void.

United States.—The absence of ecclesiastical courts has
suggested difficulties as to the estect to which the law
of Eugland on this subject continued to prevail after

the revolution. Bishop holds it to be the universal fact

running through all the cases that everywhere in the

country the Englisli decisions on marriage and divorce are

referred to with the same apparent deference which is

shown on other subjects to the decision.? of the English

common law and equity tribunals. The same author

observes that "all our marriage and divorce laws, and of

course all our statutes on the subject, in so far as thej

pertain to localities embraced within the limits of particular

States, are State laws and State statutes, the national

power with us not having legislative or judicial cognizance-
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of the matter within those localities." Some of the States

have extended the ages below which marriage cannot take

place' 'The. common law of the States is assumed to be

tiiat '* a contract per verba de pvesenti, or per verba de fitturo

c4m copula^ coustitutes'a complete marriage." Conditions,

however, may be imposed by the various State legislatures,

and as to these the rule has established itself in American
jurisprudence that **a marriage good at common law is

good notwithstanding the existence of any statute on the

subject, unless the statute coutains express words of.

nullity." Thus in Pennsylvania, where a statute provided

that all marriages *' should be solemnized before twelve

witnesses," marriages not so celebrated were nevertheless

held to be good. la New Hampshire justices and
ministers of the gospel are authorize X to solemnize marriage,

and all other persons are forbidden to do so under
penalties

;
yet a marriage by consent, as at common law,

without justice or minister, has been held valid. On the

other hand, under a very similar statute in Massachusetts,

it was held that "parties could not solemnize their own
marriage," and that a marriage by mutual agreement, not

in accordance with the statute, was void. Bishop regards

this as an isolated exception to the general course of the

decisions. So when State legislation requires any particular

form to be used the want thereof only invalidates the act

if the statute expressly so enacts. ^lany of the State codes

inflict penalties on ministers or justices for celebrating the

marriage of minors without the consent of the parents or

guardians. The original law as to prohibited degrees has

been considerably modified in the States. The prohibition

of" marriage with a deceased wife's sister is said by Bishop

to be all but unknown in the United States, Virginia

apparently being the only one where it is still retained.

Some writers apply the term legislative marriages to cases

in which the State by enactment confirms a marriage which
was void for some defect. Questions sometimes arise as to

whether such enactments are within the constitution of

the State,
i

J^-ajicf;.'—Articles 144-226 of the COJ0 Napoleon prescribe tlio

qualifications nnd conditions of TnaiTia.ge. Tlie man must ho
eighteen and the woman fifteen years of age. A son under twent}*-

five, and a danghter under twenty-ojo, cannot marry ^\-itliout

consent of the father and mother, or of tlie father only if- they
disagree, or of the survivor if one be dead. If both are dead grand-

fatber and jpandmothcr take tbeir place. A man after twenty-five

and a woman after twenty-one are still bound formally to ask tho
consent of their jiarents ; until the ago of thirty and tweniy-nvo
respectively this request must be repeated twice, and after the third

application parties are at liberty to marry without such consent.

Even after the age of thirty, formal notice must bo served on tbo
parents or grandparents one month before marriage. If neither

jiarofits nor grandparents be alive, parties under twenty-one require

the consent of the family council. These rules apply to natural

children when affiliated ; those not afiiliated require the consent of

a specially appointed guardian. Marria.ije is prohibited between
nil ascendants and descendants in tho direct line, and between
persons related by mnuiage in tho samo lino, between brother and
bistec between uncle and niece, and brother-in-law and sistcr-iu-

Beforo the solemnization of marriage banns are required to ho
published on two distinct Sundays, containing the names, occupa-
tions, and domiciles of the parties and their parents. 'Iho

marriago cannot take place until three days after tho second
publication, and if a year is allowed to elapse fresh banns must bo

put up. -On tho day appointed by the parties, and in the parish

to which one of them belongs, tlio marriage is celebrated by tbo

civil officer or registrar reading over to them tho various necessary

documents, with the chapter of the cod^e relating to husband and
wife, receiving from each a declaration that they take each other

for husband and wife, and drawing up the act of marriage. - All

this has to be done in the presence of four witnesses,'

Malriages contracted abroad between French subject or between
French subjects and foreiffners are valid in France if celebrated
according to the forms of the foreign hiw, provided tho French con-
ditions aa to banns and consent of parents have been observed.

IntcrnalioHnl Law.— In the "coullict of laws" on tho subject of

marriage, it has been well settled that tho lex loci governs, if the

marriage is valid by the law of the country where it is celebrated it

is recognized as valid everywhere ; if invalid there it is invalid

everywhere. ''This ruh," says Story, "baa received the most
deliberate sanction of the Knglishand American courts and of foreign

jurists." The mo.^t prominent, if not the only known exceptions,

Story considers to Ix) nmvriages (1) involving incest or polygamy, or

(2) forbidden by the public law of a country from motives of policy,

and (3) man-iagcs celebrated in a foreign country under circum-
stances which impose on the parties the law of tbeir own country.
Wcstlake {Private International Law, chap. )v.) lays it down as in-

dispensablo to the valitlity of a marriage that the Ux loci should be
satistied in respect of forms, consent of parents and guardians, and
capacify of the parties. The law of the parties' domicile should also

be satisfifd as to capacity unless when it imposes incapacity of a
penal nature unknown to the Ice loci. *Story, in reference to the

first of the three exceptioHs alluded to above, attempted to set up a

clear and just moral diircreucc between marriages that are incestuous

by the law of nature and those that areso by the municipal law of

parlieular States only, with more particular reference to consan-

guinity and nffinity. "It would be a strong point to ]>ut that a

marriage perfectly valid between a man and tho sister of his fonner
deceased wife in New England would bo held invalid iu Virginia or

Knglaml, even though the parties formerly belonged to or were born
in the latter country or State. But, as to persons not so belonging,

it wouM be of the most dangerous consequence to suppose that the

courts of either of them would assume tho liberty to hold such
marriages a nullity merely because their own jurisprudence would
not in a local celebration of marriage therein uphold it." This
position has been expressly disavowed by the English courts. In
Brook V, Biook it was held that an Englishman's marriage with his

deceased wife's sister during a residence in Denmark where tho union
is lawful is invaliil in England. In Hyde v. Hyde in the English
divorce court it was held that a marriage contracted in a countr>

where polygamy is lawful between a man and a.woman who profess

a faith which allows polygamy is not a marriage as understood in

Christendom ; and, although it was a valid marriage by the Icxloci^

and at the time when it was contracted both the man and the woman
were single and competent to contract marriage, the court will not
recognize it as a valid marriage in a matrimonial suit. The
difference in the law of divorce in diff'erent countries produces many
complications of thiskind. It appeai-s that a divorce of an English

marriage abroad for cause not recognized in England as ground for

a divorce will be upheld in England if the parties were domiciled at

the time of the divorce in the foreign state ; otherwise not. Com-
pare also the French rule as to marriages of French subjects in

foreign countries. The too frequent consequence of these variances

is tliat the same pci-sons are held married in one country and
unmarried in another, while their children are legitimate in one

country and illcgitiniato in another. There is no subject in relation

to whiclt tlie establishment of a common code for all civilized nations

is moi-o urgently required.

Besides true marriage, with which we have been cxclusivel|y

dealing hitherto, inferior forms of union havo from time to timo

been recognized, and -may bo briefly noticed here. These havo nW
but disappeared Irom modern soci-^ty, depending as they do on matri

monial restrictions now ouson;vw

Tho institution of slavery is a fruitful source of this kind of

debased matrimony. In JRoman law no slave could contract

mariiage whether with another slave or a free person. The union

of male and femalo slaves {coontithcTnium) was recognized for various

purposes ; a free woman entering into a union with a slave incurred

under the S.C. Claudianum the forfeitui-o of her own liberty; but

the bondwoman might be tho concubine of a freeman. In tbo

Uyited States, whcro slavery was^suid to bo regulated by the prin-

ci]de of the civil law, the marriage of slaves was so far recognized

that on emancipation complete matrimony took clfect and the

children became legitimate without a.ny new ceremony. Such at

least is the purport of tho more recent decisions.

In Roman law no legal marriage could be co.itractoti unless there

was connnbium between tho parties. Originally thcro was no con-

nubium between jdebs and patricians, and the ptivilego was concedes

after a long struggle by the Lex Canulcia. In later times Latin!

and Bercgiini were excluded from connnbium except where therigh*

had been cxin-essly conferred. The great, matrimonial law of the

early empiro {Lex Julia ct I'apia Poppaia) introduced restrictions

depending on tbo condition of tho parties which later Icgislatioi.

e,\tended and perpetuated. Senators umler that law were forbidden

to marry frccdwomcn or women of inferior rank, and tho liusband of

a fivedwoman becoming a. senator was set free from his marriago.

Ill the canon law' uew restrictions were developed. Persons whu

^ The restrictions are enumerated in tho following line*.

Error, Conditio, Votuni, Cognatio, Crimen.

. Cultus DIsparitx'i, Vi-s Onio, Ligamon, Iloncstas,

.^\tas Afiinis si Clnndcstimi^ ct Inqio^

nai-i.L\e ail ij.uiicr i.c: paili rc-Uiita Uilx.
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houiiil tliemsflves not to marnr were deem'jd incapable of mairjmg.
'Hic Older of the clergy were forbidden to marry. And disparity of

(i\itli was recognized by the early church ns a bar to niatriniony,

e.g., between Christiana |ind pagans, and between orthodox and

heretics (sec Dictionary of Christian Antiquities, art. " Marriage ").

CoNOUBiNAaE, which 6ueh restrictions tended to develop, is

noticed under a separate heading (q.v.). It niiglit bo described as

marriage which has no consequences, or only slight and peculiar

consequences, in legal status. In tlie left-handed or " morganatic " ^

marriages of the German royal funiihes \ve have tho nearest approach

ever made by concubinage to true marriage, the children being

legitimate, but neither they nor tlie wife acquiring any right to the

rank or fortune of the husband. Under the Royal JIarriage Act in

England a union of this kind has no matrimonial effect whatever.

Differences of religion are no longer regarded in Christian

countries ashindrances to marriage, except possibly in some branches

of tho Greek Church. But tho marriage of persons of different

religions frenucntly requires the intervention of the law as to the

faith of tho cluldren, more particularly in Europe as between Catho-

lics and Protestants. In some countries the clergy make it a con-

dition of such marriages that the children shall be educated in the

Catholic faith. English law gives tlie father an- Indefeasible right

to dictate tho faith of his childreu, no matter what engagements he

may have entered into (see Infant). The practice on this point

varies in Europe—the question being ignored in French law, Ger-

many following in some parts the same rule as England, in others

giving effect to ante-nuptial stipulations. In Ireland mixed
marriages (i.e., between Catholic and Protestant) were by 19 Geo.

II. e. 13 null and void if celebrated by a Catholic priest. This Act
is repealed by 33 k 34 Vict. c. 110, which permits mixed marriages

to be validly celebrated by an Episccwjalian or Roman Catholic

llergyman, subject to conditions set forth in section 38. (E. R.

)

MARRYAT, Frederick (1792-1848), has never been

surpassed as a writer of talcs of nautical adventure. His

own life supplied him with abundant raw materials

for his art. The eon of a wealthy London gentleman

(who sat in parliament for several years for the boroughs

of Horsham and Sandwich, and was a writer of verses and

political pamphlets), he distinguished himself as a boy by
frequently running away towards sea ; and at last, at the

Bge of fourteen, he was allowed to enter the navy. His

first Beryice was under Lord Cochrane in the famous
" Impdrieuse," and no midshipman ever had a livelier

apprenticeship to the sea. " The cruises of the ' Impdrieuse

'

were," he says, " periods of continual excitement, from the

hour in which she hove up her anchor till she dropped it

again in port; the day that passed without a shot being

fired in anger was with us a blank day." During bis two

and a half years of service under the daring and active

Cochrane, the young midshipman witnessed more than fifty

engagements, many of them extremely brilliant, and had
experience of every description of service, fighting duels

with fairly matched ships of war, engaging gunboats,

engaging batteries, storming forts, capturing and cutting

out merchrntmen. Before the general peace of 1815 he
had added I'onsiderably to this experience of active service,

and gained a wide knowledge of conditions of life on board

ship under various commanders. He frequently received

honourable mention for his behaviour in action, and in

1818 he received the medal of the Humane Society for
" at least a dozen " gallant rescues. He commanded with

distinction in the Burmese war of 1824-25. And
Marryat's honours were not confined to gallant exploits

;

he was the inventor of a code of signals, obtained some
celebrity as a caricaturist, and was elected an F.R.S.

Marryat brought ripe experience and unimpaired vivacity

to his work when ho commenced novelist. His first pro-

duction was Frank Mildmat/, or the Naval Officer, published

' Said to be so called because the wife's rights were limited to the
MorgenrfaJbe (donum matutinale). The common law in Germany per-

mits them to the royal houses and the higher uobdity, and the law of

Prussia to the lower nobility also. Inequahty of condition (tlnebeu-

burtigkeit) is not necessary to a marriage of this kind, which may be
made between persons of equal i-ank, e.g., with the object of not pre-

judicing the children of a first raarri.age by allowing full rights to the
offspriag of a second. A woman of high rank may make a morganatic
alliance with a man of inferior position.

in 1829, and liis second, published nine mouths later. The

Kiny's Own. " I think," Washington Irving wrote to him
soon after, "the chivalry of the ocean quite a new region

of fiction and romance, and to my taste one of the most

captivating that could be explored." This was the general

feeling. The freshness of tho new field opened up to tho

imagination, so full of vivid lights and shadows, light-

hearted fun, grinding hardship, stirring adventure, heroic

action, warm friendships, bitter hatreds, was felt all tlie

more keenly from its contrast with the world of the his-

torical romancer and the fashionable novelist, to which the

mind of the general reader was at that date given over.

The novels of the sea captain at once Won public favour.

His first attempt was somewhat severely criticized from an

artistic point of view. It was without form, though the

reverse of void ; he had packed into it matter enough fur

half a dozen novels. Marryat was accused also of gratifj-

ing private grudges by introducing real personages too

thinly disguised. He admitted the justice of these

criticisms, and rapidly learnt the mechanical part of his

new business without losing any of the vivacious charm of

his style. The King's Own was a vast improvement, in

point of construction, upon Frank Mildmay ; and he went

on, through a quick succession of tales, Neieton Forster,

Peter Simple, Jacob Faithful, Tlie Pacha of Many Tales,

Japhet in Search of a Father, Mr Midshipman Easy, The

Pirate and the Three Cutters, till he reached his high-

water mark of constructive skill in Snarleij-yow, or tlie

Dog Fiend (1837). If he never surpassed this in story-

telling art, humorous portraiture, and richness of incident,

the records of circulating libraries and the pencilled com-

ments of their subscribers show that his subsequent works
— he produced twenty-four in all during his twenty years

of authorship—were no less capable of riveting the atten-

tion, especially of youthful readers. The following is the

list, with the dates of publication :

—

T!ie Phantom Ship

(1839),^ Diary in America (1839), Olla Podrida (1840),

Poor Jack (1840), Masterma7i Peady (1841), Joseph

Rushbrook (1841), Peixival Keene (1842), Monsieur Violet

(1842), The Settlers in Canada (1843), The Privateer's

Man (1844), The Mission, or Scenes in Africa (1845), The

Children, of the New Forest (1847), The Little Savage

(1847), and Valerie, not completed by JIarryat (1849).

Captain Marryat retired from the naval service in 1830,

and thereafter worked as hard at literature as any profes-

sional man of letters, making special historical and geo-

graphical studies for several of the works in the above

list. He edited the Metropolitan Magazine for four years

(1832-36). Marryat's novels weie in the first flush of

their success when Dickens was a youth, and they have

an interest in the history of literature as forming an im-

portant link between Smollett and Fielding and the author

of Sketclics by Boz. He died in 1848. There is a
biography by his daughter, Florence Marryat.

MARS was a Roman deity whose name has passed into

later literature as that of the war god. There grew in

Rom« a tendency, fostered by Greek influence, to consider

Jupiter as the one great god, and the other deities as repre-

senting special sides of his character. Mars then was iden-

tified with tho Greek Ares {q.v.), and was regarded as almost

the same in nature with tho warlike element in Jupiter as

Feretrius and Triumphator. In the actual worship of the

Romans Mars bears a very different character, which,

however, had almost disappeared from the mind of the

people before Augustus built in the Forum his temple to

Mars Ultor, the avenger of the murder of Julius Caaar.

Father Mars, Marspiter, Maspiter, Mavors, or Maurs,

was tho great god of one of the races that composed the

Roman state. He is the god of heaven, the giver of light,

the opener of tho new year ; he hurls the thunder and sends

-21-
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the rain. In easfts of drougflt the tapis mminlis, which

was kept in his temple on the Appian Way, was carried

through the city by the pontifices. The first month of the

old Roman year was the month of Mars, still called March.

On the first day the god had been born ; and on the same
day various annual ceremonies both political and religious

took place ; and the holy fire was renewed in the temple

of Vesta. When Mamurius Veturius, i.e., Mars of the

Year (vetus, Greek ftVos), was beaten out of the city on
March 14, the intention was originally to symbolize the

driving away of the old year. The spear sacred to Mars was
in its original sense doubtless the lightning, and his sacred

shield was, like the asgis of Zeus and Athene, the storm

shield, i.e., the thundercloud. The Sabine words Marmar
and Mamers (akin to fiapixaipa) are evidently names of the

heaven-god. The wolf which was sacred to Mars may be

compared with the wolves of Zeus Lycaios, and the horse,

the sacrifice of Mars, is the horse of the sun, which the

Greeks also sacrificed to Helios.

As heaven-god and sender of rain. Mars is the giver of

fertility and increase. Hence in some of the oldest cults

he is the god of the land, of agriculture,, and of the flocks.

As he was powerful to send fertility, so he could cause also

drought, sterility, and all evil ; and propitiatory ceremonies,

such as the Ambarvalia, were consecrated to him. The
Arval brothers invoked Mars to assist them and to avert

pestilence. In) the Robigalia a sheep and a reddish dog
were sacrificed by the flanien of Mars to avert mildew from
the crops. The sacrifice of the " October horse " in the

Campus Martins, whose head the people of the Subura and
the Sacra Via struggled for in order to hang it up in their

own precincts, had also a naturalistic and apotropaic

character. In times of calamity there was an old Italian

custom of dedicating to Mars a vei- sacrum. Everything

born in this spring was the property of the god ; the

animals were sacrificed, the young men when they grew
up were sent out of the country. Mars seems also to have
had some relation to the religious ceremony of marriage.

Along with Juno, the goddess of women and of childbirth,

he was worshipped by the Roman matrons on June 1 and
at the Matronalia on March 1. As god of the land and
giver of increase. Mars was also the god of death and the

dead ; he was one of the deities invoked by Decius when
devoting himself to death. He was likewise the giver of

oracles : like Zeus he revealed his will to men by certain

signs. His ancient oracle at Tiora Matiene near Cajre

resembled in character the oracle of Zeus at Dodona, in so

far as revelation took place by the medium of sacred birds

and trees. Woodpeckers were the sacred birds of JIars,

and the noise which they made tapping on the trees was
one of the simplest methods of revelation. Picus, the

woodpecker, was a name or form of Mars, and was ulti-

mately individualized as a local hero, an early king of

Latium, and son of the god. Faunus, the favouring deity,

son of Picus, is pre-eminently the god of prophecy ; he
also is closely related to the original Italian character of

Slars, which he- retained far more truly than the great

Eoman god.

Although the worship of Mars was known both in

Latium and in Etruria, it was probably of Sabine origin.

Quirinus, an undoubtedly Sabine word, is merely a name
of Mars, which never acquired complete individuality; the

feeling always remained alive in Rome that Mars and
Quirinu3 were one, although they had separate priests. It

is in accordance with the Sabine character that the warlike

element should have been very strong in their conception

of deity ; and thus the Sabine Mars became in the Roman
pantheon tho deity of war. Besides the ceremonies round
the altar of Mars in tho Campus Martius, the oldest cults

of the god iu Rome are tho Sabine worship of Quiriuus on

the Quirinal and the Latin worship of the holy spear oi

Mars in the temple of Vesta. There likewise grew at an
early time a cultus of the god on the Palatine, said to

have been founded by Nunia, and twelve Salii of the

Palatine existed alongside of the twelve Quirinal Salii.

The' Palatine Salii performed one of the most remarkable

ceremonies in the Roman worship of Mars. For many
days, beginning from March 1, they danced in armour
through certain parts of the city, clashing their lances on

their shields, and repeated the prescribed song. The
shields which they carried were the twelve sacred ancilia

preserved on the Palatine. One of these, it was said, fell

from heaven in ths time of Kuma, and the king, in order

to preserve safely this pledge of victory for the state, had
eleven others exactly like it made by Mamurius Veturius.

The song of the Salii, besides mentioning all the gods of

the city, referred to Mamurius, whose name is only a form

of Mamers.
Next to Jupiter, Mars was the chief protecting god of

the Roman state. Quirinus Mars was the father of the

twin-founders of the city, and his sacred wolf was the

emblem of the city and the foster-mother of the twins.

The Campus Martius outside the city was dedicated to the

god from a very early time ; there the young men practised

their warlike exercises ; there the horse races, equiria, iu

honour of Mars (February 27) and the sacrifice of the
" October horse " took place. There also was held the

census every fifth year, fallowed by the purificatory cere-

monial for the whole city, which was dedicated to Mars.

When war broke out, the Roman general clashed the shield

and spear in the temple of Mars and invoked the god ; the

spoils of victory belonged to him after Jupiter Feretriia.

There was an ancient temple of Mars outside the Porta

Capena on the Appian Way ; and on the ides of July, in

commemoration of the battle of Lake Regillus, the knights

had a procession

'* From Castor iu tho Forum,
To Mars without the wall."

As tho god of war, who marched with his people to

battle. Mars was Gradivus ; such at least was the later

explanation of an old religious name. Inuus Lupercus, the

averter, to whom the Lupercalia was dedicated, was prob-

ably a local form of Mars ; his character as protector of

the Palatine city, and the warlike element in him, resemble

Mars (see Lupercalia). Silvanus is also closely related

to the agricultural god Mars, who is sometimes called Mars
Silvanus. A goddess named Nerio or Neriene is sometimes

mentioned as wife of Mars. There was also a goddess

Bellona, whose name marks her strictly as the goddess of

war ; she is called the sister or daughter or wife of Mars.

Quirinus, on the Quirinal, had a festival called Quirinalia,

on the 17 th of February.

See Preller, Rom. Mylhol., and the other books on Roman
reli:;iou ; Marquardt on religious antiqurties ; 0nger, "Lupercalin,''

Rhcin. Mm., 1881; Jordan, Stadl Bom; Roscher, Jih>IIo inul

Mays ; aud on the Etruscan Mars, Mliller, Etrttskcr, ed. Deecke,

ii. 57 and 169.

MARSALA, a seaport on the west coast of Sicily, in

the province of Trapani, 20 mites south of Trapani, to the

north of the river Marsala, with a station on the railway

between Trapani and Palermo. A flourishing .and well-

built town, with wide paved streets, it possesses a castle, a

cathedral, a theatre, cavalry barracks (now occupied by

Government ofiices), an academy of science and literature,

and a public library. The Corinthian columns of the

cathedral were originally intended for the cathedral at

Canterbury, and owe their present destination to the

wreck of tho vessel which was conveying them to England.

After the destruction of its 'harbour in tho latter part of

the IGth century as a precaution against its occupation by



M A R — M A R 571

tUo Turkish [liratos, the commercial importance of Marsala

roiiiained in ubeyauco till the construction of tic new port

to the south of the town. The sea-wall for thi; was beguu

in 1818; but it was not till 1835-36 that the pier was

coustructofl. A great part of the surface of 4-.' acres cuu-

stitutiiig the port is now silted up ; new works, however,

on an extensive scale, are being undertaken. The wine

trade, which forms the staple, was commenced in the end

of the last century by Woodhouse & Co.; and the wines

first got into favour by being supplied to the English fleet

in 1802. They are for the most part white, and are usually

"fortified." The number of seagoing vessels that entered

at Maisala in 18G3 was HO, with a burden of 9791 tons

;

rn 1880 there were 249 vessels of 10,645 tons. From
31,350 in 1861 the population of the commune had in-

creased by 1881 to 40,251 ; that of the town was 14,105

in 1871, or, with the suburbs of Porta Garibaldi, Porta

Mazzara, and Porta Trapani, 17,666.

Ou the small islund of Son Pantaloono, about 6 miles north of

Mar.sala, lay the CarthaginiaU stronghold of Motya (Ital., Mozia)^
AftiT the destruction of this settlement by Dionysius in 397 B.C.

the ilefeated party established a new colony on the neighbouring

promontory of Lilybaiuin. It was there that in 276 B.o. the

Carthaginians held out successfully .ig.iinst Pyrrhus, who had
already driven them from tlie rest of Sicily ; and it was only after

a siego of ten years that in the first Punic War they were obliged

to surrender the fortress to the Romans. Under its new possessors

Lilyba-um continued to flourish and became the residence of one of

the two quxstors of Sicily. It was still an important city under

the later empire, and when occupied first by the Goths and then by

th<! Vandals. The Arabs called it Uoi-s.i 'Aly, " jjort of 'Aly," and
Edrisi (12th century) describes it as a considerable town, which,

having been ruiuetl, had been restored by Roger I. It was at Mar-

sala liiat Garibaldi began his Sicilian campaign in 1S60,

MARSDEN, William (1754-1S3G), an eminent Ori-

ental scholar, was the son of a Dublin merchant, and was born

in 1754. After studying at Trinity College, he obtained

an appointment in the civil service of the East India

Company, and set sail for Bencoolon, Sumatra, in 1771.

There he soon rose to the uSice of principal secretary to the

Government, and was at the same time intent on acquiring

that intimacy with the Malay language, and that knowledge

of the country, which were afterwards the sources of ""is

literary reputation. Returning to England in 1779 with

a pension, he retired into literary seclusion, and in 1782
produced The History ofSumatra. Marsden was appointed

in 1795 second secretary and afterwards first secretary to

the admiralty. In 1807 he retired again into private life,

and, devoting himself to study, published in 1812 his

Orarumar and Dictionary of the Malay Language, and in

1817 his translation of the Travels of Marco Polo. A
pension of XI 500, which he had received on his retirement

from office, he voluntarily resigned in 1831 for the behoof

of the public. In 1834 he presented his rich collection of

Oriental coins to the British Museum, and his library of

books and Oriental MSS. to King's College, London. He
died of apoplexy in October 1836.

Marsden's other works are

—

KuviisDiata Orientalia, London,
1823-25; Catalogue of Dictionaries, Vocabularies, Grammars, and
Alphabets, 1796 ; ana several papers on Eastern topics in the

Philosophicctl Traiisactions and the Archse6t0gia. His name will

also be remembered in connexion with African philology, as he had
—the first in England, and, it would appear, independently of

Lichteustciu aud Vater—drawn attention to the afliuity of the

Congo and Jlozambique languages with those spoken by the KafFre

race. See Tuckey's Narrative of an Expedition to explore the River

Zaire, London, 1S18, p. 886 sq.

MARSEILLES (Fr. Marseille), the third largest city of

France, and the chief commercial port of the Mediter-

ranean, in 43° 17' N. lat. and 5° 22' E. long., is the chief

town of the department of Bouches du Rhone, headquarters

of the 15th army corps, the seat of a bishop, aud of numerous

commercial and scientific institutions. The population

(1881) is 269,310.

The old harbour of Marseilles opens on the west to the

Gulf of Lyons; and the famous Rue de la Cannebiire,

leading eastnorth-east fniin the inner end of the harbour,

and continued by the Kuo do Noailles, the Alices de

Meilhau, and the Boulevard do Longchamps, to the Palais

des Arts, forms the first main artery of the town. A
second great artery, at right angles to the first, connecta

the Aix gate and its triumphal arch with the grand

Promenade du Prado, by the Cours Belsunce and the Rue
de Rome. North of the old harbour, between the Aix
gate and the sea, lies the old town of Jlarseilles. The
finest streets, the Rue St Ferreol, the Rue Paradis, and the

Rue de Brctcuit, are to the south of the Rue Cannebi^re,

' The ruins of Motya were e.^cavated by ScUliemaun in 1876. See

Academy, March 1376, p. 288.

Plan of Marseilles,

running parallel with the Rue de Rome, between it and

the foot of the hill upon which is Notre Dame de la Garde.

From La Cannebiere to La Joliette, the centre of the new
docks, runs the broad Rue de la RiSpubhque, lined with

fine buildings, and opening a line through the oldest part

of the town. The entrance to the old harbour is defended

by Fort St Jean on the north and Fort St Nicolas on the

south. Behind the latter is the Anse (Creek) de la Reserve.

Beyond this again, situated in succession along the shcMre,

come the old imperial palace, the Anse du Pharo, the

military exercising ground, and the Anse des Catalans.

The new parts of the town extend in this direction to the

Vallon d'Endoume behind Fort St Nicolas. To the old

harbour, which covered only 70 acres, the basin of La
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Jolietto (55 acres; was auclcd in 1853. ijommunicating

with tlio old harbour by a channel which passes behind

Fort St Jean, this dock opens on the south into the outer

harbour, opposite the palace and the Anse du Pharo
;

it is separated from the roadstead on the west by a simple

jetty. A series of cimilar basins have since been added

along the shore to the north, viz., the Lazaret or " Bassin

des Docks" (37 acres), tliat of Areno (59 acres), tlie

" Bassin National," twice as large as the preceding, and

the graving dock of 20 acres; a fine revolving bridge,

worked by steam, separates the graving dock from the rest.

Farther out, the Chateau d'lf aud the islets of Pomfegue

and Eatonneau, where vessels formerly did quarantine,

have 45 acres of harbour accommodation. The port of

Marseilles has in all an area of 422 acres, but there are

only 4i miles of quays, an amount of accommodation

quite iuadequate for the ' enormous traffic, now amount-

ing to more than 3,400,000 tons. Protected on the east

by Cape Croisette, and on the west by Cape Couronne, the

roadstead of Marseilles and its approaches are lighted by

six lighthouses, of which the most di.'itant (130 feet high)

13 8 miles south-west of the town, on the Planier rock.

The docks along the Lazaret basin cover an area of 45

acres, and the company to which they belong also holds

a large area of ground for their enlargement, and has ex-

clusive rights over li to 2 miles of quays. The ware-

houses occupy 27 acres of floor space on their several

stories, and the 200,000 tons of goods for which they

ailord storage are easily manipulated by powerful hydraulic

machinery wrought by steam. From the harbour station

at the docks the railway is carried up to the principal

station, " Gare St Charles," which commands the town.

The Toulon line goes round the zoological gardens, and the

whole upper part of Marseilles, and sends a branch to the

Prado station. There is a fourth station to the south of

the old harbour near the custom-house, and at the foot of

the steps of St Victor ; it is proposed to join it by a tunnel

to the Marseille-Prado station. The large steam vessels for

trading with Algiers, the Levant, and the further East lie

in La Joliette, but the old harbour still displays the ancient

characteristics of Marseilles. The old-fashioned Mediter-

ranean traders with their lateen sails are crowded together

in the Eive Neuve Canal to the south, while the sailing

vessels of heavy tonnage are moored to the quay by their

Bterns. • At the end of the old harbour opens out La

Cannebiere, so called from former rope-walks, of which it

occupies the site ; it is now the liveliest part of the town,

where the principal caf6s, shops, hotels, naval and com-

mercial agencies, as well as the Bourse, are found.-

Despite its antiquity, Marseilles has no ancient monu-

ments. ' The old cathedral, which superseded a temple of

Diana, itself preceded, it is said, by an altar of Baal, has

^iven place to a modern structure, of which the exterior

only is completely finished. It is a Byzantine basilica, in

the form of a Latin cross, 4G0 feet long, built in grey

Florentine stone blended with white stone from the neigh-

Dourhood of Aries. Near the cathedral stands the bishop's

palace. The cathedral is situated at the entrance of the

harbours, but a more distant church has superior attrac-

tions for the sailors,—the celebrated Notre Dame de la

Garde, the steeple of which, surmounted by a gilded

statue of the Virgin, 30 feet in height, rises 150 feet above

the summit of the hill on which it stands, commanding

a view of the whole port and town, as well as of the sur-

rounding mountains and the neighbouring sea. The pre-

sent chapel of Notre Dame de la Garde occupies the site of

one built iu 1214. Like the new cathedral it is in the

Byzantine style, and constructed of the richest materials.

Descending from Notre Dame "by steps, with shops on

toth sides containing objects of devotion, such as medals

and chaph ts, and passing the Promenade Pierre Puget,

which affords another fine view of the sea, we reach the

church of 1^ t Victor, close by Fort St Nicolas. Originally an
abbey founded about 410 by St Cassian, it was afterwards

destroyed by the Saracerts, but rebuilt in the 11th century ;

destroyed a second time, it was finally restored by Pope

Urban V., a former abbot, who surrounded it in 1350 with

high sqnare crenellated towers. Tradition relates that St

Lazarus inhabited the catacombs under St Victor ; and the

black Virgin, still preserved there, is popularly attributed to

St Luke. The .spire of the ancient church des Accoules

marks the centre of Old Marseilles. At its foot are a
" Calvary " and a curious chapel of modern construction

in rock work. > Notre Dame du Mont Carmel, also in the

old town, occupies the place of what was the citadel of the

MassaUots when they were besieged by Julius Cssar. The
new Hotel de la Prefecture, at the end of the Rue St Ferrt5ol,

the Palais de Justice, and the Bourse, are all buildings of

the last twenty years. The first is a palatial edifice 300 feet

long and 260 wide, adorned with statues and has reliefs ; it

has a fine staircase and large reception rooms, decorated with

paintings. Before the Palai; de Justice stands a statue

of Berryer. The pediment and peristyle are decorated with

bas reliefs by Guillaume. The outer hall is surrounded

by beautiful pillars of red marble. The Bourse has in the

vestibule a bas relief representing Mavseilles receiving the

productions of all parts of the world, and allegorical

statues of Marseilles and France. The hall is larger

than even that of the Bourse at Paris. The hall of the

Chamber of Commerce, at whose cost the whole edifice

was built, is remarkable for the magnificence of its mural

paintings and gildings. The Hotel de Ville, an old and
unimportant budding, stands on the quay to the north of

the old harbour. The Palais des Arts de Longchamps,
completed in 1870, is a work of consummate taste; it is

built at the terminus of the Canal de Marseille, that

great work whicli has metamorphosed the town and its

surroundings by bringing into it the waters of the Durance.

This canal, which leaves the river opposite Pertuis, has a

length of 94 miles, of which more than 15 are underground.

It crosses the valley of the Arc, between Aix and Kognac,

by the magnificent aqueduct of Roquefavour, comparable

with the noblest works of ancient or modern times. The
canal then purifies its waters, charged with ooze, in the

basins of Realtort, sets in motion seventy-two mills, which

it supplies with upwards of 1200 horse-power, carrying

about 200 cubic feet of water per second to the district ot

Iilarseilles. Right and left of the Chateau d'Eau, which

occupies the centre of the Palais de Longchamps, and is

128 feet in height, are the picture gallery, a fine collection

of ancient and modern works, and the natural history

museum, remarkable for its conchological department and

the interesting collection of ammonites. Behind are exten-

sive zoological gardens, with the astronomical observatory,

one of the most important in France. The museum of an-

tiquities is established in the Palais Borily, in a fine park,

recently purchased by the town, at the end of the Prado,

and approached by the two finest promenades of the city.

It includes a Phcenician collection (containing the remains

that support the hypothesis of the Pha?nician origin o(

Marseilles), an Egyptian collection, numerous Greek, Latin,,

and Christian inscriptions in stone, iSrc. A building within

the city, recently finished, 177 feet by 64, with an impos-

ing fai;ade, contains the school of art and a valuable

library. The triumphal arch of Aix, originally dedicated

to the victors of the Trocadero, was in 1830 appropriated

to tlie conquests of the empire.

Marseilles contains l.irge hosritals. Tlic HOtel Dieu in the olil"

town waa founded in 11S8, and rebuilt in 1593 ; it has 450 beds.

The Hospice do la Charitc, in the same neighbourhood, accommo-
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il.itcs GOO pnticnts, while nt tlic opiiositc oxticiiiity of the town,

nv::T tlie Prado station, aro tlic modern ]lu]>it:il do" la Conceiitioii

(with 800 lu'ds), tlio miliUuy Imsfiital, .iii.l tlio lunatic nsyluni.

The scic!ititie institution. 'i' ili'' ! ..n also numerous, includ-

ing a faculty of science, an :i : 1 . I vatory, a preparatoiy

school of medicine and pliai II I ',
,

i m i , il i^onsorvatoire, a school

of art, a lyceuin, and many [iinalc ;u- tilutions. The principal

learned societies are the academy of science, letters, and art, tlio

medical association, and tho geographical, statistical, agricultural,

and horticultural societies.

The mean temperature of Ifarseilles is 68° Fahr. ; frost is rare, and

snow almost unknown. Tho heat of summer is tempered during

the day by the cooling sea breeze. Tho most disagreeable wind
is the mistral, a violent and cold north-west wind, which blows on

an average one hundred and thirty-eight times a year, but has at

least the advantage of restoring salubrity to tho frequently un-

healthy shores of the Mediterranean. The sirocco, a south-east

wind, blows some sixty times a year ; though hot and parchin;;

in summer, it softens the winter climate. The east-south-east

wind is cold and damp, and brings rain. The Canal de la Durance
has greatly modified the climate of Marseilles and its neighbour-

hood, for by restoiing vegetation it has increased the fogs and
rains ; there is now an annual Tainfall of nearly 24 inches.

Marseilles is at once the lai-gest commercial port of France and a

manufacturing town, working up the raw materials brought in by
sea from every part of the world. The leading industry is that of

soap-makiug, which occupies sixty factories with 1200 artisans,

ind annually produces 65,000 tons, valued at £2,000,000 sterling.

With this manufacture aro connected oil' and chemical works ; in

tlio former, which employ 2000 to, 2500 workmen, 55,000 tons of

diUcrent oils are produced yearly. The chemical works comprise
a dozen mills, manufacturing chiefly the salts of soda and concen-

trated acids. Two thousand operatives are there employed, and
tlio value of their annual production is estimated at £320,000.
There are also three sugar-refineries, producing 65,000 tons of

loaf-sugar, of which more than half is' re-exported. Sulphur
from Sicily too is refined and converted into sticks or flowers of

sulphur, to the value of £80,000. Petroleum jefining occupies
100 workmen. Metallurgy is another great industry ; a lai-ge

<|Uaiitity of ore, imported from Elba, Spain, and Algeria,

is smelted in the blast furnaces of St Louis in the suburbs.

The JJedilerranean iron-works and yards, together with other
private conii)anies, have large workshoi>s for the construction or

icpair of marine steam-engines and every branch of iron shipbuild-

ing, employing severjil thousand worlanen. Marseilles is a great

centre for the extraction of silver from lead ore ; 16,000 tons of
lead and25 tons of fine silver are separated annually. There are

64 flour-mills with 300 sets of stones, and 100 factories prepare
semolina and other cereal pastes, while 34 tauyards dress 500,000
sheep skius and 335,000 goat skins. To this list of industries

must be added the manufactories of matches, candles, and wax-
lights, with brass foundries, glass-works, and manufactures of coral,

and of Oriental hosiery.^

Tlie port of Marseilles is the centre of numerons lines of steamers.
The French company of mail steam packets {McssagcricsMarUwxs)
despatch their boats regularly to Italy, Egypt, E(iunion, India,
China, and the far East, as well as to Greece, Turkey, the Black Se.a,

Smyrna, and Syria. The Transatlantic Company runs its vessels

to Algiers, Tunis, Malta, and the coast of Italy, and has also a
regular line betwee_n Marseilles and New Ymk. Many private com-
panies have services to Corsica, Algiers, the coast of Languedoc
and of Spain, and the Italian Riviera. Other lines connect
Marseilles with Brazil and , La Plata, Havre, and London.
Landward there are two lines of railway to Aix, and a third to
Toulon. A navigable canal is greatly needed to connect the port
directly with the Rhone, in order to avoid the difficulties of egress
from the river and to make Marseilles tho natural outlet of
the rich Rhone basin. The countries witli which the gre.a'cest traffic

is maintained are Algeria, Spain, Italy, Turkey, and the Russian
ports on tho Black Sea; next- in order come England, Austria,
tho western coast of Africa, Reunion, tho Cape, British India,
Brazil, the Antilles, China, and Sencgambia. From the Black Sea,
Turkey, and Algeria come the cereals which form the chief imports
in point of bulk ; from Italy, Spain, the Levant, China, and Japan
the silk, which is tho imjwrt of greatest value (£4,000,000 yearlv).
Then follow ores and metals, iron, cast iron, lead, and copper; also
wood, raw material for oil manufacture, raw sugar, cattle, wool and
cotton, rice, and various dry vegetable foods, petroleum, cocoa,
gums, pepper, and other spices, wines and brandies, coal, sldns,
cod-fish, cheese, and sponges. Tho principal exports iji respect of
value are silk, woollen, and cotton fabric^, refined sugar's, wines
and spirits ; those of greatest bulk are cereals in tho form of grain
or flour, coal, building materials, oil-cakes, iron and other manu-
factures in metal, wines and spirits, oils, glass and crystal, lead,
and coffee.

Of the seagoing tonnage, one-third is under the Fi-eneh flag, but
.the coasting trade, carried on by French sailors alone, is almost

half as large as tho ocean trade. Tlio sIilpoTvncrs of the port pos-
sess almost seven hundred vessels, without counting the hundreds of
fishing boats which ply along tho coast.

History.—The Greek colony of Massalia (in Latin, 3/assilia) was
founded by tho enterprising mariners of Plioca;a in Asia Minor-,
about 600 B.C. The settlement of tho Greeks in waters whh.di the
Carthaginians jealously reserved for their own commerce was not
efl'ectod without a naval conflict ; it is, indeed, not improbable that
the PhcEniciaus were settled at ilarscillcs before the Greek period,

and that the very name of the town is the Phoenician >|D, "settle-

ment." AVhether tlie judges (D^DEC, " suffetes ") of tho Phojnician
sacrijicral tablet of Marseilles were the rulers of a city older than
the advent of the Phoenicians, or were a sort of consuls lor Punic
residents in the Greek period, is disputed. The fall of the Ionic
cities before the Persians probably sent new scttlersto the Ligurian
coast and cut off the remote city of Massalia fr-om close connexion
with the mother country. Isolated amidst alien populations, the
Massaliots made their way by great prudence in dealing with the
inland tribes, by the vigilant administration of their oligarchical
government, and byfrugalityand temperance united to i-emarkable
conrmercial and naval enterprise. Their colonies spread east and
west along the coast from Monaco to Cape St Martin in Spain, carry-
ing with them the worship of Artemis ; the inland trade, in which
wine was an important element, can be traced by finds of Massalian
coins right across Gaul and through the Alps as far as Tyrol. The
Massaliot Pytheas (330-320 B.C.) passed the pillars of Hercules and
visited the coasts of Gaul, Britain, and Germany. The great rival
of Massalian trade was Cartilage, and in the Punic vvai-s the city
took the side of Rome, and was rewarded by Roman assistance in
the subjugation of the native tribes of the Liguiiau mountains. In
tho war of Cresar and Pompey the aristocratic town took the side
of the latter-, and made a courageous but vain resistance to Cwsar.
In menror-y of its ancient services the city, " without which," as
Cicero says, " Rome had never triumphed over the Transalpine
nations," was still left as a civiias libera, but her power was broken
and most of her dependencies taken from her. From this time
Massalia has little place in Roman history ; it became for a time
an important school of letters and medicine, but its commercial
and intellectiuil importance gradually declined into insignificance.

The town appears to have been Christianized before the end
of the 3d century, and its reputation partly revived through
the names of Gennadius and Caesian, which give it prominence in
the history of Scmi-Pelagianism and the foundation of 'Western
monachism.

After the ravages of successive streams of invaders, Jlarseilles was
rcpeopled in the 10th century under the protection of its viscounts.
In 1112 the town bought up their rights, and was formed into a
republic, governed by a podestat, who was appointed for life, and
exercised his office in conjimction with 3 notables, and a munici-
I'al council, composed of 80 citizens, 3 clerics, and 6 principal
tradesmen. During the rest o£ the Middle Ages, however, the
higher town was governed by the bishop, and had its harbour at
the creek of La Joliette. The southei-n suburb w-as governed by
the abbot of St 'Victor, and owned the Port des Catalans. Situatei
between the tw-o, the lower tow-n, the republic, retained the old
harbour, and was the most powerful of the three divisions. Tho
period of the crusades brought gieat prosperity to Marserlles. The
activity of its shipbuilding, the magnitude of its fleet, the impor;-
auce of its commerce and manufactures, all increased ot once. The
count of Provence, Raymond Berenger, Charles of Anjou, and after-

w aids Alphonso of Aragon, successively attempted to make them-
selves master-s of the town ; it suffei-ed at different times from
incendiarism, pillage, and nrassacre during the 13th and Hth cen-
turies, and in the beginning of the 15th. King Een^, who had
made it his winter residence, however, caused trade, arts, and manu-
factures again to floiu'ish. Under Francis I., the disaffected con-
stable de Boui-bon vainly besieged the ton-n with the imperial
forces in 1524. Dnring the wars of religion, Marseilles took an
active ])art against the Protestants, and long refused to acknowledge
Henry IV. The loss of the ancient liberties of the town hixiught
on new disturbances under the Fronde, which Louis XIV. came in
person to suppress. He took the town by storm, and had Fort St
Kicolas constructed. Marseilles repeatedly suflTered from the plague,
and an epidemic raged from May 1720 to Jlay 1721 with a severity
for which it is almost impossible to find a parallel ; Bishop Belsnnce,
Chevalier Rose, and others immortalized themselves bv their courage
and devotion.

During the Revolution the people rose against the aristocracy,

who up to that time had governed the commune. In the Terror
they rebelled against the convention, but were promptly subdued by
General Carteaux. The w-ars of the empire, by clealing a severe

blow- to their maritime commerce, excited the hatred of the inhabit-

ants against Napoleon, who accordindy hailed with enthusiasm
the return of the Bourbons and tho defeat of 'Waterloo. The news
of the latter provoked a bloody reaction in the town against those
suspected of imperialism. Since 1815 the iirospcrity of the city



574 M A R — M A R
has received a considerable impulse from the conquest of Algeria

and the oiiening of the Suez Canal. The completion of the canal of

the Durance has -covered witli verdure the formerly arid country

surrounding tlic town, and the openings made in the old part of

MarseilK-s have improved its sanitary condition. (G. ME.)

MARSH, Geoege Pjsrkins, LL.D. (1801-1S82),

American diplomatist and philologist, was borii at Wood-
stock, Vermont, March 17, 1801, graduated at Dartmouth

College in 1820, and practised law at Arlington, Vermont,

devoting himself also with ardour to philological studies.

In 1835 he was elected to the State legislature, and in

1842 he became a member of Congress. In 1849 he was

'appointed United States minister to Turkey, and in 1852

discharged also a special mission to Greece, returning to

Vermont in 1853.' In 18G1 he became United States

minister to Italy, and died in that office at Vallombrosa,

July 24, 1882.
His chief published works are a Compendious Grammar of titc

Old Noi-ilicrn or Icclajulic Lanrfuagc, 1838, compiled and translated

from the grammar of Rask ; TJic Caiiicl, his Orgajiization, Habits,

atid Uses, 1B56 ; Lectures on t?ie Ewfiish Language, 1861 ; The
i^rigin and History of the English Language, 1862 ; Man and
Waliire, 1864. Tlio last-named work, largely rewTitteu, was issued

hndcr the title The Earth as Modified hy Human Action in 1874.

MARSHAL (from Old High German marah, horse, and

scale, care-taker), in its original signification a servant of

the royal manege, was afterwards a title given in

different countries to the holder of various high offices,

military and civil. In the time of Philip Augustus the

commander of the French forces was called the marshal of

France. Under Francis I. the marshals of France became

two in number, under Henry III. four, and iu the time of

Louis XIV. their number was raised to twenty. In

England the marshal was a high officer of state as far back

as the 12th century. In the end of the 12th and first half

of the 13th century the office was conferred on the earls

of Pembroke, from whom it passed by female descent to

the family of Bigod, earl of Norfolk. The dignity of earl-

marshal was afterwards held successively by the Mowbrays,

dukes of Norfolk, the Howards, dukes of Norfolk, and the

earls of Arundel and Norwich. Under a grant by Charles II.

to Henry Howard, earl of Norwich, it has descended to

and continues in the line of the existing dukes of Norfolk.

The marshal was in feudal times (iu conjunction with the

constable, a still higher officer) the judge in the court of

chivalry, which had cognizance of cjuestions of honour and
dignity ; and, when the king headed his army in person, it

was tie marshal who selected the proper spot for the

encampment of each noble. The constable's powers and
duties were superseded in the reign of Henry VIII. ; but

the earl-marshal is still the head of the Heralds' College,

and appoints the oflScers of arms. In Scotland (an

orthography resembling the French mar^chal being adopted)

the office of marischal, probably introduced under David I.,

beoamo from the 14th century hereditary in the family of

Keitlu The Scottish marischal became an earl under the

designation of " earl-marischal" in 1 458. Marischal College

in Aberdeen was founded and endowed by the munificence

of George, 5th earl-marischal. The dignity came to an

end by the attainder of George, 10th earl-marischal, in

1716. The military title of field-marshal was at first

borrowed by the Germans from the French mareclml de

champs ; and in the Thirty Years' War it meant much
what quartermaster-general does now. It was not till last

century that the word rose in dignity so as to signify the

highest military dignity except that of commander-in-chief

It was adopted into the British military system from

Germany,—ihe first field-marshals being John, duke of

Argyll, and George, earl of Orkney, made so by George IL
in 1736.

MARSHALL, John (1755-1835), chief justice of the

United States, was bom in Fauquier county, Virginia, on

September 24, 1755. As lieutenant and captain he served

, in the revolutionary army from 1775 to 1780. In 1781
he began the practice of the law, and two years later

removed to Richmond. At various times from 1782 to

1798 he was elected a member of the Virginia legislature,

in 17SS a member of the Virginia convention for the rati-

fication of the constitution ; in 17.97 he was envoy-extra-

ordinary to France, and in 1799 a member of Congress;

in 1800 he became secretary of state ; and on January 31,

1801, ho was appointed to the chief justiceship, which
position he held until his death on the 6th of July 1835.

JIarshall as a lawyer soon rose to the first rank at the
Virginia bar, and acquired also a national reputation. In

the Virginia convention of 1788 his influence was second

only to that of Madison in securing the adoption of the

constitution. But, unlike Madison, he continued, under
the constitution, to support the administration of Washing-
ton and Federalist measures in general. It was as chief

justice of the supreme court of the Uuitcd States, however,

that Marshall won lasting fame. His reports, filling about

thirty volumes, form a work which time will only render

more valued. In the expounding of public law, whether
international or State law, his talents found their freest

scope. In these departments of jurisprudence general prin-

ciples rather than authority must be sought by the judge,

aud in their application Marshall has had no equal upon
the American bench. It is the peculiar function of the

supreme court of the United States to interpret the consti-

tution and to guard it from the encroachments of both

national and State legislation. To this duty Marshall

brought his great and just powers of reasoning, as well as

those broad views of government which, during the thirty-

four years of his judicial career, gave to the constitution

the liberal powers which were necessary to its durability.

" The constitution," says Judge Story, " since its adoption,

owes more to him than to any other single mind for its

true interpretation and vindication." See biography by
Henry Flanders in his Lhies of llie Chief Justices, voL ii.

MARSHALL ISLANDS. See Micronesia.

MARSHALLTOWN, the county seat of Marshall

County, Iowa, United States, is situated on the Iowa
river at the junction of several railways, and in the midst

of a grain and stock producing region. Among its numer-

ous industries are sugar-refining, waggon-making, and the

manufacture of barbed steel \vir9 for fencing purposes.

The population was. 3218 in 1870 and 6240 in 1880, and

has since increased Tapidly

MARSHMAN, Joshua (1768-1837), a Baptist mis-

sionary and 0"iental scholar, was born on April 20, 1768,

at Westbury Leigh, in Wiltshire, where he received a

somewhat defective school education, and afterwards

followed the occupation of a weaver until 1794, when he

removed to Bristol to take charge of a small school there.

Meanwhile he had been diligent in the cultivation of his

talents, which were naturally good ; and he was already a

man of considerable acquirements v.-hen in 1799 he was

sent by the Baptist Missionary Society to join their estab-

lishment at Serampore. Here, in addition to the discharge

of his more special duties, he engaged with success in the

study of Bengali and Sanskrit, and afterwards of Chinese,

and accomplished numerous literary tasks, the more im-

portant of which are mentioned below. He received the

degree of D.D. from Brown Universitj', U.S.A., in 1811.

His death took place at Serampore on December 5, 1837.

Dr Marshman translated into Chinese the book of Genesis, the

Gospels, and the Epistles of Paul to the Romans and the Coiinthian.s

;

in 1811 he published The Works of Cojfucius, containing the

Origincd Text, with a Translation, and in 1814 his Clavis Simea.

He was also the author of Elements of Chinese Grammar, n-ith-Pre-

liviinary Dissertatiwi on the Characters and Colloquial Mediums of

the Chinese, nod was associated with Carey in the preparation of

»
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Sanskrit giT.mrenv jncl of a Bengali-English dictionary. See J. C.

Marttliman's Li/c and Times of Carey, Marshman, and Ward (2

vols., I860).

MARSIGLI (Latinized Marsilius), Luioi Fekdinand,

soldier and savant, was bom at Bologna, July 10, 1658,

and died in the same city, November 1, 1730. After a

considerablo course of study in mathematics, natural

histciry, and anatomy, ho visited Constantinople, and on his

retifrn to Christondom offered his services to the emjieror

Leopold, then at war with the Turks (1C82). Wounded
and captured in an action on tho river Raab, he was sold

to a pasha and accompanied him to the siege of Vienna
;

but in 1084 his friends purchased his release, and at tho

close ot the war he was appointed commissioner for fixing

the new Dalmatian boundary. In 1703 he was aecond in

command to the count of Arco when Alt-Breisach was
surrendered to tho duke of Burgundy ; and, though popular

opinion acquitted him of blame, Marsigli was cashiered

when Arco was condemned to death. Devoting himself

to scientific pursuits, be visited Switzerland, and spent a

considerable time at Paris and Marseilles. He went to Rome
in 1709 at the request of Clement XL, but soon returned

to Marseilles to prosecute his investigations into the physical

nature of tho sea. In 1712 he presented his scientific

collections to his native city, and thus gave rise to the

Bologna Institute of Science and Art ; and about the same

time he established a press, including founts of Oriental

characters, for printing the publications of the society.

Marsigli's own works were valuable contributions to knowledge,
brougiit out ill very handsome style. Best known are his ciuious

physical history of the sea (Italian, Venice, 1711 ; French, Amster-
dam, 1725), with a very laudatory preface by Boerhaave ; L'6tat

miltiairc dc VEmpire Ottoman (Amsterdam, 1732) ; and JJanuhiiiS

Pamumico-Mysiais (Hague, 1726). Tliis last, of which only three

hundi'cd and seveiity-hve copies were printed, consists of six huge
folio volumes illustrated by nearly three hundred maps and engrav-

ings, and furnishes an exceedingly elaborate account of the course of

tho Danube, of the towns and antiquities along its banks, of its

birds, beasts, fishes, &c. See Fontenelle's 6iogc in M6m. de VAcad.
dcs Sciences, Pariij, 1730 ; Quincy, Vie dc Mons, U Condc do Marsigli,

Zurich, 1741.

MARSTON, John, was one of the most vigorous

satirists and dramatists of the Shakespearean age. He
was probably some ten years younger than Shakespeare

He has been identified with a gentleman commoner of

Brasenose College, Oxford, who entered in 1591, and was
admitted B.A. in 1593 as the eldest sou ot an esquire.

If this is the same John Marston that was buried in the

Temple Church in 1634, under a tombstone Oblivioni

sacrum, the identification of him with the poet is rpost prob-

ably right, for one of Marston's most singular poems is a
prayer to Oblivion

—

" Let others pray
For ever their fair poems flourish may

;

But as for me, hungi-y ObUvion,
Devour me quick."

In the superfluity of learned allusions and Latin quota-

tions in his plays Marston proclaims the fact that he was
a university man. He entered the field of letters in 1598,

as a satirist, with a &our(ie of Vitlani/. He was pro-

fessedly an imitator of Juvenal, but ho wrote rather in the

spirit of Skelton, and speedily earned something like

Skelton's reputation as a coarse ribald buffoon of astonish-

ing energy, girding at the grossest vices of the time in

"plain naked words stript from their shirts." There was
more of the good-natured chuckling buffoon than of the

cynic in Marston's satire, though he did profess unmeasured
scorn for the vices and fopperies of his age. The coarse

energy of his invective pours out as if he loved strong

language more than he hated the subjects of his ridicule,

Shakespeare's Venus and Adonis was one of Marston's first

butts; in his Pygmalion's Image (1598) the wooing of

Adonis by the queen of love is very roughly but very

cleverly parodied. The freshness ahd vigour of Marston's

vein brought him at once into notice. He is mentioned

(misspelt as Maxton or Mastone) in Henslowe's Diary, in

1599, as "the new poet" receiving payment as part author

of a play ; and in the same year he was probably ridiculed

by Ben Jonson as " Carlo Buffone " in Every Man out of

his Humour. He and Dekker had a famous quarrel with

Jonson arising out of the latter's attack upon them in the

Poetaster (see Dekjcee). The literary enemies were re-

conciled ; Marston forswore literary quarrels, dedicated a

play to Jonson in terms of high eulogy, and was conjoined

with Jonson and Chapman in the play of Eastxoard Ilo!

some political allusions in which nearly cost the authors

their ears. Marston wrote comparatively few plays, pub-

lished in quick succession at the following dates :

—

Antonio

and Mellida (XdO^) ; Antonio's Revenge (1602); TU
Malcontent (1 604, his first and most powerful play) ; The

Dutch Courtesan (1605); Parasitaster (1606); Sophoniiba

(1600); What You Will (IGQl). Marston then apparently

left off play writing; if he lived till 1634, there is no

explanation of his sudden stoppage. There is very little

constructive skill in his plays ; the plots are uninteresting.

He does little more than send a procession of puppets

across the stage, one or more of which " gird at " the

others—very "loose libertines" and very contemptible

some of them—in the author's own rough vein of satire.

One scene in Antonio and Mellida was much admired by
Charles Lamb, and either suggested or was suggested by
one of the most powerful situations in King Lear. But

the passage taken out of the body of the play gives a very

misleading idea of its general tenor, or of the general cast

of Marston's dramatic work.

MARSYAS was a Phrygian god, whose name has passed

into Greek mythology. It is hardly possible to discover the

real basis of the legends, as their original form has been so

much altered. Marsyas was the god of a small river which

rose in a cave in the agora of Celsenfe, and flows into the

MaBander. In this cave was hung a hide, which according

to the story was tho skin of Marsyas suspended there by
Apollo. When Athene threw away her flute, Marsyas

found it, a subject represented by the sculptor Myron.
Proud of his skill, Marsyas challenged Apollo with his lyre.

Midas the Phrygian king, appointed judge in the contest,

preferred the flute-player, and got his ass's ears in reward

for his stupidity. The contest and the punishment of

Marsyas, who was flayed alive by Apollo, were frequent

subjects for Greek art, both vase-painting and sculpture.

There can be little doubt that this account has been very

much altered from its native Phrygian form by the Attic

comic poets, with whom Marsyas was a favourite character.

With regard to the Phrygian god it is diflicult to say more

than that he and Silenus and !Midas are associated in

legend with Dionysus, and that he must therefore belong

to the cycle of legends of Cybele (see Preller, Gr. Mythol.,

i. 508). The flute was the favourite instrument in Iha

worship of the goddess. Sacrifices were offered by tho

people of Celaenae to Marsyas, and he helped them against

the Galatians (Paus., x. 30). A statue of Marsyas was

erected in the Roman Forum and in other towns, and is

said to have been a symbol of liberty.

MARTEN,' the name of a group of auimals constituting

' By all old authors of authority, as Kay, Pennant, Shaw, and

Fleming, the word is written "Martin," but ^lis form of spelling is

now generally reserved by way of distinction for the bird (see Maxtin).

The word, as applied to the animal here described, occurw in most

Germanic and Romanic languages :—German, in<irdcr ; Dutch, vuirter ;

Swedish, mard ; Danish, maar ; English, marteroi., narttm, mtrten,

martin, and martktt; French, marte and ?nartre; ItaUan, murtore

and marUirella ; Spanish and Portuguese, maiiu. Its earUeat known

use is in the form mnrtes (Martial, Ep. i. 87), but it can scarcely bo

an old Latin word, as it is not found in Pliny or other classical wiiten^
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a small but well-defined section of the family JfusteHuJi;

belonging to the Aretoid or Bear-like division of the order

Carnivom (see Mammalia, pp. 439, 440 of the present

volume).

The genus Mttstela, as restricted by Cuvier {Rer/ne

Animal, 1817), contains a very natural assemblage of

animals commonly called Martens, Babies, Polecats, Stoats,

Ermines, and Weasels, all closely allied in structure and

habits. A structural division, howevt , occurs between

the two first-named and all the others, especially shown in

the presence of an additional small premolar tooth on each

side of each jaw ; and, availing himself of this and some

other minor characters, Cuvier divided the genus into two

subgenera, for the first of which he retained the name of

Muslela, and to the second assigned that of Puiorins.

Three years later Nilsson {Skand. Fotma, 1820) definitely

constituted the two groups into genera, applying to the first

tlie name of Maries, by which the animals composing it

had been generally designated by the Latin-writing zoo-

logists of the preceding century, and keeping Mttstela for

the more typical Weasels and their immediate allies.

Later zoologists have been divided between the nomencla-

ture of Cuvier, which has the priority, and that of Nilsson,

which on other grounds is preferable. Those who adopt

the latter affirm that Cuvier's names, being only used by

him in a subgeneric sense, and not binomially, need not

be applied generically ; but this is contrary to the practice

usually followed in such cases. Others avoid the difficulty

by not breaking up the genus at all, and so apply the term

Miistda to all the species. The result is that the generic

name of tho Martens in modern zoological works oscillates

between Martes and Mustela, according to the views of the

writer.

Tlie following characters apply to the restricted group of

Martens proper, by whatever name they are called. Body

lung, slender, and very flexible, though less so than in the

true Weasels. Head somewhat triangular ; muzzle pointed,

the nose extending a little beyond the lips ; eyes large and

prominent; ears conspicuous, broad, soijiewhat triangular,

rounded at the ends, furred outside and in; limbs short;

feet rounded ; toes short, five on each foot, all with short,

compressed, curved, sharp-pointed claws. Soles densely

furred between the naked pads. Tail moderately long,

more or less bushy. Outer fur long, strong, and glossy;

a very abundant soft under fur.

Vertebras: C 7, D 14, L 6, S 3, C 18-23. Skull elongated

and depressed. Facial portion moderate and rather com-

pressed. Zygomata arched and wide but slender. Post^

orbital processes small. Auditory bulla; large, but not

very globose. Mandible with a strong triangular vertical

coronoid process and a well-developed angular process.

Dentition : i %, c \, p |, m | ; total 38. Upper incisors

in a straight transverse line, rather long and compressed
;

first and second subequal, third considerably larger.

Lower incisors very small, especially the first, and crowded

together, the second placed rather behind the others,

Canines long and sharp-pointed. LTpper premolars : first

very small, with simple crown and one root ; second and

third nearly equal in size and two-rooted, with simple

compressed sharp-pointed crowns, with very Slightly

developed accessory cusps ; fourth (the sectorial) with

blade consisting chiefly of the central and posterior cusps,

tho anterior being rudimentary, inner tubercle small and

and Martial often Introduced foreign words into his Latin. Its

etymology haa been connected with the Germ..n "martern," to

torment. A second Komanic name for the same animal is fuina, in

French /o«tn« (sea E. Von Marten's " Ueher Thiernamen," in Dcr

Zotloffiscke Garten, vol. xi., 1870). The term "Marten Cat," often

used, is a misnomer, for though somewhat Cat-like in size, general

appearance, and hat'lt':, its true affinities are not with the Fdidx, hui,

a.s stated above, with the Bears.

confined to the anterior part of the tooth. True molar

tubercular, about twice as wide transversely as in the

antero-posterior direction, having an outer, more elevated,

but smaller portion, bearing three blunt tubercles ; to the

inner side of this the crown is contracted, and its surface

deeply hollowed ; it then expands again into a broad low
lube, with the central part elevated, and a raised, even,

semicircular, slightly crenated internal border. Lower
premolars : first very small, simple, and one-rooted ; second,

third, and fourth increasing slightly in size, with high

compressed pointed crowns and posterior accessory cusps,

best marked in the third. First molar (sectorial) with well-

marked bilobcd blade,—heel scarcely more than one-third

of the length of the tooth, and a very small inner tubercle.

Second molar small, single-rooted, with a low, flattened,

subcircular or oval tubercular crown.

In geographical distribution the Martens are limited to

the northern hemisphere, ranging throughout the greater

part of the northern temperate regions of both Old and
New Worlds, as far north as conditions of existence suited

to their habits are met with, and southwards in America
to 35° N. lat., while in Asia one species is met with as

far as the island of Java.

The various &(5ecies appear to be very similar in their

habits. They live in woods and rocky places, and are

thoroughly arboreal, spending most of their time in trees,

although descending to the ground in quest of prey.

They climb with great facility, and are agile and graceful

in their movements. Some species are said occasionally to

resort to berries and other fruit for food, but as a rule

they are strictly carnivorous, feeding chiefly on birds and

their eggs, small mammals, as squirrels, hares, rabbits,

and moles, btit chiefly mice of various kinds, of which

they destroy great numbers, and occasionally snakes,

lizards, and frogs. In proportion to their size they are

among the most bloodthirsty of animals, though less so

than the true Weasels. The female usually makes her

nest of moss, dried leaves, and grass in the hollow of a

tree, but sometimes in a hole among rocks or ruined build-

ings, and produces several young at a birth, usually from

four to six. Though wild and untameable to a great

degree if captured when fully grown, when taken young

they are very docile, and have frequently been made pets

of, not having the strong unpleasant odour of the* smaller

Mustelidx. The common European Marten appears to

have been partially domesticated by the Greeks and

Romans, and to have been used to keep houses clear from

rats and mice before eats were introduced.^ In the same

way, according to Hodgson, an allied species, the Yellow-

bellied Weasel {.Uiistela kaihiah), " is exceediogly prized

by the Nepalese for its service in ridding houses of rats.

It is easily tamed ; and such is the dread of it common to

all murine animals that not one will approach a house

where it is domiciled." It is, however, to the great value

attached to the pelts of these animals that their importance

to man is chiefly due. Though all yield fur of serviceable

quality, the commercial value varies immensely, not only

according to the particular species from which it is obtained,

but according to individual variation, depending upon age,

sex, season, and other trifling circumstances. The skins

from northern regions are more full and of a finer colour

and gloss than those from more temperate climates, as are

those of animals killed in winter eompared to the same

individuals in the summer season. The caprices of fashion

have, moreover, set wholly factitious values upon slight

shades of colour, recognized and named by experienced

furriers, but not indicating any siKcific or other distinctions

'See Rollcston, "On the Domestic Cats, Fells domcsticus and

Mustela foin a, of ,\ncient and Modern T\lazs," Journal o/ Anatomy
and I'h^sM.-jl/, vol. ii. ii. 17, 130S.
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oC wliicli zoolof^'ist^ have any cognizance. Enormous
numbers of aniniaU are annually caught, cliicQy in traps,

lo supply the demand of the fur trade, Siberia and North
America being the principal localities from which they

are obtained.

With the exception of tho Pclcan {M. ncmianii) all the Martens
arn so much alike in size, general colouring, and crauial and
"loutal characters that tho discrimination of the epecies, and asaign-

niont of tho proper geographical distribution to each, has been a,

subject whicli lias sorely perplexed tho ingenuity and patience of

::noiogists. Tho following description by Dr Elliott Coues of the
' xtiinal characters of tlie American Pine Marten {J\f. amcricana)
will ajiply almost equally well to most of the others. " It is almost
impossible to describe tho colour of tlio Pine Marten, except in
gcnernl terms, without going into the details of the endless

Jivorsitics occasioned by ago, sex, season, or other incidents. The
animal is 'brown,' of a shado from orange or tawny to quite
blackish ; the tail and feet are ordinarily the darkest, the head
lightest, often quite whitish ; tho ears are usually rimmed with
whitish ; on the throat there is usually a large tawny-yellowish or

orange-brown patch, from the chin to the fore legs, sometimes
entire, sometimes broken into a number of smaller, irregular

blotches, sometimes wanting, sometimes prolonged on the whole
nnder surface, when the animal is bicolor like a Stoat in summer.
The general * bro\\'n' has a greyish cast, as far a*s the under fur is

concerned, and is overlaid with rich lustrous blackish-brown in

)tlaces where tho long bristly hairs prevail. The claws are whitish
;

the naked nose pad and whiskei-s are black. The tail occasionally

shows interspersed white hairs, or a white tip."

Tho species generally recognized as distinct are the following, the

first five belonging to the Old and the last two to the New World,
1. Mttstcta foina, Erxlebcn ; the Beech Marten, Stone Marten, or

Wliite-breasted Marten.—Distinguished from the following by the

greater breadth of the skull, and some miaute but constant dental
cliaracters, by the dull greyish-brown colour of the fur of the upper
parts, and the pure white of the throat and breast. It inhabits tho
greater part of the Continent of Europe, but is more southern than
the next in its distribution, not being found in Sweden or Norway,
nor, according to the recent investigrttions of Mp Alston, in the
British Isles, although included-iu their fauna bv all earlier writers.

2. M. viartes, Linn ; 3faTic^ syhatica, Nilsson ; M. ahlctinn,

Fleming; the Pine ^tarten (see figure).—Outer fur rich dark
brown

;
under furrcddish-gi-ey, with clear yellow tips ; breast spot

usually yellow, varying from bright orange to pale cream-colour
or ycllowish-whito. Length of head and body 16 to 18 inches ; of

tail (including the hair) 9 to 12 inches. This species is extensively

distributed throughout northern Europe and Asia, and was formerly

^\V

^^/

^'^
,

^

1 ir Ii Md t u i,U L I Fro * life

fommuii in nu t luits of Great Butain ^n I Ireland Though
commoniy called * Pine Marten," it does not appear to have any
special prefeiL-uce for coniferous trees, excopt that, inasmuch as they

constitute the greater proportion of the forests of the couutries

which it inhabits, it is more often met with iu them than in any
other. AVitli regard to its recent occurrence in the British Isles,

Mr Alston writes in Proc. of ZooL Society of Lojidon, 1879 :

—

" Atliouch grently reduced in numbers by persecution, it still maintains its

^ound in tho wilj'ei- districts of ScotlainI, tlic noitli of Eneland, Wales, nnd
Irclaud ; and occasionally specimens uru liillcd in counties wlierc the species was

thought 10 liavp l)cen lone extinct. In Scotland it U ^^\)\ fonml, tlionph mm-
;)ftr«tivcly rnrcJj, in the Lcw« and In most of the Hlnhlimd iiitiliilnnil countic*.

being perhaps moat abuudont In Sutheiland and Ro8»-flhirc. especially in tho dcvr
forests. In the Lowlands a Marten in now a very great rarity ; but a fine

example warklllcd In Ayrshire hi tho winter uL 1870-70. In the oortli of England
Mr W. A. Duinfoid eajs (ho Kp.jcie» b "etill plentiful' in tho wilder parts of

Cumberland, Wcstmorelan-l, anil Ln^K•^^tll^L, and in Lincolnshire BcrernJ have
been recorded, the latest itillcd In JSGr,, by Mr Cordcaux,' In Norfolk oiTo wa.i

last year ; and I have myself exaniSin-d a fine example which wa

about forty years ttgo, and another In Surrey in 1847. In Ireland the following
counties wci-e enumerated by Thompson as habitats of this (tpecics : Doncgiil,

Londonderry, Antiim, Down, Aimagh, Fennanagh, Longfoitl, Gulway, Tippciaiy.
Cork, and Kerry. The Cal-cvann is probably now a rarer animal In Ireland
than it was wlien Tliompson wrote; but it still exists In various dlstileta,

cspeclafly in County Kerry, whence tbo society has i-ecelvett several living

examples; and i'rofessrir A. Leitb Adams states that It lias been Been of )at6

years even in county Uublin."

3. Jf. zihcUtna^ Linnaeus ; the Sable (German, Zolel and
Zcbcl ; Swedish, sabel; Russian, sobel, a word probably of Turanian
origin).—Closely resembling the last, if indeed ditlering from it

except in the qualitj' bf the fur, which is the most highly \"alued oi

that of all the group. Found chiefly in eastern Siberia.

4. M. Jlavigula, Boddaert ; the Indian Marten.—Inhabits the

southern slopes of the Himalayas, the Nilgiri Hills, the interior

of Ceylon, the Malay Peninsula, and Java,

5. M. mdampus, Wagner.—Japan.

6. J/, amcricana, Turtou ; the North-American Sable or

Marten.—A species so closely allied to the European Pine Marten
and Asiatic Sable that it is very difficult to assign constant dis-

tinfjuishing characters between them. The importance of the fur

of tins animal as an article of commerce may be judged of frem -the

fact that 15,000 akins were sold in one year by the Hudson's Bay
Company as long ago as 1743, and the more recent annual imports

into Great Britain have exceeded 100,000. It is ordinarily caught

in wooden traps of very simple construction, being little enclosures

of stakes or brush in which the bait is placed upon a trigger, with

a short upright stick supporting a log of wood, which falls upon its

victim on the slightest disturbance. A line of such traps, several

to a mile, often extends many miles. The bait is any kind of meat,

a mouse, squirrel, piece of fish, or bird's head. It is principally

trapped during the colder months, from October to April, when tho

fur is in good condition, as it is nearly valueless during the shed-

ding in summer. Dr Coues tells us that, notwithstanding the

persistent and uniuteirupted destruction to which the American
Sable is subjected, it does not appear to diminish materially iu

numbers in unsettled parts of the country. It holds its own partly

in consequence of its shyness, which keeps it away from the abodes

of men, and partly because it is so prolific, biinging forth six to

eight young at a litter. Its home is sometimes a den under ground
or beneath rocks, but oftener the hollow of a tree, and it is said

frequently to take forcible possession of a squirrel's nest, driving off

or devouring the rightful proprietor.

7. M. ^;':)i)iaji(i, Erxlcben ; the Pekan or Pennant's Marten,

also called Fisher Marten, though there appears to be nothing in

its habits to justify the appellation. This is the largest species of

the group, the head and body measuring from 24 to 30 inches, and

the tail 14 to 18 inches. It is also more robust in form than the

others, its general aspect being more that of a Fox than a Weasel ;

in fact its usual name among the American hilnters is " Black Fox."

Its general colour is blackish, lightev by mixture of brown or grey

on the head and upper fore part of the body, with no light patch

on the throat, and unlike the other Martens generally darker below

than above. It was generally distributti in wooded distrfcts

throughout the greater part of North America, as far north as Great

SlaTr-e Lake, lat. QT N.^ and Alaska, and extending south to the

parallel of 35° ; but at the present time it is almost exterminated in

the settled parts x)f the United States east of the Mississippi.

See Elliott Coues, Fur-hearing Animals, a- Monograph of North Amerv<vt
Jifus/eHdie, 1S77; E. R. Alston. "On the UHtish Majteni," Proceedings of (in

Zv<j!ogi<:al Society of Loudon, 1S79, p. 46S. (W. H. F.)

ilARTIAL (JL VALEEirs HARXiiLis) is a writer to

\those merits it is difficult to do justice iu the present day.

His faults are of the most glaring kind ; they are exhibitM

without the least concealment ; and they are of the sort of

which modem feeling is most intolerant. Living as he

did under perhaps the worst of the many bad emparor3

who ruled the world in the 1st century, he addresses

him and his favourites with the most servile flattery in his

lifetime, reviles him immediately after his death (xii. 6).

and offers equally fulsome incense at the shrine of his

successor. No writer of equal genius has ever shown such

an absence of dignity and independence of character iu his

relation to his richer friends and patrons. He is not ashamed

^ The Zoologist for Jtine 1882 records the i-eceut capture of

Marten iu a trap near Bardney in Liccolnshire.
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to be dependent on them for gifts of money, for bis dinner,

and even for his dress. We cannot feel sure that even

what seem his sincerest tributes of regard may not be

prompted by the hope of payment. Further, there is no

book iu any literature which, both in expression and in the

things treated of, sins so flagrantly against all instincts of

propriety. A certain proportion of the epigrams in every

book—perhaps oue-tifth or one-sixth (in some books the

proportion is much larger)—can be read by no class of

readers with any other feelings than those of extreme

distaste.

These faults are so unmistakable and undeniable that

many readers of ancient literature have formed their whole

estimate of Martial from them, and have declined to make

any further acquaintance with him. Even those who
greatly admire his genrus, who find the freshest interest

in his representation of Roman life and his sketches of

manners and character, and who, after admitting the un-

favourable first impression which he is beund to make,

believe that they still can discern sufficient indications of

the better nature which made him a popular and hkeable

man in his day, do uot attempt to palliate his faults,

though they may partially account for them by reference

to the morals of his age and the circumstances of his lite.

The time when " the last of the Flavian line was tearing

in pieces the Jialf-lifeless world, and Rome was a bond-

slave to a bald Nero," ' was one when literature had cither

to be silent or to be servile. Martial was essentially a

man of letters ; there was no other metier for whicli he

was fitted ; he was bound either to gain favour by his

writings or to starve. Tacitus and Juvenal might have

chosen the latter alternative, but they were fojtunately

spared the necessity of making the choice by the pus-

session of independent means. Even Statius, the contem-

porary of Martial, whose writings are iu other respects

irreproachable, is nearly as fulsome in his adulation as

Martial The relation of client to patron had been

recognized as an honourable one by the best Roman
traditions. No blame had attached to, Virgil or Horace

on account of the favours which they received from

Augustus and Msecenas, or of the return which they

made for these favours in their verse. That old honourable

relationship had, however, greatly changed its character

between the era of Augustus and that of Domitian.

Men of good birth and education, and sometimes even of

high official position (J uv., i. 117), were not ashamed to

gain or increase their living by the acceptance of money
doles to provide their daily meal. " Atria magna colam "

is the resource of a man who was too lazy or too incom-

petent to become an advocate, and who thought himself

too much of a gentleman to adopt any mechanical trade.

Martial was merely following a general fashion in paying

his court to " a lord." " Rex " is the common term used

for a patron. He made the best of the custom. In his

earlier career he used to accompany his patrons to their

villas at Baias or Tibur, and to attend their morning levi5es;

Later on he went to his own small country house, near

Nomentum, and sent a poem, or a small volume of his

poems, as his representative, at the early visit. If his

patron was courteous and liberal, he became his friend and

entertained him with his wit and social vivacity. If he

was mean and exacting, he found in him a subject for his

epigrams. The fault of grossness Martial shares with

nearly all ancient and many modern writers who treat of

life from the baser or more ridiculous side. That he

offends worse than perhaps any of them is to be explained,

not, apparently, on the ground that he was more of a

Cum iam semianimum laceraret Flavins orbem
Ultijuus, et calvo eerviret Eoma Noroni—Juv., iv. 37.

libertine in his life, but on the ground that he had tr,-

amuse a public which had become more corrupt than in any
other civilized era. Although there is tho most cynical

effrontery and want of self-respect in Slartial's use of lan-

guage, there is not much trace of the satyr in him,—much
less, many readers will think, than in Juvenal. Neither

is it at all true, as is said by historians of Romau litera-

ture (W. S. Teuffel, vol. iL 317, 5), that his ciiigrams

mostly deal with this side of life. At least four-fiftha of

them ai-e unexceptionable in subject and treatment.

Our knowledge of JIartial's life is derived almost entirely

from himself. His writiugs do not, like those of Horace,

supply materials fur a continuous biography, nor do they

lay bare every secret of his heart with the self-absorption

of CatuUus. But, as he writes frankly about everythir.g

that interested him, he has not only painted a very life-

like picture, or rather drawn a multitude of very life-bke

sketches of Roman society in his time, but he has clearly

marked his own position in and his own relation to that

society. His criticism of men and manners enables us to

judge of the standard which he applied to life, of the things

which he liked and disliked, and of bis own temper and

disposition. Reference to public events enables us approxi-

mately to fix the date of the publication of the different

books of epigrams, and from these dates to determine

those of various important events in his life. Thus, as in

book x., which was published in 97 or perhaps 98 a. p., he

is found celebrating his fifty-seventh birthday (x. 24), the

date of his birth may be assigned to the year 40 or 41.

The place of his birth was Bilbilis, or Augusta Bilbdis, in

Spain, in a " barren and rugged country " near the sources

of the Tagus. His name seems to imply that he was born

with the rights of Ronian citizenship, but he speaks of

himself as " sprung from tho Celts and Iberians, and a

countryman of the Tagus"; and, in contrasting his own
masculine appearance with that of an effeminate Greek,

he draws especial attention to " his stiff Spanish hair "

—

"Hispanis ego contumax capillis " (x. 65),

In an epigram written nearly thirty years after his removal

to Rome he piously commends the soul of a little child,

Erotion, to whom he was much attached, to his parents

Fronto and Flaccilla, who had gone before to the world

of shades (v. 34), Their position in life seems to be

indicated by such references to his former home as the

phrase " saturc-e sordida rura casK " (x. 96). His home was

evidently one of rude comfort and plenty, snfliciently in

the country to afford him the amusements of hunting and

fishing, which he often recalls with a keen sense of pleasure,

and sufficiently near the town to afford him the companion

ship of many comrades, the few survivors of whom he looks

forward to meet again after his five and thirty years

absence (x, 104). The memories of this old home, of

Bilbilis on its mountain site, of the shallow, rapid Salo

flowing round the base of the hill (" fluctu tenui sed

inquieto "), of '* Gaius hoary with snow and sacred Vadavero

with its broken cliffs, " of the ilex-grove of Burado (iv. 55)
" which even the laziest traveller walks through," and of

other spots the rough names and local associations of which

he delights to introduce into his verse, attest tho enjoy-

ment which he had in his early life, and were among the

influences which kept his spirit thoroughly alive in the

midst of the deadening routine of social life in Rome.

But his Spanish home could impart, not only the vigorous

vitality which was one condition of his success as a wit

aiKl poet, but the education which made him so accom-

plished a writer. The literary distinction obtained by the

Senecas, by Lucan, by Quiutilian, who belonged to a

somewhat older generation, and by his friends and contem-

poraries Liciuianns of Bilbilis, Decianus of Emerita, and
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Canius of Gades, proves how eagerly tlio novel impulse of

letters was received in Spain in the first century of the

empire, just as a similar impulse had been received in

Cisalpine Gaul in the first half of the first century before

our era. Tho success of his countrymen may have been

the motive which induced Martial's parents to prepare him
for a literary career,

—

"At me littorulas stulti Jocucre parCEtes" (Lx, 73, 7),

and which induced Martial himself to remove to Rome
when he had completed his education. This he must have

done some time before the fall, in 65 a.d., of Seneca and
Lucan, who were probably his earliest patrons. He
speaks of tho halls of the Pisoe and of Seneca as having

been opened to him when he first went to Rome (iv. 40);

and in epigrams, addressed to his widow nearly thirty

years after the death of Lucan, he speaks of him with

grateful admiration, and applies to her the word " Regina,"

"his lady patroness."

Of the details of his life for the first twenty years or

so after he came to Rome we do not know much- He
published some juvenile poems of which he thought very

little in his maturer years, and he laughs at a foolish book-

seller who would not allow them to die a natural death

(i. 113). Martial had neither youthful passion nor youth-

ful enthusiasm to make him precociously a poet. His

faculty ripened with experience and with the knowledge
of that social life which was both his theme and his

inspiration ; and many of his best epigrams are among
those written in his last years. From ir.any answers which

he makes to tbe remonstrances of friends,—among others

to those of Quintilian,—it may bo inferred that he was
urged to practise at the bar, but that he preferred his

own lazy Bohemian kind of life to more settled and
remunerative modes of industry. He made many in-

fluential friends and patrons, and secured the favour

both of Titus and Domitian. From them he obtained

various privileges, among others the"semestris tribnnatus,"

which conferred on him equestrian rank. lie failed,

however, in his application to the latter for more substantial

advantages, although he commemorates the glory of

having been invited to dinner by him, and also the fact

that he procured the privilege of citizenship for many
persons in whose behalf he appealed to him. The earliest

of his extant works, that known by the name of Liber

Spectaculorum, was first published at the opening of the

Colosseum in the reign of Titus ; but the book as it now
stands was given to the world in or about the first year of

Domitian, i.e., about 81 a.d. The favour of tho emperor
procured him the countenance of some of the worst creatures

at the imperial court,—among them of the notorious

Crispinus, of Parthenius, Earinus, Regulus, and probably
of Paris, the supposed author of Juvenal's exile, on whose
death Martial afterwards wrote a eulogistic epitaph.

The two books numbered xiii. and xiv., and known by
the name of Xenia and Apophoreta,—inscriptions of two
lines for presents,—were published between 81 and 8G a.d.

In that last year he gave to the world the first two of the
twelve books on which his reputation rests. From that

time till his return to Spain in 98 a.d. he published a

volume almost every year. The first nine books and the

first edition of book x. appeared in the reign of Domitian
;

and book xi. at the end of 96 a.d., shortly after the

accession of Nerva. A revised edition of book x., that

which we now possess, appeared in 98 a.d., about the time
of the entrance of Trajan into Rome. The last book was
written after three years' absence in Spain, shortly before

his death, which happened about the year 102 or 103 a.d.

These twelve books bring Martial'.'? ordinary mode of life

betwec" the ago of five-and-forty and sixty very fuUy

bff&ro us. Hit; rcgul;,r home for five-and-thirty years

was Rome. He lived at first up tbree pair of stairs (" et

soalis habito tribus sed altis," i. 117), and his rooms over-

looked the laurels in front of the portico of Agrippa.

He had a small and not very valuable country licniso

near Nomentum, in the Sabine territory, to which ha
occasionally retired as a refuge from the bores and noises

of the city (ii. 38, xii. 57). In his later years he had a
small house on the Quirinal, near the temple of Quirhius.

At the time when his third book was brought out he had
retired for a short time to Cisalpine Gaul, in weariness, as

he tells us, of his unremunerative attendance on the lefvues

of the great

—

" Non poter.it vanae taedia ferre togas " (iii. 4).

For a time he seems to have felt the charm of the new
scenes which he visited, and in a later book (iv. 25) he
contemplates, probably with a reminiscence of Horace
{Od. ii. C), the prospect of retiring to the neighbourhood

of Aquileia and the Timavus in his old dge. But the spell

exercised over him by Rome and Roman society was too

great to permit of a prolonged absence ; and even the

epigrams sent from Forum Cornell and the iEmilian Way
ring much more of the Roman Forum, and of the streets,

baths, porticos, and clubs of Rome, than of the places

from which they are dated. So too his motive for his final

departure from Rome in 98 a.d. was a weariness of the

burdens imposed on him by his social position, and, appa-

rently, the difficulties of meeting the ordinary expenses of

living in the metropolis (x. 96) ; and he looks forward,

with a kind of " nostalgia," to a return to the scenes familiar

to his youth. Tho well-known epigram addressed to

Juvenal (xii. 18) shows that for a time his ideal was
realized ; but the more trustworthy evidence of the prose

epistle prefixed to book xii. proves that his contentment
was of very short duration, and that he could flot live

happily away from the literary and social pleasures of

Rome (" bibliothecas, theatra, convictus"), which supplied

both the impulse to his genius and the material on which
it could exercise itself. The one consolation of his exile

was the society of a lady, Marcella, of whom he writes

rather as if she were his patroness,—and it seems to have

been a necessity of his being to have always a patron or

patroness,—than his wife or mistress. His delight in her

society arose from his finding in her one who, though
born and bred in this remote province, yet by her natural

grace and accomplishment revived for him the charm of

Rome.
During his life there, although he never rose to a

position of real independence, and had always a hard

struggle witli poverty, he seems to have known every-

body, especially every one of any eminence at the bar or

in literature. In addition to Lucan and Quintilian, ha

numbered among his friends or more intimate acquaintances

Silius Italtcus, Juvenal, the younger Pliny ; and we find a
number of other names, such as those of Julius Martiaiis,

Faustinus, Bassus, Decianus, Melior, Stella, i-c, of men
holding a high social, legal, or literary position, whose

society and patronage he enjoyed. The silence which he

and Statins, although authors writing at the same time,-

having common friend-s, and treating sometimes of the

same subjects, maintain in regard to one another may be

explained by mutual dislike or want of sympathy. Martial,

in many places, shows an undisguised contempt for the

artificial kind of epic on which Statius's reputation chiefly

rests ; and it seems quite natural that the respectable

author of the Thehaid and the Silvx should feel little

admiration for either the life or the works of the Bohemian
epigrammatist.

The personal faults of Martial, which deny to hia,
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writings, notwithstanding tlieir vivacity, truth, and brilii-

ancy, a place among the best poetry of antiquity, have

been sufficiently indicated. It remains to ask. What were

those qualities of nature and intellect which enable us to

read his best work—even the great body of his work

—

with the freshest sense of pleasure in the present day 1

He had the keenest capacity fur enjoyment, the keenest

curiosity and power of observation. The ordinary spectacle

of Roman life, as it passed before his eyes, was thus vividly

apprehended and reproduced by him in all its details ; and

the many varieties of character which an over-ripe and

decaying civilization produces were quickly seized and

graphically sketched. He had also a very just discern-

mcut. It is rave to find any one endowed with so quick

a perception of the ridiculous who is so little of a carica-

turist. He was himself singularly free from cant, pedantry,

or affectation of any kind. Though tolerant of most vices,

he has a hearty scorn of hypocrisy,—of the combination

of outward austerity with secret profligacy,—of the man
who, while he wears

*' Fnscos colorcs, galbiuos habet mores.'*'

There are few better satirists of social and literary pre-

tenders either in ancient or modern times. Living in a

very artificial age, he was quite natural, hating pomp and

show, and desiring to secure in life only what really gave

him pleasure. To live one's own life heartily from day to

day without looking before or after, and to be one's self

without trying to be that for which nature did not intend

him, is the sura of his philosophy. It is the philosophy

of a man who has passed the middle of life, 'who has

outlived any illusions he may ever have had, and who
is quite content that whatever remains to him in the future

should be like his present. Further, while tolerant of much
that is bad and base,—the characters of Crispinus and

Eegulus, for instance,—he shows himself genuinely gratefol

for kindness and appreciative of excellence. He.^has no

bitterness, malice, or envy in his composition. He pro-

fesses to avoid personalities in his satire ;
—" Ludimus iu-

nocui " is tjie character he claims for it. Pliny, in ths ehcrt

tribute which he pays to him on hearing of his death, says,

" He had as much candour as wit and pungency in his

writings" (jEp. iii. 21).

Honour and sincerity {Jiaes and simplicitas) are the

qualities which he most admires in his friends. Though
many of his epigrams indicate a cynical disbelief in the

character of women, yet others prove that he could respect

and almost reverence a refined and courteous lady. His

own life in Kome afforded him no experience of domestic

virtue ; but \\.U epigrams .show that, even in the age which

is known to modern readers chiefly from the Satires of

Juvenal, that virtue was recognized as the purest source of

happiness. The tenderest clement in Martial's nature

seems, however, to have been his affection for children

and for his dependants. The pathos with which he has

recorded their premature death, combined with his- fresh

enjoyment of outward nature, give to. many of his pieces

a rank among the serious poetry of the world—" inter

sanctiora carmina,"—to use a phrase of his own.

The permanent literary interest of Martial's epigrams

arises not so much from their" verbal point or brilliancy,

though in these respects they are unsurpassed, as from the

amount of human life and character which they contain.

There is no truer painter of social manners in antiquity. He
enables us better than any other writer to revive the out-

ward spectacle of the imperial Rome which we see in its

ruins, and to repeople its streets, shops, porticos, baths, and
amphitheatres. If Juvenal enforces the lesson of that time,

ami has penetrated more deeply into the heart of society.

: of a iluU colofir. liia moi'tiU a pale git

Martial has sketched its external aspect with a much fairec

pencil and ffom a much more intimate contact with it. It

is from the immediate impressions and comments of the

epigrammatist that the satirist has taken the suggestion

of many of his more elaborate pictures and more stern

denunciatioiiH. liut it is not only the peculiarities of

Iioman customs that live in the writings of ilartiaL His

page, to use his own phrase, "has the true relish of human
life " in every age—" hoininem pagina nostra sapit."

He wa5 to Rome in the decay of its ancient virtue and
patriotism what Monandcr was to Athens in its decline.

They were both men of cosmopolitan rather than of a

national type, and had a closer afBnity to the life of Paris

or London in the 18th century than to that of Rome in

the days of the Scipios or of Athens in the age of Pericles.

The form of epigram was fitted to the critical temper cr

Rome as the comedy of manners was fitted to the dramatic

genius of Greece. Martial professes to be of the school of

Catullus, Pedo, and Marsus, and admits his inferiority

only to the first. But, though he is a poet of a less pure

and genuine inspiration, he is a greater epigrammatist

6ven than his master. He has indeed made that form of

art peculiarly his own. He has ap[died it to the repre-

sentation of a very much greater number of situations,

incidents, and characters, and ho has done this with the

greatest clearness, terseness, and vivacity of stylo, and with a

masterly command over all his metres, except the pure hexa-

meter, in which no other writer has been able to treat the

familiar matters of the day with the light touch of Horace.

Martial, except where he is flattering the emperor,—and

then we may sometimes suspect an nndeupurrent of irony,

•— is one of the most natural and sensible as he is-oiie of

the wittiest and most brilliant of writers. He fails, per-

haps, more often in his wit than in his sense. He is

full of the happiest ph'^ases, which express admirably

for all times, without over-subtlety and without triteness,

the judgment and impressions of life formed by direct

contact with it, and taken neither from boolcs nor from the

opinions of other men, of a thorough man of the world,

who had yet some feelings and sensibilities to which men
of the world are generally strangers. He wrote naturally

because he was completely in harmony with the life of

his age. As this is the explanation of his grave offences,

it should also be recognized as contributing to his merits

as a writer.

Owing probably to the reasons which have esclutlctf his wiitings

from school education, little has been done for tiio criticism or

explanation of Martial for about two centuries. There is a good
edition of the text by Schncidewin in the Tcubucr scries of classics.

For Engliih readers the Selected Epitjrams of Martial, by }I. H.
8tcpheusoii, and the Martiatis Epifiravimata Selccca, by Messi-s

Paley aud Stone, may be recommended as a good introdiictioa to

the study of this poet. An edition of book i., with a Latin com-
mentary by J. Flach, has lately appeai-ed at Tiibingcn. Further
information about him may be obtained in a work by A. linindt,

Dc Martialis liocias vita et saiptis (Berlin, 1853)', aud in Friodliiudcr's

Sittcngaschicfttc Jloms ; and an excellent critieism on his writings

is to be found among the prose works of Lcssing. (W. V. S.

)

MARTIAL LAW. See Military Law.
MARTIGUES, Chief place of a canton in the depart-

ment of Bouches-du-Rhone, France, stands on the southern

shore of the lagoon of Berre, and at the eastern extremity

of that of Caronte, by which the former is connected with

the Mediterranean. Divided into three quarters by canals

with numerous bridges, the place has sometimes been called

the 'Venice of Provence. It has a harbour of 10 acres, an

iron foundry, workshops for maritime constructions, oil

manufactures, and chemical works; the principal industry,

however, consists in the preparation of " beutargue," which

is obtained from the rocs of the grey mullet caught in tho

lagoons, and rivals Russian caviare. The population in

187G was 8053.
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Built ia 1232 by Raymond Rcrenwr, count of Provence, Mnrtigueg
was made a viacountship by Joanna 1., quccu of Naples. Henry IV.

made it a principality, in favour of a iirincesa of tbe house of

Luxembourg. It afterwards passed into tlio hands of the duke of

Villars.

MARTIN ' (French, Martinet), tho Ilinmdo urlica of

LinniEUS and CMidon urbica of modern ornithologists, a

bird very well known throughout Europe, including even

Lapland, where it is abundant, retiring in winter to the

south of Africa.^ It also inhabits tho western part of Asia,

and appears from time to time in large flocks in India;

but tho boundaries of its range and those of at least one of

its Eastern congeners cannot as yet be laid down. The
Martin (or House-Martin, as it is often called, to distinguish

it from the Sand-Martia presently to be mentioned) com-
monly reaches its summer-quarters a few days later than

the Swallow (q.v.), whose habits its own so much resemble

that heedless persons often disregard the very perceptible

differences between them, tho Martin's white rump and
lower parts being conspicuous as it flies or clings to its

"loved mansionry" attached to our houses, for, as

Shakesoeare wrote

—

" No jutty, frieze,

Buttress, nor coign of vantage, but this bird

Hath made his pendent bed and procreant cradle."

—

Macbeth, act i. sc. 6.

This nest, made of the same material as the Swallow's,

is, however, a far more difficult structure to rear, and a

week or more is often occupied in laying its foundations

—

the builders clinging to tho wall while depositing the mud
of which it is composed. But, the base once securely fixed,

the superstructure is often quickly added till the whole

takes the shape of the half or quarter of a hemisphere, and
a lining of soft feathers, mixed with a few bents or straws,

fits it for its purpose. The Martin sets about building very

Boon after its return, and a nest that has outlasted the

winter's storms is almost at once reoccupied ; though if a

new nest be needed its construction often involves great

delay, for any excess of wet or drought retards the operation,

and the work is generally placed in such an exposed situa-

tion that heavy driving rains will frequently wash away
the half-dried walls. However, the bird mostly perseveres

against these and other untowardnesses, contriving in the

course of the summer to raise a second or, rarely, a third

brood of oflspring—though it is certain that the latest

broods often die in the nest—apparently through failure of

food. Yet what seem to be adults of this species are

observed in England every year so late as November, and

there are several instances of its appearance within a few

days of the winter solstice ; but it is to be remarked that

these late birds are almost certainly strangers, and not

natives of the locality in which they are seen.

The Sand-Martin, J/irundo riparia of Linnteus and
Cottle riparia of modern writers, difl'ers much in appearance

and habits from the former. Its smaller size, mouse-
coloured upper surface, and jerking flight ought to render

it easily recognizable from the other British Hirundiuida;

;

but through carelessness it is seldom discriminated, and,

being the first of the Family to return to its northern

home, the " early Swallow " of newspaper-writers would
seem to be nearly always of this species. Instead of the

clay-built nest of the House-Martin, this bird bores, with

a degree of regularity and an amount of labour rarely

excelled in its Class, horizontal galleries in a natural or

' The older EngUsh form, Martlet jFrench, Marldd), is, e-xcept in

heralds' langu.ige, almost obsolete, and when used is no^v applied in

some places to tbe Swift (q.v. ).

^ Since tbe publication of the account of this species in Yarrell's

British Birds (ed. 4, ii. p. S54), Mr Giu-ney has informed the -writer

of a specimen obtained out of a migratory flock flying very high on the
Qua'qua' river, lat. IS" 10' S., by tlie expedition of Messrs Jcvuieson

and Ayres, 23d October 18<>e

artificial escarpment. When beginning its excavation, it

clings to the face of the bank, and with its bill leosens the
earth, working from the centre outwards, assuming all sorta

of positions—as often as not hanging head downwards.
The form of the boring and its length depend much on
the nature of the soil ; but the tunnel may extend to 4,
C, or even 9 foot. The gallery seems intended to be
straight, but inequalities of the ground, and especially the
meeting with stones, often cause it to take a sinuous
course. At the end is formed a convenient chamber lined
with a few grass stalks and feathers, tlie latter always
beautifully arranged, and upon them the eggs are laid.

The Sand-Martin has several broods in the year, and is

much mere regular tlian other Uirimdinidx in its departure
for the south. Tho kind of soil needed for its nesting-

habits makes it a somewhat local bird ; but no species of

the Order Passercs has a geographical range that can com-
pare with this. In Europe it is found nearly to the North
Cape, and thence to the Sea of Okhotsk. In winter it visits

many parts of India, and South Africa to the Transvaal
territory. In America its range is even more extraordinary,

extending (duo regard being of course had to the season of

the year) from Melville Island to Caiijara in Brazil, and
from Newfoundland to Alaska.

Tlie Purple Martin of America,^ Ilinmdo or Prague
purpurea, requires some remarks as being such a favourite

bird in Canada and in the United States. Naturally
breeding in hollow trees, it readily adapts itself to the
nest-boxes which are very commonly set up for its accom-
modation ; but its numbers are in some 3'ears and places

subject to diminution iu a manner which has not yet been
satisfactorily explained. The limits of its range in winter

are not determined, chiefly owing to the differences of

opinion as to the validity of certain supposed kindred
species found in South America ; but according to some
authorities it reaches the border of Patagonia, while in

summer it is known to inhabit lands within the Arctic

Circle. The male is almost wholly of a glossy steel-blue,

while the female is much duller in colour above, and
beneath of a brownish-grey.

Birds that may be called Martins * occur almost all over

the world except in New Zealand, which is not regularly

inhabited by any member of the Family. The ordinary

Martin of Australia is the Hirundo or Hylochelidon

nigricans of most ornithologists, and another and more
beautiful form is the Ariel or Fairy-Martin of the same
country, Hirundo or Lagenoplastes ariel. This last builds

of mud a bottle-shaped nest, as does also the Kock-Martin of

Europe, Hirundo or Biblis rtipestris-. but space fails wherein

to tell more of these interesting birds. (a. n.)

MARTIN, St, bishop of Tours, was born of heathen

parents at Sabaria (Stein, am Anger) in Pannonia, about

the year 316. When ten years of age he became a

catechumen, and at fifteen, contrary to his own inclination,

he entered the army. It was while he was stationed at

Amiens that he divided his cloak with the beggar, and on
the following night had tho vision of Christ making known
to his angels this act of charity to Himself on the part of

" Mai'tinus, still a catechumen." Soon afterwards he

received bapti.sm, and, two years later, having been per-

mitted to leave the army, he joined Hilary of Poitiers,

who wished to make him a deacon, but at his own request

ordained him to the humbler office of an exorcist. In the

course of the years that followed he undertook a journey

to Pannonia for the purpose of converting his parents, and

was successful in bringing his mother within the pale of

3 In 1840 an example is said to have been killed at Kingstown in

Ireland, the skin of which is in the Dublin Museum of Science and Art.

* The Martin of French colonists (in the Old World) is an Acri-

dotluns^ one of the Siabli>'gs (?.t'.^
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the church. For some time, doubtless during the Arian

troubles, he lived, along with a presbyter friend, an ascetic

life on the desert island of Gallinaria near Genoa ; in 360

he was again with Hilary at Poitiers, and founded in the

neighbourhood the monasterium Locociagense (Licug6).

Here his miracles, which included more than one case of

restoring the dead to life, were very numerous, and made

him so famous that in 371 the people of Tours insisted on

having him for their bishop. In this capacity he was

extremely zealous and energetic in seeking to extirpate

idolatry from his diocese and from France, and By example

ks well as by precept he did much for the spread of the

monastic system. To obtain the privacy that he required

for the maintenante of his personal religion, he established

the monastery of Marmoutier-les-Tours (Martini mona-

sterinm) on the banks of the Loire. At Treves, in 3S5,

he was importunate in his entreaties that the lives of the

Priscillianist heretics should be given them, and he ever

afterwards refused to hold ecclesiastical fellowship with

those bishops who had sanctioned their execution. He
died at Candes about the year 400, and is commemorated

by the Roman Church on November 1 1 (duplex). He is

the patron saint of France, and of the cities of Mainz

and Wiirzburg. The Life by his disciple Sulpicius Severus

is practically the only source we have for his biography,

but it is full of legendary matter and chronological

inaccuracies. The feast of St Martin (ilartinmas) took

the place of an old pagan festival, and inherited some of

its usages (such as the Martinsmannchen, jMartinsfeuer,

Martinshorn, and the like, in various parts of Germany)

;

by this circumstance is most probably to be explained the

fact that he is regarded as the patron of drinkine and jovial

meetings, as well as of reformed drunkards.

MAfiTIN I., pope, succeeded Theodore I., m June or

July 649. He had previously acted as papal apocrisiarius

at Constantinople, and was held in high repute for learning

and virtue. Almost his first official act was to summon a

synod (the first Lateran) for dealing with the Monothelite

heresy. It met in the Lateran church, was attended Ijy

one hundred and five bishops (chiefly from Italy, Sicily,

and Sardinia, a few being from Africa and other quarters),

held five sessions or "secretarii" from the 5th to the '31st

of October 649, and in twenty canons condemned the

Monothelite heresy, its authors, and the writings by which

it had been promulgated. In this condemnation were

included, not only the " Ecthesis " or exposition of faith of

the patriarch Sergius for which the emperp- Lieraclius had
stood sponsor, but also the " Typus " of Paul, the successor

of Sergins, which had the support of the reigning emperor

(Constans II.). Martin was very energetic in publishing

the decrees of his Lateran synod in an encyclical, and
Constans replied by enjoining his exarch to seize the pope,

ohould he persist in tliis line of conduct, and send him
prisoner to Constantinople. These orders were found
impossible of e.«cution for a considerable space of time,

but, at last Martin was arrested in the Lateran (June 15,

653), hurried out of Rome, and conveyed first to Naxos
and subsequently to Constantinople (September 17, 654).

After suffering an exhausting imprisonment and many
public indignities, he was ultimately banished to Cherson,

where hs arrived on March 26, 655, and died on the 16th

of September following. His successor was Eugenius I.

A full account of the events of his pontificate will be

found in Hefele's Conciliengeschichte, vol. iii., 1877.

MilETIN IL . See Makinus T

MARTIN III. See Marinus II.

MARTIN IV., .pope from 1281 to 1285, was the suc-

cessor of Nicholas III, He was a native of Touraine,. born

about 1210, and his proper name was Simon do Brion.

After holding various offices at Rouen and Tours, ho was

madt, ctiancellor of France by Louis IX. in 1260, and

cardinal by Urban IV. in 1261. He acted as legate for

this pope and also for his successor Clement IV. in tl»e

negotiations for the assumption of the crown of Sicily bj

Charles of Anjou, and he is supposed also to have stimiv

lated the ambition of Philip IIL for the ii^perial ftSBtV^

in 1273. After the death of Nicholas -III ^Augpsfilggfl

Charles of Anjou was able to secure the election of Cardiha'

Simon by the conclave at Viterbo (February 22, 1281)
The Romans declined to receive him within their walls,

and he was crowned at Orvieto. At the instance dl

Charles, whose tool he had become, he in Novembet
1281 excommunicated the emperor Michael Palaeokgus,

who stood in the way of the French projects against Gieece,

—an act by which the union of the Eastern and Western

churches was rendered impossible. For three yeari> after

the Sicilian Vespers in 1282 all the spiritual and material

resources at his command were in vain employed on behalf

of his patron against Peter of Aragon. He died at Perugia

on JIarch 25, 1285, and was succeeded by Honorius IV.

MARTIN V. (Otto di Colonna), pope from 1417 to 1431,

was elected on St Martin's day at Constance by a conclave

consisting of twenty-three cardinals and thirty delegates of

the council, which after deposing John XXIII. had long

experienced much perplexity from the conilicting claims of

Gregory XII. and Benedict XJII. The son of Agapito

Colonna and Catarina Conti, born about 1368, he belonged

to one of the oldest and most distinguished families of Rome,
became apostolic protonotary under Urban VI., was
created cardinal-deacon by Innocent VII., and in 1410

was the dtlegate of Alexander V. to hoar the appeal which

had been taken in that year to the papal see by John
Huss. He was justly esteemed for his moderation, learn-

ing, uprightness, and business capacity, but he failed to

achieve, as he might have done, the honour of being a

reforming pope. His first act after his election was to

publish a brief confirming all the i-egulations made by his

predecessors with regard to the papal chancery,-—regula-

tions which had long been the subject of just complaint.

When the "nations" of the council pressed their plans for

reform, Martin submitted a counter scheme, and ultimately

entered into negotiations for separate concordats, for the

most part vague and illusory, with Germany, England, and

France. He left Constance at the close of the council

(May 1418), but travelled slowly through Italy, lingered at

Florence, and did not venture to enter Rome until

September 1420, when his first task was to seek to restore

it to the prosperity and order to which it had become a

stranger. In accordance with the decree of Constance,

confirmed by himself, ordering that councils should be

held every five years, ho in 1423 summoned the council

which met at Pavia and afterwards at Siena ; it was some-

what poorly attended, and this circumstance gave the pope

a pretext for dissolving it as soon as it had come to the

resolution that "internal church union by reform ought to

take precedence of external union." It was prorogued for

seven years, and then mat at Basel ; shortly after its open-

ing Martin died of apople.vy, on February 20, 1431. _ His

successor was Eugenius IV.

MARTIN, John (1789-1854), a popular English

painter, was born at Haydon Bridge, near Hexham, on the

19th of July 1789. On account of his early interest in

art he was- apprenticed by' his father to a coachbuiJder to

learn heraldic painting, but owing to a quarrel the

indentures were cancelled, and he w,as placed under

Bonifacio JIusso, an Italian artist, father of the well-

known enamel painter Charles Musso; With his master

Martin removed to London in 1806, where he married at

the ago of nineteen, and led a struggling life, supporting

himself by giving drawing lessons, and by painting in
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wfitor colours, and on china and glass. His leisuio was

occupied in tlio study of pcrsjioctivo and architectui-o. His

first picture, Sadak in Search of the Waters of Oblivion,

was executed in a month. It was exhibited in the Royal

Academy of 1812, and sold for lifty guineas. It was

fi>llowed by the E.'cpulsion (1813), Paradise (1 813), Clytic

(1811), and Joshua (1815). In 1821 appeared the famous

P.elshazzar's Feast, which excited much favourable and

hostile comment, and was awarded a pnzo of X200 at the

British Institution, where the Joshua had previously ca'-ried

olT p. premium of £100. Then came the Destruction of

Horculaneum (1822), the Creation (1824), the Eve of the

Deluge (1841), and a long series of other Biblical and

imaginative subjects, many of which are widely known
through engravings. lu 1832-33 Martin received £2000
for drawing and engraving a fine series of designs to

Milton, and along with Westall he produced a set of Bible

illustrations. He Was also much occupied with schemes

for the improvement of Loudon, and published various

pamphlets and plans dealing with the metropolitan water

supply, sewage, dock, and railway systems. During the last

four years of his life he was engaged upon his large subjects

of the Judgment, the Day of Wrath, and the Plains of

Heaven. He was attacked with paralysis while painting,

a.iddied in the Isle of Mau on the 17th of February 1854.

Tho bold originality of M.irtiu'3 prodactions startled and
.ittrncted the jtublic, but they aro without the qualities of solid

execution and truth to nature upon which a lasting fame in the

Arts nnist bo built. His figures are badly drawn, his colouring is

hot and unide.isant. To most of his professional brethren his

works seemed theatrical and tricky ; and the best lay critics of his

time, like Charles Lamb, were disposed to deny that they evinced

true imaginative power. His popularity may be said to have cul-

minatid in 1828, the year of his Fall of Nineveh : since then it has
been gradually declining.

MARTINA FRANCA, a city of Italy in the province

of Leoce, 18 miles north of Taranto, on a hill near the

sources of the Tara. It was a fief of the Caraccioli family,

and dates from a comparatively modern epoch. The ducal

palaco is one of the finest buildings of its kind in the south

ci Italy, somewhat similar in style of architecture to the

Talazzo Pamfili in Naples. The population of the city

was 13,0S8 in 1S61 ; that of tho commune has increased

from 16,637 in that year to 19,257 in 1881.

MARTINEAU, Harriet (1S02-1876), English woman
of letters, was born at Norwich, where her father was a

manufacturer. The family was of Huguenot extraction, but

had adopted Unitarian views. Her education, which in-

cluded Latin and French, as well as domestic accomplish-

ments, was received partly at home, and partly under a

Mr Perry, to whose lessons in logical English composition

.she ascribed something of her later clearness of thought

.and statement. The atmosphere of her home was indus-

trious, intellectu.il, and austere ; she herself was clever,

weakly, and unhappy, and was, moreover, already growing
deaf. At the age of fifteen the state of her health and
temper led to a prolonged visit to her father's sister, Mrs
Kentish, who kept a school at Bristoh Here, in the

companionship of amiable and talented people, her life

became happier. Here, also, she fell under the influence

of the- Unitarian minister, Dr Carpenter, from whose in-

structions, she says, she derived " an abominable spiritual

rigidity and a truly respectable force of conscience

strangely mingled together." From 1819 to 1830 she

ftgahi resided chiefly at Norwich. The first part of this

period was mainly spent in quiet and almost secret

study and in needlework. About her twentieth year her

deafness became confirmed, and she habitually from that

time used an ear trumpet. In 1821 she began to write

anonymously for the MoMhly Repository, a Unitarian

periodical, aud was assured by her brother that authorship

was her proper career. A little later she pubHshed
Devotional Exercises and Addresses, Pra)/eis, and llymns. '

In 1826 her father died, leaving a bare maintenance
to his wife and daughters. His death had been preceded

by that of his eldest son, and w-as shortly followed by that

of the young man to whom Harriet was engaged. Mrs
Martineau and her daughters soon after lost all their

means by the failure of the house where their money was
placed. Harriet had to earn her living, and, being

precluded by her deafness from teaching, took up author-

ship in earnest and toiled with incredible industry. She
reviewed for the Repository at the rate of £15 a year,

wrote stories (afterwards collected as Traditions of Pales-

tine), gained in one year (1830) three essay-prizes of

the Unitarian Association, and eked out her income by
needlework. In 1831 she was seeking a publisher for

a series of tales designed as Illustrations of Political

Economy. After many failures she accepted very disadvan-

tageous terms, and the first number appeared amidst gloomy
prognostications from the publisher. The sale, however,

was immediate and enormous, the demand increased with

each new number, and from that time her literary success

was secured. In 1832 she moved to London; she at once

became the fashion, and her acquaintance was eagerly

sought. Till 1834 she continued to be occupied with

her political economy series and with a supplemental

series of Illustrations of Taxation. Four stories dealing

with the poor-law came out about the same time. These

tales, direct, lucid, written without any appearance of effort,

and yet practically effective, display the characteristic

1
qualities of their author's style. lu 1834, when the whole

series was complete. Miss Martineau paid a long visit to

America. Here her open adhesion to the Abolitionist

party, then small and very unpopular, gave great offence,

which was deepened by the publication, soon after her

return, o{ Society in America and a Retrospect of Western

Travel. An article in the Westminister Review, " The
Martyr Age of the United States," introduced English

readers almost for the first time to the struggles of the

Abolitionists. In these American writings Miss Martineau

shows less than her usual calmness and judicial common
sense, but it ^ill scarcely be denied that there was some
ground for her vehemence. The American books were

followed by a novel, Dcerbrook,—a story of middle class

country life, lacking the delicate humour of Miss Austen or

the touch of farce that enlivens Miss Edgeworth's tales,

but delightfullj- clear in style, wholesome in spirit, and well

sustained in point of interest. To the same period belong

two or three little handbooks, forming parts of a Guide
to Service. The veracity of her Maid of all Work led to

a widespread belief, which she regarded with some com-
placency, that she had onco been a maid of all work
herself.

In 1839, during a visit to the Continent, Miss Martineau's

health, which had long been bad, broke down entirely.

She retired to solitary lodgings in Tynemouth, and remained
a prisoner to her couch till 1844. She was still busy, and,

besides a novel {The Hour and the Man), published some
tales for children, and Life in the Sick-room. These
volumes contain some of her best work, and possess a charm
of tender feeling to balance the somewhat cold rationality

that predominates in most of Miss Martineau's writing.

During this illness she for a second time declined a pension

on the civil list, fearing to compromise her political

independence. Her letter on the subject was published,

and soma of her friends raised a small annuity for her

soon after.

In 1844 Miss Martineau underwent a course of

mesmerism, and in a few months was restored to health.

Her recovery excited much discussion and controversy.
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She Lcrscir felt no doubt citlier cf its reality or of it3

being due to mesmerism, and not unnaturally resented the

i-Dcredulity of others. Sho eventually published an account

of her case in sixteen Letters on Mesmerism, a proceeding

which caused great offence to some members of her family.

On finding herself set free from the bondage of ill-health,

she removed to Ambleside, where she built herself the

house in which the greater part of her after life was spent.

jLii 18i5 she published three volumes of Forest and Gam'.

LaWl'ales, in which the method of her political economy

series was again applied. In 1846 she made an Eastern

tour with some friends. She was abroad for eight months,

visiting Egypt, Palestine, and Syria, and on her return

published Eastern Life. The tendency of this work is to

display humanity passing through one after another of the

world's historic religions, the conception of the Deity and

of Divine government becoming at each step more and more

abstract and indefinite. The ultimate goal Miss Martineau

believed to be a philosophic atheism, but this belief she

did not expressly declare in Eastern Life, considering it to

be outside the province of that book. She published

about this time Household Education, expounding the

modern theory, in which freedom and rationality, rather

than command and obedience, are regarded as the most

effectual instruments of education. Her practical interest

in aU schemes of instruction led her to start a scries of

lectures, addressed at first to the school children of

Ambleside, but afterwards extended, at their own desire, to

their elders. The subjects of these lectures were sanitary

principles and practice, the histories of England and North

America, and the scenes of her Eastern travels. At the

request of Mr Charles Knight slie wrote for him, in 18-19,

The History of the Thirty Years Peace,— a. characteristic

instance of Miss Martineau's remarlcable powers of labour,

" From the first opening of the books to study for the

history to the depositing of the MS. of the first volume at

press was," she says, " exactly six months. The second

volume took six months to do."

In 1851 Miss Martineau edited a volume of Letters on,

the Laws of Man's Kature and Development. Its form is

that of a correspondence between herself and Mr H. G.

Atkinson (in which the latter has much the larger share),

and it expounds that doctrine of philosophical atheism to

which Miss Martineau had, in Eastern Life, depicted the

course of human belief as tending. The existence of a first

cause is not denied, but is declared unknowable, and the

authors, while regarded by others as denying it, certainly

considered themselves to be affirming the doctrine of man's

moral obligation. !Mr Atkinson was a zealous exponent

of mesmerism, and the prominence given to the topics of

mesmerism and clairvoyance no doubt tended to heighten

the disapprobation with which the book was received. The

reviewers were almost unanimous in condemnation, and

the publication caused a lasting division between Miss

Martineau and some of her friends.

The nev>' philosophical bent of her studies directed Miss

Martineau's attention to the works of Comte, and sho

undertook a condensed English version of the Philosophic

Positive. It appeared in 185.3, and to most readers is

juore useful and intelligible than the originah She had

begun in the previous year to write articles, chiefly

biographical, for the Daili/ Xews. Among these w-ere the

Lettersfrom Ireland, written during a visit to that country

in the summer of 1852. She also wrote a considerable

number of essays upon different manufactures for House-

hold^ofels, and anotherseries for the same periodical upon-

the treatment of blindness, deafness, idiotcy, i'C, besides

a' Guide to Windermere, followed afterwards by a Complete

Guide to the Lakes. She had been for many years a con-

tributor to the Westminister Rovieu', and was one of the

little band of supporters whoso pecuniary assistance, ire

1851, prevented its extinction or forced sale. In the early-

part of 1855 Miss Martineau found herself suffering from

heart disease. Having alwajs felt it one of lier duties

to write hei^autobiography, and believing the time before

her to be but brief, she now at once set about this

task, and on its completion caused the book to be printed

that it might be ready for speedy publication at her death.

Bi't her life, which she supposed to be so near its close,

was prolonged for other twenty years, her death "^t

taking place until 1876.

These years were by no mcnns idle. She continued to contiilntc

to tlie Uuilij Ncics, for wliieli she wrote la nil more tlinu ]00(V

articles, and to tlic JVcstmhistcr Itcvkiu, as well as to oilier p.ipcrs,

and her biogr.apliical sketches were collected and rcpvintod from llie

Daibj Ncu-s in a volume which has justly hecoinc one of tlio Ijest-

known of her works. In point of style it is ju-obally the most
excellent ol'thcju all. The form and method leave nothing to ho

desired, and the perception of char.icter is .slnewd, sincere, and,

ronghly speaUin^% leliable. But in rcadinj^ the book we ficl tli:it

the biographies, divided by the editor into groups ut royal, jiolitic M,

ke., fail far more naturally into two larger classes,—tlicbiograidiiis

of persons whom Miss Jlarlinc.iu liked, and tlie biographies ct

persons whom she disliked. All aie doubtless in a scnso true, as.

all photographs are true, but the diirercnce between a ll.iltcving and

an unflattering photograph is considerable.

She also produced two books on the goveninieiit of Indi.i, and

was continually occnpied in jnomoting schemes o! relonn aiid

benevolence, ller poorer neighbours owed much to her kindly and

enlightened eflbrts, and lier servants found in her a friend as will

as a mistress. Her long and busy liie bears tlio consistent iiiipn ^>-

of tuo leading characteristics,—industry and sincerity. Her \v.,ik

w.is invariably sound, and its motive invaikaldy resjiectable. The
verdict •Ahich sho records on herself in the autobiographiral:

sketch left to be published by the Vailij Xcics is probably very

near to that which will be recorded by future jiid;;nient. Shu

says,—" Her origill.rl power was nothing nrore than was due tu

earnestness and intellectual clearness within a cerlaiu range. 'With

small imaginative and suggestive powei-s, and thercK.ie nothing:

approaching to genius, she could see clearly what &he di<l >ee, .ind

give a clear expression to what she had to say. In sliort, she

could popularise while she could neither discover nor invent."

HerjuQgment ou large questions was clear and sound, and was-

always the judgment of a mind naturally progressive and Protestant.

Mentally she was a true daughter of her Huguenot ancestors. Uiit

it is impossible to read her autobiography without suspecting that

she was subject to considerable pn-judices, especially in her judg-

ment of persons, and that her u-mper, particularly in earlier Hie,

was unamiable, hard, and unforgiving. She seems, indeed, to hn\ .

possessed the sort of disposition which shows to nnuli gieaiir

advantage in its relation to juniors, inhiiors, and dependants th.iii

in its relations to elders and superiors, and wiii. h tlurefore api.e.ar-.

more amiable in the closing than in the oi>ening years of life, lirr

autobiography reveals also a weakness whiLdi was perhaps unavi'i 1-

able. The publication of her political eiononiy tales broiigla 1m
Into great and sudden notice ; many pei^ons of high jm^ti

oflieial and otherwise, desired to enlist her advocacy ou the part ol

their particular projects. She found her help nineh conned, and

much help eagerly proll'ered to her. Her dcifuess, which .sullei.d

her to hear only what was directly addressed to herself, assisted tu-

make her a centr.il figure, and to iniluee the belief that h. is was-

oiie of the most potent it not actually the most potent voice in

English politics. Her deafness was in another direction probably

advantageous. It led. her to find solitude easier than nio^t com-

panionship, and saved her from many distractions of atuntinn.

It may indeed fairly bo surmised that Imt for her deafness she

could never have found time to achieve the .amazing quantity of

work that she did, while the courageous, cheerful, and unobtrusive

spirit in which she bore her inliriiiity remains an c.xainide and an

cucouragcnicut to all her fellowsulleivrs. (C. BI^.

)

JIARTINI, Giovanni B.vttist.v (1706-1784), the

most learned musician of the ISth century, was born at

Bologna on April 25, 1706. His father, Antonio JIaria

Martini, a violinist, taught liim very early the elements

of music, and to play the violin : at a later period he

learned singing and harpsichord playing- from Padre

Pradieri, and counterpoint from Antonio Riccieri. Having

received his education in classics from the fathers of the

oratory of San Fdippo Xcri, he afterwards entered upon

a noviciate at the Franciscan monastery at Lago, at the

close of which he was received into that order on September
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11, 1722. Continuing Lis studies in tlio theory and

IJi-actico of music witli groat zeal, ho in 1725, though only

ninotoen years of ago, received the appointment of chapel-

master in the Franciscan church at Bologna, where his

compositions soon attracted much attention. At the

invitation of amateurs and professional friends he now
opened a school of musical composition at which iu the

courso of his long life several celebrated musicians were

trained, including Paolucci, Sabbatini, Euttini, Zanotti,

Sarti, Ottani, and Stanislas Mattel ; as a teacher he con-

sistently declared his preference for the traditions of the

old Roman school of musical composition (see Music).

Padre Martini was a zealous and indefatigable collector of

musical literature, and is alleged to have been the possessor

of the most e.-itensive musical library ever formed. After

a lingering illness he died at Bologna on August 4, 1781.

His £logio was published by Pietro della Valle at Bologna
in the same year.

Tlic greater number of llurtini's sacred compositions remain un-
printcd. The Liceo of Bologna possesses tho MSS. of two oratorios ;

liiid a rei^uiem, with some other pieces of church miisic, are now iu

Vienna. Litauix atrnte antiphoiix Jinalcs B. V. Murix were pub-
lished at Bologna in 1734, as also twelve Sonate d'intavolatura ; six

Soiuttc per Vorgano cd il cembalo in Xlil ; and Diictti da Camera
in 1763. ilartini's most important works are his Storia delta MiLsica

(Bologna, 1757-81) and his Saggio di Conirapunto {Bologna,

1 774-75). The former, of wl)ich the three published volumes relate

wholly to ancient music, and thus represent a mere fragment of the
author's vast plan, exhibits immense reading and industry, but it

is written in a dry and unattractive style, and is overloaded with
matter which cannot be regarded as historical. At the beginning
and end of each chapter occur puzzle-canons, some of which are

exceedingly difficult ; Cherubini solved the whole of them. The
iSaggio is a very learned and valuable work, containing an import-

ant collection of examples from the best masters of the old Italian

and Spanish schools, with excellent explanatory notes. It treats

chiefly of the tonalities of the plain chant, and of counterpoints

constructed upon them. Besides being the author of several con-

troversial works. Martini drew up a Dictionary of Ancient Musical
Terms, which appeared in the second volume of G. B. Doni's
Works ; ho also published a treatise on Tlie Theory of Ifiimbers as

ajiplicd to Music.

MAETINI, SiMONE (12S3-1344), called also Simone di

Martino, and more commonly, but not correctly, Simon
Memmi,' was born in 1283. He followed the manner of

painting proper to his native Siena, as improved by
Duccio, which is essentially different from the style of

Giotto and his school, and the idea that Simone was
himself a pupil of Giotto is therefore wide of the mark.

The Sienese style is less natural, dignified, and reserved

than the Florentine ; it has less unity of impression, has

more tendency to pietism, and is marked by exaggerations

which are partly related to the obsolescent Byzantine

manner, and partly seem to forebode certain peculiarities

of the fully developed art which we find prevalent in

Michelangelo. Simone^ iu especial, tended to an excessive

aud rather affected tenderness in his female figures ; he

was more successful in single figures and in portraits than

iu large compositions of incident. He finished with

scrupulous minuteness, and was elaborate in decorations of

patterning, gilding, itc.

The first known fresco of Simone is the vast one which

he executed in the hall of the Palazzo Pubblieo in Siena,'

—

the Madonna Enthroned, with the Infant, and a number of

^ingels and saints ; its date is 1315, at which early period

of his life he was already an artist of repute throughout

Italy. In S. Lorenzo Maggiore of Naples ho painted a

life-sized picture of King Robert crowned by his brother,

^ The ordinary account of this celebrated early Sienese painter is

that given by Vasari, and since repeated in a variety of forms.

Modern research shows that it is far from correct, the incidents being

erroneous, and the paintings attributed to Simone in various principal

instances not his. We follow the authority of Jlessrs Crowe r.ud

CavalcascUe.
''

Lewis, bishop of Toulouso ; this also is ex' ant, but much
damaged. In 1320 he painted for the high altar of the
church of St Catharine in Pisa tho Virgin and Child between
six saints ; above are archangels, apostles, and other figures.

Tho compartmented portions of this work are now dispersed,

some of them being in the academy of Siena. Towards
1821 he executed for tho church of St Dominic in

Orvieto a picture of tho bishop of Savona kneeling before

the Madonna attended by saint.s, now in the Fabricceria of

the cathedrah Certain frescos in Assisi in the chapel of

St Martin, representing the life of that saint, ascribed by
Vasari to Puccio Capanna, are now, upon strong internal

evidence, assigned to Simone. Ho painted also, in the

south transept of the lower church of the same edifice,

figures of the Virgin and eight saints. In 1 328 he produced
for the Sala del Consilio in Siena a work of a very different

character—a striking equestrian portrait of the victorious

general Guidoriccio Fogliani de' Ricci.

Simone had married in 1324 Giovanna, the daughter of

Memmo (Guglielmo) di Filippuccio. Her brother, named
Lippo Memmi, was also a painter, and was frequently

associated with Simone in his work ; and this is the only

reason why Simone has come down to us with the family-

name Memmi. They painted together in 1333 the

Annunciation which is now in the Ulfizi gallery. Simone
kept a bottega (or shop), undertaking any ornamental work
commissioned of him, and his gains were large. In 1339
he settled at the papal court in Avignon, where he made
the acquaintance of Petrarch and Laura ; and he painted

for the poet a portrait of his lady, which has not come
down to us ; it gave occasion for two of Petrarch's sonnets,

in which .Simone is highly eulogized. He also illuminated

for the poet a copy of the Comment of Servius upon Virgil,

now preserved in the Ambrosian library of Milan. He
was largely employed in the decorations of the papal

buildings in Avignon, and several of his works still remain
—in the cathedral, in the hall of the consistory, and, in

the two chapels of the palace, the stories of the Baptist,

and of Stephen and other saints. One of his latest pro-

ductions (1342) is the picture of Christ Found by his

Parents in the Temple, now in the Liverpool Gallery.

Simone died in Avignon in July 1344.

From this account of Simone's principal works it will

be perceived that those with which his name and fame
are most generally identified are no longer regarded as his.

These are the compositions, in the Campo Santo of Pisa,

from the legend of S. Ranieri, and the Assumption of the

Virgin ; and the great frescos in the Cappellone degli

Spagnuoli, in S. Maria Novella, Florence, representing

the Triumph of Religion through the work of the Dominican
order, &c. Some of the works in question can be proved
to have been dono many years after Simone's death, and
the others belong to a different school and stylo of art.

MARTINIQUE, one of the West India islands,

belonging to the chain of the Lesser Antilles, and consti-

tuting a French colony, lies 33 miles south of Dominica
and 22 north of Saint Lucia, between 14° 23' and 14°

52' N. lat. and 63° 6' and 63° 31' W. long. The greatest

length is 43 miles, the mean width 19; and the surface

comprises 244,090 acres, or 380 square miles. A cluster

of volcanic mountains in the north, a similar group in the

south, and a line of lower heights between them, form the

backbone of the island, which culminates in the north-west

in Mont Pelee (4430 feet), and has altogether a much more

irregular and strongly marked relief than it presents to

the eye,—the deep ravines and precipitous escarpments

with which it abounds being reduced in appearance tu

gentle undulations by the drapery of the forests. Of the

numerous streams which traverse the few miles of country

betwoea the watershed and the sea, about seventy or eighty

XV. — 74
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are of eonsiderable size, and in the rainy season become

deep and too often destructive torrents. The east coast of

the island, exiiosed t'6 tlie full sweep of the Atlantic, is a

succession of inlets, headlands, islands, and rocks ; the

south coast is much more regular, but bold and steep ; and
the west alone presents, in the bay of Fort de France, a

stretch of mangrove swamp. Of the total area, about

83,990 acres are under cultivation, 83,843 occupied by
forest and savanna, and GS,837 by fallow. On an average,

according to the returns for 1874-78 inclusive, 47,440
acres are devoted to the sugar crop, 1290 to coffee, C40 to

cotton, and IGGO to cocoa. The mean annual temperature

is 81° in the coast region,—the monthly mean for June
being 83°, and that of .January 77°. Of the annual rain-

fall of 87 inches, August has the heaviest share (11 '3

inches), thougli the rainy season extends from June to

October ; March, the lowest, has 3'7. Martinique enjoys

a remarkable immunity from hurricanes ; half a century

may pass without serious disaster from such a visitatiim.

In 1878 there were 1G2,861 inhabitants (77,782 males,

83,079 females) in the island, which is thus nearly as

densely peopled as Belgium. Since 1848 the increase

amounts to about 42,800. Of the twenty-five communes,
fourteen have more than 6000 inhabitants ; the largest are

Saint Pierre (23,909), Fort.de France (15,414), Lamentin

(13,409), and Fran9oi3 (10,297). The great mass of the

population consists of Creole negroes and half-castes of

various grades, ranging from the "Saccatra," who has

hardly retained any trace of Caucasian blood, to the so-

called " SangmeM," with his mere suspicion of negro com-
mixture. Marriage is frequently ignored, and of the births

no less than 66 per cent, are illegitimate.

Fort de France, the chief town, a place of about 11,000
inhabitants, stands on a bay on the west coast. Since

the earthquake of 1839 nearly all the houses are of wood,
and have only one story; the -streets are laid out with

great regularity. An abundant supply of water was in-

troduced in 1856. St Pierre, the commercial centre of the

island, with about 20,000 inhabitants, lies farther north

on the same coast. It consists of a lower and an upper
town,—the one close and unhealthy, , and the other for

the most part well-ventilated and pleasant.

Martinique, also called M.idiana or Maiitiniiio, was discovered by
Columbus 16tU June 1502. It was at that time inhabited by Caiibs
(Galibis) who had expelled or incorporated an older stock. In 1635
a Novman captain, D'Enambiic, from St Christopher's, took pos-

session of the island, and in 1637 his nephew Duparquet became
captain-general of the colony, now numbering seven hundred men.
In 1654 welcome was given to three hundred Jews expelled from
Brazil, and by 1658 there were at least five thousand people
exclusive of the Cr.ribs, who were soon after exterminated.
Purchased by the Frencli Government from Dnparquet's child^-en

for 120,000 livres, JIartinique was assigned to tlie West India
Company, but in 1674 it became part of the royal domain. The
habitants (French landholders) at first devoted themselves to the
cultivation of cotton and tob.acco ; but in 1650 sugar plantations
were commenced, and in 1726 the coffee plant was introduced by
peselicux, wlio, when water ran short during liis voyage to the-
island, shared his scanty allowance with his seedlings. Slave
labour having been introduced, there were 72,000 blacks in the
island by 1736. Martinique has several times been occupied by
the English. Captured by Rodney in 1762, it was next year
restored to the French

; but after the comiuest by Sir John Jervis
and Sir Charles Grey in 1794 it was retained for eiglit years • and
seized again in 1809, it was not surrendered till 1814.

See Rcnooard. Stat, de la Marliniqae, 1822 ; Sidney Dnncy, Hitt. dr In Mar-
linlq„e. 1SJ6

;
E. Rufz, ttuda Mst. et Hat. sur la p^pulaliott de la ila,-lim,,ue ;Paidon, La iTarlimque, 1S77 ; H. Itev, £lude tw la ml. de la llarltnigm ISSI.

MARTINSBURG!, a town of the United States', the
capital of Berkeley county. West Virginia, lies on a plateau
above the Tuscarora Creek, in the Shenandoah valley, SO
miles west of Washington. A station on the Baltimore and
Ohio Railroad, and a terminus of the Cumberland Valley
Railway, Martinsburg is the seat of extensive machine-
shops belonging to the former company, which were sacked

by the Confederates in 18C1. The population, 4863 m
1870, was 6335 in 1880.

MARTIUS, Cakl Feiedmch Philipp von (1794-

1868), a well-known German botanist and traveller in

Brazil. He studied in the university of Erlangen, and on

graduating M.D. in 1814 published as his thesis a critical

catalogue of plants in the botanic garden of the university.

He afterwards devoted himself to botanical study, and in

1817 he and Spix were sent to Brazil by the king of

Bavaria. They travelled from Rio Janeiro through several

of the southern and eastern provinces of Brazil, and ascended

the river Amazon to Tabatinga, as well as some of its larger

affluents. In 1820 they returned to Europe with rich

collections of plants and animals, as also with stores of

information on the geography, ethnology, and products of

Brazil. In 1820 he was appointed conservator of the

botanic garden at ^Munich, and in 1826 professor of botany

in the university, there, and held both offices till 1854,

when he resigned them.
Wliile a student Martins had published papers in various scien-

tific periodicals, and he continued to do so tuning liis whole life.

After his return from Brazil he devoted his chief attention to the

flora of that country, and in aildition to numerous short papeis he
published tlie A'oi-a Genera ct Species PJanlantm Urasilicnsiuill

(lS'23-32, 3 vols.).and Iconcs scieel.x Plantarnm Oi'yplognmicanim.

Jji-asilicnsinm (1827), both works being finely illustrated. An
.Iccount of his travels in Brazil appeared in 3 vols. 4tb, 1823-31,

with an atlas of plates, and is regarded as one of the most valuable

works of travel of the )nvsent century. Probably the work by
which lie is best.known is his Historia riilm,triim\lf,2S-bO) in 3

large folio volumes, of which one desaibes the palms discovered by
liiuiself in Brazil. In 1840 he began i\iQ Flcn-a Brasiliaisis \^ith

the assistiince of the most distinguished European botanists,

who undertook monographs of the various ordei-s. Latterly Dr
Eichler was associated with him in the editoi-ship of this work,
which is still going on, thougii ovei- eighty parts have appeared.

He also edited sovei-al works on the zoological collections made
in Brazil by Spix, after the death of the latter in 1826. On the

outbreak of potato iliseasc in Europe lie investigated the state of

the diseased plants, and in 1842 \«ublished his observations. He
also published indeitendcnt works and short papers on tlio abori-

gines of Brazil, on their civil and social condition, on their past

and probable future, on their diseases and medicines, and on the
languages of the various tribes, especially the Tupi.

MARTOS, a town of Spain, in the province of Jaen, is

situated on the slope of a steep hill, which is surmounted

by a ruined castle, 16 miles west-south-westof Jaen. The
streets are steep, narrow, crooked, and ill-paved ; the

public buildings are of the usual order, and present no
feature calling for special remark. The surrounding district

is specially productive of oil, and in the neighbourhood of

the town are two sulphurous springs much resorted to in

cases of cutaneous disease. Population in 1877, 14,654.
Mavtos perhaps stands on or near the site of the Tiicj-i oi Ptolemy.

By Ferdinand III. it was taken from the Jloois in 1225, and given
to the knights of Calatrava ; it w.as there that the brothere Carvajal,

commanders of the order, were in 1410 cxecutetl by command of

Ferdinand IV. after he had been "summoned" by them to a
meeting at the Divine judgment seat. O'Donnell here gained a

victory over the royalist troops in 1854.

MARTYN.Henky (1781-1812), a celebrated missionary,

was born on February 18, 1781, at Truro, Cornwall.

He came of a mining family, and his father John
Martyn w'as a "captain" or mine-agent at Gwennap. He
received his education at the grammar school of his

native town under the famous fir Cardew, entered St

John's College, Cambridge, in the autumn of 1797, and

in 1801, a month before he was twenty years old, was
declared senior wrangler, obtaining soon after the first

Smith's prize. In the following year he was chosen a
fellow of his college. In the autumn of 1801 he was

introduced to Charles Simeon, whose ardent discijile he

soon became. It was his intention to devote himself to

the bar, but in the October term of 1802 he chanced to

hear Simeon speaking of the vast amount of good done in

India by a single missionary, William Carey; some time
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afterwards ho read the life of the devoted David Jirainerd,

the enthusiastic apostle of the Indians of North America,

and, " filled with a holy emulation," resolved to devoto his

energies to the work of a Christian missionary. On
October 22, -1803, he was ordained deacon at Ely, and

afterwards priest, and served as Simeon's curate at the

church of Holy Trinity, taUin" charge of the neighbouring

parish of Lolworth. Still full of the thought of work-

ing in heathen lands, he designed to volunteer for the

Church Missionary Society, but a sudden disaster in

Cornwall deprived him and his unmarried sister of all the

provision their father had made for them, and rendered it

necessary that he should obtain a salary that would support

her as well as himself. He accordingly applied for, and

obtained, a chaplaincy under the East India Company.
He left for India on July 5, 1805.

For some months he was chiefly located at Aldeen, near

Serampore ; in October 1806 he proceeded to Dinapore,

where he laboured for a time amongst the Europeans, and
soon found himself able to conduct divine worship among
the natives in their own vernacular language, and to

establish schools for their instruction. At the end of April

1809 he was ordered up to Cawnpore, where he made his

first attempt to preach to the heathen in his own compound,

end had to endura frequent interruptions " amidst groans,

hissings, curses, blasphemies, and threatenings "
; neverthe-

less he pursued his work among the hundreds who crowded

round him, consoling himself that, if he should never see a

native convert, God " might design by his patience and
continuance in the work to encourage other missionaries."

Meanwhile the great business of his life was being

diligently carried on. Day after day he occupied himself

with learning new languages, and had. already, during his

residence at Dinapore, been engaged in revising the sheets

of his Hindustani version of the New Testament. He
now translated the whole of the New Testament into Hindi

also, and into Persian twice over. He translated the

Psalms into Persian, the Gospels into Judajo-Persic, and

the prayer book into Hindustani, in spite of tha constant

interruptions caused by excessive weakness of body, and
" the pride, pedantry, and fury of his chief moonshee Sabat."

Ordered by the doctors to take a sea Voyage for his health,

he got leave to go to Persia and correct his Persian New
Testament, whence he made up his mind to go on to Arabia,

and there compose an Arabic version. Accordingly, on
October 1, 1810, having seen his work at Cawnpore
crowned, on the previous day, by the opening of a church,

he left for Calcutta, whence he departed on January 7,

1811, for Bombay, which he reached on his thirtieth

birthday. From Bombay he set out for Bushire, bearing

letters from Malcolm to men of position there, as also at

Shiraz and Ispahan. After a killing journey from the
coast he reached Shiraz, arui was soon plunged into

discussion with the disputants of all classes, " Sufi, Moham-
medan, Jew, and Jewish-Mohammedan, even Armenian,
all anxious to test their powers of argument with the first

English priest who had visited them." Having made an
unsuccessful journey to Tebriz to present the shah with
his translation of the New Testament, he was seized with

a fever, which so thoroughly prostrated his energies that,

after a temporary recovery, he found it necessary to seek

a change of climate. On September 12, 1812, he started

with two Armenian servants, crossed the Araxes, rode from
Tebriz to Erivan, from Erivan to Kars, from Kars to

Erzeroum, from Erzeroum to Chiflik, urged on from place
to place by his cruel Tartar guide, and, though the plague
was raging at Tokat, he was compelled to stop there from
utter prostration caused by fever. On the 6th of October
he died, either from the plague or from the weakness of

the disorders which harassed him from day to day.

By his valuablo labours as a translator Maityu had placed por-

tions of the Scriptures within the reach of all who could road

over one-fourth of the habitable globe, and during his brief life lie

earned for himself a forciijoat place an.ong modem missiouarieK.

Macaulay'a lines, written in 1818, testify to the impressiou made
by his enthusiastic career of self-devotion.

Seo Sargent, Mrmoir of tkQ Rev, Bcnrjj Martyn, B.D., 1819;
"Wilberforee, Journals aiid Letters of the Rev. lUnry Mwrtyiif 1837;
Kaye, Christian-Ury in India, 1859 ; Yonge, Pioneers and Ftnmders,

1874 ; and The Church Quarterly for October 1881.

MARTYROLOGY, a catalogue or list or martyrs,

arranged according to the succession of their anniversarie-s,

and sometimes including an account of their lives and
sufferings. The corresponding word in the Greek Church
is Menologion or A nnlogioii ; from the Menoloyia the

Synaxaria are compiled. The custom of paying honour to

the memory of those who had " witnessed the good con-

fession " in perilous times established itself very early in the

Christian church, and one particular manner of commemora-
tion was formally recognized by at least one ecclesiastical

synod before the end of the 4th century ; in the 47th

canon of the third synod of Carthage (307 a.d.) it is

decreed " liceat legi Passiones Martyrum quum anniversarii

eorum dies celebrantur." Apart from the still extant

Depositio Martyrum contained in the work of the chrono-

grapher of 354, edited in 1850 by Mumnisen, the oldest

" martyrologies " of which anything is known are the

ap-^aLwv fxapTvptwv crvvayvjyTQ, or collection of records of

past persecutions, to which Eusebius more than once alludes

as having been made by himself, and the treatise On the

Marttjrs of Palestine, by the same author, the full text of

which has been preserved in an ancient Syriac version

edited by Cureton. Next to the general martyrology of

Eusebius, in chronological order, it has been usual to place

the calendar of saints' days referred to in a letter, attributed

to Jerome, which purports to be written in answer to

bishops Chromatius and Heliodorus, who had asked him to

search the archives of Eusebius with the view of enabling

them to observe the saints' days with more regularity.

This epistle is now admitted to be spurious; ultimately,

however, a so-called Martyrologmm Hieronymiamtm came
into existence, but it is not so much a single martyrology

as a rude patchwork derived from many ancient church

calendars. In its present form it is a meagre list of names

and places, but may be said to lie at the foundation of all

subsequent Western calendars. Almost contemporary with

its last recension is what is known as the Parvum
Martyrologiuni Romanum, found by Ado of Vienne about

850 ; in it many of the dates are changed, and for the first

time days are assigned to the chief characters of Scripture.

To nearly the same date must be assigned the independeat

compilation of Bede, which has reached us, however,

only as enlarged by subsequent editors. The 9th century

was very fertile in martyrologies, among which may be

mentioned that of Florus, subdeacon of Lyons (c. 830), vrho

was the first editor of Bede, that of Hrabanus Maurus,

au attempted further improvement on Bede and Florus,

that of Ado, an enlargement of Florus, but based on the

Parvum MartyrologiumPovianum, thatof Usuard of Paris,

the epitomizer of Ado, and that of Notker of St Gall, based

on Ado and Hrabanus. The Marlyroloyium Pemanum
was published by Baronius at the command of Pope

Gregory XIII. in 1586 ; the enlarged edition by Rosweyd
appeared at Antwerp in 1 CI 3. The Cistercian Martyrology

appeared at Rome in 1733 and 1748. The best-known

Greek MenokKjioti is that prepared in the 9th century by

command of the emperor Basilius Macedo ; it was edited

in 1727 by Cardinal Hannibal UrbinL An ancient Syriac

martyrology, entitled " the names of our lords the martyrs

and victors, with their days on which they won crowns,"

written in 412, has been edited, with an English transla-

tion, by Professor W. Wright, iu the Journal of Sacred
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632.

MAEULLUS, Michael Taechaniota (ob. 1500), one

of the most brilliant scholars of the golden age of Florentine

learning, was born at Constantinople, and at an early age,

on the fall of his native city, was brought to Ancona in

Italy, where h'e became the friend and pupil of Pontanus,

with whom his name is associated by ArioSto (Orl. Fur.,

xxxvii. 8). He was a soldier and a poet, and in the

latter capacity published epigrams and hymni naturales.^

MaruIIus took no part in the work of translation, then so

favourite an exercise of scholars, but he was understood to

be planning some great work when he perished, 10th April

15U0, in tlie river Cecina near Volterra. Of other incidents

in his life his feud with Politian and his marriage to the

beautiful and learned Alexandra Scala, whom he praises in

his poems, may be noticed. The name of Marullus is now
perhaps most familiar from the brilliant emendations on

Lucretius which he left unpublished, and which were used

for the Juntine edition. See especially Munro's Lucretius,

2d ed., p. 6 sg.

MARUM (in Dutch Maewm), Maetin Van (1750-

1837), a distinguished Dutch man' of science, born at

Delft. Though his fame rests chiefly on his electrical

researches, he took a prominent position in many depart-

ments of natural science. He graduated at Groningen

in medicine and philosophy, and his numerous papers

take 'up subjects connected with botany, chemistry,

hygiene, natural history, and technology, as well as with

his more special department, natural philosophy. In early

life his father, who was a skilled mathematician, gave lum
a thorough training in the one really indispensable science.

After his doctorate he for some time attached himself to

the celebrated botanist Camper. He then commenced
medical practice in Haarlem, but eeema to have been too

busy with original work to pay proper attention to his

numerous patients. He devoted himself mainly to .lectur-

ing on physical subjects ; and, after a brief interval, his

extensive knowledge and methodical habits led to his

being made secretary of the scientific society of his adopted

city. For this post he was specially fitted ; and, nnder

his active guidance, the society was advanced to the

position of one of the most noted in Europe. He soon

became professor of physics, and was entrusted with the

care of the celebrated Teyler collection (now the Musi5a

Teyler). He caused to be constructed for this, by
CuthbeTtson, the gigantic electrical machine which, for

a long period, was the most powerful in the world.

He also effected great improvements in air-pumps and
other pneumatic machines. Though his name is not

associated with any discovery of the very first order, the

number and variety of his researches (especially in con-

nection with electricity) are remarkable. So also is the

practical mode in which he regarded his results, always

when at all passible from the technological point of view.

The work by which he is best known is his Treatise on
Electricity (Groningen, 1770), in which all that had then

been discovered in that science was carefully methodized.

Van Marum was a man of quiet but active disposition,

and of simple habits and tastes, which probably conduced

in no small measure to the extreme length and usefulness

of his life.

MARUTSE-MABUNDA, a kmgdom in South Africa,

stretching from 18° to 14° 25' S. lat. and from about 22°

to 28° 25' E. long., with an area 'estimated at 123,590
square miles. It all belongs to the basin of the Zambesi,

and by far the greater proportion lies to the north of that

' Two books ot epigrams appearod first williout date; au
enlarged edition, with two additional books, published in 1497,

contains also the so-called hjmus.

river, which forms its south-eastern boundary from the

mouth of the Linyanti to the mouth of the Kafue, a dis-

tauce of about 350 miles. The kingdom thus includes

the main part of the territory formerly subject to the

Makololo empire, which broke up on the death of Sekeletu

in 1864. Of country and people Dr Holub gives a very

favourable report. Abundance of water, a fertile soil, and
a genial climate render easy the work both of husbandry
and cattle-breeding. The chief crop is Kaffre corn, i-ed

and white ; the hemp-like kleen-korn or rosa, maize, water-

melons, sugar-cane, ground-nuts, two kinds of beans, and
mama are also cultivated. "September and October
are the usual months for sowing ; but gourds, leguminous

plants, and tobacco are sown any time up to December,
the growth of the two latter crops being so rapid that they

often ripen by January, whilst Kaffre corn and maize are

ready by February." Upwards ot fifty kinds of wild frui'

are used by the people as food. Salt has to be imported,

and is consequently within the reach only of the wealthier

classes. Besides the two great tribes which give their

name to the kingdom, there are a large number of vassal

tribes of numerical importance—Masupias, Matongas,

Makalakas^all considered in the light of slaves by tbb

rulers. The prevailing language is the Sesuto of the

nearly extirpated Makololos. See Holub, Seven Years «'»

South Africa, 1881.

MARVELL, Andeew (1621-1G78), was born on
March 31, 1621, at the parsonage of Winestead ia

Holderness. He was educated at Hull grammar school

by his father, who had obtained high position in that

town, imtil his admission to Trinity College, Cambridge,

on December 14, 1033. There he became ensnared by
the Jesuits, who at that time were keen to secure youtlis

of promise at the universities, and by them, probably in

the beginning of 1638, was taken to London; but he was
recaptured by his father, and again received into Trinity

on April 13 of the same year. He appears to have con-

tributed to the Musa CantahrigienMs in 1637; and beyond
this nothing is known or even conjectured as to his college

career. In 1640 his father was drowned under remarkable

circumstances, an event which appears to have entirely

unsettled him, for by an entry in the College Conclusion

book, dated September 24, 1641, we find that he was
adjudged by the seniority to have forfeited the benefits

of the college. Ha used his liberty during the next four

years to travel through the Continent, remaining abroad

until 1646. It has been assumed that during this journey

Marvell became acquainted with Milton, but a comparison

of dates shows that this Is an error. His first employment
was in 1650, as tutor to Lord Fairfax's daughter. During
his stay at Nunappleton were written the Poems of the

Country and some of the Poe7ns of Imagination and Love.

In 1652 he was in communication with Milton, to whom he

had probably been introduced by Fairfax, and was by him
sent on February 21 to President Bradshaw with a letter

urging his appointment as assistant Latin secretary to

himself. The post was, however, otherwise filled up, and
he was provided instead with another tutorship, that of

Cromwell's nephew, Mr Dutton. This has been wrongly

stated by several writers as not occurring until six years

later. In 1657 the secretarj'ship again fell vacant, and
was then conferred npon him, but he held office for a

year only, and no record of his work appears in the calendar

of state papers. Marvell accepted the Commonwealth as a
practical fact, and the rule of Cromwell as the only guarantee

for government at once tolerant and strong. But he never

lost his belief in the monarchical theory. His line " Tis
godlike good to save a falling king " is well known ; and
throughout his most vehement invective against corruption

there is a great tenderness and desire to spare the king.
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The asoiotp.nt secretaryship opened the way to public life,

and in 1G08 Marvell was elected member for Kingston-

upon-HuU in Ricbard Cromwell's parliament. From

1G63 to 1G05 ha acted as secretary to Lord Carlisle's

embassy to Muscovy, Sweden, and Denmark ; and this is

tha only official post ha ever- filled during the reign

of Charles. With the exception of this and of shorter

unoxplainod intej'vals of travel, Marvell was constant in his

parliamentary attendance to tha day of his death. Ho
seldom spoke in the House, some five or six times in all,

but his parliamentary influence is amply established by

other evidence ; and his correspondence with his con-

stituents, from IGGO to 1G78, forms a source of information

all the more valuable because by a resolution passed at the

Restoration the publication of the proceedings of the House
without leave was forbidden. Hei made it a point of duty

to write at each post-^that is, every two or three days

—

both on local interests and on all matters of public interest.

The discreet reserve of these letters, natural at a time

when the postroffice was a favourite source of information

to the Government, contrasts curiously with the freedom

of the iffw private letters wliieh state opinions as well as

facts. Marvell's constituents, in their turn, were not

unmindful of their member. He makes frequent references

to their presents, usually of Hull ale and of salmon, and

ho regularly drew from them the wages of a member, six

and eightpence a day during session.

During these years Marvell wrote a good deal of verso,

chiefly satire, often very coarse, but always vigorous and

full of an honest hatred at corruption. He chose verse

merely as being the usual vehicle of satire, and cared

little about form. " He plucked a cudgell from the nearest

hedgerow, careless if it became fuel after it had served

his turn." It \vas very different with his prose satires.

His peculiar talent was first displayed in the mock Kind's

Sjieech, issued in 1G75. This is written in a vein of genial

banter, perhaps the greatest tribute to the influence which

tha bonhomie of Charles exercised even over such men
as Marvell But his tone soon changed, and The Growth

of Popery and Arbitrary Power, published in the year of his

death, is a grave indictment of the conduct of ministers of

the crown, and, by implication, of Charles himself, since

the Restoration. So shrewdly did this strike the conscience

of the king that a proclamation, of which Marvell takes

laughing notice, offered a large reward for the discovery of

tha author.

As a political pamphleteer Marvell holds a high place

;

as a satirist he stands still higher. Tolerance in religion

was his creed, and this creed had been lately attacked by
a clergyman seeking promotion, Dr Parker, afterwards

bishop of Oxford, who asserted in their most extravagant

form tha claims of tha civil magistrate over the consciences

of subjects in matters of external religion, ilarvell's reply,

Tli^ Rehearsal Transprosed, is a masterpiece of prolonged

banter. It- contains passages of lofty indignation, hearty

laughter, coarse vituperation ; but the prevailing tone is

that of grave and ironical banter. The effect, as witnessed

to by Anthony Wood, Burnet, and other contemporary
writers, was to set the whole public " from the king to the

tradesman" in a laugh against Parker. This stung him
to an ill-tempered rejoinder, affording Marvell a second

opportunity, of which ho availed himself so well that no
more was heard from his opponent ; and Swift was shortly

afterwards s^ble to say that people remembered Parker's

Dook only by Marvell's answer. Marvell's second con-

troversial work, Mr Smirhe, or the Divine in Mode, was
i^ritten in tha same strain and under similar circmnstances,

and obtained a success fully equal to that of the

Jlehearsal Traiupro$ed. It was a defence of Croft,

bfehop of Hereford, againf^t a violent attack by Dr Turner,

the High Church master of St John's, Cambridge. Prefixed

to it was a "short historical essay concerning general

councils," intended to show the folly of religious imposi-

tions. Several other writings, often ascribed to him, more
especially the Parliamcnti Anrjlix Declaratio, A Sensible

Question and an Vsefall Answer, and the Flatjellum, Parlia-

mentarium, were certainly not his.

As a humorist, then, and as a great "parliament man,"
no name is of more interest to a student of the reign of

Charles II. than that of Marvell. But other qualities

entitle him to still higher respect To a personal charm
so great, to wit so brilliant, to learning so extensive, and
to sympathies so wide that he was at tha same time dear

to John Milton and courted by Charles II., he joined the

rarest quality of that evil time, a robust and intrepid

rectitude. In the very heyday of political infamy, at a

time when he says passionately " we are all venal cowards

except some few," and when opposition to the court was
likely to bo resented by personal violence of the brutalest

kind, he, a needy man, obliged to accept wages from his

constituents, tempted in winning phrases from royal lips

by his old schoolfellow Danby, and with nothing to gain

from the court by purity, kept his political virtue unspotted

and unsuspected. The meaning of this fact can barely be

felt by any one who has not read with minute care the

annals of that time. When the grossest forms of self-

indulgence were the ordinary habits of town life, Marvell

was a temperate man, in spite of Aubrey's witness that he

"kept bottles of wine at his lodgings and would drink

liberally by himself to refresh his spirits and exalt hia

muse." Lastly, in the worst times of parliamentary .vio-

lence, he stood forward throughout his career as the

champion of moderate and tolerant measures. His person

corresponded singularly with his mind, so far as can be

judged from the portrait by Hannemann and from the

few words of John Aubrey—" He was of a middling

stature, pretty strong set, roundish faced, cherry cheeked,

hazel eyed, brown haired. In his conversation he was
modest and of very few words."

He died suddenly in IG78 on his return from Hull to

take his seat in August. That he was poisoned, and at

the instigation of the court, has been roundly asserted,

naturally enough, though without the slightest foundation.

The matter has been finally set at rest by a very interesting

letter by Dr Samuel Gee in the Atlienxiim for March 7,

1874.

The following works may be consulted on Marvell ;

—

Life and
Works—(1) by Thomas Cooke, 2 vols., 1726 (there is a reprint by
Thomas Daries in 1772) ; (2) by Captain Thomson, 3 vols. 4to,

1776 ; (3) by John Dove, 1832 ; (4) by Edwin Paxton Hood, 1S53 ;

and essays by Hartley Coleridge ia Lives of the Nortliem Worthies,

Henry Rogers in his collected Essays, and au anonymous author in

the Comhill Magazine for Juiy 1869, and in the Saturday Rciucw
for April 26, 1873. AU thes? authorities are mentioned, collated,

and corrected in the very important and laborious work of ilr

Grosart, whose book, in spite of its excessive mannerism and one
or two curious inaccuracies, is indispensable to the student of

JIarvell's correspondence and career. (0. A.)

MARWAE. See JoDnruE,

MARY 1 (Mape'o, Mapia//), the mother of Jesus, at the

time when the gospel history begins, had her home ia

' The name (Heb. D'"!!?), that of the sister of Moses and Aaron, is

of uncertain etymology ; many interpretations have been snpftested,

including " stella maris," which, though it hag attained considerable

currency through Jerome (the Onomasticon), may be at once dismissed.

It seems to have been very common among the Jews in New Testament

times ; besides the subject of the present notice there" are mentioned

(1) "Mary (the wife) of Clopas," who was perhaps the mother of

Jame^ "the little" (i /iiKpiis) and of JOses (see vol. liii pp. 652,

bfiZ) ; (2) Mary Magdalene, i.e., of Magdala ; (3) Mary of Bethany,.

sister of Martha and L-ozarus
; (4) Mary the mother of Mark (see

Mask) ; and (5) Mary, an otherwise tmknown benefacti-ess of tlic>

apcsUe Paul (Kom. xvi. 6).



.590 MARY [the virgin.

Oalilee, at the village of Nazareth. Of her parentage

uuthiiig is recorded iu auy e.xtaiit historical document of

ibe 1st century, for the genealogy in Luke iii. (</. i. 27)

13 raaaifestly that of Joseph. In early life she became the

wife of Joseph (q.v.) and also the mother of our Lord (see

Jesus ^) ; that she afterwards had other children is a

natural inference from Matt. i. 25, which the evangelists,

v/ho frequently allude to " the brethren of the Lord," are

at no pains to obviate. Tlie few incidents mentioned in

Scripture regarding her show that she followed our Lord

to the very close of His earthly career with unfailing

motherliness, but the "Magnificat" assigned to her in

Luke i. is -the only passage which would distinctly imply

on her. part a high prophetic appreciation of His divine

miss'ion. She ivas present at the crucifixion, where she

vias commended by Jesus to the care of the apostle John,

(John xix 26, 27), Joseph having apparently died before

this time. (It would be idle to inquire why " the brethren

of the Lord," who, whatever their relationship to Mary,

must at least have been nearer than John, were ignored in

this arrangement.) Mary is mentioned in Acts i. 14 as

having been among those who continued in prayer along

with the apostles at Jerusalem during the interval between

the ascension and pentecost. There is no allusion in the

New Testament to the time or place of her death.

The subsequent growth of ecclesiastical tradition and
belief regarding Mary will be traced most conveniently

under the separate heads of (I) her perpetual virginity, (2)

her absolute sinlessness, (3) her peculiar relation to the

Godhead, which specially fits her for successful intercession

on behalf of mankind.

Her Perpetual Virginity. —This doctrine, as has already

been pointed out, was, to say the least, of no importance

in the eyes of the evangelists, and so far as extant writings

go there is no evidence of its having been anywhere taught

within the pale of the catholic church of the first three

centuries. On the contrary, to Tertullian the fact of

Mary's marriage after the bitth of Christ is a useful argu-

ment for the reality of the Incarnation against Gnostic

notions, and Origen relies upon the references to the Lord's

brethren as disproving the Docetism with which he had to

contend.- The ainrapOtvia, though very ancient, is in reality

a doctrine of non-catholic origin, and first occurs in a work
proscribed by the earliest papal Index Librorum Prohibi-

lorum (attributed to Gelasius) as heretical.—the so-called

Prctevangeliiim Jacohi, written, it is generally admitted,

within the 2d century. According to this very early

source, which seems to have formed the basis of the later

Liber de Ilifantia Maria: et Christi Sahatoris and Eemi-
(/eliuni de Naiioitate Maris, the name of Mary's father

was Joachim (in the Liber de Infantia a shepherd of the

tribe of Judah, living in Jerusalem) ; he had long been
married to Anna her mother, whose continued childlessness

had become a cause of much humiliation and sorrow to

them both. The birth of a daughter was at last angelically

predicted to each parent separately. From her third to

her twelfth year " Mary was in the temple as if she were
a doVe that dwelt there, and she received food from the

hand of an angel." When she became of nubile age a

guardian was sought for her by the priests among the

widowers of Israel " lest she should defile the sanctuary of

the Lord"; and Joseph, an elderly man with a family, was
indicated for this charge by a miraculous token. Some
time afterwards the annunciation took place ;

' when the

* Vol. xiil. 656 sg., where (p. 669) safficicut referenco is made to the

coarse view of this event take^ by tlie later hostile Judaism (a view
supposed "by some to be alluded to even in John viii,. 41). We leaia

fiom Origen that the story about the soldier Panthera (nafd^pa) was
. already upheld by Celsus. The EbionUes and other heretical sects, as is

well known, maintained the paternity of Joseph.

Virgin's pregnancy was discovered, Joseph and she were

brought befoie the high priest, and, though asserting their

innocence in all sincerity, were acquitted only after they

had been tried with " the water of the ordeal of the

Lord" (Numb. v. 11). Numerous details regarding the

birth at Bethlehem are then given. The perpetual

physical virginity of Mary, naively insisted upon in this

apocryphon, is alluded to only with a half belief and
a "some say" by Clement of Alexandria {Strom., vi'i.

16), but became of miich importance to the leaders

of the church in the 4th century, as for 'example to

Ambrose, who sees in Ezek. x!iv. 1-3 a prophetic indica-

tion of so great a mystei-y.^ Those who continued to

believe that Mary, after the miraculous birth of Jesus, had
become the mother of other children by Joseph came
accordingly to be spoken of as her enemies,—Antidicoma-
rianitEe (Epiphanius) or Antidicomarit^ (Augustine),

—

and the first-mentioned author devotes a whole chapter

(chap. 78) of his great work upon heresies to their con-

futation. For holding the same view Bonosus of Sardica

was condemned by the synod of Capua in 391. To
Jerome the perpetual virginity not only of JIary but even
of Joseph appeared of so much consequence that while a

young man he wrote (387) the long and vehement tract

Aijainst Helvidius, in which he was the first. to broach the

theory (which has since gained wide currency) that the

brethren of our Lord were children neither of Maiy by her

husband, nor of Joseph by a former marriage, but of another

Mary, sister to the Virgin and wife of Clopas or Alphaius.'

At last the epithet of del TrapOivoi was authoritatively

applied to the Virgin by the council of Chalcedon in 451,
and the doctrine implied has ever since been an undisputed

point of orthodoxy both in the Eastern and in the Western
church, some even seeking to hold the Anglican Churcli

committed to it on account of the general declaration (in

the Homilies) of concurrence in the decisions of the first

four general councils.

Her Absolute Sinlessness.—While much of the apocryphal

literature of the early sects in which she is repeatedly

spoken of as " undefiled before God " would seem to

encourage some such doctrine as this, many passages from
the acknowledged fathers of the church could be cited to

show that it was originally quite unknown to Catholicism.

Even 'Augustine repeatedly asserts that she was born in

original s'm{De Gen. ad lit.,x. 18) ; and the locus classicus

regarding her possible immunity from actual transgression,

on which the subsequent doctrine of Lombardus and his

commentators was based, is simply an extremely guarded
passage (De Nat. et Grat., chap. 36) in which, while con-

tradicting the assertion of Pelagius that many had lived free

from sin, he wishes exception to be made in favour of " the

holy Virgin Mary, of whom out of honour to the Lord I

wish no question to be made where sins are treated of,—for

how do we know what mode of grace wholly to conquer sin

may have been bestowed upon her who was found meet to

conceive and bear Him of whom it is certain that He had
no sin." A writer so late as Anselm [Cur Deux Homo, ii,

16) declares that "the Virgin herself whence He (Christ)

was assumed was conceived in iniquity, and in sin did her

mother conceive her, and with original sin was she born,'

because she too sinned in Adam in whom all sinned," and

the same view was expressed by Damian. The growth of

the modern Roman doctrine of the immaculate conception

from the time in the 12th century when the canons of Lyons
sought to institute a festival in honour of her "holy con-

ception," and were remoDstroted with by Bernard, has been

already sketched elsewhere (see Immaculate Conception).

^ De Inst. Virq., " rjuaj est hac porta nisi Maria ? . .-'."^pcr. quani

Christus iutravit in.hunc munduin, quando virginali fusuacst partu et

genitalia virginitatis-claustra aon solvit."
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The epitkew applied to licr in the Creel; Cliuich are such

33 d/uoAviTO!, TTat-ayi/os, ayia ; but in tlio East generally no

clear distiuctioa is drawn between immunity from actual

sin and original sinlessnt

Jler I'ccidiar Relation to ilce Godhead, wJiich specially

Tits herfor Successful Intercession on Behalf of Mankind,—
It seems probable that the epithet Ocotokos ("Mother

of God ") was first applied to Mary by theologians of

Alexandria towards the close of the 3d century ; but it

does not occur in any genuine extant writing of that period,

unless we are to assign an early date to the apocryphal

Transitus Marix, in which the word is of frequent occur-

rence. In the 4th century it is met with frequently, being

used by Eusebius, Atlianasius, Didymus, and Gregory of

Nazianzus,—the latter declaring that the man who believes

not Mary to have been ^eoroVoshas no part in God (Orat.,

"i. p. 738).' If, as is not unlikely, its use was first recom-

nieiided by a desire to bring into prominence the divinity

of the Incarnate Word, there can be no doubt that latterly

the expression came to be valued as directly honourable to

Mary herself and as corresponding to the greatly increased

esteem in which she personally was held throughout the

catholic world, so that, when NestonUs and others began

to dispute its propriety in the following ceutury, their

temerity was resented, not as an attack upon the established

orthodox; doctrine of the Nicene creed, but as threatening a

more vulnerable and more tender part of the popular faith.

It is sufficient in illustration of the drift of theological

opinion to refer to the first sermon of Proclus, preached on

a certain festival of the Virgin (Traojyi'pts -n-apOmKri) at

Constantinople about the year 430 or to that of Cyril of

Alexandria delivered in the church of the Virgin Mary at

the opening of the council of Ephesus in 431. In the

former the orator speaks of " the holy Virgin and Mother
of God " as " the spotless treasure-house of virginity, the

spiritual paradise of the second Adam ; the workshop

in which the two natures were welded together ....
the one bridge between God and men "; ^ in the

latter she is saluted as the " mother and virgin,"

" through whom (5i' fp) the Trinity is glorified and
worshipped, the cross of the Saviour exalted and honoured,

through whom heaven triumphs, the angels are made glad,

devils driven forth, the tempter overcome, and the fallen

creature raised up even to heaven." The resiiunse which
such language found in the popular heart was sufficiently

shown by the shouts of joy with which the Ephesian mob
heard of the deposition of Nestorius, escorting his judges

with torches and incense to their homes, and celebrating

the occasion by a general illumination. The causes which
in the course of the preceding century had led to this

exaltation of the Mother of God in the esteem of the

catholic world are not far to seek. On the one hand the

solution of the Arian controversy, however correct it may
have been theoretically, undoubtedly had the practical effect

of relegating the God-man redeemer for ordinary minds into

a far away region of " remote and awful Godhead," so that

the need for a mediator to deal with the very Mediator
could not fail to be felt. On the other hand, it must be

accepted as a fact abundantly proved by history that the

religious instincts of mankind are very ready to pay
worship, in grosser or more refined forms, to the idea of

womanhood ; at all events many of those who became
professing Christians at the political fall of paganism
entered the church with such instincts (derived from the

^ See Gieseler {KO., Bd. i. Abth. 1), who points out instances in

whicti anti-Arianizing zeal went so far as to call David deoiriiraip, and
James &Si\<if69fos.

' Labbe, Cane., vol. iii. p. 51. Considerable extracts are given by
.\ugu3ti (Dfnho. iii.) ; see also Milman {Lett. Christ., i. 186), wbo
cliar.icterizes much of it &a a **wii(i labyrinth of untranslatable
metaphor."

nature-religions in whicli they had been brought up) very

fully developed. Probahly it ought to be added that the

comparative colourlessness with which the character of

Mary is presented not only in the canonical gospels but

even in the most copious of the apocrypha loft greater

scope for the untrammelled exercise of devout imagination

than was possible, in the case of Christ, in the circumstances

of whose humiliation and in whose recorded utterances

there were many things which the religious consciousness

found difficulty in understanding or in adapting itself to.

At all events, from the time of the council of Ephesus, to ex!

hibit figures of the Virgin and Child became the approved ex.

pression of orthodoxy, and the relationship of motherhood

in which Mary had been formally declared to stand to God'

was instinctively felt to give the fullest and freest sanctiou

of the church to that invocation of her aid which liad

previously been resorted to only hesitatingly and occasion-

ally. Previously to the council of Ephesus, indeed, the

practice had obtained complete recognition, so far as we
know, in those circles only in which one or other of the

numerous redactions of 'the Transitus Manx passed

current.* There we read of Mary's prayer to Christ :
•' Do

Thou bestow Thine aid upon every man calling upon, orj

praying to, or naming the name of Thine handmaid"; to

which His answer is, " Every soul that calls upon thy name
shall not be ashamed, but shall find mercy and support

and confidence both in the world that now is and in

that which is to come in the presence of My Father in

the heavens." But Gregory of Nazianzus also, in his'

panegyric upon Justina, mentions with incidental approval

that in her hour of peril she " implored Mary the Virgin

to come to the aid of a virgin in her danger." ^ Of th^

growth of the Marian cultus, alike in the East and in the

West, after the decision at Ephesus it would be impossible

to trace the hi.story, however slightly, within the limits of

the present article. Justinian in one of his laws bespeaks

her advocacy for the empire, and he inscribes the high altar

in the new church of St Sophia with her name. Narses

looks to her for directions on the field of battle. Heraclius

bears her image on his banner. John of Damascus speaks

of her as the sovereign lady to whom the whole creation

has been made subject by her son. Peter Damian recog-

nizes her as the most exalted of all crei.tures, and apostro-

phizes her as deified and endowed with all power in heaven

and in earth, yet not forgetful of our race.^ In a word,

popular devotion gradually developed the entire system of

doctrine and practice which Protestant controversialists

are accustomed to call by the name of Mariolatry. With

reference to this much-disputed phrase it is always to be

kept in mind that the directly authoritative documents,

^ The term QforoKos does not actually occur in the canons of Ephecua.

It is found, however, in the creed of Chalcedon.
* It is trae that IreUKUs (Hmr., v. 19, 1) in the passage in which he

draws his well-known parallel and contrast between the first and second

Eve (comp. Justin, Dial. c. Tn/ph., 100), to the effect that, "as the

human race fell into bondage to death by a virgin, so is it rescued by

a nrgin," takes occasion to speak of Mary as the " advocata'* of Eve ;

but it seems certain that this word is a translation of the Greek

iTvv^yopos, and implies hostility and rebuke rather than advocacy.

^ ft is probable that the commemorations and invocations of the

Virgin which occur in the present texts of the ancient liturgies cf "St
James" and "St Mark" are due to-interpolation. In this connexion

ought also to be noted the chapter in Epiphanins {Hmr., 79) against

the "CoUyridians," certain women in Thrace, Scythia, and Arabia,

who were in the habit of worshipping the Virgin (ael TTapSffov) as a

goddess, the offering of a cake (KoWupWa ripa) being one of the features

of their worship. He rebukes them for offering the worehip which was

doe to the Trinity alone ; "let Mary be held in honour, but by no

means worshipped." The cultus was probably a relic of heathenism

;

compare Jerem. xliv. 19
* " Nuniquid quia ita deificata, ideo nostra humanitatis oblits. eai

Nequaquam, Domina. . . . Data est tibi omnis potestas in coelo et in

terra. Nil tibi impossibile." Sena, de Nativ. Maris, ap. Gieaelar,

.£61., Bd, li. Abth. 1.
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alike of the Greek and of the Roman Church, distinguish

formnliy between " latria " and " dulia," and declare that

the " worship " to be paid to the mother of God must never

exceed that superlative degree of " dulia " which is vaguely

described as " hyperdulia." On the other hand, it must be

remembered that the comparative reserve shown by the

council of Trent 'in its decrees, and even in its catechism,^

on this subjett has not been observed by individual

theologians, and in view of the fact of tne canonization of

eome of these (such as Liguori),—a fact guaranteeing the

absence of erroneous teaching from their writings,—it

does not seem unfair to hold the Roman Church respon-

sible for the natural interpretations and just inferences

which may be drawn even from apparently exaggerated

expressions in such works as the well-known Glories of

Mary and others frequently quoted in controversial litera-

ture. A good rtJsumii of recent Catholic developments of

the cultas of Mary is to be found in Pusey's Eirenicon.

Tho following are the principal feasts of the Virgin in the order

in which they occur in the ecclesiastical year. (1) That of the

Presentation (Pnesentatio B. V. M., ri fiaiiia tijs OeoriKou),

to commemorate tlie beginning of her stay in the temple, as

recorded in tlie Protcvangdium Jacobi (see above). It is be-

lieved to have originated in the East sometime in, the 8th cen-

tury, the earliest allusion to it being made by George of

Nicomedia (9th century) ; Manuel Comnenus made it universal

for the Eastern empire, nnd in tlie modern Greek Church it is

OPB of tlie five great festivals in lionour of the Deipara. It was

'itroduced into the Western Church kte in the 14th century,

jnd, after having been withdrawn from the calendar by Pius V. , was

restored by SLttua V., the day observed both in East and West being

November 21. It is not mentioned in the English calendar. (2)

The Feast of the Conception (Cmiceptio B. V. M., Coaccptio Im-

viaculala B. V. M., aOKK-n'p" t^s aylas'AfyTn), observed by tho

Roman Catholic Church on December S, and by all the Eastern

churches on December 9, has already been explained (see Immacu-

late Conception) ; in the Greek Church it only ranks as one of

the middle festivals of Mary. (3) The Feast of the Purification

{Occursus, Obviatio, PrieseiUalio, FcsHwi &'S. Simconis ct Annm,

Purificatio, Caiiddaria, i-nanravTii, iwavrri) is otherwise known as-

Cakdlemas iq.v.). (4) The Feast of the Annunciation of the

Virgin Mary (^TiKimctaiiO, Eua77e\i(rn<is); see Annunciation. It

may be mentioned that at tho Toledan council in 655 it was decreed

that this festival should be observed on December 18, in order to

keep clear of Lent. (5) The Feast of the Visitation ( VisiialioB. V.

if.) was instituted by Urban VI., promulgate^ in 1389 by Boniface

IX., and reappointed by the council of Basel in 1441 in commemo-
ration of the visit paid by Mary to Elizabeth. It is observed on

July 2, and has been retained in the English calendar. (6) The

Feast of the Assumption {Dormitio, Pausatio, Transitus, Dcposilio,

Migratio, Assumptio, Kof/iTjcris, yaeTcio-Toffis, kviKn^a:) has reference

to the apocryphal story related in several forms in various docu-

ments of the 4th century condemned by Pope Gelasius. Their

general purport is that as the time drew nigh for " the most blessed

Virgin (who is also spoken of as " Holy Mary," "the queen of all

the saints," " tho holy spotless Mother of God ") to leave the world,

the apostles were miraculously assembled round her deathbed at

Bethlehem on the Lord's day, whereupon Christ descended with a

multitude of argcls and received her soul. After " the spotless and

precious body " had been laid in the tomb, " suddenly there shone

round tJiem (the apostles) a miraculous light,'" and it was taken up

into heaven. The first Catholic writer who relates this story is

Gregory of Tours (c. 590) ; Epiphanius two centuries earlier had

declared that nothing was known as to the circumstances of Mary's

death and burial ; and one of the documents of the council of

Ephesus implies a belief that she was buried in that city. Tho

Sleep of the Theotokos is observed in the Greek Church as a great

festival on August 15 ; the Armenian Church also commemorates it,

' The points taught in the catechism are—that she is truly the

Mf^ther of God, and the second Eve, by whose means we have received

blessing and life ; that she is the Motlier of Pity, and very specially

^jir advocate ; that her merits are highly exalted, and that her dis-

positions towards us are extremely gracious ; that her images are

if tie utmost utility. In the Missal her intercessions (though

alluded to in the canon and elsewhere) are seldom directly appealed

to except in the Litany ami in some of the lateroffices such as those for

September 8, and for the Festival of the Seven SolTows (decreed by
Benedict XIII. in 1727). Noteworthy are the versicles in the office

for December 8 (The Feast of the Immaculate Conception), "Tola
Vulchraes, Maria, et macula originalis uou est in le," and "Oloriosa

dicta sunt do te, Maria, (jiiia focit tibi magna (^ui potens est."

but the Ethiopic Church celebrates her death and bmial on two
separate days. The earliest aUnsion to the existence of such a

festival in the Western Church seems to be that found in tlic pro-

ceedihgs of the sjiiod of Salzburg in 800; it is also spoken of in the
thirty-sLxth canon of the reforming synod of Mainz, held in 813. It

was not, however, at that time universal, being mentioned as

doubtful in the cai>itularies of Charlemagne. It ought to be
observed that the doctrine of the bodily assumption of the Virgin

into heaven, although extensively believed, and indeed flowing as

natural theological consequence from that of her sinlessness, has

never been declared to bo " de fide" by the Church of Kome, and
is still merely a "pin sententia." (7) The Nativity of Mary
(Nalivitas, ytydeKioy Tijt SeuroKov), observed on September 8, is

iirst mentioned in one of the homilies of Andrew of Crete (c. 750),

and along with the feasts of the Puriiication, the Annunciation, and
the Assumption, it was appointed to be observed by the synod of

Salzburg in 800, but seems to have been quite unknown at that

time in the Galilean Church, and even two centuries later it was by
no means general in Italy. In the Koman Church a large number
of minor festivals in honour of the Virgin are locally celebrated ;

and all the Saturdays of the year as well as the entire month of May
are also regarded as sacred to har. (J. S. BL.)

MARY I., queen of England (1516-1558), unpleasantly

remembered as " the Bloody Mary " on account of the

religious persecutions sanctioned under her reign, was a

woman whose private history demands no less compassion

than her policy as queen (if indeed it was her own) merits

the condemnation of a more humane and tolerant age.

She was the daughter of Henry VIII. and Catherine of

Aragon, born in the earlier years of their married life,

when as yet no cloud had darkened the prospect of Henry's

reign. Her birth occurred at Greenwich on Monday the

18th February 1516, and she was baptized on the following

Wednesday, Cardinal Wolsey standing as her godfather.

She seems to have been a singularly precocious child, and

is reported in July 1520, when she was little more than

four years of age, as entertaining some • visitors by a

performance on the virginals. When she was little over

nine she was addressed in a complimentary Latin oration

by commissioners sent over from Flanders on commercial

matters, and replied to them in the same language " with

as much assurance and facility as if she had been twelve

years old" (Gayangos, iii. pt. 1, 82). Her father, against

whom it cannot be said that he depreciated learning, had

taken care to give her an excellent education, and was

proud of her achievements. About the same time that

she replied to the commissioners in Latin he was arranging

that she should learn Spanish, Italian, and French. A
great part, however, of the credit of her early education

was undoubtedly due to her mother, who not only con-

sulted the Spanish scholar Vives upon the subject, but was

herself Mary's first teacher in Latin. She was also well

instructed in music, and among her principal recreations as

she grew up was that of playing on the virginals and lute.

It was a misfortune that she shared with many other

high-born ladies in those days that her prospects of life

were made a matter of sordid bargaining from the first.

Political alliances to be cemented by marriages between

persons who were at the time mere infants—'or perhaps,

more shameful still, between a child and a superannuated

debauchee^are among the most repulsive features of the

times. Mary was little more than two years old when she

was proposed in marriage to the dauphin, son of Francis

I. "Thrco years afterwards the French alliance was broken

off, and she was afiianced to her cousin tho young emperor

Charles V. by the treaty of Windsor. No one, perhaps,

seriously expected either.of these arrangements to endure ;

and, though we read in grave state papers of some curious

compliments and love tokens (really the mere counters of

diplomacy) professedly sent by the gi'-l of nine'to the

powerful cousin whom she had never seen, not many years

passed away before Charles released himself from this

engagement and made a more convenient match. In
1526J

^ rearrangement was made of _lhe royal household, andj?'
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w;is thought right to give Jlary an establishment of her

own alung with a council on tho borders ot Wales, for tho

better government of tho Marches. For some years she

B.ecordingly kept bor court at Ludlow, while new arrange-

ments wore made for tho disjiosal of her hand in connexion

with tho latest turn in tho tortuous game of diplomacy.

She was now proposed as a wife, not for tho dauphin as

before, but for his father Francis I., who had just been

redeemed from captivity at Madrid, and who was only too

glad of au alliance with England to mitigate the severe

conditions imposed on him by the emperor. Wolsey, how-

ever, on this occasion, only made use of the princess as a

bait to enhance the terms of the compact, and loft Francis

free in the end to marry the emperor's sister.

It was during this negotiation, as Henry afterwards

pretended, that tho question was first raised whether

Henry's own marriage with Catherine was a lawful one.

Tlie bishop of Tarbes, who was one of the ambassadors

sent over by Francis to ask tho princess in marriage, had,

it was said, started an objection that she might possibly be

considered illegitimate on account of her mother having

been once the wife of her father's brother. The statement

was a mere pretence to shield tho king when tho unpopu-

larity of the divorce became apparent. It is not only

extremely improbable in itself, but is proved to be untrue

by the strongest evidence, for we have pretty full con-

temporary records of the wholo negotiation. On the con-

trary, it is quite clear that Henry, who had already for

soma time conceived tho, project of a divorce, kept the

matter a dead secret, and was particularly anxious that the

French ambassadors should not know it, while he used his

daughter's hand as a bait for a new alliance. The alliance

itself, however, was actually concluded by a treaty dated

AVestminster, the 30th April 1527, in which it was pro-

vided, as regards the Princess Mary, that she should bo

married either to Francis himself or to his second son

Henry, duke of Orleans. But the real object was only to

lay the foundation of a perfect mutual understanding

between the two kings, which Wolsey soon after went into

France to confirm.

During the next nine years the life of Mary, as well as

that of her mother, was rendered miserable by the conduct

of Henry VIII. in seeking a divorce. During the most of

that period mother and daughter seem to have been kept

apart, and, though sometimes living at no great distance-

from each other, were strictly forbidden to see each other.

Of the two it may bo that Queen Catherine had the

hardest trial; but Mary's was scarcely less severe. Removed
from court and treated as a bastard, she was, on the birth

of Anne Boleyn's daughter, required to give up the dignity

of princess and acknowledge the illegitimacy of her own
birth. On her refusal her household was broken up, and
she was sent to Hatfield to act as lady-in-waiting to her

own infant sister. Nor was even this the worst of her

trials ; her very life was in danger from the hatred of Anne
Boleyn. Her health, moreover, was indifferent, and even

when she was seriously ill, although Henry sent his own
physician Dr Buttes to attend her, he declined to let her

mother visit her. So also at her mother's death in January
1536 she was forbidden to take a last farewell of her.

But in May following another change occurred which seemed
to promise some kind of relief. Anne Boleyn, the real

cause of all her miseries, fell under the king's displeasure

and was put to death. Mary was then urged to make a

liumble submission to her father as the means of recovering

his favour, and, after a good deal of correspondence with
the king's secretary Cromwell, she actually did so. The
terms exacted of her were bitter in the extreme, but there

was no chance of making life tolerable otherwise, if indeed

she was permitted to live at all ; and the poor friendless

15—22

girl, absollutcly at tho mercy of a father who could brook

no contradiction, at length subscribed an act of submission,

acknowledging tho king as supreme, repudiating tho popc'a

authority, and confessing that tlie marriage between her

father and mother " was by God's law aad man's law

incestuous and unlawful."

No act, perhaps, in tho whole of Henry's reign gives us
a more painful idea of his revolting despotism. !Mary was
a high-spirited girl, and undoubtedly popular. All Europe
looked upon her at that time as the only legitimate child of

her father, but her father himself compelled her to disown
the title and pass an unjust stigma on her own birth and
her mother's good name. Nevertheless Henry was now
reconciled to her, and gave her a household in some degree

suitable to her rank. During the rest of the reign we hear

little about her except in connexion with a number of new
marriage projects taken up and abandoned successively,

one of which, to the count palatine Philip, duke of Bavaria,

was specially repugnant to her in the matter of religion.

Her privy purse expenses for nearly the wholo of thij

period have been published, and show that Hatfield,

Beaulieu or Newhall in Essex, llichmond, and Hunsdoli
were among her principal places of residence. Althougli

she was still treated as of illegitimate birth, it was believed

that the king, having obtained from parliament the extra-

ordinary power to dispose of the crown by will, would
restore her to her place in the succession, and three yeara

before his death she was so restored by statute, but still

under conditions to be regulated by her father's wilL

Under the reign of her brother Edward VI. she was
again subjected to severe trials, W'hich at one time mads
her seriously meditate taking flight and escaping abroad.

Edward himself indeed seems to have been personally not
unkind to her, but the religious revolution in his reign

assumed proportions such as it had not done before, and
Jlary, who had done sufiicient violence to her own convic-

tions in submitting to a despotic father, was not disposed

to yield an equally tame obedience to authority exercised

by a factious council in the name of a younger brother not

yet come to years of discretion. Besides, the cause of the

popo was naturally her own. In spite of the forced

declaration formerly wrung from herself, no one really

regarded her as a bastard, and the full recognition of her
rights depended on the recognition ot the pope as head of

the church. Hence, when Edward's parliament passed au
Act of Uniformity enjoining services in English and com-
munion in both kinds, the law appeared to her totally void

of authority, and she insisted on having mass in her own
private chapel under the old form. When ordered to

desist, she appealed for protection to the emperor Charles

v., who, being her cousin, intervened for some time not

ineff'ectually, threatening war with England if her religious

liberty was interfered with. But Edward's court was
composed of factions of which the most violent eventually

carried the day. Lord Seymour, the admiral, was attainted

of treason and beheaded in 1549. His brother, the

Protector Somerset, met with the same fate in 1552.

Dudley, duke of Northumberland, then became paramount

in the privy council, and easily obtained the sanction of

the young king to those schemes for altering the succession

which led immediately after his death to the usurpation cf

Lady Jane Grey. Dudley had, in fact, overawed all the

rest of the privy council, and when the event occurred he

took such energetic measures to give efi'ect to the scheme

that Lady Jane was actually recognized as queen for some

days, and Mary had even to fly from Hoddesden into

Norfolk. But the country was really devoted to her cause,

as indeed her right in law was unquestionable, and before

many days she was royally received in London, and took

up her abode within the Tower.
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Her first acta at the beginning of her reign dbplayed a

character very different from that which slie still holds in

popular estimation. Her clemency towards those who had

taken up . arms against her was altogether remarkable.

She released from prison Lady Jane's father, Suffolk, and

had difficulty even in signing the warrant for the execution

of Northumberland. Lady Jane herself she fully meant to

spare, and did spare till after Wyatt's formidable insurrec-

tion. Her conduct, indeed, wa3 in every respect con-

ciliatory and pacific, and so far as they depended on

her personal character the prospects of the new reign

might have appeared altogether favourable. But un-

fortunately her position was ope of peculiar difficulty,

and the policy on which she determined was far from

judicious. • Inexperienced in the art of governing, sho

had no trusty councillor but Gardiner ; every other mem-
ber of the council had been more or less implicated in

the conspiracy against her. And though she valued

Gardiner's advice she was naturally led to rely even more

on that of her cousin, the emperor, who had been her

mother's friend in adversity, and had done such material

service to herself in the preceding reign. Following the

emperor's guidance she determined almost from the first

to make his son Philip her husband, though she was

eleven years his senior. She was also strongly desirous

of restoring the old religion and wiping out the stigma of

illegitimacy passed upon her birth, so that she might not

seem to reign by virtue, of a mere parliamentary settle-

ment.

Each of these different objects was attended by difficulties

or objections peculiar to itself ; but the marriage was the

most unpopular of all. A restoration of the old religion

threatened to deprive the new owners of abbey lands of

their easy and comfortable acquisitions ; and it was only

with an express reservation of their interests that the thing

was actually accomplished. A declaration of her own
legitimacy necessarily cast a slur on that of her sister

Elizabeth, and cut her oif from the .succession. But the

marriage promised to throw England into the arms of Spain

and place the resources of the kingdom at the command

of the emperor's son. The Commons sent her a deputation

to entreat that she would not marry a foreigner, and when

her resolution was known insurrections broke out in different

partsof the country. Suffolk, whose first rebellion had been

pardoned, proclaimed Lady Jane Grey again in Leicester-

shire, while young Wyatt raised the county of Kent and

actually bciiiegcd the queen in her own palace at West-

minster. In the midst of the danger Mary showed great

intrepidity, and the rebellion wan presently quelled ; after

which, unhappily, she got leave to pursue her own course

unchecked. She married Philip, restored the old religion,

and got Cardiual Pole to comeover-and absolve the kingdom

for its past disobedience to the Holy See.

But the misgivings of those who had disliked the

Spanish match were more than sufficiently justified by the

course of events. Mary yielded a loyal and womanly

devotion to a husband who did not too greatly esteem the

treasure of her person. Her health, which was feeble

before, was bad for the remainder of her days, and she fell

under a delusion at first that it was owing to an approach-

ing confinement. Disappointment and vexation probably

added to her helplessness. The resources of the kingdom

were at Philip's command, and he even took ships of the

English fleet to esfort his father the emperor, on his

abdication, to Spain. More extraordinary, still, he ulti-

mately succeeded in committing England to a war against

Prance, when France had made an alliance with the pope

against him as king of Spain ; so the very marriage which

was to confirm England in the old religion led to a war

against the occupant of the see of Rome. And it was this

war with France which produced the final calamity of the

loss of Calais which sank so deeply into Mary's heart some
months before she died.

The cruel persecution of tho Protestants, which has cast

so much infamy upon her reign, began about six months
after her marriage ; and it is not difficult to see that it waa
greatly due to the triumph of ide.as imported from the laud

of the Inquisition. Rogers, the first of the martyrs, was
burnt on the 4th February 1555. Hooper, bishop of

Gloucester, had been condemned six days before, and
suffered the same fate upon the 9th. From this time tho

persecution went on uninterrupted for more than throa

years, numbering among its victims Ridley, Latimer, and
Cranmer. It seems to have been most severe in the eastern

and southern parts of England, and the largest number of

sufferers was naturally in the diocese of Bonner, bishop of

London. From first to last nearly three hundred victims

are computed to have perished at the stake ; and their fate

certainly created a revulsion against Rome that nothing

else was likely to have effected. How far Mary herself

—

who during the most part of this time, if not the whole

time, was living in the strictest seclusion, sick in body
and mind, hysterical and helpless-—was personally answer-

able for these things, it is difficult to say. To her, no

doubt, the propagators of heresy were the enemies of man-
kind, and she had little cause to love them from her own
experience. Yet perhaps she hardly realized the full

horror of what was done under her sanction. But there

can be little doubt what effect it had upon the people

;

and when Mary breathed her last, on the 17th November
1558, the event was hailed with joy as a national deliver-'

anct. (j. GA.)

MARY n. (1662-1694), queen of England, was the

eldest daughter of James, duke of York (afterwards James
II. of England), by his first wife Anne Hyde, and was born

in London on April 30, 1602. Having been educated in

the Protestant faith, she was married to William, prince of

Orange, on November 4, 1677. After the events of 1688

she followed her husband to England, and was proclaimed

by the convention joint sovereign with him on February

13, 1689. She died of small-pox on December 28, 1694

(o.s.). See Burnet's Essay upon the Life of Queen Mary,
and the article William III.

MARY (1542-1587), queen of Scots, daughter of King
James V. and his wife Mary of Lorraine, was born in

December 1542, a few days before the death of her father,

heart-broken by the disgrace of his arms at Solway iloss,

where the disaffected nobles had declined to encounter anl

enemy of inferior force in the cause of a king whose

systesmatic policy had been directed against the privileges

of their order, and whose representative on the occasion

was an unpopular favourite appointed general in defiance

of their iU-wilL On the 9th of September following the

ceremony of coronation was duly performed upon th^

infant. A scheme for her betrothal to Edward, prince of

Wales, was defeated by the grasping greed of his father,

whose obvious ambition to annex the crown of Scotland

at once to that of England aroused instantly the general

suspicion and indignation of Scottish patriotism. In 1548

the queen of six years old was betrothed to the dauphin

Francis, and set sail for France, where she arrived on the

15 th of August. Tlie society in which the child was

thenceforward reared is known to readers of Brantome, as

well as that of imperial Rome at its worst is known to

readers of Suetonius or Petronius,—as well as that of papal

Rome at its v.'orst is known to readers of the diary kept

by the domestic chaplain of Pope Alexander VI. Only in

their pages can a parallel be found to the gay and easy

record which reveals without sign of shame or suspicion of

offence the daily life of a court compared to which the court
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of King Cliarie.s II. is as the court of Queen Victoria to

tlie society described by Grammont. Debauchery of all

kinds, and murder in all forms, were the daily matter of

e.\citement or of jest to the brilliant circle which revolved

around Queen Catherine de' MedicL After ten years'

training under the tutelage of the woman whose main

instrument of policy was the corruption of her own

children, the queen of Scots, aged fifteen years and five

months, was married to the eldest and feeblest of the

brood on April 24, 1558. On the 17th of November
Elizabeth became queen of England, and the princes of

Lorraine—Francis the great duke of Guise, and his brother

the cardinal—induced their niece and her husband to

assume, in addition to the arms of France and Scotland,

the arms of a country over which they asserted the right

of Mary Stuart to reign as legitimate heiress of Mary
Tudor. Civil strife broke out in Scotland between John

Knox and the queen-dowager,—between the self-styled

"congregation of the Lord" and the adherents of the

regent, whose French troops repelled the combined forces

of the Scotch and their English allies from the beleaguered

walls of Leith, little more than a month before the death

of their mistress in the castle of Edinburgh, on the 10th

of June 1560. On the 25th of August Protestantism was

proclaimed and Catholicism suppressed in Scotland by a

convention of states assembled without the assent of the

absent queen. On the 5th of December Francis II. died
;

in August 15G1 his widow left France for Scotland, having

been refused a safe-conduct by Elizabeth on the ground of

her own previous refusal to ratify the treaty made with

England by her commissioners in the same month of the

preceding year. She arrived nevertheless in safety at

Leith, escorted by three of her uncles of the house of

Lorraine, and bringing in her train her future biographer,

Brantome, and Chastelard, the first of all her voluntary

victims. On the 21st of August she first met the only

man able to withstand her ; and their first passage of arms
left, as he has recorded, upon the mind of John Knox an

inetfaceable impression of her " proud mind, crafty wit,

and indurate heart against God and His truth." And yet

her acts of concession and conciliation were such as no

fanatic on the opposite side could have approved. She
assented, not only to the undisturbed maintenance of the

new creed, but even tu a scheme for tlie endowment of the

Protestant ministry out of the confiscated lands of the

Church. Her half-brother. Lord James Stuart, shared the

duties of her chief counsellor with William Maitland of

Lethington, the keenest and most liberal thinker in the

country. By the influence of Lord James, in spite of the

earnest opposition of Knox, permission was obtained for

her to hear mass celebrated in her private chapel,—a licence

to which, said the Reformer, he would have preferred the

invasion of ten thousand Frenchmen. Through all the

first troubles of her reign the young queen steered her

skilful and dauntless way with the tact of a woman and
the courage of a man. An insurrection iti the north,

headed by the earl of Huntly under pretext of rescuing

from justice the life which his son had forfeited by his

share in a homicidal brawl, was crushed at a blow by the
Lord James against whose life, as well cs against his

sister's liberty, the conspiracy of the Gordons had been
aimed, and on whom, after the father had fallen in fight

and the son had expiated his double offence on the scaffold,

the leading rebel's earldom of Murray was conferred by
the gratitude of the queen. Exactly four months after the
battle of Corrichie, and the subsequent execution of a
criminal whom she is said to have " loved entirely," had
put an end to the first insurrection raised against her,

I'ierre de Boscosel de Chastelard, who had returned to

France with tlie other companions of her arrival, iind la

November 15G2 had revisited' Scotland, expiated with his

head the offence or the misfortune of a second detection at

night in her bed-chamber. In the same month, twenty-
five years afterwards, the execution of his mistress, accord-

ing to the verdict of her conteniporar'es in France, avenged
the blood of a lover who had died without uttering a word
to realize the apprehension which (according to Knox) had
before his trial impelled her to desire her brother " that, as

he loved her, he would slay Chastelard, and let him never
speak word." And in the same month, two years from the
dale of Chastelard's execution, her first step was uncon-
sciously taken on the road to Fotheringay, when she gave
her heart at first sight to her kinsman* Henry, Lord
Darnley, son of Matthew Stuart, earl of Lennox, who had
sufi'ered an exile of twenty years in expiation of his

intrigues with England, and had married the niece of King
Henry VIII., daughter of his sister Margaret, the widow
of James IV., by her second husband, the earl of Angus.
Queen Elizabeth, with the almost incredible want of tact

or instinctive delicacy which distinguished and disfigured

her vigorous intelligence, had recently pro|iosed as a suitor

to the queen of Scots her own low-born favourite, Lord
Robert Dudley, the widower if not the murderer of Amy
Robsart ; and she now protested against the project ol

marriage between Mary and Darnley. Mary, who had
already married her kinsman in secret at Stirling Castle

with Catholic rites celebrated in the apartnient of David
Rizzlo, her secretary for correspondence with Fiance,

assured the English ambassador, in reply to tlie protest of

his mistress, that the marriage would not take place for

three months, when a dispensation from the pope would
allow the cousins to be publicly united without offence to

the church. On the 29th of July 1565 they were accord-

ingly remarried at Holyrood. The hapless and worth-

less bridegroom had already incurred the hatred of two
powerful enemies, the earls of Morton and Glencairn ; but
the former of these took part with the queen against the

forces raised by Murray, Glencairn, and others, under the

nominal leadership of Hamilton, duke of C'hatelherault,

on the double plea of danger to the new religion of

the country, and of the illegal proceeding by which
Darnley had been proclaimed king of Scots without the

needful constitutional assent of the estates of the realm.

Murray was cited to attend the " raid " or array levied

by the king and queen, and was duly denounced by public

blast of trumpet for his non-appearance. He entered

Edinburgh with his forces, but failed to hold the town
against the guns of the castle, and fell back upon Dumfries
before the advance of the royal army, which was now
joined by James Hepburn, earl of Bothwel), on his return

from a three years' outlawed exile in France. He had
been accused in 1562 of a plot to seize the queen and put

her into the keeping of the earl of Arran, whose pretensions

to her hand ended only when his insanity could no longer

be concealed. Another new adherent was the son of the

late earl of Huntly, to whom the forfeited honours of his

house were restored a few months before the marriage of

his sister to BothwelL The queen now appealed to France

for aid ; but Castelnau, the French ambassador, replied to

her passionate pleading by sober and earnest advice to

make peace with the malcontents. This counsel was

rejected, and in October 1565 the queen marched an army
of 18,000 men against them from Edinburgh ; their forces

dispersed in face of superior numbers, and Murray, on

seeking shelter in England, was received with contumely

by Elizabeth, whose half-hearted help had failed to support

his enterprise, and whose intercession for his return found

at first no favour with tlie queen of Scots. But the

conduct of the besotted boy on whom at their marriage she

had bestowed the title of king began at ouce to justify the
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enterpriso and to play into tho hands of all lils enemies

alike. His fatlier set him on to demand tho crown

matrimonial; which would at least have assured to him the

rank and station of independent royalty for life. Eizzio,

hitherto his- friend and advocate, induced the queen to

reply by a reasonable refusal to this hazardous and

audacious request. Darnley at once threw himself into

the arms of the party opposed to the i^alicy of the queen

and her secretary,—a policy which at that moment was

doubly and trebly calculated to exasperate the fears of the

religious and the pride of the patriotic. Mary was invited

if not induced by the king of Spain to join his league for

tho suppression of Protestantism ; while the actual or

prospective endowment of Rizzio with Morton's office of

chancellor, and the projected attainder of Murray and his

allies, combined to inflame at once the anger and the

apprehension of the Protestant nobles. According to one

account, Darnley privately assured his uncle George
Douglas of his wife's infidelity ; he had himself, if he

might be believed, discovered the secretary in the queen's

apartment at midnight, under circumstances yet more
unequivocally compromising .than those which had brought

Chastelard to the scaffold. Another version of the pitiful

history represents Douglas as infusing suspicion of Pazzio

into the empty mind of his nephew, and thus winning his

consent to a deed already designed by others. A bond was
drawn in which Darnley pledged himself to support the

confederates who undertook to punish " certain privy

persons " offensive to the state, " especially a stranger

Italian called Davie "; another was subscribed by Darnley

and the banished lords, then biding their time in Newcastle,

which engaged him to procure their pardon and restoration,

while pledging them to ensure to him the enjoyment of the

title he coveted, with the consequent security of an

undisputed succession to the crown, despite tho counter

claims of the house of Hamilton, in case his wife should

die without issue,—a result which, intentionally or not, he

and his fellow conspirators did all that brutality could have

suggested to accelerate and secure. On the 9th of March
the palace of Holyrood was invested by a troop under the

command of Morton, while Rizzio was dragged by force

out of the queen's presence and slain without trial in the

heat of the moment. The parliament was discharged by

proclamation issued in the name of Darnley as king ; and in

the evening of the next day the banished lords, whom it was
to have condemned to outlawry, returned to Edinburgh.

On the day following they were graciously received by the

queen, who undertook to sign a bond for their security,

but delayed the subscription till next morning under plea

of sickness. During the night she escaped with Darnley,

whom she had already seduced from the party of his

accomplices, and arrived at Dunbar, on the third morning
after the slaughter of her favourite. From thence they

returned to Edinburgh on the 28th of March, guarded by
two thousand horsemen under the command of Bothwell,

who had escaped from Holyrood on the night of the murder,

to raise a force on tho queen's behalf with his usual soldierly

promptitude. The slayers of Rizzio fled to England, and
were outlawed ; Darnley was permitted to protest his

innocence and denounce his accomplices ; after which he

became the scorn of all parties alike, and few men dared or

cared to be seen in his company. On tho 19th of June a son

was born to his wife, and in the face of his previous protesta-

tions he was induced to acknowledge himself the father.

But, as Murray and his partisans returned to favour and
influence no longer incompatible with that of Bothwell and
Huntly, he grow desperate enough with terror to dr^am of

escape to France. This design was at once frustrated by
the queen's resolution. She summoned him to declare his

reasons for it in presence of the French ambassador and

an assembly of the nobles ; she besonght him for God's

sake to speak out, and not spare her ; and at last he left

her presence with an avowal that he had- nothing to allege.

The favour shown to Bothwell had not yet given occasion

for scandal, though his character as an adventurous libertine

was as notable as his reputation for military hardihood

;

but as the summer advanced his insolence increased with

his influence at court and the general aversion of his rivals.

He was richly endowed by Mary from tho greater and
lesser spoils of the church ; and the three wardenships of

tho border, united for the first time in his person, gave the

lord high admiral of Scotland a position of unequalled

power. In the gallant discharge of its duties he was
dangerously wounded by a leading outlaw, whom he slew

in single combat; and while yet confined to Hermitage

Castlo he received a visit of two hours from the queen, who
rode thither from Jedburgh and back througli 20 miles

of the wild borderland, where her person was in perpetual

danger from the freebooters whom her father's policy had
striven and had failed to extirpate. The result of this

daring ride was a ten days' fever, after which she removed

by short stages to Craigmillar, where a proposal for her

divorce from Darnley was laid before her by Bothwell,

Murray, Huntly, Argyle, and Lethington, who was chosen

spokesman for the rest. She assented on condition that

the divorce could be lawfully effected without impeachment

of her son's legitimacy ; whereupon Lethington undertook

in the name of all present that she should be rid of her

husband without any prejudice to the child,-—at whose

baptism a few days afterwards Bothwell took the place o£

the putative father, tliough Darnley was actually residing

under the same roof, and it was not till after the ceremony
that he was suddenly struck down by a sickness so violent

as to excite suspicions of poison. He was removed to

Glasgow, and left for the time in charge of his father ; but

on the news of his progress towards recovery a bond was
drawn up for execution of the sentence of death which

had secretly been pronounced against the twice-turned

traitor who had earned his doom at all hands alike. On
the 22d of the next month (January 15C7) the queen
visited her husband at Glasgow and proposed to remove

him to Craigmillar Castle, where he would have the benefit

of medicinal baths ; but instead of this resort he was con-

veyed on the last day of the month to tho lonely and
squalid shelter of the residence which was soon to be made
memorable by his murder. Between tho ruins of two
sacred buildings, with tho town-wall to the south and a

suburban hamlet known to ill fame as the Thieves' Row to

the north of it, a lodging was prepared for the titular king

of Scotland, and fitted up with tapestries taken from the

Gordons after the battle of Corrichie. On the evening of

Sunday, February 9, Mary took her last leave of the

miserable boy who had so often and so mortally outraged

her as consort and as queen. That night the whole city

was shaken out of sleep by an explosion of gunpowder
which shattered to fragments tho building in which he

should have slept and perished ; and next morning the

bodies of Darnley and a page were found strangled in a

garden adjoining it, whither they had apparently escaped

over a wall, to be despatched by the hands of Bothwell's

attendant confederates.

Upon the view which may be taken of Mary's conduct

during the next three months depends the whole debatable

question of her character. According to the professed

champions of that character, this conduct was a tissue of

such dastardly imbecility, such heartless irresolution, and

such brainless inconsistency as for ever to dispose of her

time-honoured claim to the credit of intelligenco and

courage. It is certain that just three months and six days

after the murder of her husband she became the wife of
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b;r husband's murderer. On tlio 11th of February slio

wrote to tho bisho[) of Glasgow, her amliassador in France,

a brief letter of simplo oloquence, announcing her provi-

dential escape from a design upon her own as well as her

husband's life. A reward of two thousand pounds was

ofl'ered by proclamation for discovery of tho murderer.

Bothwcll and others, his satellilcj or tho queen's, wcro

instantly placarded by name as tho criminals. Voices

were heard by night in tho streets of Edinburgh calling

down judgment on tho assassins. Four days after the

discovery of the bodies, Darnley was buried in the chapel

of Holyrood w-ith secrecy as remarkable as tho solemnity

with which Eizzio had been interred there less than a year

before. On tho Sunday following, Mary left Edinburgh

for Seton Palace, 12 miles from the capital, where scandal

asserted that she passed the time merrily in shooting-

ma^ches with Bothwell for her partner against Lords Seton

and Huntly ; other accounts represent Huntly and Bothwell

as left at Holyrood in charge of the infant prince. Grace-

fully and respectfully, with statesmanlike yet feminine

desterity, the demands of Daruley's father for justice on
the murderers of his son were accepted and eluded by his

daughter-in-law. Bothwell, with a troop of fifty men,
rode through Edinburgh defiantly denouncing vengeance

on his concealed accusers. As w'eeks elapsed without

action on the part of the royal widow, while the cry of

blood was up throughout the country, raising echoes from
England and abroad, the murmur of accusation began to

rise against her also. Murray, with his sister's ready
permission, withdrew to France. Already tho report was
abroad that the queen was bent on marriage with Bothwell,
wliise last year's marriage with the sister of Huntly would
be dissolved, and the assent of his wife's brother purchased
by the restitution of his forfeited estates. According to

the lifeyaoirs of Sir James Jlelville, both Lord Herries and
himself resolved to appeal to the queen in terms of bold and
earnest remonstrance against so desperate and scandalous

a design ; Herries, having been met with assurances of its

unreality and professions of astonishment at the suggestion,

instantly fled from court ; Jlelville, evading the danger of

a merely personal protest without backers to support him,
laid before Mary a letter from a loyal Scot long resident

in England, which urged upon her consideration and her
conscience the danger and disgrace of such a project yet
more freely than Herries had ventured to do by word of

mouth ; but the sole result was that it needed all the
queen's courage and resolution to rescue him from the
violence of the man for whom, she was reported to have
Baid, she cared not if she lost France, England, and her own
country, and would go. with him to the world's end in a
white petticoat before she would leave him. On the 28th
of March the privy council, in which Bothwell himself sat,

appointed the 12th of April as the day of his trial, Lennox,
instead of the crown, being named as the accuser, and cited
by royal letters to appear at "the humble request and
petition of the said Ejrl Bothwell," who, on the day of the
trial, had four thousand armed men behind him in the
streets; while the castle was also at his command. Under
these arrangements it was not thought wonderful that
Lennox discreetly declined the danger of attendance, even
with three thousand men ready to follow him, at the risk
of desperate street fighting. He pleaded sickness, asked
for more time, and demanded that the accused, instead of
enjoying special favour, should share the treatment of other
suspected criminals. But, as no particle of evidence on his
side was advanced, the protest of his representative was
rejected, and Bothwell, acquitted in default of witnesses
against him, was free to challenge any persistent accuser
to the ancient ordeal of battle. His wealth and power
Were enlarged by gift of tho parliament which met ou the

1 1th and rose on the 19th of April,—a ilate made notablo

by the subsequent supper at Ainslie's tavern, where
Bothwell obtained the signatures of its leading members
to a document affirming his innocence, and pledging the

subscribers to maintain it against all challengers, to stand
by him in all his quarrels, and finally to promote by all

means in their power the marriage by which they recom-
mended the queen to reward his services and benefit the
country. On the second day following Mary went to visit

her child at Stirling, where his guardian, the earl of Mar,
refused to admit more than two women in her train. It

was well known in Edinburgh that Bothwell had a body of

men ready to intercept her on the way back, and carry her

to Dunbar,—not, as was naturally inferred, without good
assurance of her consent. On the 24th of April, as

she approached Edinburgh, Bothwell accordingly met
her at the head of eight hundred spearmen, assured her

(as she afterwards averred) that she was in the utmost
peril, and escorted her, together with Huntly, Lethington,

and Melville, who were then in attendance, to Dunbar
Castle. On the 3d of May Lady .Jane Gordon, who had
become countess of Bothwell on February 22d of the year

preceding, obtained, on the ground of her husband's

infidelities, a separation which, however, would not under

the old laws of Catholic Scotland have left him free to

marry again ; on the 7th, accordingly, the necessary

divorce was pronounced, after two days' session, by a

clerical tribunal which ten days before had received from

the queen a special commission to give judgment on a plea

of somewhat apocryphal consanguinity alleged by Bothwell

as the ground of an action for divorce against his wife.

The fact was studiousl) evaded or concealed that a dis-

pensation had been granted by the archbishop of St

Andrews for this irregularity, which could only have

arisen through some illicit connexion of the husband with

a relative of the wife between whom and himself no
affinity by blood or marriage could be proved. On the

day when the first or Protestant divorce was pronounced,

j\Iary and Bothwell returned to Edinburgh with every

prepared appearance of a peaceful trinmph. Lest her

captivity should have been held to invalidate the late legal

proceedings in her name, proclamation was made of forgive-

ness accorded by the queen to her captor in consideration of

his past and future services, and her intention wasannounced
to reward them by further promotion ; and on the same
day (May 12th) he was duly created duke of Orkney and
Shetland. The duke, as a conscientious Protestant, refused

to marry his mistress according to the rites of her church
;

and she, the chosen champion of its cause, agreed to be

married to him, not merely by a Protestant, but by one

who before his conversion had been a Catholic bishop, and
should therefore have been more hateful and contemptible

in her eyes than any ordinary heretic, had not religion as

well as policy, faith as well as reason, been absorbed or

superseded by some more mastering passion or emotion.

This passion or emotion, according to those who deny her

attachment to Bothwell, was simply terror,—the blind and
irrational prostration of an abject spirit before the cruel

force of circumstances and the crafty wickedness of men.

Hitherto, according to all evidence, she had shown herself

on all occasions, as on all subsequent occasions she indis-

putably showed herself, the most fearless, the most keen-

sighted, the most ready-witted, the most high-gifted and
high-spirited of women

;
gallant and generous, skilful and

practical, never to be cowed by fortune, never to be cajoled

by craft ; neither more unselfish in her ends nor more

unscrupulous in her practice than might have been expected

from her training and her creed. But at the crowning

moment of trial there are those who assert their behef that

tho woman who oa her way to the field of Corrichie had
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uttered her wish to be a man, that she might know all the

hardship and all the enjoyment of a soldier's life, riding

forth " in jack and knapscuU "—_the woman who long after-

wards was to hold her own for two days together without

help of counsel against all the array of English law and

English statesmanship, armed with irrefragable evidence

and supported by the resentment of a nation—showed her-

self equally devoid of moral and of physical resolution

;

too senseless to realize the significance and too heartless to

face the danger of a situation from which the simplest

exercise of reason, principle, or courage must have rescued

the most unsuspicious and inexperienced of honest women
who was not helplessly deficient in self-reliance and self-

respect. The famous correspondence produced next year

in evidence against her at the conference of York may
have been, as her partisans atfirm, so craftily garbled and
falsified by interpolation, suppression, perversion, or

absolute forgery as to be all but historically worthless.

Its acceptance or its rejection does not in any degree what-

ever affect, for better or for worse, the rational estimate of

her character. The problem presented by the simple

existence of the facts just summed up remains in either

case absolutely the same.

That the coarse and imperious nature of the hardy and
able ruffian who had now become openly her master should

no less openly have shown itself even in the first moments
of their inauspicious union is what any bystander of com-

mon insight must inevitably have foreseen. Tears, dejec-

tion, and passionate expressions of a despair " wishing only

for death," bore fitful and variable witness to her first sense

of a heavier yoke than yet had galled her spirit and her

pride. At other times her affectionate gaiety would give

evidence as trustworthy of a fearless and improvident satis-

faction. They rode out in state together, and if he kept

cap in hand as a subject she would snatch it from him and
clap it on his head again ; while in graver things she took

all due or possible care to gratify his ambition, by the

insertion of a clause in their contract of marriage which
made their joint signature necessary to all documents of

state issued under the sign-manual She despatched to

France a special envoy, the bishop of Dumblane, with

instructions setting forth at length the unparalleled and
hitherto ill-requited services and merits of Bothwell, and
the necessity of compliance at once with his passion and
with the unanimous counsel of the nation,—a people who
would endure the rule of no foreign consort, and whom
none of their own countrymen were so competent to con-

trol, alike by wisdom and by valour, as the incomparable
subject of her choice. These personal merits and this

political necessity were the only pleas advanced in a letter

to her ambassador in England. But that neither plea

would avail her for a moment in Scotland she had ominous
evidence on the thirteenth day after her marriage, when no
response was made to the usual form of proclamation for a
raid or levy of forces under pretext of a campaign against

the rievers of the border. On the Gth or 7th of June
Mary and Bothwell took refuge in Borthwick Castle, twelve
miles from the capital, where the fortress was in the keep-

ing of an adherent whom the diplomacy of Sir James
Melville had succeeded in detaching from his allegiance to

Bothwell. The fugitives were pursued and beleaguered
by the earl of Morton and Lord Hume, who declared their

purpose to rescue the (jueen from the thraldom of her
husband. He escaped, leaving her free to follow him or

to join the party of her professed deliverers. But whatever
cause she might have found since marriage to complain of

his rigorous custody and domineering brutality was in-

sufficient to break the ties by which he held her. Alone,
in the disguise of a page, she slipped out of the castle at

midnight, and rode off to meet him at a tower two miles dis-

tant, whence they fled together to Dunbar. The confede-

rate lords on entering Edinburgh were welcomed by the

citizens, and after three hours' persuasion Lethington, who
had now joined them, prevailed on the captain of the castle

to deliver it also into their hands. Proclamations were
issued in which the crime of Bothwell was denounced, and
the disgrace of the country, the thraldom of the queen, and
the mortal peril of her infant son were set forth as reasons

for summoning all the lieges of the chief cities of Scotland

to rise in arms on three hours' notice and join the forces

assembled against the one common enemy. News of his

approach reached them on the night of June 14, and they

marched before dawn with 2200 men to meet him near

Musselburgh. Mary meanwhile had passed from Dunbar
to Haddington, and thence to Seton, where 1600 men
rallied to her side. On the 15th of June, one month from
their marriage day, the queen and Bothwell, at the head
of a force of fairly equal numbers but visibly inferior

discipline, met the army of the confederates at Carberry

Hill, some six miles from Edinburgh, Du Croc, the French
ambassador, obtained permission through the influence of

Maitland to convey to the quoen the terms proposed by
their leaders,—that she and Bothwell should part, or that

he should meet in single combat a champion chosen from

among their number. Bothwell ofl^ered to meet any man
of sufficient quality ; Mary would pot assent. As the

afternoon wore on their force began to melt away by
desertion and to break up for lack of discipline. Again

the trial by single combat was proposed, and thrice the

proposal fell through, owing to objections on this side or

on that. At last it was agreed that the queen should yield

herself prisoner, and Bothwell be allowed to retire in safety

to Dunbar with the few followers who remained to him.

Mary took leave of her first and last master with passionate

anguish and many parting kisses ; but in face of his

enemies, and in hearing of the cries which burst from the

ranks, demanding her death by fire as a murderess and

harlot, the whole heroic and passionate spirit of the woman
represented by her admirers as a spiritless imbecile flamed

out in responsive threats to have all the men hanged and

crucified, in whose power she now stood helpless and alone.

She grasped the hand of Lord Lindsay as he rode beside

her, and swore " by this hand " she would " have his head

for this." In Edinburgh she was received by a yelling

mob, which flaunted before her at each turn a banner

representing the corpse of Darnley with her child beside

it invoking on his knees the retribution of Divine justice.

From the violence of a multitude in which women of the

worst class were more furious than the men she was

sheltered in the house of the provost, where she repeatedly

showed herself at the window, appealing aloud with

dishevelled hair and dress to the mercy which no man
could look upon her and refuse. At nine in the evt.ping

she was removed to Holyrood, and thence to the port of

Leith, where she embarked under guard, with her

attendants, for the island castle of Lochleven. On the

20th a silver casket containing letters and French verses,

miscalled sonnets, in the handwriting of the quee'n, was

taken from 'the person of a servant who had been sent by

Bothwell to bring it from Edinburgh to Dunbar. Even

in the existing versions of the letters, tran.slated from the

lost originals and retranslated from this translation of a

text which was probably destroyed in 1 603 by order of

King James o'n his accession to the English throne,^even
in these possibly disfigured versions, the fiery pathos of

passion, the fierce and piteous fluctuations of spirit between

love and hate, hope and rage and jealousy, have an

eloquence apparently beyond the imitation or invention of

art. Three days after this discovery Lord Lindsay, Lord

Huthven, and Sir Robert Melville were despatched to
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Loclilcven, there to obtain the queen's signature to an act

of abdication in fnvour of her son, and another appointing

Miirray regent during his minority. She submitted, and
' a commission of regency was established till the return

from France of Murray, who, im the 15th of August,

arrived at Lochleven with Morton and Athole. According

to bis own account, the expostulations as to her past con-

duct which preceded his admonitions for the future were

received with tears, confessions, and attempts at extenua-

tion or excuse ; but when they parted next day on good

terms she had regained her usual spirits. Nor from that

day forward had they reason to sink again, in spite of the

close keeping in which she was held, with the daughters of

the house for bedfellows. Their mother and the regent's,

her father's former mistress, was herself not impervious to

her prisoner's lifelong power of seduction and subjugation.

Her son George Douglas fell inevitably under the charm.

A rumour transmitted to England went so far as to assert

that she had proposed him to their common half-brother

Murray as a fourth husband for herself; a later tradition

represented her as the mother of a child by him. A third

report, at least as improbable as either, asserted that a

daughter of Mary and Bothwell, born about this time,

lived to be a nun in France. It is certain that the necessary

removal of George Douglas from Lochleven enabled him
to devise a method of escape for the prisoner on March 25,

1568, which was frustrated by detection of her white hands
under the disguise of a laundress. But a younger member
of the household, Willie Douglas, aged eighteen, whose
devotion was afterwards remembered and his safety cared

for by Mary at a time of utmost risk and perplexity to

herself,^ succeeded on May 2d in assisting her to escape by
a postern gate to the lake-side, and thence in a boat to the

mainland, where George Douglas, Lord Seton, and others

were awaiting her. Thence they rode to Seton's castle of

Niddry, and next day to Hamilton Palace, round which an
army of 6000 men was soon assembled, and whither the

new French ambassador to Scotland hastened to pay his

duty. The queen's abdication was revoked, messengers
were despatched to the English and French courts, and
word was sent to Murray at Glasgow that he must resign

the regency, and should be pardoned in common with all

oJTenders against the queen. But on the day when Mary
arrived at Hamilton Murray had summoned to Glasgow the

feudatories of the crown, to take arms against the insurgent

enemies of the infant king. Elizabeth sent conditional

oflTers of help to her kinswoman, provided she would accept
of English intervention and abstain from seeking foreign
assistance ; but the messenger came too late. Mary's
followers had failed to retake Dunbar Castle from the
regent, and made for Dumbarton instSad, marching two miles
south of Glasgow, by the village of Langside. Here
Murray, with 4500 men, under leaders of high distinction,

m£t the 6000 of the queen's army, whose ablest man,
Herries, was as much distrusted by Mary as by every one
else, while the Hamiltons could only be trusted to think
of their own interests, and were suspected of treasonable
designs on all who stood between their house and the
monarchy. Qn the 1 3th of ilay the battle or skirmish of
Langside determined the result of the campaign in three
quarters of an hour. Kirkaldy of Grange, who commanded
the regent's cavalry, seized and kept the place of vantage
from the beginning, and at the first sign of wavering on
the other side shattered at a single charge the forces of
the queen, with a loss of one man to three hundred. Mary
fled 60 miles from the field of her last battle before she
halted at Sanquhar, and for three days of flight, according
to her own account, had to sleep on the hard ground, live
on oatmeal and sour milk, and fare at night like the owls,
in hunger, cold, and fear. On the third day from the rout

of Langside she crossed the Solway, and landed at

Workington in Cumberland, May 16, 156S. On the 20th
Lord Scrope and Sir Francis Knollys were sent from court

to carry messages and letters of comfort from Elizabeth to

Mary at Carlisle. On .Tune 1 1 th Knollys wrote to Cecil

at once the best description and the noblest panegyric
extant of the queen of Scots,—enlarging, with a brave

man's .sympathy, on her indifference to form and ceremony,
her daring grace and openness of manner, her frank display

of a great desire to be avenged of her enemies, her readiness

to expose herself to all perils in hope of victory, her delight

to hear of hardihood and courage, commending by name
all her enemies of approved valour, sparing no cowardice
in her friends, but above all things athirst for victory by
any means at any price, so that for its sake pain and peril

seemed pleasant to her, and wealth and all things, if com-
pared with it, contemptible and vile. What was to be done
with such a princess, whether she were to be nourished in

one's bosom, above all whether it could be advisable or

safe to try any diplomatic tricks upon such a lady, Knollys

left for the minister to judge. It is remarkable that he
should not have discovered in her the qualities so obvious

to modern champions of her character,—easiness, gullibility,

incurable innocence and invincible ignorance of evil,

incapacity to suspect or resent anything, readiness to

believe and forgive all things. On the 15th of July, after

various delays interposed by her reluctance to leave the

neighbourhood of the border, where on her arrival she had
received the welcome and the homage of the leading

Catholic houses of Northumberland and Cumberland, she

was removed to Bolton Castle in North Yorkshire. During
her residence here a conference was held at York between

her own and Elizabeth's commissioners and those appointed

to represent her son as king of Scots. These latter, of

whom Murray himself was the chief, privately laid before

the English commissioners the contents of the famous
casket. On the 24th of October the place of the conference

was shifted from York to London, where the inquiry waa
to be held before Queen Elizabeth in councU. Mary was
already aware that the chief of the English commissioners,

the duke of Norfolk, was secretly an aspirant to the peril

of her hand ; and on October 21st she gave the first sign

of assent to the suggestion of a divorce from BothwelL

On the 26th of October the charge of complicity in the

murder of Darnley was distinctly brought forward against

her in spite of Norfolk's reluctance and Murray's previous

hesitation. Eli- ibeth, by the mouth of her chief justice,

formally rebuked the audacity of the subjects who durst

bring such a charge against their sovereign, and challenged

them to advance their proofs. They complied by the pro-

duction of an indictment under five heads, supported by

the necessary evidence of documents. The number of

English commissioners was increased, and they were bound

to preserve secrecy as to the matters revealed. Further

evidence was supplied by Thomas Crawford, a retainer of

the house of Lennox, tallying so exactly with the text of

the casket letters as to have been cited in proof that the

latter must needs be a forgery. Elizabeth, on the close of

the evidence, invited Mary to reply to the proofs alleged

before she could be admitted to her presence; but Mary
simply desired her commissioners to withdraw from the

conference. She declined with scorn the proposal made

by Elizabeth through KnoUys, that she should sign a

second abdication in favour of her son. On January 10,

1569, the judgment given at the conference acquitted

Murray and his adherents of rebellion, while afErming that

nothing had been proved against Mary,—a verdict accepted

by Murray as equivalent to a practical recognition of his

office as regent for the infant king. This position he was

not long to hold ; and the fierce exultation of Mary at the
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complicity with the murderer, on whom a pension was

bestowed by her unblushing gratitude, fresh reason to fear,

if her liberty of correspondence and intrigue were not

restrained, the likelihood of a similar fate for Elizabeth.

On January 2ii; 1569, she had been removed from Bolton

Castle to Tutbury in Staffordshire, where proposals were

conveyod to her, at the instigation »^f Leicester, for a

marriage with the duke of Norfolk, to which she gave a

graciously conditional assent ; but the discovery of these

proposals consigned Norfolk to the Tower, and on the out-

break of an insurrection in the north jSIary, by Lord

Hunsdon's advice, was again removed to Coventry, when a

body of her intending deliverers was v.-ithin a day's ride of

Tutbury. On the 23d of January following Murray was

ftssassinated ; and a second northern insurrection was

crushed in a single sharp fight by Lord Hunsdon. In

October Cecil had an interview with Mary at Chatsworth,

when the conditions of her possible restoration to the throne

in compliance with French demands were debated at length.

The queen of Scots, with dauntless dignity, refused to yield

the castles of Edinburgh and Dumbarton into English

keeping, or to deliver up her fugitive English pnrtisans

then in Scotland ; upon other points they came to terms,

and the articles were signed October 16. On the same
day Mary wrpte to Elizabeth, recjuesting with graceful

earnestness the favour of an interview which might reassure

her against the suggestion that this treaty was a mere pre-

tence. On November 28 she was removed to Sheffield

Castle, where she remained for the next fourteen years in

charge of the earl of Shrewsbury. The detection of a plot,

in which Norfolk was implicated, for the invasion of

England by Spain on behalf of Mary, who was then to

take him as the fourth and most contemptible of her

husbands, made necessary the reduction of her household

and the stricter confinement of her person. On May 28,

1572, a demand from both houses of parliament for her

execution as well as Norfolk's was generously rejected by
Elizabeth; but after the panishment of the traitorous pre-

tender to her hand, on whom she had lavished many
eJoquent letters of aifectionate protestation, she fell into

" a passion of sickness " which convinced her honest keeper

of her genuine grief for the ducal caitiff. A treaty pro-

jected On the news of the massacre of St Bartholomew,

by which Mary should be sent back to Scotland for

immediate execution, was broken off by the death of the

earl of Mar, who had succeeded Lennox as regent ; nor

•was it found possible to come to acceptable terms on a like

understanding with his successor Morton, who in 1577
sent a proposal to JIary for her restoration, which she

declined, in suspicion of a plot laid to entrap her by the

policy of Sir Francis Walsingham, the most unscrupulously

patriotic of her English enemies, who four years afterwards

sent word to Scotland that the execution of Morton, so

long the ally of England, would be answered by the

execution of J.Iary. But on that occasion Elizabeth again

refused her assent either to the trial of Mary or to her

transference from Sheffield to the Tower, In 1581 Mary
accepted the advice of Catherine de' Medici and Henry lit

that she should allow her son's title to reign as king of

Scotland conjointly with herself when released and restored

to a share of the throne. This plan was but part of a
scheme including the invasion of England by her kinsman
the duke of Guise, who vras to land in the north and raise

a Scottish army to place the released prisoner of Sheffield

beside her son on the throne of Elizabeth. After the

overthrow of the Scottish accomplices in this notable pro-

ject, Mary poured forth upon Elizabeth a torrent of pathetic

and eloquent reproach for the many wrongs she had sufl'ered

.at the hands of her hostess, and pledged her honour to the

lOv scotl.vnh,

assuranca that she now aspired to no kingdom but that of

heaven. In the spring of 1583 she retained euo;igh of

this saintly resignation to ask for nothing but liberty,

without a share in the government of Scotland ; but Lord
Burghloy not unreasonably preferred, if feasible, to reconcile

the alliance of her son with the detention of his mother.

In 158'!: the long-suffering earl of Shrewsbury was relieved

of his fourteen years' charge through the involuntary good
offices of his wife, whose daughter by her first husband
had married a brother of Darnley ; and their orphan child

Arabella, born in England, of royal descent on the father's

side, was now, in the hopeful view of her grandmother, a

more plausible claimant than the king or queen of Scots to

the inheritance of the English throne. In December 1583
Mary had laid before the French ambassador her first com-

plaint :f the slanders sproid by Lady Shrewsbury and her

sons, who Vi'ore ultimately compelled to confess the false-

hood of their imputations on the queen of Scots and her

keeper. It was probably at the time when a desire for

revenge onhercahimniatress made her think the opportunity

good and safe for discharge of such a two-edged dart at

the countess and the queen that Mary wrote, but abstained

from despatching, the famous and terrible letter in which,

with many gracious excuses and professions of regret and

attachment, she transmits to Elizabeth a full and vivid

report of the hideous gossip retailed by Bess of Hardwick
regarding her character and person at a time when the

reporter of these aboniiijations was on friendly terms with'

her husband's royal charge. In the autumn of 1584 she'

was removed to Wingfield Manor Under charge of Sir Ralphl

Sadler and John Somers, who accompanied her also on her

next removal to Tutbury in January 15S5. A letter

received by her in that cold, dark, and unhealthy castle, pf

which fifteen years before she had made painful and
malodorous experience, assured her that her son would

acknowledge her only as queeh-mother, and provoked at

once the threat of a parent's curse and an application to

Elizabeth for sympathy. In April 1586 Sir Amyas Paulet

was appointed to the office of which Sadler, accused of

careless indulgence, had requested to be relieved ; and on

Christmas Eve she was removed from the hateful shelter of

Tutbury to the castle of Chartley in the same county. H4r
correspondence in cipher from thence with her English

agents abroad, iutercepted by AValsingham and deciphered

by his secretary, gave eager encouragement to the design

for a Spanish invasion of England under the prince of

Parma,—an enterprise in which she would do her utmost

to make her son take part, and in case of his refusal would

induce the Catholic nobles of Scotland to betray him into

the hands of Philip, from whose tutelage he should be

released only on her demand, or if after her death he

should wish to return, nor then unless he had become a

Catholic. But even these patriotic and maternal schemes

to consign her child and reconsign the kingdom to the

keejJing of the Inquisition, incarnate in the widower of

Mary Tudor, were superseded by the attraction of a con-

spiracy against the throne and life of Elizabeth. Anthony
Babington, in his boyhood a ward of Shrewsbury, resident

in the household at Sheffield Castle, and thus subjected to

the charm before which so many victims had already

fallen, was now induced to undertake the deliverance of

the queen of Scots by the murder of the queen of England.

It is maintained by those admirers of Mary who assum?

her to have been an almost absolute imbecile, gifted with

the power of imposing herself on the world as a v/oman

of unsurpassed abUity, that, while cognizant of the plot for

her deliverance by English rebels and an invading army

of foreign auxiliaries, she might have been innocently

unconscious that this conspiracy involved the simultaneous

assassination of ElizabctL In the conduct and detection
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of her corrcspondcnco with Babington, traitor was played

off against traitor, and spios were utilized against assassins,

with as little Bcriiplo as could be required or expected in

the diplomacy of the time. As in the case of the casket

letters, it is alleged that forgery was employed to inter-

polate sufficient evidence of Mary's complicity in a design

iif which it is thought credible that she was kept in

ignorance by the traitors and murderers who had enrolled

themselves in her service,—that one who pensioned the

actual murderer of Murray and a wouhl-be murderer of

Elizabeth was incapable of approving what her keen and

practised intelligence was too blunt and torpid to anticipate

as inevitable and inseparable from the general design. In

August the conspirators were netted, and Mary was arrested

at the gate of Tixall Park, whither Paulet had taken her

under pretence of a hunting party. At Tixall .she was

detained till her papers at Chartley had undergone thorough

research. That she was at length taken in her own toils

even such a dullard as her admirers depict her could not

have failed to understand ; that she was no such dastard

as to desire or deserve such defenders the whole brief

course of her remaining life bore consistent and irrefragable

witness. Her first thought on her return to Chartley was

one of loyal gratitude and womanly sympathy. She
cheered the wife of her English secretary, now under arrest,

with promises to answer for her husband to all accusations

brought against him, took her new-born child from the

mothers arms, and in default of clergy baptized it, to

Paulet's Puritanic horror, with her own hands by her own
name. The next or the twin-bom impulse of her indomit-

able nature was, as usual in all times of danger, one of

passionate and high-spirited defiance, on discovering the

seizure of her papers. A fortnight afterwards her keys

and her money were confiscated, while she, bedridden and
unable to move her hand, could only ply the terrible

weapon of her bitter and fiery tongue. Her secretaries

were examined in London, and one of them gave evidence

that she had first heard of the conspiracy by letter from
Babington, of whose design against the life of Elizabeth

she thought it best to take no notice in her reply, though
she did not hold herself bound to reveal it. On the 25th
of September she was removed to the strong castle of

Fothcringay in Northamptonshire. On the Cthof October
she was desired by letter from Elizabeth to answer the

charges brought against her before certain of the chief

English nobles appointed to sit in commission on the cause.

In spite of her first refusal to submit, she was induced by
the arguments of the vice-chamberlain, Sir Christopher
Hatton, to appear before this tribunal on condition that

her protest should be registered against the legality of its

jurisdiction over a sovereign, the next heir of the English
crown.

On the 14th and 15th of October 15SU the trial was
held in the hall of Eotheringay Castle. Alone, "without
one counsellor on her side among so many," Mary con-

ducted the whole of her own defence with courage
incomparable and unsurpassable ability. Pathos and
indignation, subtlety and simplicity, personal appeal and
political reasoning, were the alternate weapons with which
she fought against all odds of evidence or inference, and
disputed step by step every inch of debatable ground.
She repeatedly insisted on the production of proof in her
own handwriting as to her complicity with the project of
the assassins who had expiated their crime on the 20th
and 21st of the month preceding. When the charge was
shifted to the question of her intrigues with Spain, she
took her stand resolutely on her right to convey whatever
right she possessed, though now no kingdom was left her
for disposal, to whomsoever she might choose. One single
Blip 6he made in the whole course of her defence; but

15—2;'*

none could have been more unluckily characteristic and
significant. When Burghley brought against her the

unanswerable charge of having at that moment in her

service, and in receipt of an annual pension, the instigator

of a previous attempt on the life of Elizabeth, she had the

unwary audacity to cito in her justification the pensions

allowed by Elizabeth to her adversaries in- Scotland, and
especially to her son. It is remarkable that just two

months later, in a conversation with her keepers, she again

made use of the same extraordinary argument in reply to

the same inevitable imputation, and would not be brought

to admit that the two cases were other than parallel. But
except for this single instance of oversight or perversity

her defence was throughout a masterpiece of indomitable

ingenuity, of delicate and steadfast courage, of womanly
dignity and genius. Finally she demanded, as she

had demanded before, a tri.al either before the estates

of the realm lawfully assembled, or else before the queen
in council. So closed the second day of the trial ; and before

the next day's work could begin a note of two or three lines

hastily written at midnight informed the commissioners

that Elizabeth had suddenly determined to adjourn the

expected judgment and transfer the place of it to the star-

chamber. Here, on the 25th of October, the commissioners

again met ; and one of them alone, Lord Zouch, dissented

from the verdict by which Mary was found guilty of

having, since the 1st of June preceding, compassed and
imagined divers matters tending to the destruction of

Elizabeth. This verdict was conveyed to her, about three

weeks later, by Lord Buckhurst and Robert Beale, clerk

of the privy council. At the intimation that her life was
an impediment to the security of the received religion,

"she seemed with a certain unwonted alacrity to triumph,

giving God thanks, and rejoicing in her heart that she was
held to be an instrument " for the restoration of her own
faith. This note of exultation as in martyrdom was
maintained with unflinching courage to the last She
wrote to Elizabeth and the duke of Guise two letters of

almost matchless eloquence and pathos, admirable especially

for their loyal and grateful remembrance of all her faithful

servants. Between the date of these letters and the day
of her execution wellnigh three months of suspense elapsed.

Elizabeth, fearless almost to a fault in face of physical

danger, constant in her confidence even after discovery of

her narrow escape from the poisoned bullets of household

conspirators, was cowardly even to a crime in face of

subtler and more complicated perih She rejected with

resolute dignity the intercession of French envoys for the

life of the queen-dowager of France ; she allowed the

sentence of death to be proclaimed, and welcomed with

bonfires and bell-ringing throughout the length of England ;

she yielded a respite of twelve days to the pleading of the

French ambassador, and had a charge trumped up against

him of participation in a conspiracy against her life; at

length, on the 1st of February 1587, she signed the death-

warrant, and then made her secretaries write word to

Paulet of her displeasure that in all this time he should

not of himself have found out some way to shorten the life

of his prisoner, as in duty bound by his oath, and thus

relieve her singularly tender conscience from the- guilt of

bloodshed. Paulet, with loyal and regretful indignation,

declined the disgrace proposed to him in a suggestion " to

shed blood without law or warrant " ; and on the 7th of

February the earls of Shrewsbury and Kent arrived at

Fothcringay with the commission of the council for execu-

tion of the sentence given against his prisoner. Mary
received the announcement with majestic tranquillity,'

expressing in dignified terms her readiness to die, her

consciousness that she was a martyr for her religion, and

her total ignorance of any conspiracy against the life of
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Elizabeth. At niglit she took a graceful and affectionate

leave of her attendauts, distiibuted among them her money
and jewels, wrote out in full the various legacies to be con-

veyed by her will, and charged her apothecary Goriou with

her last messages for the king of Spain. In these messages

the whole nature of the woman was revealed. Not a single

friend, not a single enemy, was forgotten ; the slightest

service, the slightest wrong, had its place assigned in her

faithful and implacable memory for retribution or reward.

Forgiveness of injuries was as alien from her fierce and

Iijyal spirit as forgetfulness of benefits; the destruction of

Kuglaiid and its liberties by Spanish invasion and conquest

was the strongest aspiration of her parting soul. At eight

next morning she entered the hall of execution, having

taken leave of the weeping envoy from Scotland, to whom
she gave a brief message for her son ; took her seat on the

scaffold, listened with an air of even cheerful unconcern to

the reading of her sentence, solemnly declared her innocence

of the charge conveyed in it and her consolation in the

prospect of ultimata justice, rejected the professional

services of Richard Fletcher, dean of Peterborough, lifted

up her voice in Latin against his in English prayer, and

when he and his fellow-worshippers had fallen duly silent

prayed aloud for tho prosperity of her own church, for

Elizabeth, for her son, and for all the enemies whom she

had commended overnight to the notice of the Spanish

invader ; then, with no less courage than had marked every

hour and every action of her life, received the stroke of

death from the wavering hand of the headsman.

Mary Stuart was in many respects the creature of her

age, of her creed, and of her station ; but the noblest and
most noteworthy qualities of her nature were independent

of rank, opinion, or time. Even the detractors who defend

her conduct on the plea that she was a dastard and a dupe
are compelled in the same breath to retract this implied

reproach, and to admit, with illogical acclamation and
incongruous applause, that the world never saw more
splendid courage at the service of more brilliant intelli-

gence, that a braver if not "a rarer spirit never did steer

humanity." A kinder or more faithful friend, a deadlier

or more dangerous enemy, it would be impossible to dread

or to desire. Passion alone could shake the double fortress

of her impregnable heart and ever active brain. The
passion of love, after very sufiicient experience, she

apparently and naturally outlived ; the passion of hatred

and revenge was as inextinguishable in her inmost nature

as the emotion of loyalty and gratitude. Of repentance

it would seem that she knew as little as of fear, having
been trained from her infancy in a religion where the

Decalogue was supplanted by the Creed. Adept as she

was in the most exquisite delicacy of dissimulation, the

most salient note of her original disposition was daring

rather than subtlety. Beside or behind the voluptuous or

intellectual attractions of beauty and culture, she had about
her the fresher charm of a fearless and frank simplicity, a

genuine and enduring pleasure in small and harmless things

no less than in such as were neither In 15C2 she amused
herself for some days by living "with her little troop" in

the house of a burgess of St Andrews " like a burgess's

wife," assuring the English ambassador that he should not

find the queen there,—"nor I know not myself where she

is become." From Sheffield Lodge, twelve years later,

she applied to the avchbishop of Glasgow and the cardinal

of Guise for some pretty little dogs, to be sent her in

baskets very warmly packed,—" for besides reading and
working, I take pleasure only in all the little animals that

I can get." No lapse of reconciling time, no extent of

comparative indulgence, could break her in to resignation,

submission, or toleration of even partial restraint. Three
mouths after the massacre of St Bartholomew had caused

some additional restrictions to be placed upon her freedom
of action, Shrewsbury writes to Burghley that " rather

than continue this imprisonment she sticks not to say she

will give her body, her son, and country for liberty " ; nor
did she ever show any excess of regard for any of the three.

For her own freedom of will and of way, of passion and of

action, she cared much ; for her creed she cared something
;

for her country she cared less than nothing. She would
have flung Scotland with England into ' the hellfire of

Spanish Catholicism rather than forego the faintest chance

of personal revenge. Her profession of a desire to be
instructed in the doctrines of Anglican Protestantism was
so transparently a pious fraud as rather to afford confirma-

tion than to arouse suspicion of her fidelity to the teaching

of her church. Elizabeth, so shamefully her inferior in

personal loyalty, fidelity, and gratitude, wss as clearly- her

superior on the one all-important point of patriotism. The
saving salt of Elizabeth's character, with all its wellnigh

incredible mixture of heroism and egotism, meanness and

magnificence, was simply this, that, overmuch as she loved

herself, she did yet love England better. Her best though

not hdr only fine qualities were national and political, the

high public virtues of a good public servant ; in the private

and personal qualities which attract and attach a friend to

his friend and a follower to his leader, no man or woman
was ever more constant and more eminent than Mary
Queen of Scots. (a. c. s.)

MARYBOROUGH, a town of Queeusland, Australia,

in the county of March, on the left bank of the Mary
river, 25 miles from its mouth, about 180 miles north of

Brisbane, in 25° 35' S. lat. and 152° 43' E. long. It is

the principal shipping port for an extensive district, com-

municating by steamer and coach with Brisbane and (since

1S81) by railway with the Gympie gold-fields, 54 miles

to the south. A large shipbuilding yard, saw-mills, dis-

tilleries, breweries, aud soap-works are among the iudustrial

establishments of the town, and extensive sugar factories

exist in the neighbourhood. Besides a handsome court-

house and town-hall, the public buildings comprise a

hospital, a school of arts with a considerable library, and

immigration barracks. Gas-lighting and water from the

Tinana creek were both introduced in 1879. The popula-

tion of the census district in 1S7G was SGOS, that of the

municipal area about 7000 Maryborough had only about

GOO inhabitants in 18G0; the muaici|iality dates from

1861, and was reincorporated in 1S7S.

MARYLAND.
MARYLAND, one of the central Atlantic states,

and one of the original thirteen, lies between
the parallels of 37° 53^ and 39° 43^ 26^^ AV. lat.

and the m'eridans of 75° 4^ and 79° 33^ W. long, from
Greenwich. It is bounded on the north by Pennsylvania
and Delaware; on the east b_Y Delaware and the Atlantic
ocean; on the south and west by the Potomac river and
its estuary, which separate it from Virginia and West
Virginia. Its width varies from 3 or 4 miles to 120
miles; its extreme length from east to west is 198 miles.

The total area of the state is 12.310 square miles, of
which 9,860 square miles is land surface, and 2,350
acres is covered by the waters of the Potomac and
other rivers, and of the Chesapeake bay.

Topoijraphy.—The eastern shore is mostly level, and
in portions swampy, but toward the neck of the penin-
sula, at the north, more rocky and broken. The west-
ern shore is level and sandy as far north as the Great
Falls of the Potomac; above that point it ri.ses in ter-

races, and soon in broken and rugged hills. The
country is quite mountainous toward the northwest, in

the vicinity of Rockville. The five or six mountain
ranges of the Allesrhanies, including Blue Ridge and
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Laurel Kiilso, extend across the narrow northwest por-

tion of the slate. The highest mountains are in Gar-

rett county, in the extreme western part of the state,

but none of them arc over 2,500 feet high. Washing-

ton county, lying between Tuscarora mountain and

South mountain, is a part of the Cumberland valley,

and is renowned for its picturesque scenery, and for its

rich soil. The Atlantic coast proper has a length of

only 33 miles, with no good harbors; but Chesapeake

bay, which is tlie central geographical feature of the

state, and extends in a northerly direction almost to the

northern boundary of the stale, furnishes a coast line

of more than 500 miles. At its ocean mouth, the bay
is 13 miles wide; its width at the widest point is 40

miles, and its average breadth is 10 miles. It is navi-

gable throughout its whole extent, and has numerous
excellent harbors. The principal river is the Potomac,
which is navigable for 125 miles to Wa.shington city.

The Potomac "rises in the mountains of West Virginia,

and Uows first northeast and then southeast for a dis-

tance of about 450 miles. The lower part of the river

below Alexandria is, in reality, an estuary, where it

widens out to a great breadth. The Patuxent, which
is its largest river wholly within the slate, is navigable

for small craft about 40 miles. The Patapsco, on
which the city of Baltimore is situated, is navigable

for 22 miles. The other rivers of the stale are—on the

eastern shore, the Pocomoke, Manokin. Nanlicoke,
Choptank, St. Michaels, Wye, Chester, Sassafras and
Elk; on the western shore, the Wicomico, South, Sev-

ern, Bush and Susquehanna. Many of these are rather

estuaries than rivers, especially in the lower part of

their courses, and are not navigable for any distance

above their mouths. The tide rises and falls in all these

rivers. Three Sounds, known as St. Martin's bay,

Sinepuxent bay and Chincoteague bay. He between the

eastern shore and the island reefs that receive the At-

lantic surf. There are numerous islands in Chesapeake
bay, and Pocomoke sound, Tangier sound and Eastern
bay are in reality only portions of Chesapeake bay,

separated from it by these islands, the largest of which
are Assateague, Tangier, Smith's, Holland's, Blood-
worth's and Kent.

0((ili>f/i/.—The lower part of the eastern shore as far

north as the Choptank river, St. Mary's and Calvert
counties on the western shore, and the islands in the

bay are wholly alluvial. The northern part of the

eastern shore, between the Choptank and the E;k river,

and Ann Arundel, Princes George and Charles counties

on the western shore, are a Tertiary formation, mainly
Pleistocene and Miocene, with some argillaceous clays

and slates of earlier date, which are of great value as a

fertilizer. A narrow belt of the cretaceous formation
runs southwesterly from New Jersey to the Potomac.
Beyond this is a wide strip of Eozoic rocks, of which
the more important are limestone, gneiss, granite, ser-

pentine, talc-slates and hydrated magnesian silicates.

A narrow strip of the new red sandstone runs through
the middle of this Eozoic bell, entering the stale near
the head of the bay, and extending southwest through
the eastern part of Frederick county to the Potomac.
Westward of the metamorphic rocks is a wide belt of

the Silurian formation, containing Potsdam sandstones,

Trenton limestones, etc. Following these are the De-
vonian red shales and sandstones, which, in the extreme
northwestern part of the stale, are overlaid by the car-

boniferous formation, containing some of the most im-
portant bituminous coal-measures in America. Of these,

the largest are in the vicinity of George's creek valley,

east of Savage mountain. In this valley, which is about
20 miles long, is the "big seam," having a thickness of

14 feet. Copper, chrome iron, haematitic iron and
other minerals, including manganese, galenaandbaryles,
are found in the belt of Eozoic rocks in the center of
the state. Breccia and other marbles and building
sandstones and limestones are quarried from these
rocks. Bog iron is found on the eastern shore.

In 1880, Maryland produced 2,227.844 tons of bitum-
inous coal, valued at $2,584,455; 57,940 tons of iron ore,

valued at $118,050; 072 tons of zinc ore, valued at $7,-

200. and 30,910 pounds of copper ingots; the total value
of all mineral products was $2,809,008.

Soil and Vc(ji't<ition.—h\ the eastern part of the state,

the soil is composed of clay and sand, is easily tilled,

and with a fair supply of* fertilizers yields excellent
crops. Peaches and other fruits are successfully culti-

vated on these lands. It is estimated that Maryland,
Delaware and New Jersey furnish nearly nine-tenths
of the peach crop of the Atlantic coast. In the central
and northern counties of the state the valley soil is very
fertile, yielding large crops of tobacco, Indian corn and
wheat. Among the forest trees, the deciduous oaks,
maple, hickory, walnut, chestnut, ash, birch, the pine
anil spruce are especially abundant in the mountainous
districts. The beech, poplar, sycamore, sassafras, red
maple, cedar, gum, cypress, elm, dogwood, magnolia,
juniper and holly trees are found in the lowlands. In
all. there are about one hundred species of trees in the
state.

Olimate.—The climate of Maryland is equable and
generally healthful, removed both from the protracted
heat of the south and from the extreme cold of the
north. Along the marshy lands, bordering the lower
Potomac and the bay, miasmatic influences are pre-

valent, and fevers of a kindred nature occur. 'The
average mean temperature in the western part of the
state is 50°, in the middle 54°, and in the southern 56°.

At Baltimore the average mean temperature of the
year is 54"^ 64\ of spring, 48.2°; of summer, 76.3°; of
autumn, 47.2°; of winter, 33.6°. The total rainfall for
the year is 48.11 inches. The mean annual barometer
is 30.0.57 inches. In 1880 the death rate in the state

was 1.81 per cent.

Fisheries.—The oyster fishery is the most import-
ant of the Maryland fisheries. In 1880, the number of
persons employed in the fisheries was 26,008; the capi-
tal invested was $6,342,443; the value of products was
$5,221,715. The number of vessels was 1.450, with a
tonnage of 43,500, and a value of $1,750,000. The
number of boats was 2,825, with a value of $186,448.
The value of the products of the general fisheries was
$479,388; of the Menhaden fishery, $11,851; of the oy-
ster fishery, $4,730,476.

Manufactures.—In 1880 there were 6,787 mechanical
and manufacturing establishments in Maryland, em-
ploying a capital of $58,742,384, the total number
of operatives was 74.945, of whom 46.698 were males
above 16 years of age; 21,700 females above 15
years, and 6,547 were children and youths. The total

amount paid in wages during the year was $18,904,965;
the value of materials was $06,9.37,846, and the value
of products $106.780..563.

iiailroads.—The railroad system of Maryland with
the exception of a few local roads, is so vitally
connected with that of other states, and is so
little under the control of the state, that it can scarcely
be considered by itself. The most important road is

the Baltimore & Ohio, which, including its branches,
has more than 300 miles of track in the state. In 1886,*
the total length of line of railroads in the state was 1,-

246 miles; the length of line operated was 1,202 miles.
The capital stock was $46,313,224; the bonded debt
$44,019,200; the imfunded debt $2,617,520; the cost of
railroads and equipments, $93,522,155, The gross
earnings from all sources were $13,078,692; the net
earnings, $5,113,596.

Commcrct'.—The principal imports are coffee, iron
and salt; the principal exports, tobacco, grain and pe-
troleum. The value of the foreign imports in 1880 was
$18,643,245; of the foreign exports, $74,398,971. There
are three ports of entry, of which the port of Baltimore

*From Poor's Manaal ot the Railroads of the United States for
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is the most importaut. la 1880, the number of foreign

vessels arriving was 1,508; of foreign clearances was
1,633; the number of vessels registered in the state was
1,788.

Agriculture.—The foUov^ing table gives the farm
statistics of Maryland for the census years 1850-80:

^
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yenrs, ami a house of dclcsntcs of 91 tn'iiiljLra, elected for two
years. 'I'be le;.'i»hilure. called rtie geueral aBseinbly, meets hieii-

Tiiully, oiiilby ilie euMHiituliou its Bespioiis are limited lo uiuety

days Tlie jlulii lid )>..\verof tlu- state is vested iu Ibe court of ap-

peals, eueuit cn.i- , r Ihc r Miiill.s. sevi-nil courts of Dultimore

city, orphans' C" I. ' ! >•- e-f llie petice. These jlidj^i-s must
all lie citi/.eus ni M .i . m m u-t lie (|Uiilitled voters, and have re-

sided in the etiili- iM'i 1'-- ili'iii live years, and in the dintrirt tiot

less than six monlhs. ili.\ .ii.- electi'd by the people of tluir res

pective districts tor a termot tifte.ii years, unless tbey sooner attniii

the age of seventy years, v\hen Ibeir otbce expires. The court of

appeals is compiised of tbi' chief iuili,'.-3 of the lirst seven judicial
Ualtiniore city, elected spe

I pi'ixnted by the governor from
'i 1

1 advice and consent of the
, , M ,, I ... for the courts of each of

,1 i;\., associate justices, except in

r of ass^iciate judges is necessarily
are presided over by three judges
e city, who are elected for four
utially the same with those of the
tea in other states. The justices of

the peace in each county are~appointed by the governor for two
years, with the advice and consent of Ilie senate. The state is en-

titled to six representatives in congress.

Population.—The following table gives the population at each
census, 17«U-1SS0:

urcuits of the state

cially thereto. Thechi.
among the judges of tin

senate. There are ei--.'hi

which there is to li.cn,

Baltimore ciiy. wh, :. tli

increased. Tbeoi pimi

in each county tun I in 1

years. Their"po\vers ar,

judges of the probate (

^
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Catherine, in the presence of Maxentius, arguing against

and converting eight learned doctors. After returning to

Florence, Masaccio was chiefly occupied in painting in

the church of the Carmine, and especially in that " Bran-

cacci chapel " which he has rendered famous almost beyond
rivalry in the annals of painting.

The chapel had been buOt early in the 15th century by Felice

Michele di Piuvichese Braucacci, a noble F'lrentine. Masaccio's

work in it began probably in 1423, and L^iitinued at intervals

until he finally quitted Florence in 1428. There is a whole library-

shelf of discussion as to wliat particular things were done by
Masaccio and what by Masolino, and long afterwards by Filippino

Lippi, in the Brancacci chapel, and also as to certain other paint-

ings by jMasaccio in the Carmine. He began with a trial piece, a
majestic figure of St Paul, not in. the chapel ; this has perished. A
monochrome of the Procession for the Consecration of the Chapel,

regarded as a wonderful example, for that early period, of per-

spective and of grouping, has also disappeared, though there is some
suspicion that it might yet, with due p.ains and research, be
recovered ; it contained portraits of BruneUeschi, Donatello, and
many others. In the cloister of the Carmine was discovered in

recent years a portion of a fresco by Masaccio representing a pro-

cession ; but this, being in colours and not in monochrome, does
not appear to be the Brancacci procession. As regards the
works in the Brancacci chapel itself, the prevalent opinion
now is that Masolino, who used to be credited with a considerable

portion of them, did either nothing, or at the utmost the solitary

compartment which represents St Peter restoring Tabitha to life,

and the same saint healing a cripple. The share which Filippino
Lippi bore in the work admits of little doubt ; to him are due
various items on which the fame of Masaccio used principally to be
based—as for instance tlie figure of St Paul addressing Peter in
prison, which Raphael partly appropriated ; and hence it may be
observed that an eloquent and often-quoted outpouring of Sii'

Joshua ReynoUls in praise of JMasaccio ought in great part to be
transferred to Filippino. "What Masaccio really painted in the
chapel appears with tolerable certainty to be as follows, and is

ample enough to sustain the high reputation he has alw.ays enjoyed :

—(1) TheTemptationot Adam and Eve
; (2) Peter and the Tribute-

Money
; (3) The E.xpulsion from Eden

; (4) Peter Preaching
; (5)

Peter Baptizing
; (6) Peter Almsgiving

; (7) Peter and Johu Curing
the Sick

; (8) Peter Restoring to Life the Son of King Theophilus of

Antioch was begun by Masaccio, including the separate incident of

Peter Enthroned, but a large proportion is by Filippino
; (9) the

double subject already allotted to Masolino may perhaps bo by
Masaccio, and in that case it must have been one of the first in
order of execution. A few words may be given to these pictures

individually. (1) The Temptation shows a. degree of appreciation
of nude form, corresponding to the feeling of the antique, such as

was at that date unexampled in painting. (2) The Tribute-Money, a
full, harmonious, and expressive composition, contains a head re-

puted to be the portrait of Masaccio himself,—one of the apostles,

with full locks, a solid resolute countenance, and a pointed beard.

(3) The Expulsion was so much admired by Raphael that, with
comparatively slight modifications, he adopted it as his own in one
of the subjects of the Logge of the Vatican. (5) Peter Baptizing
contains some nude figures of strong naturalistic design ; that of the
young man, prepared for the baptismal ceremony, who stands half-

shivering in the raw air, has always been a popular favourite, and
an object of artistic study. (8) The restoration of the young man
to life has been open to much discussion as to what precise subject
was in view, but the most probable opinion is that the legend of

Kiug Theophilus was intended.

In 1427 Masaccio was living iu JFlorence with his

mother, then for the second time a widow, and with his

younger brotlier Giovanni, a painter of no distinction ; he
possessed nothing but debts. In 1428 he was working,

as we have seen, in the Brancacci chapel. Before the end
of that year he disappeared from Florence, going, as it

would appear, to Rome, to evade the importunities of

creditors. Immediately afterwards, in 1429, when his age
was twenty-seven, he was reported dead. Poisoning by
jealous rivals in art was rumoured, but of this nothing is

known. The statement that several years afterwards, in

1443, he was buried in the Florentine church of the

Carmine, without any monument, seems to be improbable,

and to depend upon a confused account of the dates, which
have now, after long causing much bewilderment, been
satisfactorily cleared up from extant documents.

It has been said that Masaccio introduced into painting

the plastic boldness of Donatello, and carried out the linear

perspective of Paolo Uccello and BruneUeschi (who had
given him practical instruction), and he was also the first

painter who made some considerable advance in atmo-
spheric perspective. He was the first to make the archi-

tectural framework of his pictures correspond in a reason-

able way to the proportions of the figures. In the

Brancacci chapel he painted with extraordinary swiftness.

The contours of the feet and articulations in his pictures

are imperfect ; and his most prominent device for giving

roundness to the figures (a point in which he made a great

advance upon his predecessors) was a somewhat mannered
way of putting the high lights upon the edges. His
draperies were broad and easy, and his landscape details

natural, and superior to his age. In fact, he led the way
in representing the objects of nature correctly, with action,

liveliness, and relief Soon after his death, his work was
recognized at its right value, and led to notable advances;

and nil the greatest artists of Italy, through studying the

Brancacci chapel, became his champions and disciples.

Of the works attributed to Masaccio in public or private galleries

hardly any are authentic. The one in the Florentine Academy, the
Vii-giu and Child in the Lap of St Anna, is an exception. The so-

called portrait of Masaccio in the tJflizi Gallery is more probably
Filippino Lippi ; and Filippino, or Botticelli, may be the real author
of the head, termed a Masaccio, in the London National Gallery.

MASANIELLO (an abbreviation of Tommaso Aniello
or Anello) was the leader of the Neapolitan revolt in

July 1G47 For many years the Spanish Government, in

straits for money, had exacted large sums from the Two
Sicilies, although the privileges granted by Ferdinand and
Charles V. had exempted them both from taxes on the

necessaries of life and from aU external payments whatever.

Now, however, under Philip III. and Philip IV., the exac-

tions, heavy in themselves, were made more oppressive by
being farmed out to contractors, while the sums raised were
usually conveyed to Spain and spent on purposes often hav-

ing no connexion with Naples. Meantime the industrial

classes were scourged by the excesses of the nobility and the

lawlessness of banditti. At length, at the end of 1646, the

duke of Arcos demanded a million ducats in gold ; and it

was resolved after much opposition to raise it from fruit,

one of the most important articles of food to a southern

people. Petitions delayed but did not remove the tax ; on
.lune 6 a toll-house was actually blown up, but the viceroy

did not give way.. The discontent was fomented by
Genovino, who had been chosen " elect of the people " (that

is, of the district of the city where the common people had

the right of voting) in 1619 by the duke of Osuna's

influence, and had been employed by him as an agitator.

After the duke's recall he had been long in prison, and

then returned to Naples and became a priest. He selected

for his purpose Masaniello, a fisherman of Naples, then

twenty-seven years old, well built, intelligent, and very

popular in the city. He was so poor, we are told, that h^

was usually obliged to content himself with selling paper

to wrap up tfee fish that others sold. He had special

cause too for hatred to the taxes : his wife had tried to

smuggle a bag of flour into the city as an infant ; she had

been imprisoned, and his scanty possessions had barely

sufficed to pay her fine. The temporary success of a rising

at Palermo had stirred the people to a sense of their power,

and very little was wanted to produce an explosion. On
July 16, the feast of S. Maria del Carmine, it was customary

to make a sort of castle which was defended by one body

of youths armed with sticks and stormed by another.

Masaniello had been chosen captain of one of these parties,

and got together four hundred young men, with whom he

had already raised the cry of " Down with the taxes " when
the crisis was pi-ecipitated by a quarrel. On Sunday the

7th a dispute arose in the market (on which MasanieUo's

house looked) whether the gardeners or the buyers of their
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fruit should pay the tax. Finally tbe owner of the fruit

(saiil to have been a kinsman of Masaniollo) upset his

basket, Bayiug ho would sooner let the people have it for

nothing than pay the tax. Masaniello came up ; the ta.'c

collectoi-s were pelted with fruit and then with stones, and

the toll-house was burnt with cries of—" The king of Spain

and plenty ; down with misgoveruuient and taxes." The
viceroy attempted without effect to quiet the people by
promises ; his carriage was surrounded, and he escaped

with difficulty to St Elmo. Meanwhile the populace broke

open the prisons, and released all charged with offences

Ogaiust the customs. In the evening, by advice of Genovino,

a meeting elected officers, and decided on their demands.

Masaniello was chosen captain, with one Perrcne, who had
been in the service of Maddaloni, and at another time a

captain of banditti, as his lieutenant. Next day the people

went in search of arms ; many houses of persons who had
made thenaselves obnoxious to the people, and especially of

tax farmers, were sacked, and their contents burnt; but

most of the historians of the time state that there were few
attempts to appropriate anything, and those few were
immediately punished. The duke of Maddaloni, a man of

lawless life, but a decided opponent of the viceroy, was
selected as a likely intermediary with the people. The
latter demanded the original charter granted by Charles V.,

which was said to have wrongfully come into the viceroy's

own hands, tlie removal of all taxes imposed since Charles

V.'s death, and that the elect of the people should have as

many votes as the representatives of the nobles. All was
granted ; but the viceroy made entrenchments to guard the

approaches to the castle. Next day the sacking of tax

farmers' houses went on. The viceroy attempted to cheat

the people by sending documents simply drawn up by
himself ; and then their rage burst out. Maddaloni was
seized and given into custody, but escaped in the night by
Perrone's connivance. The people were summoned to arms.

The cai-dinal archbishop Filomarino, who did his best to

mediate between the parties all through, came to them from
the viceroy, and it was arranged that he should bring them
the document. The seizure of arms went on, and
Masaniello marching out of the city disarmed and took

prisoners four hundred soldiers, while another body of

people did the same with six hundred German mercenaries.

On Wednesday Perroue made his appearance at the head
of three hundred bandits partly mounted, and fired upon
Masaniello, but without injuring him. The people rushed
upon them, and they were killed almost without exception.

Some confessed to having been instigated by iladdaloni,

and a price was set upon his head. His brother Giuseppe
Caraffa was found in a monastery and killed, and his head
and foot were set upon pikes. A new elect of the people was
chosen, Arpaia, who had been a partisan of Genovino's in

the duke of Osuna's time, and had been condemned to the
gal'uj's. On Thursday Maddaloni's house was plundered
<tnd his property placed in a heap in the market under
guard. The castle being short of. provisions, Masaniello
sent some as a present to the viceroy. The Neapolitan
galleys, under Gianettino Doria, arrived the same day, and
Masaniello refused permission to land or to come nearer
than a mile to the shore, but sent provisions on board.

In fact he was now imdisputed master of the city, not
only organizing the military force in it with surprising

ability, but dispensing strict though severe justice.

Often he sat inside his little house on the market, sword
IT loaded gun in hand, while petitions and complaints
were handed to him on the end of a pike through the
window

;
yet ho still went barefoot, dressed as a simple

lisherman. The people having assembled consulted
together on the terms of agreement ; it was settled

by the advice of Qeuovino that Masaniello should show

the articles agreed on to the duke at the palace (he would
not risk himself in the castle), and that the viceroy should
afterwards swear to them in the cathedral Towards
evening the procession set out, Masaniello in a dress of
cloth of silver pressed upon him by the archbishop. An
immense concourse of armed men, estimated at one hundred
and forty thousand, lined the way or accompanied him.
Before them wont a trumpet proclaiming Viva il ri di
Spmjna ed il fcdelissimo popolo di Mapoli. Before enter-

ing the palace he exhibited the charter brought by the
archbishop, and charged them not to lay down their arms
till they had received the confirmation of their rights from
the king of Spain. "If I do not return in an hour," he
added, " wreck the city." He was received by the viceroy

as ap equal. All the conditions were agreed to, the chief

being—that the elect of the people should have as many
votes as the nobles ; that all taxes should be removed
except those already existing in Charles V.'s time ; that the

viceroy should get the articles ratified by the king within

three months ; that no punishment should be inflicted on
those who had taken part in the rising ; and that the

people should keep their arms tUl the ratification. On
the Friday Masaniello dismissed most of his followers to

their work, keeping a patrol of four men and a corperal

in each street. Next day the ceremony in the cathedral

took place ; the duke of Canjano read the articles,

Masaniello meanwhile correcting and explainiug, and the

viceroy solemnly swore to observe them. Then Masaniello

tore off his rich dress ; it was time, he said, to return to

his fisL And indeed from this time began his ruin. For

a week the care of a city, with hundreds of thousands of

inhabitants, had rested upon him ; he had been general,

judge, legislator, and during the whole time he had hardly

slept or eaten, the latter through dread of poison ; no
wonder if the fisherman's brain reeled under all this. His
justice had been severe, but hitherto it had struck men
who deserved punishment, the oppressor, the robber, the

hired cut-throat ; henceforth every one who ventured to

contradict him risked his life, and the only man who could

persuade him to mercy was the good archbishop. Five

hundred in all, it is said, were put to death by his order;

though it is probable that they were few compared to the

lives taken a short time afterwards by the viceroy in

defiance of his plighted word. Next day in fact the duke
set to work ; Genovino was made president of the chamber
in order to detach him from Masaniello, for which he was
the more ready as Masaniello was no longer the tool he

wanted. Genovino had already prevented the demand
for the surrender of St Elmo, which could easily have

been enforced, as the fort was not provisioued. Carlo and
Salvatore Cataneo with two others offered to the viceroj'

to murder Masaniello, and he welcomed their services.

On Sunday Masaniello gave orders for laying down arms

and submitting to the viceroy, which were obeyed in some
quarters of the city before they could be recalled. He
tried in vain to get the viceroy to accompany him to

Posilippo, where he drank deeply, and in reckless extra-

vagance threw gold into the water to be dived for. Next
day his violence continued ; he struck his followers in the

street, and condemned several of his oiBcers to death for not

immediately executing his ordei-s. He cut out the head

from a picture of Maddaloni and set it on a pike. Vitale

his secretary, sent on a message to the viceroy, talked of his

intention to raise a million ducats for the king by means
of forced gifts from the rich ; Vitale was detained in the

castle on some pretext, and on leaving next morning was
killed by the people of the quarter, who had returned to

their allegianca On Tuesday the 16tli, the feast of S.

Maria del Carmine, Masaniello went up into the pulpit, and
in a wild harangue recapitulated his services. He knew, he
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said, his death was near at hand ; then tearing open his dress

lie showed his body emaciated by fatigue and want of food.

After some more wild talk he was disarmed and confined in

a cell in the monastery. There the quiet seems to have

restored him ; but his assassins soon broke in ; he turned

to meet them ; five shots were at once fired, and he fell

dead. His head was cut off and carried through the

streets, while his body was dragged about for a while and

then buried outside the city. Next . ay some boys went

aud dug up the body, washed it, and took the head from

the guard in charge of it. The Neapolitans forgot the

excesses of the last few days, and only remembered the

leader who had won them their great victory. People

plucked out his hairs aud preserved them as relics, some

even prayed to him as a saint. All the priests of the city

officiated at the funeral, and even the viceroy was repre-

Bented by eight of his pages. (g. h. b.)

MASAYA, a town in Nicaragua, Central America, on

the cast side of the Lake of Masaya, about 55 miles south-

east of Managua, and 25 miles north-west of Granada.

The population, mostly of Indian blood, is estimated at

15,000 or 18,000 ; but, as nearly every house has its orchard

or garden, the buildings are spread over a much larger area

than this would suggest. Previous to 1871, when a steam-

pump was erected, all the water required had to be

carried from the lake, which lies 340 feet below the level

of the town. The volcano of Masaya on the opposite side

of the lake was active at the time of the conquest of

Nicaragua in 1522, and the conquerors, thinking the lava

they saw was gold, had themselves lowered into the

crater at the risk of their lives ; it had a great eruotion in

1670, and began to smoke again in 1860.

MASCARA, a fortified town of Algeria in the province

of Oran, 60 miles south-east of Gran, lies at a height of

1900 feet above the sea, on the southern slope of the first

chain of the Atlas mountains, and occupies two small hills

separated by the Oued Toudman. The walls, upwards of

2 miles in circuit, and strengthened by bastions aud

towers, give the place a somewhat imposing appearance
;

the French part of the town is substantial aud clean ; and

among the public buildings are three mosques (one used

as a church, another as a granary), a large hospital, a small

theatre, and the usual establishments attaching to the seat

of a sub-prefect and the centre of a military subdivision. A
public garden of 10 acres has been laid out in the ravine.

The population was 9442 in 1866, and 9240 in 1872.
Mascara {i.e., place of soldiers) was the capital of a bcylilc during

tlie Spanish occupation of Oran from the 16th to the close of tlie

18th century; but for the most of that period it occupied a site

about 2 miles distant from the present position. On the removal
of tlie bey to Oran its importance rapidly declined ; and it ivas quite

an insignificant place wlien in 1832 Abd-el-Kadir, who had been
born in the neighbourhood, chose it as tlie seat of liis power. It was
laid in ruins by the French under Marshal Clausel and the duke of

Orleans in 1835, and, being again occupied by Abd-el-Kadir in

1838, wa-s again captured in 1841 by Biujeaud and Laraoricifere.

MASCARENE ISLANDS, or Mascarenhas, a group

in the Indian Ocean to the east of Madagascar, consisting

of Mauritius (lie de France), E(5union (Bourbon), and

Pajdriguez. Mauritius and Rodriguez belong to Great

Britain, Reunion to France. The collective title is derived

from the Portuguese navigator Garcia Mascarenhas, by

whom Bourbon, at first called Mascarenhas, was discovered

in 1505.

MASCARON, Jules, was born at Marseilles in 1634, and
died at his diocesan city of Agen in 1703. His father was

an advocate, and he was himself intended for the law, but

he preferred the church. As a member of the Oratorian

congregation he preached in different provincial towns,

beginning with Saumur, and in all produced a great effect.

Then he went to Paris and quickly established his reputa-

tion at a time when the court, dissolute enough in manners,

had already begun to exercise its connoisseurship in matters

of sacred eloquence. Several complimentary speeches of

Louis XIV. to Mascaron are handed down by tradition.

He was not, however, in the ordinary sense a courtier; or

if so he was a very bold and adroit one. In Lent 1669 he

preached before the king against adultery in the strongest

terms. Either from respect for him or to get rid of him
Louis made him bishop of Tulle, but he still continued

occasionally to preach and to deliver 07-aiso7is /jtiiebi-es

before the court. His reputation for these was so high

that tlie king not unfrequently indicated subjects to him
himself. His crowning success in this way was his funeral

sermon on Turenne in 1 675. He was afterwards translated

to Agen, where he died, as has been said ; but his appoint-

ment was not a banishment, and he was summoned more
than once to preach before the court, notably in his sixtieth

year, when Louis is said to have remarked to him, " Votre

eloquence n'a pas vieilli." Mascaron, though the contem-

porary of Bossuet, belongs to an older school of oratory.

His style is unequal, and his taste not always sure, but

occasionally he has much vigour. Besides the Turenne

address his funeral sermon on the chancellor Siguier ranks

as his chief performance. These, with other similar piece.s,

were collected and edited by Father Borde, a member of the

author's own congregation, in 1740.

MASCHERONI, Lorenzo (1750-1800), an Italian

geometer, was professor of mathematics at the university

of Pavia, and published a variety of mathematical works,

the best-known of which is his Geometria del Compasso
(Pavia, 1797), a body of constructive geometry in which

the use of the circle alone is postulated. Many of the

solutions are most ingenious, and some of the constructions

of considerable practical importance.

The English reader will find a copious extract from Masclieroni'3

work in Leslie's Geometry, 3d cd., p. 204. There is a French
translation by Carctto (Pjiris, 179S), wlio also wrote a biography of

JIaschcroni.

MASINISSA, a Numidian prince whose history is

closely intertwined with that of the wars between -Rome
and Carthage. With true barburian fickleness, and a keen

eye to his own interests, he espoused now one side now
the other, inclining however on the whole decidedly in

favour of Rome, so much so indeed as to be spoken of by

Roman orators and historians as " a most faithful ally of

the Roman people." He was the son of a Numidian

king or chief. Gala, whose dominions coincided with the

eastern portions of Numidia, and thus bordered on

Carthaginian territory, or what is now Tunis. He was

educated, like many of the Numidian chiefs, at Carthage,

learnt Latin and Greek, it is said, and was in short an

accomplished as well as a naturally clever man. Although

his kingdom was nominally independent of Carthage, it

really stood to it in a relation of vassalage ; it was directly

under Carthaginian influences, and was imbued to a very

considerable extent with Carthaginiau civilization. It

was to this that Masinissa owed his fame and success ; ho

was a barbarian at heart, but he had a varnish of culture,

and to this he added the craft and cunning in which

Carthagiuian statesmen were supposed to excel. While

yet a young man, he drove his neighbour Syphax,

princ6 of western Numidia, out of the country now known

as Algiers, and forced him to fly to the Jloors in the

extreme west of Africa. Soon afterwards he appears in

Spain, fighting for Carthage with a large force of Numidian

cavalry against the Romans under the two Scipios. The

defeat of the Carthaginian army in 206 B.C., which for a

time at least gave the Romans complete mastery of the

south of Spain, led him to desert his old allies and to cast

in his lot with the fortunes of Rome. The famous

Scipio Africanus is said to have cultivated his friendship
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and done all ho could to Becuro Lis services for liis

country. Masiiiissa now quilted Spain for a wliilo for

Africa, and was again engaged in a war with Sypliax, in

which he was so decidedly worsted that he found himself

at last merely the head of a small band of marauders, and

was obliged to confine his movements to the coast.

Scipio's arrival in Africa in 204 gave him aaother chance,

and no sooner had ho joined the Roman general than

ho quite crushed his old enemy, Syphax, and captured

Cirta (Constantineh), the capital of Syphax. Here occurs

the romantic story of Sophonisba, daughter of tho

Carthaginian Hasdrubal, who had been promised in

marriage to Masinissa, but who had subsequently become

the wife of Syphax. Masinissa, it is said, wedded her

immediately after his victory, but was required by Scipio

to dismiss her as a Carthaginian, and consequently an

enemy to Rome. To save her from such humiliation he

sent her poison, with which she destroyed herself.

Masinissa was now accepted as a thoroughly loyal ally of

Rome, and was confirmed by Scipio in the possession of

his hereditary kingdom. In tho decisive battle of Zama,

202 B.C., which witnessed Hannibal's downfall, he com-

manded tho cavalry on Scipio's right wing, and materially

assisted tho Roman victory. For his services on that

great day he had given him, under a treaty with Rome, the

kiugdom of Syphax with its capital Cirta, and thus under

Roman protection he became master of the whole of

Numidia, jind his dominions completely enclosed the

Carthaginian territories, now straitened and reduced at

the close of the Second Pnnic War.

Masinissa was still far from satisfied, and it would seem

that he almost had thoughts of annexing Carthage itself

with the connivance of Rome. He spared no opportunity

to harass and annoy the city by pressing unfair claims

to some of its best and oldest possessions, and threatening

perpetual encroachments. In a war which soon followed

he was successful ; the remonstrances of Carthago with

Rome on the behaviour of their ally were answered by
deputing Scipio to arbitrate in the quarrel, but, as though

intentionally on the part of Rome, no definite settlement

was arrived at, aifd thus thej relations between Masinissa

and tho Carthaginians were still unfriendly. Rome, it is

certain, deliberately favoured her ally's unjust claims with

the view of keeping Carthage weak. Masinissa too was
cunning enough to retain the friendship and good opinion

of the Roman people by helping them with liberal supplies

in their wars in tho East, with Perseus of Macedon and

with Antiochus. As soon as Carthage seemed to be

recovering herself, and some of Masinissa's partisans were

driven from the city into exile, his policy was to alarm the

fears of Rome, till at last, in 149, war was declared,

the Third Punic War, which ended in tlie final and utter

overthrow of Carthago. The king bore some part in the

negotiations which preceded the war, and died soon after

its commencement in 148 B.C., after a life of ninety and a
reign of sixty years.

Masinissa was an able ruler and a decided benefactor to Numidia,
the resources of which he developed, while he converted a people

which had been little better than a plundering tribe into a settled

and civilized population, and out of robbers and marauders mailo

efficient and disciplined soldiers. To his sons ho bequeathed a v-'eU-

stored treasury, a formidable army, and even a fleet. Cirta, his

capital, became a famous centre of Phoenician civilization. In fact

Masinissa changed for the better the whole aspect of a great pavtof
northern Africa. He had much of the Arab nature, was singularly

temperate, and equ.al to any amount of fatigue. His fidelity to Rome
was not the fidelity of principle, but merely that of temporary ex-

pediency ; it is in the really good work ho did for his country
that the noblest side of his cLaractcr comes into display.

For Masinlssn, Lii-y and Sallusfs Jxtgurtha must bo specially consulfcd Ijy

Bcholara. English renders may ba refcncd to a veiy fuU article in Smith's
Dietionavy of ciftsiical Jtioaras'• a'::o to Mommsca's I/Utory of Home aad
VIcbulii's Uctures.

MASK, or Masque See Dn.vMa, vol vii o. iSl'sf. i

MASICELYNE, Nevil (1732-1811), a.?tronomer-royal

at Greonwicli for nearly half a century, was born in London
October G, 1732. Tho great solar eclipse of 1748 seems to

have made a deep impression upon him ; and after studying

divinity at Trinity College, Cambridge, of which he was
elected a fellow in 17 50, ho determined to devote himself

wholly to astronomy. He early became intimate with

Bradley, and in 1761 was deputed by the Royal Society to

make observations of the transit of Venus at St Helena.

During the voyage he introduced into navigation the

determination of longitude by lunar distances, a method
which Mayer's recently published tables had made
practically possible. In 17G3 he undertook a voyage to

liarbados to test Harrison's watches, which, however,

ho reported to be inferior to the method of lunars for

determining longitude. In 1765 he succeeded Bliss as

astronomer-royal, and thereafter devoted himself with

singular energy to tho duties of his office, which he held

till his death, February 9, 1811.

ilaskelyne's first contribution to astronomical literature was "A
Proposal tor Discovering tho Annual Parallax of Sirius," published

in 1760 in the Philosophical Trtaisactio^is, in which also most of

his later original memoirs appeared

—

e.g., his observations of the

transit of Venus {1761 and 1769), observations on tho tides at St

Helena (1762), astronomical observ.ations at St Helena (1764) and
at Barbados (1764). In 1763 he published a small octavo. The
British Mariner's Gidde, which contains the valuable suggestion

that, in order to facilitate the finding of longitude at sea, lunardis-

tances should be calculated beforehand for each year and published

in a form accessible to navigators. This suggestion, tho germ of tho

Nautical Almanac, wasapproved of by the Government, and under
the care of Maskelyne the Nautical Almanac for 1767 was pub-

lished in 1766. During the remainder of his lifo Maskelyne
continued to superintend the ^Tublication of this Invaluable annual,

tlie Nautical Almanac for 1815 being the last which ho prepared.

Another valuable service which he rendered astronomy was his in-

ducing the Government to print his observations annually. Flam-
steed's and Bradley's observations had been private property, and
were published as such. The result of Maskelyne's action was the

.accumulation and rapid dissemination of a long series of obser-

vations which from their continuity and accuracy have been of

inestimable value to astronomers, and form along with tho Nautical
Almanac his most lasting monument The whole work of the ob-

servatory was carried on by him and his one assistant in a most
methodical manner, Greenwich being in point of organization second

to none amongst tho observatories of the day. He introduced

several improvements in the use of the instruments, being, for

example, the first astronomer who measured to tenths of a second;

and he prevailed upon the Government to replace Bird's mural quad-

rant, which had become untrustworthy, by a repeating circle of 6

feet in diameter. The new instrument was constiaicted by Trough-

ton ; but Maskelyne did not live to see it completed. In 1772 he
suggested to the Koyal Society the famous Schehallion experiment

for tlie detorniination of the earth's density. Forty years previously!

Couguer had demonstrated by experiment that Chimborazo in

South America affected the direction of the plumb-hue quite

appreciably; but h^ observations were not made with suSicient care

to deduce therefrorfi any trustworthy result Maskelyne's experi-

ments were made in 1774 (see Philosophical Transactions for 1775),

the appai-ent difference of latitude between two stations on opposite

sides of tho mountain being compared with the real difference of

latitude obtained by triangulaticn. From Maskelvno's observations

Hutton deduced by laborious calculations that tho density of tho

earth was 4 '5 times that of pure water. Playfair subsequently

estimated with greater accuracy the mass of Schehallion, and
obtained 4 '7 for the earth's mean density. Maskelyne also took a

great interest in various geodesical operations, notably the measure-

ment of the length of a degree of latitude in Maryland and Pennsyl-

vania {Philosophical Transactions, 1769), which was carried out by

Mason and Dixon in 1766-68, and later the determination of tho

relative longitude of Greenwich and Paris (Philosophical Transac-

tio}is, 1787). Cassini, Legendre, and Mechain conducted thetrian-

gulatiou on the Frcnch side ; on the English side tho work was carried

on under the superintendence of General Eoy. This triangulation

was the beginning of tho great trigonometrical survey which has

since been extended all over the country. A volume of Selections

(London, 1812) contains several papers that were published_ by

Maskelyne as additions to the Nautical Almanac. His observations

fill three largo folio volumes, and many of them were reprinted in

Vince's Astronomy.

MASKINONGE. Sea Pike.
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MASOLTNO DA PANICiVLE (1383-c 1440). The
life and art-work of this Florentine painter were related by

Vasari in a form which is partly demonstrated and partly

inferred to be highly incorrect. We shall follow the

account supplied, and in many respects carefully vouched,

by Messrs Crowe and Cavalcasell

Masolino (a name which corresponds to " Tommy ") was
said to have been born at Panic i di Valdelsa, near

Florence. It is more probable, however, that he was born

in Florence itself, his father, Cristoforo Fini, who was an
" imbiancatore " or whitewasher, having been domicded

in the Florentine cjuarter of S. Croce. There is reason to

believe that Tommaso, nicknamed Masolino, was a pupil

of the painter Stamina, and was principally infuenced

in style by Antonio Veueziano ; he may probably enough

have become in the sequel the master of Masaccio. His

birth took place in 1383; his death later than 1429,

perhaps as late as 1 440. The only works which can with

certainty be assigned to him are a series of wall paintings

executed towards 1428, commissioned by Cardinal Branda
Castiglione, in the church of Ca,stiglione d'Olona, not far

from Milan, and another series in the adjoining baptistery.

The first set is signed as painted by " Masolinus de

Florentia." It was recovered in 1843 from a coating of

whitewash, and is not a little damaged ; its subject-matter is

taken from the lives of the Virgin and of Sts Lawrence and
Stephen. The series in the baptistery relates to the life

and death of John the Baptist. The reputation of Masolino

had hitherto rested almost entirely upon the considerable

share which he was supposed to have had in the celebrated

frescos of the Brancacci chapel, in the church of the

Carmine in Florence : he was regarded as the precursor of

Masaccio, and by many years the predecessor of Filippino

Lippi, in the execution of a large proportion of these

works. Now, however, from a comparison of tho

Castiglione with the Brancacci frescos, and from other

data, it is greatly doubted whether ^Masolino had any hand
at all in the latter series. Possibly he painted in the

Brancacci chapel certain specified subjects which are now
either destroyed or worked over. Of other and still existing

subjects, hitherto assigned to Masolino on the authority

of Vasari and later writers, the authorship is now more
reasonably ascribed to Masaccio,—except only that one

compartment, that which represents in one half Peter

reviving Tabitha (or curing Petronilla), and in the other

half Peter and John healing a cripple, remains in suspense

between Masaccio and JIasolino. In the Castiglione

frescos there is some tenderness of expression, and tho

nude figures are studied with an amount of care superior

to their epoch
;
generally the parts are well made out, but

without unity of composition, or mastery of perspective,

or of contrast and chiaroscuro. The merit of these works
is not to be compared with that of the Brancacci frescos,

unless in the single instance above excepted.

The now ascertained facts of Jlasolino's life are that

towards 1423 he entered the service of Filippo Scolari, the

Florentine-born obergespan of TemesWar in Hungary, that

he stayed in consequence some time in that country,

and that, returning towards 1427 to Italy, ho painted the

works in Castiglione. Thus he resettled in Lombardy,
not in Florence ; nor is there anything to show that he
returned to his Tuscan home at a later date.

MASON, Francis (1799-1874), an American missionary,

son of a shoemaker in York, England, was born April 2,

1799. After emigrating to the United States in 1818, he
practised there the trade he had learned from his father

;

but, having studied languages with his minister at Canton,

Massachusetts, he in 1827 entered the Newton theological

institution. In 1830 he was sent by the American
Missionary Unioa to labour among the Karens in Biirmah,

where he translated the Bible into two dialects cf theit

language, and also conducted a training college for native

preachers and teachers. In 1852 he published a book of

great value on the fauna and fioia of British Burmah, of

which an improved edition appeared in 1860 under the

title Burmah, its People and Natural Products. He was
also the author of a grammar and vocabulary of the Pali

language, besides various translations from it and other

Indian dialects. He died at Eangoon, Idarch 3, 1874.

See his autobiography, The Story of a Working Man's Life,

tcitk Sketches of Travel., 1870.

MASON, George Hemming (1818-1872), A.E.A.,

was born at Whitley, in 1818, the eldest son of aStafford-

shire county gentleman. Intended for the medical profes-

sion, he studied for five years under Dr Watt of Birming-

ham ; but he had no taste for science ; all his thoughts

were given to art. In 1844 he abandoned medicine and
travelled for a time on the Continent, visiting France,

Germany, and Switzerland, and finally settling In Rome.
His pencil was busy with the picturesque scenery that

surrounded him, and with hardly any instruction, except

that received from nature and from the Italian pictures

that met his eye, he gradually acquired the painter's skUl

At least two important works are referable to this period,

—

Ploughing in the Campagna, shown in the Koyal Academy
of 1857, and In the Salt Jlarshes, Campagna, exhibited in

the following year. After Mason's return from the Conti-

nent, in 1858, when he settled at Wetley Abbey, he con-

tinued to paint Italian subjects from studies made during

his foreign tour, and then his art began to touch, in a

wonderfully tender and poetic way, the peasant life of his

native England, and especially of his native Staffordshire,

and the homely landscape in the midst of which that life

was set. The first picture of this class was Wind on the

Wolds, and it was followed— along with much else—by
the painter's three greatest works—the Evening Hymn,
18G8, a band of Staffdrdshire mill-girls, seen, their figures

dark against the sunset, returning from their work, singing

as they walk; Girls Dancing by the Sea, 1869 ; and the

Harvest Moon, 1872. Mason had long suffered from heart

disease, which carried him off on the 22d of October 1872.

Ill his work he laboured under the double disadvantage of

feeble and uncertain health, and a want of thorough art-

training, and consequently his pictures were never pro-

duced easily, or without strenuous and long-continued

effort. His art is great in virtue of the solemn pathos

which pei-vades it, of the dignity and beauty which it

reveals in rustic life, of its keen perception of noble form

and graceful motion and of rich effects of colour and sub-

dued light. In motif and treatment it has most in com-

mon with the art of Millet and Jules Breton, and of

Frederick Walker among Englishmen. An interesting

collection of Mason's pictures was brought together by the

Burlington Club shortly after his death

MASON, William (1725-1797), was about the begin-

ning of the last quarter of the 18th century one of the

most eminent of living poets, but his eminence was owing

to the lowness of the poetic level at the time. He is now
held in remembrance, not by his poetry, but by his having

been the friend, the literary executor, and the biographer

of Gray. Born in 1725, the son of a Yorkshire clergyman,

entered of St John's College, Cambridge, in 1742, he took

his bachelor's degree in 1745, and seems to have at once

decided steadily on a literary career, reading little or

nothing. Gray says, but writing abundance. Pope died

in 1744, and the aspiring young poet lamented him as

" Musseus " in a careful imitation of Milton's Lycidas,

showing an ear for the music of verse and considerable

skill in weaving words together, but not a spark of original

force. By Ms Musxus (1747) Mason attracted the
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notice of Oray, and through his influenco was elected a

follow of Pembroke College. Mason was Gray's attached

friend, admirer, and poetical pupil to the end of the greater

poet's life. More fancy than judgment, and indolence in

reading, wore tho chief faults that Gray found in his young

friend. With his usual penetration, Gray discerned tho

defects of intellect that lie at tho root of the weakness of

Mason's poetry. He was painstaking enough and more

than enough with hi.s verses, 'his epithets, his phrases, his

figures of speech, his rhymes ; but he was deficient in

energy of thought, his intellectual grasp was feeble, and

he accepted and polished the easy suggestions of fancy

instead of exerting himself to find exact expression for

his subject. For a modest youth, as Oray describes him,

he formed a great ambition, nothing less than the recon-

ciliation of the modern with the jnoient drama, to be

effected by the strict observance of the unities and the

restoration of the chorus. His Elfrida, a tragedy published

in 1752 in pursuance of this ambition, is constructed

elaborately upon deeply considered principles, but the

principles are drawn from pedantic books and not from

tho dramatic needs of men, as may be judged from the

dramatist's opmion that Shakespeare, " in compliance

merely with the taste of the time, showed a disregard of

all the necessary rules of the drama." Elfrida is highly

"incorrect" in two respects—one venial in a play, the

other fatal ; it abounds in anachronistic allusions and
moral improbabilities. Mason's second attempt, Caradacus
(published in 1759), iS much stronger in construction and
situation, but he did not possess the rare art of making
his characters speak out of their own thoughts ; they only

speak as Mason the poet might have done in tliieir circum-

stances if his fancy had been quite cool. Both Elfri'da

and Caradacus were acted in 177(5, when Mason had made
a considerable reputation by his English Garden (a poem
in blank verse, first book published in 1772), his lleroic

Epistle to Sir W. Chambers in 1773, and his Memoirs of
Gray in 1775. The plays were not successful ; Mason did

not expect success ; his plays were intended to be read as

poems. The manager perhaps had hopes from the novelty

of the choruses of Saxon maidens and Druids. The second

book of the English Garden was issued in 1777, the third

in 1779, the fourth in 1782. Mason took orders in 1754,

and soon afterwards was presented to the vicarage of

Ashton in Yorkshire, the canonry of York, the prebend of

Driffield, and the precentorship of York cathedral. Ashton
was his residence till his death in 1797,

MASOX AND DIXON'S LINE, a line in the United
States between Pennsylvania on the north and Delaware,

Maryland, and West Virginia on the south, coinciding with
39" 43' 26"-3 N. lat., and famous for a long time as the

limit between the "free" and the "slave" States. It

derives its name from, Charles Mason, F.R.S. (1730-87),
and Jeremiah Dixon, two English astronomers who,
between 1763 and 1767, surveyed the line for 244 miles

west from the Delaware river, leaving only 36 miles of the

Pennsylvania boundary to be fixed in 1782-84. This line

must not be confounded, as has often been done, with the

parallel o£ 36° 30' N. lat., which was assigned by the

"Missouri compromise" of 1820 as the limit to the

north of which slavery could not be introduced

MASS. See Euchahist and Miss.\L.

MASSA, or, to distinguish it from several places of the

p-ame name, Massa Carraea, a city of Italy, the chief

town of the province of Massa, lies on the left bank of the

Frigido, a small stream falling into the Gulf Df Genoa
nbout 3 mUes lower down. It is 78J miles south-east of

Genoa by rail, and 26 miles north of Pisa. The ancient
part of the city stands on- a hilL Among the objects

of interest it is sufficient to mention the old ducal palace,

the now cathedral (erected instead of tlin hmkling de-

stroyed by jilisa Bacciocchi because it intenfered. with
the view from the palace windows), the technical school,

and the academy of science and literature, originally known
as Dei Derelitti. Like Carrara, Massa is largely engaged
in the marble trade ; it also manufactures silk, oil, and
paper. The population of the city was 4786 in 1871 ; that
of the commune was 15,017 in 1861 and 18,031 in 1881.
Massa is first mentioned in tho 9tli century. About tho closa

of the 10th it waa bestowed by Otho the Great on tho bishops of
Luni, and in consequence it came to be distinKuklied for a time aa
Massa Lunense. I'rom the bishops it passed to the marquises ol
Luui (hence Miissa del Marchcsc), and more particularly to a
branch of the Mala^pina family. After a period in which Lucca,
Pisa, the Visconti, tho Fioseni, and others were successively in
possession it returned, under Florentine protection, to Alberico
Malaspina, and finally through the marriage of Ricciarda Mala-
s]iina with Lorenzo C'jbo became (1519) Massa Cybea. Raised under
Alborico Cybo from being little better than a feudal village to tho
rank of a fortified town, Massa was in 1668 made tho capital of

a principality by Maximiliau 11., and in 166-1 the capital of a
duchy by Leopold I. By the marriage of Maria Teresa dei Cybei
with Duke Eccole III. of MoJona it passed to the Este family;
and after the period of tKa-French Revolution, during which it

formed part of the duchy of Lucca assigned to Napoleon's sister

and brother-in-law, it was restored by the congress of Vienna to

Beatrice, duchess of'Modena Massa was made an episcopal see

only in 1828, though the design of giving it this dignity had been
entertained and almost realized in 1757. The total area of tha
duchy of Massa and Carrara was 62 square miles, of which 35 be-

longed to Massa.

Sec Repcttl. Z»i"j. tletla Toscana; Vlanl, MemoyiedeUafamigHa Cyho\ MusellinI,

Ricciarda Matafpina e LormzO Ctjbo ; and Faraetti, Ragion storico int. tUlla ciua
di Mussu.

MASSACHUSETTS.

MASSACHUSETTS, a New England state of the Americaii
Union, ie one of the thirteen oriyiiial ^lates of the Confeder-
acy of 1776-178a. It lies between hititudt-s 41° 15' and 42° 53'

north, and longitudes 7o° 30' and 73° 30' west. The name is
an Indian one, applied at firet to the hills near the coast and after-
wards to a tribe of Indians, and finally was given to the state. Mas-
eachueetts Is bounded on the north by Vermont and New Harap-
ehire, on the east by the Atlantic ocean; on the south by the At-
lantic, Rhode Island and Connecticut, and on the west by Rhode
Island and New York. The length of the state from east to west Is

IfiO miles, and from north to south it measures 50 miles, except
where two projections, one on the southeast and another on the
northeast coast, give it a width of 90 miles. The irregular coast
line, which is in the form of the toe of a boot, gives the state
about 150 miles of sea coast line.
The surface of the state is uneven and almost mountainous in

pluces. There are two ranges of the Green mountains in the state,
the Uooeic and the Taghkanic. These mountains running north
and south through the western part of the state funiish some of
the most picturesque scenery to be found in all New England. The
most westerly of these ranges is the Taghkanic. *rhe principal
elevations of the range are, Saddle mountain, more commonly
known as Greylock, which is 3..5U5 feet high, and Mt. Everett, 2,t-24
feet high. Mt. Tom is 1,200 fe<-t in height, and Wachusett, in the
eastern part of the state, 2.018 fee t. The Cnnuecticut is the largest
river in Massachusetts, and is fed by several small streams; but
none of the rivers are navigable, except for small craft. The Houb-
atonic river has its course paraUel with the Connecticut and flows
through the western part of the state. It is separated from the Con-
necticut by the Hoosic mountain. The Merrimac, which rises in
New Barapshire, flows for the last 35 miles of its course through
the northeast corner cf the state. This river furnishes valuable
wat.T power to manulactories in Lowell, Haverhill and Lawrence.
The principal rivers in the eastern part of the state are the Charles,

at whose mouth is the city of Boston, and the Blackstone, with in-
exhaustible water power. In the west is also the Hoosic river, which
rises in the northwest comer of the state, soon passes bevond its
limits, and flowing through New York, empties into the Hudson.
The Westfield and Deerfield rivers are both tributary to the Con-
necticut. There are many.exceedingly beautiful lakes in Massa-
chusetts, but they are too small to be of any consequence for naviga-
tion. Cape Cod and Cape Ann form the outer arms of Massachu-
setts Bay. On the western side of this bay is Boston Harbor which
is said to be the finest roadstead on the coast. Provinceto^n har-
bor is on the extreme hook of Cape Cod and furnishes protection to
vessels approaching Boston. It is a spacious port and staud§ next
to Boston among the harbors of the state. Salem harbor or Mas-
sachusetts bay is a very good roadstead and on Buzzard's Bay,
New Bedford has a very capacious and safe port. Besides these
there are Nantucket, Wellfleet, Vineyard, Edgertown, Nahant,
Marblehead, Lynn, Beverly, Gloucester and Annisquam. The
shore south of Cohasset is low and sandy ; about Boston and fur
ther north it is rocky and rough.
The principal islands of Massachusetts lie off the southern coast.

Martha's Vineyard is 21 miles long with an average width of five

or six miles. Holmes' Hole is the most spacious harbor on the is-

land. Mayhew's missionary efforts among the Indians were
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conducted here. The isluDd has a population of about 4.500. Nan-
tucket ie about fifteen miles loug and eleven miles wide at its east-
ern eud. The shape of the island ia that of a triangle. The popu-
lation is about4,00J. Most of the male inhabitants are en^a^ed in
seafaring and the fishing business. These islands are much fre-
quented now by summer tourists. Besides these islands there are
the Elizabeth groups, of sixteen islands, off Cape Cod.
Climate.—The climate is cool but very trying. The winters are

long and severe, the summers short and subject to very hot periods,
which are of brief duration. Snow falls during five or six months
and sometimes even seven in the course of the year. The rainfall
is very equably distributed through the seasons, and has been, for
a number of years, between 40 and 43.5 inches per year. The ther-
mometer ranges from 2.)° Fohr. below zero to 10U° above. The
mean average temperature is about 40*^ Fahr. The ocean tempers
the climate considerably on the sea coast. The changes are often
very sudden and the passage from winter to spring is rapid, mak-
ing the spring season short. The prevailing winds on the coast are
from the east; in the interior, from the north.

^eg-gia/ion.—'Much of the soil of Massachusetts is sterile. The
eoutheastf'rn part is t^andy and Hat. Here there never has been any
vegetation of any account; but the other parts of the state were
formerly covered with deciduous trees such as oak, chestnut, ash,
roap!«\ hickory. On the hill lops and mountain sides, pine and
hemlock grew. Nearly all the flora found in the New England
states and eastern New York are natives of Massachusetts. When
the forL-sts were cut down, the land was found to be of poor quality
and it has required tin; utmost toil to make Us cultivation profita
ble, except in the river valley.

Zoohffy.—ThQ larger animals have been exterminated; but foxes,
squirrels, rabbits and other small game are quite numerous still.

Bears, wolves, wildcats, panthers and deer were once numerous,
but are very rarely seen now. Owls, hawks, gulls, ducks, par-
tridges and a great variety of song birdfl Jire common. The fish in
the rivers and along the sea coast aro n'lm.l.iTir :v,,d many of them
edible and of excellent quality. Tin : ! ihi- best reputa-
tion, are the cod, haliout, macki n 'i i ii;i~^ and tautog.
Under the state commission the ariiin mi \ n ;<ui of salmon and
other species of fish has been Bucce^piuii> carn'-d un.

Geology.— General.—Dr. Shaler says: "Typographically as well
as geologically, Massachusetts is divided into four sections." The
southeastern part is made up of glacial drift. Westward to the
Connecticut river the rocks are of the Laurcntian, Cambrian and
Carboniferous ages. From the Connecticut valley to the New York
line the rocks, according to Professor Emerson, of Amherst College,
are Silurian.

Geology—Economical.—k\\ the soils contain phosphates, and the
phosphate of lime is invariably present. With few exceptions the
soils of the state are entirely destitute of carbtmate of lime, while
on the other hand the sulphate of lime is almost universally pres-
ent. A peculiar variety of soapstone has been fouud in Aiidover,
which, ou account of its hardness, may be used in external archi-
tecture. The inexhaustible quantity of the serpentine of Lynn-
field, on account of its vicinity to Salem and Boston, renders it of
groat value. Small and irregular veins of a very superior bitumi-
nous coal are found iu the sandstone of the Agawam river in West
Springfield.
Among the ores in the state are carbonate of iron, found very

abundantly at Newbury. The magnetic iron found iu Warwick is
not worked on account of difficulties experienced in its reduction.
The valuable chromic iron ore is found in Chester. It occurs in ser-
pentine, in couches from 5 to 18 inches wide, and is said to contain
traces of platinum. Simonite or hematite is abundant (it several
places in Berkshire county. Copperas is manufactured atHubbards-
ton in large quantities.

5'i-#no£'»-a/A/ca/.—Massachusetts is peculiarly mountainous. Dr.
Hitchcock, who made the first geological survey of the state, says
of il : "We find some scenery that is truly Alpine, the sharp tower-
ing peak, the overhanging cliffs, and the roaring torrent beneath,
to arrest the attention and excite strong emotions I Such objects
are numerous in the state, especially in the western part." The
principal mountains of Massachusetts are Holyoke, Tom, Hoosic,
Wuchusctt, Toby, Sugar Loaf, Lincoln and Deerfield.

ScJcfiiific.—'Vhe highest parts of Massachusetts and in fact all
the northern parts of the continent of North America have been
swept over by a powerful current from the northwest to the south-
east. In Massachusetts, we have Mt. Everett, not less than two
thousand and six hundred feet high, and Wachusett. not less than
three thousand feet high, all bearing marks of powerful erosion,
and all of them standing as insulated peaks, hundreds of feet
above the surrounding country. This erosion must have been due
to diluvial waters, iceoergs and glacier^. To these agencie* also
must be attributed the "drift" of stones, gravel, etc., that are found
everywhere in the state.

Population.—T\iQ population of the state May 1, 1885, was 1,942.-
141 as against l.G51.9i2 May 1, 1875. The gain for the decade was
2*)0,'2,'8 or 17.57 jter cent. From 1>^G5 lo 1875 the state gained 384.881
or 30.38 per cent.
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products of the whale. The number of vessels in the state engaged
in the whale fisheries is about 175, as against 1.000 in the cod and
mackerel fisheries. According to the census of ISTO and iSSu.about

half the producisof the whole eastern fisheries of the United States,

except the whale fisheries, waB tlip result of Massachussetts labor
and enterprise. The following table gives the statistics of the fish-

eries for Massachussets for the year 1385:

Ko. of cities and towns engaged in the fisheries ... 67
Investments in working c;ipital $7,367,338

"apparatus 1,009,913
" siilt and ice , 283,340

Total investments 8.640,581

Value of food lisb taken 4,566,679
" " fish products 227,793
*' " food fish products 2.346
" " shell fish 359,257
'* *' wiiale and seal products I,:i70,543

" " other products 36.074

Total 6,462,692



MASSAC
In the 7,033 public echooln ia the state, there were 10,12.') persons

employed ns teachers; 901 were men, 9,liCi were women. The aver-
au- wmjcs paid to male teachers was $1118.88 per mouth. Average
wu:;is paid to women was iW.xSS per month.
,'\vi]at,'eiiumh(Ti)l' n Ihs the pul)lic schools have kept 8-11
Amount of .- ilriih ^ liihl III principals of high schools., i 302,209.14
K.xpenscol, ,. ,,,h I«,942.05
Amouiitr.'ii ..If 1 I I

i h lorsupportof publicschools,
wa;;cs,i! i< ulh ,, It .1 and janitors 6,366.60.5.29

Amount expended issK H!) for new school houses 61.1,S08..'il
Income of local school funds 113,774.09
Income of funds appropriated by towns, as surplus reve-

nue, dog tax, etc 9."),3n.l9
Income of school fund p:iid to cities and towns - 62,924.04
Towns using other than public school buildings 31
Number of Bchoolouildii.gH 3,439
Value of buildings $23 222 781

-'property 1,0421428
Total number who cannot read .. 133

," " " " Write '...'.'..'.'.
25,360

" " nor read 96,770
Illiterate 122 253

Of these the foreign born are I. ...... V. ' 108365
Born in Massachussetts 9297
At South Bo.ston thereisa school for the feebleminded. The

rollowim; table shows the condition of the school

:

HUSETTS

Number of pupils present Sept.34,1888
Admitted during year
Whole number present during' year.'! .

.' ..'.'.' '.'.'

Discharged duriug year
Died during year
Number of pupils present Sept. 3d,'i889! ......
Average number present during year
Private pupils now present
Scho.il heneliciaries of Massachussetts.'..'.'.'..'.
C'ii>t,jdial cases supported by the state
Curt.>dml cases supported by cities and towns.
Belli (iciaries of other New England states
Number at farm included above
Applicants for admission during year

Hales Fe-
males

There is, also, at the same place, a public school for the blind-rerums insutute—under whose auspices is also conducted a kin-
dergarten for blmd children.
Of the higher institutions, the more important are Harvard Fni-

st College, Williams and Tufts,
women,

chu-

versity, founded in 1636. AmhYcioitj., louuoeu in 1030. Amherst College, Williams and
Smith, Mount Holyoke and Wellesley are colleges for w
These together with Clark University at Worcester, the Mas
setts bchool of Technology, and the Massachusetts Agricultural
College, also at Amherst, and a score of lesser institntions furnish
college homes for students from every state and almost every citv
and town m the Union.

»/>-".?

Massachusetts has been the home of some of our most notedAmencan citizens, in poliilcs, letters, history, science, philosophy
and religion. In her political history the names of Samuel Adams,John Adams, John Quincy Adams, James Otis, Fisher Ames, Web'
ster, Choate, Sumner. Everett, Phillips and Winthrop figure promi-
neutly. In science there are such men as John Winthrop, Benia-nun Pierce. Morse and Agasaiz. In history, Hutchinson, Bancroft
frescott. Motley, Sparks and Parkman are recognized universally
as authorities. In letters there are the names of Richard Henry
Dana, Longfellow, Bryant, Whittier, Lowell and Holmes As ex--
pounders of religion and philosophy. Jonathan Edwards, Chan-
ning Emerson, Parker and Phillips Brooks; as writers of story,
Hawthorne, Mrs. Stowe, Howells and T. a. Aldricb, not to men-
tion scores of others in all departments of polite learning and let-
ters who-e names are household words all over the country.
Libraries and Reading j?oo>kj.—There are 194 reading rooms in

tnestate. Ihetotalnumber of of newspapers and periodicals taken
by these reading rooms in 1889 was S.316; the number of books of
reference was 9,332; the total number of persons consulting these

T
'''5°;,^ '*^''* 3,107,260. The 2,371 Ubraries in the state were

THB STATE, AND •KIND OF LIBBAKtES.
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government exhibited U.elt early in tbe bistort of the coloriy in
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lion was made in l.U ?g'i'°'*'>'?'°,
r^i^^tt-ick of the Indians

tTS^on'S^S fnnrrSC.b?rUrh^re°i

n'rSe"t^r.!:TnrL?.?erS-ni3, the war with Fr=^ce was dosed

called the Bos on A^z^-^
a secind paper was published

Samuel Greene in 1 04. A seconu p p
established

!" A?Sl:i\he'KetrEnfranf'c.i.t/ and conducted by an

'oVer^^ro«?h\Sebrat^Ben3ami^a Frau^

^?'rs^e,'?CerofZs?lchui^\'ilXp^|^ti™

^^-
'''iftJ r^n mf wa^ a\TnTr"k"o^^^^

^rd\l"ce.^''?iov.'st1rtJ en|ourag^-d an e.pedUion agauist

"^""i^'rfCthe F^etch" fTeet^ 5'be^roops were commanded by

'G^?n'.Terpe/rTll!'of ^Ma^cJrsL^ auack was in every

Sn to NovaScotia in the
^f™«„y^«Ve"d'"in'Cl on aeco^nTol

?L'^rn^=nt£i9«™
S^'^tf^'iS.^^ho^^&l^^^itwa.wim.um.

ot the parent government when tttey '""'; .""'^ j^^ However,

&1hn^sLti^a^r^el^^lo'SVoTnd^^r^^^
when the province was in danger.

, , j, ^<,,e not accorded

that I will to my dying day oppose with aU toe powers G^^^
^^.^

given me, all sucli '-'^^^^
, °J„ as\"rs, to the home authority,

lr^irifnning|lhYS;;^ ActWhenthisact^^^

Massachussetts took a leadniL' in m
,

'

^,;„r"vithout^?p^e8enta-
colonist^,noltobetaxedlu li .

molasses. This
tion. InlTb4ahigh duty

^^
' ^ ^^^t Indies. In

ruined the trade of Ma»^ai h"
,, British artillery arrived

Xn^L'^tr.^-U^o-rn^.^l^r nnion and kn^

as one, for the great struggle which was to conie. i" /^ ^Ee
.piantities of t™

r^freTb^vt^'e people of Boston ™ot to deceive it.

another cause of irritation to the people, %d ttiey felt themsdveB

B„relv nnuieised Such men as the Adamses. Dextei
.
HancocK, w m

torop Pre cottsever. Phillips and Ward, were firm advocates of

tt,P Hchts of the people, but there were many who did not favor ex-

reme-mifa^nre^ "in ?774, ,ust after the port of Boston was declared

tn he blockaded, the people assembled, and it was votea to reeom

mendtotoemh^r cofonl'sts to refuse all
«°"Xi"h a'So comn u'

with England A messenger was sent to Philadelpbia to commu

Scale th?™te, and thence\nother was s™t to Maryland and \ ir-

ehiia to give information of the plan proposed m Boston, lue con

duct of Gage in the short space of two months fully. P^^d that

The arbitrary measures were still to be pursued, and that the voice

of the reDresentatives of the people was not to be regarded. The

new cSess of Massachussetts'^raet in Feoruary I'/S- A com^

minee of safety clothed with authority to call out the militia, if

rcestarywar appointed. They were also empowered to oppose

?U attempts to euforce the obnoxious laws of parliament On the

?sth of Artril 1T75, several British oflicers were on the road to Lex-

nolon and ConcOTd to destroy the military stores of the colon sts.

Themitufa of the colony 'vere caUed out and an engagement oc^

rnrreri with the British troops under Lord Percy, whitn arousea

?he towns The niilitia poureS into Cambridge, and Percy returned

o Bo™on. The toss ot- the British on this occasion was ncarty

hree hundred, of the militia eighty. It
^,^\°SL?z"e rte a™;of

irchGer"wafh\n'iroirsap1ot?ed\'^^^^^^^^^"
on J^nri^o^iufrS-thebattle^o? Bunker Hill. Th« Royal trooP'

Vifld hpenehutuo in Boston by the superior numbers of the pro-

vfnciaTs?and th"l battJe of Bunier Hill
,?\%''/ou|u°°chLle'l'lon

tempt of the provincial troops to Ba'ha higher point in Char es^^^^^

When Washington was elected'general-in-cTiief he stretched his hnes

around Boston and forced its evacuatioii.inMarch, lu6 1 hese were

the onlv events of the war that occurred on Massachussetts soil

The blessings of a federal govemmeut soon became apparent, in

the increlsed Interprise and prosperity ot the country. But in no

nart of thfunited Stalls where these advantages seen more than in

CsachussettsTthough at one time it seemed likely bat the M^
eral constitution would be refused by this commonwealth. It was

finaindoSed by a small majority. ^The first representatives from

the state under the new constitution, in Congress, held April,

ITW were Fisher Ames, George Partridge.George Leonard, George

ThatcTer?Elbridge Gerry, Benjamin Goodhue, fheodore Sedgwick

't asTachuTse'jtrsuffered under the Embargo Act o^^l^^^ and

thou.'h she 01.posed the war with Eugland in 1812-14 much oi tne

,
: - II ! i uited States in naval conhicts was due to Massa-

\. ^ She was also opposed to the war with Mexico.

X > ',.j, rushing led one regiment into the field

^
M ,,,-.„ i, ,1 . M~ has been foremost in political progress Garrison

n,,; Philliiis u.l the Liberty party, which was the germ of the ied-

Tvlrties Charies Sumner entered the Pol^ '^il
"eld He he ame

the mnsteminent statesman of his time, and was sent repeaieaiy oy

SS^iJ°pouS5^S5^:^r-«S

rr7^:^trc'i.\^"=''^ti°efj^^

rw°h^iTei?cii{eTf"or;.Kt^^^^^^
ranks was 159,165, of which number less than 1,200 wereaisea oy

^Generals Knox and Lincoln were the ™°^t distinguished officers

Massachussetts sent Into the Kevolutionary ^ar Out of .«1,^JI

trnnns sent bv all the colouists into the field, Massacnussensiur

ni,h?d67 8OT the largest number furnished by any one colony.

She alwOTVcintrfbntel more than her share of the money for the

suroono?X general army. Until a institution was adopt..d

in 1870, Massachussetts was. during the war ""der a

nrovincikl government. The first governor under the con_^

P"^^"!!?:., „J T„h„ Ti«„cnck. The prominent governors afterafter
Ed-

Tirnvnuial eOVerumeUt. l ne uisi. gv.-^i""'

ward Everett, 1835-10; John A. Andrews, 1861-«t). VyhenMr.

rtnin was irovernor, during his second term ofoffice 1.86, what is

UnnZ as Shay's Rebelliol took place. It was the lower class of

^e°op'^whfwJre%ngaged in the rLh enterprise and it was under-

faken on account of a confused notion of liber y
^^

The commonwealth spent W2,6C6,517 m tne civil war- »"„
.hi,,? « ( m ixu was given by private contributions. Since the

wa° ended Mlssl'hufsetts has'^ specially .turned h" attention

to manufacturin" and mechanical industries, m addition to her

shiw^Sg inte" st°s, as the foreign trade which onee distinguished

her fias gone largely to other ports. /-,,',:
MASSENA. AndkE (1758-1817), duke of Rivoh

prince of Essling, and marhsal of France, the greatest

Lldier and greatt-st general of all Napoleon's marshals

and the one man who with education and ambition

mi-ht have been Napoleon's rival, was the son of a

small wine merchant, it is said of Jewish origin, and

was born at Nice on May 6, 1758. His parents were

very poor, and he began life as a cabin boy He did

not care much for the sea. and in 1. .5 enlisted in the

Regiment Royal Italien, a regiment of Italians in the

pay of France. He quickly rose to be underofliccr^

adjutant; but finding his birth would P.'-event li.s ever

getting a commission, he left the army m 1,89, retired

to his native city, and married. At the sound of war
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however, and tlio word republic, liis dosiro to see service

increased, and ho once more left Italy, and joined the 3d
battalion of the vohmtecrs of the Var in 1792. In those

days when men elected their ofticcrs, and nearly all the old

commissioned officers were dead or had emigrated, pro-

motion to a man with a knowledge of his drill was rapid,

and by April 1793 Mass^na was chef de bataillon, or

colonel. His regiment was one of those in the army of

General Anselmc, which was ordered to occupy Nice, and
his knowledge of the country, of the language, and of tho

people was so useful that in December lie was already

general of division. In command of the advanced guard
ha won the battle of Saorgio in August 1791, capturing

ninety guns, and after many successes he at last, on
November 23, 1795, with the right wing of the army of

Italy, wou the great victory of Loano, in- which four thou-

sand Austrians and Sardinians were put hors de combat.

In Bonaparte's great campaigns of 1796 and 1797 Mass^na
was his most trusted general of division ; in each battle

he won fresh laurels, until tlie crow'ning victory of Eivoli,

from which he afterwards took his title. It was during

this campaign that Bonaparte gave him the title of enfant

cheri de la victoire, which he was to justify till he met the

English in 1810. Ma5si5na's nest important service was
ill command of the array in Switzerland, which united the

army in Germany under Moreau, and that in Italy under
Joubert. There he proved himself a great general; the

archduke Charles and Suwaroff had each been successful

in Germany and in Italy, and now turned upon Massi5na

in Switzerland. That general held his ground well against

the archduke, and then suddenly, leaving Soult to face

the Austrians, he transported his army to Zurich, where,

on September 2G, 1799, .he entirely defeated Suwaroff,

taking two hundred guns and five thousand prisoners.

Ills campaign and battle placed his reputation on a level

with that of his compatriot Bonaparte, and he might have
made the revolution of Brumaire, but he was sincerely

attached to the republic, and had no ambition beyond a
desire to live well and have plenty of money to spend.

Bonaparte, now first consul, sent him to Genoa to com-
m.ind the debris of the army of Italy, and he nobly
defended Genoa from February to June to the very last

extremity, giving time for Bonaparte to strike his great

blow at jSIarengo. He now went to Paris, where he sat

in the Corps Ligislatif in 1803, and defended Moreau, but
where Napoleon took his measure, and did not interfere

with him. In 1801 he was made one of the first marshals
of France of the new rt'gime, and in 1805 was decorated

with the Grand Eagle of the Legion of Honour. In that

year Napoleon needed an able general to keep in check
the archduke Charles in Italy, while he advanced through
Germany with the grand army. Mass^na was chosen; he
kept the archduke occupied till he got news of the sur-

render of Ulm, and then on October 30th utterly defeated
him in the battle of Caldiero. After the peace of Pressburg
had been signed, Massena was ordered to take possession of

the kingdom of Naples, and to place Joseph Bonaparte on
the throne. This task done, Napoleon summoned ilassena
to Poland, where he as usual distinguished himself, and
where he for the time gave up his republican principles,

and was made duke of Kivoli. In the campaign of 1809
he covered himself with glory at Landshut and at Eckmiihl,
and finally at the little village of Essling, which he held
with such determination that Napoleon had some right to

call his otherwise complete defeat of Asperu a victory.

When the retreat to the island of Lobau was ordered, it

was Massi5na who covered tho broken regiments, and held
the tcte du pojit ; and on the field of Wagram it was
Massina who, though too ill to ride, directed from his

carriage the movements of the right wing, and re-

covered tho honour of France. For his great servicoa

he was created prince of Essling, and given the princely

castle of Thouars. He was then ordered to Spain to

"drive the English into the sea." The campaigns of 1810
and 1811, tho advance to and the retreat from Torres

Vedras, are well known from Napier's histoi-j', who does

full justice to Wellington's great opponent. JIassi5na him-
self ascribed his failure to the frequent disobedience of his

three subordinate generals Ney, Reynier, and Junot, ond
with some justice ; but he alone could have stayed so long

before the lines, and could have made tho long halt at

Santarem, which checked Wellington so thoroughly. The
retreat was as finely conducted as the advance, and would
have been even more triumphant had Ney obeyed orders.

Even then he was agJiin ready to try his fortune, and nearly

defeated Wellington at Fuentes d'Oiioro, though much
hampered by Bessieres. Eecalled with ignominy, his

prestige gone, tho old mai-shal felt he had a right to com-
plain of Ney and of Napoleon himself, and, it is said,

opened communications with Fouch^, and the remnant of

the republican party. Whether this be true or not,

Napoleon gave his greatest marshal no more employment
in the field, but made him merely commandant of the 8th
military division, with his headquarters at Marseilles. This

command he still held at the restoration of the Bourbons,
when Louis XVIII. confirmed him in it, and gave him
letters of naturalization, as if the great leader of the

French armies had not ceased to be an Italian. When
Napoleon returned from Elba, Mass^na, probably by the

advice of Fouchd, kept Marseilles quiet to await events,

the greatest service he could do the royalists, but after-

wards imputed to him as a fault. After the second
restoration Mass^na was summoned to sit on the court

martial which tried Marshal Ney, but, though he had been
on bad terms with that general, and attributed his own
disgrace to him, the old soldier would not be his comrade's

judge. This refusal was used by the royalists to cruelly

attack the marshal, against whom they raked up every

offence they could think of, and whose victories they forgot.

This annoyance shortened his life, and on the 4th April

1817 the old hero died. He was buried in Pira-la-Chaise,

with only the word " Massena " upon his tombstone.
In private life indolent, greedy, rapacious, ill-educated, morose,

on the iield of battle Massena was a man of genius, prompt in
resource, indefatigable, perfectly brave, and neverknowing when he
was beaten. Italian he ahvaj-s was iu his indolence, but in his
quickness of resource a real comp.itriot of Napoleon liimself.

See Thiebault's £logc furUbrc, and Koch's Memoircs de Masslna,
4 vols., 1849, a most valuable work, and most carefully compiled.
See also the militai"j' histories of the epoch, but in reading Napier's
pictures of him and Soult it is well to remember that author's
personal friendship with the latter.

MASSILLON, a city of the United States, in Stark
county, Ohio, is situated on the Tuscarawas, a head stream

of the Muskingum, communicates with Lake Erie by
the Ohio canal, and forms an important junction for

various lines of railway. It is well known for its coal-

mines and white sandstone quarries ; and it also contains

blast furnaces, rolling mills, foundries, machine-shops,

grist mills, and extensive establishments for the manu-
facture of agricultural implements, glass, and paper. The
population, 3819 in 18G0, was 6838 iu IS80.

MASSILLON, Je.\n Baptiste, was born at Hy&res on
June 21, 16C3, and died at Clermont on September 28,

1742. He was thus, except Saint-Simon and Fontenelle,

the longest-lived of the men of the Siccle de Louis Quatorze.

It is noteworthy that, like the majority of the great pulpit

orators of his own and the preceding generation, he was a

southerner. His father, Fran9ois MassUlon, was a notary,

and he appears to have been well educated. In 1681 he
joined the congregation of the Oratory, which at that tim'a

had a high reputation. But, although he had thus chosen

XV. — 78
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nil order where tlie rules were by no means strict, he was

not anxious for easy living or secular renown. The credit

which he received for his first efforts at preaching startled

him, and lie sought a much more severe discipline, one

indeed which is said to have been of Trappist rigour.

Accident, however, made his literary and oratorical talents

known to the Cardinal de NoailleSj who determined that the

church should not lose so well qualified a defender. In

obedience to the cardinal, Massillon left the abbey of

Septfonds, rejoined the Oratory, and was introduced to the

Parisian seminary of Saint Magloire in 1696 He was

Boon set to work to preach in the Paris churches, and his

reputation spread rapidly from city to court. He preached

before Louis XIV. for the first time in Advent 1699 He
made a profound impression, and it -is reported that his

generous elder, Bourdaloue, from whom Massillon himself

had learnt much, said of him, " He must increase, but I

must decrease." His fame, however, did not lead to

immediate preferment. In the first place, the Oratorians

were on bad terms witli the Jesuits, and were considered

too liberal to suit the reign of gloomy pietism and severe

orthodoxy in which Louis's dissolute life closed. In the

second, Massillon was neither a Hatterer, nor did he resort

to the abrupt denunciation of vice which had succeeded in

the case of some of his predecessors. Indeed, in the last

years of the reign there was nothing (so far as the king was

concerned) to denounce, unless it were an excess of ortho-

doxy. Louis's famous saying that other preachers made
him pleased with them, but that Massillon made him dis-

pleased with himself, may have been merely a mot, but it may
also have expressed an involuntary truth. However this

may bo, Massillon, who perhaps desired no office, received

none as long as the old king lived. The regency was nmch
more favourable to Iiini, and in 1717 he was nominated to

the see of Clermont, with the additional honour of being

commissioned to preach the next 3-car's Petit Carente or

series of short Lent sermons before the young Louis XV.
Bishop in 1717, Lent preacher in 1718, Massillon received

in 1719 a yet further honour, though this time a secular

one, by being elected to the Academy. Various causes,

however, combined to remove him from Paris. His own
standard of duty was high, and he was not likely in any

case to have acquiesced in the position of a non-resident

bishop ; the court grew more and more dissolute ; and his

advance in years must have somewhat disqualified him from

preaching and travelling. He delivered but few sermons

in Paris after the Petit Careme, and preached there for the

last time in 1723, when, he pronounced the funeral oration

of the duchess-dowager of Orleans. The twenty years of

life which remained to him were spent at Clermont, where

he was distinguished for all good works, especially for

exacting the minimum of episcopal dues and expending

the maximum on charity.

Massillon's works are made up for the most part of sermons, lec-

tures, synodal addresses, and the like. They have been repeatedly
edited, and aj-e easily accessible iu two large volumes published by
Didot. As a pulpit orator, if not as a theologinn, Miissillon prob-
ably deserves the highest rank among Frenclimen. His style is

very nearly perfect, uniting the polish of the later age of Louis XIV.
with the vigour of the earlier. His thoughts are original and just,

and the arrangement of his discourses lucid and orderly without
being unduly scholastic. He has usually been contiasted with his

predecessor Bourdaloue, the latter having the credit of vigorous
denunciation, JIassillon of gentle persuasiveness. But few preach-
ers can have excelled him in vigour when he chose to be stem.
Besides the Petit Car^c, liis sermons on the Prodigal Son, on
Death, for Christmas Day, for the Fourth Sunday in Advent, may
be cited as perhaps his masterpieces. But in truth Massillon is

singularly free from inequality. His great literary power, his

reputation for benevolence, and his known toleration and dislike of

doctrinal disputes caused him to be much more favourably regarded

than most churchmen by the phitosophes of the 18th century. He
acquired the surnamfa of the Racine of the pulpit, but extreme purity

of style is almost the only point of contact between the two writers.

MASSINGER, PHarp (1584-1640), pne of the most
prolific, scholarly, and powerful dramatists among the

immediate successors of Shakespeare. He was born in

1584, went to Oxford (St Alban's Hall) in 1602, and left

in 1606. This is all that is known of his early life, except

that his father, as appears from the dedication of one of

his plays (The Bondman), was in the service of the

Herberts. That his father's service was not menial is

proved by bis having once been the bearer of letters from
the earl of Pembroke to the queen. The industry of anti-

quaries has discovered only one little fact about Massinger

between his leaving Oxford in 1606 and his having a

comedy performed at court in 1621. This fact is that he
joined with two dramatists, Field and Daborne, in asking

an advance of £5 from the theatrical capitalist, Henslowe.
This painful request, the date of which is conjectured to

be about 1614, sets forth that the three petitioners were
"in unfortunate extremitie." In his part of the documeiit

Massinger says that he has "ever found" Henslowe "a
true loving friend." The expression seems to point to

his having been connected with plays and players for

some considerable time. After 1621 many of his plays

were acted and published ; but from the tone of his dedica-

tions it is to be inferred that he was often in straits. The
entry in the parish register of St ISaviour's— "March 20,

1G39-40—buried Philip Mas.'-inger, a stranger "—may
mean only that Massinger was not a resident in the parish;

but it is sadly out of keeping with the dramatist's place in

the respect of posterity.

In the barrenness of authentic fact, conjecture has been
busy with Slassinger's life and character. One of the

questions that have been raised about him,—whether or not

he was a Roman Catholic,—leads to other questions that

have more than a personal interest. Attempts to fix the

political or the religious creed of a dramatist are generally

fancifid ; as a rule, when a critic finds an opinion expressed

by one of a dramatist's personages with exceptional and
striking force, he jumps to the conclusion that the dramatist

must have held this opinion himself as a ruling conviction.

The evidence that Massinger was a Roman Catholic at a

time when the creed was held under pains and penalties

is of a more serious kind, though not ccmclusive. It rests

upon three of his plays, T/ie Virgin ilarti/r (printed in

1622, acted before 1620), The Rene'jado (acted in 1624),

and The Maid of Honour (printed "in 1632, but probably

acted earlier). In the first of these Massinger was assisted

by Dekker. Whether or not the author was a Roman
Catholic, it is certain that only a Roman Catholic audience

could be expected to enter into the spirit of these plays

and applaud at the end ; and they are very remarkable

theatrical phenomena to have appeared in the reign of

James.

The Virgin Martyr, founded on the martyrdom of Dorothea in

the time of Diocletian, is, in effect, an old miracle play iu five acts.

The devil himself appe.irs on the stage,—first inhuinau shape as the

servant of a persecutor, hunting out victims and instigating the

most cruel tortures; afterwards in "a fearful sliape " with fire

flashing round him. Tlie page of the martyr Dorothea is an angel

in disguise, who also appears in his own proper shape before tliocud

of the play. • Dorothea is tortured on the stage in the most revolt-

ing fashion, dragged about by the hair, kicked, beaten with

cudgels, but her (lage Angcio stands by, and she is miraculously

preserved from hurt. Other miiaclos are perlornicd on the stage.

A persecutor falls down in a fit when about to proceed to subject the

martyr's constancy to the foulest trials. In the last act a basket of

fruit from paradise is brought on, and the chief jiersccutor eating

of it is wholly changed in spirit, and drives away his diabolic ser-

vant by holding up a cross of flowers. At the close the martyrs

appear in whitp robes, transfigured. The Virqiii Mitrtijr further

resembles the miracle play in the coarseness of tlie comic scenes in-

tended to illustrate the power of the devil over the most base ami

grovelling natures. The tone of the play throughout is serious and
lofty ; the passions of the persecutors and the heroic devotion of the

martyrs are given with great dramatic force. This is a very
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rnniarkablo play to have appeared sudjonly amidst t}ie run of secu-

lar pieces. Itsccinsto have bccu popular, and was several titiies

reprinted before the Restoration. Tliut ttio Jlcncijada shonid have
found favour is still more rem.arkable. In itself it is a powerfully

constructed play, strong in character and incident. Massingcr'a

leaning to Roman doctrine is supposed to be shown by his making
one of nis heroines—a converted Turk, a sultan's sister—experience

complete spiritual transformation after receiving the rite of baptism.

But there is a more suggestive and stranger fact than this. The
hero of the piece, Francisco, is a Jesuit -priest, treated with profound

respect throughout, a man of noble unselfish aims, running all risks

10 save and gain souls, exercising the stron"est -moral influence for

the wisest and most benevolent purposes. Francisco's influence per-

vades the play, and is crowned witn triumph at the end. He sails

back to Venice with a noble lady rescued from the infidel, her virtue

protected by an amulet during her captivity, a renegade military

nero restored to his country and tlie church, a noole Venetian
rescued from spiritual and physical perils, the beautiful sister of the

sultan converted to Christianity. 'That a London audience should

have tolerated this glorification of a Jesuit witliiu twenty years of

the Gunpowder Plot is an extraordinary fact, of which the e.^plana-

tion is still to seek. In the Maid of Hcnwur the heroine relieves

a highly complicated situation at the end by taking the veil, giving

a third of her properly to a nunnery, a third for pious uses, and a

fliird to an houest, faithful, but to her unattractive lover. For this

she is held up as " to all posterity a fair example for noble maids to

imitate." Only an audience of very pious Catholics could have
sympathized with such a conclusion.

Such plays show that Massinger, if not a Roman
Catholic, was at least not blinded by the popular hatred of

them, but could dwell in rapt admiration on what was noble

and lofty in the motives supplied by the Roman Chtirch.

The strange thing is that he found a manager to produce

these plays, or an audience to tolerate them. It may be
doubted whether Massinger was ever a popular dramatist.

His poverty is not indeed conclusive on this point, for the

prices paid for plays were so small that a dramatist could

hardly malie a livelihood by play writing, unless he was
also an actor or a theatrical manager. But the best

qualities of his plays appjal rather to thoughtful politicians,

moralists, and students of character than to the simple

feelings of the ordinary playgoer. Only one of them, A
New Way to Pay Old Debts (printed 1633), has kept the

stage, and that chiefly because the leading character. Sir

Giles Overreach, a sort of commercial Richard IIL, a com-

pound of " the lion and the fox," provides many opportuni-

ties for a great actor. Like all Massinger's plays, it is most
ingenious and effective in construction, but in this as in

others he has been more intent upon the elaboration of a

plot and the exhibition of a ruling passion than upon
winning the love and admiration of his audience for heroes

and heroines. The other personages besides Sir Giles are

either conventional comic figures, or dim, feebly outlined,

uninteresting characters. The reformed prodigal and the

two pairs of lovers who outwit the cunning diplomatist by
simple means seem poor, joyless, bloodless phantoms when
put side by side with the rich life of Shakespeare's youth-
ful lovers and reckless scapegraces ; they are mere foils to

Overreach ; their life is not displayed, it is only indicated

in the dialogue. With the exception of this play, all

Massinger's have been relegated to the study since his own
time. The Fatal Dowry (printed 1632), in which
Massinger had the assistance of Field, was partially

resuscitated by Rowe, being made the basis of the Fair
Penitent. In Massinger's own judgnient, the Roman Actor

was "the most perfect birth of his Minerva." It is in

effect a study of the tyrant Domitian, and of the results of

despotic rule on the despot .himself and his court; the

intrigues and counter intrigues, the rise of sycophancy, the
fall of honesty, the growth of the appetite for blood, the
growth and final triumph of the spirit of revenge, are

exhibited with great power. Among the dramatists of

that great period, Massinger comes next to Shakespeare in

the art of opening and developing a plot. The Dondmau,
the Duko of .Uiiaa, and the Great Dale of Florence are alio

favourable specimens of Massinger's power. But what was

said by one of his admirers in the dedication of the Ci/i/

Madam is perfectly true, that, " though ho composed many
plays, he wrote none amiss." The manners and the

characters are always clearly conceived, although the

dramatist's strength is put forth in the portrayal of some
one ruling passion. The action alwiys marches forward

steadily, with as little as possible of irrelevant digression ;

so steadily in fact is the main purpose pursued as to pro-

duce a certain air of labour and constraint. The language

is never mean, and never turgid ; in impassioned situations

it wants fire and directness. If the stage were ever delibe-

rately employed as an historical school, frequented by
audiences anxious to get a clear and vivid impressiou of

important situations, going to the theatre not to be

interested against their will but willing to be interested,

the dramas of Massinger would furnish excellent models.

Several of Massinger's plays are no longer extant. Eight of them
were among those destioyed by Warburton's cook. The most
recent edition of those remaining, nineteen in number, is Cunning-
ham's (1870). Gifl'ord edited Massinger with grc-at care. (W. .M.

)

MASSORAH (n-iSD), better Massoreth (niDO), a late

Hebrew word meaning "tradition," is the technical term
specially applied to the tradition by which Jewish

scholars (Massorets, n^DEn '7y3) sought to fix the cor-

rect writing and reading of the text of the Old Testa-

ment. An oral tradition on disputed points of this sort

naturally existed from the early days of the Jewish schools,

but the use of a written Massorah in notes on the margin

of Bibles, at the end of Biblical codices or of the individual

books contained in them, or in separate works appears to

have followed the introduction of the vowel points, and to

have been influenced by similar labours of Syrian scholars.

See Hebrew L.^ngdage, voL xi. p. 600
MASSOWAH, or Mesowah, a town on the Abyssinian

coast of the Red Sea, on a small coral island of the same
name, in 15° 30' N. lat and 39° 30' E. long. The height

of the island is from 20 to 25 feet above the sea, the length

does not exceed J, mile, and the breadth is about \ mile.

The western half is occupied by the town ; in the eastern

half are Mohammedan burying-grounds and dismantled

cisterns. Most of the dwelling-houses are mere straw

huts ; the mosque, the Roman Catholic church, the Govern-

ment buildings and custom-house, and the residences of the

principal merchants are of stone. Water was formerly

scarce, and had for the most part to be carried from the

mainlancl ; but in 1872 an ancient aqueduct from MokuUu
was restored, and continued by an embankment to the

town. Besides the original Ethiopians, who speak a Tigrd

dialect corrupted with Arabic, the population, estimated

at from 5000 to 6000, comprises Arabs from Yemen and

Hadramaut, Gallas and Somalis, and Hindus from Surat.

The trade, which consists mainly in exporting hides, butter,

Abyssinian coffee, and civet, and importing European and
Indian cotton goods and silks, increased in value from

about £65,000 per annum in 1865 to from £240,000 to

X2SO,000 between 1879 and 1881.

The island of Massowah (locally Base) has probably been inhabited

from a very early date. It was at Massowah (Alat^^ua, as they called it)

that the Portuguese landed ia 1542 under Christovao da Gama. Cap-
tured by the Turksin 1557, the islandhasremainedmoreor less strictly

ft Turkish possession ever since. A military colony ofBosnians settled

at .\rkiko was appointed, not only to defend it in case of attacx

from the mainland, but to keep it supplied with water in return fo;-

SUOO per month from the town's customs. For some time in thii

close of last century Massowah -w.as held by tho slicrif of Mecca,

and it afterwards pas-sed under Jlehemct Ali of Egj'pt. The Turks
were reinstated about 1S50, but in 1865 they handed tho island

back to Egypt for aniuinual tribute of 2^ million piastres.

SeeBrucc's Tratcls, vol. iv. ;Heuglin in Vctonninn'sMiUlailunffai,

1360; Itassam, /?/i7. Missiau toJtijsiiuiii,lSiO: Poiiiam iu .V«ucJ

Anlolojh, Julv ISSO.
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MASSYS, or iUatsys, Quintin (1466-1530), M-aa born

at Louvain, where he first learned a mechanical art. During

the greater part of the 15th century the centres in which

tlie painters of the Low Countries most congregated were

Bruges, Ghent, and Brussels. Towards the close of the

same period Louvain took a prominent part in giving

employm&nt to workmen of every craft. It was not till

the opening of the ICth century that Antwerp usurped the

lead which it afterwards maintained against Bruges and

Ghent, Brussels, Mechlin, and Louvain. Quintiu Massys

was one of the first men of any note who gave repute to

the guild of Antwerp. A legend still current relates how
the smith of Louvain was induced by affection for the

daughter of an artist to change his trade and acquire

proficiency in painting. A less poetic but perhaps more
real version of the story teUs that Quintin had a brother

with whom he was brought up by his father Josse Massys,

a smith, who held the lucrative offices of clockmaker and

architect to the municipality of Louvain. It came to be a

question which of the sons should follow the paternal

business, and which carve out a new profession for himself.

Josse the son elected to succeed his father, and Quintin

then gave himself to the study of painting. But it is not

improbable that as he lived in an age when single

individuals were cunning in various branches of design,

Quintin was equally familiar with the chisel and file

or the brush and pencil. We are not told expressly from

whom Quintin learned the profession in which he acquired

repute, but his style seems necessarily derived from the

lessons of Dierick Bouts, who took to Louvain the mixed
art of Memling and Van der Weyden. When he settled

at Antwerp, at the age of twenty-five, he probably had a

style with an impress of its own, which certainly con-

tributed most importantly to the revival of Flemish art

on the lines of Van Eyck and Van der Weyden. What
pirticularly characterizes Quintin Massys is the strong

religious feeling which he inherited from earlier schools.

Bat that again w.is permeated by realism which frequently-

degenerated into the grotesque. Nor would it be too

much to say that the facial peculiarities of the boors

of V4n Steen or Ostade have their counterparts in

the pictures of Massys, who was not, however, trained

to use them in the same homely way. From Van der

Weyden's example we may trace the dryness of outline and
shadeless modelling and the pitiless finish even of trivial

detail, from the Van Eycks and Memling through Dierick

Bouts the superior glow and richness of transparent pig-

ments, which mark the pictures of JIassys. The date of

his retirement from Louvain is 1491, when he became a

master in the guild of painters at Antwerp. His most
celebrated picture is that which he executed in 150S for

the joiners' company in the cathedral of his adupted city.

Next in importance to that is the Maries of Scripture round
the Virgin and Child, which was ordered for a chapel in the

cathedral of Louvain. Both altar-pieces are now in public

museums, one at Antwerp, the other at Brussels. Both
challenge attention for the qualities which have already been

described. They display great earnestness in expression,

great minuteness of finish, and a general absence of effect

by light or shade. As in early Flemish pictures, so in

those of Massys, superfluous cai% is lavished on jewellery,

edgings, and ornament. To the great defect of want of

atmosphere such faults may be added as affectation, the

result of excessive straining after tenderness in women, or

conimou gesture and grimace suggested by a wish to render

pictorially the brutality of jailers and executioners. Yet
in every instance an effort is manifest to develop and

express individual character. This tendency in Massys is

chiefiy illustrated in his pictures of male and female market
bankers (T.ouvro and Windsor), in which an attempt is

made to display concoutmtod cupidity aud avarice. The
other tendency to excessive emphasis of tenderness may be

seen in two replicas of the Virgin and Child at Berlin

and Amsterdam, where the ecstatic kiss of the mother is

quite unreal. But in these examples there is a remarkable

glow of colour which takes us past many defects. Expres-

sion of despair is strongly exaggerated in a Lucretia at the

museum of Vienna. On the whole the best pictures of

Massys are the quietest ; his Virgin and Christ or Ecce
Homo and Mater Dolorosa (London and Antwerp) display

as much serenity and dignity as seems consistent with the

master's art. A telling example of his partiality for gro-

tesque character in face is an Epiphany in the collection of

Mr H. R. Hughes in England. His skill as a portrait painter

has not been sufficiently admired, probably because most of

his likenesses have ceased to be identified with his name*

Egidius at Longford, which drew from Sir Thomas More
a eulogy in Latin verse, is but one of a numerous class, to

which we may add, tho portrait of Maximilian of Austria

in the gallery of Amsterdam, a masterpiece which at some
future period may afford a clue to other works of similar

treatment in English and Continental galleries. Massys
in this branch of practice was much under the influence of

his contemporaries Lucas of Leyden and Mabuse. Hia
tendency to polish and smoothness excluded to some extent

the subtlety of modulation remarkable in Holbein and
Diirer. There is reason to think that he was well

acquainted with both these German masters. He probably

met Holbein more than once on his way to England. He
saw Diirer at Antwerp in 1520. Quintin died at Antwerp
in 1530. The puritan feeling which slumbefed in him
was fatal to some of his relatives. His sister Catherine

and her husband suffered at Louvain in 1543 for the then

capital offence of reading the Bible, he being decapitated,

she buried alive in tlie square fronting the cathedral.

Qdntin's son, Jan Massys, inlicviteJ tho art but not tlie skill of

his iLircnt. The eai Uest of his works, a St Jerome, dated 1537, in the

gallery of Vienna, the latest, a Healing of Tobias, of 1564, in the

museum of Antwerp, are sufficient evidence of his tendency to sub-

stitute imitation for original thought.

JIASTER AND SERVANT. These are scarcely to be

considered as technical terms in law. The relationship

which they imply is created when one man hires the labour

of anotfier for a term. Thus it is not constituted by merely

contracting with another for the performance of a definite

work, or by sending an article to aa artificer to be repaired,

or engaging a builder to construct a house. Nor would

the employment of a man for one definite act of personal

service

—

e.rj., the engagement of a messenger for a single

occasion—generally make the one master and the other ser-

vant. It was held, however, in relation to the offence of em-

bezzlement, that a drover employed on one occasion to drive

cattle home from market was a servant within the statute,

(See article Embezzlement for definition of " clerk

"

or "servant" in that connexion.) On the other hand,

there are many decisions limiting the meaning of "servants"

under wills giving legacies to the class of servants generally.

Thus " a person wdio was not obliged to give his whole

time to the master, but was yet in some sense a servant,"

was held not entitled to share in a legacy to the servants.

These cases are, however, interpretations of wills v.-here the

intention obviously is to benefit domestic servants only.

And so in other connexions questions may arise as to the

exact nature of the relations between the parties—whether

they are master and servant, or principal and agent, or

landlord and tenant, or partners, &c.

Tho terms of the contract of service are for the most

part such as the parties choose to make them, but in tho

absence of express stipulations terms will be implied by the

law. Thus, " where no time is limited either expressly or

by implication for tho duration of a contract of hiring and
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service, tlie hiring is considered as a general hiring, and in

point of liivr a hiring for a year." Rut "in the ease of

domestic and menial servants there is a well-known rule,

founded solely on custom, that their contract of service

may bo determined at any time by giving a month's warn-

ing or paying a mouth's wages, but a domestic or other

yearly servant, wronr/fiilli/ quitting his master's service,

forfeits all claim to wages for that part of the current year

during wliich ho has served, and cannot claim the sum to

which his wages would have amounted had he kept his

contract, merely deducting therefrom one month's wages.

Domestic servants have a right by custom to leave

their situations at any time on payment of a calendar

month's wages in advance, just as a master may discharge

them in a similar manner" (Manley Smith's Lqw of Master

andServant, chaps, ii. and iii.). The master's right to chastise

a servant for dereliction of duty (which appears to be still

recognized in some American cases) is no longer sustained

in English law, unless perhaps in the case of servants

under age, to whom the master stands in loco parentis.

The following are assigned by Manley Smith as in general

sufficient grounds for discharging a servant:—(1) wilful

disobedience of any lawful order
; (2) gross moral mis-

conduct
; (3) habitual negligence

; (4) incompetence or

permanent disability caused by illness.

A master has a right of action against any person who
deprives him of the services of his servant, by enticing

him away, harbouring or detaining him after notice, con-

fining or disabling him, or by seducing his female servant.

Indeed the ordinary and only available action for seduc-

tion in English- law is in form a claim by a parent for the

loss of his daughter's services.

The death of either master or servant in general puts an

end to the contract. A servant wrongfully discharged may
either treat the contract as rescinded and sue for services

actually rendered, or he may bring a special action for

damages for the breach. A master is bound to provide

food (but apparently not medical attendance) for a servant

living under his roof, and wilful breach of duty in that

respect is a misdemeanour under 24 k 2.t Vict. c. 100.

A servant has no right to demand "a character" from
an employer, and if a character be given it will be deemed
a privileged communication, so that the master will not be

liable thereon to the servant unless it be false and malicious.

A master by knowingly giving a false character of a servant

to an intending employer may render himself liable—should

the servant for example rob or injure his new master.

For penalties incurred by personating masters and giving false

certificates of character, or by persons offering thonisclves as

servants with false or forged certificates, see 32 Geo. HI. c. 56.

Reference may be made to the article on Labour and Ladouh
Laws for the cases in which special terms h.ive been introduced into
contracts of service by .statute {e.g.. Truck Act), aud for the recent
legislation on the subject generally, including the Employers'
Liability Act, 1680.

The master's liability on tho contracts of his servant depends on
altogether dilferent principles from those on which his liability for

negligence has been justified. It is substantially a case of liability

OS principal for the acts of an ageut. The main question in all cases

is whether the alleged agent had authority to make 'a contract for

his principal, and in the relation of master and servant there may
bo any variety of circumstances giving rise to that presumption.
Here tho rights of third persons have to be considered, and the
master will be held liable to them wherever ho has "by words, con-
duct, or demeanour held out his servant as a general agent, whether
in all kinds of business or in transacting business of a particular
kind,"—even if ,the servant should act contrary to express orders.
For example, a horse-dealer sending his servant to market with a
hoi» J to sell will be liable on tho servant's warranty, although he
h.as been positively ordered not to warrant ; whereas an owner
sending a stranger to sell would not bo liable on a warranty given
contrai-y to express directions.

MASTIC, or Mastich, a resinous exudation obtained from
the lentisk, Pistacia Lcntiscus, an evergreen shrub of the
natural order Anacardiaccse. The leutisk or mastic plant is

indigenous to tho Mediterranean coast region from Syria

to Spain, but grows also in Portugal, Morocco, and tho

Canaries. Although experiments have proved that excel-

lent mastic might bo obtained in other islands in the archi-

pelago, tho production of the drug has been, since the time

of Dioscorides, almost exclusively confined to the island of

Scio. The mastic districts of that island are for tlie most

part flat and stony, with little hills and few streams. The
shrubs are about C feet high. The resin is contained in

the bark and not in the wood, and in order to obtain it

numerous vertical incisions are made, during June, July,

and August, in the stem and chief branches. The resin

speedily exudes and hardens into roundish or oval tears,

which are collected, after about fifteen days, by women and
chUdren, in little baskets lined with white paper or cotton

wool. The ground around the trees is kept hard and

clean, and flat pieces of stone are often laid beneath

them to prevent any droppings of resin from becoming

contaminated with dirt. The collection is repeated three

or four times between June and September, a fine tree

being found to yield about 8 or 10 lb of mastic during

the season. Besides that obtained from the incisions,

mastic of very fine quality spontaneously exudes from the

small branches. The harvest is affected by showers of

rain during the period of collection, and the trees are much
injured by frost, which is, however, of rare occurrence in

the districts where they grow.

Four qualities of mastic are recognized by the dealers in Scio.

1. Cake, consisting of large pieces, sold chiefly for use in the

seraglios, being chewed by women of all ranks throughout the
Turkish erapii-e, for the purpose t)f imparting an agreeable odour

to the breath. This quality is worth 120 to 130 piastres per oke (of

2 '83. ft) or oven more.

2. Large tears, worth 90 to 100 piastres.

8. Sviall tears, valued at 75 to 80 piastres.

4. JIastic mixed with fragments of leaves and sand, chiefly con-

sumed in the manufacture of the T'urkish liqueur, or mastic brandy,

called raki, and other cordials.

The third sort, in small tears, is that which is chiefly exported

to England, the first and second qualities being sent to Turkey,

especially Constantinople, also to Trieste, Vienna, and Marseilles.

These varieties are known to tlie dealers as KuKtaro, tpKiffKapi,

iriiTTo, and <t>KovSa respectively.

Jlastic still forms the principal revenue of Scio. In 1871, ^8,000

lb of picked and 42,000 tb of common were exported from that

island, the former being worth 6s. lOd. and the latter 2s. lOd. per
ft. The average price in London varies from 23. 6d. to 4s. 6d. per ft.

During the 15th, 16th, and 17th centuries mastic enjoyed a high
reputation as a medicine, and formed an ingredient in a large num-
ber of medical compounds, but its use in medicine is now almost
obsolete.

JIastic occurs in English commerce in the foiin of roundish tears

about the size of pe^s, some of them, however, being oblong or

pear-shaped. They are transparent, with a glassy fracture, of a

pale yellow or faint greenish tinge, which darkens slowly by age.

\Vhen chewed they rapidly soften, by which character they are

easily distinguished from Saudarac resin, which while bearing a

strong resemblance to mastic occurs in tears of a more cylindiical

shape. ^The mastic which has been imported of late years presents

a bright' glassy appearance from having been washed free from dust.

Mastic is solublo in turpentine, chloroform, ether, acetone, and
oil of cloves ; but cold alcohol dissolves only 90 per cent, of it.

The soluble portion is called Alpha resin (C-°H^-0^), and possesses

acid properties. The insoluble portion, BctO' resin or Masticin, is

somewhat less rich in oxygen, and is a translucent colourless tough
substance insoluble in caustic alkali.

Pistacia Kliinjnk, Stocks, aud P. eabulica, St., trees growing
throughout Sindh, Baluchistan, and Cabul, yield a kind of mastic
which is met with in the Indian bazaars under the name of Mustagi-
rUtni, i.e., Roman mastio. This when met with in,^the European
market is known as East Indian or Bombay mastic. In Algeria

P, atlantica, Desf
,
yields a solid resin, which is collected and used

by the Arabs as a masticatory. Cape mastic, used by the colonists,

but not exported to England, is the produce of Euryops multijidus,

the resin bush, or liarpuis bosch, of the Boers,—a plant of the com-
posite order growing abundantly in the Clanwilliam district.

Dammar resin is sometimes sold under the name of mastic. The
AVest Indian mastic tree is the Bursera gun nifera, and the Peru-

vian mastic is Sdiiiuts Mollc; but neither of these furnishes com-
mercial resius.
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MASTODON (from fiao-rd;, "nipple," and oSoi's,

" tooth "), a name, suggested by the conical or papillary

form of the projections on the molar teeth of some of the

species, given by Cuvier to a genus of extinct elephant-like

animals. Their position in the suborder Proboscidea of

the great order Ungidata has been indicated in the article

Mammalia (p. 425 of the present volume).

In size, general form, and principal osteological characters

the Iilastodons resembled the Elephants. It is by the teeth

alone that the two groups are to be distinguished, and, as

shown in the article just referred to, so numerous are the

modifications of these organs in each, and so insensibly do

they pass by a series of gradations into one another,

that the distinction between the two is an arbitrary and

artificial one, though convenient and even necessary for

descriptive purposes.

As in other Proboscideans, the teeth of Mastodons consist

only of incisors and molars. The incisors or tusks are

never more than a single pair in each jaw. la the upper

jaw they are always present and of large size, but apparently

never so much curved as in some species of Elephant, and

they often have longitudinal bands of enamel, more or less

Bpirally disposed upon their surface, which are cot met

with in Elephants. Lower incisors, never found in true

Elephants, are present throughout life in some species of

Mastodon, which have the symphysis of the lower jaw
greatly elongated to support them (as in M. angusiidens, M.
peiiielici, and M. longiroslris (see fig. 1, C). In thf common
American species {M. ohiolicus, Blunienbach) there were two

tusks in the lower jaw in the young of both sexes ; these

were soon shed in the female, but one of them was retained

in the male. In other species no inferior tusks have been

found, at all events in adult life (see figure of M.
hiricensis).

The molar teeth are si.'c in number on each side, iucreaS'

ing in size from before backwards, and, as in the Elephants,

with a horizontal succession, the anterior teeth being lost

before the full development of the posterior teeth, which

gradually move forward, taking the place of tliose that

have been destroyed by wear. This process is, however,

not so complete as in the true Elephants, and as many as

three teeth may be in place in each jaw at one time.

There is, moreover, in many species a true vertical

succession, affecting either the third, or the third and

second, or (in one American species, 21. produdus) the first,

second, and third of the six molariform teeth. These three

FlO. 1.

—

Mastodon tur. ; (Pliocene). From Si

are therefore reckoned as milk molars, and their successors

as premolars, while the last three, which are never changed,

correspond to the true molars of those animals in which

the typical dentition is fully developed. The study of the

mode of succession of the teeth ic the different species of

Mastodons is particularly interesting, as it exhibits so

many stages of the process by which the very anomalous

dentition of the modern Elephants may have been derived

by gradual modification from the typical heterodont and

diphyodont dentition of the ordinary ^Ijmmal. It alsc

shows that the anterior molars of Elephants do not corre-

spond to the premolars of other Ungulates, but to the milk

molars, the early loss of which in consequence of the peculiar

process of horizontal forward-moving succession does not

require, or allow time for, their replacement by premolars.

It must be noted, however, that, in the Mastodon in some

respects the least specialized in tooth-structure, the J/.

ohiotiats of North America, no vertical succession of the

molars has yet been observed, although vast numbers of

specimens have been examined

The Mastodons liave, generally speaking, fewer ridges

i.n their molar teeth than the Elephants ; the ridges are also

smonda. A, B, M. ohioticvs ; C, il. longinstril.

less elevated, wider apart, have a thicker enamel covering,

and scarcely any cementum filling up the space between

them. Sometimes (as in M. ohiotiais) the ridges are

simple transverse wedge-shaped elevations, with straight or

Fm. 2.—Upper Molar oi' Mastodon ar^rnensis. From Owco.

concave edges. In other species the summits of the ridges

are more or less subdivided into conical cusps, and may

have accessory cusps clustering around them (as in M.

arvernciisis, see fig. 2). When the apices of these are worn

by mastication, their surfaces resemble circles of dentine,



M A .S — M A S' (523

surrounded by a border of enamel, and as the attritinn

proceeds different patterns are produced by the union of

the bases of the cusps, a trilobed or trefoil form being

characteristic of some species.

Certain of the molar teeth of the middle of the series in

both Elephants and Mastodons have the same number of

principal ridges, and those in front of them have fewer

and those bshind a greater number. These teeth were

distinguished as " intermediate " molars by Dr Falconer, to

whose extensive and conscientious researches we owe much
of our knowledge of the structure of this group of animals.

In the restricted genus Elepluis there are only two, the last

milk molar and the first true molar (or the third and

fourth of the whole series), which are alike in the number

of ridges; whereas in the Mastodons there are three such

teeth, the last milk molar and the first and second true

molars (or the third, fourth, and fifth of the whole series).

In the Elephants the number of ridges on the intermediate

molars always exceeds five, but in the Mastodons it is

nearly always three or four, and the tooth in front has

usually on« fewer and that behind one more, so that the ridge

formula {i.e., a formula expressing the number of ridges on

each of the six molar teeth) of most Mastodons can be

reduced either to 1, 2, 3, 3, 3, 4 or 2, 3, 4, 4, 4, 5, The
former characterizes the section called Trilophodon, and
the latter that called Tetralophodoti by Dr Falconer.

These divisions are very useful, as under one or the other

all the present known species of Mastodon can be ranged,

but observations upon a larger number of individuals have

shown that the number of ridges upon the teeth is by no
means so constant as implied by the mathematical formute
given above. Their exact enumeratiou is even difficult in

many cases, as " talons " or small accessory ridges at the

hinder end of the teeth occur in various stages of develop-

ment, until they take on the character of true ridges.

Transitional conditions have also been shown, at least

in some of the teeth, between the trilophodont and the

tetralophodont forms, and again between the latter and
what has been called a " pentalophodont " type, wHch leads

on towards the condition of dental structure characteristic

of the true Elephants.
Till? range of the geuus Mastodon in time was from the middle 5f

the Miocene period to the end of tlie Pliocene in the Old World,
when they became extinct ; bnt in America several species

—

especially the best-known, owing to tlie abundance of its remains,
which has been variously called M. ohioticus, M. amcrictinns, and
M. (jiganteiis—survived quite to a late Pleistocene period.

T!ie range in space will bo best indicated by the following list

of tho generally recognized species. 1. Trilophodont series— jl/.

anfiustideiis, horsonl, pentclici^ pt/renaiacs, tapiroUlcs (or Vitricensis),

virgaiidcus, from Europe ; J/, fahoncri and pnndionis, from India

;

M. ohiotkits, obscu7-its,and2Ji'oduchis,'Noi:t\i America ; and M.andium
and humboldtii. South America. 2. Tetralophodont series

—

M.
art'eniensis, M. dissiinilis and lonr/iyvstris, from Europe ; M.
Inlidens, sivakiisis,' uoi peramensis, (rom India; M. mirificus, from
North America. The only two of which remains have been found
in Great Britain are ^f. anenicnsis and M. lorsoni, both from the
crags of Norfolk and Suffolk.

The range of the genus w.as thus very extensive, and it has even
been supposed to reach to Australia, where no U ngulate mammal has
ever been proved to exist. This supposition until very recently has
been based upon tho evidence of a single molar tooth of an animal
undoubtedly belonging to Mastodon, and alleged to have been
brought from near Boree Creek, au affluent of the Lachlan river in
the Ashburnham district, New South Wales, by the late Count
Strzelecki, and described by Professor Owen in 1844 under the name
of M. australis. Its identity with the South American Jl/. andimn
has, however, been shown by Dr Falconer, who has tlu'own gi-ave

doubts upon the locality assigned to the specimen. A fragment of a
tusk, of tlie Australian origin of which there is less question, and
which presents the characteristic structure only known at present
in Elephants and Mastodons, has been lately described by Professor
Owen {Proc. Koy. Soc, March 30, 18S2). It was found in a
drift-deposit of a ravine in a ilistrict of Darling Downs, 60 miles
to the eastward of Moreton Bay, Queensland. Unfortunately no
other portio>,s of tho remains of the animal to which it belonged
have been discovered.

niblio'jrtiphij.— Cuvicr. Oisemttis Foftllet; Knlconer and Coutlcy, Fauna
Antiqtia StaaUiiiii, JS40-47 ; H. ralconcr, t'atxfiulolcijtatl ileviotri. cilKi-iJ by

C. Murctilstin, ISCS; Wun-cn, Dc^erljj/loti of Ihe SkeUluii of Mintcttoii f/iiianteui,

lB5i ; Owen, British foitit Mammalt ; Lnrtct. " Sur la Uciitlllon <lc» rrobwki-

illcns, .tc," In Bull, dc la Soc. lIMcijiijiie do FmiKi. kx. 1. vol. III. p. JCD, IsiO;

A. Guiulry. Animmijc, Fosstles el Ctolo^ie dc VAItlque, 18C2-Ci ; J. U-ltl.v, Con-

tfibutioni to Extinct Yei-tebrate Fauna of the W'ctta-n Ttri-ttorict.xtA.V, 1973;

R. Lyackkcr, " Siwiillk and Kaibnda I'l oUo»tldea." In ilcmott-i of tin CeoloQiral

Surcei/ ofJmlia, 18S0. (W. 11. F.)

MAS'tlDY. Abii'l-Hasan 'AU ibn Hosein ibn 'Alf

el-ilas'iWy,' was born at Baghdad towards the close of

the 9 th Christian century. Great part of his life was

spent in travel; in 912-13 a.d. he was at MiiltAn in the

Punjab, and also visited Mansiira. Three years later he

was at Basra and met Abu Zeid, the geographer whose

remarks on the extreme East are comprised in Beinaud's

Relation des Voyages (Paris, 1845). His writings and

those of Mas'iidy are indebted each to the other. In the

interval it would seem our traveller had gained that

personal acquaintauce with Fars and Susiana, and that

knowledge of the books of the Persians, of which he speaks

in his writings. Once more turning eastward he was at

Cambay in 915-16, and soon after at Saimi'ir. Hence he

pushed on to Ceylon and sailed to ^Madagascar, returning

to 'Omin in 91G-17. In the introduction to the Jleadoia

he seems also to say that he had journeyed as far as China.

A northern journey carried Mas'iidy as far as the Caspian

Sea. In 920 he was at Palestine, where his curiosity, not

limited by religious prejudice, led him to visit the Christian

church and describe its relics. In 943—44 he made a

careful study of the ruins of Antioeh, and subsequently

proceeded to Basra. In the same year he composed the

Meadows of Gold. The last ten years of his life were

passed in Syria and Egypt. His last work, Tlie Indicator

and Monitor, was written 345 A.H., aud his death took

place iu Egypt the same year (950-07 a.d.).- The vast

journeys of Mas'udy did not pass beyond the lines of com-

mercial enterprise among the Moslems of those days, when
'IrAk was not unjustly held to be the centje of the world,

and the arras, the trade, and the religion of IslAm pene-

trated to the remotest parts of Asia arid Africa. But
Mas'udy did not travel for gain. His object was to

study with his own eyes the peculiarities of every land,

and to collect whatever was of interest for archsology,

history, aud manners. Singularly free from bigotry—he

was himself a Mo'tazllite, one of the heretical sect, as they

were reckoned, who held the doctrine of man's free will

—

he was ready to derive information even from the writings

of infidel Persians or of a Christian bishop.^ In the range

of his observations and the naive uncritical honesty with

which he records them he has naturally suggested com-

parison with Herodotus, and so competent a judge as Ibn

Khaldiin gives him the title of imAm of Eastern historians,

an epithet precisely parallel to that borne by Herodotus

among the historians of the West. The parallel, however,

must be taken with great deductions. Of the Meadows,

the work by which Mas'udy is chiefly known, by far the

greater part is au historical compilation, enlivened indeed

in some parts by personal recollection of places and the

like, but mainly drawn from a vast mass of earlier books*

which are used in the common paste-and-scissors fashion

of Eastern history. Even in the earlier cosmographical

chapters the author's vast and miscellaneous reading,

which included the Arabic translations of Ptolemy and

other Greek writers, is mingled with his original observa-

' The surname is derived from an ancestor Mas'uJ, a Meccan, whose

son 'Abdalla accompanied Mohammed on his flight to- Medina, and is

often mentioned in the histor)- of the prophet. Details as to the

'amily are given by Reiske, Ann. Mas., vol. i., note 208.

- See De Sacy, Chrest., 1st ed., ii. 490.
' In the Meadon-s, iii. 69, he tells us that at Fost.it (Old Cairo), in

336 A.H., there fell into his hands a chronicle (now lo.st) by Godmer,

bishop of Gu'onne, wliich he uses fos his narrative.

< Of these the first chapter gives an intsresting cutalogue.
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tions in that ill-digested style so often cliaracteristic of

men of prodigious acquisitive power ; and tlie presentation

of facts falls as far short of freshness and the artistic charm
of the inimitable Grecian racoiiteiir as the shapeicss details

of universal history, as it appeared to the Moslem, fall

short of the epic interest of the great struggle for supre-

macy between Erau and Hellas.

Masiidy lias himself sketched his lit-""ary activity in the opening
chapter ot' the Mcadoivs and in his las't book The Indicator. la his

huge AnTmlsiJf-^^'^'' '\ Z-rrndn) and in a second work of less extent

{Kitdb "' Acosat) which followed it he summed up the whole cos-

'"Cgraphical and geographical science of his age. These works are

lost or known only by fragments, but we possess an abridgment in

the author's third great work The Meadows of Gold and Min-cs of
Precious Stojics, of which there are many MSS. in European
libraries. It was printed by Barbier do Meynavd with a French
translation, 9 vols. 8vo, Paris, 1861-77, and at Biildkin 1867 (2 vols,

folio). The first volume of an English translation by Sprenger
appeared at Loudon in 1841 ; but. the work was not continued. The
Kitab-el-Tanbih {Indicator and Monitor) exists in MS. at Paris, and
has been fully described by De Sacy in Notices et Extrails^ vol. viii.,

1810 (reprinted at the end of the Paris edition of the Meadows,
wherealist of other works of our author is given). See also Quatre-
mere in Jour. As. for January 1839, and the article "ilasoudy,"
by Reinaud, in the Noiiv. Biog. Generate,

MASULIPATAM, the chief town of Kistna district,

Madras, India, and a seaport, is situated in 1G° 9' N. lat.,

81° 11' E. long., with a population in 1871 of 3G,31G.

The export trade is partly to Europe ; imports are chiefly

local. In 1874-75 235 vessels of 106,000 tons burthen
visited the port ; the exports (oil-seeds and cotton)

amounted to £171,400, the imports to £119,000. The
town contains the usual district ofEces, a jail, and several

Bchools, the chief being the high school. It is a flourish-

ing station of the Church Missionary Society.

Masulipatam w.is the earliest British settlement on the Coroman-
del coast. An agency was established there in 1611, and a fortified

f.aetory in 1622. During the wars of the Carnatic, the English
were temporarily expelled tlie town, which was held by the French
for some years. In 1759 the town and fort were carried by storm
by Colonel Forde, and it haa been held by the British ever since.

AVeavers form a large portion of the inhabitants of the town,
though their trade has greatly declined since the beginning of this

century. Their operations, besides weaving, include printing,

bleaching, washing, and dressing. In former days the chintzes of

Masulipatam had a great reputation abroad for the freshness and
permanency of their dyes, the colours becoming brighter after

washing than before. There is still a small demand for tliese

articles in Burmah, the Straits, and the Persian Gulf ; but steam
machinery has nearly beaten the hand-loom out of the field.

Another speciality was metapoUams or kerchiefs for the head ; but
this industry was ruined by the refusal of the West Indian negi-oes

to wear these kerchiefs after their emancipation. Tartans, ging-

hams, towels, and table linen are still manufactured to some extent.

The importance of the place is now declining, and the garrison was
withdi'a\vn in 1865. The heaviest blow to the prosperity of the
town was given by the great storm-wave of 1864, which swept
over the entire town, and is said to have destroyed 30,000 lives.

MATAMOROS, a city of Mexico, in the province of

Tamaulipas, on the southern bank ot the Rio Grande,
about 35 miles from its mouth, and directly opposite

Brownsville in Texas. Built in an open plain, Matamoros
has its streets laid out with great regularity ; and the

general appearance gives evidence at once of its recent rise

into importance and of the influence of the architectural

fashions of the United States. The principal building is

the large but heavy-looking cathedral. An extensive traffic,

both legitimate and contraband, is carried on between
Matamoros and Brownsville, and in spite of the bar at the

mouth of the river, which in foul weather prevents the

entrance even of small schooners, the place is not without

its value to. Mexico as a foreign port. The imports of

American and of European goods are valued each at about

?1, 100,000, with a growing preponderance on the side

of the American. Cotton, flax, silk, and woollen goods

are the main items in the European list ; cottons, leaf

tobacco, wheat-flour, machinery, and preserved meats in

the American. Hides and skius, live animals, and wool
are the principal exports apart from coin and bullion,

which are largely smuggled to avoid the export duty.

The population is about 20,000.
Founded in the beginning of the century, and named in honour

of the Slexican patriot Mariano Matamoros, the city has played a
part in all the more recent wars. It was captured by General
Taylor of the United States in 1846, was in the hands of the im-
perialists under Majia in 1864, and was occupied by the French in

186G.

MATANZAS, or San Carlos de Matakzas, a city and
seaport on the north coast of Cuba, and the chief town of

a province, lies 52 miles east of Havana, with which it is

connected by rail, It is a well-built place of from 36,000
to 40,000 inhabitants, occupying a fine site at the head
of the Bay of Matanzas, and separated from its suburbs
Pueblo Nuevo and Versailles by the San Juan on the one
hand and the Yamurri on the other. In the centre of the

principal square is a statue of Ferdinand VII., and along

the east side runs the residence of the commandant. The
new theatre is the handsomest building of its kind in

Cuba, and the Empresa Academy has the repute of being

one of the best educational institutions in the AY est Indies.

As a commercial centre Matanzas ranks next to Havana,
having risen rapidly after the removal of the old trade

restrictions in 1809. The exports are mainly sugar and

molasses. The harbour has been deterior.ited by the mud
brought down by the San Juan ; but the bay is well

sheltered from all winds except the north-cast, which
brings in a heavy sea. Matanzas was founded in 1693
by a number of immigrants from the Canary Islands,

and in the same year Bishop Compostello laid the first

stone of the cathedral The city sufi"ered severely from

a conflagration in 1845. About 2J miles to the east

are the beautiful stalactite caves of Bellamar, about 3

miles in extent.

MATAR6, a Mediterranean seaport of Spain, in the

province of Barcelona, 21 miles to the north-east of that

city, is beautifully situated on the lower slopes and at

the foot of the range of hills which skirt the coast, and
shelter the town from the cold northern winds. The
streets of the new town, lying next the sea, are wide and
regularly built; those of the old town, farther up the hill,

still preserve much of their ancient character. The parish

church of Santa Maria has some good pictures and wood
carvings ; other prominent public buildings are the theatre,

the civil hospital, and the establishments of the Padres

Escolapios. There are small schools of navigation and the

fine arts. The wine of the neighbourhood, which somewhat
resembles port, is shipped in large quantities from Barce-

lona ; and the district furnishes fine roses, strawberries, and
similar produce for the Barcelona market. There is a

considerable fishery, the products of which are sent inland

to Manresa and other places. The leading industries of

Matar6 are its linen, woollen, and cotton manufactures,

especially of canvas and tarpaulin ; several hundreds of

women are employed in the town and neighbourhood in

lace-making ,« there are also potteries, machine-making, and

chemical works, and shipbuilding is carried on to some
extent. The railway to Barcelona, opened in October

1848, was the first to be constructed in Spain. Matar6

has no artificial harbour, several attempts to make one

having failed ; the trade _ is carried on chiefly through

Barcelona. The population m,187 7 was 17,405. Outside

the t(7wn is the much-frequented carbonated mineral

spring of Argentona.

MATCHES. Till the close of the 18th century flint

and steel with tinder bos and sulphur-tipped splints of

wood—"spunks "or matches—were the common means of

obtaining fire for domestic and other purposes. The sparks

struck oU' by the percussion of flint and steel were made to
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fall among tLo tinder, which consisted o£ carbonized frag-

ments of cotton and linen ; iho entire mass of the tinder

was set into a glow, develoiiing sufficient heat to ignite the

sulphur with which the matches were tipped, and thereby

the splints themselves wore set on fire. Instead of tinder,

match-paiicr or touch-paper, a thick bibulous paper impreg-

nated with saltpetre (nitrate of potash), and amadou or

German tinder, a thick leathery and porous preparation

from the fungus Pohijmrus foracntarins, were often used.

It was not till 1805 that any attempt was made to use

chemical agency for the ordinary production of fire. In

that year JI. Chancel, assistant to Professor Thenard of

Paris, introduced an apparatus consisting of a small bottle

containing asbestos, saturated with strong sulphuric acid,

with splints or matches coated with sulphur, and tipped

with a mixture of chlorate of potash and sugar. The

matches so prepared, when brought into contact with the

sulphuric acid in the bottle, ignited, and thus, by chemical

action, fire was produced. It appears also that in the same

year phosphorus matches were known in Paris, and in 1809

Derepas proposed to lessen the dangerously great inflamma-

bility of the phosphorus match by making an igniting

mixture of that element with magnesia. It is also said

that M. Derosne made a friction match with a phosphorus

tip in 1816. Again in 1823 a phosphorus match was pro-

posed, but it came into little use. In this case the composi-

tion consisted of equal parts of phosphorus and sulphur

cautiously melted together in a glass tube. The tube was

then securely corked, and, to obtain a light, a splint was
introduced into the mixture, and a small pellet detached,

which on withdrawal and exposure almost spontaneously

ignited. In that year (1823) a decided impetus was given

to the artificial evolution of fire by the introduction of the

Diibereiner lamp, so called after its inventor Professor

DiJbereiner of Jena. The action of this elegant invention

depends on the remarkable property possessed by spongy
or highly porous platinum of determining the combination

of hydrogen and oxygen and the formation of water at

common atmospheric temperatures. In the Dubereincr

lamp hydrogen is evolved in a suitable vessel by the action

of zinc on acidulated water. The gas so liberated, when
required, is passed through a fine orifice by means of a

stop-cock, and impinging on a mass of spongy platinum

mounted in a frame it combines with oxygen of the air,

thereby developing an intense heat, which quickly causes

the platinum to glow, and ultimately is sufficiently intense

to set the stream of hydrogen itself on fire. The
DiJbereiner lamp is still occasionally seen, but it is chiefly

used in connexion with chemical lectures.

The first, really practical friction matches were made in

England in 1827, by Mr John Walker, a druggist of

St9ckton-on-Tees. These were known as "Congreves"
after Sir William Congreve, Bart, the inventor of the
Cungreve rocket, and consisted of wooden splints or sticks

of cardboard coated with sulphur and tipped with a
mixture of sulphide of antimony, chlorate of potash, and
gum. With each box of eighty-four, which was retailed

at a shilling, there was supplied a folded piece of glass

paper, the folds of which were to be tightly pressed
together, while the match was drawn through between them.
In- 1830 the so-called " Prometheans " were patented by
Mr S. Jones of London. These consisted of a short roll

of paper with a small quantity of a mixture of chlorate of
potash and sugar at one end, a thin glass globule of strong
sulphuric acid being- attached at the same point When
the sulphuric acid was liberated by pinching the glass
globule, it acted on the mixed chlorate and sugar, pro-
ducing fire.

The phosphorus friction match of the present day was
first introduced on a comwercial scale in 1833; and it

appears to Invo been made almost simultaneously in several

distinct centres. The name most prominently connected

with the early stages of the invention is that of Prcschel of

Vienna, who in 1833 had a factory in operation for

making phosphorus matches, fusees, and amadou slip*

tipped with igniting composition. At the same time also

matches were being made by Moldenhauer iii Darmstadt

;

and for a long series of years Austria and the South-

German states were the principal centres of the nev^

industry. Improvements in the manufacture have been

numerous ; and the industry is now carried on with a
complete system of ingenious labour-saving machinery.

The use of phosphorus as a principal ingredient in the

igniting mixture of matches has not been free from very

serious disadvantages. It is a deadly poison, the free

dissemination of which has led to many accidental deaths,

and also to numerous cases of wilful poisoning and
suicides. Workers also who are expo3,ed to phosphoric

vapours are subject to a peculiarly distressing disease which

attacks the jaw, and ultimately produces necrosis of the jaw-

bone ; it appears, however, that, with scrupulous attention

to ventilation and cleanliness, almost all risk of the

disease may be avoided. Strenuous efforts have been

made by numerous inventors to introduce matches having

no phosphorus in their igniting mixture, but hitherto

with indiS'erent success. The most serious objections

to the use of phosphorus have, however, been overcome

by the discovery of the modified condition of that body
known as red or amorphous phosphorus, made by Pro-

fessor Anton Von Schrotter of Vienna in 1845, and the

utilization of that substance in the now well-known
" safety matches " invented by Lundstrom of Sweden in

1855, and first manufactured in the United Kingdom by
Bryant & May of London. Red phosphorus is, in itself,

a perfectly innocuous substance, and no evil eft'ects arise

from freely working the compositions of which it forms an
ingredient The fact again that safety matches ignite only

in exceptional circumstances on any other than the pre-

pared surfaces which accompany the box—which surfaces

and not the matches themselves contain the phosphorus

required for ignition—makes them much less liable to cause

accidental fires than the kinds more commonly in use.

Manvfacturc.—The operations carried on in a match factory

may bo grouped under the four heads of preparing; the splints,

dipping; the matches, box-making, and hlling. The varieties

of wood principally used for matches are poplar, aspen, yellow pine,

and white pine. Splints are either round or quadrangular, the
former having been at one time exceedingly commoD, wh^a
Austrian manufactures ruled the markets ; but, now that Sweden
is the iirincipal match-manufacturing country, matches are nearly
all square in section. For cutting square splints many ingenious
macliines have been devised, some of which, worked by engine-
power, can turn out from 15,000,000 to 17,000,000 spUnts per day.
In Sweden the manufactui'ers use principally aspen or clean-

grained pine wood, preferring sections l2 to 20 inches in diameter,
newly felled and full of sap. If dry, the wood must be soaked
before it is fit for the opei-ations through which it passes. The
timber is cut into blocks about 15 inches long—sufficient for

seven matches—and being freed from bark it is fixed in a special

form of turning lathe, and by moans of a fixed cutting tool acting
on its entire length a continuous veneer or band the thickness
of a match is cut off. With each revolution of the block the
knife .advances proportionately to the thickness of the band,

cut off, and thus a uniformly thick slice is obtained continuously.

At the same time eight small knives cut the veneer into seven
separate bands each the length of a match, and thus in «ne
operation seven long ribbons of wood the length and thickness

ot a match are obtiined. These ribbons are next broken into
lengths of from 6 to 7 feet, knotty pieces are removed, and to cut
them into single matches they are fed into a machine which act3

somewhat like a straw-chopper. From 120 to 140 bands are acted

on in the apparatus, and a ratchet arrangement feeds them forward
the thickness of a match attach stroke of the cutter, wliich thus
cuts off 120 to- 140 matches per stroke. Worked by hand the
machiue deUvers about 5.000,000 splints per day, and Dy power it

con bs run ••' turn out double that number. The matches ate next

XV. - 79
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diii'il in revolving clrums in a heated chamber or stove, and there-

after tkcy arc aitti'd in a kind of partitioned sieve to free them

from fragments and splinters. The sitting process also arranges

alftho splints in parallel order and in uniform quantities,, whereby

they may l)s conveniently bundled and prepared for the di]iping

which next follows. For the dipiiins proee.ss it is necessary to

keep each match free from contact with its neighbour, and indeed

allow it such a' space that each may bo fully coated and yet there

be no danger of the igniting composition clotting the heads into

one mass. To clTect this the splints are by an ingenious machine

separately arranged at uniform intervals between the lathes of a

dipping fiamo. Tlio dipping frames are made about 18 inches

square, and are fitted with 44 movable lathes. Between each pair

of lathes 50 splints are inserted by the machine, and when tightened

up by screws eaeli frame tlins contains 44 x 50 = 2200 splints placed

at regular iutei-vals, the heads of which are all on the same level.

A single attendant can jdace, by aid of the machine, about 1,250,000

matches in the dipping frames per day. The dipping is done in a

stove of masonry which contains three stjuare flat-bottomed shallow

pans. In the fii'st the splints arc heated so as to facilitate the

absorption of iiaraflin ; in the second their points are dipped into

molten paraffin scale ; and in the third they receive their heads or

tills of igniting composition, that mixture being kept in a uniform

thin stratum in the pan, or in some cases it is supplied by an endless

india-rubber belt which revolves and dips into the composition.

A skilful workman can dip from 3500 to 4000 frames, or about

8,000,000 matches, a day. The frames so dipped are afterwards

arranged in a heated ap.artment till the igniting composition is dried,

after which the matches are taken out and put up in boxes by hand.

Match splints in the factories of the United Kingdom are generally

cut in lengths suitable for two matches, and dealt with in that form

throughout. The splint-cutting machine patented by John Jex

Long of GUsgow in 1871 differs essentially from the Swedish

splint-making machinery above alluded to ; it acts on squared

blocks two-match length, and is cap.able of producing up to

17,000,000 matclies per day.

Tho.obiect of dipping in melted paraffin is, of course, .o secure

more ready ignition of the wood. Suliihur was formerly employed

for that purpose ; and enormous quantities of the cheaper matches

made on the Continent and in America continue to be fnlplwr

dipped. The cheaper kinds are frequently " bundle dipped m the

molten sulphur, after which their points are merely, pressed against

the igniting composition.
, ,. . v

The chief element in the igniting mixture of ordinary matches

Is still common phosphorus, combined with one or more other bodies

which readily part with oxygen under the influence of heat. Oluet

among these latter snbstauees is chlorate of potash, the body whicli

causes the sharp explosive sound when a common match is struck

and to the use of which there is a strong objection on the tontinent

from the fear of explosions in dealing with the substance in Large

quantities. The other oxygen-yielding bodies commonly found in

matches are red lead, nitrate of lead, bichromate of potash, and per-

oxide of manganese. The proportions in which any of tliese bodies

is present in various igniting compositions are kept trade secrets ;

they vary greatly, as special regard must be given to matches

for damp climates, or for ocean transport, and to other considera-

tions. The igniting agents are made into a paste with glue or

gum as an adhesive agent, a little fine sand or powdered glass,

tod some colouring ingredient such as cinnabar, smalt, magenta,

or Prussian blue. Matches in which amorphous phosphorus

takes the placs of the common variety, notwithstanding several

obvious advantages, have never come into general use. They

were shown in the Great Exhibition of 1S51 by Bell & B ack

ef London ; and Foster & Warwa of Vienna, one of the earliest

match-making firms, long continued to m.ake thein, as did also

Cooniet Peic et Fils of Paris. As made by these and other makers

thlv were difficult to strike, requiring a special rough rubbing

surface ; the head frequently broke away in the attempt to light

tlicm and when they did inflame it was with explosive violence

and a loud siduttering noise. Dr Ton Schiotter, the discoverer of

amorohous phosphorus, claims to have found a means of preparing

combin-ations of amorphous phosphorus with chlorate of potash

and other oxyen-yielding compounds of all degrees of combusti-

bility and he states that Hochstatter of Frankfort now manufactures

matches with amorphous phosphorus composition which may be

icnited by rubbing on a cloth surface, which inflame quietly,

burn without smell or sparking, are not influenced by damp, and

are cheaper than common phosphorus matches. The use of

amorphous phosphorus—but on the rubbing surface only .and not

in the dipping composition (safety matches)—was first suggested by

Bottger but it was not till a patent was secured by Lundstrom in

1855 that the matches were brought into the market. According

to J. G. Geutele", the elements of the dipping mixture for the heads .

aw—chlorate of potash, 32 parts ; bichromate of potash, 12 ;

red lead, 32 ; sulphide of antimony, 24 ; and the ingrjdients of a

suitable rubbing surface arc eight parts of amorphous iihospliurus

to uiuo of sulphide of antimony. There is no dot'bt, however,

that here too there is consiaerablo diversity in the composition of

the mixtures. Igniting compositions entirely free from phosphorus

depend for their moderate degree of efficiency on the use of such

agents as chlorate of potash, sulphide of antimony, bichromate m

potash, and red lead.
" Vestas " are matches in which short pieces of " wax taper " are

used in place of wooden splints. The taper is prepared by drawing

a series of wicks or strands of twenty to thirty fine cotton threads

through molten stearin, with some proportion of paraffin. The wax

quickly hardens ou the threads, agglutinating them to irregular

hard strands, which are smoothed aud rounded to the required size

by being drawn through iron plates perforated with holes the size

of the required taper. The tapers are cut to the match lengths,_

and set in dipjling frames by special machines. The making of

vestas is an industry only second in extent to th. wooden match

manufaetuic,—its headquarters being London, Manchester, Jlar-

seilles, and the north of Italy. Fusees for the use of smokers

are made of strips of thick porous paper saturated with salt-

petre and bichromate of potash, and tipped with ordinary

composition. They are now almost entirely supplanted by vesuvians,

which consist of large oval heads on both ends of a round sphnt.

These heads, made by repeated dipping, consist of a porous mixtui'e

of charcoal, saltpetre, cascarilla or other scented bark, glass, and

BUin, and they .also are tipped with common igniting composition.

Ordinary match boxes are made of thin veneers or skiUets of

wood the same as used in splint making. The blocks used yield

skillets the exact size of the box or cover to be made, and the

machine which sliaves skillets off -the block also scores them along

the lines by which they must bo bent to form the box. The fold-

in", covering with paper, and labelling are operations performed by

youn.' girls with remarkable rapidity. In dealing with double

splints, the matches are at the boxing stage cut asunder in small

bundles with a lever knife by the box filler, who acquires snch

delicacy of perception that at c.aeh operation she seizes and

divides the ex.act quantity required to fill two boxes. A good hand

will in this way fiH 35 to 40 gross of boxes per day

It is calculated that in the principal Europeau countries from

six to ten matehea are used for each inhabitant daily. There is

no way by which an exact estimate of the extent of the tiade

in the United ICingdoni can be obtained ;
but competent autlior-

ities believe the yearly value of the matches made to be not less

than £1 500 000, and that the makers tmn out about 300,000,000

matches daily. Of all the makers Messrs Bryant k May are by

for the most extensive ; and next comes the Bell k Black com-

nauy formed of a combination of makers in Loudon, Glasgow,

Manchester, and York. In France the right to manufacture

matches is a Government monopoly farmed to the Compagme

mneralc i!cs aUumcUcs chhniqucs for an annual payment of 16,000,000

francs, with 6 centimes extra per hundred matches in excess of forty

milliards sold yearly. The company has concentrated the whole of

the manufacture into twelve establishments, the largest of which

are at MarseUles. The effect of the monopoly in France is that

matches are very costly, and the average consumption per head

throughout the country is considerably less than m other countries.

Sweden is the country which in recent years has been most inti-

mately identified with the growth of the industry. In that country,

includin>r with it Norway, there were in 1880 forty-three match

factories, many of them large, that of Jonkopmg being amoug the

most extensive in the world. The quantity of matehea exported

that year was about 19,000,000 lb (22,900,000 skal-punds), prob-

ably representing 50,000,000,000 matches. The yearly exports

iiave increased four-fold since 1870, and are still rapidly extending.

In Germany there are two hundred and twelve factories, which are

estimated to make yearly about 60,000,000,000 matches ;
aud

Austria-Hungary—the original scat and centre of the manulacturo—

possesses one hundred and fifty establishments, whence large quan-

tities of matches are exported to liussia, Turkey Asia M"'"'-, and

the neighbouring states of Italy. Throughout Furope about 1200

tons of phoijphorus are annually consumed in the manufacture of

matches, the greater proportion being produced in Englana

In the United States a tax of 1 cent per box coutaining one

hundred is levied on matches manufactured in the country, in addi-

tion to which there is an ad valorem duty of 35 per cent, on ail

matches imported. The internal revenue tax ol a cent per box is

subiect to a reduction of 10 per cent, to manufacturers with an

additional discount of 5 per cent, on the purchase of the stamps

used for the boxes when quantities exceeding in value SoO are pur-

chased at one time. The result of these fiscal arrangements has

been to favour large monopolizing companies. Altliough there are

nearly thirty manufactories in the States at present, practically the

match trade of the country is in the hands of, or entirely controlled

bv, the Diamond Match Company of New York, consisting of a

combination of large manufacturers. During the year 1881 the

revenue derived from the internal tax amounted to 83,2/ 2, -jb,

while the customs duty on imported matches yielded no more tli..i

S6180, these receipts lepreseutirg prob-' onsumption
^
ol

40,000,000,000 matches. .

^•'- '^'
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M/Tfi, or Paraguay Tea, consists of the dried leaves of

/''-^ yti.cac/ucu/ensis, St Hil.,' an evergreen shrub or small

tree tolojipiing to the same natural order as the common
lioUy, a j>i-nt to which it bears some resemblance in size

and habit. The leaves are from 6 to 8 inches long, shortly-

stalked, oblong wedge-shaped, rounded at the upper end,

and finely toothed at the margin. The small white flowers

M.itc {Ilex paraguaijensis).

PoiHon of pinnt, hair nautnil size. F]nwci- (Inii'o and nuts, twice natural size.

Part of nudersidc of leaf showing minute glands, natuial size.

.grow in forked clusters in the axils of the leaves ; the sepals,

petals, aud stamens are four in number; and the berry is

4-seeded. The plant grows abundantly in Paraguay,

Corrientes, Chaco, and the south of Brazil, forming woods
called yerlniles. One of the principal centres of the mat6
industry is the Villa Pieal, a small town above Asuncion on
the Paraguay river ;' another is the Villa de San Xavier, in

the district between the rivers Uruguay and Parana.

Although mat(5 appears to have been iLsed from time im-

memorial by the Indians, the Jesuits were the first to attempt

its cultivation. This was commenced at their branch

m'issions in Paraguay and the province of Rio Grande de San
Pedro, where some plantations still exist, and furnish the

best tea that is made. From this circumstance the names
Jesuits' tea, tea of the Missions, St Bartholomew's tea, &c.,

are sometimes applied to mat(5. Under cultivation the

quality of the tea improves, but the plant remains a small

shrub with numerous stems, instead of forming, as in the

wild state, a tree with a rounded head. From cultivated

plants the leaves are gathered every two or three years,

that interval being necessary for restoration to vigorous

growth. The collection of matiS is, however, chiefly effected

by Indians employed for that purpose by merchants, who
pay a money consideration to Government for the privilege.

When a yerbal or matii wood is found, the Indians, who
usually travel in companies of about twenty-five in number,
buJld wigwams and settle down to the work for about six

^ Mr J. Miers has proved tli.at 7. cvritibcnsis, I. (jigavtea, 1. ovali-

/oUa^ I. Hmnboldiiana, and /. nifjropunctata, besides several varieties

of tliese species, are in general use for preparing mate.

months. Their first operation is to prepare an open space,

called a Inlacua, about C fuel square, in which the surface

of the soil is beaten hard and smooth with mallets. The
leafy branches of the mat^ are then cut down and placed

on the tatacua, where they undergo a preliminary roasting

from a fire kindled around it. An arch of poles, or of

hurdles, is then erected above it, on which the mattS is

placed, a fire being lighted underneath. This part of the

process demands some care, since by it the leaves have to

be rendered brittle enough to be easily pulverized, and the

aroma has to be developed, the necessary amount of heat

being only learned by experience. After drying, the leaves

are reduced to coarse powder in mortars formed of pits in

the earth well rammed. Matt; so prepared is called caa

Saw oi_yerva do polos, and is chiefly used in Brazil., In

Ba?S?n!ty and the province of Parana in the Argentine

Republic, fhft leaves are deprived of the midrib before

roasting ; this is called caa-mhi. A very superior quality,

or ccut-cuys, is also prepared in Paraguay from the scarcely

expanded buds. More recently a different method of dry-

ing mat6 has been adojjted, the leaves being heated in

large cast iron pans set in brick work, in the same way
that tea is dried in China : it is afterwards powdered by

machinery.

The ditTcrent methods of preparation influence to a certain extent

the value of the product, the mate prepared in Paraguay being con-

sidered the best, that of Oran and Paranagua veiy inferior. The
leaves when dried arc paolccd tightly in serous or oblong packages

made of raw hides, which are then carefully sowed up. These shrink

by exposure to the sun, and in a couple of days form compact

pircels each containing about 200 lb of tea ; in this form it keeps

well. The tea is gcueially prepared for use in a small silver-mounted

calabash, made of the fruit of Crcscadia Cujctc (Cuca) or of Cucuriila

lagcnarict (Cabafo), usually about the size of a large orange, the

taperiug end of the latter serving for a handle. In the top of the

calabash, or mati,' a circular hole about the size of a florin is made,

and through this opening the tea is sucked by means or" a bom-
billa. This instrument consists of a small tube 6 or 7 inches long,

formed either of metal or a reed, which has at one end a bulb made
either of extremely fine basket-work or of metal perforated with

minute holes, so as to prevent the particles of the tea leaves from
being drawn up into the mouth. Some sugar and a little hot water

are first placed in the gourd, the yerva is then added, and finally

the vessel is filled to the brim with boiling water, or milk previously

heated by a spirit lamp. A little burnt sugar or lemon juice is

sometimes added instead of milk. The beverage is then handed
round to tho company, each person being furnished with a bombilla.

The leaves will hear steeping about three times. The infusion, if

not drunk soon after it is made, rapidly turns black. Persons who
are fond of mat^ drink it before every meal, and consume about 1 oz.

of the leaves per day. In the neighbourhood of Parana it is prepared

and drunk like Chinese tea. llati is generally considered disagree-

able by those unaccustomed to it, having a somewhat bitter taste ;

moreover, it is the custom to drink it so hot as to be unpleasant.

But in the south-eastern republics it io a much-prized article of

luxury, and is the first thing offered to visitors. The (/aitc/zoof the

plains will travel on horseback for weeks asking no better fare than

dried beef washed down- with copious draughts of mate, and for it

he will forego any other luxury, such as sugar, rice, or biscuit.

I\late acts as a restorative after great fatigue in the same manner aa

tea. Since it does not lose its flavour so quickly as tea by exposure

to the air aud damp, it is more valuable to travellers.

Some writers attribute deleterious efl'ects to its use, while others

praise it to an almost incredible degree. Its physiological action

does not appear to have been carefully worked out, but its extensive

use in countries where tea and coffee are know-n seems to indicate

that it may possess virtues peculiar to itself.

Its properties appear to be chiefly due to theine or caffeine.

Analysed by Dr H. iByasson, 100 grains were found to yield

Oniins.

Caffeine I'SiO

Glutinous sutstance or peculiar fatty matter and colouiing n;2ti'jr S-870

Complex glucoslde

Malic acid not estimated.

" The word caa signified the plant in the mative Indian language.

The Spam.ards gave it a similar name, yerba. Mote comes from the

language of the Incas, and originally means a calabash. The Para-

guay tea was called at first ycrva do mate, and then, the yerro being

dropped, the name i}uit^ came to signify the same thing.
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Accor.liiig to mmlyses made by Alonzo Robbins it also contains

about 1*5 ol' a peculiar tannin which does not precipitate potassio-

tartrato of antimony, nor tan leather. Tlie glutinous substance

resembles in consistence common birdlime, and is considered by
Byasson to be a compound ether, the alcohol of which would be

nearcholesterin. Since the beginning of the 17th century mate has

been drunk by all classes iu Paraguay, and it is now nsed through-

out Brazil and the neighbouring countries. In 1855 the amount of

mate annually consumed in South Auierica w.as estimated by Von
Bibra at 15,000,000 tb, and the consumption is now probably three

or four times as great ; in Brazil it brings in a . 'enue of about
£410,000. In the Argentine Kepublio alouc the consumption is not
less than 27,000,000 lb per annum, or about 13 lb per head, while
the proportion of tea and codec consumed is only about 2 lb of the

former and 4 lb of the latter per head. The export of matt? from
Brazil to foreign countries has also increased from 2,720,475 kilos in

1840 to 5,206,485 kilos in 1850, 6,808,056 kilos in 1860, 9,507,086
kilos in 1870, and 14,063,731 kilos in 1879-SO.

See Scully, Brazil, London, ISCG ; MansticW, Brazil, ic, tmdon, 1S55 ; P!iar-
maceulical Jouniat (3), ^ol. vii. p. 4 ; (3), vol. viii. p. C15. lC-'7 ; Christy, Xt:a
Commercial Plant!;, No. 3, London, ISSO ; Mulhnll, Progress of lite Uor/rf. 138l>,

p. 4SS ; ZtUsclirifc Oesterreichisclicr ApotlielierccrciD, IS&2, pp. 273, 235, 310.

MATERA, a city of Italy in the nortli-east of the province

of Potcnza, 4S miles from Potenza, on the high road to Bari.

Part of it is built on a level plateau and part in deep valleys

adjoining, the tops of the campaniles of the lower portions

being on a level with the streets of the upper. The prin-

cipal building is the co-cathedral of the archbishopric of

Acerenza and Matera, formed in 1203 by the union of

the two bishoprics, dating respectively from 300 and 398.

In 1871 the population of the commune was 14,312 (that

of the city 14,2C2), in ISSl 15,700.

Under the Normans llatcra, tlie ancient JIatcola, was a count-
ship for William Bros de Fer and his successors. It was the chief

town of the Basilicata from 1664 till 1811, when the French traiis-

ferre4 the administration to Potenza.

MATHEMATICAL DRAWI>^G AND MODELLING.
The necessity for geometrical drawings and models is as

old as geometry itself. The figure has formed the basis of

many a geometrical truth; and demonstration by mere
inspection of this has frequently to do service for more
rigorous proof. So necessary is this visual representation

of an idea that there is hardly a branch of mathematics
which does not make use of it in the form of tables,

symbols, formuhv, &c. The visual method is especially

important in geometry. The figure is to the geometer what
the numerical example is to the algebraist—on the one hand
limiting the horizon, on the other imparting life to the con-

ception. Herein lies the didactic value of the figure, which
is the more indispensable the more elementary the stage

of instruction. To be able to dispense with it is a faculty

acquired only after a long and special training. The power
of mental picturing is a talent which can be so strengthened
by use that even a slightly gifted mind may acquire the
power of carrying out a series of geometrical operations

without the aid of a figure, provided these do not lead

into unfamiliar regions. But each new group of ideas

which the geometer would master reijuires a new graphic
setting forth, which not even the experienced can dispense
with. Drawings are sufficient in plane geometry ; but
solid geometry requires models, except in specially simple
cases, in which delineation by means of per-spectivo or some
conventional method may suffice. Then, again, iu passing
from the geometry of the plane, straight line, and point in'

space to that of curved surfaces, tortuous curves, ic, pew
and distinct graphical methods are necessary. The difficul-

ties encountered in understanding new groups of geometrical
forms are best removed by a careful study of a small
number of characteristic models and drawings. As a
means of education, the model is lively and suggestive,
forming in this way a completing factor in the course of
instruction. We remember the pleasure experienced when,
after a discussion which has yielded a series of hardly
reconcilable properties of one and the same geometrical
figure, a model is exhibited which combined these pro-

perties in itself; or the striking manner in which tt

deformable model either of pasteboard or thread ex( cutea

-its transformations before the eye of the observer and
scientific student. The study of the model raises new and
unexpected questions, and can even do valuable service in

leading to new truths.

In the more elementary departments of plane and solid-

geometry and descriptive geometry, models are abundant
and easily obtainable ; but there are comparatively few
collections of drawings and models for instruction in

higher geometry. There are numerous drawings of

algebraic and transcendental curves in the well-known

treatises on analytical geometry of Cramer, Euler, Salmon,

in Frost's Curve Tracing/, &c. ; but there is still a deficiency

in systematic enumerations of the forms of curves and
surfaces of a given order or class. In this connexion we-

may mention Pliicker's St/stem Ac anaJytischen Geometrie

(curves of the third order), and Beer's Enuvuratio liiiearum

IV. ordiiiis. A graphical representation of all the

characteristics of the singular points of an algebraic curve

of the fourth order is given in Zeutheu's St/stemer af plane

Kurivi- (1873). As regards tridimensional figuring, the

oldest know n models for instruction in the higher geometry

are the thread models of skew surfaces constructed about

the year ISOO under the direction of G. Monge for the

Ecole Polytechnique in Paris. In 1830 Th. Olivier of

Paris got the same executed in movable form. The great

development in modern times of certain branches especially

of the higher geometry has given a new importance to such

methods of graphical representation.

Amongst the larger collections we must mention the

elegant series of complex surfaces, consisting of twenty-

seven items, constructed by the celebrated J. Pliicker of
Bonn. After Pliicker's death copies, not very satisfactory,

were made from zinc casts. The collection of plaster and
thread models published by Muret of Paris (now Delagrave),

and intended for instruction in descriptive geometry, con-

tains many architectural forms. The wire models of tortuous-

curves by Professor Wiener of Carlsruhe, and the thread-

models of developable surfaces by Professor Bjorling of

Lund, merit notice amongst others. Perhaps the largest-

and most extensive of the collections is that of L. Brill,

bookseller in Darmstadt. These represent every depart-

ment of the higher and applied mathematics. The cata-

logue embraces some seventy numbers, with over a hundred

plaster, thread, and metal models. Several series of this

collection were prepared in the mathematical department

of the technical college of ^Munich. In the preparation of

these models, involving the development of a comparatively

novel art, certain practical lessons were gained, especially

in the working of plaster models, to which we may direct-

attention.

"Wc assume tliat the preliminary designs arc prepared with t]ic

aid of board, ruler, square, compasses, and such .well-known instru-

ments as arc used by the draughtsman.
The material to be employed, whetlior w-irc or thread, interlaced

pasteboard strips, or plaster, depends upon tlie special circumstances-

of each raic, antl upon the purpose aimed at iu tlie construction of

tlie model. Two bundles of parallel disks of cardboard or mctal-

slu^ctiug, inclined at an adjustable angle, may be used witii advan-

tage in rc]irc-seutiiig a series ofdilTcrcMt but mutually transformable

surfaces. For ruled and develop.iblc surfaces the tlircad model is

to be rcconimcnded. The surface is onclo-^cd in a cube, or more
grncrally in a region of spare bounded by plane walls. Upon tlicsc

bounding walls are marked tlie series of points in which tlioy are

cut by tlic generative lines that are to be represented by tlircads.

Tlirough these points the threads arc drawn, and parts of tlic sup-

porting walls are tlien cut away so as to allow a convenient glance

into the interior of the region. Tlic more densely the threads are

strung, the likcr is the appearance to that of a continuous surface.

In the majorityof cases plaster will bo found the most convenient
substance, being easily worked, and giving a result convenient and
clear to tho eye. There is the disadvantage, however, that one of"

tho regions of space bounded by a siufaco is filled up. Sliould the-
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<)omiUiinos of tho suTfaco bo piano or capnblo of being turned on the

lathe, the desired form is best upproximated to by working wood or

plaster blocks. Plaster is not easily worked on the lathe, but a

piano surface is readily got by rubbing, and if not too dry it may be

cut with tho knife.

A surface which cannot be conveniently approximated to by the

above method may be built up of strips cut to pattern, whicli are

then filled in with some plastic material. • To accomplish tliis, a

system of sections either parallel or having a single axis is laid

through the region to bo filled up ; the bounding lines of these sec-

tions are calculated or obtained by geometrical construction. StriiiJ

of plato zinc are tlieu cut to tho re([uired form and fixed securely by

cross-pieces or soldered if necessai-y. Between tho interstices of this

zinc scaffolding some plastic material is filled in, such as embossing

wax or damp clay ; and thus tlie form of the surface is rendered.

Tlie substance known in trade as plastilin is especially suitable for

use in this way, as it retains its plastic property a long time.

The finisliing touches are given to tho surface by means of a

sculptor's style. From the clay model a plaster cast is formed and
well dried ; and its imperfections are removed by means of plaster-

files and other instruments familiar to those who work in plaster.

Lines which are to be sliown on tho model arc drawn through points

already marked on the original clay model, and engraved witn fine

files. A galvanoplastic copy of such a plaster model, not too deeply

•deposited, shows the surface even better than the plaster itself.-

MATHEMATICS. Any conception wMch is definitely

and completely determined by means of a finite number
-of specifications, say by assigning a finite number of

elements, is a mathematical conception. Matliemalic3 lias

for its function to develop the consequences involved in

the definition of a group of mathematical conceptions.

Interdependence and mutual logical consistency among the

members of the group are postulated, otlierwisc the group
would either have to be treated as several distinct groups,

or would lie beyond the sphere of mathematics.

As an example of a mathematical conception we may take

"a triangle"; regarded without reference to its position in

space, this is determined when three elements are specified,

.say its three sides ; or we may take a " colour sensation,"

•which, on Young's theory, is determined when tho amounts
of the three fundamental colour sensations that enter into

it are stated. As an example of 'a non-mathematical con-

ception we may take "a man," "a mineral," "iron," no
one of which admits of being so determined by a finite

number of specifications that all its properties can be truly

said to be deduciblo from the definition.

A mathematical conception is, from its very nature,

n.bstract; indeed its abstractness is usually of a higher order

than the abstractness of the logician. Thus, for instance,

we may neglect the other attributes cf a body and consider

merely its form ; we thus reach the abstract idea of " form."

But the form of an irregular fragment of stone does not

ftdmit of being finitely specified, and is therefore not

susceptible of mathematical treatment. If, however, we
have a carefully squared cubical block of granite to deal

with, for most practical purposes its form is specified by
stating that it is a cube, and assigning one element, viz.,

an edge of the abstract mathematical cube by which we
replace it. This example illustrates at once the limits of

mathematical reasoning and the nature of the bearing of

mathematics on practice.

A variety of words have been used to denote the

dependence of a mathematical conception upon its elements.

It is frequently said, for instance, that the conception is a

"function" of its elements. One word has recently come
into use which is very convenient, inasmuch as it draws^
attention at once to the fundamental idea involved in

mathematical conception and to the pi,jme object of

mathematical contemplation, viz., "manifoldness."

Kumber is involved in the notion of a manifoldness both
directly, as any one can see, and also indirectly in a manner
which the mind untrained to mathematical thinking does
not so readily understand. Take on the one hand the case

of a trianglf, considered without reference to its position

but merely as composed of three limited straight lines, it

may be comiiletely determined in various ways by assigning

three elements. A triangle may therefore be called a triple

discrete manifoldness. " A plane quadrilateral considered

in the same way (being fully dctcrniiued when four sides

and a diagonal are known) is a quintuple discrete manifold-

ness ; and a plane polygon of n sides a (2» - 3)-ple discrete

manifoldness. Consider on tho other liand the assemblage

of points on a given straighj; line, they are infinite in

number yet so related that any one of them is singled out

by assigning its distance from an arbitrarily chosen fixed

point on the line. Such an assemblage is called a onefold

continuous manifoldness, or simply a onefold manifoldness
;

another example of the same kind is the totality of

instants in a period of time. The assemblage of* points

on a surface is a twofold manifoldness ; tlie assemblage of

points in tridimensional space is a threefold manifoldness

;

the values of a continous function of ii arguments an ji-fold

manifoldness.

It should be observed that the distinction between

discrete and continuous manifoldness is not of necessity

inherent in the conception. For one purpose we may treat

a conception as a discrete manifoldness, for another as a

continuous manifoldness. Thus we have seen that an

unlimited straight line may be treated as a onefold con-

tinuous manifoldness ; but, if we regard it as a whole, and
with reference to the fact that its position in space is

determined by four data, it becomes a quadruple discrete

manifoldness.

The primary, although not the only, operation in tlie

treatment of a discrete manifoldness is numbering or

counting ; hence arises the pure mathematical science of

number, comprehending (abstract) Arithmetic and its

higher branch commonly called the Theory of Numbers.

Without entering into a discussion of the definitions and

axioms of the science of number, it will be sufficient here

to remark that all numerical operations are reducible to

three fundamental laws commonly called the commutative,

associative, and distributive laws. The four fundamental

processes, or four species, as they are sometimes called, two

of which, addition and multiplication, are direct, and two,

subtraction and division, inverse, are solely defined by

and derive their meaning from the three laws of operation

just mentioned.

A careful consideration of the methods in vogue for

dealing with continuous manifoldness shows that they

reduce themselves to two, which may be called the synoptic

method and the analytic method. In the synoptic method

we deduce the properties of a manifoldness by contemplat-

ing it as a whole, aiding our understanding, when it is

necessary to do so, by a diagram, a model, or any other

concrete device more or less refined according to circum-

stances. In the analytic method wc fix our attention upon

the individual elements of tho manifoldness, usually^

defining each clement by a definite number of specifications

the variation of which leads us from element to element of

the given manifoldness. We examine the properties of r.r

element in the most general manner, and from them w^

predicate the properties of the manifoldness as a whole.

The best and most familiar examples of the synoptic

treatment of manifoldness are the ditferent varieties of pure

geometry. Among these we may mention the apagogic

geometry of the Greeks, which starts with a collection of

definitions and axioms, enunciates and proves proposition

after proposition with great attention to strict logical form

and with continual reference to the grounds of inference,

but pays little attev tion to the ordering of theorems with

a view to mutual illustration, and carefully suppresses all

traces of the met^iod by which the propositions were or

might have been discovered. It is true that the Greeks
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were in possession of a method, called by them analysis,

which had for its object the discove" r of geometrical truth.

But this consisted merely in taking any proposition suspected

to be true and tracing its consequences until one was

reached which either contradicted a known proposition or

else was true and capable of leading by a direct process

of reasoning (synthesis) to the proposition in question.

In this we have no trace of the systematic development of

geometric truth, and the method was apparently regarded

by the ancients themselves as imperfect, for it makes no

figure in such of their systematic treatises as have reached

us. In somewhat sharp contrast with the Grecian geometry,

but still essentially synoptic in method, stand the different

varieties of modern geometry,—which aims at greater

generality in its definitions, pays less explicit attention

to logical form, but arranges geometrical propositions as

much as possible in the natural order of development or dis-

covery, and above all makes e.xtensive use of the principle of

continuity. As examples of the modern geometry may be

cited the descriptive geometry {Geometrie DescHptive,

Darstellende Geometrie) of Monge ; the projective geometry

{Geometrie Projective, Geometrie der Lage) of Poncelet,

Steiner, and Von Staudt; and the geometry of transforma-

tion in general, of which projective geometry is but a parti-

cular case. There is one other highly interesting form of

modern geometry, which, although analytic in some of its

developments, and often exhibited in close alliance with

other analytical methods, is nevertheless synoptic as to its

fundamental principle, viz., arithmic geometry {Ahzdhlcnde

Geometrie) or theory of characteristics, which originated in

tlie characteristic equations of Pliicker, and was developed

into a powerful special method by Chasles and others.

See Geometry and Curve.
Geometry, however, is not the only field for the synoptic

treatment of manitoldness. This is obvious if we reiieet

that any magnitude whatever may be represented by a line

;

so that any function of not more than two elements may
be represented by a geometrical construction and treated

by any method applicable in geometry. Since the famous

dissertation of Eiemann, On the Ili/potheses that form the

Basis o'f Geometry, mathematicians have been familiar with

the fact that the methods of geometry suitably generalized

can be applied to the treatment of an jt-fold manifoldness;

and in point of fact the synoptic treat«enfof manifoldness

under the name of ?i-dimensional geometrj' has been usefully

employed by Cayley and others as an^adjunct to the analytic

method.

The fundamental characteristic of the analytical treatment

of an ?»-fold manitoldness is the specification of an element

by means of n continuously varying quantities or variables

(sea Measurement). For dealing with continuous as

distinguished from discrete quantity we have the special

analytical method of the Infinitesimal Calculus {g.v.),

built upon the notion of a limit, with its various branches,

viz., the differential calculus, the integral calculus includ-

ing differential equations, the calculus of functions, and

the theory of functions in general (see Function). But,

whether we make use of the algorithm of the infinitesimal

calculus or not, we find upon examination that all ana-

lytical operations with continuous quantity fall under the

thrse laws of commutation, association, and distribution,

so that they are fundamentally identical with the opera-

tions with discrete quantity ; the difference so far as there

is any consists simply in the greater generality of the

operand. The same fact may be looked at instructively

in another light. AVhether we consider analytical processes

in concrete applications or look at them abstractly, we are

equally led to the notion of a unit, by the multiplication or

subdivision of which all the other quantities that enter into

our calculus are derived. The esigencifsoT continuity rip

met by allowing that the multiplication or subdivision of

the unit can be carried on to an unlimited extent ; but in

any case where analytical formuke have to be reduced to

arithmetical calculation, (in which of course only a finite

number of figures or arithmetical symbols can be used) the

subdivision (or multiplication) of the unit actually stops

short at a certain point ; in other words, all our methods are,

in practice at least, discrete. Here therefore we have the

meeting point of discrete and continuous quantity, and on

this ground alone we might infer the fundamental identity

of their laws of operation.

The abstract science of quantity which we have just seen

to be the essential part of the analytic treatment of

manifoldness receives the name of Algebra {q.v.). It was
found very early in the history of that science that the

full development of which it is capable could not be

attained without great extension of the idea of quantity.

This necessity first arose in connexion with the inverse

operations, such as subtraction, the extraction of roots, and

the numerical solution of algebraical equations (see Equa-
tion), of which root extraction is merely a particular case.

In this way arose essentially negative quantities, and the

so-called impossible or imaginary quantities. The former

may be said to depend on a new abstract unit- 1, and the

latter upon new units i V^. The numbers having ± 1

for abstract unit are usually classed as real numbers, and in

that case we may regard the ordinary imaginaries of algebra

as depending on the new unit -f V^, or i, defined by

the equation r 4- 1 = 0. But the extension was soon carried

farther by the classical researches of Hamilton and
Grassmann.i The theory of sets and the Quaternions
{q.v.) of the former and the. Ausdeltnnngslclire of the latter

opened up a boundless field for algebra, and led to a total

revolution in our ideas of quantity.

In view of the great extension thus effected in the

meaning of qviantity, it becomes an interesting if somewhat
diflicult undertaking to define the word. The following

maybe taken _as a provisional definition:

—

Qnantity is thai

which is operated loith according to fixed mutually consistent

lati's. Both operator and operand must derive their mean-
ing from the laws of operation. In the case of ordinary

algebra these are the' three laws already indicated, in the

algebra of quaternions the same save the law of commuta-
tion for multiplication and division, and so on. It may be

questioned whether this definition is sufficient, and it may
be objected that it is vague ; but the reader will do well

to reflect that any definition must include the linear

algebras of Peirce, the algebras of logic, and others that

may be easily imagined, although they have not yet been
developed. This general definition of quantity enables

us to see how operators may be treated as quantities, and
thus to understand the rationale of the so-called symbolical

methods. In combining operations, it is often observed

that the combinations of operators fall under a few simple

laws, in some cases in fact under the three laws of ordinary

algebra ; these operators are therefore quantities according

to the general definition, and can be treated as such.

From the historical development of the analytic method
there is little danger of the error arising that its application

is peculiar to any special kind of manifoldness. As
examples of its use in deducing the properties of tridimen-

sional space we may cite the Cartesian geometry, the

Geometrie de Position of Carnot, and the line geometry of

Pliicker (see Geometry). Its use in the various branches

of applied mathematics, of which geometry is merely one

of the simplest, is far more common than that of the

^ In this connexion should be mentioned the g,*eat services of Do
Morgan,' whose bold specnLations on the fundnmental piinciples of

mathematical science have perhaps met with less tlian their due share'

vl f -irrcdatkn.
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synoptic method, althongli mo?t branches of applied mathe-

mirtics are mixtures using llio one (ir the other, as happens

to bo conveuicnt. In addition to those already mentioned,

we may enumerate the following as among the moro im-

portant departments of applied mathematics :— Kine-

matics ; Abstract Dynamics, including Statics and Kinetics

whether of a Particle, of a Kigid Solid, of an Elastic Solid,

of a Fluid, or of a Chain ; Statistical Mathematics, as

exemplified in the Theory of Annuities, and the Kinetic

Theory of Gases; the . Mathematical Theory of Diffusion

whether of Heat or of Matter ; the Theory of Potential

;

. and so on. See Mechanics, Hydkomechauics, Annui-
ties, Heat, Electkicity, Magnetism, &c.

The two great methods employed in the investigation of

manifoldness must of course be, at bottom, identical

;

and every conclusion arrived at by the one must be reach-

able by the otlier. The exact nature, of the connexion

between them will be well seen by studying two instances.

One of these is the treatment of areas by Euclid and the

treatment by the analytical method, which are carefully

compared in the article Geometky, vol. x. p. 379. The
other is the connexion between the descriptive and the

metrical properties of loci. The former include all pro-

perties such as intersection, tangeucy, &c., depending on

position merely, and are obviously the natural product of

the synoptic method. The latter include all relations

involving the lengths of lines and the magnitudes of angles,

they depend therefore on expression in terms of a unit, and
are the natural product of the analytic method. Never-

theless the analytic method furnishes descriptive properties

of loci, and by the introduction of "theab.solute" descriptive

theorems are made to furnish metrical relations, as has

been fully shown by Cayley, Clifford, and Klein (see

Measuee.ment). (g. ch.)

MATHER, Cotton (1C63-1728), was the most learned

and widely known of a family which through four genera-

tions enjoyed singular consideration, and exercised com-

manding influence upon New England in its first century.

Richard, son of Thomas Mather of Lowton (Winwick),

Lancashire, England, after studying for a time at Brasenose,

Oxford, and teaching and subsequently preaching at

Toxteth Park, went to New England, for nonconformity's

sake, in the summer of 163.5, where, till his death in

16G9, at seventy-three, he was pa.stor of the Congregational

church in Dorchester (now a part of Boston),—acquiring

large repute, writing three or four instructive and construc-

tive treatises upon polity, and being much trusted as to

the foundations of both church and state. His youngest
son Increase took, his first degree at Harvard College in

1C5G, at seventeen,—returning, after a visit to the old

country, in which he served several pulpits, to take at

twenty-five the pastorate of the second (or North) church
in Boston, which place he held till his death in 1723 at

eighty-five, while, in addition, he had been acting, or actual,

president of the college most of the time from 1681 to

1701, the author of one hundred and sixty books or tracts,

and for four of its most perilous years the choice of all its

citizens to represent the Massachusetts colony before the
English Government. His wife Maria was daughter of

the famous John Cotton, and their first-born received both
family names, and when he took his B.A. degree at less

than sixteen, at Harvard, in 1678, his promise tempted
President Oakes to say in his presence, referring to his two
distinguished grandfathers: " Cottonus atque Matherus
tam re quam nomine coalescant et reviviscant." After a
short time spent as tutor, and a period of diligent toil end-
ing in the conquest of an impediment of speech which
endangered success iu the family profession, he became
assistant to his father, in two years being ordained co-

pastor, and holding the pulpit for nearly three and forty

years, till his death at sixty-five. As a private Christian,

from his frank diaries, it is clear that he laboured much
with himself, in a single year devoting more than sixty

days to fasting and twenty nights to vigil. As a preacher he
was conscientious and successful,—always diligently study-

ing his discourses, in one year delivering more than seventy

public sermons, with nearly half as many in private houses,

sometimes thus "pressing a glorious Christ" througji

eleven successive days, and, with six competitors by his

side, maintaining to the last his hold upon the largest

congregation in New England, having about four hundred
gifted communicants. As a pastor he was exceptionally

laborious,—systematically exhorting and praying with his

people at their homes, making conscience of spiritualizing

every casual interview, and now and then spending days

upon his knees with the names of his flock before him to

prompt his intercessions for them, and for himself that he
might better reach their pecuUar need. As a philan-

thropist, while abundant in personal benefactions, he origin-

ated more than twenty societies for public charity, bore

the cost of a school for Christianizing the negroes, and, at

the risk of life, in the face of popular opposition medically

led, advocated and vindicated the introduction of inocula-

tion as a protection against the then terrible ravages of

the small-pox. As an author he was learned—publishing iu

French, Spanish, and Algonkin as well as English—and
voluminous, three hundred and eighty-two of his printed

works having been catalogued, several of which are elaborate

books, and one a folio cf 809 pages ; while his liiblia

Ameriama, by him considered the gi'eat work of his life,

remains in six huge volumes of manuscript to this day.

As a scholar he was better known across the sea than any

other American of his time, once contemporaneously

corresponding with more than fifty learned Europeans, in

his forty-seventh year being made doctor of divinity at

Glasgow, and receiving election as a Fellow of the Royal

Society—in those days eminent distinctions for a colonist.

With all this it must be confessed that he had some grave

defects. His common sense was not uniformly equal to

his need. Always ambitious and sslf-opinioned, he was

occasionally irritable and conceited. He lacked good taste,

and it was his unconcealed grief that he was never elected

to preside over Harvard College. His enormous know-

ledge did not digest well, and his use of learning tended to

be crude. He was superstitious, and it was his misfortune

that, as to witchcraft, h.e was not, as with vaccination, in

advance of his generation, any more than such men as

Richard Baxter and Sir Matthew Hale. Of his works,

the Magitalia and Ralic Liscipliihfp. are indispensable to

the student of Nev,r England history.

MATHEW, Theobald (1790-1856), popidarly known
as Father Mathew, the " Apostle of Temperance," was
descended from an illegitimate branch of the Llaudaili

family, and was born at Thonaastown, Tipperary, on

October 10, 1790. He received his school education at

Kilkenny, whence he passed for a short time to Maynooth;
from 1808 to 181-1 he studied at Dublin, where in the

latter year he was ordained to the priesthood. Having

entered the Capuchin order, he, after a brief time of service

at Kilkenny, joined the mission in Cork, which was the

scene of his religious and benevolent labours for many years.

The movement with which his name is most intimately

associated began in 1838 with the establishment of a total

abstinence association, which, in less than nine months,

thanks to his moral influence and eloquence, enrollad no

fewer than 150,000 names. It rapidly spread to Limerick

and elsewhere, and some idea of its popularity may be

formed from the fact that at Nenagh 20,000 persons are

said to have taken the pledge in one day, 100,000 at

Galway in two days, and 70,000 in' Dublin in five days.
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In 1 844 he visited Liverpool, Manchester, and London
with almost equal success. Meanwhile the expenses of

his enterprise had involved him in heavy liabilities, and

led on one occasion to his arrest for debt ; from this

embarrassment he was only partially relieved by a pension

of J300 granted by the queen in 1847. In 1849 he paid

a visit to the United States, returning in 1851. He died

at Queenstown on December 8, 1856. See Father

JIathew, a Biography, by J. F. Maguire, M.P. (1863).

MATHEWS, Chaeles (1776-1835), comedian, was born

in London, 28th Juno 1776. His father was what he called

"a serious bookseller," and also ofEciated as minister in one

cf Lady Huntingdon's chapels. Mathews was educated

at Merchant Taylors' School. His love for the stage was

formed in his boyhood, partly from admiration of EUiston,

with whom he had taken part in private theatricals.

According to his own statement, it ripened into an " over-

powering, all-absorbing passion," unfitting him for business

when he became apprentice to his father, who at length, in

1794, unwillingly permitted him to enter on a theatrical

engagement in Dublin. For several years Mathews had

not only to content himself with the most thankless parts

at an almost nominal salary, but his figure, at this period

of life thin and ungainly, and the peculiar twist in his

countenance generally awakened the unconcealed ridicule

of the audience. In 1798 he obtained a conditional

engagement from Tate Wilkinson at York. In 180ii

Mathews began to play in London at the Haymarket,

aud from this time his professional career was an un-

interrupted triumph. His special- excellence as an actor

consisted in his wonderful gift of mimicry, enabling him
to grasp the minutest and most individual features of

the character he represented. His sense of the purely

ludicrous in all its varied phases was perhaps unequalled,

and by his marvellous command of facial expression and of

different tones and accents of voice he could, when he so

willed, completely disguise his personality without even

'le smallest change of dress. The versatility and origin-

ality of his powers were, in public, best seen in his "At
Homes," begun in the Lyceum Theatre in 1818, "which,"

according to Leigh Hunt, "for the richness and variety of

his humour, were as good as half a dozen plays distilled."

But it was in the social circle that he displayed the finest

and rarest traits of genius, while his simple and truly

kind-hearted disposition won him an affection and esteem

which mere genius could not have purchased. From his

infancy the health of Mathews had been uncertain, and the

toils of his profession gradually undermined it. He died

at Plymouth, of heart disease, 28th June 1835. See

Memoirs, by iirs Mathews, 4 vols., 1838-39.

MATHEWS, Chaeles J.imes (1803-1878), comedian,

son of the above, was born at Liverpool, 2Gtli December
1803. After attending Merchant Taylors' School he was
articled as pupil to an architect, and he continued nominally

to follow this business till 1835. His first appearance on

the stage was made at the Adelphi, London. In 1838 he

married Madame Vestris, then le.?see of the Olympic, but

neither his management of this theatre, nor subsequently

of . Covent Garden, nor of the Lyceum, resulted iii

pecuniary advantage. As an actor, however, he held

from the first tn unrivalled place in his peculiar vein

of light eccentric comedy. The inimitable easy grace of

Ills manner, and the imperturbable solemnity with which

he perpetrated his absurdities, never failed to charm and
arcuse ; his humour was never broad, but always measured

and restrained. His range of characters was exceptionally

narrow, and he was wholly incapable of representing any
form of strong passion. It was as the leading character

in such plays as the Gatne of Speculation, My Au\ful DaJ,

Cool as a Cucumber, Fader versiis Clatter, and Little

'ToodlcTcins, that he specially excelled.' Mathews was one
of the few English actors who have played in French
successfully—his appearance at Paris in 1863 in a French
version of Cool as a Cucumher, written by himself, being

received with the utmost approbation. After reaching

his sixty-sixth year, Mathews set out on a tour round the

world, and on his return in 1872 he continued to prosecute

his professional duties without interruption till within a few
weeks of his death, on July 26, 1878. Bee Life of Charles

James Mathews, edited by Charies Dickens, 2 vols., 1879.

MATILDA, countess of Tuscany (1016-1114), popu-
larly known as the Great Countess, was born in 1046,
of a race of nobles of Lombard descent. By the death

of her father Boniface the Rich, duke and marquis
of Tuscany, she was left, at eight years old, under the

guardianship of her mother, Beatrice of Lorraine, heiress

to a powerful state, including Tuscany, Liguria, part of

Lombardy, Modena, and Ferrara. Her life was a pro-

tracted struggle against the schism which rent the church,

under a series of antipopes, supported by a large section of

the clergy and people of Italy arid Germany, es well as by
the whole strength of the empire. Against this formidable

combination she maintained the cause of the holy see, often

single-handed, for years, with varying fortune but undaunted
resolution. The champion of several successive pontiffs,

she is best known' as the ally of Gregory VII., and her

hereditary fief of Canossa was, in 1077, the scene of the

celebrated penance of Henry IV. iu presence of this pope.

On the same occasion she made the donation, subsequently

renewed in 1102, of her possessions to the holy see, in right

of which the church owned the greater part of its temporal

dominions; Matilda was twice married, first to Godfrey
of Lorraine, surnamed the Humpbacked, son of her mother's

second husband, and secondly to Guelph of Bavaria,—both
marriages of policy, which counted for little in her life.

She died of gout in 1114, in her sixty-ninth year, and was
buried first at San Benedetto, and finally iu the Vatican.

Her steadfastness of purpose, strength of character, and
loftiness of aim, made her one of the most striking figures

even of the age which produced Robert Guiscard, \ViIliam

the Conqueror, Pope Hildebrand, and Godfrey of Bouillon,

her nephew by marriage. The contemporary record of her

life in rude Latin verse, by her chaplain Donnizone, is

preserved in the Vatican Library.

An Italian biography was published in Lucca by Francesco
Fiorentini in 1642 Juew edition by JIansi, 1;56), anil cue in French
by Amc'dee Kenee, La Gmiidc Italiauic, in 1859.

MATLOCK, a town of Derbyshire, England, is situated

on the river Derwent and on the Midland Railway, 149
miles north-west of London and 1 7 north-west of Derby.

It possesses cotton, corn, and paper mills, and in the

vicinity there are lead-mines. About II miles south-east,

also on the Derwent, is Matlock Bath, possessing hot

medicinal springs. There are in all three springs, the

first of which was discovered in 1692. Their mean tem-

perature is 68° Fahr., and applied both externally and
internally the water is efficacious in glandular affections,

rheumatism, biliary obstructions, and relaxation of the

muscular fibres. The fine scenery of the vale of Matlock,

and its proximity to the thickly peopled districts of

Lancashire and Yorkshire, cause the village to be mudi
frequented in summer not only by invalids but by holiday

visitors. There are several large stalactite caverns.

Matlock Bank, a mile to the north-east, in a finely

sheltered situation, contains several well-known hydropathic

establishments. The population of the urban sanitary

district of JIatlock (4513 acres) in 1871 was 3834, and in

1881 it was 4396 ; that of Matlock Bath and Scarthin Nick
in the same years was 13S6andlG98. These two districts

are conterminous with the civil parish of Matloclt.
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ir\TSYR, Qdin-tin-. See jrAssTS.

MATTER, Prqperties of. If we knew thoroughly the

nature of nny piece of matter, the deduction of its proper-

ties would be a question of mere reasoning, just as (for

instance) the definition of a circle really involves all the

properties which mathematical methods have deduced from

it. But, as we do not even know what matter is, in the

abstract, the converse operation is (at least for the present)

the natural and necessary one. We must endeavour from

the experimentally ascertained properties of matter to dis-

cover what it is. The reader will find the limits of our

present knowledge in the article Atom. The properties of

matter may be arranged in several classes, thus :

—

1. Properties of matter in itself ; such as Inertia, Hard-
ness, Brittloness, Elasticity (q-v.). Density, Compressibility,

Viscosity, &o. These depend upon its ultimate structure

and upon the law and intensity of the so-called molecular

forces. See Atom, CoNSTiTniioN op Bodies, Attraction.

2. Relative properties of different kinds of matter,

chemical, catalytic, &c. See Capillary Action, CnEM-
istp.y, Diffusion, <S:c.

3. Properties relative to different forms of energy :

—

Conductivity (Thermal and Electric), Specific Gravity,

Specific and Latent Heat, Transparency, Colour, Specific

Inductive Capacity, Radiating and Absorbing Power, Mag-
netic Rctentiveness, &c., Thermo-electric Position, Refrac-

tive Index, Reflective Power, Double Refraction, Rotatory
Polarization, &c. These will be found mainly luider the

heads Electricity, Heat, Ligiht, Magnetism, &c.

MATTEUCCI, Carlo (1811-1SG8), an Italian physicist,

was born at Forli, June 20, 1811. In 1832, after com-
pleting his studies at L'licole Polytechnique, Paris, he
became professor of physics at Bologna, where he had passed

his earlier student days. In 1837 he removed to Ravenna,
and in 1840 settled as professor of physics at Pisa. From
1847 he took an active part in politics, and in 1860 was
chosen an Italian senator. At the same time he became
general telegraph director, and later the superintendent of

the meteorological bureaus. He died at Leghorn. June
25, 1SG8.
Ho is the author of four scientific treatises :—iesioiw difisica (2

vols., Pisa, 1S41 ; second editioa 1851), Lc-doni mifenomenijisko-
:]. ! dci corpi vivcnti (Pisa, 1844; second edition 1846), Mcmuale

irnfia elcUrica (Pisa, 1850; and several later editions), and
I

. / . .-^prcial sur rinduction, Ic magnetisms de rotation^ 5:c. (Paris,

1^^4i. His numerous papers were published iu the Annalca do
Chimic ci de rhysique (r829-58) ; and most of them also appeared at

the time iu the Italian scientific journals. The}^ relate almost en-
tirely to electrical phenomena, such as the magnetic rotation of
liglit, the action of gas batteries, the effects of torsion on magnetism,
the jiolarization of electrodes, &c., sufficiently complete accounts of
which are given in Wiedemann's Gahav-ismtis. Nine memoirs,
entitled "Electro-Physiological.Researches," were published in the
Philosophical Tramactiotis, 1845-60. See Bianchi'sCarZo Mat-
tcncci ( I'liaHa dpi sua tempo (Rome, 1874).

MATTHEW {Ma69aioi or MarOaw?, i.e., 'RP, a short-

ened form of Mattaniah or Mattithiah, equivalent to

Tbeodorus; comp. vol. xi. p. 370), one of the twelve
apostles of Jesus Christ, and, according to tradition, the
autb(.)r ot the First Gospel. In its full Hebrew form
the name occurs several times in the Old Testament, being
borne by more than one person of priestly or Levitical

family. Matthew, in the Gospel which bears his name, is

described as having been a tax gatherer (rcXtuvrj';, Matt. s.

3), and the circumstances of his call to become a follower
of Jesus, which he received as he sat at the " receipt of

custom " or " tax office " in one of the towns by the Sea of

Galilee, are briefly related in chap. ix. 9. It has some-
times been doubted, but without any good reason, whether
the precisely parallel narrative relating to " Levi the son
of Alphaius" (Mark. ii. 14; Luke v. 27, 28) has reference
to the same person (compare the double names Simon and
Peter, Joses and Barnabas, and others). In the lists Of

the names of the apostles given in the synoptical Gospels
and in the Acts, Matthew ranks third or fourth in the
second group of four. Little is recorded of him except the
feast which he gave in his house at the beginning of his

discipleship ; the way in which thi.s is related seems to
indicate that he was (comparatively nt Iea.st) a wealthy man.
He was also present in " the upper room " at Jerusalem
after the ascension, when Matthias was elected to be the
successor of Judas. Tradition has nothing trustworthy to
tell about his subsequent career, but there, is nothing
inherently improbable in the allegation of Eusebias
{II. E., iii. 24) that he spent several years in Jerusalem
preaching to the Hebrews (and writing the Gospel which
bears his name), or that he afterwards extended his

missionary activities in other directions. Socrates {II. E.,

i. 19) speaks of him as having carried the gospel to
Ethiopia ; the earlier legends, however, embodied in the
apocryphal Acta Andrex et Matilixi and Ada et Martyr-
mm MatiJicei, unanimously point to the regions bordering

on the Black Sea (" Pontus " and the land of the Anthro-
pophagi) as having been the scene of his labours (see the

article of Lipsius on the " Apocryphal Acts of the

Apostles" in Smiih's Did. of Christ. Biog. ; also his

Apoh: AjMst^lrjesch,, 1883). According to the Gnostic

Ueracleon, whose statement is quoted and apparently

homologated by Clemciit of Alexandria (Strom, iv. 9),

Matthew died a natural death. He is commemorated as

a martyr by the Greek Church on November 16, and by
the Roman on September 21, the scene of his martyrdom
being placed by the Breviary in "Ethiopia " ; the same
authority afiirms that his body was afterwards translated

to Salerno, where it now lies in the church built by
Robert Gniscard. In Christian art (following Jerome)

he is generally regarded .as symbolized by the, "man" in

Ezek. i. 10, Rev. iv. 7.

MATTHEW, Gospel of. See Gospels, vol. x. p. 789

MATTHEW OP Paris, oneof our most important writers

in connexion with English mediajval history, was bom
,
about the year 1200, or possibly somewhat earlier. His
surname was probably derived either from his having been

born in Paris or having studied in the university there

;

but his English origin is proved by the tone in which he
uniformly speaks of foreigners, especially the French, while

his knowledge of the French language is attested by the

fact of his having written in that language, and also by
the introduction of many French words in his Latin writ-

ings.

We have it on his own authority, as recorded in an
autograph marginal note (MS. Cott., Nero, D. 1, foL
165J), that he assumed the monastic habit at the
abbey of St Alban's on the 21st of January 1217. In
1236 he accompanied the newly-elected prior of his

abbey, John of Hertford, to London, to attend the ceremony
of the nuptials of Henry III. and Eleanor of Provence ;

and in October 1247 he was at Westminster, in order to

be present at the celebration of the feast of St Edward the

Confessor, when he was desu-ed by the king himself to

write an account of the proceedings. The most important

event in his tranquil and uneventful life (which was passed

chiefly within the walls of his monastery) occurred in the

year 1248, when he was sent on a mission to the Benedic-

tine monastery of Holm (Throndhjem), which had become
involved in difficulties owing to the maladministration of

one of its abbots. He returned to England after more than

a year's absence, and we can trace him as attending the

royal court at Winchester in 'July 1251, and as present at

York on the occasion of the marriage of Henry's daughter

with Alexander II. of Scotland, some six months later.

In March 1257 Henry himself visited St Alban's, and
XV. — 8o
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remained at the monastery for a wtole week. During .

this time he not only admitted Matthew to his table and

to conversations in his private chamber, but also communi-

cated to him facts and details of an historical character

derived from his own pP/rsonal l;nowledge and experience.

Among other information, Matthew tells us that Henry

repeated to him from memory the titles of the English

baronies to the number of two hundred and fifty. The

last incident recorded by the historian himself with respect

to his own career is the fact that he exerted his influence

;With Henry- 00 behalf of the university of ^xford, when
that body found its privileges endangered by the encroach-

ments of the bishop of Lincoln. In his latter years,

[Matthew's growing iniirmities compelled him to have

'recourse to the aid of a fellow-monk in order to complete

his works ; this assistance is to be traced in the Historia

Anglorum from 1252 to the end of the work (1253) ; in

the Abbi-eviatio Chronicoruin for the years 1253, 1254,

and 1255 ; and in the Chronica Majr^'^" for the years 1258

and 1259. Matthew" died after thb month of May 1259,

and his portrait, as he lay on his couch when dead, was

drawn by his feUow-monk.

Works.—Matttow Paris's chief work, tlie Bisioria Major,—often

styled the Chronica Majora,—is a narrative professing to record the

outlines of human history from the creation, and terminating with

the year 1259. It was long supposed that Roger of Wendover was
the author of a much larger proportion of the work than was really

the case ; bu-t the question may bo regarded as finally set at rest

by the decisive investigations and conclusions of Dr Luard, as

stated at length in his prefaces to the volumes of his edition of

the work in the Rolls Series. He concludes that the Historia Major
down to the year 1189 was the work of John de Cella, abbot of St

Alban's from the year 1195 to 1214 ; that it was then continued by
Roger of Wendover on the same plan and from the same sources to

the year 1235, the whole work down to this date passing for a long
time as the production of tho latter writer exclusively, and being
known as the Plorc$ Uistoriarum ; that it was then transcribed by
Matthew Paris, \vho, however, made numerous corrections and
additions, but, in the opinion of Professor Stubbs, "interpreted"
rather than "interpolated"; that it was then continued by the

same writer, and is, from 1235 to the year 1259, exclusively his

work. In style, in vividness of narration, and in descriptive power
Matthew far exce'i his two predecessors. He is also entitled to the

praise of having buen a warm advocate of English rights and liber-

ties, and a sturdy opponent alike of regal and papal tyranny; in

fact, the national sentiment may be said first to receive adequate
expression in his pages. The work, moreover, is not only the best

source of information with respect to events in England during the
reign of Henry III. down to the commencement of the Barons'

Wars, but is also an authority with respect to Continental alTairs,

especially those of France and tho em^iire.

Tho Historia Annlorum of Matthew is mainly an abridgment of

Ills larger work,— tlie chief feature of difference being the omission
of almost everything relating to foreign events. Sometimes, how-
ever, details and more porticiuarly personal anecdotes are introduced,
with many minute faets and circumstances which would be sought
for in vain elsewhere, and largely illustrate contemporary usages
and tho general condition of society. Besides the above, Matthew
wrote an Abbrcvialio Chroiiicormn, extending from the year 1100 to

1256. Of this only one manuscript exists,—that in the author's
own handwriting, preserved in the C'oltoninn collection in the
British Museum, and |.rintod in the third volume of the Historia
Anglorum. idiied by .Sir Francis Madden. Matthew also compiled
a Liber Addit'Li.inilontiiioY SnppUmciUornm, coutuining documents
illustrative of the Greater Chronicle. This is contained in the folio

edition of Matthov/'s writings edited by Wats, and published in

16t0.

The film viginli tiinin, Jbhilithi S. Alhi'.ii, oi ii'ivs of the

Abbots of SI Alban's, does not boar Matthew's name, but is unques-
tionably the production of his pen. Tho biograjihies which belong
to the period preceding tho Norman Conquest contain valuable and
interesting notices, but also include much of what is evidently
fabulous. The Fitx duorum Offarum, or Licos of the two Of,:.-,,—
tho one a mythical chaiaoloi, tho other the historic monarch of
Mcrcia,— is a eompoailion of little value, and some doubt attaches to
the authorship. Both tho foirgoing, however, iiro included in the
edition bj Wats,

Ediiimis.- -Tito host edition of tho Jfisloriu Utijar is that by Dr
Luard, published in five volumes in the lioMs Series, 1872 4i0. Of
the Historia Minor an odition in three volumes iu the sanic sciies

was oi<itod by Sir Fredorie Madden, 18CU-09. (J. B. M.)

MATTHIAS (1557-1619), holy Eoman emperor, the

fourth son of the emperor Maximilian II., was born on the

24th of February 1557. He was educated in Germany by
the diplomatist Busbecq, while his brother, afterwards the

emperor Rudolph II., was trained at the court of Philip II.

of Spain. In 1577 Matthias went secretly to the Nether-

landsj the sovereignty of which he unlawfully assumed

;

but in 1580 he was compelled to withdraw into private

life. He was vain, restless, and ambitious, and intrigued

incessantly against the emperor Rudolph, a man of weak
character, with a constitutional tendency to insanity.

Rudolph passed wholly under the dominion of the Jesuits,

and this rendered it easy for Matthias to stir up his

Protestant .subjects against him. In ID 95 Matthias was
made regent in Austria, and in 1606 the archdukes recog-

nized him as head of the house of Hapsburg. Rudolph had
to relax his hold over one country after another, and iu

ICll Matthias was ruler of Hungary, Moravia, Silesia,

Lusatia, and even Bohemia, whose loyalty the emperor
had tried to secure by many concessions, especially by the

letter of majesty granting religious freedom to Protestant

sects. In 1612, after the death of Rudolph, Matthias was
elected emperor ; and his reign was nut less disturbed than

that of his predecessor. The intervention of Turkey in

Transylvania led to war, and in 1615 Matthias, being

unsupported by the empire and by his own estates, found
that he had no alternative but to conclude peace for twenty
years on humiliating terms. Protestants and Catholics,

bitterly hating each other, formed respectively the Union
and the League ; and the rising power of the archduke
Ferdinand,' afterwards emperor, a bigoted prince who
became king of Bohemia in 1617 and king of Hungary in

1618, indicated that even more serious troubles were
approaching than those with which Rudolph had contended.

In the last two years of the reign of jMatthias, the

Bohemians having rebelled, the first blows in the Thirty

Years' War were struck. He died on the 20th of March
1619.

MATTHIAS CORVINUS (1443-1490), king of Hun-
gary, was born at Klausenburg in Transylvania on March
27, 1443, and died at Vienna on April 6, 1490. He was
the younger son of John Hunyady (Corvinus) who died in

145G after having been "governor of Hungary "from 1446
to 1453. On the death of John, the elder of his two sons

(Ladislaus) was executed by command of Ladislaus Post-
Iiumus, while Matthias was imprisoned at Prague; but
shortly after the king's own death without issue in 1457,
Matthias Hunyady (Corvinus) was elected by the Hungarian
magnates to the vacant throne (January 24, 1458). The
leading events of liis reign are summarized in the article

HuNQAKY (vol. sii. p. 368, 369).

M.4TTING. Under this name are embraced many coarse

woven or plaited fibrous materials used for covering floors

or furniture, for hanging as screens, for wrapping up
heavy merchandise, and for other miscellaneous purposes.

In the United Kingdom, under the name of "coir" matting

a large amount of a coarse kind of carpet is made from
cocoa-nut fibre ; and the same material, as well as strips of

cane, Jlanila hemp, various grasses and rushes, is largely

employed iu various forms for making door mats. Per-

forated and otherwise prepared india-rubber is also largely

utilized for door and floor mats. Matting of various kinds

is very extensively employed throughout India for floor

coverings, the bottoms of bedsteads, fans and fly -flaps, &c.;

and a considerable export trade in such manufactures is

carried on. The mateiials used are numerous ; but the

princip,il substances are straw, tho bulrushes Ti/pha eUph(tn-

tina anil T. ang^istifolia, leaves of the date pahn (Pha'nix.

s!/li\-stris), of the dwarf palm (C/ianurrops llilijiuina).

of tho Palmyra palm (B(jrassusJiahdhfirniis),oi tho cocoa-
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.lUt palm (Cocos uucifcra), and of tLe screw pino {Pnii'lnnus

otlji-itlissiuius), the munja or munj grass {Suri/i'inijii MimJ't)

and allied grasses, and the mat grasses ('i//',nis I. iiiln;

and C. Paiir/orei, fronit tlio last of which Ihu well kuuwu
l^alghat mats of the Madras Presidency are made. Many
of theso Indian grass mats are admirable examples of

elegant design, and the colours in which they are woven

are rich, harmonious, and effective in the highest degree.

Vast quantities of coarse matting used for packing furniture,

heavy and coarse goods, and plants, itc.,aro mule in Itussia

from the bast or inner bark of the lime tree. TJiis industry

centres in the great forest governments of Viatka, Nijni-

Novgorod, Kostroma, Kazan, Perm, and Simbirsk.

MATTOON, a city of the United States, in Coles

-county, Illinois, 172 miles south-south-west of Chicago, on

the Central Illinois Railroad, which at that point intersects

the Indiana^jolis and St Louis and the Peoria, Decatur,

and EvansviUe Railroads. It had 5742 inhabitants in

1S80, has railway carriage works and repair shops, and is

rising rapidly iu commercial importance.

MATURIN, CuAiiLES EonEiii (1782-1821), novelist

and dramatist, perplexed the serious und served as a butt

for the more light-minded critics of the first quarter of the

lyth century. The bombastic extravagance of his language,

the incoherence of his plots, the wild improbability of many
of his incidents, the inconsistency of his characters, were

obvious and undeniable ; but there were so many passages

of extraordinary eloquence^in his novels, especially in his

descriptions of turbulent passion, that, though some pro-

nounced him evidently mad, all admitted that it was a
madness allied to genius. At first he published only

sermons in his own name, being curate of St Peter's,

Dublin. His first novels, J'/ie Fulal llwaiye (ISOl), The
Wild Irish B„y (ISOS), The MiUsian Chief (1811), were
issued under the pseudonym of Dennis Jasper Murphy.
All these were mercilessly ridiculed by the press and
neglected by the public, but the irregular power displayed

in them attracted the notice of some social and literary

magnates; and through the influence of Byron and Scott

Matnrin's tragedy of JJcrti-am was produced at Drury Lane
in ISIG, with a prologue by Hobhouse, an epilogue by the

Hon. George Lamb, and with Kean and Miss Kelly in the

leading parts. The magnificent scenic situations, and the

character of Bertram (like one of Byron's sombre heroes),

make this an etfective stage play. It was the first and
only success of the author; he returned to "the baffled

efforts and the blighted hopes" of which Hobhouse speaks
in his prologue. Two more tragedies, Jfanuel (1817) and
Frcdolpho (1819), were failures. A poem. The Universe

(1821), fell Hat. Three novels, Tr</we« (1818), Mebiwtk
(1820), and lite Alhirjtnses (1824), produced a considerable
impression. In the preface to Wumen he admitted that
his previous novels had been justly condemned, being an
impossible attempt to revive the exploded style of Mrs
Piadclilie, and promised that he would enter on a new
vein. But he could not alter his character. The new
vein w.as as wild, fantastic, incoherent, interspersed with
passages of really splendid eloqueuce, as the old. The
Alhiyciixe^ was to be the first of a series of historical

romances, illustrating periods of European history, and it

was noticed in the Wesli.iinsUr Revi<-w as giving, with all

its faults, promise of better things; but the author died in
the year of its publication.

-MAUBEUG'E, a fortified place of northern France,
situated on both banks of the Sambre, 142 miles by rail

north-east from Paris, and about 2 miles from the Belgian
frontier. Its fortifications were planned by Vauban ; the
enceinte is pierced by two gateways, that of France and
that of Mons. Maubeuge, besides containing an arsenal
and several old convents, is an industrial town, manufac-

turing swords, files, axles, tool.'', hardware, machinery,
porcelain tiles, and paper ; in the neighbourhood there are
numerous forges. Xlie population in 187C was 14,400.

Maubeuge owes its origin to a double inon.istcry for men and
women founded in the 7tli century liy St Aldegondc. It was buriit
by tlic JTornians, by Louis XI., by Francis I., and by Heni-y II.,

and was tiually assigned to France l)y the tjeaty of Ninicguen. It
w.as fortified by Vauljan at the conniiand of Louis XIV., who fin,t

s.%w luilitary service there, under Tureuue. Besieged in 1793 by
the luinrc of C'oburg, it was relieved by the victory of Waltigiiies.
It was uiisuceessfully besieged by the duke of Sa.\c-VVciniar iu 181-1,

but was eonipellcd to capitulate, after a vigorous resistance, in the
loUowing year.

MAULMAIN, or Moulmein, a town in Amherst
district, British Burmah, situated on the left bank of the
Salwin river, in 16° 30' N. lat. and 97° 38''E. long. At
the time of the cession of this part of the province to the

British in 1826, Maulraain was a mere waste. It has now
developed into a thrivijig commercial town, ranking next
to Rangoon in importance, with a rapidly increasing

popidation and trade. The population, which in 1857
was 23,083, had increased in 1872 to 46,472, and iu

1881 to 53,107 (32,895 males and 20,212 females). The
principal buildings are Sahvin House, originally a private

residence, but now the property of the municipality, the

hospital, the jail, Protestant and Roman Catholic churche.s,

the eustom-house, and other public oflices, and the barracks

for the garrison of Madras native infantry. For 'many
years timber formed the only export, but with the gradual
settlement of the couutry and increase in agriculture rice

and cotton began to be also exported ; besides these, the

other staple exports are hides, horns, lead, copper, yellow

orpimeut, and stick-lac. The principal imports are cotton

twist and cloth, woollen piece-goods, wines and spirits,

sugar, and betel-nuts. In 1880-81 573 vessels (266,010
tons) entered the port, and 536 (265,147 tons) cleared. The
value of merchandise imported was £666,810, of treasure

.£312,190, of merchandise exported £1,389,763, and of

treasure £92,817. Shipbuilding forms an important in-

dustry of the town.

MAUNDY THURSDAY, the day preceding Good
Friday. The word " maundy " (Middle-English, jnawHrfee

or ntannde, a command) is identical with the " mandatum "

of the rubric and anthem of the Missal for the fifth day
in Holy AVeek, sometimes called " Dies Mandati " (see

this shown at length by Skeat in Fli/m. Did., and in note
to Fiers Plowman, xvi. 140). The "mandatum" or
" maund " referred to is the " new commandment " of John
siii. 34, but more particularly the precept given to the
disciples in the same chapter " to wash one another's feet."

The practice by prelates and others of literally and formally
carrying out this injunction in a public manner on a given
day has long been established both in the East and in the
\Vest. Perhaps an indication of it may be discerned as
early as the 4th century in a custom, current in Spain,
northern Italy, and elsewhere, of washing the feet of the
catechumens towards the end of Lent before their baptism ;

it was not, however, universal, and in the 48th canon of

the synod of Elvira (306 a.d.) it is expressly prohibited
(comp. Corp. Jar. Can., c. 104, cans. i. qu. I). Be
this as it may, the " pedilavium," or ceremony of wash-
ing the feet of twelve beggars on this day, has now for

centuries been observed by the prelates of the Church of

Rome, including the pope himself, according to a ritual

minutely prescribed in the Missal ; it is also praiii«sed

by the Austrian emperor, the king of Bavaria, and Ulher
European sovereigns in the Latin obedience, as well as by
the emperor of Russia and others at the head of the Greek
Church. In England it was continued by the sovereign

even after the Reformation; the last recorded instance of

its full performance is in the case of James II., but a dis-

tribution of royal alma, consisting of money and clothing,
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is still continued. It is on Maundy Thursday also that in

the Church of Rome the sacred oil is blessed, and the chrism

prepared, according to an elaborate ritual which is given

in the Pontificate.

MAUPEKTUIS, Petee Louis Moreau de (1698-1759),

a mathematician and astronomer of considerable reputation

in his day, was born at St Malo, July 17, 1696. When
twenty years of age he entered the army, becoming lieu-

tenant in a regiment of cavalry, and employing his leisure

on mathematical studies. After five years he quitted the

army and was admitted in 1723 a member of the academy

of sciences. In 1728 he visited London, and was elected

a fellow of the Koyal Society. In 1736 he acted as chief

of the expedition sent by Louis XV. into Lapland to

measure the length of a degree of the meridian within the

polar circle, in order to settle the then much disputed

question of the oblate figure of the earth, and, on his return

home, he became a member of almost all the scientific

secieties of Europe. In 1740 Maupertuis went to Berlin

on the invitation of the king of Prussia, and took part in

the battle of Mollwitz, where he was taken prisoner by the

Austrians. On his release he returned to Berlin, and

thence to Paris, where he was elected director of the

academy of sciences in 17-12, and in the following year

was admitted into the Academy. Keturning to Berlin in

1744, Maupertuis married a lady of rank and great beauty,

and in 1746 was chosen president of the royal academy of

sciences. ' Finding his health declining, he repaired in

1757 to the south of France, biit went in 1758 to

Basel, where he died July 27, 1759. Maupertuis was
unquestionably a man of considerable ability as a mathe-

matician, but his restless, gloomy disposition invelved him
in constant quarrels, of which his controversies with Kiinig

and Voltaire during the latter part of his life furnish

e.\amples;

The following are his most important works -.— Essai/ on Cos-

inoJorjy ; Discourse on ilie Different Figures of the Stars \ Esscnj on

Moral Philosophy ; Philosophical Reflexions, &c. ; Animal Physics;

System of Nature ; Elements of Geography ; Account of the Expedi-
tion to the Polar Circle, &c. ; La^cs of Motion ; Lanjs of liest ;

Parallax of the Moon ',
The Comet of 17i2 ; On the Progress of the

Sciences. He also coutribifted a laree number of interesting papers

to the Memoirs of the ficailemies of Paris ami Berlin.

MAU RA,NIPUE, a town in JhAnsi district, in the

North-Western Provinces of India, iu 25° 15' N. lat.,

79° ir E. long. The population in 1872 was 1G,428.

Although now a large trading centre, the town is of quite

modern commercial importance, having risen from the

position of a small agricultural village through the influx

of merchants seeking relief from extortionate demands
made by the rijA of a neighbouring native state. It con-

tains a large community of wealthy merchants and bankers.

A special variety of cloth, known as Icharna, is manu-
factured and exported to all parts of India. The principal

imports are sugar, English piece-goods, silk, metals, and
coffee. Trees line many of the streets, and handsome
temples ornament the town.

MAUPiER, Georg Ludwig von (1790-1872), a distin-

guished German jurist and statesman, was bom at

Erpolsheim in the Bavarian Palatinate, November 2, 1790.-

H.e was the son of a Protestant pastor. He received his

education at the university of Heidelberg, and afterwards

followed for some time the profession of an advocate. Iu
1812 he went to reside in Paris, where, with the aid of the

great libraries of that city, he entered on a systematic

study of the ancient legal institutions of Germany. On
his return to Bavaria he was appointed substitute for the

attorney-general in the district of Spires and Landau. In
' 1824 he published at Heidelberg his first work, Geschichte

lies alt-c/ermanischen und namentlich all-bairtschen offentlich-

milndllchen GeridUsverfahren, which obtained the first prize

of the academy of Munich. In 1826 he was made one of

the professors of law in the university of ^Munich. In

1S32, Otho, son of King Louis of Bavaria, having been

chosen to fill the throne of Greece, a council of regency

.was nominated to conduct the government of that country

during his minority. Of this council Von Maurer was
appointed a member, the others being the Count von

Armansperg, who was president, Major-General K. W. von

Heideck, and K. von Abeh They applied themselves

energetically, and at first apparently in a spirit of concord,

to the task of creating for the new kingdom institutions

adapted to the requirements of a modern civilized com-

munity. But grave differences soon made themselves

felt, Maurer being at variance with the president on

important administrative questions. These being referred

to King Louis, he decided in favour of the president,

and Maurer and Abel were suddenly recalled in 1834. The
loss of Maurer was a serious one for Greece ; he was the

ablest, most energetic, and most liberal-minded member of

the regency, and had already done important work in the

juridical and educational organization of the kingdom. It

was through his enlightened efforts that Greece had

obtained a revised penal code, regular tribunals, and an

improved system of civil procedure. Soon after his recall,

he published his work entitled Das griechische Volk in

bffentUcher, hirchlicher, und privatrechtlicher Beziehung

vor und 7iach dem Freiheitshainpfe his zuni 31 Jitli 1834

(3 vols., Heidelberg, 1835-36). This hook is a valuable

source of information on the history of Greece during the

preceding years, its condition before the call of Otho to

the throne, and the labours of the council of regency down
to the time of the author's recall. Notwithstanding his

removal from office, he does not appear to have forfeited

the esteem or goodwill of King Louis. After the fall of

the ultramontane ministry of Abel in 1847, he became

minister of foreign affairs and of justice, but on attempting

to carry out reforms he was overthrown ; retiring then

from political life, he devoted himself altogether to his-

torical and juristic studies, the fruits of which he gave to

the world in successive publications. He died at Munich,

May 9, 1872.
The following is believed to be a complete list of such of his

writings as have not been already mentioned :

—

Grundriss dcs dent-

schen Primtrechts, 1828 ; Ucber die lairisclien Slridte mid ihre

Verfassung untcr der romiseUoi n>nl friinlischen /Tci-rschaft,

1829; Uebcr die deutsche T:. :.].'. ,,-'•
,

,?- ;
.' r :. i s.-hiehtc,

1830 ; Das Stadi- und das ! ' ' / /
- Freising'

nach 5 miinchcncr Ha^idsi:! >
- h-hte dcs

Schviabcnspiegcls, 1839 ; Vch^r il.^ F.^iniUjo ^,Itj;iu;ii ;iLi,iale), mid-

die Entstehung der grossen und klcimn Jury in England, \&iS ;

Einleitwng.zur Geschichte der Mark-, Hof-, Dorf-, und Stadt-Vcr-

fassung xmd der offcntlichen Gewalt, 1854 ; GeschiclUc der Markcn-
Verfassung in Dcuischland, 1856; Rede bci der lOO-jcihrigcn Stif-

tungsfeier der K. Akademie der Wissenschoftcn am 28 Mcir:, 1869
;

Geschichte der Dorf-Vcrfassung in Dcuischland, 2 vols,, 1865-66 ;

Geschichte der FronhSfc, der Bauernhofc, und der Hofocrfassimg in

Dcuischland, i vols., 1862-63 ; Geschichte der Stiidtcverfassuny in

Deutschland, 4 vols., 1869-71. He alsosuperintciuled the prepara-

tion of a part of the continuation of Jacob Grimm's Wcisthiimer,

published under the auspices of the academy of Munich, 1866.

His researches on the ancient village communities of Germany are

of special interest and importance.

MAURETANIA, or M.a.ukitania (the former is the

more correct form of the name, according to coins and
inscriptions), was the name given in ancient geography to

the district which constituted the north-western angle of

the African continent. It comprised a considerable part

of the modern empire of Morocco, together with the

western portion of Algeria. But its limits varied much at

different times. When it first appears in history the river

Mulucha constituted its eastern limit, which separated it

from the Numidian tribe of the Iklassyli, who held all the

country from that river to the Ampsaga ; but at a later

period the kinsdom of Mauretania was extended to the-
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latter river so as to inclutia the whole territory trora the

Ampsaga to tho Atlantic Ocean, Towarda the south it

was bounded by tbo great range of Mount Atlas, and it

appears to have been regarded by geographers as extending

along the coast of the Atlantic as far as the point where
that chain descends to the sea, in about 30° N. lat.,

though the Roman province of the name extended but a

little beyond Sala (Sallee), and it is probable that there

were no towns or permanent settlements farther south.

Tho magnificent plain, or rather plateau, iu which the city

of Morocco is situated seems to have been unknown to

ancient geographers, and was certainly never included in

the Roman empire. On the other hand the Gaetulians,

ivho inhabited the narrow strip of fertile date-producing

territory on the southern elopes of the Atlas, though not

Included under the name of Mauretania, seem to have
always owned a precarious subjection to the kings of that

country, and in after days to its Roman governors.

The physical geography of the country will be described

under the heading ^Morocco, though it must be observed

that the term Mauretania, as used by the Romans, com-
prised also the greater portion of the French colony of

Algeria, including the provinces of Oran and Algiers, and
even a part of that of Constantine. The range of Mount
Atlas forms throughout the baclcbone of the country, from
which the streams descend to the Mediterranean and the

ocean. The most important of those on the north coast is

the Mulucha or Molochath, v;hich in the earliest times con-

stituted the eastern limit of the country ; it is still called

Muluya. Farther east are the Chinala, the Usar, and the

Ampsaga. Of those that flow westward towards the

Atlantic, the most considerable were the Lixus, Subur,
and Sala. But from the proximity of the mountain
ranges to the sea none of these streams were of any import-

ance, or navigable beyond a short distance from the sea.

A large part of the country is of great natural fertility,

and was in ancient times e.vtensively cultivated, and pro-

duced largo quantities of corn, while th.? slopes of Mount
Atlas were clothed with vast forests, which, besides other
kinds of timber, supplied the celebrated ornamental wood
called Citrus, for tables of which the Romans ga>ve such
fabulous prices.

Mauretania, or Maurusin, as it was callcu by Greek writers, un-
HUCstioDably signified the land of tile Mauri, a term still retained
ai tlie modern name of Moors, and probably meaning originally
notliing but "black men." Tlio origin and ethnical affinities of
the race are unknown ; but it is probable that the inhabitants of all

this northern tract of Africa along the coast of the Mediterranean
were kindred races belonging to the family which is represented at
the present day by the Berbers of the mountain districts and the
Tuaricks of the tract south of the Atlas. They first appear in his-
tory at the time of the Jugurthine War (110-106 B.C.), when
llauretania west of the Mulucha was under tho government of a
king called Bocchus, and appears to liave constituted a regular and
organized state. It retained its independence till the time of
Augustus, who in 25 E, c. bestowed tlie sovereignty of the previously
existing kingdom upon Juba II., king of Numidia, at tlie same time
uniting with it the western portion of Numidia, from the Mulucha
to the Ampsaga, which now received the name of Mauretania
Cssaiiensis, wliile the province that had previously constituted the
kingdom, or Mametania Proper, came to be known a? Mauretania
Tingitaua. This distinction continued to subsist after tho incor-
poration of the two provinces in the Roman empire under Claudius
in 42 A.D., and remained unchanged till the time of Constantine.

In the time of Pliny and iPtolemy, Mametania contained a
number of flourishing cities and towns, several of which enjoyed
the privileges of Roman colonies, having been founded no doubt
in gi-eat part mth a view of keeping in check the wild barbarians
who siJl occupied the greater part of the country. The most
important of these places were—Tiugis, on the site of the modern
Tangier, the capital of the province to which it gave its name

;

Lixus and Sala, on the coast of the Atlantic, at the mouths of the
rivers of the same name ; and three to«Tis in the i"terior of tlie
same province, Zilis, Babba, and Banasa, all of them bearing the
;:tle of Roman colonies. On the coast of the Mediterranean stood
Jiusaddir (now Mclilla), u ithiii the limits of Tiugitaiia ; and beyond

tho Mulucha C.irtenna (now Tcncs) ; lol, sumamcd Caaarea,
which was made his capital by Juba II., an<l continued to be that
of Mauretania Coesaricnsis under tho Romans (ita site is now called

Cherchell) ; Icosium (the modem Algiers) ; Saldfe (Bujeyah)

;

Igilgili (.JijeU) near the eastern limit of the province ; and Sitifis

(.Setif) at no great distance in the interior, a town of considerable
importance, which after the time of Constantine gave the name of

Mauretania Sitifensis to this eastern portion of the province. Tho
prosperity of this part of Africa under tho Roman empire, previous
to the irruption of tho Vandals in 429 A. D. , is shown by the fact

that no less than one hundred and seventy towns which were
episcopal sees are enumerated in tbo Notitia in the two provinces
ot Jlauretania.

MAURICE (Mauricius), St, and his_ companions are

commemorated as martyrs by the Roman Church on

September 22. The earliest extant form of the legend

relating to them is that of Eucherius, bishop of Lyons
about the middle of the 5th century, who telb us that

JIaurice was in command of the Thebau legion (so called

because raised in the Thebais) when it was sent into the

West and attached to the army of Maximiau. Themselves
Christians to a man, its members refused to persecute their

coreligionists, and for. this, after having twice been

decimated, the legion was utterly destroyed by command
of the emperor at Octodurum (Martigny) near Geneva. A
Liter form of the legend connects it with the expedition of

JIaximian against the BagaudK, who are taken to have been

Christians ; the martyrdom of the legion arises out of its

refusal to take part in a great sacrifice which had been
ordered at Octodurum; and another name—that of

Exsuperius—is associated with Maurice's. Later still,

Gregory of Tours knows of a company of the same legion

which suffered at Cologne (their leader subsequently

became known as Gereon). The date usually assigned to

the martyrdom of the Theban legion is 286 a.d. ; but it is

matter of history that at that period the Christians were
everywhere unmolested iu the exercise of their religion

throughout the Roman empire.- On the other hand, at no
later date have we any evidence of the presence of

JIaximian in the Valais ; and, apart from the great a priori

improbability of the extirpation of a whole legion under

any circumstances on account of its Christian profession, it

is practically impossible to get over the fact that such

writers as Eusebius, Lactantius, Orosius, and Sulpicius

Severus know nothing of such a noteworthy and startling

event having taken place. But in the long and voluminous

controversy as to the historical character of this'legend it

has of course never been attempted to deny that isolated

cases of officers being put to death on account of their

religion occurred during the reign of Masimian. The
cultus of St Maurice and other members of the Theban
legion occurs chiefly in Switzerland, the region of the Rhine,

and northern Italy; the foundation of the abbey of St

Maurice (Agaunum) in the Valais is usually ascribed to

Sigismund of Burgundy (515).

MAURICE (JlArKicius Flavius Tlbehius), emperor of

the East from 582 to 602, was of Roman descent but a native

of Arabissus in Cappadocia, where he was born about 539.

He spent his youth at the court of Justin II., and, having

joined the army, fought with distinction in the Persian

war (578-581). At the age of forty-three he was declared

Cassar by the dying emperor Tiberius XL, who bestowed

upon him the hand of his daughter Constantina. In the

meagre annals of the reign of Maurice the most conspicuous

events are the termination of the long struggle ii> the East

with the restoration to the Persian throne of Chosroes II. by

the Roman general Narses (not the conqueror of Italy) in

591, and the successes of Priscus in the protracted war
against the Avars. Some inopportune attempts at army
reform, and an ill-judged refusal to provide a ransom which
might have prevented the masssicre of twelve thousand

piioouers iu the hauds of tht euemy, led to a rebellion
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amoi).;,' the legious ou tko Danube, who declared jMauiice

umvorthy to reign, and, commaiulcd hy Phocas, then a

simple centurion, but destined to become emperor, marched

upon Constantinople. The capital having declared against

him, Maurice abdicated and withdrew to Chalcedou,

but was pursued and put to death there after having

witnessed the murder of five of his sons (November 27,

G02). He was the author of a work ou military art

{a-TparqyiKii) in twelve books, of which there is au

edition by Schctier, published, at Upsala in 1664. Tliere

is a Vi/it Miuu-icii by Theophylact Simocatta.

MAUI'iICEoF N.vss.iu, prince of Orange, the younger

son of William the Silent, was born at DiUenburgin 15G7,

and was made governor of the United Provinces after the

assassination of his fatlier in 15S4. He succeeded his

brother as prince of Orange in 1C18, and died at the Hague

ou April 23, 162.'). For the leading features of his character

and events of his life see Holland, vol. xii. pp. 77, 78.

MAUIHCE (1521-1553), duke and elector of Sa.\ony,

the son of Duke Henry the Pious, was born on the 21st of

March 1521. He received a learned education, and at

an early age gave evidence of an energetic and ambitious

temper. In 1541 he married Agnes, daughter of the

landgrave Philip of Hesse, and succeeded his fatlier as

duke of Saxony, of the Albertine line. Although a Pro-

testant, he held cautiously aloof from the League of

Smalkald ; and in 1542 and 1543 he received imperial

favour by supporting Charles V. against the Turks and the

French. In 1546, when Charles V. attacked the League
of Smalkald, Maurice sided with the emperor, the result

being that he was made elector of Saxony in place of his

cousin John Frederick (of the Ernestine line), who was

taken prisoner and deposed, At this time Maurice was
detested by the German Protestants, who considered him a

traitor to his religion; but the tide soon turned. Fearing

that the emperor's ultimate aim was to strike at the

authority of the princes, he began silently to make pre-

parations for war ; and Charles V. was imprudent enough

to provide him with a pretext ftfr opposition by detaining

the landgrave Philip of Hesse, whose freedom M^.irice

had guaranteed. In 1551 Maurice concluded a secret treaty

with Henry II. of France against the emperor, and an

alliance was also formed with several German princes.

Charles V. refused to believe in the reality of the danger)

butia March 1552 he was startled by the intelligence that

Henry II. had entered Germany as an invader, and that

Maurice was hastening southward at the head of a powerful

army. John Frederick and Philip were at once released,

and the en peror, after an ignominious flight, was compelled

to sign the treaty of Passau. After the re-establishment of

peace Maurice fought for some time against the Turks in

Hungary ; he then returned to Saxony, and associated

himself with the alliance against JIargrave Albert of

Brandenburg, by whom the treaty of Passau had not been

recognized. At Sievershausen, on the 9th of July 1553,

the margrave was defeated ; but during the battle jiaurice

was wounded, and two days afterwards he died in his

tent. He was not only a great diplomatist and general,

but one of the most enlightened rulers of his age, and his

early death was sincerely deplored by his subjects. In his

last years he was content " with small diet and little sleep."

"Therefore," says Roger Ascham, who had seen him, " he
had a waking and working head, and became so witty and
secret, so hardy and ware, so skilful of ways, both to do
harm to others and to keep hurt from himself, as ho never

took enterprise in hand wherein he put not his adversary
always to the worse."

See Roger AscUam, A Report and Discourse of the Afairs and
Slate of OcrmaMj

;
Lnngenn. Mo-ritz, Herzog unci Kurfimt von

Hachscn, 1841 ; G. Voigt, MoriU von Sachsen 1641-47, 1876.

MAURICE, John Fkedeeic Denison (1805-1872),.

better known without his first name, an English clergyman

and theologian, was born in the year 1805. He was the

son of a Unitarian minister, and educated in his father's

faith, entering Trinity College, Cambridge, as a Noncon-
formist, for the sake of the university course, at a time

when it was impossible for any but members of the

Established Church to obtain a degree. Together with

Johu Sterling, Maurice migrated to the smaller college of

Trinity Hall, whence he obtained a first class in civil law

in 1827; he theu came to London, and gave himself to

literary work, editing -for a short time the Athaucum
newspaper. During this period of his life he came under

the iniiueuce of S. T. Coleridge,—an influence which

drew Maurice into conformity, and issued through him in

what was known as the Broad-Church school of thought.

When Maurice joined the Church of England, he might
no doubt haw returned to Cambridge foV his degree, or,

when he chose Oxford, his terms at Cambridge would

have been allowed him, but with characteristic thorough-

ness he elected to go through the whole Oxford course.

He entered Exeter College, and obtained a second class iu

classics in 1831.

The mtellectual stir of Oxford life, and the vehement
controversies in the clash of which sparks of truth seemed
struck out, were probably among the causes which attracted

Maurice to Oxford, and he afterwards took his full share

in them, always in a liberal, tolerant, yet strongly Pro-

testant spirit. He w-as ordained in 1834, and after a short

interval spent iu parish work in the country was appointed

chaplain of Guy's Hospital, and became thencefoiward a

sensible factor in the intellectual and social life of London.

Carlyle has told us how "going to Guy's" Sunday after

Sunday «as a part of Sterling's routine, and an appreci-

able number of persons far above the average were

attracted to the hospital chapel. In 1840 Maurice was
appointed professor of history and literature in King's

College, to which in 1846 was added the chair of divinity.

These chairs he held till 1853. In that year he published

l/u-o/<iffinil £.<srii/s, wherein were stated opinions which
savoured, to the principal, Dr Jelf, and to the council,

of unsound theology in regard to eternal punishment,

ilaurice maintained with great warmth of conviction that

his views were in close accordance with Scripture and the

Anglican standards, but the council ruled otherwise, and
he was deprived of his professorships. He held at the

same time the chaplaincy of Lincoln's Inn (1846-60), but
no attempt was made to deprive him of this. Neither was
he assailed in the incumbency of St Peter's, Vere Street,

which he held for nine years (1860-611), and wheie,

though his congregation was never large, partly perhaps

because no parish or district was apportioned to his church,

he drew round him a circle of thoughtful persons, attached

in no common degree to himself and to his teaching.

During his residence in London Maurice was specially

identified with two important movements for education,

the Working Men's College, and Queen's College for the

education of women, while he threw himself with great

energy into all that affected the social life of the people.

Certain abortive efforts at a true co-operation among work-

ing men, and the movement known as Christian Socialism,

were the immediate outcome of his teaching, and directly

fostered by himself. In 1866 Maurice was appointed

professor of moral philosophy in the university of Cam-
bridge. He died ou the 1st of April 1872.

Maurice was before all thiiii^s a pienclier. The actual message
he liad to proclaim was api>areiitiy simple ; his two great convic-

tions, wliicil be strove to impress on all otlier men, were the
fatlierliood of God, and that all religious systems which Ii.i I any
stability fasted because of n portion of tiutli v.liieh Lad to le

disentauylcd froiii ihe error ditlcreutiatiiii; tLeiu fiom I lie doi uints
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of the Church of Enghnd 09 understood by himself. His love to

God as his father was i passionate adoration whicli filled his whole

heart. Ko one who ever lieard Mnurico read the Lord's Prayer

can possibly forget it; the intensity of his convictions in the pulpit

made his mi^ss.igo seem as liiniinous and clear as it was brief and

concentrated, tliough hi'S teaching apart from the living voice had

by no moans the same charactci".

It was the peculiarity of his congi'egation that those who wanted

his advice sought him ; having no parish, he had no definite

BpHere of work beyond the cluircli. Thus his preaching took

the forms now of exposition and now of the resolution of

metaphysical difficulties, vatlicr than of direct dealing with the

facts, the sins, and the temptations of human life common to all.

Feeling this defect, ho took tor a time a district for parochial visita-

tion, but was perplexed ajid distressed at the experieuce to which
he was unequal. \Vith all his affectionatencss and desire to give

sympatliy he was unable even to conceive intelhxtual difficulties

wliicli were not his own. To those who did not demand of liim all

they needed, but took thankfully what he had to give, he was
altogether a stimulating and helpful teacher. He opened new
views, and encouraged men to think for themselves, and see what
their words meant. He was even morbidly fearful of founding a

party, and was deeply distressed at the name Broad-Church. Those
who surrounded hiui, and were kept together by his personal charm
and influence, were learning to think for themselves, and have dis-

persed in many directions. Tliere are probably not half a dozen
persons who, even nominally, reflect the precise shades of Maurieian
teaching.

As a writer it is extremely doubtful if his work will have a great

and permanent place in the future. His one novel, Eustace Con-
icai/, is even now unread; his theological works, though abounding
in passages of great beauty, full now and then of a fiery eloquence,

are as a whole somewhat obscure. He published too much, and a

large number of his works are sermons recast. "We miss the human
voice, and we find a class of writing which only the highest
excellence can make tolerable out of the pulpit. ^

Maurice's greatest effect en liis time is in his educational work.
The Working Men's College, which owes more to him than to any
one else, for which he rendered great sacrifices, and which was and
is more full of his spirit than are most institutions of that of their

founders, was a totally new departure in education. It was intended
to give, and it has largely succeeded in giving, not what is called

a popular education, but " higher education " to working men, and
in combining teachers and taught in a college with its social life,

and a Iwud of common interests. Queen's College, in like manner
for tlie higher education of girls, is scarcely less identified with his

life, though its influence is not so great, nor can its work be so

widely known.
Both at Kiug's College and at Cambridge Maujice gathered

round him a baud of earnest students, to whom he directly taught
much tliat was valunble drawn from wide stores of his own reading,

wide rather than deei>, for ho never was, strictly speaking, a le:irned.

man. Still more did ha encourage the habit of ini|uiry and
research, more valuable than Ins direct teaching. In his power,
which has bccu truly called Socratic, of convincing his pupils of

their ignorance he did more thau perhnps any other niai^ of our
time to awaken in those who came under his sway the desire for

knowledge and the process of independent thought.
If, as a social reformer, ilaurice's name be forgotten in the future,

it will be because in much he was before his time, and gave his
eager support to schemes for which the world was not ready. From
a very early period of his life in London the condition of the peer
pressed ujioa him with consuming force ; the enormous magnitude
of the social questions involved was a burthen which he could
hardly hear. He threw liiraself with characteristic energy into
schemes for a true co-operative system, in which some ardent youn£»
men were then engaged, and in spite of his dislike for systems and
party names did not shrink froni being known as a Christian
Socialist, and taking a keen interest in the paper whicli bore tlint

name, and was tlic organ of the movement. That and the Politics

for the People^ much the same paper under a dilfcrcnt name,
received his sanction and aid ; many strifes between masters and
workmen were appeased, if not directly by himself, by those who
were aided by his counsel, and were in constant intercourse with
him. For many yeai-s he was the clergyman whom working men
of all o]nnious seemed to trust even if their faith in other religious
men and all religious systems had faded, and his power of attract-
ing the zealot and the outcast resembled that of the Master whom
he followed.

Maurice was twice married, first to a sister of John Ster.'in,!?,

secondly to a sister of his friend Archdeacon Hare. By his family
tics and his closest fnendships he came in contact with few but
intellectual people. Tluis while he wrote and spoke and worked
for the average man he set that avoi-age somewhat high. Those who
were privileged to know him did not know a more beautiful soul.

Tjjc (ollowlng aie Maurice's more important works, « Some of them were
Siwittea aud la a measure recast, and tlic date given is not ueceDBarll/ that of

the flret fljjpcarance of the book, bnt of Its more complcf: nnd flbldln« form.
Kmtace Cnntcaij, or the ISrotber ami Hitter, a novel, 1834; Tlif Kingdom of Christ,
ISlL'; Chrixtnias Day and other Sermoni, 1843; The Unitti of the Ntie Tcttamcnt,
1844 ; The Epittle to the //- Imes, 1846 ; Tlie ReHt/fcnt of the Worid. 1647 ; Morat
and Mvtaph [IS :..,.> fUu. , h; (if first an article In the Entydopmdta i/etropolt-
farm), ISiS ; //,, . ,

,, / ,.;</«, 1850; Tlie Old Tciiauicut, 1«1 ; Theological
Eszayn, lS.o;;

, , ; ' Kings of the Old Tcftammt, 1W3 ; Leeturei on
Ecclesiastical Ji, '

,
, -. I Uc DoetHne of Sacrifice, ^%lA\ The Patrim-ehi and

Zawgivcrt ,.j d.c o,.£ iVu^/v.. ul, 1S55 ; The Kpintlet of St John, 1857 ; The Com-
mandimnt« as JiisirumertCs of yational Rfformntion, ISflG; On the Gospel of Si
Luke, 18t;S; The Conscience: Lectures on't'asuistiy, 18C8 ; The Lord's Prayer, a
Manual. 1870. Tlicgi-catfir part of these works were, ns lias bct-n ulrcndy notlc-.-d,

first delivered aa sermons or leetures. Besides this more formal work, Mauiice
Contiibiited many prefaces and introductions to the works of friends, aa to Arch-
deacon Hare's Charges, Kingsley's Saint's Tragedy, Ac. His occasional scrmoni,
Speeches, periodical wiitings, and letters to various ncwspapci-a need not be licro"
noticed, though they were at the time evideoce of his interest in ell the life of his
time, and his eager and abounding energy.

MAURITIUS, formerly called the Isle or Feance, an
island in the south-western portion of the Indian Ocean,
between 57° 18' and 57° 48' E. long., and 19° 58' and 20°

Sr S. lat., 550 miles east of Madagascar, and 115 miles

north-east of the island of Reunion, 040 miles south-east

of the Seychelles, 2300 miles from the Cape of Good Hope,
and 9500 miles from England via Aden and Suez. The
island is irregularly elliptical—somewhat triangular—in

shape, and is 36 miles long from north-north-east to south-

south-west, and about 23 miles broad. It is 130 miles

in circumference, and its total area is about 713 square

miles. The island is surrounded by coral reefs, so that the
ports are difficult of access.

Map of Mauritius.

From its mountainous character Iilauritius is a most
picturesque island, and its scenery is very varied aud
beautiful. The most level portions of the coast districts are

the north and north-east, all the rest being broken by hills,

which vary from 500 to 2700 feet in height. There are three

principal masses of mountain : the north- western or Ponce
range, in the district of Port Louis ; the south-western, in

the districts of Riviil-re JToire and Savanne ; aud the south-

eastern range, in the Grand Port district. In the first of

these, which consists of one priucipsl ridge with several

lateral spurs, overlooking Port Louis, are the singular

peaks of the Pouce (2650 fcct), so called from its supposed

resemblance to the human thumb ; and the still loftier

Pieter Botte (2676 feBt),a tall obelisk of bare rock, crowned
with a globular mass of stone. The higtiesl summit in tb^
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island is in the soulh-ivestern mass of hills, the Montagne
<Ie la Iiiviere Noire, which is 2711 feet above the sea.

The principal ranges in this mountain mass are three in

number, arranged in a triangular form, and are called

respectively the mountains of La Pierre Rouge, La Riviere

Noire, and Savanne. The south-eastern group of hills

consists of one chi'ef range, the Montagne du Bambou,
with several spurs running down to the sea. In the

interior are extensive fertile plains, some 1 200 feet in height,

.and forming the districts of MoKa, Vacois, and Plaines

Wilhelms ; and from nearly the centre of the island rises

an abrupt peak, the Piton du Milieu de I'lle, to a height

of 1932 feet above the sea-level. Other prominent

summits are the Trois Mamelles, the Montagne dn Corps

de Garde, the Signal Mountain, near Port Louis, and the

Morne Brabant, at the south-west corner of the island.

The rivers are of course small, and none of them are

navigable beyond a few hundred yards from the sea. In

the dry season most of them are little more than brooks,

although they soon become raging torrents when swollen

by the heavy rains of the wet period of the year. The
principal stream is the Grande Eiviere, with a course of

about 10 miles. A remarkable and very deep lake, called

Grand Bassin, is found in the south of the island, and is

probably the extinct crater of an ancient volcano ; other

similar lakes are the Mare aux Vacois and the Jlare aux
Jones, and there are some other deep hollows which have

a like origin.

The geological structure of Mauritius is undoubtedly a

result of volcanic action, all the rocks being of basalt and
greyish-tinted lavas, excepting some beds of upraised

coral. Columnar basalt is seen in several places. There

are many caverns and steep ravines, and from the character

of the rocks the ascents are rugged and precipitous. The
island has few mineral productions, although iron, lead,

and copper in very small Quantities have in former times

been obtained.

The climate .is pleasant dunng the cool season of the

year, but oppressively hot in summer (December to April),

except in the interior plains, where the thermometer ranges

from 70' to 80^, while in Port Louis and the coast generally

it ranges from 90' to 96°. The mean temperature for the

year at Port Louis is 78''6. During the last thirty years

the island has been subject to severe epidemics, which

have been extremely fatal. In 1854 a visitation of Asiatic

cholera swept ofi 17,000 people; and in 1867 a still more

destructive inroad of malarial fever, of an unusually fatal

type, almost paralysed the whole community for many
weeks, carrying off 30,000 people, and greatly affecting

the finances of the colony. The seasons are divisible into

two, the cool and comparatively dry season, from April to

November, and the hotter season, during the rest of the

year. From the month of January to the middle of April,

Mauritius, in common with the neighbouring islands and

the surrounding ocean from 8° to 30° of S. lat., is subject

to severe and destructive cyclones, accompanied by torrents

of rain, which often cause great destruction to houses and

plantations. These hurricanes generally last about eight,

hours, but they appear to be now less frequent and violent

tiiaa in former times, owing, it is thought, to the destruc-

tion of the ancient forests and the consequent drier condi-

tion of the atmosphere.

The soil of the island is of considerable fertility ; it is a

ferruginous red clay, but so largely mingled with stones of

all sizes that no plough can be used, and the hoe has to be

employed to prepare the ground for cultivation. The
woods with which the island was largely clothed when first

discovered have been to a great extent cut down, and the

greater portion of the plains is now a vast sugar plantation.

The bright creeu of the sugar fields is a striking feature

in a vie« of Mauritius from the sea, and gives a peculiar

beauty a id freshness to the prospect. The soil is suitable

for the (.altivation of almost all kinds of tropical produce,
and it is to be regretted that the prosperity of the colony
depends entirely on one article of production, for the con-

sequences are serious when there happens to be a failure,

more or less, of the sugar crop. Guano is extensively

imported as a manure, and by its use the natural fertility

of the so", has been increased to a wonderful extent.

For purposes of law and government Mauritius is divided

into nine districts, named respectively Port Louis,

Pamplemousses, Riviere du Eempart, Flacq, Grand Port,

Savanne, Moka, Plaines 'Wilhelms, and Kiviere Noire.

The capital and seat of government, the city of Port Louis,

is situated on the north-western side of the island, at the

head of an excellent harbour, a deep inlet about a mile

long. This is protected by two forts,—Fort William and
Fort George,—as well as by the citadel in the city, and
its value is further increased by three graving docks con-

nected with the inner harbour. Lighthouses have been

erected on Flat Island and at Cannonier's Point. Port Louis
has a population of about 70,000, but from the lofty

mountains by which it is enclosed its situation is hot, and
from the small amount of tide in the harbour effectual

drainage is difficult, so that it is not a very healthy town.

The public buildings are of no great architectural beauty,

the government house being a three-storied structure with

broad verandas, of no particular stj'le of architecture,

while the Protestant cathedral was formerly a powder
magazine, to which a tower and spire has been added.

The Roman Catholic cathedral is more pretentious in style,

but is tawdry in its interior. In the city are large barracks

and military stores. A maximum contribution of £45,000
is paid to the imperial government by the colony towards

the expenses of the troops stationed in the island, but this

sum is reduced when the garrison is below a certain standard.

In 1880 the amount paid was £29,972. The governor and
chief officers of government reside out of Port Louis in the

cooler uplands of the interior, as do also a large number of

the principal inhabitants, especially since the completion

of the railways has made access easy to many portions of

the island. The most favourite place of residence is at

Curepipe, a place situated about 1800 feet above the sea;

here the climate resembles that of the south of France,

and it has been so much resorted to of late years that it

is rapidly becoming a large town. The construction of the

^Mauritian railways has given a great impetus to the trade

of the colony ; the system embraces two lines, of a total

length of 87 miles. The main roads of the island are kept

in good order, but much yet remains to be done before the

road system can be said to be complete throughout all the

districts.

The prosperity of Mauritius, as already mentioned,

depends almost entirely upon its sugar-crop, and the export

trade of the island has greatly increased during the last

twenty years, as will be seen by the following statistics:

—
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by the following figures, giving values of the sugar ex-

ported :

—

iHfil. ISTl.

In 1877 the quantity of sugar exported was 189,164

tons; while in 1854 the quantity was 102,000 tons. The

next item is. rum, which was exported to thjo value of

X45,386 in 1878; and the production of cocoa-nut oil

hag increased from 7569 gallons in 1864 to 253,263

gallons in 1878, the latter quantity being worth £37,263.

The value of the coffee exported in 1879 was £25,064.

The currency consists of rupees and cents; and on the 1st

of May 1878, the metric system of weights and measures

came into use in the island.

Mauritius being an oceanic island of small size, its present fauna

13 very limited in extent, and does not contain much that is

interesting. AVlieu first seen by Europpans it contained no
laanimals except ii large fruit-eating bat (Heroines vulgaris), which

is plentiful in the woods ; but several animals of this class have

been introduced, and are now numerous in the uncultivated region.

Among these are two monkeys of the genera Macacus and CercO'

2nthcctcs, a. stag {Ccrvits hippcfajyhtis), a small hare, a shrew-mouse,

and the ubiquitous rat. A lemur and one of the curious hedgehog-

liko Inscciirora of Mailagascar {Ccntetcs ccaiidatus) have probably

both been brought from the larger island. The avifauna resembles

that of Madagascar ; there arc species of a peculiar genus of cater-

pillar shrikes (Cainjinphafjidx), as well as of the genera Fratincola,

HypsipetcSf Phcdvia; l^chlirca, Zostcrops, Foudia, Collocalia, and
Coracopsis, and peculiar forms of doves and parroquets. The living

reptiles are small and few in number, but in the suvrounding seas

are great numbers of fish ; tkocoral reefb abound with agreat variety

of molluscs ; and there are numerous land-shells. The extinct

fauna 6f Mauritius has consideiable interest. In common with the

other Mascarene islands, it was the home of the Dodo (Didus wcpiifs),

one of a group of birds incapable of flight ; there were also Ajylmn-

aiyteryx^ a species of rail, and a short-winged heroa {Ardea mega-
cepkala), which probably seldom flew. The defenceless condition

of these birds has led to their extinction since the island was
colonized. Several species of large fossil tortoises have been dis-

covered ; but, strnngc to say, they are quite different from the

living ones of Aldabra, in the same zoological region.

Owing to the extensive destruction of the primeval forests of the

island for the formation of sugar plantations, the indigenous
flora of Mauritius is only seen in parts of the interior plains, in the

river valleys, and on tl^o hills ; and it is so much mingled with
trees and plants iutioduccd from other parts of the world that it is

not very easy to distinguish between what is native and what has
come from abroad. The priucapal timber tree is the ebony (Dios-

pyros cbouum), which grows to a considerable size. Besides this

there are bois de cannelTe, olive-tree, benzoin {Croton Benzoe), colo-

phane {Colophonia), and irou-wo'.d, all of which are useful in

carpentry ; tho cocoa-nut palm, an importation, but a tree which
has been so extensively planted during the last hundi'ed years

that it is extremely plentiful ; the pnlniiste (Palma dactylifcra laii-

folia), the latanier {Corypha XLmbraculifcra)^ and the date-palm.

The vacoa or vacois, a species of Pundanxis^ is largely grown, the

long tough leaves being manufactured into bags for the export of

sugar, and tho roots being also matle of use'; and in the few rem-
nants of the original forests the tree which is such a prominent
one in the coast flora of Aladagascar, the ti'aveller's tree {Urania
speciosa), grows abundantly. A species of bamboo is very plentiful

in the river valleys and in marshy situations. A large variety of
fruit is produced, including tho tamarind, mango, banana, pine-

apple, guava, shaddock, fig, avocado-pear, litchi, custard-apple, and
the niabolo (Diosjnjros discolor), a fruit of exquisite flavour, but very
disagreeable odour. Many of the roots and vegetables of Europe
have been introduced, as well as some of those peculiar to the
tropics, including maize, millet, yams, manioc, dnol, gram^ kc.

Small quantities of tea, rice, and sago have been grown, as well as

many of the spices (cloves, nutmeg, ginger, pepper, and allspice),

and also cotton, indigo, betel, camphor, turmeric, and vanilla.

Mauritius appears to have been unknown to European nations, if

not to all other peoples, until the year 1507, when it was discovered

by the Portuguese. It had then no inhabitants, and there seem to

be no traces of its previous occupation by any people, either savage

or civilized. The island was retained for most of the ICth century
by its discoverers, but they made no colonies in it. In 1598 the

Dutch took possession, and named the island "Maua'itius," in

honour of their prince Maurice. It had been previously called by
the Portuguese " Ilha do Cerne," from the belief that it was the

island so named by Pliny. 'But, although the Dutch built a fort at

Grand Port, they made no permanent settlement iu Mauritius, finally

abandoning the island in 1710. Five vears afterwards the French,
ill their turn, took |>033ossiou of what had seemed so worthless to

two European powers, but it was half a century before the Govern-
ment of France appreciated the value of their colony, since from
1715 to 1767 it was Iudd by agents of tho French Kj^at India Com-
pany, by whom its name was again changed to "lie do France.'*
The Comnony was fortunate in having several able men as governors
of its colony, especially the celebrated Mah^ de Labour'^onnaia
(1735-46), "a man of eminent talents and virtue," who intro-
duced the culture of the sugar-cane, and thus laid a firm foundation
for the future prosperity of the island. Under his direction roads
were made, forts built, and considerable portions of the forest were
cleared, and the present capital. Port Louis, was founded. Labonr-
donnais also promoted the pknting of cotton and indigo, and is iustly
remembered as the most enlightened and best of all the French
governors. The colony continued to rise in value during the time
it was held by the French crown, and to one of the later governors,
De Poivre, was due the introduction of the clove, nutmeg, and other
spices. Another governor was D'Entrecasteaux, whose name is kept
in remembrance by a group of islands east of New Guinea.
During the long war between France and England, at the com-

mencement of this century, Mauiitius was a continual source of
much mischief to English Indiamcn and other merchant vessels;
and at length the British Government determined upon an expedi-
tion for its capture. This was efi'ected in 1810; and upon the
restoration of peace in 1S14 the possession of the island was con-
firmed to England by one of the provisions of the treaty of Paris.

By the eighth article of capitulation it was agreed that the inhabit-
ants,should retain their own laws, customs, and religion ; and so it

happens that, although a British colony, the island is still largely

French in language, habits, and predilections ; but its name has
again been changed to that given by the Dutch. Perhaps the most
distinguished of the English governors of the island was Sir Robert
Farquhar (1810-23), who did so much to abolish the Malagasy slave

trade and to establish friendly relations with the rising power of the
Hova sovereign of Madagascar.

Mauritius is one of the crown colonies of Great Britain, and at

the bead of its administration is a governor, who is assisted by an
executive council of seven members, holding the most important
Government posts. There is also a legislative connci., which con-
sists of the same members as the foregoing, with thiee others,

together with eight of the chief landed proprietoi'S of the island, who
are nominated by the crown. The average annual revenue of the
colony for the ten years from 1871 to 1880 was £723,876, the
average annual expenditure during the same period being £710,261.
Up to 1854 there was a surplus in hand, but since that time ex-
penditure has exceeded income, and the public debt is now about
£700,000.
The island has largely retained the old French laws, the Codes

Civile, de ProcMure, du Commerce, and d'Instruction Crimiuelle
being still in force, except so far as altered by the later laws for

the administration of justice of April 13, 1831. By theSe the court
of appeal was reconstituted, and a supreme court of civil and
criminal justice was established, under a chief judge and three
puisne judges. The police force in 1880 included 689 men.
During the last few years great improvements have been efi'ected

in the educational system of the colony. The departmen4; of public

instructicn has two branches, the Koyal College, for higher educa-
tion, and the school department, for primary instruction. In 1880
the number of Government schools was 38, with P077 scholars,

and of schools aided by grants 54, with 4316 scholars, the total

teaching staff numbering 178. The anuual education vote'is about
£1 3,000 ; and of the scholars 73 per cent, are Eoman Catholic, 14
per cent. Hindu, 8 per cent. Protestant, and 5 per cent. Moham-
medan. It will be seen from the above figures that the Roman
Catholic religion is that professed by the large majority of the white
population of Maxnatius. The clergy supported by the state include

the Pi"otestant bishop of Mauritius, with an archdeacon and seven
clergymen of the Church of England, and three clergymen of the

Church of Scotland ; and the Roman Catholic bishop of Port Louis,

with a Vicar-general and thirty-four priests.

The population of the Island is a very varied one, and consists of

two great divisions:—those of European blood, chiefly French and
English, as well as numerous half-caste people ; anda large coloured

population, chiefly Hindu coolies, but with representatives from
various African and Asiatic regions, Negroes, Malagasy, Parsees,

Singhalese, Clrinamen, Malays, &c. The Hindu immigrants now
form more than two-thirds of the inhabitants of Mauritius, as will

be seen from the following figures for the year 1881 :

—

idian..^ 249,064 Total 860,&47
Male. TFemale. Male. Female.

68,137 68,646 161,423 97,641 20»,560 161,287

The increase of population during the last thirty years is shown
by the following figures :

—

1851. 1861. 1871. 18S1.

183,606 313,469 817,069 SC0,847
^

The system of coolie immigration has been of great value to the

colony ; and the airangcmeuts for shipping these Hindu pecj-lf
' XY. — 8 1,
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are iiniler Government control, But many of the laws have been

so unjasl to the coloured -people, and so much to the advantage of

the planters, that gross evils and abuses have arisen. And, unjust

as the laws are, their administration has often been still more

unfair. The evil grew at length so glaring that in 1871 a royal

commission was appoiutcd, which sat for a long time investigating

the subject. Various reforms were recommended, and since then

some improvements have been effected. But many of the Creole

plantOTS aic not remarkable for their respect for the rights of

coloured people, and the system is liable to gross abuse unless

under vigilant control by higher authority. Much yet remains to

be done for the moral and religious instruction of the labourers
;

and the presence of a largo heathen population, and the prevalence

of crime, has been at times a very serious consideration for the

colony. The number of coolies arriving in and leaving the island

varies very largely, from a few hundreds annually to several

thousands.
The dependencies of Mauritius are the Seychelles group, the islands

of Kodriguez and Diego Garcia, the Cliagos group, and seventy

other smaller islands scattered over a large extent of the Indian

Ocean, and having a total population of about 16,000 souls.

Kodriguez is situated 300 miles cast of Mauritius and is cultivated

chiefly by colonists from that island.

Literature.—The following works supply fuller details than can be given in

this Eiticle:—Oh. Grant, History of Mauritius, or llie Isle of Frame and Neigh-

bouring Islands, 18UI; J. Milbeit, Vovage pittores^ue a I'lle-de-France, ttc,

4 vols, 1812; Aug. Billiard, Voyatie aux Colonics orientates, 1822; D'Unienville,

Statistigue de Pile Maurice, &c.. 183S ; J. Backhouse, Narrative of a Visit to the

Mauritius and South Africa, 1344*: P. Beaton, Creoles and Coolies, or Five Years

in Mauritius, 1859 : Paul Chiistiau. Ilistoire ct Description de file Maurice. 1860;

F. P. Flemyng. Ma.uritiiis, or the Isle of France, 1802; James Morris, "Mauri-
tius, its Commercial and Social Bcarinps," Soc. Arts Jour., 18G2; A. Erny,
"Stijour i lile Mauiice." in vol. vii. of Tour du Monde, 1863; Cli. J. Boyle, Far
Away, or Sketches of Scinerv and .Society in Mauritius, 1867 ; L. Simonin. Les

Pays lointains. Notes de Vo'uage {Muurice,- Ac), 1RC7; N. Pike, Sub-Tropical

Rambles in the Land of the Aphairaptery.r, 1873 ; A. R. Wallace, " The Mascarenc
Islands." in chap. xi. vol. 1. of The Geographical Distribution of Animals, 1876 ;
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MAURUS, St, according to the Eoinan Breviary

(January 15), was a Roman of noble Lirth, and while still a

child was placed by his father Eutychius under the discipline

of St Benedict, where he soon became a model of all the

virtues and endowed with the gift of miracles. Sent by

Lis master into Gaul, he founded a monastery over which

he presided for forty years. When he died in 565 he was

over seventy. The monastery referred to is that of

Glanfeuil or St Maur-sur-Loire. In point of fact it may
be said that everything relating to the introduction of the

Benedictine order into France, unless the name of him
who introduced it be made an exception, is purely

legendary. The famous "Congregation of St Maur" dates

from the 17th century, having received papal sanction in

1621 and 1627; it arose out of an earlier "congregation"

of refornied Benedictines, which took its name from St

Vannes near Verdun, and was sanctioned by Clement
VIII.

MAURY,^ Jean Sipfrein (1746-1817), cardinal and
archbishop of Paris, the great opponent of Mirabeau in the

constituent assembly, and esteemed his rival iu eloquence,

was the son of a poor cobbler, and was born at Valr&s in

the Venaissin, the district in France which belonged to the

pope. His quickness was soon observed by the priests of

Avignon, where he was educated and took orders, and he

determined to get what he could by it. He tried his

fortune by writing elo(/es of famous persons, then a favourite

practice ; and in 1771 his eloc/e on F(5neIon was pronounced

next best to Laharpe's by the Academy. The real founda-

tion of his fortunes was the success of a sermon he preached

on St Louis before the Academy in 1772, which caused

him to be recommended to the king for an abbacy on the

spot. In 1772 he published his Essai sur Veloquence de la

chaire, which, as well as his Principes d'eloquence, contains

fiuch good criticism, and remains a French classic. He
became a favourite preacher ia Paris, and was Lent preacher

at court in 1781, when King Louis XVI. said of his sermon,
" If the abb6 had only said a few words on religion he
would have discussed every possible subject." In 1781 he
obtained the rich abbey of Lions, worth 20,000 Uvres a

year, and in 17S5 he was elected to the Academy. His-

morals were as loose as those of his great rival Jlirabeau,

but he was famed in Paris for his wit and gaiety as well

as for his eloquence and his immorality. In 1789 he was

elected a member of the states-general by the clergy of

Peronue, and from the first proved to be the most able and

persevering defender of the ancieii regime. It is said that

he attempted to emigrate both in July and in October 1780 ;-

but, whether he did or not, he after that time held firmly to

his place, when almost universally deserted by his friends.

His life was often iu danger among the people, but his

ready wit always saved it, and it was said that one hoii

mot would preserve him for a month. At last, in 1792, he

found it necessary to fiy from Paris ; the Revolution had

gone too far. When he did emigrate he found himself

regarded as a kind of martyr to the church and the king,

and was at once named cardinal, archbishop in parlihus,.

and extra nuncio to the diet at Frankfort. He was finally

made bishop of Montefiascone, and settled down in that

little Italian town,—but not for long, for in 1796 the French

drove him from his retreat, and he became ambassador,

but with hardly any pay, of the exiled king Louis XVIII.

to the pope. Such a life soon wearied a man who had

been accustomed to wealth and reputation, and in 180-4 he

began to prepare his return to France by a well-turned

letter to Napoleon, congratulating him on restoring religion

to France once more. In 1806 he did return; in 1807

he was again received into the Academy; and in 1810, on

the refusal of Cardinal Fesch, was made archbishop of

Paris. On the restoration of the Bourbons he was sum-
marily turned out of the Academy, and sent to Rome to

answer for his disobedience to the pope. There he was

imprisoned in the castle of St Angelo for six months, and

died in 1817, a year or two after his release, of disease-

contracted in prison, and of chagrin.

There are two sides to Maury's cliaractcr to be discussed. As a
critic he was a very able writer, and Sainte-Bcuve gives him the

credit of discovering Bridaine, and giving Bossuet liis rightful phico

as a preacher above Massillon ; as a politician, his wit and eloquence

make him a worthy rival of Mirabeau, and an interesting charaeti-i:

in the early years of the Revolution. If in later years he forsook

his old tenets, and joined NapoletJn, his punishment was terribly

severe, and it would have been a graceful act if Louis XVIll. hail

remembered the courageous supporter of Louis XVI., and the pope

the one intrepid defender of tlie church iu the 6tatcs-gencral
The CEuvres choisis du Cardinal Maury (5 vols., 1S42) contain wli.it Is worlli pre-

serving. For his life and character see Vie du t'ardiiial Mamy par son ncreu,.

1827; Poujouiat, Cardinal Maury, sa vie et ses icuvres, 1850: Saiutc-Beuvu,.

Causeries du lundi, vol. Iv.

MAURY, Matthew Fontaine (1 806-^873), American
naval ofiicer and hydrographer, was born in Spottsylvania

county, Virginia, January 14, 1806. In 1825 he entered

the Ame{ican navy as midshipman, circumnavigating the

globe in the "Vincennes," during a cruise of four years. In

1836 he was made lieutenant, and gazetted astronomer to

an exploring expedition. In 1839 he met with an accident

which resulted in permanent lameness, and unfitted him
for active service. Maury was placed in charge of the

Depot of Charts and Instruments, out of which have grown
the United States Naval Observatory and the Hydrographic

Office. He laboured assiduously and with complete succcs.s

to place the depot in a state of efficiency. While in the
" Vincennes," and in subsequent cruises, JIaury made many
observations as to the winds and currents, and when in

charge of the Hydrographic Ofl^ice he set himself to collect

further data hy distributing to captains of vessels

specially pirepared log-books. So successful was he in

this enterprise that in the course of nine ye?r3 he had
collected a sufficient number of logs to make two hundred
manuscript volumes, each with about two thousand five

hundred days' observations. One result was tc show the

necessity for combinfid action on the part of -maritime

nations ^ regard to ocean meteorology. This led to an
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international confcvenco at Brussels in 1853, which pro-

duced the greatest benefit to navigation as well as indirectly

to meteorology. One result was the establishment of the

meteorological department of the English Board of Trade,

now known as the Meteorological Office, which adopted

Maury's model log-books. In 1853 ho published his Letters

on the Amazon and Atlantic Slopes of South America,

and in 1855 he was promoted to the rank of commander.

On the outbreak of the American civU war in 1861,

Maury threw in his lot with the South, and, having lost

nearly his all, retired to England, where he was presented

with a handsome testimonial raised by public subscription.

Afte-wards he became imperial commissioner of emigration

to Maximilian of Mexico, on whose death he took up his

residence in Virginia, where he died on February 1, 1873.

In 18-18 JIaury jniblislied a Treatise on Kavigation, which was
long used as a text-book n\ the United States navy. The work,

however, by wliicli lie is best knownUs his Fliysical Geography of
the Sea, the fust edition of which was published in London in

ISS."), and in New York in 1856; it was translated into several

European languages. Tlie theories which it contains are now
generally admitted to bo quite erroneous. Maury's reputition rests

on the eminent services he rendered to navigation and meteorology,

liC having been the first to show how the latter could be raised to

the certainty of a science. He was essentially a practical man ; his

great aim was to render navigation more secure and economical, and
in this he w.ns eminently successful. Other works published by
ilaury are tlie papers contributed by him to the Astronomical
Obscrmlious of the United States Observatory, Lciicrs concerning

Lines for Stcanicj-s crossing titc Atlantic (1854), Physical Geography

(1864), and Manual of Gcograpliy (1871). In 1859 he began the

pubUcation of a series of nautical monographs,

MAUSOLUS, or according to his coins Maitssohis

(MaiVo-ioXos), a king of Caria, whose reign probably began

in 377 and terminated with his death in 353 B.C. The part

be took in the revolt against Artaxerxes Memnon, his con-

quest of Lydia, Ionia, and several of the Greek islands

along the coast, his co-operation with the Ehodians and
their allies in the war against Athens, and the removal of

liis capital from Mylasa, the ancient seat of the Carian

kings, to the city of Halicarnassus are the leading facts of

his history. He is best known, however, from the tomb
erected for him by his widow Artemisia with such cultured

magnificence that the name of mausoleum has become the

generic title of all similar monuments. One of the most
curious of the inscriptions discovered at Mylasa details the

punishment of certain conspirators who had attempted the

life of Mausolus when he was attending a festival in a
temple at Labranda. See Halic.vuxasst's.

MAXENTIUS, ilAKcrs Auuelius Valerius, Roman
emperor from 300 to 312, was the son of Maiimianvis
Hcrculius, and the son-in-law of Galerius, but on account

of his vices and incapacity was left out of account in the

division of the empire which took place in 305. A variety

of causes, however, had produced strong dissatisfaction at

Rome with many of the arrangements established by
Diocletian, and the public discontent on October 28, 30C,

found exiu-ession in the massacre of those magistrates who
maintained their loyalty to Severus and in the election of

Maxentiui to the imperial dignity,—an election in which
ttie rest of Italy, as well as Africa, concurred. With the

help of his father, Maxentius was enabled to put Severus
to death and to repel the invasion of Galerius ; his next
steps were first to banish Maximian, and then, after

achieving a military success in Africa against one Alexander,
to declare war against Constantine for the conduct towards
the old em[3erur of which he in turn had been guilty at

Marseilles. The contest resulted in the defeat of Maxentius
at Saxa Rubra, and bis deith by drowning in the Tiber at the

Milvian Bridge on October 28, 312. (See Coxstaxtine.)
The general testimony to the worthlessness and brutality

of his character is unambiguous and unanimous ; less

apparenf are the gronuds for the particular statement of

Gibbon that he was '"just, humane, and even partial

towards the afflicted Christians."

MAXIMA AND MINIMA. The consideration of the

greatest or the least value of a variable quantity, that is

restricted by certain conditions, is a problem of which
several simple cases were investigated by the early Greek
geometers. Thus in Euclid iii. 7, 8 we find the determina-

tion of the greatest and least right lines that can be drawn
from a point to the circumference of a circle. But the

most characteristic problem of the kind in Euclid is that

contained in vi. 27, 28, 29. Thus prop. 27, when reduced

to its simplest form, is equivalent to the statement that if a
right Kne be bisected the rectangle under the segments is

greater than that under those made by any other point of

division. Props. 29 and 30 are, when considered algebrai-

cally, reducible to the solution of the equations ,'•((( -x) = U^

and x{a-\-x) = b", coupled with the determination of the

maximum value of b for which the solution of the former

is possible (see Matthiessen. Grvndziige der antil-ai imd
modernen Alyebra, Leipsio, 1878). A^ollonius extended
the investigation of Euclid, bk. iii., to the problem of the

greatest and least distances of a point from an ellipse,

showing that it depended on drawing normals from the

point to the curve ; and he reduced the latter problem to

finding the points of intersection of the ellipse with a
certain hyperbola.

The next remarkable problems on maxima and minima
are said to have been investigated by Zenodorus,' and were

preserved by Pappus and Theon of Alexandria. Of these"

we may mention the following:— (1) among regular

polygons of equal perimeter that of the greatest number
of sides contains the greatest area

; (2) of polygons of the

same perimeter and the same number of sides the regular

polygon contains the greatest area
; (3) the circle con-

tains a greater area than any other curve or polygon of

the same perimeter
; (4) the sphere contains the greatest

volume for a given superficial area.

In the progress of mathematics the terms maxima and
minima have come to be used to imply, not the absolutely

greatest and least values of a variable magnitude, but the

value which it has at the moment it ceases to increase and
begins to decrease, or lice versa. For example, if it be
said that the height of the barometer is a maximum at any
instant it means that up to that time the barometer was
rising and then began to fall. In this way it is possible

that there should be several maxima and minima in the

course of one day, and that one of the minima should be
greater than one of the maxima.
The theory of maxima and minima, in the differential

calculus point of view, is very simple. Thus, if u be a

given function of a variable x, the values of x for which w
has a maximum or a minimum value are, in general, de-

termined by the equation ;r = Again, if it be a func-

tion of two variables x and y, then the maximum or

minimum values of u must satisfy the equations — == and

— = 0. There is, however, no real maximum or minimum

solution if f -5—7- ) is greater than 'j^' -v^! . A slwrt ac-

count of this method, illustrated by examples, is given in

vol xiii. pp. 23, 24.

John Bernoulli's problem {Acta Eruditontm, June 1696)
of the " brachystochrone," i.e., of the curve of quickest

descent under the action of gravity, differed essentially

' Montucla (Hist, de MaOi., torn. i. p. 113) erroueously attributed

these theorems on isoperimetry to Pythagoras, but his statement is

based on a misinterpretation of a pass.ige in Diogenes Laertius, See-

Eretsclmeider. Die Qemmtrie tor Euklides, pp. 89, 90.
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from all problems on maxima and minima which had been

jireviously solved. lu this he introduced into mathematics

the conception of a new and most important class of

problems. James Bernoulli, also, in his solution of this

problem of his brother, proposed a mere general question,

which may be stated as follows :
—" Of all curves of the

same length described on a given base to determine one

such that the area of a second curve, each of whose

ordinates is a given function of the corresponding ordinate,

or arc, of the first, may be a maximum, or a mininum."

Such problems wore styled " isoperimetrical," and come
under a class now called relative maxima and minima, in

which the maximum or minimum curve is to be determined,

not from all possible curves, but from among those which

possess a given property. The investigations of the

Bernoullis were extended and generalized by other eminent

mathematicians, but more especially by Euler, and cul-

minated in the invention of the calculus of variations, with

yn appropriate notation, by Lagrange.

MAXIMIANUS, JiAP.cusAuEELiusTALEEinSjSiinianied

Herodlius, Roman emperor from 2SG to 305, and again

iu a doubtful manner Uk some time prior to 308, was by

birth a Pamioniau peasant, but achieved great distinction

•'.: the course of long service in the army in almost every

•quarter of the empire, and, having been made Caesar by
Diocletian in 285, received the title of Augustus in tho

following year (April 1, 28C) with the honorary appel-

lation of Herculius. In 287 he suppressed the rising of

the peasants (Bagaudre) in Gaul, but iu 289, after a three

years' struggle, his colleague and he were compelled to

acquiesce in the assumption by his lieutenant Carausius

of tho title of Augustus in Britain. After 202, JIaximian

left the care of the Rhine frontier to Constautius Chlorus,

who had been designated Csesar in that year, but in 297

his arms achieved a rapid and decisive victory over the

barbarians of Mauretania, and in November 303 he shared

at Rome the triumph of Diocletian, the last pageant of the

kind ever witnessed by that city. On May 1, 305, tho

day of Diocletian's abdication, he also, but without his

colleague's sincerity, divested himself of the imperial dignity

at Milan, which had been his capital, and retired to a

villa in Lucauia ; in the following year, however, he was

induced by his son Maxentius to reassume the purple. In

307 he brought the emperor Severus a captive to Rome,
and also compelled the retreat nf Galerius, but in 308 he

was himself driven by Maxentius from Italy into Illyricura,

whence again he was compelled to seek refuge at Aries,

the court of his son-in-law Constantine. Here a false

report was received, or invented, of tho death of Con-

stantine, at that time absent on the Rhine, and jSIaximian

at once grasped at the succession, but was soon driven to

Marseilles, where, having been delivered up to his pursuers,

he strangled himself in 310 (February).

MAXIMIANLT.S, Galepjus Valerius, usually' referred

to by his name Galerius, Roman emperor from 305 to

311, was born near Sardica in Dacia, and originally, followed

bis father's occupation, that of a herdsman, whence his

surname of Armeutarius. He served with distinction as

a soldier under Aurelian and Probus, and in -292 was
designated CaDsar along with Constantius, receiving in

marriage Diocletian's daughter Valeria, and at the same
time having assigned to him as his special charge the care

of the lUyrian provinces. In 29G, at the beginning of the

Persian war, he was removed from the Danube to the

Euphrates; his first campaign ended in a crushing defeat

on the same field as that which had proved fatal to Crassus,

but in 297, advancing through the mountains of Armenia,

and taking tho enemy by surprise, he gained a victory over

Narses by which his military reputation was more than

Restored In 305, ou the abdication of Diocletian and

Maximian, he at once assumed tho title of Augustus, along

with Constautius his former colleague, and, having pro-

cured the promotion to the rank of Ccesar of Severus, a
faithful servant, and Daza (Maximinus), his nephew, he

hoped on the death of Constantius to become sole master

of the Roman world. This scheme, however, was defeated

by the sudden elevation of Constantine at York on the

death of his father, and by the action of Maximian and
Maxentius in Italy. After an unsuccessful invasion of

Italy in 307 he elevated his friend Licinius to the rank of

Augustus, and, moderating his ambition, devoted the few

remaining years of his life " to the enjoyment of pleasure

and to the execution of some works of public utility." He
died—of the morbus peJiciilaris, it>is said—in May 311.

It was at the instance of Galerius that the first of the

celebrated edicts of persecution against the Christians was

published, on February 24, 303, and this policy of repres-

sion was maintained by him untQ the appearance of the

general edict of toleration, running in his own name and

in those of Licinius and Const.antin(

MAXIMILIAN" L (1439-1519), holy Roman emperor,

the son of the emperor Frederick III, was born on the 22d
of March 1459. In 1477 he married Mary, daughter of

Charles the Bold of Burgundy, thus securing for his family

the possessions of the house of Burgundy ; and by the mar-

riage of his son Philip with the iufanta Joanna in 149G he

prepared the way for the association of Spain with the empire

under his grandson, Charles V. In 14SG Maximilian was

chosen k^ngof the Romans, and in 1493, after the death of

his father, he succeeded to the imperial throne. During the

reign of Frederick III. the system of private war created

profound discontent, and there were urgent demands for the

reform of imperial institutions. Maximilian was never

thoroughly in sympathy with this movement, but at his first

diet, in 1495, he declared a perpetual public peace ; and he

did something for the restoration of order by the establish-

ment, in the same year, of the imperial chamber [Keiehskavi-

viergrrirltt), and, in 1501, of the imperial Aulic council

(Reichshofrath). Another important change was the

division of Germany into six, afterwards (iu 1512) into

ten, circles (Kreise), over each of which was placed a

captain with a force for the punishment of disturbers of

the peace. Standing troops, called Landsknechte, were for

the first time organized by Maximilian, who also improved

the artillery then in use, and issued good police regula-

tions. He encouraged science, art, and literature, devoted

much attention to the universities, especially those of

Vienna and lugolstadt, collected mediaeval poems, and

caused copies to be made of ancient chronicles and other

important manuscripts. Through the influence of his

second wife, Blanca Sforza, daughter of Duke Galeazzo

Sforza of Milan, he was induced to contend for supremacy

in Milan and Naples ; but his resources were inadequate

for war on equal terms with the kings of France, Charles

VIII. and Louis XIL In 1499 he carried on an unsuc-

cessful war with the Smss confederates, the result of which

was that, by the peace of Basel, the confederates became

practically independent of the empire. On the other hand,

he was singularly fortunate in increasing the power of the

house of Austria. By the death of his cousin, the arch-

duke Sigismund, he inherited Tyrol ; he also received

Gor.z, Gradisca, the Pusterthal, and a part of Eavaria

;

and by the marriage of two of his grandchildren with

cnildren of the king of Hungary and Bohemia he took the

first step towards the ultimate incorponition of these

countries with the Austrian hereditary territories. He
wrote several books, and planned the " V/eiss-Kunig," a

kind of poetical autobiography, completed by his private

secretary, Treizsaurweiu von Ereutreiz. Maximilian had

some part also iu the preparation of Tlieuerdaalc, au
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allegory eettiog forth advontures m connexion with his

marriage with Mary of Burgundy, ^t Wels, in Upper
Austria, on the 12th of January 1519, he died.

Sco Kliipfel, Kainer MaximiHan I., IStil

MAXIMILIAN II. (1527-157G), holy Roman emperor,

son and successor of Ferdinand I., was born at Vienna
on the 1st of August lai7. He was of a mild and tolerant

dispoijition, and in youth received a favourable impressiou

of Protestantism from his tutor, Wolfgang Severus,—an

impression which was not effaced by a residence of three

years at the Spanish court. In 1562 he became king of

Bohemia and king of the Romans, in 1503 king of

Hungary, and in 15G4 emperor. At the time of his

accession to the imperial throne Hungary was at war with

Turkey. The eultan Soliman IL was conciliated by the

cession of all the territories he had conquered in Hungary,
and by the promise of a yearly tribute of 300,000 florins.

Soon afterwards Soliman renewed the war on behalf of the

prince of Transylvania; but after his death in 1566 his

successor, Selim, concluded with Maximilian an armistice

of eight years. Maximilian's brothers, Ferdinand and
Charles, fought incessantly against Protestantism in their

respective lands ; but it was tolerated by JMaximilian in

Austria, Bohemia, and Hungary. His authority, however,
was greatly limited by the influence of the Jesuits. He
died on the l'2th of October 1576. Of his eight children

(six sons and two daughters) two—Rudolph 11. and
Matthias—became emperors.

Seo Koch, Qucllcn zur Ocschickic dcs Kaisers Maximilian II.,

IS.^'Z-ei; and Wcrtheimer, Zur Geschichte dcs TUrkcnh'icgs Mcuci-
milians II., 1875.

MAXIMILIAN (1S32-1SG7), archduke of Austria
(Ferdinand Maximilian Joseph) and emperor of Mexico,
was the second son of the archd-uke Francis Charles, and
was born in Vienna on July G, 1832. He was trained for

the navy, and ultimately attained a high command in that

branch of his country's service. In February 1857 he was
appointed governor of the Lombardo-Venetian kingdom,
and in the same year he married the Princess Charlotte,

daughter of Leopold I., king of the Belgians. On the

outbreak of the war of 1859, he retired into private life,

chiefly at Trieste, until 1SG3, when at the instance of

Napoleon III. he accepted the crown which had been
offered to him by the notables of ilexico. He landed at

Vera Cruz on May 28, 1864, but from the commencement
of his reign found himself involved in difficulties of the
most serious kind, which iu 18G6 made apparent to

almost every one outside of Mexico the necessity for his

abdicating. This, however, he declined to do. With-
drawing, in February 1867, to Queretaro, he there sustained
a siege for several weeks, but on jMay 15 resolved to

attempt an escape through the enemy's lines. He was,
however, arrested before he could carry out this resolution,

and, after trial by court martial, was condemned to death.

The sentence was carried out on June 19, 1867. His
reaiains were conveyed to Vienna, where they were buried
in the imperial vault early in the following year. See
Mexico. Maxmiilian's papers were published in 18C7 in

seven volumes, under the title Aus vidiiem Lebeii, lit'ise-

s/cu:e!i, Ap/torismen, iSic.

MAXIMINUS, Caius JuLros Veeus, Roman emperor
from 235 to 238, was of barbarian parentage, his father
being a Goth and his mother an Alan, and was born in a
village on the confines of Tlirace, where his immense
stature and enormous feats of strength first drew the
attention of the emperor Septimius Severus. From being
a shepherd he became a soldier, and under Caracalla rose

to the rank of centurion. He carefully absented himself
from court during the reign of Elagabalus. but rose to tho
first military command under his successor Alexander

Severus. On March 19, 235, the troop.<? saluted him
emperor, and shortly afterwards Alexander was put to

death. The three years of his reign, which were spent
wholly in the camp, were marked by great cruelty and
oppression ; the widespread discontent thus produced,
culminated in a revolt in Africa and the assumption of
the purple by' Goedianus (q.v.). Maximin, who was in
Pannoiiia at the time, marched against Rome, and passing
over the Julian Alps descended on Aquileia; while detained
before that city he and his son were murdered in their tent
by a body of praetorians. Their heads were cut off and
despatched to Rome, where they were burnt on the Campus
Martius by the exultant crowd (May 238).
MAXIMINUS, Galerius Valerius, Roman emperor

from 30S to 314, v/as originally an Illyrian shepherd, and
bore the name of Dazx His mother, was a sister of him
who afterwards became the emperor Galerius. He rose to
high distinction after he had joined the army, and in 305
he was raised by his uncle to the rank of Ca;sar, with the
honorary appellation of Jovius, Syria and Egypt being the

government assigned to him. In 308, after the elevation

of Liciaius, he insisted oa receiving the title of Augustus;
on the death of Galerius in 311 he succeeded to tho
supreme command of the provinces of Asia, and, when
Licinius and Constantine began to make common causs

with one another, Maximin entered into a secret alliance

with Maxentius. He came to an open rupture with
Licinius in 313, sustained a crushing defeat in tho

neighbourhood of Heraclea on April 30th, and, having fled

with extraordinary celerity first to Nicomedia and after-

wards to Tarsus, perished at the latter city in August
following. His death was variously ascribed " to despair,

to poison, and to the Divine justice." Maximin, in every
respect a worthless character, has a bad eminence in the

annals of the Christian church as having renewed persecu-

tion after the publication of the toleration edict of

Galerius.

MAXIMUS, the name of four Roman emperors. In
chronological order the first was M. Clodius Pupienus
Maximus, who was associated with Balbinns in the

imperial dignity by the senate for a short time iu 238,
before and after the death of the hated Maximin. The
second was Magnus Clemens Maximus, a native of Spain,

who shared the imperial dignity with Valentiniaa and
Theodosius from 383 to 388. He had accompanied
Theodosius on several expeditions, and from 368 held

high military rauk in Britain. The disaffection of the

Roman troops towarfs the emperor Gratian found expres-

sion in 383 in the proclamation of Maximus as emperor,
—whether with or without his complicity in the act is

uncertain. Voluntarily or under compulsion Maximus
forthwith attacked Gratian in Gaul, and drove him from
Paris to Lyons, where the fugitive was murdered. Circum-
stances made it difficult for Theodosius at the time to

avenge the death of his colleague by war, and an agree-

ment was therefore come to by which Maximus was recog-

nized as Augustus and sole emperor in Gaul, Spain, and
Britain, while Valentinian was to remain unmolested in

Italy and Illyricum, Theodosius retaining his sovereignty

in the East. A prosperous reign of four years having
tempted Maximus, in 387, to pass the Alps, Valentinian
was speedily put to flight, while the invader established

himself in Milan, and for the time became master of Italy.

Theodosius now took vigorous measures : advancing a
powerful army by land, he utterly defeated the western

troops at Siscia (Sciszek) in Pannonia, and, passing the

Julian Alps wfth great rapidity, came upon Maximus, who
hid fled to Aquileia, seized him, and caused him to be
beheaded (August 38S). The third, Maximus Tyrannus, was
made emperor in Spain by the Roman general Gerontius,
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who had rebelled against Constantine in 408. A.fter the

defeat, of Gerontius at Aries, and his subsequent death in

411, Maximus renounced the imperial title and was per-

mitted by Constantine to retire into private liio. About

418 he rebelled again, but, failing in his attempt, was

seized, carried into Italy, and put to death at Ravenna in

422. Lastly, Petronius Maximus was a member of the

higher Roman nobility, and had held a large number of

public offices, including those of p. jfectusRoma; (420) and

of pr;etectu3 Italias (439-441 and 445). He was one of

the intimate associates of Valentinian, who received his

assistance in the palace intrigues which led to the death of

Aetius in 4.51 ; but a brutal outrage committed on the wife

of Maximus by the emperor turned his friendship into the

bitterest hatred. Maximus was proclaimed emperor im-

mediately after Valentinian's murder in ilarch 455, but

reigned for less than three months, having been murdered

by some Burgundian mercenaries as he was flying before

the Vandals, who, invited by Eudoxia, the widow of

Valentinian, had landed at the mouth of the Tiber (May

or June 455).

MAXIMUS, St, abbot of Chrysopolis, known as "the

Confessor" from his orthodox zeal in the Monothelite con-

troversy, or as " the monk," was born of noble parentage

at Constantinople about the year 580. Educated with

great care, he early became distinguished by his talents

and acquirements, and .some time after the accession of the

emperor Heraclius in GIO was made his private secretary,

lu C30 he abandoned the secular life and entered the

monastery of Chrysopolis (Scutari), actuated, it was

believed, less by any longing for the life of a recluse than

by the dissatisfaction he felt with the Monothelite leanings

of his master. The date of his promotion to the abbacy is

uncertain. In 633 he was one of the party of Sophronius

at the council of Alexandria; and in 645 he was again in

Africa, when he held in presence of the governor and a

number of bishops the disputation with Pyrrhus, the

deposed and banished patriarch of Constantinople, which

resulted in the (temporary) conversion of his interlocutor

to the Dyothelite view. In the following year several

African synods, held under the influence of Maximus,

declared for orthodoxy. In 649, after the accession of

Martin I., he went to Rome, and did much to fan the zeal

of the new pope, who in October of that year held the

(first) Lateran synod; by which not only the ^Monothelite

doctrine but also the moderating eclhesis of Heraclius and

it/pus of Constans II. were anathematized. About 653

Maximus, for the part he -had taken against the latter

document especially, was apprehended by order of

Constans and carried a prisoner to Constantinople, and in

655, after repeated examinations, in which he maintained

his theological opinions with memorable constancy, was

banished to Byzia in Thrace, and afterwards to Perberis.

In 662 he was again brought to Constantinople and wat

condemned by a synod there to be scourged, to have his

tongue cut out by the root, and to have his right hand

chopped ofi. After this sentence had been carried out he

was again banished to Lazica, where he died on August 1 3,

C62. He is venerated as a saint both in the Greek and in

the Latin Church,—in the former on January and on

August 12th and 13th, in the latter on August 13th.

A collection of his works, which are of jmroitance for the history

of the Monothelite controversy, was undertaken by Combefis, wlio

published two volumes in 1675 (S. Maximi Confcssoris, Grmcorum
Thcologi, cximUguc Fhilosophi Opera), but did not live to complete

ills labours. A list of the more important of the writings of J^Iaxi-

rnus, with bibliographical details, \yill be found in Smith'sBictionarij

of Biography a^id Mythology \ an exhaustive "Catalogue raisonne,"

by Wageumann, occurs in vol. ix. (1881) of the new edition of Her-

"og's RcahEncylclo}mUe, The details of the disputation with

Pyrrhus and of the martyrdom are given very fully, and clearly in

iiefele's Conc.-gesch., voLiiL

MAXWELL, Jams Cleek (1831-1879), was the last

representative of a younger branch of the well-known

Scottish family of Clerk of Penicuik. He was educated at

the Edinburgh Academy (VS40-47) and the university

of Edinburgh (1847-50). Entering at Cambridge in 1850,

he spent a term or two in Peterhouse, but afterwards

migrated to Trinity. He took his degree in 1854 as

second wrangler, and was declared equal with the senior

wrangler of his year in the higher ordeal of the Smith's

prize examination. He held the chair of natural philosophy

in Marischal College, Aberdeen, from 1856 till the fusion

of the two colleges there in 1860. For eight years

subsequently he held the chair of physios and astronomy

in King's College, London, but resigned in 1868 and
retired to his estate of G'.enlair in Kirkcudbrightshire.

He was summoned from hLs seclusion in 1871 to become
the first holder of the newly-founded professorship of

experimental physics in Cambridge; and it was under his

direction that the plans of the Cavendish laboratory were

prepared. He superintended every step of the progress of

the building and of the purchase of the very valuable collec-

tion of apparatus with which it was equipped at the expense

of its munificent founder the duke of Devonshire (chancellor

of the university, and one of its most distinguished

alumni). So far for the outline of Maxwell's career, sis'

regards dates, ofiicial work, &c. The rest belongs almost

exclusively to mathematical and physical science. For more
than half of his brief life he held a prominent position in the

very foremost rank of natural philosophers. His contribu-

tions to scientific societies began iu his fifteenth year, when
Professor J. D. Forbes communicated to the Royal Society

of Edinburgh a short paper of his on a mechanical method
of tracing Cartesian ovals. In his eighteenth year, while

ctill a student in Edinburgh, he contributed two valuable

papers to the Trausaclions of the same society—one of

which, " On the Equilibrium of Elastic Solids," is remark-

able, not only on account of its intrinsic power and. the

youth of its author, but also because in it he laid the

foundation of one of the most singular discoveries of his

later life, the temporary double refraction produced in

viscous liquids by shearing stress. Immediately after

.taking his degree, he read to the Cambridge Philosophical

Society a very novel memoir On the Transfurmadon of

Surfaces by Bcndiriy. This is one of the few purely

mathematical papers he published, and it exhibited at

once to experts the full genius of its author. About the

same time appeared his elaborate memoir On Faraday's

Lines of Force, in which he gave the first indication of

some of those extraordinary electrical investigations which

culminated in the greatest work of his life. He obtained

in 1859 the Adams prize in Cambridge for a very original

and powerful essay On the Slahiliiy of Saturn's liings.

From 1855 to 1872 he published at intervals a series of

valuable investigations connected with the Perception of

Colour and Colour-Blindness. For the earlier of these

ho received the Rumford medal in 1860. The instru-

ments which he devised for these investigations were

simple and convenient, but could not have been thought

of for the purpose except by a man whose knowledge was

co-oxtensive with his ingenuity. One of his greatest

investigations bore on the Kinetic Theory of Gases.

Originating with D. Bernoulli, this theory was advanced

by the successive labours of Herapath, Joule, and parti-

cularly of Clausius, to such an extent as to put its general

accuracy beyond a doubt. Bnt by far the greatest develop-

ments it has received are due "to Maxwell, part of whose

mathematical work has recently been still further extended

in some directions by Bolzmann. ' In this field Maxwell

appears as an experimenter (on the laws of gaseous friction)

as well as a mathematician. His twg latest papers deal
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v-itli tliin branch of physics; one is an exionsion and

siiiiplilicatioii of some of Bolzmann's chief results, the other

treats of the Icinotio theory as applied to the motion of tho

radiometer. lie has written an admirable test-book of the

Theory of Ileal, which has already (1882) gone through

several cditians, and a very excellent elementary treatise

oil Matter and Motion. Even this, like his other and

larger works, is full of valuable matter, worthy of the most

attentive perusal not of students alono but of the very

foremost scientific men.

But tho great work of his life was devoted to electricity.

He began by reading with the most profound admiration

iind attention the whole of Faraday's extraordinary self-

revelations, and proceeded to translate the ideas of that

master into tho succinct and expressive notation of the

mathematicians. A considerable part of this translation

was accomplished during his career as an undergraduate in

Cambridge. The writer had the opportunity of perusing

the MS. on Faraday's Lines of Force, in a form little

different from the final one, a year before Maxwell took

his degree. His great object, as it was also tlje great object

of Faraday, was to overturn the idea of action at a

distance. The splendid researches of Poisson and Gauss
had shown how to reduce all the phenomena of statical

electricity to mere attractions and repulsions exerted at a

distance by piarticles of an imponderable on one another.

Sir W. Thomson had, in 1846, shown that a totally

different assumption, based upon other analogies, led (by its

own special mathematical methods) to precisely the same
results. He treated the resultant electric force at any
point as analogous to the Jlux of heat from sources distri-

buted in the same manner as the supposed electric particles.

This paper of Thomson's, whose ideas Maxwell afterwards

developed in an extraordinary manner, seems to have given

the first hint that there are at least two perfectly distinct

methods of arriving at the known formuL-e of statical

electricity. The step to magnetic phenomena was compara-
tively simple ; but it was otherwise as regards electro-

magnetic phenomena, where current electricity is essentially

involved. An exceedingly ingenious, but highly artificial,

theory had been devised by Weber, which was found
capable of explaining all the phenomena investigated by
Ampere, as well as the induction currents of Faraday. But
this was based upon the assumption of a distance-action

between electric particles, w^hose intensity depended on their

relative motion as well as on their position. This was, of

course, even more repugnant to Maxwell's mind than the
statical distance-action developed by Poisson. The first

paper of Jlaxwell's in which an attempt at an admissible
physical theory of electromagnetism was made was communi-
cated to the Royal Society in 1SG7. But the theory, in a
fully developed form, first appeared in his great treatise on
Eledricity and Magnetism (1873). This work, already in
a second edition, is one of the most splendid monuments
ever raised by the genius of a single individual. Availing
biniself of tho admirable generalized coordinate system of
Lagrange, Maxwell has shown how to reduce all electric

and magnetic phenomena to stresses and motions of a
material medium, and, as one preliminary, but excessively
severe, test of the truth of his theory, has shown that (if

tho elettromagnetic medium be that wdiich is required for
the explanation of the phenomena of light) the velocity of
light in vacuo should be numerically the same as the ratio
of the electromagnetic and electrostatic units. We do
not as yet certainly know either of these quantities very
exactly, but the means of the best determinations of each
separately agree with one another more closely than do the
various values of either. There seems to be no longer
any possibility of doubt that JIaxwell has taken the fast
grand step towards the discovery of the true nature of

electrical phenomena. Had he done nothing but this, hif

fame would have been secured for all time. But, striking

as it is, this forms only one small part of the contents of

his truly marvellous work.

One of his last great contributions to scierice was his

editing (with copious original notes) tlie Medrical
Researches of the lion. Henry Caivndish, which had been
altogether unappreciated by the witlings to whom they had
previously been confided. It now appears that Cavendish,

already famous by many other researches (such as the mean
density of the earth, the composition of water, «S:c.), must
be looked on as, in his day, a man of Maxwell's own stamp
as a theorist, and an experimenter of the very first rank.

This encyclopaedia has been, in its scientific aspects,

greatly indebted to Clerk Maxwell. The articles Atom,
Atteaction, CiUTLLAParY, DrFFUsio>r, Ether, &c., were

intended as parts merely of one comprehensive .system, in

which a general r&um^ of all that is known of the pro-

perties of matter should be given in simple yet profound

completeness. The reader of these articles cannot but feel

how much has been lost when this splendid series cannot

be completed by its initiator.

In private life Clerk Maxwell was dne of the most lovable

of men, a sincere and unostentatious Christian. Though
perfectly free from any trace of envy or ill-will, he yet

showed on fit occasion his contempt for that pseudo-science

which seeks for the applause of the ignorant by professing

to reduce the whole system of the universe to a fortuitous

sequence of uncaused events.

His collected works will shortly be issued from the Pitt

press ; and an extended biography, by his former school-

fellow and lifelong friend Professor Campbell, has just

been published (1882). (p. g. t.)

MAXWELL, Sir William STiRLUfG-, Baht. (1818
ISYS), man of letters, the only son of Mr Archibald

Stirling of Keir, Perthshire, and of Elizabeth, secoud

daughter of Sir John Maxwell, seventh baronet of Pollok,

Kenfrewshire, was born at Kenmure, near Glasgow, in 1818.

William Stirling was educated at Trinity College, Cam-
bridge, where he graduated in 1839, and afterwards he

spent some years on the Continent chiefly in France and
Spain. Having succeeded his father as proprietor of Keir

in 1846 (when he was made vice-lieutenant of Perthshire),

he in 1852 entered parliament as member for that county
;

and he was several times re-elected. On the death of his

uncle in 18C5 he succeeded to the baronetcy and estates

of Pollok, in respect of which he assumed the additional

name of ^Maxwell In the same year he became deputy-

lieutenant of Lanarkshire, and a like office was conferred

on him in Renfrewshire in 1870. The services which his

talent, energy, and wealth enabled him to render to

literature were recognized in a great variety of ways by
numerous universities ; in 1863 he was chosen lord rector

of St Andrews, in 1871 the same honour was conferred

by Edinburgh, and in 1875 he became chancellor of

Glasgow. In the following year he was created a Knight
of the Thistle, being the only commoner of the order. He
died at Venice on January 15, 1878.

Sir \V". Stirling-Maxu-ell's works, wliich are invariably character-

ized by thoroughness of workmanship and refinement of literary

taste, were in some cases issued for private circulation only, and
almost all of them are now exceedingly rare. They inchide an
early volume of verse {Songs of the Holy Lami- lS4r), and several

volumes containing costly reproductions of old engravings, along

with valuable explanatorv matter. His best-known publications

are Annals of the ArtMs of Spain (1848; 2d cd. , 1S53), T/ic Cloister

Life of Charles V. (1852; 3d ed., 1853>, and Velazquez and his

IVoi-lrs (1855). A life of Son John of Austria, from his post-

humous papers, is now (1882) in the press.

MAY, the fifth month of our modern year, was the third

of the old Roman calendar. The name is of doubtful origin.

Ovid [Fasti, v. 483-90) suggests the three derivations of
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majestas, majores (the patres of the old Roman city), and
Maia, the mother of Mercury, to whom the Romans were
accustomed to sacrifice on the first day of the month. It

was considerer' unlucky among the Romans to contract

marriages during this month, ou account of the celebration

of the Lemuria,—a superstition of which traces are still

to be found among ourselves. In the Roman Catholic

Church May is known as " the month of Mary."
May-day is the name given to the first day of the

month in England, when, according to ancient custom,

all ranks of the people rose at early dawn and went out
" a-Maying" to welcome the advent of spring. The customs

of the day chiefly took their rise with the Romans. In

the southern counties of England they differ materially

from those of the northern and western. That of gather-

ing branches of trees and flowers, to deck the person, is

still observed in many places.

The May-Pole was once general throughout the

country. The assemblage of the people, sanctioned by the

presence of the priests, marching on May morning in pro-

cession to some neighbouring wood, returned in triumph
with the pole, round which were suspended flowers, boughs,

and other tokens of the spring season. On one of these

festive occasions, Henry VIII. assembled his court at

Shooter's Hill ; and Queen Elizabeth also used to keep
" May Games " at Greenwich. The May-pole, once fixed,

often remained until nearly the end of the year ; and there

were some specially made of durable wood, which remained
for many years, and were from time to time resorted to at

other seasons of festivity. The last May-pole erected in

London, 100 feet in height, was on the spot where the

church in the Strand now stands, near Somerset House.
Being taken down in 1717-18 it was conveyed to Wanstead
Park in Essex, where it was fixed as part of the support of

a large telescope set up by Sir Isaac Newton. The May
Lady, Manikin, Jack in the Green, and Morris Dancing
are merely variations in the mode of representing the

goddess Flora. The chimney sweepers, who are now the

principal performers, are probably more interested than
any other class in May sports. For, as the commencement
of summer deprives them in a considerable degree of their

business occupation, they naturally seek to avail themselves
of the customary liberality of festive meetings.

The other principal fixed days observed and noted in

the mouth are May 9, Half-Quarter-Day, and May 15,

Whitsunday term,—not to be confounded with Whit
Sunday, which is a movable feast.

JIAYA. See Mexico.
MAYBOLE,'' a burgh of barony and market-town of

Scotland, iu the county of Ayr, 9 miles south of Ayr on
the railway to Stranraer, is built ou the face of a hill gently
eloping to the south. The characteristic features of the
place are the old family mansions in the main street, the
castle of the earls of Cassilis, and the old church ruins

with the Cassilis burial-place. It has recently increased
considerably in size, and it is now busy with various
manufacturing industries in addition to its staple trade of

Bhoemaking. The population was 3797 in 1871 and 4474
in 18S1. New waterworks to supply 60,000 gallons daily

were commenced in 1882 ; the site of the reservoir, about
3 miles south-east of the town, is almost that of the
remarkable Lochspouts crannog (see Ayr and Wigton Arch,
ami Hist. Collectior.s, vol. iii. ; and Munro, Ancient Scottish

Lake Dwellings, 1882).

A charter was granted to the town by Duncan iu 1103 ; and the
church was bestowed in 1213 on the Cistercian nunnery at North
Berwick. In 1B16 Maybole became a burgh of regality, and in

1039 the seat of the head courts ot Carrick ; but the independence
of its local government was long contested by the superiors, the ear)?

of Cassilis. Cotton weaving was introduced in the ISth century.
See J. PatersoE, History of Ayr and Wigton, vol. ii;, 1864.

MAYENCE. See Mai.vz.

MAYENNE, a department of north-western France,

three-fourths of which formerly belonged to Lower Maine
and the remainder to Anjou, lies between 47° 45' 10" and
48° 34' 30" N. lat., and 0° 2' E. and 1° 14' W. long., and

is bounded on the N. by Ma,nche and Orne, on the E.

by Sarthe, on the S. by Mau«e-et-Loire, and on the W.
by lUe-et-Vilaine, having a maximum length from north

to south of 51 miles, a breadth of 39 miles, and an

area of 1996 square miles. Its ancient geological forma-

tions connect it with Brittany. The surface is agreeably

undulated ; forests are numerous, and the beauty of tlie

cultivated portions is enhanced by the hedgerows and
lines of trees by which the farms are divided. Tie
highest point of the department, and indeed of the whole

north-westof France, is the Mont des Avaloirs (1368' feet).

Hydrographically Mayenne belongs to the basins of the

Loire, the Vilaice, and the Selune ; the first-mentioned

has the larger part of the entire area. The principal

stream is the Mayenne, which passes successively from

north to south through the three most important towns—
Mayenne, Laval, and Chateau-Gontier ; by means of weirs

and sluices it is navigable below JIayenne, but steamers

do not ascend past Chateau-Gontier. The chief aflluents

are the Jouanne on the left, and on the right the Col-

mont, the Ernee, and the Oudon. A small area in the

east of the department drains by the Erve into the Sarthe ;.

the Vilaine rises in the west, and in the north-we^t-

the S^luue flows into the English Channel. The climate of

Mayenne, which is that of the Sequanian region, is gene-

rally healthy except in the neighbourhood of the numerous

marshes. The temperature is lower and the moisture of

the atmosphere greater than in the neighbouring depart-

ments ; the rainfall is above the average for France.

Of the entire area two-tl)irds are arable, and a twentieth is under
wood. A large number of horned cattle are reared (9S,000 oxen,

150,000 cows), and in no other Frencli dejiartment are so many
horses (92,500) found within the same area; the breed, that of

Craon, is famed for its strength. Craou has also given its name to-

the most prized breed of pigs in western France. There are 83,000
pigs iu the departmcut, 80,000 sheeji, and 5000 goats. Jlayeunc
produces excellent butter, poultry, aud game, and a large nunntity

of hone}'. The cultivation of the vine is very limited, and the luost

common bever.-ige is eider, of which neaily 0,000,000 gallons arc

annually made. Agriculture is in a flouvisliiug condition ; in 1878
were produced upwards of 3^ million bushels of wheat, ^ niillioii

of meslin, nearly an equal amount of rye, 1^ niillion of barley, 2
million of oats, and nearly 3 million bushels of potatoes, besides a
large quantity of flax aud hemp. The timber grown is ehiclly beech,

oak, birch, elm, and chestnut. The depaKment produces a littlo

iron-ore a.id manganese; it is rich in anthracite and coal, of which,
however, the aunual production has rcceiitly decrensid froiu 80,000
tons to 60,000. Marble and granite, limestone, slate, and porphyry
arc quarried ; the last-named material is c;ipable of a fine polish,

and IS also used for paving the streets of Paris. There aro several'

chalybeate springs. The industries include, irou aud br.ass found-
ing, brick aud tile making, brewing, the manufacture of candles,

cotton, linen, and woollen tliread, and the production of various tex-

tile fabrics (that of ticking being the specialty of the department),
agricultural implement making, wood aud niaible sawing, tanning,

dyeing, and the like. The population in 18S1 was 343,167. Tho
arronaissements are those of Laval, Chatcau-Gcntier, and Mayenne.

Mayenxe, capital of an arrondissement in the above

department of France, is an old feudal town irregularly

built on two hillocks which overlook the river Mayenne,

at the point wheie the railway from Caeti to Laval is

joined by that from Fougcres to Alengon. The old castle

still has towards the river five towers, one of which

has retained its conical roof ; the vaulted chambers aud

chapel are ornamented in the style of the 13th century
;

the building is now used as a prison. The church of Notre

Dame, dating partly from the 12th century, is the only

other building of any special interest. In the Place de

Cheverus is a statue, by David of Angers, to tho cardinal

of that name, who was born in Mayenne. The cliii ^
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iniluatry of tho placo k the cloth manufactui'o, which
oci'upiea 8000 pcrBons in tho town aiid nei£;hbourhood.

The population in 187G was 10,098.
Mayenno had its origin in tho castle built liore by Juhol, the son

of GoofTroy of Maine, in the beginning of tho llth century. It was
bosrcgod by William the Conqueror, and afterwards by tlio earl of

Salisbury ; and the possession of it was disputed by tho Royalists

and tho Leaguers, as also by the Republicans and tho Vendeans.

MAYEK, JoHANN Tobias (1T23-1762), one of the'

greatest of last century's astronomers, was born at Marbach
in Wiirtemberg, February 17, 1723. He was brought up
at Esslingon in comparatively poor circumstances, and as a

mathematician was mainly self-taught. He had already

published several original geometrical tracts when, in

IT'JC, ho entered Homann's cartographic establishment at

Nuremberg. Here he introduced many improvements in

map making, and gained a scientific reputation which led

(in 1751) to his election to the chair of economy and
mathematics in the university of Gtittingen. In 1704
iie became superintendent of the observatory, where he
laboured with great zeal and success till his death, February
20, 17G2, His first important astronomical work was a

careful ini'cstigation of tho libration of the moon (Kosmo-
yraphische Xachrichten, Nuremberg, 1750), the elements of

which and tho position of the moon's axis of rotation he
determined with much greater accuracy than had previously

been done. His great fame I'ests on his lunar tables, which
were published iu 1753 along with new solar tables, and
transmitted to England in 1755. These tables, which
w«re compared by Bradley with the Greenwich observa-

tions, and found to be sufficiently accurate to determine

the longitude at sea to within half a degree, solved tho

problem of practicali) determining longitude anywhere on
tho earth's Burfaee. An improved set was afterwards

published in London (1770), as also tho theory {Theoria

Lunx juxia Systema Newtoiiiamim, 17G7) upon which the

tables are based. They were sent to England by his

widow, who in consideration received from the British

Government a grant of iSOOO. Appended to the Lo,ndon
,

edition of the solar and lunar tables are two short tracts,

—the one on determining longituiie by lunar distances,

together with a description of the repeating circle (invented

by Mayer in 1700), the other on a formula for atmospheric

refraction, which applies a remarkably accurate correction

for temperature.

llaycr left behind him a consiuei-.ibIo quantity of manuscript,

part of which was collected by Lichtonberg and published in one
volume (Opera IncclUa, Gottingen, 1775). It contains, amongst
other papers, an easy and accurate method for calculating eclipses;

^

an essay on colour, in which three primary colours are recognized ; a
j

catalogue of nine hundred and ninety eight zodiacal stars ; and a J

memoir, the earliest of any real value, on the proper motion of fixed

stars, which was originally .communicated to the Gottingen Koyal
j

Society in 17C0. The otlier part still remains in manuserijit, and in-
j

eludes papers on atmospheric refraction (dated 1755), on the motion
of JIars as affected by the perturbations of Jupiter and tho Earth

|

(17.56), and on terrestrial magnetism (1760 and 17C2). In these last 1

Mayor seeks to explain the magnetic action of the earth by a sinijilo

hypothesis. He supposes a small bar-magoet to be placed with its
}

centre at the earth s centre, and calculates the position of ecpiili-

briura of a second small magnet at any given point on the earth's

surface, assuming the law of magnetic attraction and repulsion to

be that of the invei-so squai-e. Though the values of the declina-

tion and dip calculated according to this theory do not agree with
the observed values, Mayer must be credited with the first really

definite attempt to establish a mathematical theory of magnetic
action, and as the first who gave any experimental evidence in favour
of the inverse squ.are of the distance t\s the law of force. Sec Hau-
stecn's Magnctismus dcr Erde.

MAYEK, Julius Eobeet (1814-1878), was born at

Hcilbronn, Nov, 25, 1814, studied medicine at Tiibingen,
\

Munich, aVid Paris, and, after a journey to Java iu 1840 as i

surgeon of a Dutch vessel, obtained a medical post in his
j

native town. He claims recognition as an independent a
j

priori propounder of the " First Law of Tliermodyuamics,''
|

but more especially as having early and ably applied that

law to the explanation of many remarkable phenomena,

both cosmical and terrestrial. His first little paper on the

subject, " Bcmerkungeu iiber dio Kriifto der unbelebten

Natur," appeared in 1842 in Liobig's^ Annalen, five years

subsequent to the republication.'in'the same journal, of an

extract from the great memoir of MoHB (?•".). Mayer's

statements as to the " indestructibility of force '•' (as he

calls it) were based almost entirely upon scholastic dicta,

such as causa xqttat efedum, ic. The main experimental

fact which he adduces in support of his reasoning as to

the convertibility of work and heat is a mere repetition,

in a very inadequate form, of a curious experiment made
by Dr Reade of Cork, who ioimd {Xicholson's Journal, xx.,

1808, p. 113) that water was sensibly heated after being

violently shaken in a phiaL But Dr Keade states explicitly

tho precautions ho bad taken to protect " the phial and

its contents from heating by the hand of the operator,

—

an important detail which is unnoticed by Mayer.

It has been repeatedly claimed for Mayer that he calculated the

value of thetlynaHiical equivalent of heat, indirectly no doubt, but

in a manner altogether free_from error, and with a result according

almqjt exactly with that obtained by Joule after years of patient

labour in direct experimenting. Mayer assumed that the heat

developed by compression of air is the equivalent of the w-ork spent

in the compression. If we had independent proof of this the result

would undoubtiidly follow.' And it has been urged that the man
who, by a single burst of genius, reached at once tlio goal which

others had been painfully seeking, merits an amount of fame com-

mensurate with that due to discoverers like Ncwt()n or Galileo.

This claim on Mayer's behalf was first shown to be baseless by
Thomson and Tait ("Energy," Good IVords, 1S62). This article

gave rise to a long but lively discussion. A calm and judicial

annihilation of the claim is to be found in a brief article by Stokes,

Proc. Kmj. Sec, 1871, p. 54. See also Maxwell's Theory of Beat,

chap. xiii. Mayer eutirely ignored the grand fundamental

principle laid down by Sadi Carnot, a principle which has done

even more for physics than has the conservation of energy itself,

viz., that nothing can be concluded as to the relation between heat

and work from an experiment in which the working substance is

left at the end of an operation in a different physical state from

that in which it was at the commencement. JIayer has also been

styled tho discoverer of the fact that heat consists in (the energy

of) motion, a matter settled at the very end of the 18th centurj- by

Rumford and Davy. In the teeth of this statement we have

Mayer's own words, " We might much rather assume the contrary,

—that in order to become heat, motion must cease to be motion."

M.iyor's real merit consists in the fact that, liaving for himself

made out, on inadequate and even questionable grounds, the con-

servation of energy, and having obtained (though by inaccurate

reasoning) a numerical result correct so far as his data permitted,

he applied the principle with great power and insight to the ex-

planation of numerous physical phenomena. His papers, which

have been republished in a single volume with the title Die

Meehaiiik der ]Fdrme (2d ed., Stuttgart, 1874), are of extremely

unequal merit. But some, especially those on Celestial Dynamics

ani Organic Motion, are admirable examples of what really valuable

work may be effected by a man of high intellectual powers, in spite

of imperfect information and defective logic.

Dilferent, and, it would appear, exaggerated, estimates of Mayer

are given* in Dr Tyndall's papei-s in the Phil. Mag., 1863-64

(whose avowed object was " to raise a noble and a suffering man to

the position which his labours entitled him to occupy"), and in

the extraordinary treatise by Diiliring, Robert Mayer, dcr Gahln

dcs ncMKchntcn Jahrhundcrls, Chemnitz, 3880. Some of the

simpler facts of the case are summarized by Tait iu the Phil.

Mag., 1864, ii. p. 289.

MAYHEif (Maim), an old term of the law signifying

an assault whereby the injured person is deprived of a

member proper for his defence in fight, e.r/., an arm, a leg,

a fore tooth, &c. The loss of an ear, jaw tooth, &c., was

not mayhem. The most ancient punishment in English

law was retaliative—mfiiiirHni ^^TO membro, hi\t ultimately

at common law fine and imprisonment. Various statutes

were passed aimed at tho offence of maiming and dis-

' Se-uin, tUree years before, had assumed that the work lioBS ^y

steam or any other expanding substance is the equivalent of the heat

which disappeai-3 during the expansion. A similar idea, but more

accurately expressed. 13 to be found in Mohi-'s paper, above referred to.

XV. — 8.''
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figuring, which is now dealt with by section 18 of 2-1 <fe 25

Vict. c. 100. Mayhem may also be the ground of a civil

action, which had this peculiarity that the court on sight

of the wound might increase the damages awarded b" the

I'ury.

SlAYKOP, a town oi tne Caucasus, Russia, in tne pro-

vince of Kuban, on the Byelaya, a tributary of the Kuban,

93 miles to the south-east of Yekaterinodar, the capital

of the province. Formerly it • as merely a fortified

" stanitsa " (village of Cossacks) and the centre for mili-

tary operations against western Caucasus. But, owing to

its position in a very fertile country where settlers from

Russia found plenty of rich soil which had been abandoned

by the natives, Maykop has become a wealthy town, and

its population has rapidly increased to 22,550. Most of

them are still agriculturists, but others are engaged in a

brisk trade in the produce obtained from the large a"

wealthy stanitsas of the surrounding district.

MAYNOOTH, a village in the county of Kilda>e, pro-

vince of Leinster, Ireland, is situated on the Royal Canal

and on the Midland Great Western Railway, 15 miles north-

west of Dublin. The Royal Catholic College of Maynooth,

instituted by the Irish parliament in 1765, is the chief

seminary for the education of the Roman Catholic clergy

of Ireland. It was supported by a parliamentary grant

of £26,000 a year, which at the disestablishment of the

Irish Church in 1869 was commuted by the payment of a

capital sum fourteen times its amount. The buildmg is a

fine Gothic structure by Pugin, erected by a parliamentary

grant obtained in 1846. Near the college stand the ruins

of Maynooth Castle, built in 1-126, and formerly the

residence of the Fitzgerald family. It was besieged in the

reign of Henry VIII., in that of Edward VI., and during

the Cromwellian wars, when it was demolished. The
beautiful mansion of the duke of Leinster is about a mUe
from the town.

MAYO, a maritime county on the west coast of Ireland,

province of Connaught, is bounded N. and W. by the

Atlantic Ocean, N.E. by Sligo, E. by Rc;.common, S.E.

and S. by Galway. Its greatest length from ricrth to south

is about 75 miles, and its greatest breadth about 65 miles.

The total area is 1,318,129 acres, or 2060 square miles.

About two-thirds of the boundary of JIayo is formed
by sea, and the coast is very much indented, and abounds

in picturesque scenery. The principal inlets are KiUary

Harbour between ilayo and Galway ; Clew Bay, in which

are the harbours of Westport and Newport ; Blacksod

Bay and Broad Haven, which form the peninsula of the

Mullet; and Killala Bay between Mayo and Sligo. -The
islands are very numerous, the pj-incipal being Inishturk

(area H45 acre.s, and population 132 in 1881), near Kil-

lary Harbour ; Clare Island (area 3949 acres, population

62) at the mouth of Clew Bay, where there are many
islets all formed of drift; and Achil (area 35,838 acres,

population 5070), the largest island in Ireland. In the

eastern half of the county, where Carboniferous rocks

prevail, the surface is comparatively level, with occasional

hills consisting chiefly of granite and slate. The western

half is very mountainous, but there are a few valleys

adjoining the seashore. A great portion of the coast

extending from Killala to Clew Bay consists of Old Red
and Yellow Sandstone. The remainder of the mountainous

•egion consists chiefly of quartzite or alternating beds of

juartzlteand granite or gneiss schist. Muilrea (26S8 feet)

13 included in a mountain range, lying between Killary

Harbour and Lough Mask, which belongs to the Upper
Silurian formation. The next highest summits are Nephiu
(2530 feet), to the west of Lough Conn, and Croagh Patrick

(2370 feet), to the south erf Clew Bay. The river Moy
flaws northwards, forming the boundary of the county

with Sligo, and falls into KiUala Bay. The courses of

ha other streams are short, and except when swollen by
:ains their volume is small The principal lakes are

Lough Mask and Lough Corrib, on the borders of the

county with Galway, and Loughs Conn, Carrah, Castlebar,

CuUin, and Carrowniore. Limestone is abundant, and
also iron ore, which, however, is not smelted, from want of

fuel. There are several valuable slate quarries • and'

ochres, granite, and manganese are found.

i^n-icn/ture.—Theie are some very fertile regions in

tne level portions of the county, but in' the mountainous

districts the soil is poor, the holdings are subdivided

beyond the possibility of alfording proper sustenance to

their occupiers, and, except where fishing is combined with

agricultural operations, the circumstances of the peasantry

are among the most wretched of any district of Ireland.

In 1881 there were 179,343 acre.-*, oi loss than one-eighth of the

whole area, under crops, while 545,040 were pastuie, 10,702 woods,

and 521,673 waste. The total nuinbei of holdings in 1881 was
37,693, of which 22,914 were less than 15 acres in extent, and
9386 between 15 and 30 acres. The following table shows the
areas under the principal crops in 1855 and 1882 :

i

1
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naatJmost annihilation of this tribe took place also in this county,

r.- jUToytiua ncnr Cong. Along with the greater part of Connaught

i, was, granted by King John to Ilulwrt do Burgo, but after the

rebellioS- against William de Burgo, third carl, headed by Mao

William Oughter, the whole province of Connaught remained nearly

independent of British rule till the time of Elixabctli. la the

eleventh year of her reign llayo was made sliire ground, taking its

name from tlio monastery of Maio or Mageo, wkich was the see of

It bishop,. .Even, however, after this period the Mac Williams con-

tinued to' exercise very great authority. Largo confiscations of the

estates in tlie county were made in 1586, on the termination of the

wars of 1641, and after the restoration of the Stuarts. Killala was

the scene of the landii«^; of a French squadron in connexion with the

rebollionofl798.
There are four round towers in the county,—at Killala, Turlogh,

Meelick, and Hal or Ballagh. The monasteries were numerous,

and many of them of considerable importance—the principal being

those at Mayo, Ballyhaiuiis, Cong, Ballinrobe, Batlintober, Bur-

rishoole, Cross or Holycross in the peninsula of Mullet, Moyne,
Rosserick, and Strade. Of the old castles the most notable are

Downpatri'-k, on a cliff 300 feet in height projecting into the sea,

Rocklfeet near JSTewport, said to have been built by the celebrated

Grace <) lilalley, Ballylahan Castle near Foxford, and Deel Castle

near Ballina, at one time the residence of the carls of Arran.

MAYOR. See Municip
MAYOTTa.' See Co.moees, vol vi. p. 220.

MAYSVILLE, a citj' of the United States, the capital

of Mason county, Eentuckj-, lies on the soutli bank of the

Ohio, 69 miles north-east of Lexington by rail. Settled

in 17S-1 and incorporated in 1833, it has grown into a

bitsy place of 5220 inhabitants (1880), with several good
public buildings, flour-mills, plough-factories, &c., and is

one of the principal hemp-markets in the States.

M.IZAJIET, an ir.dur.lrial town in the department of

Tarn, France, stands on the northern elope of the Monta-
gues Jfoires (part of the Cevennes), and on the Arnette, a
tributary of the Tarn by the Agout. Ii. last century it

was an insignificant village, but at present it has 14,000
inhabitants, an increase of prosperity due to the introduction

by M. Houles (whose statue stands in the public square)

of the manufacture of a particular kind of woollen fabric

sold almost -exclusively in France. The factories, driven

by water-power, liaye a total of -13,000 spindles, and an
annual turnover of 'from 15 to 18 millions of francs.

Mazamet is connected by a branch line of railway with
the town of Castres.

MAZ.\NDARAN^, a province of northern Persia, lying

between the Caspian Sea and the Elbiirz range, and
bounded E. and W. by the provinces of Astr.'ibad and
GlUn respectively, is 220 miles in length and 60 miles in

(mean) breadth, with an area of about 10,000 square miles

and a population estimated at from 150,000 to 200,000.
Mazandaran comprises two distinct natural regions present-

ing the .sharpest contrasts in their relief, climate, and pro-
ducts. In the north the Caspian is encircled by the level and
Ewaiupy lowlands, varying in breadth from 10 to 30 miles,

partly under impenetrable jungle, partly under rice, cotton,
sugar, and other crops. Tliis section is fringed northwards
by the sandy beach of the Caspian, here almost destitute
of natural harbours, and rises somewhat abruptly inland
to the second section, comprising the northern slopes and
spurs of the Elbrirz, which approach at some poi.nts within
1 or 2 miles of the sea, and which are almost everywhere
covered with dense forest. The lowlands, rising but-

a

few feet above the Caspian, and subject to frequent flood-
ings, are extremely malarious, while the highlands, culmina-
ting with the magnificent DamAvand (18,600 feet), enjoy
a tolerably salubrious climate. But the climate, generally
hot and moist in .summer, is everywhere capricious and liable

to sudden changes of temperature, whence the prevalence of
rheumatism, dropsy, and especially ophthalmia, noticed by.
all travellers. Snow falls heavily on the uplands, where it

often lies for weeks on the ground. Tlie direction of the
hing sandbanks at the river mouths, which project with

remarkable uniformity from west to atT, shows that the

prevailing winds blow from the west and north-west." The
rivers themselves, of which there are as many as fifty, are

little more than mountain torrents, all rising on the northern
slopes of Elbiirz, flowing mostly in independent channels to

the Caspian, and subject to sudden freshets and inundations
along their lower course. The chief are the Safed-nid

on the Giliin frontier, the Ur, Hari-nid, Alam-nidj
Rustam-rild, and Hirez, and all are wuU stocked with trout,

mullet (safed mihi), carp, sturgeon, and other fish, which
with rice form the staple food of the inhabitants, and supply
large quantities of caviare for the Russian market. Near
their mouths the rivers, running counter to the prevailing

winds and waves of the Caspian, form long sand-hills 20
to SO^feet high and about 200 yards broad, behind which
are developed the so-called murd-dh, or "dead waters,''

stagnant pools and swamps characteristic of this coast, and
a chief cause of its unhealthiness.

The province abounds in iron ores and in miiacal pitch

in every state of transition from pure petroleum to the

finest naphtha. The chief cultivated plants are rice,

cotton, sugar, a little sUk, and fruits in great variety,

including several kinds of the orange, lemon, and citron.

Some of the slopes are covered with extensive thickets of
the pomegranate, and the wild vine climbs to a great

height round the trunks of the forest trees. Thesff

woodlands are haunted by the tiger, panther, bear, wolf,

aud wild boar in considerable numbers. Of the domestic
animals, all remarkable for their small size, the chief are
the black, humped cattle somewhat resembling the Indian
variety, the yabu (a sturdy breed of horses), and sheep-

aud goats.

Kiuneir, Frazer, and other observers speak unfavourably of the
Mazandarani people, whom they describe as ver}' ignorant and
bigoted, arrogant, rudely inquisitive, and almost insolent towards
strangers. The peasantry, however, although called the " Bceotians
of Persia," are far from dull, and betray much shrewdness whei-e-
their interests are concerned. In tho healthy districts they are
stout and well made, and are the most warlike race in Persia, fur-
nishing-5000 cavalry and 12,000 foot to the Government. Of the-
latter 2000 are always in attendance on the shah at Tehran. They
speak a marked aud somewhat rude Persi.an dialect ; but a Tiirki
idiom closely akin to the Turkoman is still current amongst tho
foreign tribes, although they have mostly already passed from tho
nojnad to the settled state. Of these intruders the most numerous
are the Mod.aunlu, Khojehvand, and Abdul Maleki, originally of
Lek or Kiu-d stock, besides branches of the royal Afshar and Kajar
tribes of Tiirki descent. All these are exempt from taxes in con-
sideration of their military service.

The export trade is chiefly with Kussia- through Baku, wherif
broadcloths, flour, safl'rou, and bar iron are taken in exchange for tho
white and coloured calicoes, caviare, rice,',.nd raw cotton of Mazan-
daran. Owing to the almost impenetrable character of the couutiy,
tliere are scarcely any roads accessible to wheeled carriages, and the
great causeway of Shall Abbas has in many places even disappcaTed
under the .iungle. Two routes, however, lead to Tehran, one by
Firoz Koh, ISO miles long,. the other by Larijan, 11-! milel long,
both, in tolerably good repair. Except where crossed by theso
routes the Elbiirz forms an almost impassable barrier to the" south.
The administration is in the hands of the prince governor, who

appoints most of the beglerbegs and governors of the nine dis-
tricts of Amol, Barfarosh, JInshliad-i-Sar, S.-iri, Ashrat, Faiah-!>b.id
Tennacorben, Kellauristak, and Kujur into which the province i'.

divided. There is fair security- tor life and property ; and, although
otherwise iuditrerently administered, the country is quite fiec from
marauders or local ciisturbances. The revenue is about 105,000
toni.ins, of which nothinggoes to tho stale trensiuy.all being leqiiiicil

for the goveruoi-s, troops, pcnsiojis, and police. The capital is S.-iri',

the otlu-r chief towns being B.-irfar6sh, Mashhad-i-Sar, Ashraf, aii-L

Farali-ab;;d.

MAZARIN, Jules (1602-1G61), cardinal, the suc-
cessor of Richelieu, and forerunner of Louis XIV., was the
elder son of Pietro Mazarini, the intenchint of the house-
hold of Philip Colouna, and of his wife Ortensia Buffalici,

a connexion of the Colonnas, and was born at Piscina' iu

the Abruzzi on July 14, 1G02. Ho was educated by the
Jesuits at Rome till his seventeenth year, when ho ncconi-
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panied Jcromo Colouna as cUamberlaiu to the university

of Alcaln ill Spain. There he distinguished himself more
by his love of gambling and his gallant adventures than

by study, but made himself a thorough master, not only

of the Spanish language and character, but also of that

romantic fashion of, Spanish love-making which was to

help him {.'reatly in after life, when he became the servant

of a Spanish queen. On his return to Rome he took his

•degree as Doctor Utriusi^ue Juris, and then became captain

•of infantry iu the regiment of Colonna, which took part

in the war in the Valteliine. During this war he gave
proofs of much diplomatic ability, and Pope Urban VIII.

entrusted him, in 1629, with the difScult task of putting an
end to the war of the Mantuan succession. His success

marked him out for further distinction. He was presented

to two canonries in the churches of St John Lateran and
Sta Maria ilaggiore, although he had only taken the minor
orders, and had never been consecrated priest ; he negotiated

the treaty of Turin between France and Savoy in 1G32,
became vice-legate at Avignon in 1G31, and nuncio at the

court of France from 1034-30. But he began to wish for

a wider sphere than papal negotiations, and, seeing that he
had no chance of becoming a cardinal except by the aid of

soffle great power, he accepted Eichelieu's offer of entering

the service of the king of France, and in 1039 became a

naturalized Frenchman. In 10-10 Bicheiieu sent him to

Savoy, where the regency of Christine, the duchess of

Savoy, and sister of Louis XIIL, was disputed by her

brothers-in-law, the princes Maurice and Thomas of Savoy,
and he succeeded not only in firmly establishing Christine

but in winning over the princes to France. This great

service was rewarded by his promotion to the rank of

cardinal on the presentation of the king of France in

December 1011. On the 4th December 1C42 Cardinal
Richelieu died, and on the very next day the king sent a

circular letter to all officials ordering them to send in their

reports to Cardinal Mazarin, as they had formerly done
to Cardinal Richelieu. Mazarin was thus acknowledged
supreme minister, but he still had a difficult part to play.

The king evidently could not live long, and to preserve

power he must make himself necessarj- to the queen, who
would then be regent, and do this without arousing the

suspicions of the king or the distrust of the queen. His
measures were ably taken, and when the king died on
May 14, 1613, to every one's surprise her husband's

minister remained the queen's. The king had by a royal

edict cumbered the queen-regent with a council and other

restrictions, and it was necessary to get the parlement of

Paris to overrule the edict, and make the queen absolute

regent, which was done with the greatest complaisance.

Now. that the queen was all-powerful, it was expected she

would at once dismiss Mazarin and summon her own
friends to povi-er. One of them, Potier, bishop of Beauvais,

already gave himself airs as prime minister, but Mazarin
had had the address to touch both the queen's heart by
his Spanish gallantry and her desire for her son's glory by
liis skilful policy abroad, and he found himself able easily

to overthrow the clique of Importants, as they were called.

That skilful policy was shown in every arena on which the

great Thirty Years' War was being fought out. Mazarin
had inherited the policy of France during the Thirty
Years' War from Richelieu. He had inherited his desire

for the humiliation of the house of Austria in both its

branches, his desire to push the French frontier to the

Rhine and maintain a counterpoise of German states

against Austria, his alliances with the Netherlands and
with Sweden, and his four theatres of war—on the Rhine,
in Flanders, in Italy, and in Catalonia, This is not the
place to examine the campaigns of the last five years of

ihfc great war (see GoyDii, Turexne), but it was Mazaria

alone who directed the French diplomacy of the period.

He it was who made the peace of Brumsebro between the

Danes and the Swedes, and turned the latter once again

against the empire ; he it was who sent Lionne to make
the peace of Castro, and combine the princes of North Italy

against the Spaniards, and who made the peace of Ulm
between France and Bavaria, thus detaching the emperor's

best ally. He made one fatal mistake,—he dreamt of the

French frontier being the Rhine and the Scheldt, and that

a Spanish princess might bring the Spanish Netherlands

as dowry to Louis XIY. This roused the jealousy of the

United Provinces, and they made a separate peace with

Spain iu January 1048 ; but the valour of the French

generals made the skill of the Spanish diplomatists of no

avail, for Turenne's victory at Zusmarshausen, and Condi's

at Lens, caused the peace of Westphalia to be definitely

signed in October ICIS. This celebrated treaty belongs

rather to the history of Germany than to a life of Mazarin
;

but two questions have been often asked, whether Mazarin

did not clelay the peace as long as possible in order to

more completely ruin Germany, and whether Richelieu

would have made a similar peace. To the first question

Mazarin's letters, published by M. Cheruel, prove a complete

negative, for in them appears the zeal of Mazarin for the

peace. Ou the second point, Richelieu's letters in many
places indicate that his treatment of the great question of

frontier would have been more thorough, but then he

would not have been hampered in France itself.

"We must now notice that strange period of the Fronde
which has always been variously treated, for modern
historians have written its history from many difli'erent

standpoints, all of which can be categorically supported

from the varying m^moires of the principal actors. Now,
however, thanks to the labours of M. Cousin on the cornets

of Mazarin, which contain the substance of his inmost

thoughts, and of IsL Cheruel on the letters written to and

by Mazarin, it is possible to construct a more accurate and
trustworthy history of the Fronde than has ever yet been

attempted. It is not, however, intended here to trace the

whole history of the Fronde, interesting as that would be,

but merely to trace the policy of Mazarin throughout the

epoch, The origin of both the Frondes was partly

Mazarin's fault. In 1045 the parlement of Paris had pro-

tested against certain taxes, and had been checked by a lit

de justice; and when, in 1048, it united its members iu

the Chambre de Saint Louis for the general reform of the

kingdom, Mazarin and the queen, instead of holding

another lit de justice, calling the states-general, or trans-

ferring the parlement out of Paris, any of which measures

would have broken its power, foolishly believed in Ihp

influence of the victory of Lens, and threw the people of

Paris on the side of the parlement by the arrest of

BrousseL The Fronde of the princes and ths ncblea, ou
the other hand, was largely due to JIazarin's altsorptian of

political power. These Frondeurs wei-e not, like their

ancestors, moved by great religious and jiolitical sympathies,

but by merely selfish aims for restoring the old licence of

duel and intrigue, and were only united in one Eentimcnt,

hatred to Mazarin. That this was so was greatly Mazarin's

own fault; he had tried consistently to play off Gaston

of Orleans against Cond(5, and their respective followers

against each other, and had also, as his carnets prove,

jealously kept any courtier from getting into the good

graces of the queen-regent except by his means, so that it

was not unnatural that the nobility should hate him, while

the queen found herself surrounded by his creatures alone.

Events followed each other quickly ; the day of the

barricades was followed by the peace of Rue), the peace of

Ruel by the arrest of the princes, by the battle of RetheU

and Mazarin's exile to Briihl before the union of the two
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Frondes. It was while in exilo atBriihl that iviazann saw
tiio mistake ho had made in isolating himself and the

queen, and that his policy of balancing every party in the

state against each other had made every party distrust him.

So by his counsel the queen, while nominally in Teague

with Do Retz and the parliamentary Fronde, laboured to

form a purely royal party, wearied by civil dissensions,

who should act for her and hur son's interest alone, under

the leadership of Jlathieu MoW, the famous premier

president of the parlement of Paris. The new party

grew in strength, and in January 1G52, after exactly a

year's absence, Mazarin returned to the court. Turenne

liad now become the royal general, and out-manceuvred

Conde, while the royal party at last grew to such strength

in Paris that Cond^ had to leave the capital and France,

In order to promote a reconciliation with the parlement of

Paris, Mazarin had again retired from court, this time to

Sedan, in August 1652, but he returned finally in February

1653. Long had been tlie trial, and greatly had Mazarin

been to blame in allowing the Frondes to come into

existence, but he had retrieved his position by founding

that great royal party which steadily grew until Louis XIV.
could fairly have said "L'£tat, c'est raoi." As the war
had progressed, Jfazarin had steadily followed Piichelieu's

policy of weakening the nobles on their country estates.

Whenever he had an opportunity he destroyed a feudal

castle, and -by destroying the towers which commanded
nearly every town in. France, he freed such towns as

Eourges, for instance, from their long practical subjection

to the neighbouring great lord.

The Fronde over, Jlazarin had to build up afresh the

power of France at home and abroad. It is to his shame
that he did so little at home. Beyond destroying the

brick and mortar remains of feudalism, he did nothing for

the people. But abroad his policy was everywhere success-

ful, and opened the way for the policy of Louis XIV. He
at first, by means of an alliance with Cromwell, recovered

the north-western cities of France, though at the price of

yielding Dunkirk to the Protector. On the Baltic, France

guaranteed the treaty of Oliva between her old allies

Sweden, Poland, and Brandenburg, which preserved her

influence in that quarter. In Germany he, through

Lionne, formed the league of the Rhine, by which the

states along the Rhine bound themselves under the head-

ship of France to be on their guard against the house of

Austria. By such measures Spain was induced to sue for

peace, which was finally signed in the Isle of Pheasants on

the Bidassoa, and which is known as the treaty of the

Pyrenees. By it Spain recovered Franche Comt^, but

ceded to Franco Roussillon, and much of French Flanders;

and, what was of greater ultimate importance to Europe,

Louis XIV. was to marry a Spanish princpss, who was to

renounce her claims to the Spanish succession if her dowry
was paid, which Mazarin knew could not happen at present

from the emptiness of the Spanish exchequer. He returned

to Paris in declining health, and did not long survive the

unhealthy sojourn oh the Bidassoa ; after some political

instruction to his young master, he passed away a''.

Vincennes on March 9, 1651, leaving a fortune estimated

at from 18 to 40 million livres behind him, and hit

nieces married into the greatest families o' France and

nalj.
Tho man wlio cwild have had such success, who could nave made

the treaties of Westphalia and the Pyrenees, who could have
weathered tlio storm of tho Fronde, and left France at peace with
itself and with Europe to Louis XIV., must have been a great man

;

and historians, relying too much on the brilliant memoirs of his

advei-saries, likeJDo Ketz, are apt to rank him too low. That he had
many a petty fault there can be no doubt ; that he was avaricious

and double-dealing was also undoubted; and his carncts show to

what unworthy means he had recourse to maintain his influence over

the (luccu. What that iuflucuto was will be always debated, but

both his carncts and tho Briihl Jotters show that a real personal
adection, amounting to passion on tho queen's part, existed.

AVheiher thcv were ever married may be doubted; but that hypo-
thesis is made more possible by M. Cheruel's having been able to
prove from Mazarin's letters tluit the cardinal himself had never
taken more than the minor orders, which could always be thrown
off. With regard to Franco he played a more patriotic part than
Condo or Turenne, for he never treated ivith the Spaniards, andliis-
letters show that in the midst of his difficulties he followed with
intense eagerness every movement on the frontiers. It is that-

immense mass of letters, now in course of publication, that prove
tlie real greatness of the statesman, and disprove De Retz's portrait,
which is carefully arranged to show oJf his enemy against the might
of Richelieu. To concede that the master was the greater man and
the greater statesman does not imply that' Mazarin was but a foil

to his predecessor. It is true that we find none of those deep
plans for tho internal prosperity of Franco which shine through
Richelieu's policy. Mazarin was not a Frenchman, but a citizen of

tho world, and always paid most attention to foreign aflaii-s; in his

letters all that could teach a diplomatist, is to be found, broad
general views of policy, minute details carefully elaborated, keen in-

sight into men's characters, cunning directions when to dissimi-iaie

or when to be frank. From first to last tho diplomatist pcrj'S

forth, and gives the key to his character, and to the causes of his

success. Italian though he was by birth, education, and nature,

France owed him a great debt for his skilful management during th«

early years of Louis XIV., and the king owed him yet more, for he
had not only transmitted to him a nation at peace, but had educated
for him his great servants Le Tellier, Lionije, and Colbexi:.

Literary men owed him also much; not only did he throw his

famous library open to them, but he pensioned all their leaders,

including Descartes, Voiture, Balzac, and Pierre Corneille. The
last-named, the greatest of them all, did not care for Mazarin as a
paymaster only, but as a statesman; he was a profound royalist,

believing that absolutism alone could save France from the horrors

of religious wars, or the selfish turbulence of a Fronde, and to-

Mazarin he applied, with an adroit allusion to his birthplace, in the
dedication of his Pompec, the line of Vii'gil-

"Tu regere imperio populos, Eomane, memento.

All the earlier works on Mazarin, and early accounts-of his ad-
ministration, of which the best were Bazin's Histoire dc France
soils Louis XIII. €t sous Ic Cardinal Mazarin, 4 vols., 1846, and
Saint-Aulaire's Histoire de la Fronde, have been superseded by M.
Clieruel's admirable Histoire de France pendant la minorite dc
Louis XIV., 4 vols., 1879-SO, which covers from 1643-51, and
its sequel Histoire dc France sous U Ministere de Cardinal Mazarin,
2 vols., 1881-82, which is the first account of the period written by
one able to sift the statements of De Retz and the memoir writers,

and rest upon such documents as Mazarin's letters and car7icts.

To M. Cherucl the Government of France has entrusted the task
of editing Mazarin's Letters, of which two volumes have at present
appeared, which must be carefully studied by any student of the
histoi-y of France. For his *' carncts " reference must be made to M.
Cousin's articles in the Journal des Savants ; for his early life to

Cousin's Jcitnesse de Mazarin, 1 865, and for the careers of his uicce3

to Rente's Lcs Nieces do Mazarin, 1856. For the Mazarinades ov

squibs written against him in Paris during tho Fronde, see Moreau's
Bihliograi'fhic dcs Mazarinades, 1850, containing an account of 4062
Mazarinades. On the Fronde, also, coti«uU Gaillardiu's Hiitoirc

de Louis XIV., 6 vols., lS76-78,and Feillet's interesting Misercau
temps de la Fronde. For his foreign policy, besides his Litters, see

Vulfrey's Hugues dc Lionne, and Mignet's Histoire des Ndgociatio^is

relatives d la Succession d'Espagne. (H. M. S.)

MAZATLAN", a city and seaport of Mexico, iu tlie state

of Cinaloa, on the coast of the Pacific, near the moutli of

tlie Gulf of California, in 23^ 18' N. lat. and 10G° 56' W.
long. It occupies an attractive situation, but, as the

houses are for the most part low, has not an imposing

appearance. The port is often v.i3ited by English and
American vessels, and is consequently the seat of several

consular agents. A largo smuggling trade was formerly

carried on in much the same lines as the present legitimate

trafBc—export of bullion, dye-stufis, and pearls, and import

of manufactured goods from Europe and fruits and

vegetables from San Francisco. In 1 878 the value of the

imports was about £GOO,000, that of the exports about

^500,000. The population, which contains a large float-

ing element, was stated at 12,706 in 1871.

MAZEPPA, Ivan Steph^vnovitch (1644-1709;, a

Cossack chief, best known as the hero of one of Lord

Byron's poems, was born in 1644, of a poor but noble
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family, at Mazepintzui in the palatinate of Podolia. At
an early age he became a page at the court of John
Casimir, king of Poland. After some time he returned to

his native province ; but, engaging in an intrigue with a

Polish matron oWiigh rank, he was detected by the injured

husband, and was sentenced to be bound naked on the back

of an untamed horse. The animal on being let loose gal-

loped o£E to its native wilds of the Ukraine. Mazeppa, half-

dead and insensible, was released from his fearful position,

and restored to auimation by some poor peasants. - In a

short time his agility, courage, and sagacity reudered him
popular among the Cossacks. He was appointed secretary

::nd adjutant to Samoilovitch, their hetman or chief, and
succeeded that functionary in 1687. The title of prince

was afterwards conferred upon him by his friend and
patron, Peter the Great, who long believed confidingly in

his good faith, and banished or executed as calumnious

traitors all who, like Palei, Kotchabey, and Iskra, ventured

to accuse him of conspiring with the enemies of Russia.

Bent, however, upon casting off the Russian yoke,

Mazeppa became, in his seventieth year, and after much
hesitation and inconstancy of purpose, an ally of the

Swedish monarch, Charles XII. After the disastrous

hattle of Pultowa, fought, it is said, by his advice, Baturin,

jis capital, was taken and sacked by Menshikoff, and his

name anathematized throughout the churches of Russia, and
iiis efSgy suspended from the gallows. A wretched fugitive,

te escaped to Bender, but only to end his life by poison in

1709. Pushkin made Mazeppa the hero of his drama
" Pultowa."

MAZZARA DEL VALLO, a city of Italy, on the coast

of Sicily, in the province Trapani, 13 miles by rail south-

east of Marsala. It is surrounded by a wall 37 feet in height,

strengthened by towers rising at intervals; and it possesses

a castle and a cathedral, both founded by Count Roger

iii the 11th century. The harbour is spacious but badly

sheltered from the south winds. The population of the city

was 11,756 in 1871 ; that of the commune was 10,999 in

1861 and 13,505 in 1881.
Mazara or Mazaris appears from Diodorua Siculus (xiii. 54) to

have been a trading establishment of Selinua, and it was captured

by the Carthaginian general in 409 B.C. on his march against that

city. It was in this neighbourhood that the Saracens landed in

827 A.D. ; and the name of Val d' Ms'iara lone indicated one of

the three divisions of Sicily.

MAZZINI, Giuseppe (1805-1872), Italian patriot, was

born on June 22, 1805, at Genoa, where his father,

Giacomo Mazzini, was a physician in good practice, and a

professor in the university. His mother is described as

having been a woman of great personal beauty, as well as

of active intellect and strong affections. During infancy

and childhood his health was extremely delicate, and it

appears that he was nearly six years of age before he was

quite able to walk ; long before this, however, he had

learned to read, and otherwise begun to show great intel-

lectual precocity. His first tutor was an old priest who
taught him Latin, but his omnivorous reading was not

directed by any master. At the age of thirteen he began

to attend classes in the faculty of arts at the university;

he afterwards studied anatomy with a view to following

his father's profession, but finally (1826) graduated in

laws. Apart from his pfofessional studies, he took lessons

in music, English, and fencing. Of his student days littfe

more is recorded than that his exceptional abilities as well

as the remarkable generosityand benevolence of his impulses

and aims were quickly recognized by his comrades,—his

professors, however, having frequent occasion to complain

of his disregard for conventional rules. As to his inner

life during this period, we have only one brief but significant

'sentence ;.
" for a short time," he says, " my mind was

somewhat tainted by the doctrines of the foreign material-

istic school ; but the study of history and the intuitions

of conscience—the only tests of truth—soon led me back

to the spiritualism of our Italian fathers." For some time

after his admission as an advocate Mazzini was occupied

in the Ufficio del Poveri ; but, although he seems to have

discharged the duties arising from this with zeal and
success, he never really overcame his repugnance to the

dry and technical details of legal practice. The natural

bent of his genius was towards literature, and, in the course

of the four years of his nominal connexion with the legal

profeSbioD, he wrote a considerable number of essays and
reviews, some of which have been wholly or partially

reproduced in the critical and literary volumes of his Life

and Writiit(/s. His first essay, characteristically enough
on " Dante's Love of Country," was sent to the editor of

the Antologia Fiorentina in 1826, but did not appear until

some years afterwards in the Svhatpiuo. He was an ardent

supporter of romanticism as against what he called " literary

servitude under the name of classicism"; and in this interest

all his critiques (as, for example, that of Giannoni's Exile

in the ludicatore Livornese, 1829) were penned. But in the

meantime the " republican instincts " which he tells us he

had inherited from his mother had beer; developing, and his

sense of the evils under which Italy was groaning had been

intensified ; and at the same time he became possessed with

the idea that Italians, and he himself in particular, " coidJ

and therefore ought to struggle for liberty of country."

His literary articles accordingly became more and more
suggestive of advanced liberalism in politics, and led to

the suppression by Government of the Indicatore Genovese

and the Indicatore Livornese successively. Having joined

the Carbonari, he soon rose to one of the higher grades in

their hierarchy, and was entrusted with a special secret

mission into Tuscany ; but, as his acquaintance grew, his

dissatisfaction with the organization of the society in-

creased, and he was already meditating the formatiun of a

new association having closer bonds of union and more

definite aims when shortly after the French revolution of

1830 he was betrayed, while initiating a new member, to

the authorities of Piedmont. He was imprisoned in the

fortress of Savona on the western Riviera for about si.x

months, when, a conviction having been found impractic-

able through deficieu'-y of evidence, he was released, but

upon conditions involving so many restrictions of his liberty

that he preferred the alternative of leaving the country.

He withdrew accordingly into France, living chiefly in

Marseilles. While in his lonely cell at Savona, in presence

of " those symbols of the infinite, the sky and the sea,"

with a greenfinch for his sole companion, and having access

to no books, but "a Tacitus, a Byron, and a Bible," he had

finally become aware of the great mission or " apostolate
"

(as he himself called it) of his life ; and soon after his release

his prison meditations took shape in the programme of the

organization which was destined soon to become so famous

throughout Europe, that of La Gioviue Italia, or Young
Italy. Its publicly avowed aims were to be the liberation

of Italy botli from foreign and domestic tyranny, and its

unification under a republican form of government ; tho

means to be used were education, and, where advisable,

insurrection by guerrilla bands; the motto was to be
" God and the people," and the banner was to bear on one

side the words " Unity " and " Independence " and on tho

other " Liberty," " Equality," and " Humanity," to describe

respectively the national and the international aims. In

April 1831 Charles Albert, " the ex-Carbonaro conspirator

of 1821," succeeded Charles Felix on the Sardinian throne,

and towards the close of that year Mazzini, making himself,

as he afterwards confessed, " the interpreter of a hope which

he did not share," wrote the new king a letter, published

at Marseilles, urging him to take the lead in the imnendin^
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stcuggle for Italian independence. ClanJestinely reprinted,

and rapidly circulated all over Italy, its bold and outspoken

words produced a great sensation, but so deep was the

offence it gave to the Sardinian Government that orders

were issued for the immediate arrest and imprisonment

of the author should he attempt to cross the frontier.

Towards the end of the same year appeared the important

Young Italy " Manifesto," the substance of which is given

in the first volume of the Life and Writinys of Mazziili

;

and this was followed soon afterwards by the society's

Journal, which, smuggled across the Italian frontier, had

gieat success in the objects for which it was written,

numerous " congregations " being formed at Genoa,

Leghorn, and elsewhere. Representations were conse-

quently made by the Sardinian to the French Government,

which issued in an order for JIazzini's withdrawal from

Marseilles (August 1832); he lingered for a few months

in concealment, but ultimately found'it necessary to retire

Into Switzerland. From this point it is somewhat difficult

t.o follow the career of the mysterious and terrible con-

spirator who for twenty years out of the next thirty led a

lite of voluntary imprisonment (as he himself tells us)

" within the four walls of a room," and " kept no record

of dates, made no biographical notes, and preserved no

copies of letters." In 1833, however, he is known to have

been concerned in an abortive revolutionary movement
which took place in the Sardinian army ; several executions

took place, and he himself was laid under sentence of death.

Before the close of the same year a similar movement in

Genoa had been planned, but failed through the youth and

inexperience of the leaders. At Geneva, also in 1833,

Mazziui set on foot VEurope Centrale, a journal of which

one of the main objects was the emancipation of Savoy

;

but he did not confine himself to a merely literary agita-

tion for this end. Chiefly through his agency a consider-

able body of German, Polish, and Italian exiles was

organized, and an armed invasion of the duchy planned.

The frontier was actually crossed on February 1, 1834, but

the attack ignominiously broke down without a shot having

been fired. Mazzini, who personally accompanied the

expedition, is no doubt correct in attributing the failure

to dissensions with the Carbonari leaders in Paris, and

to want of a cordial understanding between himself and
tbe Savoyard Raraorino, who had been chosen as military

leader. In April 183i the " Young Europe " association

" of me"", believing in a future of liberty, equality, and
fraternity for all mankind, and desirous of consecrating

their thoughts and actions to the realization of that

future" was formed, also under the influence of Mazzini's

enthusiasm ; it *as followed soon afterwards by a " Young
Switzerland " society, having for its loading idea the forma-

tion of an Alpine confederation, to include Switzerland,

Tyrol, Savoy, and the rest of the Alpine chain as well.

But La Jenne Suisse newspaper was compelled to stop

within a year, and in other respects the affairs of

the struggling patriot became embarrassed. He was
permitted to remain at Grenchen rin Solothurn for a

whi.'e, but at last the Swiss diet, yielding to strong and
persistent pressure from abroad, exiled him about the end
of 1836. In January 1837 he arrived in London, where
for many mouths he had to carry on a hard fight with
poverty and the sense of spiritual loneliness so touchingly
described by himself in the first volume of the Zi/e and
Writiiir/s. Ultimately, as he gained command of the

English language, he began to earn a livelihood by writing
review articles, some of which have since been reprinted,

and are of a high order of literary merit ; they include
papers on "Italian Literature since 1830" and "Paolo
Sarpi " in the Westminster Review, articles on " Lamennai.-:,"
" George Sand." " Bvron and Goethe " in the Month!//

Chronielc, and on "Lamartinc," " Carlyle," and "The Minor
Works of Dante " in the JSrilish and Foreign lievieio. In

1839 he entered into relations witli the revolutionary com-

mittees sitting in Malta and Paris, and in 1840 he originated

a working men's association, and the weekly journal

entitled Apostotalo Popolare, in which the admirable

popular treatise " On the Duties of Man" was commenced.
Among the patriotic and philanthropic labours undertaken

by Mazzini during this period of retirement in London may
be' mentioned a free evening school conducted by himself

and a few others for some years, at which several hundreds

of Italian children received at least the rudiments of secular

and religious education. The most memorable episode in

his life during the same period was perhaps that which

arose out of the conduct of Sir James Graham, the home
secretary, in systematically, for some months, opening

Mazzii)''o letters as they passed through the British post-

ofEce, and communicating their ccntenta to the Neapolitan

Government—a proceeding which brought about the arrest

and execution of the brothers Bandiera, Austrian subjects,

who had been planning an expedition against Naples.

The prolonged discussions in parliament, and the leport of

the committee appointed to inquire into the matter, did

not, however, lead to any practical result, unless indeed

the incidental vindication of ^Mazzini's chaiacter, which

had been recklessly assailed in the course of debate.

Mazzini did not share the enthusiastic hopes everywhere

raised in the ranks of the Liberal party throughnut Europe

by the first acts of Pius IX., in 1846, but at the same

time he availed himself, towards the end of 1S47, of the

opportunity to publish a letter addressed to the new

pope, indicating the nature of the religious and national

mission which the Liberals expected him to undertake.

The leaders of the revolutionary outbreaks in Milan

and Messina in the beginning of 1848 had long been in

secret correspondence with Mazzini ; and their action,

along with the revolution in Paris, brought him early

in the same year to Italy, where 1 j [uok a great and active

interest in the events which dragged Charles Albert into

an unprofitable war with Austria ; he actually for a short

time bore arms under Garibaldi immediately before the re-

occupation of Milan, but ultimately, after vain attempts to

maintain the insurrection in the mountain districts, found

it necessary to retire to Lugano. In the beginning of the

following year he was nominated a member of the short-

lived provisional government of Tuscany formed after the

flight of the grand-duke, and almost simultaneously, when
Rome had, in consequence of the withdrawal of Pius IX.,

been proclaimed a republic, he was declared a member of

the constituent assembly there. A month afterwards, the

battle of Novara having again decided against Charles

AlLert in the brief struggle with Austria, into which h<;

had once more been drawn, Mazzini was appointed a

member of the triumvirate, with supremo executive power.

The opportunity he now had for showing the administrative

and political ability which he was believed to possess was

more apparent than real, for the approach of the pro-

fessedly friendly French troops soon led to hostilities, and

resulted in a siege which terminated, towards the end of

June, with the assembly's resolution to discontinue the

defence, and Mazzini's indignant resignation. That he

succeeded, however, for so long a time, and in circum-

stances so adverse, in maintaining a high degree of order

within the turbulent city is a fact that speaks for itself.

His diplomacy, backed as it was by no adequate physical

force, naturally showed at the time to very great disadvan-

tage, but his official correspondence and proclamations can

still be read with admiration and intellectual pleasure, aa

well as his eloquent vindication of the revolution in his

published " Letter to MM. de Tocqueville and De Falloux."
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Tlia surrender of the city on June 30 was followed by
Mazzini'a not too precipitate flight by way of Marseilles

into Switzerland, whence he once n;ore found his way to

London. Here in 1850 he became president of the

National Italian Committee, and at the same time entered

into close relations with Ledru-RoUin and Kossuth. He
had a hand in the abortive rising at Mantua in 1852, and
again, in February 1853, a considerable share in the

formidable insurrection which broEe out at Milan ; once

more, in 1854, he had gone far with preparations for re-

newed action when his plans were completely disconcerted

by the withdrawal of professed supporters, and by the action

of the French and English Governments in sending ships of

war to Naples. The year 1857 found him yet once more
in Italy, where, for complicity in short-lived emeutes which

took place at Genoa, Leghorn, and Naples, he was again

laid under sentence of death. Undiscouraged in the

pursuit of the one great aim of his life by any such incidents

as these, he returned to Loudon, where he edited his new
journal Peaskre ed Azioiie, in which the constant burden

of his message to the overcautious practical politicians of

Italy was—" i am but a voice crying Action ; but the state

of Italy cries for it also. So do the best men and peiiple

of her cities. Do you wish to destroy my influence? Act."

The same tone was at a somewhat later date assumed in

the letter he wrote to Victor Emmanuel, urging him to

put himself at the head of the movement for Italian unity,

and promising republicausuppoit. As regards the events

of 1859-60, however, it may be questioned whether,

through hia characteristic inability to distinguish between

the ideally perfect and the practically possible, he did not

actually hinder more than he helped the course of events

by which the realization of so much of the greet dream of

his life was at last brougjit about. A.3 has been said else-

where (vol. xiii. p. 487), if Mazzini was the prophet of

Italian unity, and Garibaldi its knight errant,' to Cavour
alone belongs the honour of having been the statesman by
whom it was finally accomplished. After the irresistible

pressure of the popular movement had led to the establish-

ment not of an Italian republic but of an Italian kingdom,

Mazzini could honestly enough write, "I too have striven

to realize unity under a monarchical flag," but candour

compelled him to add, "The Italian people are led astray

by a delusion at the present day, a delusion which has

induced them to substitute material for moral unity and
their own reorganization. Not so L I bow my head
sorrowfully to the sovereignty of the national will; but

monarchy will never number me amongst its servants or

followers." In 1SG5, by way of protest against the still

uncancelled sentence of death under which he lay, Mazzini

was elected by Messina as delegate to the Italian parlia-

ment, but, feeling himself unable to take the oath of

allegiance to the monarchy, he never took his seat. In

the following year, when a general amnesty was granted

after the cession of Venice to Italy, the sentence of death

was at last removed, but he declined to accept such an
"offer of oblivion and pardon for having loved Italy above

all earthly things." In May 1869 he was again expelled

from Switzerland at the instance of the Italian Government
for having conspired with Garibaldi ; after a few months
spent in England he set .out (1870) for Sicily, but was
promptly arrested at sea and carried to Gaeta, where he

was imprisoned for two months. Events soon made it

evident that there was little danger to fear from the contem-

plated rising, and the occasion of the birth of a prince was

seized for restoring him to liberty. The remainder of his

life, spent partly in London and partly at Lugano, presents

no noteworthy incidents. For some time his health had
been far from satisfactory, but the inamediate cause of his

death was an attack of pleurisy with which he was seized

at Pisa, and which terminated fatally on March- 10, IS"?.
The Italian parliament by a unanimous vote expressed the
national sorrow with which the tidings of his xleath had
been received, the president pronouncing an eloquent eulogy
on the departed patriot as a model of disinterestedness and
self-denial, and one who had dedicated his whole life un-
grudgingly to the cause of his country's freedom. A public
funeral took place at Pisa on March 1-t, and the remaius
were afterwards conveyed to Genoa.

The published wiitings of Mazzini, mostly occasional, are very
voluminous, and have nowhere been exhaustively collected. The
fullest edition of them is that begun by himself and continued by
&aXiL(ScTiUi editi eincditi di Giuseppe Mazzini, 10 vols., 1861-80);
many of the most important arc found in the parliallj' autobiograjdii-

cal work already referred to {Life and JVritings of Joscjyh Mazzini,
6 vols., 186J-70), and the two most systematic— "Thoughts upon
Democracy in Europe," a remarkable series of criticisms on 15cn-

thamism, St-Simoni.Tnism, Fourierism, and other economic and
socialistic schools of the day, and the treatise ** On the Duties of

Man," an admirable primer of ethics, dedicated to the Italian

working class—will be found in a volume entitled Joseph Mazzini, n
Memoir, by MrsE. A.Venturi (Loudon, 1875). Mazzini's "first great
sacritice," he tells us, v as " the renunciation of the career of litera-

tui-e for the more direct path of political action," and as late as 1361
we find him still recurring to the long-cherished hope of being able
to leave the stormy arena of politics and consecrate tlie last years of
his life to the dream of his youth. He had epecitilly contemplated
three considerable literary undertakings,—a volume of 2'hQug/its on
Religion, a popular Ilislory of It(il]i, to enable the working classes

to apprehend what he conceived to be the " mission " of Italy in

God's providential ordering of the world, and a comprehensive col-

lection of translations of ancient and mo'dern classics into Italian.

None of these was actually achieved. No one, however, can read
even the briefest and most occasional writing of Mazzini without
gaining some impression of the simple grandeur of the man, the

lofty elevation of his moral tone, his unwavering faith ill the
living God, who is ever revealing Himself in the progressive develop-

ment of humanity. His last public utterance is to be found in a
highly characteristic article on Kenan's li^forme Morale ct Intel-

Icctuclle, finished on March 3, 1872, and published in the Fortnighthj

£ei>icw for February 1874. (J. S. BL.\

MAZZOLA. See Paemigiano.

MEAD, PiiciLuiD (1G73-1754), physician, was born on
August 11, 1073, at Stepney (near London), where his

father, at one time minister of the parish, had been

ejected for nonconformity in 16C2. He wa& sent to

LTtrecht, where he studied for three years under Grajvius

;

having decided to follow the medical profession, he then

went to Leyden and attended the lectures of Hermann
and Pitcairn. In 1695 he graduated in philosophy and

physic at Padua, and in the following year he returned

to his native place, entering at once on a successful

practice. His Mechanical Account of Poiso7is appeared in

1702,'and in 1703 he was admitted to the Royal Society,

to whose Transactions he contributed in that year a papier

on the parasitic nature of scabies. In the same year he

was also elected physician to St Thomas's Hospital,' and

appointed to read anatomical lectures at the Surgeons'

Hall. On the death qf Radcliffe in 1714 Mead became

the recognized head of his profession ; he attended Queen

Anne on her death-bed, and in 1727 was appointed

physician to George II., having previously served him in

that capacity when he was prince of Wales. He died on

February 16, 1754. For his place in the annals of medical

science see Medicine, p. 811 of the present volume.

Besides the Meclumical Account of Poisons, of which a second

edition appeared in 1703, Mead published a treatise De- Imperio

Solis et Lunte in Corpora Humana el Morbis inde OriundiS (1704),

A Short Discourse concerning Pestilential Contagion, and the Metliod

to ic used to prevent t( (1720), De Variolis et Morhillia Dissertatio

(1747), Medica Sacra, sive de Morbis insignioribus qui in Bibliis

memorantur Commentarius (1748), On the Scv/rvy (1749), and

Monita et Prmcepta Medica (1761\ A Life of Mead by Dr Maty
appeared in 1755.

MEADVILLE, a city of the United States, county seat

of Crawford county, Pennsylvania, on the left bank of

French Creek, a tributary of the Alleghany river, and at
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tlic junction of tbo Franklin brancli with tlie main li le of

tlio Now York, Pennsylva'nia, and Oliio Kailroad, 102 miles

from Salamanca. It is a well-built town, maintains a

largo tradu with the oil regions, and has railway and other

machine works, glass works, woollen mills, and impor mills.

The MoadviUe theological school was established by the

Unitarians in 1841; and Allegheny College, opened in 181G

as a Presbyterian Church institution, has been carried on

since 1833 hy the Methodist Episcopal Church. Meadville

was founded by General David Mead as a fortified post in

1789. In 1816 it had only 400 inhabitants; but the num-

ber was 3702 in 1860, 7103 in 1870, and 8860 in 1880.

MEASLES {MorhiUi, Rubeola; Gorman, Maseru;

French, Rongeoh), an acute infectious disease occurring

mostly in children. It appears to have been known from

an early period in the history of medicine, mention being

made of it in the writings of Rhazes and others of the

Arabian physiciaus in the 10th century. For long, how-

ever, its specific nature was not recognized, and it was held

to be a variety of small-pox. After the non-identity of

these two diseases had been established, measles and
scarlet fever continued to be confounded with each other;

and in the account given by Sydenham of epidemics of

measles in London in 1670 and 1674 it is evident that

oven tliat accurate observer had not as yet clearly perceived

their pathological distinction, although it would seem to

have been made a century earlier by Ingrassias, a physician

of Palermo. It is only within a comparatively recent period

tint measles has come to be universally regarded as a

distinct and independent malady.

Liko tlie other eruptive fevers (exanthemata), to which
class of diseases measles belongs, its progress is marked by
several stages more or less sharply defined.

After the reception of tlie contagion into the system a

period of incubation or latency precedes the development

of the disease, during which scarcely any disturbance of

the health is perceptible. This period appears to vary in

duration, but it may be stated as generally lasting for from
ten to fourteen days, when it is followed by the invasion

of the symptoms specially characteristic of measles. These
consist in tlie somewhat sudden onset of acute ca"la:-rh of

the mucous membranes. Sneezing, accompanied vWi a

watery discharge, sometimes bleeding, from tlie nose,

redness and watering of the eyss, cough of a short,

frequent, and noisy character, with little or no exjiectora-

tion, hoarseness of the voice, and occasionally sickness and
diarrhcca, are the chief local phenomena of this stage.

But along with these there is well-marked febrile disturb-

ance, the temperature being elevated (102°-104° F.), aud
the pulse rapid, while headache, thirst, and restlessness are

usually present to a greater or less degree. In some
instances, however, these initial symptoms are so slight

that they almost escape notice, and the child is allowed to

associate with others at a time when, as will be afterwards

seen, the contagion of the disease is most active. In
rare cases, especially in young children, convulsions usher

in, or occur in the course of, this stage of invasion, which
hsts as a rule for four or five days, the febrile symptoms,
however, showing some tendency to undergo abatement
after the second day. On the fourth or fifth day after the

invasion, sometimes later, rarely earlier, the characteristic

eruption appears on the skin, being first noticed on the

broT, cheeks, chin, also behind the ears, and on the neck.

It consists of small spots of a dusky red or crimson colour,

slightly elevated above the surface, at first isolated, but
tending to become grouped together into patchesof irregular,

occasionally crescentio, outline, with portions of skin free

from the eruption intervening. The face acquires a
swollen and bloated appearance, which, taken along with
the catarrh of the nostrils and eyes, is almost characteristic,

and rendi.rs the diagnosis at this stage a matter of no

difiiculty. The eruption spreads downwards o%'er the body

and limbs, which are soon thickly studded with the red

spots or patches. Sometimes tliese become confluent over

a considerable sarface, giving rise to a larger area of uniform

redness. The rash continues to come out for two or three

days, aud then begins to fade in the order in which it first

showed itself, namely, from above downwards. By the end

of about a week after its first appearance scarcely any trace

of the eruption remains beyond a faint staining of the skiri.

Occasionally during convaleseenco slight peeling of the

epidermis takes place, but much less frequently and
distinctly than is the' case in scarlet fever. At the com-

mencement of the eruptive stage the fever, catarrh, and other

constitutional disturbance, which were present from the

beginning, become aggravated, the temperature often

rising to 105° or more, and there is headache, thirst,

furred tongue, and soreness of the throat, upon which red

patches similar to those on the surface of the body may
be observed. These symptoms usually decline as soon as

the rash has attained its maximum, and often there occurs

a.sudden and extensive fall of temperature, indicating that

the crisis of the disease has been reached. In favourable

cases convalescence proceeds rapidly, the patient feeling per-

fectly well even before the rash has faded from the skin.

Measles may, however, occur in a very severe or

malignant form, in which the symptoms throughout are of

urgent character, the rash but feebly developed, and of dark

purple hue, while there is great prostration of strength,

accompanied with intense catarrh of the respiratory or

gastro-intestinal mucous membrane. Such cases, always

of serious import, are happily rare, occurring mostly in

circumstances of bad hygiene, both as regards the individual

and his surroundings. On the other hand, cases of measles

are often met with of so mild a form throughout that the

patient can scarcely be persuaded to submit to treatment.

Measles as a disease derives its chief importance in

the view of medical men from the risk, by no means slight,

of certain complications which are apt to arise during its

course, mors especially inflammatory affections of the

respiratory organs. These are most liable to occur in the

colder seasons of the year and in very young and delicate

children. It has been already stated that irritation of the

respiratory passages is one of the symptoms characteristic

of measles, but that this subsides with the decline of the

eruption. Not unfrequently, however, these symptoms,

instead of abating, become aggravated, and bronchitis of

the capillary form (see BKONcnms), or pneumonia, generally

of the diffuse or lobular variety (see Pneumonia), impart

a gravity to the case which it did not originally possess.

By far the greater proportion of the mortality in measles

is due to its complications, of which those just mentioned

are the most common, but which also include iaflam-

matory affections of the larynx, with attack rcseni-

bling croup, aud also diarrhoea assuming a dysenteric

character. Or there may remain as direct results of the

disease chronic ophthalmia, or discharge from the ears, with

deafness, and occasionally a form of gangrene affecting

the tissues of the mouth or cheeks and other parts of the

body, leading to disfigurement and even endangering life.

Apart, however, from those immediate risks, it deserves

to be borne in mind that in measles there appears to be a

tendency in many cases for the disease to leave behind a

weakened and vulnerable condition of the general health,

which may render children, previously robust, delicate and
liable to chest complaints, and is in not a few instances the

precursor of some of those tubercular affections to which

the period of childhood and youth is liable.

These various effects or sequeliB of measles plainly

indicate that although in itself a comparatively mild
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ailment, it cannot safely be regarded with indifference.

Indeed it is doubtful whether any other disease of early

life demands more careful watching as to its influence on

the health. Happily many of those attending evils now
alluded to may by proper management be averted.

Jleasles is a disease of the earlier years of childhood.

Like other infectious maladies, it is admittedly rare, though

not unknown, in nurslings or iufauts under six months old.

It is comparatively seldom met wit in adults, but this is

simply due to the fact that most persons have undergone

an attack in early life, since, where this has not been the

case, the old suffer equally with the young. All races of

men appear liable to this disease, provided that which con-

stitutes the essential factor in its origin and spread exists,

namely, contagion. Some countries enjoy long immunity

from outbreaks of mea.sles, but it has frequently been

found in such cases that when the contagion has -once

been introduced the disease extends with great rapidity

and virulence. This was shown in two well-known in-

stances in- recent times,—namely, the epidemic in the Faroe

Islands in 1846, where, within six mouths after the arrival

of a single case of measles, more than three-fourths of

.the entire population were attacked and many perished

;

and the similarly produced and still more destructive out-

break in Fiji in 1875, in which it was estimated that

alx)Ut one-fourth of the inhabitants were cut off by the

disease within a period of about three months (see Fiji).

In both these' cases the great mmtality has been ascribed

to the complications of the malady, specially induced

by over-crowding, by insanitary surroundings, the absence

of proper nourishment and nursing for the sick, and the

utter prostration and terror of the people, rather than to

any marked malignancy in the type of the disease.' Not
a few authorities, however, while fully recognizing the

baneful effect of tliese uufavourable conditions, are yet dis-

posed to hold that epidemics of this kind, when occurring

in what might be termed a virgin soil, are apt to possess an

innate severity. In many lands, such as the United King-

dom, measles is rarely absent, especially from large centres

of population, where sporadic cases are found in greater or

less number at all seasons. Every now and then epidemics

arise from 'the extension of the disease among those

members of a community who have not been in some

measure protected by a previous attack. There are few

diseases so contagious as measles, and its rapid spread in

epidemic outbreaks i* no doubt due to the well-ascertained

fact that contagion is most potent in the earlier stages, even

before its real nature has been evinced by the cliaracteristic

appearances on the skin. Hence the difHculty of timely

isolation, and the readiness with which the disease is

spread iu schools and families. There is little doubt too

that the contagion may be carried from one place to another

by pei'sons themselves unaffected, as well as by clothing,

itc, although its tenacity and activity in this respect is

apparently much less marked than that of small-pox or

scarlet fever. Of the nature of the infecting agent nothing

coitain is known. Recent investigations into the mode of

origin of otliers of the acute infectious diseases, and the

discovery in the blood and tissues iii the case of some- of

them of lower forms of organic life (bacilli), which can be

isolated and can by inoculation be made to communicate

the particular malady 'to which they are related, give

countenance to the opinion, now widely entertained, that

the infecting principle of the exanthematr is of this

nature. -The subject, however, is still under investigation,

and more information is wanting before definite statements

can bo ma<le. feecond attacks of measles are occasionally

observed, but they are rare.

'' Xj:ii)iS('.c'iW,is i'/(Jt<: ICpi'l-mwliXiical .Soc-u/y. boiuluu. 1S77

Treatment.—The treatment of measles emoraces the

preventive measures to be adopted in the case of an

outbreak by the isolation of the sick at as early a period

as possible. Epidemics have often, especially in limited

localities, been curtailed by such a precaution. Tu families

with little house accommodation this measure is frequently,

for the reason already referred to regarding the communic-
able period of the disease, ineffectual ; nevertheless where

practicable it ought to be tried, for it is a grave error

needlessly to expose the healthy children in a family to

the risk of infection under the idea that they must
necessarily take the disease at some time or other. The
unaffected children should likewise be kept from school

for a time (probably about three weeks from the outbreak

in the family would suffice if no other case occur in the

interval), and all clothing in contact with the paticnl

should be subjected to disinfection or thorough washing.

In extensive epidemics it is often desirable to close the

schools of a locality for a time. As regards special treat-

ment, in an ordinary case of measles little ' is required

beyond what is necessary in febrile conditions generally.

Confinement to bed iu a somewhat darkened room, iutc

which, however, air is freely admitted iu such a manner as

to avoid the risk of draughts, light nourishing liquid diet

(soups, milk, &c.), and mild diaphoretic remedies such as

the acetate of ammonia or ipecacuanha, are all that is

necessary in the febrile stage. When the catarrhal

symptoms are very severe, the hot bath or warm packing to

the body generally or to the chest and throat aS'ord relief,

and the same measures may with advantage be adoi)ted

should the eruption be but feebly developed or tend to

recede, and especially should convulsions set in. The

serious chest com|ilications of measles are to be dealt

with by those measures applicable for the relief of the

particular symptoms (see Bronchitis, PNEirjioxiA). The
inhalation of vapour and the use of the preparations ol

ammonia Sre of special efficacy. Diarrhoea is treated by

the usual remedies, including carefully administered doses

of Dover's powder, chalk, &c. During convalescence the

patient must be guarded from exposure to cold, and for

a time after recovery the state of the health ought to be

watched with the view of averting the evils, both local and
constitutional, which but too often follow this disease.

German j\Icasles [Ruthelii, or Epidemic Iioseula) is a teitm

applied to a contagious eruptive disorder having certain

points of resemblance to measles, and, according to some
observers, also to scarlet fever, but exhibiting its distinct

individuality in the fact that it protects from neither of

these diseases. It occurs most commonly in children, and

is occasionally seen in extensive epidemics^ Beyond con-

finement to the house in the eruptive stage, which, from

the slight symptoms experienced, is often difficult of

accomplishment, no special treatment is called for. There

is little doubt that the disease is often mistaken for true

measles, and many of the alleged second attacks of the

latter malady are probably cases of rotheln. The chief

points of difference are the following :

—

1. Tlio nliscucL- of JistiiH't incinonitoiy .s)-ni]itoms, the bt:ig<-' of

invasion, wliicli in measles is nsually of four ilays' iluv.itiou, anil

accompanied with well-ui_arUcd fovcr and catarrh, being in rbtiieln

either wholly absent or exceedingly slight, enduring only for one
day.

2. Tho eruptiou of rblheln, w liicli, altliongh n.s regards its locality

and manner of pi-ogress siniil;ir to measles, dillcrs soniewliat iii

its apjicaraDco, the spots heing of smaller .size, jialcr colour, and
w-itli loss tendency to grouping in cresceutic pniclies. Tho rash

att?.ius its maxinnini iu .iLout one d.ay, and quickly di^appeai-s.

Tliure is no acconipauyiug iucrcaso of temperature iu this stage as

in mo.islcs.

3. Tlio milder character of tho synijitoms oi )-btlielu tloongliont

its whole course, and the absence of complications and of liabilily 10

sulisoqueut impairment of health such as have been seen to ap|K-naiii

to mca.sJ I.I o. A.l



MEASIJREJIEJ^T. Wo propose in the first place to
enter into somo detail on the fundamental principles of the
theory of measuiemeut, and in doing so it will be necessary
i. sketch the very remarkable theory estaMishcd by
Kiemann and other mathematicians as to the foundations
of our geometrical kuowledge.

Every system of geometrical measurement, as indeed the
whole science of geometry itself, is founded on the possi.
bility of trausfoiriug a fixed figure from one part of space
to another with unchanged form. We are so familiar with
this process that we are apt not to realize its importance
until very special attention has been directed to the subject.
AVe therefore propose to make a logical examination of the
natnie of the assumptions involved in the possibility of
iiioving a figure in space so that it shall undergo no altera-
tion. We shall find that wo require to postulate certain
fcuppositKius with icgard to the nature of space and to the
McasurenifUt of distances.

It will facilitate the conception of this somewh'at difficult
subject to consider tlio case of hypothetical reasonin.^ bein^-s
wnieli Sylvester described as being infinitely attenuated
bookworms confined to infinitely thin sheets of paj.er. We
suppose such two-diu,ensionaI beings to be absolutely
limited to a certain surface. They could have no concep-
tion of space ex-cept as of two dimensions. The movement
of a point would for them form a line, the movement of a
line would form a surface. They could conduct their
measurements and form their geometrical theories They
would be able to draw the shortest lines between two
points, these lines being what we would call geodesies To
thEse two-dimensioned geometers geodesies would possess
many of the attributes of straight lines in ordinary space
If the surface to which the beings were confined were
actually a plane, then the geometry would be the same as
our geometry. They would find that only oue straight
line could be. drawn between two points, that throu-^h a
point only one parallel to a given line could be drawn, and
that the ends of a line would never meet even though the
line be prolonged to infinity.

°

U'e might also suppose that intelligent bein<^ could
exist on the surface of a sphere. Their straightest line
between two points would be the arc of the great circle
joining those two points. They wculd also find that a
second geodesic could be drawn joining the two points,
this being of course the remaining part of the great circleA curious exception would, however, be pre.sented by two
points

^

diametrically opposite. An infinite number of
geodesies can be drawn between these points and all those
geoctesics are of equal length. The axiom that there is
one shortest line between two given points would thus not
hold without exception. There would be no parallel lines
Icnown to the dwellers on the sphere. It would be found
l)y them that every two geodesies must intersect, not o-nly in
one, but even in two points. The snm of the three angles
of a triangle would for them not be constant. It would
always be greater than two right angles, and would increase
with the area of the triangle. They would thus have no
conception of similarity between two geometrical ficrures of
different sizes. If two triangles be constructed which have
their sides proportional, the angles of the krger triangle
would be greater than the corresponding angles of the
smaller, triangle.

It is thus plain that the geometrical axioms of the sphere-
dwe ers- must be very different from those of the plane-
dwellers. > The different axioms depend upon the different
tinds of space which they respectively inhabit, whUe their
logical powers are identical. In one sense, however the
dwellers on the sphere and on the plane have an axiom in
common. In each case it will be possible for a finure to
^ moved about wMout alteration of its dimeiiAom. A
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spherical triangle can be moved on the surface of a splier.'
without distortion just as a plane triangle may be moved
in a plane. The sphere-dwellers and the plane-dwellers
would be equally able to apply the test of congruence. It
IS, however, possible to sujipose reasoning beings confined
to a space in which the translation of a rigid figure is
impossible. Take, for instance, the surface of an ellipsoid
or even a spheroid ^uch as the surface of the earth itself.
A triangle drawn on the earth at the equator could not be
transferred to the surface of the earth near the pole ond
still preserve all its sides and all its angles intact.

If a surface admits of a figure being moved about thereon
so as still to retain all its sides aad all its angles unaltered,
then that surface must possess certain special properties!
It can be shown that, if a surface is to possess this property,
a certain function known as tha "measure of curvature" is
to be constant. The measure of curvature is the reciprocal
of the product of the greatest and least radii of curvaturb.
We do not now enter into thg proof, but it is sufficiently
obvious that a sphere of which the radius is the geometric
mean between the greatest and least radii of curvature at
each point will to a large extent osculate the surface, so
that a portion of the surface in the neighbourhood of the
I'oint will, generally speaking, have the same curvature as
the sphere. If the sphere thus determined be the same
at all the different points of the surface, then the curva-
ture of the different parts of the surface wQl on the whole
resemble that of the sphere, and therefore we cannot be
surprised that the surface possessing this property will
admit the displacement of a rigid figure thereon withojit
derangement of its form.
We are thus conducted to a kind of surface the geometry

of which is similar to that of the plane, but in which the
axiom of parallels does not hold good. In this surface
the radii of curvature at every point have opposite signs,
60 that the measure of curvature which is zero for the plane
and positive for the sphere is negative for the surface now
under consideration. This surface has been called the
" pseudosphere," and its nature has been investigated bv
Beltrami. 1 In the geometry of^two dimensions we can thus
have either a plane or a sphere or a pseudosphere which
are characterized by the property that a surface may be
moved about in all directions without any change either in
the lengths of its lines or in the magnitudes of its angles.
The axiom which assumes that there is only one geodesic
connecting two points marks off the plane and the pseudo-
sphere from the sphere. The axiom that only one parallel
can be drawn through a given poirt to a given line mark.4
off the plane from the pseudosphere. The geometry cf
Euclid is thus specially characterized among all conceiv-
able geometries of two dimensions by the following three
axioms—(1) the mobility of rigid figures, (2) the%ingle
geodesic between two points, (3) the existence of parallels.
A very interesting accouut of this theory will be found

in Clifford's Lectures and £ssays, vol. i. p. 317. We shall
follow to some extent the method employed by him in
order to obtain an idea of the important conception which
is called the "curvature of space." Suppose a geodesic
be drawn on a surface of constant curvature. Then a
piece of the surface adjojning this geodesic can be slid
along the curve so as aU the time to fit in close contact
therewith. If the piece of surface be turned to the other
side of th e geodesic it will still fit along this side. A

' Saodio di Inlcrjnetaziona della Ocomctria non-Eitclidea, Naples
1868; "Teoria fondamentale degU sparii ili curratura constante,

"

AnniJ% J, ilatmatica, ser. U. torn. iL pp. 232-55. Both papers hava
been translated mto Frencli by. J. Honel {Annates Scimtifioues <U
I Ecolo A ormate. torn, v., 1869). An fxceedingly interesthig account
of the whole subject will be found in Helmholtz, Popuiar Lectures on
Scientific Subjects, translated by Atkinson, second series, London 1361
pp. 27-71.



660 MEASUREMENT
line possessing this property is called by Leibnitz a

straight line. It can be easily shown that a geodesic

drawn on a figure will also be a geodesic wlien the

figilre is transferred to any other position. Suppose that

the figure be divided into two parts A and B by the

geodesic ; then the part B can be moved round so as to lie

upon A, and the boundcary lines of the two portions will be

coincident. Now let the two parts while superposed be

translated to any other position, then the piece B may be

slid ofi and back to its original position with regard to A.

It must still fit, because the whole figure might have been

translated before the subdivision took place. It follows

that the division between A and B having been a geodesic

in its original position will continue to be a geodesic

however the figure may be translated.

In a similar way we obtain the conception of a plane.

According to Leibnitz's definition a plane is a surface

such that if a portion of the space contiguous thereto be

slid along the surface it will continuously fit, and if the

portion of space be transferred to the other side of the

surface it will fit also. This definition has no meaning

except we assume that the bodies may be translated in

space without derengement of their dimensions. From
any point we can imagine a doubly infinite number of

geodesies radiating in all directions ; if a plane be drawn
through the point, then all the geodesies touching the plane

at that point form what may be called a "geodesic surface."

It is shown that geodesic surfaces of this description can

alone fulfil the conditions by which planes are to be

defined. A doubly infinite number of geodesic surfaces

can be drawn through every point. If a rigid body be

divided into two parts by a geodesic plane, then no matter

how the body be displaced the plane of section will still

bs geodesic. The plane of section may be made to pass

through any point, and the body may then be given such

an aspect as shall cause the section to coincide with any
geodesic surface through the point, but this necessarily

involves that the section shall fit each geodesic surface, in

other words, that all the geodesic surfaces shall have a con-

stant curvature.

The point which we have now gained is one of very

great importance. In our ordinary conceptions of space the

geodesic surfaces are of course our ordinary planes, and the

common curvature they possess is zero, but the condition

that rigid bodies shall be capable of translation with

unaltered features does not require that the curvatures

shall be zero, it merely requires that the curvatures shall be

constant. If we add, however, the postulate of similarity,

then the curvatures must be zero. The postulate of

similarity requires that it shall be possible to construct a

figure on any scale and anywhere similar to a given figure.

This practically includes the ordinary doctrine of parallels.

Lobatchewsky developed the system of geometry on the

supposition that the space had a constant curvature

different from zero. In this geometry the parallels can be

drawn through a given point to a given lino, and, to quote

Clifford—
"The sura of the three angles of a triangle is less thau two

right angles by a quantity proportional to the area of the triangle.

The whole of this geometry is worked out in the style of Euclid,

and the most interesting conclusions are arrived at, particularly in

the theory of solid space, in which a surface turns up which is not
plane relatively to that space but which for the purpose of drawing
figures upon it is identical with the EucUdean plane."

The most comprehensive mode of viewing the whole
theory is that adopted by Riemann in his celebrated

memoir " Uober die Hypothesen welche der Qeometrie zu
Grunde liegen," 18-54 {Ahhandl. der Iconigl. Gesellsch. zu

Gottingen, vol xiii.).^ The analytical treatment of this

^ A translation of this paper was published by Cliiford in Kaiure
(vol. viii. Nos. 183, 184, pp. 14-17, 36, 37), and has been reprinted

subject possesses one obvious advantage. The use of

symbols only admits of deductions on purely logical prin-

ciples. There is not therefore the risk of tacitly intro-

ducing other axioms in addition to those with which we
started.

Magnitudes which have only one dimension present

the theory of measurement in its simplest form. The
length of a straight line may be taken as an illustration

of a one-dimensioned magnitude. The velocity of a
moving particle, the temperature of a heated body, the
electric resistance of a metal, all these and many others

are instances of one-dimensioned magnitude, the measure
of which is to be expressed by a single quantity. But
there may be magnitudes which require more than a
single measurement for their complete specification. Take,

for instance, a four-sided field which has been duly .

surveyed. Of what is the measurement of this field to

consist % If the number of acres in the field be all tliat

is reqiured then the area is expressed by a simple reference

to a number of standard acres. If, however, the entire

circumstances of the field are to be brought into view, then

a simple statement of the area is not sufficient. It can

be easily shown that the surveyor must ascertain five

independent quantities before the details of the shape of tlie

field can be adequately defined. Four of these quantities

may naturally be the lengths of the four sides of the field,

the fifth may be one of the angles, or the area, or the length

of one of the diagonals. Speaking generally, we may say

that five distinct measurements will be necessary to define

the field adequately. The actual choice of the particular

measurements to be made is to a great extent arbitrary.

The only condition absolutely neces.sary is that they shall

be all independent and free from ambiguity. Once these

five quantities are ascertained then all the other features

of the figure are absolutely determined. For instance, the

four sides and the diagonal being ascertained by measure-

ment, then the other diagonal, the four angles, aud the area

can all be computed by calculation. The five quantities

would determine everything about the field except its

actual position on the surface of the earth. If we further

desired to have the field exactly localized certain other

quantities must be added. The latitude and the longitude

of one specified corner of the field would completely

indicate that corner, while the azimuth of one side from
that corner would complete the definition oi its position.

We are thus led to see that for the complete delineation of

every circumstance relating to the shape of the field and
its locality eight different measurements have been required.

Two sets of eight measurements differing in any particular

can never indicate the same field. It is very important

to notice that the numher of quantities required is quite

independent of the particular nature of the measurements

adopted. We miglit for instance have simply measured

the latitude and the longitude of each of the four corners

of the field. Once these quantities are known, then the shape

of the field, its area, its angles, and its diagonals have all

been implicitly determined. Here again we see that as two

quantities are required to localize each of the four corners,

so eight quantities will be required to fully determine the

whole field.

In the operations of analytical geometry we art-

accustomed to specify the position of a point by the

relation which it bears to certain fixed axes. By means

of certain quantities, either altogether linear or partly linear

and partly angular, we are enabled to specify the position

of the point with absolute definiteness. These quantities

in the collected edition of Clifford's Works, 18S2, pp. 55-69. For a

bibliography of higher-space and non-Euclidean geometry, see articles

by George Bruce Halsted in the American Journal of Mathematics

Pure and Applied, i. 261-276, 384, 886 ; ii. 65-70.
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are called tho coordinates of "fh'e point. In a similar

though more extended senao we may uso the word

"coordinates" to express tho group of eight magnitudes

which we have found to bo adequate to tho complete

specification of tho field. By the measurement of tho field

in tho most comjilete sen.so of the term we mean the

measurement of its eight coordinates.

Suppose that an object is completely specified by n coordi-

nates, then every different group of re coordinates will

specify a different object. The entire group of such objects

will form what is called a continuously eiftendcd manifoUl-

ness. The singly extended manifoldness may be most

conveniently illustrated by the conception of time, the

various epochs of which are the elements in the manifold-

ness. Space is a triply extended manifoldness whereof

the elements are points. All ^conceivable spheres form a

quadruply extended manifoldness. Allconceivable triangles

in space form a manifoldness of nine dimensions. The
number of coordinates required to specify the position of an

element in a manifoldness is thus equal to the order of the

manifoldness itself. It is important to observe that the

elements of the manifoldness may be themselves objects of

no little complexity. Thus, for instance, the conies forming

a confocal group constitute the elements of a singly ex-

tended manifoldness.

The essential feature of a singly extended manifoldness

is that a continuous progress of an element can take

place only in two directions, either forwards or backwards.

But a singly extended manifoldness may bo regarded as

itself an element in a manifoldness of a higher order.

Thus the points on a circle form a singly extended manifold-

iicis, while the circle itself is one element of the manifold-

ness which consists of a series of concentric circles. The
system of concentric circles may in like manner be regarded

as an element in the manifoldness which embraces all

systems of concentric circles whose centres lie along a

given line. We are thus led to conceive of a multiply

extended manifoldness as made up by the successive com-
position of singly extended manifoldnesaes.

It follows from the conception of a manifoldness that in

the case of a singly extended manifoldness the position of

every element must be capable of being completely specified

by a single quantity. It becomes natural to associate with

each element of the manifoldness a special numerical magni-
tude. These magnitudes may vary from - oo to -1- a> ; to

each magnitude will correspond one element of the manifold-

ness, and conversely each element of the manifoldne.ss is

completely specified whenever the appropriate number has

been assigned. It is quite possible to have this association

of numerical magnitude with the actual position of an
element independent of any ordinary metrical relations of

the system; it will, however, most usually be found that the

numerical magnitudes chosen are such as admit of direct

interpretations for the particular manifoldness under con-

sideration. Thus, for instance, in the case of the system
of concentric circles it will bo natural to associate with
each circle its radius, and tho position of each circle in the

manifoldness wiU thus be completely defined by the radius.

So also in the case of that singly extended manifoldness
which consists of colours, it will be natural to employ
as the number which specifies each particular colour

the wave-length to which that particular colour corre-

sponds.

If the elements of such a manifoldness can receive a simultaneous
displacement, then it is plain that to each element in the original
position will correspond an dement in the second position. Let x
and y he the numerical magnitudes correlated to these two elements.
Then, since the relation must be of the one-to-one type, it is
necessary that the magnitudes x and y must be connected by an
ecjuation of the type

axt/ + bx+ci/ + d=0.

It follows from this that there arc a pair of elements which are

common to both systems, for if x— y we have the equation

ax' + {b + c)x+ d-0.

Tho original equation may be written in the form

axy + {b-u)x + ic + a)ij + d-0,

and whatever value u may have this equation will lead to the 6im(

quadratic for the two common elements. We thus have a £iii|;),v

infinite number of displacements which aro compatible with the

condition that the two fundamental elements shall rcmaiii

unaltered, and it is displacements of this kind which express the

movements of a rigid system.

The position of a point is to be defined by three

coordinates. In our ordinary conception of coordinatefi

the position of the point is defined by certain measure-

ments, and thus it would seem that the very mention ol

coordinates had already presupposed the idea of distance.

This, however, need not be the case. We can assume a

point in space to be completely defined by three purely

numerical quantities. It will be supposed that to each

group of three coordinates corresponds one point, and that

conversely to one point will correspond three coordinates

and no ambiguity is to be present. This latter considera-

tion will exclude from our present view such cases as

those where the position of a point is defined by a line

and two angles, because angles are subject to a well-known

ambiguity amounting to any even multiple of tt. In this

case it woidd nut be true that to one point corresponds

one set of coordinates, although the converse may be

correct.

It is necessary to understand clearly the nature of the

suppositions which ai'o made with regard to space by this

assumption. Let r, y, z and x', y', z be the coordinates

of two points a and a. Now ar, y, z can change continu-

ously by any law into x\ y', z. Each intermediate stage

will give the coordinates of a point. It must thus be

possible to pass continuously in an infinite number of ways

from the point a to the point a. We thus assume that

space is continuous when we have assumed that its points

are represented by coordinates. It must be observed that

we predicate nothing as to space which is not involved in

the fact that to each point corresponds one group of three

coordinates. To some extent the considerations now before

us will apply to any other continuous manifoldness which

requires three coordinates for the complete specification of

its elements. Take, for instance, a musical note. It can

be specified accurately by its pitch, intensity, and timbre.

These three quantities may be regarded as the three coordi-

nates which will discriminate one sound from tke rest.

The manifoldness comprising all musical notes is, however,

very different from the manifoldness which embraces all

the points of space. Each of these manifoldnesses is no

doubt continuous, and each of them is of three dimensions]

but the conception of distance can have no place in the

musical manifoldness. This is due to the absence from

the musical manifoldness of anything parallel with the

conception of rigidity in the space manifoldness. These

remarks will show that the conception of "distance" is

something of a special type even in a three-dimensioned

continuous manifoldness.

There are also other three-dimensioned and continuous

manifoldnesses from which the conception of distance is

also absent. Take, for instance, the manifoldness which

embraces all the circles that can lie in a given plane. The

points of such a manifoldness are the circles. It is three-

dimensioned, for two coordinates will be required for the

centre of each circle and one for its radius. It is obviouslj

a continuous manifoldness, for one circle may by infinitolj

graduated modifications pass into any other. Yet frott

this manifoldness also the conception of distance is absent

There is no intelligible relation of oue circle to anotho:
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vhich is analogous to the distance which we require to

letermino

We shall now give the investigation of Helmholtz, by
Vhich the analytical form of the function expressing the

listance is to be ascertained {Oottingen Nachrichten, 1868,

>p. 193 sq:).

It must be remembered that our definition of a point

WU be purely analytical. Suppose three different scales

if pure quantity each extending from -co to + oo . Each
of these scales is perfectly continuous, so that, no matter

how close any two elements in the scale may be, it is

always possible to conceive the insertion of an infinite

number of intermediate elements. A point is to be defined

for oar present purpose as a group of three numerical

magnitudes taken one from each of the three scales. This

conception may be stated more generally. We can conceive

n difEereut numerical scales. Then a group of n numbers,

one from each scale, will define an element of a continuous

»f-fold mauifoldness.

It will be obvious that unless tke theory of distance

possess a special character it wiU not be possible for a rigid

body to exist. Take, for instance, five points in a rigid

body ABODE. There are ten different pairs of points

and ten corresponding distances; all these ten distances

must remain unchanged when the body is displaced. We
may assume the position of A arbitrarily. Then after the

dislpacement B must be placed at the right distance from

A, but will only be limited by this condition to a certain

surface, C must be placed at the right distance from A
and from B, thus C will be limited to a certain curve.

D must be placed at the proper distances from A, from B,

and from C. These conditions will be sufficieut to define

D with complete definiteness. In the same way E will he

completely defined by its distances from A, B, and C, but

as D and E are thus fully defined we have no guarantee

that the distance DE shall retain, after the translation, the

same value which it had before. This then indicates that

',he function which is to express the distance must have a

very special form. Any arbitrary function of the six

coordinates of the two points would in general not fulfil

the condition that the distance DE after the transforma-

tion will retain the same value as it had before. If a

greater number of points than five be taken, the conditions

which a rigid system must fulfil become still more nume-
rous

Let X, y, 2 be the coordinates of a point in a rigid body free to

rotate around a point. We sball assume that x, y, z is in the

vicinity ef the fixed point, and that the displacement of the body i

such that a second point remains unaltered. Tn other words, tlie

displacement is to be a rotation around a lino joiniu"; the two
points, and we shall also assume that when this rotation has been
completed every point will be restored to its original position. Lot

ri be the angle of rotation around the axis, then x, y, z will all bo
functions of >/, and we may assume that the foUo-'wing equations will

hold-
da;— -.a^-i-i)^y + c„-

J-^a^x + h^y + c^z

^a^ + i0 + c^.

In the first place it is plain that these differential coefficients must
be functions of x, y,z, and, these functions being expanded in ascend-

ing powers, we may omit all powers above the first. It wUl also

be obvious that the absolute terms must be zero as the origin is by
hypothesis to be a fixed point. As the displacement is a rotation,

it follows that the differential coefficients must be zero for certain

values of x, y, z different from zero, but this involves the condition

^1 J ''I

= 0.

We now proceed to solve the three linear differsutial equations by

the well-known process. If we mnltiply the three equations by
I, 7R» n resnectively, and if we determine /, m. n fto that

2h = laQ + ma^ + na^

7nh ^Ibfj-hmbi + nb^

where h is anotiier constant determined by the e(|uation

T Co - A , Oj , Oj

f(, ^0 > *i - '^ > 'a

I "o > <i .
t^!'

the differential equations then give

-r- (Ix +my + m) = hnx + 'inii + ;y:),
arj

whence lx+ iuy + nz='C(/^^

.

We have already seeu that one of the values of h mnst bo zero,
whence if the other values be Aj aud Ag ^^ have tho thref*

equations

l^ + mDy + n^=A
IjX + in^y -I- iijs- Be*!''

Zj.T -t- »/ijy -mj2= Ce''^''

.

It is plain that h^ and h.-, cannot be real quantities, for then tlifr

quantities l^xvin^y+n-fi and ZjX -1-m^-HijC could attain luiy values
from- 00 to -(- CO according to the variations in 77. If h^ and A., ara
imaginary then will also the corresponding values of I, m, n be
imagiuary. We therefore \vrite

h^-e +wi k.j=e -ail

"l = I'd -H >'i» «a=''o-''l^

so that \^ + iiuy + v„z - Ac''' cos (a.// + f

)

Ajz -t- ii^y + ..,: = Ae^i sin {wy + c);

in which case we have

{\^ + M„i/ + y^r + ^>^lX+ ii^y + v^zY= kc'^i

.

But it 19 plain that unless 9 be zero the left-hand side of thi*
equation will be suscejitible of indefinite inciTase, which i.s contrary
to our hypothesis. We are therefore entitlid to iisaumo that

^ = 0. The two roots of the cubic for A must, theiTlbro, bo pui-r

imaginanes, aud thus we have the condition

Finally we have for the determination of x, y, z the following luru'

equations :

—

Z^a: -i- >ng2/ -f TtoZ-* const.

^v' + N'J +>'o^= Acos(^l.J/-^r)

XjX + n-^y + viz = A sin (0.1/ -H c)

.

It will simplify the subsequent calculations if we nowinako such
\ transformation of the coordinates .as will enable us to WTite

X-/„a:-Hn„7/-Hv

Y = ^„.^•-^A'oV-^>'o=

\Vo shall then have from the results just obUined

d-n

The moTenieut coiTPspoiiding to -q is sucli as leaves unaltered alf

points of which the Y and the Z are e(\\x^ to zero.

Let us now suppose another displacement to be giveu to tne
system by a rotation 17' about another axis so chosen that all the
points for which X = and Z = shall remain unaltered. For this
condition to be fulfilled we must have the equation

for then each aide of these equations will be equal tozeroforpoijits

which make X and Z zero. Th« condition that the roots of A shn/

bo purely imaginary gives as
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If the body roceivfs both tho rotation » nnd the rotation i)'

tlicu the joint effect of these two rotations must bo equal to that

of n single rotation <ti, so that

rfX_rfX dK
d<p di) dy{

dtp 'di) dt{

dZ^dZ rfZ
_

d<f> dj] dr{

OY imitiug the two seta of equations wo Lave

d<f>

:.,X + a,Y + r,Z.
r/Z

Mthis nioyement must also be a lot.-ition, tho three right-hand ineni-

Ik'i-h njuht bo capable of boinp; rendered zero for certain values of

X, Y, Z, and therefore wo hare (rcineniberiug that oo + i'j-O)

=0 , , ;-„

oi , , Ci

= 0,

This conaition retluccs to

0. o„ai^ + K(air„-a(,i/,)-0.

This ciiuanon must be satisfied for every value of u ; for, whatovcj

bo tlic aiuplitudos of the two rotations, they must when com-
pounded be equal to a single rotation. Wo therefore have the

conditions

ai", = 0.

Tn satisfy the latter condition either a^ or v,> roust be equal to zero.

We nmst examine wliieh of these two conditions is required by the

problem. Since a, is equal to zero wo' have

<'-X „

d-n

'-^ = «X-f.Z
dv,' '" '

dZ ^

If y„ were zero then the first equation would show X to be con-
stant ; and the result would be that

Y = a,X7) -I- ittjCiXij- -^ const.

;

01, in other words, Y would he susceptible of iudcfinile increase with
the ini rcase of 77. The supposition vo= is therefore precluded, aud
n-e are forced to admit that oi = 0. The three eouations then
reduce to

dZ „

If the boily veeoives a rotation ij" about an axis which loave3 X and
V uuulteroJ, we then havo

dX . _ ,, «

g,„/.X-f,.Y +

The condition that the two roots of h sliall be purely imagiuiiry
fjives us

/o + ?i-0
Let this rotation and tho first rotation be communicatsd together.

The resulting rotation could havo been produced by a rotation x,
aad thus we have

rfX^^^rfX
dx dn d-q"

dx" d-n dij"

dZ_im dZ

dx \^V rfl'"

Substituting, we obtain as before

f=/„X+,,Y+0
dx

./,X-f(?,Y-<.Z

'AX -Ki/., + .,)? -I- 0;

and as before the condition must be fulfilled

or, expanding,

This can only be sa..sfied for all values of 01 if/o = aud it

/»</c.-0.

To dctcri'iinc whether g^ cau be zero, we have the equations

dX ^

dZ ^ „ „

1 1 ran bo shown that if j/q were zero tnen wo should have Z capable

of indefinite increase ; and hence wo see that/j must be zero, so that

the three equations have the form
dX. „

dY
dij"

dZ
dv""

AX

Lot ns now see wnether these equations will fuM the necessary

ouditioh for a rotation i//. If

rfX

d^

(iY^rfY

rfZ rfZ

dri'

<n
dij"

dZ
• rfi^ d-q dri"

'

we shall then have by substitution

rfX

(/Y
=/iX-l-0-hy,Z

;-a.,X-^!/,Y-l-0

d^i

dZ

df-

But, if this is to represent a rotation,

/,!;.jyo + a.ji7„i'i = 0.

As this is always to be ti'ue, even suppose 5^0, A* ^^^ O-i ^^r instaiieo

were multiplied by a common factor, it is plain that we must
Iiave

iuid a.jP'o>'i = t'-

Tlie first condition is to be satisfied by making r/j zero ; for

neitiier of the other |>os.sibIe solutions is admissible if the coordi-

nates aro to be presented from indefinite increase. In asiniilarwny

the second condition retiuires that v^ must be zero.

'lesiuning now the three groups of equations, they are as follows:—
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which wlicn expanded gives

It is therefore necessary that

/i-'o- 0:30=

But, as this is homogeneous in the two component rotations involved,

it does not follow that the separate terms of this cqiiation must
necessarily be zero. - "We satisfy this condition by writing

and lca.-^= -»'o*

Let the body next receive any displacement, 5?), 5i)', and Stj",

then we have in general

SX = r-S?) + r-,57; + -TT^ri",
UTj a-q a-ri

with similar eqnations for SY and 5Z.

By substitution these equations become

SX- -a.,l:Z,S7)'-lfiYSTi"

SY= -wZ5:7+/,XS7,"

5Z= +wY57i + 03X51)'.

If we multiply the first of these equations by X, the second by l:Y,

and the third by kZ, and add, we find

XSX +mY + iZSZ-O

or X= + iY=.+ tZ'- const.

Here we h.ave attained tlie fundamental property which the

coordinates must satisfy. If Ic be equal to unity tncu we have the

well-lcnown condition of ordinary space and ordinary rectanguhti

coordinates, but it will be seen that there is nothing in the preced-

ing investigation to make it necessary that k should be unity.

There are therefore a singly infinite variety of spaces in which it is

possible for a rigid body to be displaced. The different valucslof

k thus correspond to the different " curvatures " which a space

might have while it still retained the fundamental property whidi
is necessary for measurement by congruence.

It will now be proper to study the special charac-

teristics of the space with which we are familiar. It has

been called flat space or homaloidal space to distinguish it

from other spaces in which tbo curvature is not zero. It

is manifest that the characteristic features of our space are

not necessarily implied in the general notion of an extended

quantity of three dimensions and of the mobility of rigid

ggures therein. The characteristic features of our space

are not necessities of thought, and the truth of Euclid's

axioms, ia so far as they specially differentiate our space

from other conceivable spaces, m.ust be established by
experience and by exfjerience only.

The special feature of our space, by which it is distin-

guished from spherical space on the one hand and pseudo-

spherical space on the other hand, depends upon what

Eiemann calls the measure of curvature. If the sum of

the three angles of a triangle is to be two right angles, and

if the geometrical similarity of large figures and small

figures K to be possible, then the measure of curvature

must be zero. Now all measurements that can be made
seem to confirm the axiom of parallels and seem to show

the measure of curvature of our space to be indistinguish-

able from zero.

It can be proved that the amount by which the three

angles of a triangle would differ from two right angles in

curved space depends upon the area of the triangle. . The
greater the area of the triangle the greater is the difference.

To test the famous proposition, Euclid i. 32, it will there-

fore not bo sufficient to measure small triangles. It might

be contended that in small triangles the difference between

the sum of the three angles and two right angles was so

small as to be inextricably mixed up with the unavoidable

errors of measurement. Seeing therefore that small

triangles obey the law, it is necessary to measure large

triangles, and the largest triangles to which we have access

are, of course, the triangles which the astronomers have

found means of measuring. The largest available triangles

are those which have the diameter of the earth's orbit as a

base and affixed star at the* vertex. It is a very curious

circumstance that the investigations of annual parallax

of the stars are precisely the investigations which would

be necessary to test whether one of these mighty triangles

had the sum of its three angles equal to two right angles.

It must be admitted that the parallax-seeking astronomers

have never yet fouud any reason to thinh that there is any

measurable difference. If there were such a difference it

would probably be inextricably mixed up with the annual

parallax itself. Were space really pseudospherical, then

stars would exhibit a real parallax even if they were

infinitely distant. Astronomers have sometimes been

puzzled by obtaining a negative parallax as the result of

their labours. Ko doubt this has generally or indeed al-

ways arisen from the errorswhich are inevitable in inquiries

of this nature, but if space were really curved then a nega-

tive parallax might result from observations which possessed

mathematical perfection.

It must, however, be remembered that even the triangles

of the parallax investigations are utterly insignificant

when compared with the dimensions of space itself.

Even the whole visible universe must be only an uncon-

ceivably smaU atom when viewed in its true relation to

infinite space. It may well be that even with the parallax

triangles our opportunities of testing the proposition are

utterly inadequate to prononnce on the presence or absence

of curvature in space. It must remain an open question

whether if we had large enough triangles the sum of the

three angles would still bo two right angles.

Helmholtz illustrates the subject by considering the

representation of space which is obtained in a spherical

mirror. .A' mirror of this kind represents the objects in

front of it in apparently fixed positions behind the mirror.

The images of the sun and of other distant objects will lie

behind the mirror at a distance equal to its focal length,

or, to quote the description of Helmholtz

—

" Tlic image of a man measuring witli a rule a straight lino from'

the miiror would contr.ict more and more the farther lie wont, but

with, his shvunhoa rule the man in tlie image would count out

exactly tlio same number of centimetres as the real man. -\.ud in

general all geometrical measurements of lines or angles made with;

regularly varying images of real instruments would yield exactly

the same results as in tlio outer world. All congruent bodies would

coincide ou being ap]ilied to one another in the mirror as in the

outer world. All lines of sight in the outer world would be repre-

sented by straight lines of sight in the mirror. In short I do not

see how men in tlie mirror are to discover that their bodies arc not

rigid solids and their experiences good examples of the correctness

ot^Euclid's axioms. But if they could look out upon our world as

we can look into theirs, without overstepping the boundary, they

must declare it to be a picture in a .spherical miiror, and wouhl

speak of us just as wo speak of them : and if two inhabitants of tho

different worlds could communicate with'onc another, neither so far

as I can see would bo able to convince tlie other that ho h.id the

true, the other the distorted relations. Indeed I cannot see that

such a question would have any meaning at all so Ion? as mechani-

cal considerations are not niixctl up with it."

A very important contribution to this subject has been

made by Professor Simon Newcomb, entitled "Elementary

Theorems Relating to the Geometry of a Space of Three

Dimensions and . of Uniform Positive Curvature in the

Fourth Dimension," see Joui: f. d. rciiie mid angeivandte

Math,, vol. Ixxxiii., Berlin, 1877-

He commences by assuming tlie three following postulates:—

1 " That space is triply extended, unbounded, without properties

dependent either upon position or direction, and possessing Buch

plancness jih its smallest parts that both the postulates of thb

Euclidean geometry and our common conceptions of tlie relations

of the parts of space are true for every indefinitely small region iu

space." . ,
-

2. " That this space is affected with such curvature that a right

line shall alwavs return into itself at the end of a finite and real

distance 2D without losing in any part of its course tliat symmetry

with respect to space on all sides of it which constitutes the fundu-

mental property of our conception of it."

3. " That if two right lines emanate from the same point making

the indefinitely small angle a with each other, their distance apart
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at tho distanco r from the point of intersection #ill be given by
tne equation

2oD . nr „

'--r^"'2D-

Nowoomb also assumes that two straight Knes intersect only in'

a

eingle point. He defines a " complete right line " as one returning
into itself, as supposed in postulate 2. Any small portion of it is to
bo conceired as a Euclidean right line. The locus of all complete
right lines p«8sing through the same point and touching a Euclidean
I)lane throughthat point will be called a "complete plane."
A " region " will mean any indefinitely small portion of space in

which we are to conceive of the Euclidean geometry as holding true.
Newcomb then proceeds to demonstrate tlie following pioposi-

tions.
o r 1

I. All complete right lines are of the same length 2D. Hence D
is the greatest possible distance at which the points can be situated,
it being supposed that the distance is measured on the line of least
absolute length.

^

II. The complete piano is a Euclidean plane in every region of
Its extent.

III. Every system of right lines passing through a common
point A and making an indefinitely small angle with each other are
parallel to each other in the region A' at distance D.

IV. If a system of right lines pass in the same plane through A
the locus of their most distant points will be a complete right
line.

' °

y. The locus of all the points at distance D from a fixed point
A IS a complete plane, and indeed a double plane if we consiclor as
distinct the coincident surfaces in which the two opposite lines
meet.

'^'

VI. Conversely, all right lines perpendicular to the same com-
plete plane meet in a point at the distance D on each side of the
Jplane.

VII. For every complete right line there is a conjugate com-
plete right line such that every point of the one is at distance D
Irom every point of the other.

VIII Any two planes in space have as a common perpendicular
the right line joining tlieir poles, and intersect each other iii the
conjugate to that riglit line.

_
IX- If a system of right lines pass through a point, their con-

jugates will be in the polar plane of that point. If they also be
in the same plane the conjugates will all pass through the pole of
that plane.

° f

X. The relation between the sides a, b, c of a plane triangle in
curved space and their opposite angles A, B, C will be the same asm a tuclidean spherical triangle of which the con-esponding sides

are ^ ^ «
2D' 2D' 2D

XI. Space is finite, and its total volume admits of being definitely
expressed by a number of Euclidean solid -units which is a function

,8D'

665

XII. The total volume of space is

XIII. The two sides of a complete plnne are not distinct, as in a
luclidean surface. '

XIV. If moving along a right line we erect an indefinite series
of perpendiculars each in the same Euclidean plane with the onewhich precedes It, tlien on completing the line and returning toour starting point, the perpendiculars will be found pointincr ?n a
direction the opposite of that with which we started

_

Newcomb concludes thus: " It may be also remarked that there
IS no hing witlun our experience which will justify a denial of the
possibility that the space m which we find ourselves may be curved
in the manner here supposed. It might be claimed that the dis-
tance of the farthest visible star is but a small fraction of the
greatest distance D but nothing more. The subjective impossibility
of conceiving of the relation of the most distant points in sach aspace does not render Its existence incredible. In factour difliculty
IS not unlike that which must have been felt by the first man towhom the Idea of the sphericity of the earth was suggested in con-
ceiving how by travelling m a constant direction ue cSuld return tothe point li<m which he started without during his journey feel-
ing any sensible change in the direction of gravity "

O Vhrv«l!.l°^„*'',,"™;'^'"'''''^''
e!,°™<'t>'yis given by Professor

U. Chrystal in the Proc. Roy. Soc. Edin., vol x session

rtli™ ?• 7^" "'"''y °f tl^i^ P'^P" is recommended to all who
des re to study the elements of what has been caUed "pangeo-mctry. A more extensive work, which contains the theories

Itfr -rLetit'l^rt"^'
'^ '• '""'^^"'^ ^'^'-'"^ <'''• "^-^"'^

A fundamental step in the abstract theory of measure-
mont was taken by Professor Cayley in his "Sixth Memoir

fffil
Q«=i°t"=s," Philosophical Transactions, vol. cxlix

(18o0). The theory thus originated by Cayley has been
15—24-;.

moi-e fully developed by Klein in hia memoir " Ueber die
nichtEuclidische geometrie," Mathemalische Annalen, voL
IV. p. 573.

_
We shall here enter into this theory in aomo

detail, for in i; lies tho true foundation of geometrical
measurement. A sketch of the theory was given by the
author of the present article in Uermathena, No. VL po.
500-541, Dublin, 1879.

This theory may be regarded merely as a more general-
ized method of measuring distances and angles in ordinary
spaoe, but the results to which it leads are in many respects
identical with those to which we are conducted by the
theory just discussed. For instance, Newcomb's principle
as to the length of the shortest distance between two points
never exceeding a certain magnitude is common to his theory
and to Cayley's. The theory of Caylsy has, however,
claims on our attention of a special kind. "We here deal
with the space with which Euclid has made us familiar,
only observing that it is the measurements in that space
which are to be conducted on a more general principle.
We commence by assuming the existence of a certain

surface called the "fundamental quadric," often called
"the absolute." By the aid of this quadric and an arbitrary
constant c we determine the generalized distance between
the points in accordance with the following definition :

—

The distance between two points is equal' to c times tlie

logarithm of the anharmonic ratio in which the line Joining
the two points is divided by thefundamental quadric.

Let us first test this theory by a very obvious principle which
any theory of distanco ought to fulfil. It is plain that, if P, Q, R
be three coUinear points, then in ordinary measurement we -ought to

PQ-HQR= PR;
but it is easy to see that this condition is fulfilled jn the generalized
measurement. Let the Une PQ cut the fundamental quadrio in the
two pomts X, Y, then we have

PQ-clog(PX--PY)-clog(QX--QY)

QR=clog(QXH-QY)-clog(RX-i-RY)

FR-clog(PX-=-PY)<-clog{RX-j-EY);

whence, as in the ordinary measures,

PQ-fQR=PR.
It is also obvious that ir the generalized as in the ordinai-v
measures ^

(PQ)--(QP),
and that the distance between tho coincident points is enual to
zero.

'

From an obvious property of logarithms we also learn the im-
portant fact that the generalized distance between the points ia
indeterminate to the extent of any integral n-omber of the periods

The distance from any point to its harmonio conjugate with
respect to the t-ivo fundamental points is equal to aV We thus
see that the distance between any two harmonic conju<'ates is con-
stant. It is usual to make the arbitrary constant c equal to - i-:-2
in which case we see that the distance between the two harmo'iii
conjugates is equal to v-r- 2. It can also be showu that, if the )"0
absolute points on a right line coalesce, then the generalized eystt Ji
of measurement degrades to the ordinary system. The two al so-
lute points are at an infinite distance from every other point, io
that in the generalized system of measurement every right line has
two pomts at infinity, and in general aU the points in space which
lie at inhnity are situated on the fundamental quadric

In ordinary geometry we define a circle to be the locus of a point
which 13 at a constant distance from a given point. In the more
generalized geometry we retain the same definition of the circle,
only observmg that the distance to be constant must be expressed
in the generalized manner. Tho plane of course cuts the absolute
lu a come section, so that the determination of the circle whose
centre is C is the following problem in conio sections :—Through a
fixed point O a straight line OP is drawn which cuts a given conio
in the points X, Y ; determine the locus of P so that the anhar-
monic ratio (0, P, X, Y) shall remain constant.

"This problem is most readily solved by projecting the conic into
a circle the centre of which is the projection of O. The problem
then assumes the very simple form. On the diameter of a fixed
circle a point F is taken so tliat the anharmonic ratio of the four
points consisting of F, the centre 0', and the two points iu which the
line O'F cuts the circle remains constant It la required to fiiul
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the locua of.P'. The solution is ob\n9us, and hcnco we loam that

a conic which lias double contact with the fundamental conic is

a circle ih the generalized sense, and the centre of that circle is the

pole of the chord of contact.

, A system of conies which have double contact with the fundamen-
tal conic in the same two points form a system of concentric circles,

and the centre of the system is the pole of the chord of contaL-t.

iWe are accustomed in ordinary geometry to admit that every circle

passes through the two imaginary circular points at infinity. This

is the specialized form of the general theorem which asserts that

every circle has double contact with the fundamental conic. The two
theorems indeed coincide if the fundamental conic degrades to the

infinity of ordinary measurement.

\ A critical case is presented when the chord through coincides

with either of the two tangents which may be drawn from to the

fundamental conic. The two fundamental points then coincide, and
hence the distance between any two points on a tangent to the

fundamental conic is equal to zero. We have thus the curious

result that in every system of concentric ciixlea, including even the

fundamental conic itself, the two points common to the system of

circles are at the distance zero from the centre of the system. In

fact the pair of tangents from the centre nfay be regarded as a conic

having double contact with the fundamental conic, and therefore

forming one of the circles of the concentric isystem of which the

radius is zero.

The reader will at once perceive the analogy to a well-known
phenomenon in ordinary geometry. The equation in rectangular

coordinates,

0)2 + 1/2=

denotes cither a citcle of which the radius is zero or the pair of

lines

in the latter case we are obliged to admit that the distance of any
I)oiut on either of these lines from their intersection is equal to

Wo have now to consider the displacement of a rigid figure, and
we shall for the present speak only of a plane movement. We
shall first show that it is possible for a plane figure to receive such
a displacement that the distance between every two points in the
figure after the displacement is equal to what it was befqve.

Let X, y, z be the trilinear coordinates of a point in a plane, and
suppose that a/, ij, ^ are the coordinates of the position to which
this point is* transferred in accordance with the linear transfor-

mation

3f= ax +hy -i-cz

y' = a'z + b'y + c's

/ = a"x + b"y + c"z

.

There are in general three points in the plane which are not
altered by this transformation ; for, if we assume

xf=px, y' = pyt ^=pZy

we have for p the cubic equation

, V - p J
c'

I

>
V , c"-p

I

The three values of p which satisfy this equation determine the
coordinates of the three points. It is natural to take the sides of
tlie triangle formed by these three points as the three lines of refer-

ence, in which case, if a, ^3, y be constants, the system of equations
assume the simple form

x[= ax, y' = 0yr s^= yz.

It is easUy shown that four collinear points before the transforma-
tion are collinear after the transformation, and that their anhar-
nftmic ratio is unaltered.

This general form' of Imear transformation must be specialized in
order to represent the movement " As no finite movement can either
bring a point to infinity or from infinity, it is obvious that the
displacement .must be such as to leave the fundamental conic
unaltered. It is easily seen that the specification of the transforma-
tion in its general -form requires eight constants ; viz., the ratios of
the nine quantities,^, b, c, a\ h\ c\ a", h", c". We may imagine
hve of these constants to be disposed of by the provision that the
conic shall ren;ain unaltered There will still remain three dis-
posable constants "to give variety to the possible displacements.-

'

Although the fundamental conic will coincide with itself after
the transformatiDn; yet it gcjieralfy happens that each point thereon
will slide along the qonic during the transformation." -It is, how-
ever, very important to observe that there are two eSceptions to thi§
etateincut.

I'l't 0, A, R, C be'four points upon the fundamental comic which
by iraiisformation n^ove iato-the positions 0', A', B', C. If OX be
one of the double rays of the systems OA, OB, 00 and OA', OB',

OC", and if we use the ordinary notation for anharraonic pencils,

then we have
0(A, B, C, X) = 0(A', B', C, X).

But the anharmonic ratio subtended by four points on a conic a<

any fifth point is constant, whence

0(A', B', C X) = 0'(A', B', C. X),
and therefore

0(A, B, C, X) = 0'(A', B', C, X).

Suppose the transformation moved X to X', then since the an-

harmonic ratio of a pencil is unaltered by transformation we havb

0(A, B, C, X) = 0'{A', B', C, X');

whence
0'(A', B', C, X) = 0'(A'B'C'X');

but this can only be true if the rays O'X and O'X' are coincident,

in which case X and X' are coincident, whence it follows that tlio

point X h:is remained unaltered notwithstanding tlia transforma-

tion. Similar reasoning applies to the point Y defined by the other

double ray, and hence we have the foUuwing theorem:—

•

1)1 that linear transformation of the points in a j^lnne which con-

stitutes a generalized movement, there arc two lioints icpon t/m

fundamcTiial conic which remain unchanged. '
,

It also follows that the tangents to the fundamental conic at tho
points X and Y, as well as the chord of contact, must remain
unaltered. These two tangents and their chord of contact must
therefore form the triangle of reference to which we were previouslv

conducted by the general theory of this transformation.

It will now easily appear how a transformation of this kina is

really a displacement of a rigid plane. The distance between each

pair of points is expressed by an anharmonic ratio; such ratios are

unchanged by the transformation, and the two points which lay on
the absolute originally are also there after the transformation. It

therefore appears that the distance in the generalized sense between
every pair of points is unchanged by the transformation. In other

woixls, a ligid system will admit of a displacement of the kind now
undiT consideration.

If we denote the two tangents attlie unaltered points oii tho'conio

by X= 0, 2/= 0, and tha chortl of contact by s= 0, then the' equation

to the absolute is \.. '

xy - k-z- = .

Transforming this equation by the substitution

a/^oa;, y'= &y, s'= 7^i

we see that the condition a^ = 7^ must be fulfilled.

It is very remarkable that the fundamental conic is only one of a

family of conies, each of which remains unaltered by the transforma-

tion. In fact every generalized circle of which the intersection uf

the two tangents is the centre has for its equation xy~h'z^ ; and,

whatever h may be, this circle remains unaltered by the transfor-

mation. Hence we have the following remarkable tlieorem:

—

JVhcn a plunc rigid system is displaced upon itself there is one

point of tlie system, which remai7is unaltcj-ed, and all the circles

which have as their centre remain unaltered als.o.

It is quite natural to speak of this motion as a "rotatioif," and
thus we may assert the truth in generalized measurement of the

well-known theorem in ordinary geometry that

Every di^lacement of a plane ivpon itself could have been produced
by a rotation of the plane around a certain point in the plane'.^

Notwithstanding tho rotation of the plane round 0, tKe two
tangents from to the fundamental conic and also their chord of

intersection, ot the polar of 0, remain unaltered; each point on the

polar of is displaced along the polar, and we would in ordinary

geometry call this motion a translation parallel to the polar. * It

thus appears that, in the sense now attributed to the words rota-

tion and translation, a rotation round a point is identical with a
translation along the polar of the point.

Another point on which the present theory throws light on* tho

ordinary geometry must be here alluded to. We have seen that

the two tangents from O to the fundamental conic remain unchanged
during the rotation of the plane round O. It certainly docs stem
paradoxical to assert that a pla^ie. and all it contains are rotated

around a point, and that nevertheless this operaticui does not alter

tho position of a certain pair of lines in the plane which pass through
the point. But have we not precisely the .same difficulty in

ordinary geometry ? Let us suppose that a plajie pencil of rays is

rotated through ah angle 6 about the origin. Then a line through

the origin whose equation befcre the rotation was

X + hy =
becomes after the rotation

xcQse + ysinB+h{ycoa9'Xain6)= 0.

The -lines thus represented ••»"" ^^ course in general different, but

they will be the same if .

14-A'-*=0.

It follows that even in ordinary geometry the two lines x±iy=^(i

remain unaltered notwithstanding the rotation of the plane Which
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contuiiis tlicni oroimJ tlioir intersection. Tlio two linos horc

rcfuiTeJ to iiie of coiirso those whicli are dr.uvn tlirough tho two
circular points at inlinity. Tliis paradox is tlicreloro only a

dograilcd form of the jiropurty of tUo tangents to the fundamental
conic.

It can also be readily shown that, if a plane receive two small

rotations round two points, then the total rotation prod'ii£ed coidd

have been p^vduced by a single rotation about a certain jjoint on t/te

line joining the two points.

Let A, B bo the two points and P the pole of the lino AB, then
a rotation round A will displace B along the line PB to an adjacent
point B'. The rotation around B will displace A to A; along the
line PA ; but, if A'B' -intersL-cts AB in 0, then a single rotation

about O would have effected tile required displacement of A and B,
aTid tlierefore of tlio wliolo lino. For, as tho point in the line AB
could only n)ove by displacement into tho line A'B', while it can
also only move in the direction OP, it must obviously remain
unaltered. -.

We are now in a positi'on to inquire how tho magnitude of

an angle is to bo expressed in tho present system of measurement.
Our definition of the magnitude of an angle must bojnade consist-

ent with the supposition that when the angle is carried roUTid by
rotation about the vortex the magnitude sliall remain unaltered.

As anh.irmonic' ratios are unaltered by the rotation, it follows that
the anhannonic I'atio of the pencil formed by the two legs of the
angle and the- two tangents to the fundamental conic must remain
unaltered." Remembering that tlie tangents do not move by the
rotation, it is natural to choose a function of this anharnionic ratio

as tho appropriate measure of an angle. The question still remains
as to what function should be chosen. The student of ordinary
geometry is doubtless aware that the angle between two lines multi-
plied into 2t is equal to the logarithm of the anharmonic ratio of
the pencil formed by joining tho intersection of the two lines to the
;,wo imaginary, circular p ,ints at infinity. This consideration

suggests that the angle between the straight lines in the generalized

3enso_ m.ay te appropriately measured by the logarithm of the
anharmonic ratio of the pencil formed by the two logs of the angle
and the two tangents drawn from their point of intersection to tlic

fundamental conic. Thcre^s also a convenience in assuming the
angle to be actually equal to c times the logarithm of the anhar-
monic ratio, where c is the same constant as is employed in the
i^xpression of the distance. In this case the an^le between two
lines is by a woll-known theorem equal to the distance between
their poles. Tliere is here an analogy to a well-known theorem
in spherical geometry. '

It will now be obvious that, however the angle be situated, its

magnitiide is unchanged by any displacement of the piano ; for, as
we have already seen that the displacement does not alter tho dis-

tance between the poles of the two lines forming the angle, it follows
that the magnitude of the angle itself is unaltered.

J"ust as in the measurement of distance we find a pair of funda-
mental points on each str.aight lino, so in the measurement of angles
wo find a pair of fundamental raya in each plane pencil. These
rays are the two tangCTits from the vertex of the pencil to the funda-
mental conic. lu ordinary geometry the two fundamental points
on each straight line coalesce into tho single point at infinity ; but
it is exceedingly interesting to observe that even in ordinary
geometry tho two fundamental rays on each pencil do not coincide.

It should also be observed that in the degraded circumstances of
ordinary geometry it would be impracticable to employ the same
constant c for the purpose of both linear and angular measurements

It is easy to see that the definition of a right angle in the gene-
ralized sense is embodied in the statement that "if two corre-
sponding legs of an harmonic pencil touch the fundamental conic
then the two other legs are at right angles." We also see that all

the perpendiculars to a given line pass through a point, i.e., the
pole of the given line ; and from a given point a perpendicular can
bo drawn to' a given lino by joining tho point' to the polo
of the line..^ The common perpendicular to two lines is obtained by
joining their poles.

The student of modern geometry is already accustomed to think
of parallel lines as lines which intersect at infinity, or as lines whose
inclination is zero. In speaking of the generalized gcometiy in a
u/i.'W, we may define that (ifo straight lines ivhich intersect upon the
fundamental conic are jMrallel. U thus follows that through any
point two distinct pai-allels can be drawn to a given straight line.

The only exception will arise in the case where the given line
touches the fundamental conic. This is precisely tho case in which
the generalized system of measurement degrades to the ordinary
system. \ It will follow that in tho present theory of measurement tho
three angles of a trianu'le are togetjier not equal to two right angles.
In fact, to take an exlreme case, wo may suppose tho three vej-tices

of the triangle to lie upon the fumlamental conic. In this case
each of the three angles, and therefore their sum, is equal to
zeYo:

,

.^

I

A spherein the pene-'^?,lizct;^ystem of moasurement is the locus
of a point which iuoves fit n constant distance from a fixed point.

1 1 can therefore be easily shoiTO that a sphere is a qn.idric which
touches tho fundamental nuadiic along its intersection with the
polar plane of tho centre of the sphere.

In discussing tho general case of the displacement of a rigid
system it will simplify matters to suppose tliat tho fundamental
quadric has real rectilinear generators. It most, however, bt
understood that tho results are not on that account less general.
A displacement must not alter the quadrie, and must not deform a
straight line. Hence it follows that the only efiect of a displace-
ment upon a generator of the fundamental quadric will be to con-
vey it to a position previously occupied by a different generator.
We shall further suppose that the displacement is such that the
two generators to which we have referred belong to the same system.
Let A, B, C, D bo four generators of the first system which by dis-
placement are brought to coincide with four other generators
A', B', C, D'. Let X be one generator of the second system which
the displacement brings to X'. Since the anharmonic ratio of the
four poiuts in which four fixed generators of the one system are cut
by any generator of the other system is constant, we must haVe..
using an obvious notation for anharmonic ratio,

X(ABCD)-X'(ABCD);
but, since anharmonic ratios are unaltered by- displacement, Wf
have V

X(ABCD) = X'CA'B'C'D'),
whence • ' v

X'(ABCD) = X'(A'B'C'D').

It therefore follows that the anharmonic ratio in which foui
generators cut a fixed generator X' is equal to the anharmonic ratio
in which the four generators after displacement cut the same
generator X'.

IfP be a generator which passes through one of the double points
on X' determined by the two systems of points in which X' is cut
by thij four- generators before and after displacement, we must
have

X(A, B, C, P)-X'(A', B', C, P)

;

hence we see that the generator P will be unaltered by displace-
ment. Similar reasoning applies to the generator whieli passes
through tho other double point, and of course to a pair of generators
of the second system, and hence we have the following remarkable
theorem :— '

^ ^

In the most general displacement of a rigid system two generators
uf each of the systems on thefmdanuntal quadric remain unaltered.

These four fixed generators are the edges of a tetrahedron. Denot-
ing the four faces of this tetrahedron by the equations/

a;-0, i/= 0, 3= 0, i<.'=-0,

the equation of the fundamental quadric is

xz + h"yio= Q

.

If the quadi-ic bo unaltered by the transformation

then we must have
x'—ax, y'=Sg, '=y2, w' = Sw,

H7= *

When this condition is satisfied, then, whatever h may De, everj
quadric of tho family

a:z + 7iyio=
will remain unaltered.

The family of quadrics here indicated are analogous to the" right
circular cylinders which have for a common axis the screw along
which any displacement of a rigid body in ordinary space may be
eflected.

The two lines

x=0, z=0
and

y=0, w=0
are conjugate polars with respect to the fundamental quadric, and
both these lines are unaltered by the displacement. Hence we see

that in any displacement of a rigid system there are two righi

lines which remaiji unaltered, and these lin^s arc conjugate polars
with respect to tliefundamental quadric.

\

Since the pole of a plane through one of these linos lies on th«
other line, it appears that a rotation of a rigid systt^n about a
straight line is identical with a translation of the system along iti

conjugate polar.
|

Clitford has pointed out the real nature of the lines which are tc

be called parallel in the generalized system of measurement We
have explained that in the plane two parallel Hues intensect upon
the funcUment.al conic ; in a certain sense also we may considei
two lines in space of three dimensions to be parallel whenever they
intersect upon the fundamental quadric. This is the view ol

parallel lines to which we are conducted by simply generalizing the
property that two parallel lines intersect at infinity. But we can
take a diffei-ent definition of two parallel lines. Let us, for example,
call two lines parallel when they admit of an indefinitely large

number of common perpendiculars. It is exceedingly interesting
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to observe that when this condition is fulfilled in the generalized
system of nneasnreinent the parallel lines so obtained enjoy many of
tUo properties of ordinary parallel lines. The perpendicular dis-

tance between s;ich a pair of parallels is constant, and the angles
which they make with any common transversal are equal.

It wdl be shown in a moment that any j)air of straight lines
whit;h intersect the same two generators of tho same system on the
fundamental quadrio are parallel in this new sense. The fact is

that in the degraded circumstances of ordinary geometry two quite
dilferent conceptions have become confused, A pair of lines which
intersect qu the fundamental quadric and a pair of lines which
intcreect the same pair of generators of the .=• ".e kind on the funda-
mental quadric are quite different conceptions , but when the funda-
meutal quadric degrades to the ordinary infinity then the concep-
tions coalesce, and each of them is merely a pair of parallel lines in
the ordinary sense of the word. The ordinary properties of parallel
lines have all their analogues in the generalized geometry, but these
analogues are distributed between the two original sources of
parallels. ClilTord proposes to retain the word "parallel" in non-
Kiiclidean space for that conception which exhibits the more remark-
able properties of ordinary space, and defines as follows :

—

Straight lines which iiiterscct the same two generators of the same
system on thefundamental quadric arc parallel.

Let X and Y be two rectilinear generators of the fundamental
quadric belonging to the same system, and let A and B be two straight
lilies which intersect both X and Y. Since AX and AY are tangent
planes their poles must lie on X and Y respectively, and therefore
A' (and B'), the polar of A (and B), must intersect both X and Y.
The anharmonic ratio of the four points in which X intersects

AB, A'B' respectively is equal to that of the tangent planes drawn
at the points.where X intersects A'B', AB respectively ; and, as all

these tangent planes contain X, their anharmonic ratio must be
equal to that in which they are cut by the line Y. It hence
follows that the linos X and Y are divided equianharmonically by
the four rays A, B, A', B', and therefore the four rays A, B, A', B' must
be all generators of the same system on an hyperboloid. An infinite

number of transversals can therefore be drawn to intersect these
four ravs, that is to say, an infinite number of common perpendicu-
lars can be drawn to the two rays A and B, and it is easy to show
that the lengths of all these perpendiculars are equal.

Clifford has proved the very remarkable theorem that rotations
of equal amplitude about two conjugate polars have simply the
effect of translating every point operated on through equal distances
along parallel lines. This property leads to most important
consequences, but it would lead us too far to enter into the sub-
ject at present.

A memoir by the present wi'iter on the extension of the theory
of screws to space of this description will be found in the Trans-
actions of the Royal Irish Academy, vol. xxvii. pp. 157-184.

Units nf Measurement.—A most; excellent account of the

units employed in scientific measurements will be found in

Professor J. D. Everett's Units and Physical Constants,

London, 1879. We shall here only give a very brief out-

line of this branch of the general theory of measurement,
referring inquirers to Everett's volume for further details.

Most of the quantities for which measurements are

needed can be ultimately expressed by means of (1) a
definite length, (2) a definite mass, or (3) a definite interval

of time.

It is very important that the units thus referred to

should be chosen judiciously, and it must be admitted that

the units ordinarily used do not fulfil the conditions which
a well-choseu system of units should fulfil. The most
scientific system is beyond doubt that which has been
suggested by the units committee of the British Association.

fn this system the unit of length is the centimetre, the
unit of mass is the gramme, and the unit of time is the
second, and the system is therefore often referred to for

brevity as the C.G.S. system. The unit of force is

termed the dyne, and it is defined to be the force which,

acting upon a gramme of matter for a second, generates a
velocity of a centimetre per second. The unit of work is

the work done by this force working through a centimetre,

and this unit is termed the erij. The unit of power is

the power of doing work at tho rate of one erg per second,

and the power of an engine can be specified in ergs per

second. By the prefixes deca, hecto, kilo, mega, we can
express a magnitude equal to the unit multiplied by 10,

100, 1000, or 1,000,000 respectively. Ou the other hand

the prefixes deci, centi, milli, micro, signify the units-

divided by 10, 100, 1000, or 1,000,000 respectivelj'.

For comparison with the ordinary units the following

statements will be useful. The weight of a gramme at

any part of the earth's surface is about 980 dyucs, or

rather less than a kilodyns. The weight of a kilogramme
is rather less than a megadyne, being about 980,000
dynes.

The application of these units to electrical and many other
measurements will be found in Professor Everett's book already
referred to. On the geneml principles of appliances for measure-
ment, see a paper by Clifibrd in the Handbook to the Special Locu^
Collection of Scicntijic Apparatus, 1876, pp. 55-59, repriuteil in
Clifford's Mathematical Papers, pp. 419-23. (R. S. B.)

MEATH, a maritime county of Ireland, in the provi.ico

of Leinster, is bounded E. by the Irish Sea, S.E by
Dublin, S. by Kildare and King's county, W. by West-
meath, N. W. by Cavan and Moaaghan, and N.E. by Louth.

Its greatest length north and south is about 40 miles, and
its breadth east and west about 45 miles. The total area

comprises 578,247 acres, or 904 square miles.

The county forms part of the great limestone plain that

occupies the central portion of Ireland. In some districts

the surface is variegated by hills and swells, which to the

west reach a considerable elevation, although the general

features of a fine champaign country are never lost. The
coast, which is low and shelving, extsnds to about 10 miles,

but there is no harbour of importance. The Boyue,

whose banks are specially beautiful, enters the county

at its south-west extremity, and flowing north-east to

Drogheda divides it into two almost equal parts. At
Navan it receives the Blackwater, which fiows south-west

from Cavan. The Boyne is navigable for barges as far as

Navan, where a canal is carried to Trim. The Royal Canal

passes along the southern boundary of the county td

Dublin. There are no lakes of importance.

Climate and At/ricidture.—The climate is genial and
favourable for all kinds of crops, there being less rain

than even in the neighbouring counties. The princirtil

substratum is limestone, but there are some districts

of clay slate. Except a small portion occupied by the BC'^

of Allen, the county is very verdant and fertile. The scil

is principally a rich deep loam resting on limestone gravel,

but varies from a strong clayey loam to a light sandy

gravel.

The total number of holdings in 1881 was 11,867, of which 1632

were less than 1 acre in extent, and 4300 between 5 and 15 acres.

Only 93 were above 500 acres. According to the agricultural

statistics for ISSl, the area of arable land was 532,703 acres, or
92*4 per cent, of the whole area of the county, while 9599 acres-

were under plantations, 11,260 bog and marsh, and 201 barren

mountain land. Of the arable land, 60,411 were under tili.ige,

85,893 meadow and clover, and 386,374 pasture. The following

table shows the area under the difl'erent crops in 1855 and 1862 ;

—
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agricuUiiro, but coarso linen is \**ovon by hand-looms, and there
'

are a few woollen manufactories. I

Jlnilivaijs.—The Uubliu and fileath line intersects the county
iu a north-westerly direction, and separates into several branches,

while the Great Westorn line skirls the southern bouudarv.
Admi}iistration ami Populntion.—The county inciudes 18

haronics, 146 parishes, and 16*26 townlands. Assizes are held at

Trim, and quarter sessions at Dunshauglin, Duleek, KcUs, Navan,
and Trim. Two poor-law unions, Navan and Trim, are wholly witli-

iu the county, and parts of Ardee, Celbridge, Drogheda, Dunshau;^lin,

E'leuderry, Kells, and Old Castlo. It is in the Dublin military tlis-

triet, subdistrict of Bu-r, with barrack stations at Navan and Trim.
Ecclesiastically it is in the Meath diocese, with portions in Armagh
and Kilraore. Previous to the Union it sent fourteen members to par-

liament, but now only the two members for the county are relumed.
From 81,516 in 1760 the po].uIation in 1821 had increased lo

159,183, and in 1841 to 183,8i8, but by 1851 had diminished to

140,763, in 1871 to 95,553, and in 1881 to 87,469, of whom 44,315

\\-cre males auil 43,154 females. The principal towns are Navan,
t.873 ; Kells, 282-2

; and Trim, 1686. A portion of the parliamen-

tary borough of Drogheda, including 933 of the inhabitants, is also

>\ ithin the county. The number of births in the county during tlie

ton years ending 3d March 1881 was 21,293, an average of 23-3 to

every 1000 of the population ; of deaths 16,878, an average of 18-4
;

of marriages 3165, an average of 3'5; and of emigrants 10,521, an
average of 12-1. From 1st May 1851 to 3d March 1881 tlie total

jiumber of emigrants was 49,375. Of the population five years old

and upwards in 1881, 227 per cent, were illiterate, the perccnt:ige

in 1871 being 29 9. In 1881 tliere wore 3531 persons able to speak
Irish, but none were unable to speak English.

Histonj atid Antiquities.—According to Ptolemy, Meath was
originally inhabited by the Eblaui, whose territory extended from
the Boyne to the LilTey. A district known as Jleath, and includ-

ing the ix'esent county of Meath as well as Westmeath and Long-
ford, with parts of Cavan, Kildare, and King's county, was in the

2d century formed by Tuatlial into a kingdom to serve as mensal
land of the Ard Re or over-king. Afterwards it was divided into

Oiroarobain, now known as ilcath, and Eireanihain, which included
the remainder of the old kingdom. .The district was frer^uently

subject to invasions from the Danes ; they were totally defeated at

'I'ara in 980. About 800,000 acres, inchidin^ all the present

county of Meath, was granted by Henry 11. to Hugh de Lacy.
Tlie most remarkable antiquarian remains are two round towers,

the one at Kells, and the other in the churchyard of Donoughmore,
near Navan. At New Grange, near Slane, there is an artiticial

cavern of a very peculiar construction. A large rath on Tara
hill was the meeting-place of the princes before the Danish inva-
sion, and the seait of a royal palace referred to in the well-known
lines of Jloore. A stone on the top of the rath is supposed by
some to be the stone of destiny where the ancient monarchs of

Ireland were crowned. Monastic buildings were very numerous,
amonj the more important ruins being those of Duleek, which
is said to have been the first ecclesiastical edifice in Ireland built

of stone and mortar ; the extensive remains of Bective ; and those
of Clonard, where also were a cathedral and a very famous college.

Of the old fortresses. Trim Castle on the Boyne stUl presents an
imposing appearance. Iliere are also many iiiie old mansions.

MEAUX, capital of an arrondissement, and an episcopal

see, in the department of Seine-et-Marne, France, and
formerly chief town of Haute Brie, is situated 28 miles

east of Paris, on the JIarne, which runs through the town,
and on the Paris and Strasburg Railway. The cathedral,

dedicated to St Stephen, dates from the 12th century; its

restoration was begun thirty years ago. From the top of

its western tower (250 feet high), in fine weather, the

heights of Jlontmartre and Mont Valiirien, near Paris, can

be seen. The building, which is 275 feet long and 105
feet high, consists of a nave, two aisles, a fine transept,

a choir, and a sanctuary. The choir contains the statue

and the tomb of Bossuet, aud the pulpit of the cathedral

has been reconstructed with the panels of that from which
the " Eagle of Meaus " used to preach. The great window
of the south transept contains some magnificent stained

glass. The episcopal palace, behind the cathedral, has

several very curious old rooms ; the buildings of the choir

school, which also adjoins the cathedral, are likewise of

some architectural and archseological interest.

Meaiix is the centre of a considerable trade in corn,

cheese, eggs, and poultry ; and its mills, on the Marne,

provide a great part of the meal with which Paris is

supplied. The Canal de I'Ourcq, which surrounds the town,

and the JIarne, furnish the meaus of transport. A starch

manufactory, a copper and iron foundry, and manu-
factories of food-pastc-s, of preserved vegetables, and of

agricultural implements are the other principal industrial

establishments. About a mile from the town is the

sugar factory of ViUenoy, which is one of the largest in

Fra'nco. The population of Meaux ia 11,740.

In the Roman period Meaux was the capital of the Meldi, a
small Gallic tribe. It formed jiart of the kingdom of Austrasia,

and afterwards belonged to the counts of Vermandois and Cham-
pagne, lis communal charter dates as Tar back as 1179. Mcanx
sulfercd much from the disorders of the Jacquerie, from tL*
Hundred Years' War, and from the religious wars, during which it

was an important Protestant centre. After the League, it was the

first town which opened its gates to Henry IV., in 1594. Placed
as it is on the highroad of invaders marching on Paris from the

east of France, Ikleaux saw its environs ravaged by the army o£

Lorraine in 1652, and was laid under heavy requisitions in 1814,

1815, and 1870.

MECCA (*5l<, Makka), the chief town of the Hij^ in

Arabia,' and the great holy city of Isl'im, is situated

two camel marches (the resting-place being Bahra or

Hadda in the Eatu Marr), or about 45 miles, almost duo
east, from Jidda, on the Red Sea.^ Thus on a rough

estimate Mecca lies in 21° 30' N. lat. and 40° E. long.

It is said in the Koran (sur. xiv. 40) that Mecca lies in

a sterile valley, and the old geographers observe that the

whole Haram or sacred territory round the city is almost

absolutely without cultivation or date palms, while fruit

trees, springs, wells, gardens, and green valleys are found

immediately beyond. Mecca in fact lies in the heart of a

mass of rough hills, intersected by a labyrinth of narrow

valleys and passes, and projecting into the Tihiima or low

country on the Red Sea, in front of the great mountain

wall that divides the coa,st lauds from the central plateau,

though in turn they are themselves separated from the sea

by a second curtain of hills'forming the western wall of the

great W:ldy Marr. The inner mountain wall is pierced by

two anil only two great passes, and the valleys descending

from these embrace on both sides the Mecca hills. The
north-western pass, through which the Kejd traflic descends

to the coast, and which also affords the easiest though

longest route from Jidda and Mecca to Tidi and thence

through the true HijAz to Yemen, is the Derb el-Seil or

torrent path down the well-watered Wiidy Marr.^ This

Wiidy skirts the complex of Mecca hills on the north-west

from Zeima by Wady FAtima (where it is joined by the great

coastroadfrom Medina andSyria) toHaddaon theMeccaand
Jidda road, a distance of perhaps 50 miles. JIain roads

converge to Mecca frotn the three points of the Wady just

named, the distance of the city from the last two being

about 20 miles. From this side the most prominent o£

the Mecca hills is the northern "Mountain of Light" (J.

Niir). The other pass, which affords a shorter mule road to

Taif and the southern highlands, but is not practicable

for ordinary baggage camels, descends from the summit of

J. Kara, and leads through the great W. Na'man, the Wady
of the Hodheil, to the plain beneath 'Arafa, the most

* Hijaz is here taken in the usual political sense of the word. The
Turkish Waly of the HijaE has his winter residence at Mecca aud his

summer quarters at 'Taif, In a narrower sense the Hijaz is the lofty

mountainous country between the central plateau of Nejd (or JsegH, a3

it is called by the natives) and the lowlands of the co.ast (Tihama). In

this sense El-Asma'i reckons Mecca to the Tihama, and well-informed

Arabs still follow him.
^ A variant of the name Makka is Bakka {sur. iii. 90 ; Bekri, 155

sq.). For other names and houoritic epithets of the city see Bekri, irf

supra, Azraki, p. 197, Ya^iit, iv. 617 sq. The lists are in part cor-

rupt, and some of the names (Kutba and 'Arsh or 'Ursb, " the huts ")

are not properly names of the town as a whole.
^ The upper part of this wddy has two branches, W. Leimi!ill and W.

Nakhla. In tlie latter lie the gardens of Sola and the village of Zeima
with its great hot spring (comp. Yakut, iii. 197). Above Zeima the

path is desert.
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easterly 'of the holy sites . conuected with Mecca. Frnm
this point a tolerably level route skirts the Mecca hills on

the south, passing' very close to Mecca under the opposite

side of J. el-Thaur, is joined or crossed by several roads

from the south, including the great lowland Yemen road,

and ultimately falls into the road from Jlecca to Hadda, a

little beyond the pillars that define the Haram. .The broad

valleys through which this southern road le. .9 are not so

well watered as W. Marr, but have several fertile spots

and a good deal of land cultivable after rain.^ From this

description the importance of the situation of Mecca will

be easily understood. It commands both the great routes

connecting the lowlands with central Arabia, and thus has

the advantage overTAif, its former commercial rival, which

lies indeed on the inland mountain road from Yemen to

Nejd behind Mount Kara, but has no ready connexion

with the Tihdma. Jlecca, on the contrary, though apparently

secluded in its hills from the main valleys— it is in fact

ilot visible from any point till one is quite close to the

town—lies in the focus of all the great roads from north

to south or from the coast inland, with the single exception

of the mountain road behind Kara ; and the low passes that

intersect the Mecca hills form a series of practicable short

cuts connecting all the chief points of the circle of valleys

already described.

-

Holding this position, and situated in a narrow and

barren valley quite incapable of supporting an urban

population, Mecca must have been from the first a com-

mercial town.2 In the palmy days of South Arabia it was

probably a station on the great incense route, and thus

Ptolemy may have learned the name, which he writes

Makoraba. At all events, long before Mohammed we
find Mecca established in the twofold quality of a com-

mercial centre and a privileged holy place, surrounded by
an inviolable territory (the HSram), which was not the

sanctuary of a single tribe but a place of pilgrimage, where

religious observances were associated with a series of

annual fairs at different points in the vicinity.'' The com-

bination of commerce with religion was no unusual thing

in Arabia. Of old the incense trade had its religious

features, and indeed in the unsettled state of the country

commerce was possible only under the sanctions of religion,

and through the provisions of the sacred truce which pro-

hibited war for four months of the year, three of these

being the month of pilgrimage, with those immediately

preceding and following. Ther first of the series of fairs in

which the Meccans had an interest was at 'OkAz on the

easier road between Mecca and Taif, where there was also

a sanctuary, and from it the visiters, drawn from tribes far

and near, moved on to points still nearer Mecca (Majanna,

and finally Dhu'l-MajAz, on the flahk of J. Kabkab behind
'Arafa) where further fairs were held,^ culminating in the

^ To this des(Tiption of the valleys surrouiuling the Mecca group on
three sides, which is mainly drawn from personal observation in 1880,

it may be added that there is a direct and easy camel route from
Zeinia to 'Arafa between the jMecca hills and the mountains of the

?IodheiI. Taking this fact with the statement of Wakidi (Wellhausen's
Miih. in Med., p. 341) that every wady in the sacred territory flows

outwards into common ground except that at Tan'im (ne.ar the Hudtid
on the Medina road, Y.ikut, i. 879 ; Ibn Jubair, p. 110) we see that

Mecca lies in an isolated group of hills^a sort of outpost of the great

mountain wall.

- The inland road in ancient times was not so valuable as the coast

road to Syria, on account of the scarcity of water {Muh. in Med.,
p. 100).

3 Mecca, says one of its citizens,..ap. Wakidf (Kremcr's ed., p. 196, or
Muh. in Med., -p. HOO), is a settlement foVnied for trade with Syria in

summer and Abj'ssinia in winter, and cannot continue to exist if the

tr.ade is interrupted.

• * Details as to the inhabitants and constitution of Mecca before
lelAm will be given under Mohammed.

' Tlie det.ails are variously related. See Biruni, p.. 328 (E. T., p.

Sit)
; Aima'i in Vikiit, iiL 705, iv. 416, 421 ; Azraki,' p. 129 sij.

;

special religious ceremonies of tlie great feast at 'Arafa,

Kuzah ( Jlozdalifa), and Mecca itself. The system of inter-

calation iu the lunar calendar of the heathen Arabs was
designed to secure that the feast shoirld always fall at the

time when the hides, fruits, and other merchandise were

ready for market,'' and the Meccans, who knew how to

attract the Bedouins by profuse and systematic hospitality,

bought up tliese wares iu exchange for imported goods, and

so became the leaders of the international trade of Arabi':.

Their caravans tiraver'ed the length and breadth of tlie

peninsula. Syria ani ^specially Gaza, was their chief goal,

and we read that the Syrian caravan intercepted, ou its

return, at Bedr represented capital to the value of Ji20,0U0,

an enormous sum for those days.''

The victory of Jlohammedanism made a vast change in

the position of Mecca. The merchant aristocracy became

satraps or pensioners of a great empire ; but the seat of

dominion was removed beyond the desert, and though

Mecca and the Hijaz strove for a time to maintain political

as well as religious predominance, as will be related

\inder Mohamjiedan EiMPiKE, the struggle was vain, and
terminated on the death of Ibn Zubeyr, the Meccan pre-

tendant to the caliphate, when the city v/as taken by Hajj.'ij .

(G92 A.D.). On the other hand, the sanctuary and feast of

Mecca received a new prestige from the victory of Islam,

Purged of elements obviously heathenish, the Ka'ba (Caaba)

became, the holiest site, and the pilgrimage the most

sacred ritual observance of Mohammedanism, drawing

worshippers from so wide a circle that the confluence of

the petty traders of the desert was no longer the main

feature of tlio holy season. The pilgrimage retained its

importance for the commercial wellbeing of Mecca ; to

this day the INIeccans live by the Hajj—letting rooms,

acting as guides and directors in the sacred ceremonies, as

contractors and touts for laud and sea transport, as well as

exploiting for their own advantage the many benefactions

that flow to the holy city ; while the surrounding Bedouins

derive a chief part of their support from the caniel-

transjiort it demands and from the subsidies and gifts by

which they are engaged to protect or abstain from molest-

ing the pilgrim caravans. But the ancient "fairs of

heathenism " were given up, and the traffic of the pilgrim

season, sanctioned by the Prophet in sur. ii. 194, was con-

centrated at JImA and Mecca, where most of the pilgrims

still have something to buy or sell, so that JlinA, after the

sacrifice of the feast day, presents the aspect of a huge

international fancy fair." In the Middle Ages this trade

was much more important than it is now. Ibn Jubair in

the 12th century describes the mart of Mecca in the eight

days following the feast as full of gems, unguents, precious

drugs, and all rare merchandise from India, 'Irdlj, KhorAsan,

and every part of the Moslem world."

Mecca, as has been already indicated, lies in a narrow sandy

valley running approximately from north to south between

the Rerl Mountain on the west and the loftier chain of J.

Abu Kobeys on the east. These ranges, which are partly

built on and rise several hundred feet above the valley, so

enclose the city that the ancient walls only barred the

•valley at three points, where three gates led into the town. In

the time of Ibn Jubair the gates still stood though the walls

were ruined, but now the gates have only left their names to

Bekri, p. 661. Jcbel Kabk.ab is a great mountain occupying tha

angle between W. Na'man and the plain of 'Arafa. The peak is duo

north of Sheddad, the hamlet which Buvckhardt (i. 115) calls Shedad.

According to Azraki, p. SO, the la«t shrine visited was that of the

three trees of 'Uzz.i iu W. N.ikhla.

« So wo .arc told by Biruni, p. 62 (E. T., p. 73).

7 Wakidi, ed. Kremor, pp. 20, 21 ; MuFi. in Med., p. 39.

' Tlie older fairs were not entirely deserted till the troubles of the

last days of tlie Omnvvads (Azraki, p. 131).

» Ibu Jubair, ed. -VVright, p. 118 sj.
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quarters of the town. At the northern or iipfier end was the

BAb el Ma lA, or gate of the upper quarter, whence the roaj

continues up the valley towards Mini and "Arafa as well

as towards Zeiuia and the Ncjd. Beyond the gate, in a

place called the HajVm, is tlie chief cemetery, said to be the

resting-place of many of the companions of Jlohanimed.

Hero a cross-road, running over the hill to join the main

Medina road from the western gate, turns off to the west

by the pass of Kad.i, the point fiom which the troops

of the Prophet stormed the city (a.ii. 8).' Here too the body
of Ibn Zubeyr was hung on a cross by Hajjaj. The lower

or southern gate, at the Jfasfala quarter, opened on the

Vemen road, where the rain-water from Mecca flows off

into an open valley. Beyond, tlu;re are mountains on both

sides ; on that to the east, commanding the town, is the

great castle, a fortress of considerable strength. The
third or western gate, EAb el-Omra (formerly also ESb el-

ZAhir, from a vdlage of that name), lay almost opposite the

great mosque, and opened on a road leading westwards round

the southern spurs of the Red Mountain. This is the way to

WAdy Fiitima and Medina, the Jidda road branching off

from it to the left. Considerable suburbs now lie outside

the quarter named after this gate; in the Middle Ages a

pleasant country road led for some miles through partly

cultivated land with good wells, as far as the boundary of

the sacred territory and gathering place of the pilgrims at

Tau im, near the mosque of 'Aislia. This is the spot on

the Medina road now called the'Omra, from a ceremonial

connected with it which will be mentioned below.

Tlie length of the sinuous main axis of the city from the

furthest suburbs on the Medina road to the suburbs in the

extreme north, now frequented by Bedouins, is, according

to Burckhardt, 3500 paces." About the middle of this line

the longitudinal thoroughfares are pushed aside by the

vast courtyard and colonnades composing the great mosque,

which, with its spacious arcades surrounding the Ka'ba

and 6ther holy places, and its seven minarets, forms the

only prominent architectural feature of the city. The
mosque is enclosed by houses with windows opening on the

arcades and commanding a view of the Ka'ba. Immediately

beyond these, on the side facing J. Abu Kobeys, a broad

street runs south-east and north-west across the valley.

This is the Mas'A or sacred course between the eminences

of Safd and Merwa, and has been from very early times one

of the most lively bazaars and the centre of Meccan life.

The other chief bazaars are also near the mosque in smaller

streets. The rest of the town, presents no points of

individual interest; but its general aspect is picturesque
;

the streets are fairly spacious, thouoh ill-kept and filthy;

the houses are all of stone, many of them well-built and
four or five stories high, with terraced roofs and large pro-

jecting windows as in Jidda—a style of building which has

i;ot varied materially since the 10th century (Mokaddasi,

p. 71), and gains in effect from the way in which the dwell-

ings run up the sides and spurs of the mountains. Of
public institutions there are baths, ribats or hospices for

poor pilgrims from India, Java, etc., a hospital with fifty

beds, a public kitchen for the poor, badly administered by
the Turkish authorities. A settler from India has recently

set up a theological school ; but the old colleges around
the mosque have long since been converted into lodgings.^

The minor pla;ces of visitation for pilgrims, such as the

birth-places of the Prophet and his chief followers, are not

^ This is the cross-road traversed by Burclchardt (i. lG9),"~aud

described by him ar, cut through the rocks with much labour.
• Tstrakhri gives the length of the city proper from north to south aa

2 miles, and the greatest bre.adth from the Jiyad quarter east of the
great mosque across the valley and up the western slopes as two-thirds
of the length. '

~

^ The pious foundations of Mecca have been robbed by , their

guardians from very early times. See already Ibn 5aukal, p. 25.

notable.'' Both the.se and the court of the great mosque
are observed to lie beneath the general level of the city,

sr) that it is evident that the site of the town' has been
gradually raised by accumulated rubbish. The town in
fact has little air of antiquity; genuine Arab buildings do
not last long, especially in a valley periodically ravaged by
tremendous floods when the tropical rains burst on the
surrounding hills. The history of Mecca is full of the
record of these inundatiou.s, unsuccessfully combated by
the great dam drawn across the valley by the caliph 'Omar
(Kutb el-Din, p. 76), and later works of El-Mahdi.^
The fixed population of Mecca in 1878 was estimated by

Assistant-.Surgeon 'Abd el-Razz.'ik: at 50,000 to 60,000

;

but the materials for an estimate are very inadequate
where there is so large a floating population—and that uot
merely at the proper season of pilgrimage, the pilgrims of

one season often beginning io arrive before those of the
former season have all dispersed. At the height of the
season the town is much overcrowded, and the entire want
of a drainage system is severely felt. Fortunately good
water is tolerably plentiful; for, though the wells are mostly
undrinkable, and even the famous Zamzam water very un-
wholesome and tainted with sewage, the undergruund con-

duit from beyond 'Arafa, completed by Sultan Selim II.

in 1571, supplies to the public fountains a sweet and
light water, containing, according to 'Abd el-Eazzak, a
large amount of chlorides. The water is said to be free

to townsmen, but is sold to the pilgrims at a rather high
rate.''

Medi:eval writers celebrate the copious supplies,

especially of fine fruits, brought to the city from TAif and
other fertile parts of Arabia. These fruits are still

famous ; rice and other foreign products are brought by
sea to Jidda ; mutton is plentifully supplied from the

desert.'^ The industries of Mecca all centre in the pilgrifn-

age ; the chief object of every Meccan—from the notables

and sheikhs, who use their influence to gain custom for

the Jidda speculators in the pilgrim traffic, down to the

cicerones, pilgrim brokers, lodging house keepers, and
semi-mendicant hangers on at the holy places—being to

pillage the visiter in every possible way. Thus tho

fanaticism of the Meccan is an affair of the purse ; the

mongrel population (for the town is by no means purely

Arab) has exchanged the. virtues of the Bedouin for the

worst corruptions of Eastern town life, without casting off

the ferocity of the desert, and it is hardly possible to find

a worse certificate of character than the three parallel gashes

on each cheek, called Tashrit, which are the customary
mark of birth in the holy city. The unspeakable vices of

Mecca are a scandal to all IslAm, and a constant source of

wonder to pious pilgrims.^ The slave trade, which still

* For details as to the ancient quarters of Mecca, where the several

families or septs lived apart from generation to generation, see Azraki,

p. 445 sq.y and compare Ya'kubi, ed. Juynboll, p. 100. iTie modern
to-\vn is best described by Burckhardt, who gives a plan of the city.

Tlie minor sacred places are described at length by Azraki and Ibt
Jubair. They are either connected with genuine memories of the
Prophet and bis times, or have spurious legends to conceal tho fact

that they were originally holy stones, wells, or the like, of heathen
sanctity.

° Beladhori, in his chapter on tie floods of Mecca (j>. 53 sq. ), says

that 'Omar built two dams.
® The aqueduct is the successor of an older one associated with the

names of Zobeyda, wife of Haniu el-R.ashid, and other benefactors.

But the old aqueduct was frequently out of repair, and seems to h.-ive

played but a secondary part in the mediKval water ^pply. Even thft

new aqueduct gave no adequate supply in Burckhardt's time.

^ In Ibn Jubair's time (p. 132) large supplies were brought from the

Yemen mountains. The revenues of Yemen are still mainly expended

on the distribution of grain by the sultan, in the Hij-iz.

^The conjiption of manners in Mecca is uo new thing. " See the

letttr of the caliph Mahdi on the subject j Wiistenfeld, Chron. Mel:.,

iv. 168.
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Bubsists and is very dear to tlie Arab heart, iias connexions

with the pilgrimage which are not yet thoroughly cleared

up ; but there is no doubt that under cover of the pilgrim-

age a great deal of kidnapping and importation of slaves

goes on.

Since the fall of Ibn Zubeyr the political position of

Mecca has always been dependent on the movements of

the greater Jlohammedan world. In the splendid times

of the caliphs immense sums were lavished upon the

pilgrimage and the holy city ; and conversely the decay of

the central authority of Islam brought with it a long period

of faction, wars, and misery, in which the most notable

episode was the sack of iMecca, with circumstances of great

barbarity, by the Carmathians at the pilgrimage season of

930 A.D. The victors carried off the " black stone," which

was not restored for twenty-two years, and then quly for a

great ransom, when it was [ilain that even the loss of the

palladium could not destroy the sacred character of the

city. Under the Fatimites Egyptian influence began to

be strong in Mecca ; it was opposed by the sultans of

Yemen, while native princes claiming descent from the

Prophet—the HAshimite emii-s of Mecca, and after them

the emirs of the house of Kat.'i.da (since 1202)—attained to

great authority and aimed at independence ; but soon after

the final fail of the Abbasids the Egyptian ovorlordship

was definitively established by Sultan Blbars (1269 a.d ).

The Turkish conquest of Egypt transferred the supremacy
to the Ottoman sultans (1517), who treated Mecca with

much favour, and during the 16th century executed great

works in the sanctuary and temple. The Ottoman power,

however, became gradually almost nominal, and that of the

emirs or sherlfs increased in proportion, culminating under

Gh.'ilib, whose accession dates from 1786. Then followed

the wars of the WahhAbls (see Ae.vbia, vol. ii. p. 260) and
the restoration of Turkish rule by the troops of Mohammed
'All. By him the dignity of sherlf was deprived of much
of its weight, and in 1827 a change of dynasty was efli'ected

by the appointment of Ibn 'Aun. Since that time the

Turkish authority has again decayed, though Mecca is

still nominally Uie capital of a Turkish province, and
has a governor-general and a Turkish garrison, while

Mohammedan law is administered by a judge sent from
Constantinople. But, except within the larger towns,

at which troops are stationed, the Turks are practically

powerless, and the real sovereign of Mecca and the Hijilz

13 the sherif, who, as head of a princely family claiming

descent from the Prophet, holds a sort of feudal position in

the country. The dignity of sherlf (or grand sherlf, as

Europeans usually say for the sake of distinction, since all

the kin of the princely houses reckoning descent from the

Prophet are also named sherlfs), is often conceived as a

religious pontificate, and anti-Turkish Arabs contend that

if the sultan and the sherlf were together in a mosque the

latter would lead the prayers as imim ; but it is more
correct to regard the sherif as the modern counterpart of

the ancieut emirs of Mecca already referred to, who were
nam^d in the public prayers immediately after the reigning

caliph. This dignity long ran in the family of Hasan, son
of the caliph 'All, with which the present sherif.?, in spite

of changes of dyuasty, still count kindred. The influence

of the iirincos of Mecca has varied from time to time accord-

ing to the strength of the foreign protectorate in the Hijdz
or in consequence of feuds among the branches of the house;
at present it is for most purposes much greater than that
of the Turks. The latter are strong enough to hold the
garrisoned towns, and thus the sultan ia able within
certain limits—playing off one against the other the two
rival branches of the aristocracy, viz., the kin of GhiVlib

and the house of Ibn 'Ann—to assert the right of desig-

nating OP removing the shorif, to whom in turn he owes

the possibility of maintaining, with the aid of considerable

pensions, the semblance of his much-prized lordship over

the holy cities. The grand sherif can muster a consider-

able force of freedmen and clients, and his kin, holding

wells and lands in various places through the Hij.az,

act as his deputies and P''..iinister the old Arabic cus-

tomary law to the Bedouius. To this influence the Hij.'iz

owes what little of law and order it enjoys. After the

sherifs the principal family of Mecca is the house of

Sheyb, which holds the hereditary custodianship of the

Ka' ba.

Tlie Gi'eat Mosrpie and 'he Kdha,-—Long before

Mohammed the chief sanctuary of Mecca was the Ka'ba,

a rude stone buildiug, so named from its resemblance to a

monstrous astragalus or die, of about 40 feet cube, thong'.,

the shapeless mass is not really an exact cube or even

exactly rectangular.^ The Ka'ba has been rebuilt more
than once since Jlohammed purged it of idols and adopted

it as the chief sanctuary of IsLim, but the old form has

been preserved except in secondary details ;
- so that the

" Ancient House," as it is titled, is still essentially a heathen

temple, adapted to the worship of Ish^m by the clumsy
fiction that it was built by Abraham and Ishmael by divine

revelation as a temple of pure monotheism, and that it was
only temporarily perverted to idol worship from the time
when'Amr ibn Lohay introduced the statue of Hobal from
Syria^ till the victory of Ishlm. This fiction has involved

the superinduction of a new mythology about Abraham,
Hagar, and Ishmael over the old heathen ritUdl, which
remains practically unchanged. Thus the chief object of

veneration is the ancient fetish of the black stone, which is

fixed in the external angle facing Safi. The building is not

exactly oriented, but this may for convenience be called the

south-east corner. Its technical name is the black corner,

the others being named the Yemen (south-west), Syrian
(north-west), and 'IrAk (north-east) corners, from the lands

to which they approximately point. The black stone is a

small dark mass a span long, with an aspect suggesting vol-

canic or meteoric origin, fixed at such a height that it can
be conveniently kissed by a person of middle size. It was
broken by fire in the siege of 683 A.D. (not as many authors
relate by the Carmathians), and the pieces are kept together

by a silver setting. The history of this heavenly stone,

given by Gabriel to Abraham, does not conceal tlie fact

that it was originally a fetish, the most venerated of a

multitude of idols and sacred stones which stood all round

' Tlic following rieasureraerta njny be cite^ :— Ibn 'AbJ R-atbili (lOtli

century), south si.le 20 cubits, noitli 21, east. and west 26 cacli (so

Azroki) ; Ibn Jubair (12tU centurj-), di.les 54 ami 48 snans, height 29
cubits .It the highest or south wall, with a slight fall to the north side

where the ntiz.ib or water-spout discharges (Azraki, 27 cubits); Burck-
hardt, sides 18 paces by 14, hel.sht 35 to 40 feet. Other mojern
measures vary considerably. The height was raised bj Ibu Zubsyr from
18 to 27 cubits. Compare Mtih. in Med., p. 426.

- The Ka'ba of Mohammed's time was itself the successor of an older
building said to have been de^troyed by tire. It was constructed in

the still usual rude style of Arabic masonry, with string courses of
tijuber Ijetwecn the stones (like Solomon's temple). The roof rested
on six pilkirs ; the door was raised above the ground and approached
by a stair (probably on account of the floods which often swept the
valley) ; and worshippers left their shoes under the stair before entering.

During the tiret siege of Mecca (083 a.d.) the building was burned
down, and Ibn Zubeyr reconstructed it on an enlarged scale and in
better stylo of solid ashlar work. After his deatli hi.i most glajing
inuov.ations (the introduction of two doors on a level witli the gi-ound,

and the extension of the building lengthwise to include the tlijr) wero
corrected by H.ijj.ij under ordere from the caliph, but tlie building
retained its more solid structure. The roof now rested on threejiillais,

and the height was raised one-half. The Ka'ba was again eutii-ely

rebuilt after the flood of 1626 A.D., but eilico Ilajjaj there seem to
have been no structural changes.

* Hobal was set up within the temple over the pit that contained
the sacred treasures. His chief function was connected with the
sacred lot to which the Meocans wero accustomed to betake themselves
in all matters of ditficulty.
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the sanctuary in the time of Mohammed. The Prophet

destroyed the idols, but he left the characteristic form of

worship—the tawdf, or sevenfold circuit of the sancriiary,

the worshipper kissing or touching the objects of his

veneration—and besides the black stone he recognized the

so-called " southern " stone, the same presumably with

that which' is still touched in the taw'if at the Yemen
corner (Muh. in Med., pp. 33(3, 425). The ceremony of

the tawAf and the worship of stone fetishes was common
to >iecca with other ancient Arabian sanctuaries.^ It was,

as it still is, a frequent religious exercise of the Meccans,

and the first duty of one who returned to the city or

arrived there under a vow of pilgrimage ; and thus the

outside of the Ka'ba was and is more important than the

inside. Ishlm did away with the worship of idols ; what

was lost in interest by their suppression has been supplied

by the invention of spots consecrated by recollections of

Abraham, Ishmael, and Hagar, or held to be acceptable

j)laces of prayer. Thus the space of ten spans between

the black stone and the door, which is on the east side,

between the black and 'IrAk; corners, and a man's height

from the ground, is called the Multazam, and here prayer

should be offered after the tawAf with outstretched arms

and breast pressed against the house. On the other side

of the door, against the same wall, is a shallow trough

wliich is said to mark the original site of the stone on

which Abraham stood to build the Ka'ba. Here the

growth of the legend can be traced, for the place is now
called the " kneading-place " (Ma'jan) where the cement

for the Ka'ba was prepared. This name and story do not

appear in the older accounts. Once more, on the north

side of the Ka'ba, there projects a low semicircular wall of

marble with an opening at each end between it and the

walls of the house. The space within is paved with

mosaic, and is called the Hijr. It is included in the

tawAf, and two slabs of verde antico within it are called

the graves of Ishmael and Hagar, and are places of accept-

able prayer. Even the golden or gilded mhdb (water-

spout) that projects into the Hijr marks a place where

prayer is heard, and another such place is the part of the

west wall close to the Yemen corner.

The feeling of religious conservatism which has preserved

the structural rudeness of the Ka'ba through so many
centuries did not interfere with the adoption of costly

surface decoration. In Mohammed's time the outer walls

were covered by a vail (or kiswa) of striped Yemen cloth.

The magnificence of the caliphs substituted a covering of

figured brocade, and the sultan still sends with each pilgrim

caravan from Cairo a new kiswa of black brocade,

adorned with a broad band embroidered with golden

inscriptions from the Koran, as well as a richer curtain for

the door. The aspect thus given to the Ka'ba is seen in

the woodcut ; there are openings to show the two sacred

stones.2 The door of two leaves, with its posts and lintel,

is of silver gilt.

The interior of the Ka'ba is now opened but a few times

every year; there is a great scramble for admission—the

portable staircase being seldom brought forward—and a

great clamour for backshish ; thus the modern descriptions,

from observations made under difficulties, are not very

complete. Little change, however, seems to have been

made since the time of Ibn Jubair, who describes the floor

• See Ibn Hisham, i. 54; Azrakl', p. 80 ("DzzdinBata Mair); Yikiit,

iii. 705 (Otheydd) ; Bar Hebneus on Psalm xii. 9. Stones worshipped
by circling round them bore the name dawdr or duwdr (KrehJ, Rcl. d.

Araber, p. 63). The later Arabs not unnaturally viewed such cultu9

as imitated from that of Mecca (Yakiit, iv. 6"22 ; comp. Dozy, Isradiien

iti Mehka, p."125, who draws very perverse inferences).

* The old kisiDa ia removed on the 25th day of the month before

tlie pilgrimage, and fragments of it are bought by the pilgrims as

charms. Till the 10th day of the pilgrimage month the Ka'ba is bare'.

and walls as overlaid with richly vanegatea marbles, and
the upper half of the walls as plated with silver thickly

gilt, while the roof was vailed with Qoloured silk. Modern
writers describe the place as windowless, but Ibn Jubair
mentions five window.'* of rich stained glass from 'Irijf.

Between the three pillars of teak hung thirteen silver

lamps. A chest in the corner to the left of one entering

contained Korans, and at the'Irdlj; corner a space was cut

off enclosing the stair that leads to the roof: -The door to

this stair (called the door of mercy—BAb el-Rahma) was
plated with silver by the caliph Mutawakkil. Here, in

the time of Ibn Jubair, the MakAm or standing-stone of

Abraham was usually placed for better security, but

brought out on great occasions (pp. 131, 161).^

The houses of ancient Mecca pressed close upon the

Ka'ba, the noblest families, who traced their descent from

Ko.say, the reputed founder of the city, having their dwell-

ings immediately round the sanctuary. To the north of the

Ka'ba was the DAr el-Nadwa, or place of assembly of the

Koreysh, where all matters of public interest were discussed.

"The multiplication of pilgrims after IslAm soon made it

necessary to clear away the nearest dwellings and enlarge

the place of prayer around the Ancient House. 'Omar,

'OthmAn, and Ibn Zubeyrhad all a share in this work, but

the great founder of the mosque in its present form, with

its spacious area and deep colonnades, was the caliph El-

Mahdf, who spent enormous sums in bringing costly pillars

from Egypt and Syria. The work was still incomplete at

his death in 785 A.D., and was fijiished in less sumptuous

style by his successor. Subsequent repairs and additions,

extending down to Turkish times, have left little of El-

Mahdi's work untouched, though a few of the pillars prob-

ably date from his days. There are more th^n five

hundred pillars in all, of very various style and workman-

ship, and the enclosure—250 paces in length and 200 in

breadth, according to Burckhardt's measurement—is entered

by nineteen archways irregularly disposed.

After the Ka'ba the principal points of interest in the

mosque are the well Zamzam and the MakAm Ibrahim.

The former is a.deep shaft enclosed in a massive vaulted

building paved with marble, and, according to Mohammedan
tradition, is the source (corresponding to the Beer-lahai-roi

of Gen. svi. 14) from which Hagar drew water for her son

Ishmael. This of course is pure invention, and indeed the

legend tells that the well was long covered up and redis-

covered by 'Abd el-Muttalib, the grandfather of the-Prophet

Sacred wells are familiar features 'of Semitic sanctuaries,

and IslAm, retaining the well, made a quasi-Biblical story

for it, and endowed its tepid waters with miraculous

curative virtues. They are eagerly drunk by the pilgrims,

or when poured over the body are held to give a miraculous

refreshment after the fatigues of religious exercise, "and

the manufacture of bottles or jars for carrying the water to

distant countries is quite a trade. Ibn Jubair (p. 139)

mentions a curious superstition of the Meccans, who believed

that the water rose in the shaft at the full moon of the

month Sha'bAn. On this occasion a great crowd, especially

of young people, thronged round the well with shouts of

religious enthusiasm, while the servants of the well dashed

buckets of water over their heads. The MakAm or stand-

ing place of Abraham is also connected with a relic of

heathenism, the ancient holy stone which once stood on

the Ma'jan, and is said to bear the prints of the patriarch's

' Before Isldm the Ka'ba was opened every Monday and Thursday
;

in the time of Ibn Jnbair it was opened with considerable ceremony

every Monday and Friday, and daily in the month Rajab. But, though

prayer within the building is favoured by the example of the Prophet,

it is not compulsory on the Moslem, and even in the time of Ibn

Batuta the opportunities of entrance were reduced to Friday and the

birtbiiay of the Prophet.

XV. - 8s
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feet. The wbole legend of ttis stone, wKich is full of

miraculous incidents, seems to have arisen from a miscon-

ception, the Makilm IbrAhim in the Kordn meaning the

6anctuary itself ; but the stone, which is a block about 3

spans in height and 2 in breadth, and in shape "like a

potter'^ furnace " (Ibn Jubair), is certainly very ancient. It

is now covered up, and no one is allowed to see it, though

the bos in which it lies can be seen or touched through a

grating in the little chapel that surrounds it. In the

Middle Ages it was sometimes shown, and Ibn Jubair

describes the pious enthusiasm with which be drank

Zamzam water poured on the footprints. It was covered

with inscriptions in an unknown character, one of which

was copied by Fakihi in his history of Mecca. To judge

by the facsin\ile in Ltozy's Israeliten te Mehka, the character

is probably essentially one with that of the Syrian Safd

inscriptions, which we now know to have extended through

the Nejd and into the Hijdz.^

The general aspect of the great mosque will be best understood, by
reference to the woodcut, which is taken from a photograph. The
photograplier has taken his stand on a lofty building facing the

black stone corner of the Ka'ba, so that house tops, with high para-

pets serving to protect the privacy of the women, who spend much
of their time on these terraces, form too prominent a feature in the

foreground, and obstruct the view of part of the cloistered area. The
background is the Red Mountain ; the fort which is seen above the
town is not the great castle but a building of the sherif Ghdlib, dating
from about the beginning of this century. It will be observed that

at two places then: nre smaller cloistered courts annexed to the main

colonnade. That to the right, with a polygonal minaret, corresponds

ti) the anci^t Dar el-NadwA, which was included in the mosque by
tlie caliph Mo'ta«iid. The other minor court is at the Bab Ibrahim.

Of the two walls of the Ka'ba concealed from view, that to the right

is the'one adjoining the Hijr. The two-storied pagoda-like building

facing this wall is the Makam or station for prayer of orthodox

Moslems of the Hanafi rite, to which the Turks belong. The similar

stations of the other orthodox sects have but one story ; that of the

Maliki rite is seen to the left of the Ka'ba ; the roof of the Hanbali
station is just visible in the foreground a little to the left of the

"black" corner; the Shafi'i station, which stands on the roof of the

Zamzam building, is more prominent a little to the right. Between
this and the Makam Hanafi rises the slender gilt spire of the whito
marble pulpit from which sermons are preached on Fridays and
high days. Between the pulpit and the Zamzam is the small chapel

of Abraham's stone. It does not rise high enough to be seen in the

cut. The two small and ugly domes to the right of the Zamzam are

the dome of 'Abbas and the dome of the Jewess. They are used as

storerooms, but the former, which has its name from the uncle of

the Prophet, was formerly the drinkiug-place of the pilgrims. In
the time of Ibn Jubair it was still used for cooling th3 Zamzara
water. The oval part of the court next to the Ka'ba within the
railing is paved with marble

; parts of the area beyond are also

paved, part being strewn with gravel. Around the railing a number
of glass lamps are lighted at night.

Safd and Merwa.—In religious importance these two points or
"hills," connected, as we have seen, by the Mas'a, stand second
only to the Ka'ba. Safa is an elevated platform sunnounted by a
triple arch, and approached by a flight of steps.- It lies south-east

of the Ka'ba, facing the black corner, an{l 76 paces from the " Gate
of Safa,'" which is architecturally the chief gate of the mosque.
Merwa is a similar platform, formerly covered with a single arch, on.

the opposite side of the valley. It stands on a spur of the Ked
Mountain called J. Ku'ayki'an. The course between these tvro-

^^'^lObA ^l

M a—mu threat Mpsqu

Fftcred point? is 493 paces long and the religious ceremony called the
"ea'y" consists in traversing it seven times, beginning and ending
at Safd. The lowest part of the course, between the so-called green
milestones, is done at a run. This ceremony, which, as we shall

presently see, is part of the omra, is generally said to be performed
in memory of Hagar, who ran to and fro between the two eminences
vainly seeking water for her son.' The observance, however, is cer-

'

tainly of pagan origin ; and at one time there were idols on both
the so-called hills (see especially Azrald, pp. 74, 78)!

The Ceremonies and the Pilgrimage.—Before Islam the Ka'ba was
the local sanctuary of the Meccans, where they prayed and did
eacrifice, where oaths were administered and hard cases submitted
to divine sentence according to the immemorial custom of Semitic
shrines. But besides this, as we have seen, Mecca was already a
place of pilgrimage. Pilgrimage with the ancient Arabs was the
fulfilment of a vow, which appears to have generally terminated

—

tt feast on the ^art of the well-to-do—in a sacrificial feaat. A vow of
iilgrimage might be directed to other sanctuaries than Mecca—the
leurhnical wordforit (ihlal)i3 Jipplied for example to the pilgrimage
to Mandt (Bekrf, p. 519). He who was under such a vow ^was bound
by ceremonial observances of abstinence from certain acts {,c.g.,

hunting) and sensual pleasures, and in particular was forbidden to
ehear or comb his hair till the fulfilment of the vow. This old
Semitic usage has its close parallel in the vow of the Nazarite. It

^ See De Vogue, Syrie Ceniralc : Inscr, Sem.. ; Lady Anne Blunt,
Pilgrimage to Nejdt vol. ii. ; and W. E. Smith, in the Aihaimimt
March 20, 1880.^

was not pv u'larly connected with Mecca at Taif for example, it

wa=i customary on return to the city after an absence to present

oneself at the sanctuary, and there shear the hair (A/«A. inMed.,p.
3S1). i'ilgrimages to Mecca were not tied to a single time, but they
were naturally associated with festive oceasions, and especially with,

the great annual feast and market abeady spoken of, when by exten-

sive hospitality the citizens did all in their power to attract the

worshippers who were at the same time their customers. The
Silgrimage was so intimately connected with the wellbeing of

[ecca, and had already such a hold on the Arabs round about,

that the politic Mohammed could not afford to sacrifice it to an
abstract purity of religion, and thus the old usages were transplanted

into Isldm in the double form of the 'omra or vow of pilgrimage to

Mecca, which can be dischr.rged at any time, and the Iiajj or pil-

grimage at the great annual feast. The latter closes with a visit

to the Ka'ba, but its essential ceremonies lie outside Mecca, at the
neighbouring shrines where the old Arabs gathered before the

Meccan fair.

The 'omra begins at some point outside the Haram or holy terri-

tory, generally at Tauim described above, both for convenience sake

and because Aisha bogan the 'omra there in the year 10 of the
Flight. The pilgrim enters the Haram in the antique and scanty

pdgrimage dress (ihram), consisting of two cloths wound round hia

person in a way prescribed by rituaL His devotion is expressed in

^ Ibn Jubair speaks of fourteen steps, Aly Bey of four, Burckhardt

of three. The sorrounding ground no doubt has riaea 80 that the old

name ** hill of Bali " ia now inapplicable.
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MECHANICS
'"iTUICTLY speaking, the derivation of this word should

>^ ".ave prevented the use of it as the designation of a

Duie ncience. It has been, however, employed for a long

jieriod in English speech in the identical sense that the

Freiich attnch to Mecardque pure or the Germans to Reine

Mechanlh- ihese terms are all employed to denote what

we should much prefer to call Abstract Dynamics,—the

pure science which (as the derivation implies) treats of

the action of Force upon Matter, but which is, correctly,

the Science of dinner and Motion, or of Matter and Energy.

With the view of making clear from the outset the reason

for the arrangement adopted in this article, we commence
by stating in Newton's own words (accompanied by a

paraphrase) the Axiomata, sive Lrrjes Motits, which form

ihe entire basis of our subject. These laws will at once

indicate the order in which the subject may most logically

be treated. We defer to the end of the article the more

tk'se consideration of the idea introduced by the word
" force," as well as general remarks on " energy," itc.

Fo.' tLe present we are content to regard force as defined

fo.' >',s by Newton's Laws.

Neii'torvs Laws of Motion.

s § 1. lex I. Corpus omne perseverare in statu suo qui-

• escenJi Vbl movendi uniformiter in directum, nisi quatenus

illud a vi.-ibus impressis cogitur statum suum mutare.

Every body continues in its state of rest, or of uniform,

motion in a straight line, except in sofar as it is comixlled by

force to change iUai state.

Lex IL Mutaljonem motus proportionaleni esse vi

motrici impresscx, ec £eri secundum lineam rectani qua vis

ilia imprimitur.

Change of {cfiianiily of) motion is proporiiona! to force,

and takes place in ihe straight line in ivhich ihe force acts.

Lex III. Actioni coutrariam semper et requalem esse

reactlonem ; sive corpoi'Ujnc duorum actiones in se niutuo

semper esse requales et m partes contrarias dirigi.

To every action there in alu<ays an equal and contrary

reaction; or ihe mutual actioiu of any two bodies are always

equal and oppositely directed.

1. § 2. In 18G3 Thomson and Tait (upon whose Treatise on.

JSfalurcd Philosophy much of wDat follows is based) called

attention to the fact that, as regards Lex III., Newton gives

in a scholium a second sense i.i which the words may be

interpreted. In the first sense the action and reaction are

mere forces, in the second they ajtj the rates at •which forces

do loorh. lleuce, and for anothtr reason which will appear

later, the word " activity " has been introduced as the

English equivalent of the word <i:uo in Newton's second

sense. Here is the passage :-

Si ffistinietur agontis actio ex ejus: vi et velocitate coft-

junctim ; et similiter resistcntis reactio lestimetur con-

junctim ex ejus partium singularum velocitatibus et viribus

resistendi ab earum attritione, tohresione, pondere, et

acceleratione oriundis ; erunt actio et reactio, in omni
iastrumentorum usu, sifei invicem semper sequales.

If the activity of an agent be measured by its amount and
its velocity conjointly ; and if, similarly, the counter-aclivity

of ihe resistance be measured by the velocities of its several

parts and their several amounts conjointly, whether these

arise from friction, molecular forces, loeight, or acceleration;—activity and counter-activity, in all combinations of
macliines, will be equal and opposite.

This may be looked upon as a Fourth Law. But, in

strict logic, the First Law is superfluous, because its con-

sequences are all implied (by ncgatio"^ ''n t.li& ^wtement of

the Second. (See § 8 below.) Hence there are, virtually,

only three laws, so far as Newton's system is concerned.

§ 3. These laws are to be considered as deductions from Basis of

observation and experiment, and in no sense as having-an Newtou'»

a priori foundation. Their proof, so far as rigorous proof V"
is attainable in physical matters, is commonly looked on
as being furnished in the most conclusive form by obser-

vational astronomy. The Nautical Almanac, published

usually about four years in advance, contains the predicted

places of the sun, moon, and principal planets from day to

day, in some cases from hour to hour, throughout the year.

.The predictions are entirely based upon the laws of

motion (along with the law of gravitation), and could not

possibly be accurate unless these laws are true. So
thoroughly satisfactory has hitherto been the coincidence

between prediction and observation that, when a deviation

occurs, no one dreams of a defect in the principles of the

reasoning. On the contrary, such deviations are utilized

fpr the purpose of correcting our knowledge of the

"elements" of the orbits of the moon and planets, or

our estimates of the masses of these bodies ; and, as in the

brilliant investigations of Adams and Leverrier, they some-

times enable us to discover the existence and even assign

the position of a planet never before seen.

§ 4. It is not clear in what order, or by whom, these laws Newtoll^

were first discovered. Galileo was undoubtedly acquainted prcde.

with the first two ; and Huygens, "Wren, Hooke, and
'^"'^°™

others were acquainted with the Third Law in some of its

many applications. But they were first systematized and,

as we have seeu, extended in a most important manner by
Newton. Though they were sadly disfigured in Britain

during the fifty years which elapsed after the revival of

mathematics in the early part of this century, they have of

lata been restored to the form in which Newton gave them.

This readoption of Newton's simple but comprehensive

system has of itself aided in no small degree the receuti

rapid advance of science.

One peculiarity of Newton's language must be noticed Antliro

here, though very briefly, as we will return to the subject I'""i''n'*>

towards the end of the article. A force is said to " compel

"

a change of state in a body : bodies are said mutually to

" act '' on one another, &c. Such language is, of course,

in its literal acceptation, of an anthropomorphic character

;

but, if one thinks of tho habitual use oven in scientific

books of such expressions as "the sunrises," "tho wind
blows," &c., it cannot be construed into an assertion that

force has real objective existence.

Comments on ihe Laics of Motion.

§ 5. Law I. First of all this law tells us what happens Dcfin!-

to a piece of matter which is left to itself, i.e., not acted t'o" o'

on by forces. It preserves its " state," whether of rest or ''^'^

of uniform motion in a straight line. This property

(which- as wo .shall presently show, § 7, is considerably

extended by Newton himself) is commonly called the

"inertia" of matter, in virtue of which it is incapable of luertia,

varying in any way its state of rest or motion. It may be

the sport of forces for any length of time, but so soon as

they cease to act it remains in the state in which it was

left until they recommence their action on it. Hence,

whenever we find the state of a piece of matter changing,

we conclude that it is under the action of a force or forces.

Thus, for the present, we have the definition of "force"

as part of this First Law :—

Force is whatever changes the state of rest or uniform

motic:i »f a body
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When a body, originally at rest, begiiis to move, we con-

clude that force is acting on it. And when a moving body

is seen to change either the speed or the direction of its

motion, we conclude that this is due to force.'

Ah'^olnl* § 0. But there is much more than this, even in thePirst
«"•' Law. What is "rest"! The answer must be that the
'ei.iiivo. tgrm [g relative. Absolute rest and absolute motion are

terms to which we find it impossible to assign a meaning.

Maxwell has well said (iu his Matter and Motion)

:

—
•' All our knowledge, both of time and place, is essentially

rcktivo. When a mun has acquired the habit of putting words

together, without troubling himself to form the tioughts which
ought to correspond to them, it is easy for him to frame an
antithesis between this relative knowledge and a so-called absolute

knowledge, and to point out our ignorance of the absolute

position of a point as an instance of the limitation of our faculties.

Any one, however, who will try to imagine the state of a ntind

conscious of knowing the absolute position of a point will ever ftfter

be content with our relative knowledge."

As will be seen latsr, the First Law gives us also

a physical definition of " time," and physical modes of

measuring it.

Neinon'i § 7. Newton's own comment on this law is as follows :

—

nin- Projectilia perseverant in motibos suis, nisi quatenus a

I'l""/.
1" f^sisteutia aeris retardantur, et vi gravitatis impelluntur

(„„_
' deorsura. Trochus, cujus partes coha;rendo perpetuO

retrahunt sese a motibus rectilineie, non cessat rotari, nisi

(juatenus ab aere retardatur. JIajora autem planetarum

et cometarum corpora motus suos et progressives et

circulares, in Bpatiis minus resistentibus factos, conservant

diutius.

It is particularly worthy of notioe that we have here

the undisturbed rotation of a body about an axis intro-

duced as another of those " states " in which it will con-

tinue, in virtue of the First Law, until force acts to compel

it to change that state. Also it is to be noticed that

Newton adduces a hoop, whose axis is 6xed in direction

both iu the body and in space, as an example of this new
form of state maintained in -virtue of inertia. Later, it

will b& seen that the same thiug is true of a body free iu

space and rotating about the principal axis of greatest or

of least moment of inertia through its centre of mass.^

Cs se- § 8. Law II. What Newton designates by the word moius
.[' ices js, as he has clearly pointed out, the same as is expressed by
o 3<coui

ii^iantit-as motus, that for which we now usually employ the
term "momentum." Its numerical value depends not only
on the rate, of motion, but also on the amount of matter,

or " mass," of the moving body, and is directly proportional
to either of these when the other is unaltered. But it is

regarded by Newton as having direction as well as

magnitude. It is, in fact, what in the language of

quaternions is called a "vector." The change of such
a quantity may be either in numerical magnitude, or in
direction, alone, or simultaneously in both. We now sea
what this Second Law enables us to do. For

(a) Given the mass of a bodj, the force acting on it, and
the time during which it acts, we can calculate the change
of motion. This is the direct problem of dynamics of a
particle.

(b) Given the mass, and the change of velocity, we can

' The words we have italicized will be seen to have very important
Oearuigs on certain old errors which even now crop up, and which have
introduced one of the most inappropriate and apparently ineradicable
of terms ("centrifugal force") into the usn.al vocabulary of our subject.

^
It is also, in a partial sense, true of a free body of whicii two

principal axes through the centre of ni.-Ms have equ,al moments of
inertia. In that case, as we will show later, even when couples act
Bpon the body, provided they be in planes passing through the third
axis, the rate of rotation about that axis remains unaltered, thovr/h its
direction, in space changes. This is approximately the case of the
earth. The attractions of the sv.n und moon on the protuberant parts
nhout the equator p^odu•^^ " prei ission " and "natation." but do
not luflueiice the length of vje iky

calculate the magnitude and direction of the force Etcting.

This is the inverse problem.

(c) We can compiire, and so measure, forces by tha

changes of motion they produce in one and the same body.

{d) We can compare the masses of diHerent bodies by
finding what changes of velocity one and the same force

produces in them.

(e) We can find the one force which is equivalent, in its

action, to any given set of forces. For, however many
changes of motion may be produced by the separate forces,

they must obviously be capable of being compounded into

a single change, and we can calculate what force would
produce that."

§ 9. Hitherto, we have spoken of the motion of a body,— Neci!ssit»

thus implying (except, of course, in the case of Newton's '"^ "

hoop or that of the earth) that all its parts are moving in
*

exactly the same way. From this point of view every

body, however large, may be treated as if it were a single

particle. -But when the parts of a body have difi'erent

velocities, as when a rigid body is rotating, cr as when e
non-rigid body is sufifering a change of form, the question,

becomes much more complex.. We cannot at this stage

enter into a full explanation, but will take a couple of very

simple cases to show the nature of the new difficulties,

and thence the necessity for an additional law.

Suppose a bullet to be thrown in any direction. If we
know with what force the earth attracts it, the calculation

of the path it will pursue depends on the Second Law, which
gives all the necessary preliminary information. But let

two bullets be tied together by a string; we' know by trial

that each moves, in general, in a manner very different

from that in which it would move if free. The path of

each is now, usually, a tortuous curve, while its free path
would be plane. It is no longer subject to gravity alone

but also to what is called the " tension " of the string. If

we knew the amount of this tension on either of the buUeJa

and its direction, we could calculate, by the help of the

Second Law alone, all the circumstances of the motion of

that bullet. But how are we to find this tension I Is it

even the same for each bullet ? This, if answered in the

affirmative, would simplify matters considerably, but we
should still require to know the amount and direction of

the tension. It is clear that, without a further axiom, we
cannot advance to a solution of the question.

§ 10. Law III. Furnished with this, in addition to our Conse-

previous information, we can attack the question with more "5^^?°?

hope. We see by this law that, whatever force be exerted ? J

by the string on one of the bullets, an equal and opposite

force, which must therefore be in the direction of the Rigid

string, is exerted on the other. Still, the magnitude of '^°^:

these equal forces remains to be found. But the string in ^
""^

no way interferes with the motion of either bidlet unless it

is tiyht, i.e., unless the distance between the bidlets is equal

to the length of the string. Hence, whenever the nn-

•known force comes into play, at the same time there comes

in a geometrical relation of relative position between the

two bullets. This stipplics the additional equation necessary

for the determination of the new unhiown quantity.

§ 11. As an additional illustration, suppose the string to VariaWs,

be made of india-rubber. The Third Law tells us that the con-
^

tensions it exerts on the bullets are still equal and opposite.
'."'*"'-

But we no longer have the geometrical condition we had

before. We have, however, what is qiute sufficient, a

^ "It ifl to be observed here that Newton's silence is as expressive as

his speech. When ha says "change of motion" we understand lliat

it does not matter what the original motion was ; and, when he men-

tions only one force, he implies that the effect of any one force is the

same whether others are also at work or not. In fact, with Newton
there can be no balancing of forces, though there may be ba ianring o*

the effects of forces, a very different tUag.
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knowledge of how the tension of the string depends on its

lenrjtK. Thua the tensiou can be calculated from the

relative position of the bullets.

rranster- § 12. Scholium to Law III. On this we will, for the
encc of present, remark only that it fnmishea ns with the means
energy, ^f studying directly the transference of energy from one

body or system to another. Experiment, however, was
required to complete the application of this part of Newton's
systematic treatment of the subject. What was wanted,

and how it has been obtained, will be treated of later The
first words Of the scholium, however, claim for Newton the

discovery of the clause we have extr.^ated from it. For
they run thus :—Hactenus principia tradidi a mathematicis

recepta, et experientia multiplici confirmata.

Division § 13. What has now been said enables us to see the order
«f the in which the fundamental ideas should be taken up, so
*

'

^^'^
" that the necessities of each should be provided for before

its turn comes. An indispensable preliminary is the study

of motion in the abstract, i.e., without any reference to

what is moving. This is demanded in order that we may
be able -to apply the Second Law. The science of pure

motion, without reference to matter or force, is an extension

of geometry by the introduction of the idea of time and
the consequent idea of velocity. Ampere suggested for it

the term Cinematiqzie, or, as we shall write it. Kinematics.

We include under it all changes of form and grouping

which can occur in geometrical figures or in groups of

points.

We shall then be prepared to deal with tne action of

force on a single particle of matter, or on a body which

may be treated as if it were a mere particle. Thus we
have the Dynamics of a Particle. This, again, splits into

two heads. Statics and Kinetics of a Particle. But all this

requires the Second Law only. When we have two or

more connected particles, or two particles attracting one

Another or impinging on one another, the Third Law is

required. Next in order of simplicity come the Statics

and Kinetics of a Rigid Solid. Then we have to deal with

bodies whose form, Ac, are altered by forces— flexible

bodies, elastic solids, fluids, &,c. Finally, we must briefly

consider the general principles, such as " conservation of

energy," " least action," &c., which are deducible by proper

mathematical methods from Newton's Laws, and of which

some at least,' if we could more clearly realize their intrinsic

nature, would probably be found to express even more
simply than do Newton's Laws the true fuodaniental prin-

ciples of abstract dynamics.

We will not restrict ourselves to one uniform course in

tha application of mathematical methods. Rather, as con-

siderations of space require to be attended to, we will vary

our methods from one part of the subject to another, so as

to exhibit, each at least once, all th.e more usual processes.

And we will endeavour to make the large-type portions of

the article, in which only the most elementary mathematics
will be introduced, a self-contained treatise which may be

read by students of very moderate mathematical knowledge.

KINEMATICS.

Position and the Means of Assigning it.

Position. § 14. .Motion (or displacement) consists simply in
" change of position." Hence, to describe motion, we must
have the means of assigning position. This Is, of course,

a question of Geometry {q.v.). See also Quaternions.
From these articles it appears that the position of onj

free point with reference to another (all these space relations

are relative, as wa have already said) depends on three

nuvibers, of which one at least must involve the unit of

length. In Cartesian rectangular coordinates', we denote

these by x, y, z, which indi'^ate rciip^xtively the distance of

, the point from each of three planes at right angles to e.ich

other, and all passing through the origin (or reference point).

From another point of view they may be called •- degrees Pcgrccs

of freedom." When the value of one is assigned, Bay by of ine-

the point is said to have lost one degree of freedom, or to

have had imposed upon it one "degree of constraint." It &f con-

must now lie in a plane parallel to the first of the reference 3tiaiiit

planes, and at a distance a from it. When a second degree
of constraint is applied, say by

y = i,

another degree of freedom is lost. The point's position ia

limited to lie in a second plane in a given position at right

angles to the first. It must therefore lie somewhere on the

straight line which consists of the series of points common
to the two planes. A third degree of constraint

Z= C

takes away its one remaining degree of freedom ; and its

position is now definitely assigned as the single point of

intersection of three given planes.

§ 15. But constraint may bo applied in other ways.

Thus if we assign the condition

we deprive the point of one degree of freedom by. com-
pelling it to remain at a distance a from the origin. It is

now limited to the surface of a sphere, but its latitude

and longitude on that sphere mdy be any whatever. Here
again the imposition of one degree of constraint has taken

away one degree of freedom.

§ 16 In general, one degree of constraint may "be ex- Bx.impk

pressed a" of con-

/{x, I/, ;7=|. straiiit

This, when f has an assigned value, is the equation of a
definite surface on which the point must lie. Three such
conditions determine the position of the point, and may
therefore be looked upon as^ntroducing f, rj, t, another set

of coordinates, which may be used in place oix, y, z. The
number of euch systems is, of course, unlimited ; but it is

often possible to choose one in which the conditions of a

problem are much more simply expressed than they wera

when expressed in x, y, z. The whole question belongs to

what is called "change of variables." I'o give an elenien.

tary instance of its use,—suppose we take the orJinarj

simple pendulum, a pellet supported by a fine thread oi

wire, and oscillating in a vertical plane. If the origin be

placed at the point of suspension, and the axis of z be

vertical, we have two conditions :

—

3:= + 2/^ + :' = a''s

where,a is the length of the thread- and

2//:c = tana,

where a denotes the azimuth of the plane of oscillation.

There is but one degree of freedom left, because twc

degrees of constraint have been imposed. We may choost

for this either x, y,ov t ; but we should in each case be lee

to complex expressions. If, however, we consider that all

the freedom left to the pendulum is to oscillate in a given

plane, we may denote its sole remaining degree of freedom

by 6, the angle which the string makes with the vertical

;

and form our dynamical equation in terms of this. When
6.is found by dynamical considerations, we have

x= a sin 0coso
, ^y= asin Osina, z = a cos 0.

Here 6 comes in as what is called a " generalized General-

coordinate." '^'j'
'^'

If the pendulum be not limited to one plane, the azimuth, or<™atea

as well as the angle, of the displacement from the vertical

may be any whatever. Hence there are two degrees of

freedom, which are indicated by the generalised coordtnatea

a and d.
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§ 17. In general, in any system originally with any num-
ber m of degrees of freeJdm, iind .subjecteil to a number n of

degrees of constraint, the whole motion can be fully charac-

terized by m - H independent quantities, called gencriilized

coordinates, ai^d corresponding to the degrees of freedom

which remain. The elegance and simplicity of a solution

often depend in a marked manner upon the choice of those;

and the transformation of the general equations from

Cartesian to generalized coordinates forms one of the most

powerful and elegant contributions to abstract dynamics

which Lagrani'o made in the Micanique Analyliqne.

1 § 18. A. rigid system has only sjj; degrees of fi-eedom:

—

three ti'ansb lions for any one of its points, and three iiid?-

pcndent rotations about axes passing through that point.

When one point is fixed, it loses the three translations,

and has only three degrees of freedom. When a second

point is fixed, it losss other two ; in fact it can no longer

move except by turning round the line joining the fixed

points. When a third point, not in line vith the other

two, is fixed, there is no degi;ee of freedom left ; the system

is fixed.

§ 19. It may bo woU to notice hero that, in all cases which we
shall require to consider, whatever be the relations among two
difterent sets of variables which we employ alternatively to deter-

mine the relative positions of the parts of any system, the equations
which give the relations between corra^ponding small increments
of these variables are always linear so far as these increments are

concerned. Thus, for instance, if we have as above a condition
of the form

ye deduce from it at once

(l)'"(S)'»(l)-«-
Here the differential coefficients are partial.

In such cases, any homogeneous function of the second order in

Sx, Si/, 5^, 6CC., will be represented by a homogeneous function, also

of the second order, in 6|, 5?/, &c., however many be the coordinates

in the separate systems. When, however, one or more of the

equations of condition involves the clement of time explicitly, the

relations among corresponding small increments of the alternative

sets of coordinates, though still linear, will not be hovwgciieous.

Thus a homogeneous function of the second order in one set will

be a function of the second order in the other set, but not homo-
geneous, unless the increments are produced instantaneously.

To give a single instance," suppose that the string of a simple
j^endulum (not necessarily oscillating in one plane) contracts aai-

lorujly. We shall now have

x' -I- y- -h s- = (a - eiy

instead of the equation in the example § 15, and one of our equa-
tions among increments is

a:5i--t-2/5y-f s83= -c{a-ct)U,

which, though still linear, is no longer homogeneous in the incre-

ments of coordinates.

Kinematics of a Point.

§ 20. The one necessary characteristic of the path de-

scribed by a moving point is its continuity. There can be
no break or gap in it. But, as we study kinematics, at

present, solely for its physical applications, we impose a

restriction on such complete generality. The path of a
moving particle must be one of continuous curvature, unless

either (1) the motion ceases and commences again in a

different direction (in which case we have two separate and
successive states of motion to consider), or (2) au infinite

force is applied to the particle (a case which we need not

consider). A similar remark, we may say in passing, applies

to Telocity also. So that, for our purpose, we may confine

ourselves to the geometrical properties of the motion of a
point whose rate and direction of motion change con-

tinuously, if'at all, and not by fits and starts.

§ 21. If the point describe a straight line, that line gives

the direction of its motion at every instant. If it describe

a curve, the direction of its motion is at every instant that

of the corresponding tangent to tho curve.

Let A, B, C, D represent four points on the path taken Changs

in closo succession, in the order in which the moving point of <lireo-

rcaches them. From A tlie point moves to B, so that the ""

line joining A and B (the tangent) is the direction ol

motion at A. Similarly the line joining B and U gives

the direction of motion at B. The points A, B, C of course

lie in one plane. This is the plane in which, for two succes-

sive elements of its path, the point is moving. It is there-

fore that in which the change of direction of motion takes

place, and is called the "osculating plane." And, just as tb-

straight line through A and B gives the direction of motiot

at A, so the circle passing through the points A, B, C
determines the " curvature " of the path at A. If we apply

the same reasoning to the three successive points B, G, D
we see the difi'erence between a "plane " and a " tortuous

'

curve. For, if D lie in the plane ABC, the osculating plane

is the same at A and at B ; and if the same holds for other

successive points the whole bending takes place in one

plane. But if D be not in the plane ABC, BCD is the

osculating plane at B, and we thus see that successive

positions of the osculating plane of a tortuous curve are Tortuom

produced ))y its rotation about the tangent BC to the path ;
P^'l^

for BC is in both planes ABC and BCD. We shall not.

have space here to deal in detail with cases of tortuositj

but it was necessary to point out their essential nature.

§ 22. The curvature of ABC obviously depends upon the Curva-

change of direction from AB to BC, and is directly pro- ^'"^^

portional to it. But it is obviously greater, for thi3 same

amount of change of direction, us ABC is less. In a circle

the curvature is the same at all points, and, as the radius

is everywhere perpendicular to tho tangent, the change of

its direction is the same as that of the tangent. Hence the

curvature, being the change of direction per -unit length of

the arc, is measured simply by the reciprocal of the radius.

Generally, if 4> be the anfjle between the tangent at A and any
fixed line in the osculating [Jane, and if s represent the length of tho

curve measured from any fixed point on it to A, we have, by tha

fundamental property of infinitesimals,

L— — -,— = curvattu'e.
5s as

(We will use, as above, the letter L for a limit, in the senso in

which that term was introduced by Newton.

)

In a cu'cle we have always (a being the radius)

and hence the curvature
d4> 1

so that in general the measure of curvature is the reciprocal of th;

radius of the circle passing through three consecutive points of tht

path. For other analytical expressions for curvature see vol. xiii

p. 26.

For a curve in space (whethei- tortuous or not) we have

Curvature-!- ^|^l5j- + (^^j +(^y .

while the direction cosines of the radius of ctuvature are

rPx d^y (Pz

^5?' '!?• ^
§23. The chief properties connected wi th the curvature Evolote

of a plane curve are made very clear by the artifice of
^^j,,,,,.

regarding it as an " involute." This

idea introduces us to the kinematics of a

flexible and inextensible line. Suppose

such a line, held tight, to be wrapped

round a cylinder of any form, in a plane

perpendicular to its axis, each' point

of it, when it is unwound in its own

plane, "will describe a curve whose form

depends upon that of the transverse ^'S- *•

section of the cylinder. Let P„M'M (Cg. 1) be such a

section of the cylinder ; MP, M'F, two positions of the

free part of the cord; P, F, the corresponding positions of
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a definite point of the cord ; PP'Pj the path described by
that point. Then PP'P„ is one of the involutes of MMT„

;

the others are the curves traced by other points of the

string. But, with reference to PP'Pg, the curve MM'Pj
is ihe "evolute." The evolute of such a curve is, in

fact, unique ; for it is obvious that the line MP, in any
of its positions, is revolving about the point of contact M
with the evolute ; so that P describes an infinitesimal arc

of a circle of which M is the centre. Thus the evolute of

a plane curve is the locus of its centre of curvature. And
it is clear from the genesis of the involute that

PM - P'M' + M'll - P„iI'U

.

For the analytical discussion of evolutes, see vol. xiii. p. 26.

The subject of evolutes is of importance in various
branches of physics, especially in optics. In mechanics its

chief use is connected with the theory of the pendulum, as

it shows how to cause the bob to move in a cycloid, the
only path in which the time of oscillation is the same what-
ever be the extent of the oscillations.

Speed § 24 When the line, curved or straight, in which the
motion takes place is given, the position of the moving
point is at once assigned in terms of a single numerical
quantity. In fact it has only one degree of freedom, and
its position is known by the length of the arc of the curve
from any fixed point to the given position. In such a case

as this we are not concerned with the direction of the
motion, for that is already assigned at every point of the
path. We are concerned only with what we may call the
" speed " of the motion. ^We purposely avoid the use of

the term " velocity " here, because it properly includes
direction as well as speed, as will be seen later.)

Average § 25. Suppose an observer to be watching the motion
speed, (as, for instance, a traveller by rail notes the telegraph posts

which he passes, referring at each to his watch), and to find

that at any time t-^ the moving point was at s^ while at

time ?2 it was at s„.

Then it is clear that the average speed during this part
of the motion is to be found by dividing the number of

units of space passed over by the number of units of time
employed. For it must be greater as the former is greater

and less as the latter is greater. Hence the average speed

is
I _ j

• If the speed has been uniform during the

motion observed, this average value has coincided with the

actual value all through ; and, if the measures of space and
time are accurate, we shall get exactly the same value of

this ratio whether the interval of time is small or large.

Hence, if v be the speed of a uniformly moving point, the

space it describes in time t is vt. But if the speed has
been variable, it must at some parts of the interval have
been greater, at others less, than this average. And the
shorter we take the interval the less will be the difference

between the greatest and least speeds during its lapse, so

that the average speed will coincide more and more nearly

with the actual speed. In the language of "fluxions"
(which was invented for the sake of ttis subject) the
measure of the speed at any time t-^ is

when the interval f, - ?, is shortened indefinitely. The
accuracy of the preceding process depends entirely upon
the limitations we have introduced for the purpose of con-

nning ourselves to' cases which can occur in ordinary

physical problems. For the general reasoning on which it

is based is obviously inapplicable to cases in which the

speed alters by jerks—at least during the interval con-

sidered, small as it may be. But we are fortunately not

required to discuss here the very delicate questions to which
this may give rise. Considerable difficulty is sometimes

Meaaare-

ment of

umform

and of

variable

felt by a student when he is. told that at a certain part of its

course a point has a speed say of 10 miles an hour, while
the whole course may be only a few inches. But this

arises from the novelty of the conception. It is not meant,
when we speak of a speed of 10 miles per. hour, that the
motion necessarily lasts for an hour, or even for a second,
but only that, if the then speed were to he maintained con-

stant for an /lour, the moving point's path^ of whatever form,
would be exactly 10 m.iles long. In actual experience in a
railway train we can judge the speed (roughly at least),

and we find nothing strange in saying "Now we are going
at twenty miles an hour," "Now at six," and so on. And
it is clear that, after the steam is put on, the train, how-
ever short its run, must go through all rates of speed from
zero to its maximum, and then through all of them to zero

again, when the steam is cut off and the brake applied.

In the language of the differential calculus this becomia

_ 5s d$

The fluxional notation of Newton, in which the dot over a
quantity e.xpressea the rate of its increase, i.e., its ditferential

coefficient with regard to time considered as tlie independent
variable, is still very convenieut in abstract dynamics, and is, in
fact, indispensable when we come to the higher ;,'pneralizatious.

We shall, therefore, freely employ it when it is specially useful.

§ 26. Whether uniform or variable, speed depends for Dimen-

its numerical value upon the units chosen for linear space '^'""^ "*

and for time. Its dimensions are [LT"'], and consequently ''I"^^ '

its numerical expression is increased in propori;ion as the

unit of time is increased, and diminished in proportion as

that of length is increased. Thus the speed represented

by 10 in feet per second becomes
3600

,f,^75
£280

'

11

when expressed in mQes per hour.

§ 27. The rate at which the speed (when not uniform) Rate of

changes is found by a process precisely similar to that change

employed for the speed itself. Let the speed speed

at time <j be observed to be «ij

,

„ U „ „ V,;

then the average rate of Increase of speed during the

interval is

The dimensions of this quantity are obviously [LT"^.
Thus its numerical value is diminished, like that of

speed, in proportion as the unit of length is increased. But
it is increased in the duplicate of the proportion in which

the unit of time is increased. For instance a rate of

increase of speed of 32'2 feet per second per second (the

mere statenunt is enough to show the double dependence

on the time unit) becomes

,.,(3600)=
79,036 nearly.

when expressed in terms of miles and hours.

§ 28. When the rate of increase of s|ieed is uniform, the tJnifonn

above average value is it« actual value throughout the <^h™ge

interval; Hence with uniform rate of increase = a, a speed " *^° '

V becomes in time t

K-V + af.

Also, as it increases uniformly, its average value during

time i is half way between its values at the beginning and

end of that time ; i.e., it is

V + iat.

The space described during the interval is at once found

(§ 25) as the product of the interval and the average

speed during its lapse;

—

ie., it is
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AdJ it 13 easy to see from tliosa expressious tliat

whicli gives the speed acquired in terms ot the space

traversed.

atone § 29. This is the only case in which the result can be
novijig roaslied without formally using the methods of the integral
'"'^'' calculus. Those expressions enable us at oiico to solve a

great number of simple questions connected with the

motion of a stone or bullet, under the action of granty,

in a vertical line. For it is found by experiment tlmt

gravity impresses, in every second, a downward speed of

32-2 feet per second on an unsupported body; and, by

the Second Law, this is independent of the body's previous

motion.

Hence, if a stone be let fall, its speed after t seconds

is 32 2t, and the space fallen through is IG'lt'-. Also, if

it fall through s feet, it will acquire a speed whose square

is v-= di'is.

Again, if a stone be thrown upwards with a speed of

300 feet per second, after t seconds its speed will be

300 - 32 2<, and the height to which it has then ascended

is ZOOt- IG'lt-. Thus it stops, and turns, after hw^

seconds ; and the greatest height it reaches is gyr- feet.

From the statement above, putting s=r, wo find

From this expression the preceding results may be at once obtained.

Thus, assuming

we have oy integration

S = V + <d,

and again s — s^ + \t + Ja('

.

As an instance of the indVect problem

—

i.e., to find the speed, and
its rate of increase, when the law of the motion is given:—suppose

'

s = a cos ut

.

(This equation describes the simplest form of vibratory motion,

and will be fully treated later.) We Iiave, by taking the fluxion,

s= — rtojsin&j/,

and again s^ -aai-cosui= - ars

.

Volo- § 30. Velocity, as we have already said, involves the

oit}. ideas of speed and of direction of motion conjointly.' To
compound two velocities (as is required in the application

of Newton's Second Law), we have the following obvious

construction. From any fixed point (fig. 2), draw a line

OA representing, in magni-

tude and direction, one of

the two velocities. From its

extremity A draw AB repre-

senting in the same way,

and on the same scale, the

other. Complete the triangla

OAB. Than OB represents,

in magnitude and direction

(still on the same scale), the

re.sultant velocity. We have

called the construction obvious because one has only to

think of hoiu a point can be said to have simultaneous
velocities, in order to see its truth. Thus, if OA repre-

sents the velocity of a railway train, AB that of a pas-

senger walking in a saloon carriage, O may be looked
upon as the position of the point of the carriage at which
he began his walk, at the moment when he did begin it;

while B represents the position of the point of the carriage

which he has reached at the end of his walk, just at the

2.

* It is, in fact, in the language of quatemions, a ''vector," of
K'hich the speed is tlio " tensor " or length, and of which the
" veraor " assigns the direction. And the laws of composition of
velocities are in all respects the same as tho.ie of vectors.

raomont when he did reacli it. Here OA is tlie velocity

of the carriage relative to the earth, AB that of the pas-

senger relative to the carriage.
g

This proposition may be called the

triangle of velocities. Another
obvious mode of staling it is to r

complete tlie parallelogram of which
OB is a diagonal (fig. 3) ; and
tlien we have the same construction

in the form :— If the two velocities

to be compounded, represented

by OA and OC, be taken as con- '^'S- 3.

tiguous sides of a paralblogram, the conterminous diagonal

OB represents their resultant.

§ 31. From the triangle of Velocities we may pass at once rVxupo^i

to the polygon of velocities, which gives us the resultant ot tij'» of

any number of simultaneous velocities. Thus, beginning velocitie

as above at any point O (fig. 4), lay off OA, AB, BC
(however many there may be) as „

successive sides of a polygon all

taken in the same direction round. /

The separate velocities may be in /
one plane or not. When this is

done, the final point C is easily seen /'

to bo' independent of the order in /
which the separate velocities were

taken, and is thus a perfectly definite

point. OC, completing the polygon,

represents the resultant velocity. But it is taken in, the

opposite direction roiind. If C coincide with O^ there is

no resultant ;

—

i.e., a point which has, simultaneously,

velocities represented by the successive sides of any polygon,

all taken the same way round, is at rest.

In what precedes, we have denoted the posftion of the moving
point in its known path by the single quantity s. But if wethink
of its Cartesian coordinates x, y, z, we see that in general each of

these imist vary during the motion. And just as we represented

the whole speed by 5 so we may speak of x as the speed in the
direction of tne axis of x, kc. And now we have a hint of a most
important character. For, by the ordinary laws of the differential

calculus, we have three equations of the form

— = T~ or ar=-
5 as

Now -^ is the cosine of the inclination of the tangent at s to

the axis of x. And so with j) and S. These give us

-^--(©-(D^d)')-'-
Hence we see that a speed in any direction may be resolved into

three iu any assigned directions at right angles to one another;
th.at the speed in any one of these is determined by multiplying the
whole speed by the cosine of the angle between its direction and that
of its resolved part ; and tlmt the square of the whole speed is tho
sum of tho squares of the speeds in the resolved motions. Those
results, ho(vever, cnu be obtained more directly, and in a more
instructive manner, by the consideration of " velocities," and 'not
of mere "speeds." But, before we take this step, let us take the
second fluxions of tho coordinates, ami see to what they lead us.

From

we obtain at once

rfi

dx .

-S +

or, introducing m the last term, both as a Mjultijilier and as »
divisor, the radius of curvature of tho path,

dx d'x s=

as d:r p

with similar expressions for ii and z. These show that the rates of
increase of speed, parallel to the three axes respectively, may be
considered as made up of the resolved parts of the two directed
quantities $ and s'/p. The first is in the direction of the tangent to
tne path, tho second in the direction of tbe radius of curvature ; and
the law of resolution is, fjr each, multiplication by the cosine of the
angle between the two directions concerned. We shall presently
recognize these as the component" of the acceleration.

XV. — &k
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Beaolu- § 32. To resolre a velocity is of course a perfectly in-

tion of Jefinite problem, unless the number nf conditions requisite
velocity,

j^^. (JegQJteness be imposed. For, in general, it may be

taken as one side of any complete polygon, whether iu one

plane ot not ; and the other sides, all taken iu the opposite

order round, represent its components.

The only cases which we need consider, in which the ccvn-

ditions are such as to ensure one definite solution, are— (1)

when a velocity is to be resolved into omiioneuts parallel

and perpendicular to a given line ; and {'2) an extension of

the same case to components parallel respectively to three

lines at right angles to one another. In caso (1) the given

velocity is to be taken as the hypotenuse of a right-angled

triangle of which one of the sides is parallel to the given

line. In case (2) it is to be taken as the diagonal of a

rectangular parallelepiped of wtieh the edges are parallel to

the three lines respectively. In either case the magnitude

of each component is found by multiplying the amount of

the velocity by the cosine of the angle between its direction

and that of the component ; and the square of the whole

vehjcity is equal to the sum of the squares of the components.

We are now prepared to take up the requisite preliminaries

for the application of the Second Law. What, in fact, is

Ctiange " change of velocity " 1 The preceding statements at once
of veto- enable us to give the answer. For let OA (fig. 5) be the
'^'^^- velocity of a point at one

instant, OB at a succeeding

instant. To convert OA into

OB, we must compound with

it a velocity represented by AB.
AB represents the change.

Hence if, during any motion

whatever of a point, a line OA
be constantly drawn from a

fixed point 0, so as to repre-

sent at every instant the ning-

nitude and direction of the velocity of tlie moving point,

the extremity of OA will describe a curve (plaue if the

original path be plane, but not otherwise, except in certain

special cases) which possesses the f.ullowing important but

obvious properties :— (1) the tangent at A is the direction

of the change of velocity in the original path ; (2) the rate

of motion of A is the rate of change of velocity iu the

original path. Hence in this auxiliary curve, called the

HoDOGKATH ('/.!'.), tho Velocity represents, iu magnitude

and dliection, what is called "acceleration" iu the original

path. And, because the acceleration can thus be repre-

sented as a velocity, the laws of composition and resolu-

tion of velocities hold good for accelerations also.

§ 33. Hence, if we desire to know tho wliole acceleration

in any case of motion of a point, we need only find its

components in, and perpendicular to, the tangent to the

path. That in the tangent has already been found ; it is

* q: 8 as in § 20. For that i)erpendicular to the path wo
may study the simple case of uniform motion in a circle.

§ 84. If a point move with uniform .speed V in a circle.

the hodograph is

evidently a circle of Z' ^^V\
radius V, and is de- ' ^^
scribed uniformly in

the same time as tlie

orbit (see fig. 6).

Henco the speeds iu

the two circles are as

their radii. Let R
be the radius of the i^'S- ^
orbit. Then the magnitude of the acceleration in the orbit

(the s^ysed in the hodograph) is found from

A:V::T;R;

Fig. 5.

Hodo-
graph.

Accelera-

tion.

tiniforra

circullr

xnoti'Ti.

Tlio direction of this ac(?eleration, being that of the
tangent to the hodograph, is pfrpendicuhir to the coiro-

s.ponding radius of tlie hodograph, i.e., to the tangent to

the orbit. Hence it is alonrj the rcidhs of the orbit mid
ilirectnt immrJs to its centre.

S 35. In other word,9, to compel a. mass to descrilie an un- Tlie scv-

nnlural (because curved) path, it must be acted on by a <:>llea

force directed towards tlie centre of curvature of the path.
J
™ ?

We anticipate so far as to introduce here mass and force,
lo^.jj.

although, strictly, we are dealing with kinematics. But
the student cannot be too early w.nrned of the dangerous

error into which so many have fallen, who have supposed

that a mass has a tendency to fly ouiirards from a centre

about which it is revolving, and therefore exerts a "cen-

trifugal force," which requires to be balanced by a "ceii-

tripetal force." The centripetal force is required if the

path is to be curved ; it is required for the purpose of

producing the curvature, aud not because there is any tend-

ency to fly out from tho centre.

(^ 36. Thus, in any motion of a point, the whole accel- Compoiv

eratiou is the resultant of two parts—the first in the '"'""'

direction of motion and of magnitude equal to the rate of ^.^^

increase of speed, the second directed towards tho centre

of curvature and of magnitude as the curvature and the

square of the speed conjointly. Tho sole effect of the first

component is to alter the speed, of tho second to alter tho

direction, of the motion. There is no acceleration per-

pendicular to the osculating plane, because two successive

values of the velocity, and therefore also the corresponding

change of lyiociti/, are in that plane.

Ji 37. A very convenient expression for acceleration which Auguhi

changes the direction of motion is furnished in terms of velocity,

what is called the " angular velocity," i.e., the rate at which

direction changes. This also is proptrly a vector, or

directed line, perpendicular to the plane in which the

change of direction takes place, and of length proportional

to the rate at wliich the angle assigning the direction

changes.

§ 3^. In the case of uniform motion in a circle of radius

B, with speed V, tho time of describing the complete

circumference (2xE) is 2irR V. Hence the angular velocity

is V R, usutlly denoted Ay to. Thus the above expression

for tlie acceleration in a direction perpendicular to tho

path of a point (ii 34) may be written in the form pw\
where p is the radius of curvature of the orbit and u tho

angular velocity of that radius. The direction of thig

acceleration, as we have seen, is always towai'ds-the

centre of curvature.

g 39. The general difliculty of any question concerning

acceleration is usually a purely mathematical one, involving

only such physical considerations as are required for the

formation vi tho differential equations, and 'for the deter-

mination of the so-called arbitrary constants or arbitrary

functions involved in the integrals. Wo will not now
discuss the various forms in which the difficulty may
present itself, because in the course of the article many of

the jaore important of these will be fully treated in con-

nexion with motions actually observed among terrestrial

or cosmical bodies.

§ 40. We have sufficiently considered (5§ 27-29) uniform tJnifomi

acceleration in the line of motion. Let us now consider accelera-

uniform acceleration in a fixed direction, whether the ''°°

motion of the point bo in that direction or not. This is f^\ o^„|
the most general case of the motion of an vnresisted line,

projectile, on the supposition that its path is confined

to a region throughout which gravity is sensibly constant

alike in direction and in intensity. Two n-ell-known pix)-

perties of the parabola lead to on immediate solution of

our problem.

Let fig. 7 represent a parabo'a, defined completely by
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its focus S and its directrix MN. We suppose it to be

placed with its axis vertical, and vertex upwards. Take

my point P, join PS, ^ fg

and draw PM perpen-

dicular to the directrix.

Then
(a) If PQ bisect the

angle SPM, it is the

tangent to the papaboU

at P.

Let Q be any point in

the tangent, and let QB, ''
'

drawn parallel to MP, '^^' ''

meet the curve in E. Then we have

(b) PQ« = 4SP.QR.
Tiiiii of § 41. Now suppose a poict, originally msving along PQ
an uiire- with uniform speed V, to have its motion accelerated in a
sistLil

direction parallel to MP, the acceleration being a, a con-

le'alle.
stant. Then, after t seconds it would have moved along

PQ through a space Y^, and parallel to MP through a

space ^cU'^. Hence, if R be its position at that time,

From these equations we find at once

This relation is' of the same form as that already written

for a parabola, and (as it does not involve t) it holds for

every point of the path. Hence the point moves in a

parabola whose axis is vertical, which touches PQ (the

direction of projection) in P, and in which SP = V-/2a.

But these three data determine the parabola. For we have

only to draw PM vertical, make the angle QPS = QPM, and
measure otT the lengths PM and PS each equal to Y-j'2a.

M is a point in the (horizontal) directrix, and S is the focus.

Hence the path is completely determined.

It is well to notice that, as V- = 2aPM, M is the point

which the projectile would just reach if it were projected

vertically upwards (§ 29).

lixariiplea § 42. If the speed of projection be kept constant, while
»f motion tijg direction of PQ alters in a vertical plaHc, S describes a

'ectiir
<=''''^'" about P as centre. This consideration enables us

easily to find the direction of
projection that a given object

may be struck. Let O (fig. 8)

be the object. Join PO, and
let it cut in B the circle MB.S M

(whose centre is P). Draw
ON perpendicular to the com-
mon directrix, and with r,%dius

ON describe a circle about O.

This will (in general) cut

MBS in two points F and
F'. These are the foci of the s

two paths by either of which the Fig. 8.

projectile can reach 0. For by construction FO = ON, so

that lies on the path whose focus is F. Similarly for F'.

To find the most distant point along PO which can be
reached, with the given speed of projection from P, we
have merely to note that, as O is taken farther and farther

from P, F and F' approach B, and finally coincide with it.

If O be then at A, we have AT = AB, where AT is per-

pendicular to the directrix. Hence, if we produce AT to

t so that T< = BP, we have A< = AP. Draw through t a
line tm parallel to TM. Then A lies on the parabola
whose focus is P and directrix mt. This parabola is the

envelop of all the possible paths from P. Any point
within it can be readied by two different paths. These
become coincident when the point lies on the curve ; and
on point outside it can be reached.
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Analy.
tical

treat-

meet of

central

accelera

tioii.

point (that of 0A"8 being negative in tlie second case

above), we see tliat

The moment of a diagonal 'of a parallelogram alont any

point in the plane of thi figure is the (algebraic) surn of the

moments of tico conterminous sides.

Now, suppose tlie sides of the parallelogram to represent

a velocity and its change. If the direction of the change

pass through O, its moment is nil. Hence, for acceleration

directed towards a fixed point the moment of tlie velocity

about that point is constant.

This is commonly expressed by saying that the radius-

vec'or describes equal areas in equal times about the point to

which the acceleration is directed. For the moment of the

velocity is double the area so traced in unit of time.

Another way of expressing the same thing Is to say

that the angular velocity of the radius-vector is inversely

as the square of its length. For the product of -the

square of the radius-vector and its angular velocity is

double the area described by it in unit of time.

The converse of this proposition is also evidently true;

i.e., when a point moves so that the moment of the velocii'j

about a point in the plane of its motion fs constant, its

acceleration relative to that point {ifany) is directed towards

orfrom that point.

§ 47. AualyticaUy : if P be the acceleration, directed towards

a tixed point which we choose as origin, we have

«- -Pcos6- -Px/r,

j/~ -Psin9= -rPy/r,

(j' and $ being the polar coordinates of the moving point ; we have

abeady seen that the path is necessarily plane). Eliminating P,

we have

0=X!/- (r^

Thus *^ -2/i = (*()= const. =A.

This may be transformed, at once, by the methods of the differ-

ential calculus, into

where p is the length of the perpendicular from the origin to the

tangent to the path. Conversely, if equal areas be described by
the radius-vector in equal times, we have

r^S-xi/- J:=n.

Whence xjj-ylt-Q,

or iS!-Qx, S-Qv-
Hence the whole acceleration is Qr, and is directed towards or

from the origin.

While we are dealing with these forranlie we may investigate the

general expressions for velocity and acceleration in terms of polar

ccordinates for 4 point moving in a plane.

We have a-rcose, 2/= rsin9.

from these
i— rcos9-r^sin9,

S = ^SLn9-fr'^co39

Hence the speed along the radius-vector is

xcose + j/sinS — y

;

and that perpendicular to the radius-vector (in the direction in

which 9 increases) is

icasS-lanB-rO.

These expressions might have been written down at once, if we
note that Br and r89 are the resolved parts of 5s along, and perpen-

dicular to, r. But we must be careful how we carry this species of

reasoning one step farther. Taking the second fluxions of x and y,

we have
a- (r - )-^)cos 9 - {2i4 -f 7-S)sin 9,

ii= ()'-rS=>sin9-(-(2rtf + r^)cos9.

Hence the acceleration along the radius-vector is

*cos9-hysin9 = r-rtf',

and that perpendicular to it (positive when in the direction In

which 9 increases) is

jocose - iainT= 2fl) + rS = ^-^(''-^)-

Thns, although f represents ti'uly tho speed along r, f does not

teproaent the acceleration in that direction. _ It represents, in fact.

only the acceleration, of speed along r. But we have seen that there

is acceleration along r, if its direction changes, even when its leiigth

is constant, i.f., when the path is circular ; and in that case rfi ia

the quantity which we designated as poj^ in § 38.

As a verification of these formuiie, let ua conaidet .uniform

motion in a straight line.

Here rcos9 = a,

the equation of the straight line, ami

atan9 = V<,

the condition of uniform motion. We have

r = asec9tan9.9,
V-asec=9.^ = r2^/a; •

r- Vsiu9,

r= Vcos#.tf = — S = —J-

.

r 7"*

Here, although there is no acceleration, r has a definite value. But

f - rt—a'^^-lr^ - a^T-jr^ = .

From the expressions for the acceleration along and perpendicular

to the radius-vector we at once obtain the result above (§ 16).

For, if there be no acceleration pcrpendicidar to the radius-vector,

we have —— {r''i) - ,

from wiiich

rV = const "h.

We have, in addition to this, the exjiression for the acceleration

towards the origin.

Eliminating 6, we have

This gives r in terms of I, and thus reduces (if we please) any case Reduc-

of a central orbit to a corresponding case of rectilinear motion, tion to a

The dilTerence between; the accelerations in the revolving radius- case o£

vector and in the fixed line is a term depending on the inveree recti-

cube of the radius-vector. But the usual mode of proceeding is as linear

follows. motioo*

Multiply by tdt and integi'ate, then

)»= + - -0

\de) r*"*")^

V/Pdr ;

' C - ^/Pdr.

The left-hand member obviously represents the square of the

velocity, as it is the sum of the squares of t and r$, For we have

rfr . _ dr h

This gives a relation between r and 9, which is therefore the

polar equation of the path described. It is usual to employ,

instead of r, its reciprocal l/r=i(. With this the equation be-

.J{du,\^
= C-^

„rvdu

Differentiating vrii,h regard to 9, and dividing by 2/i^-- , we ob-

tain finally
Polar
equation
of path.

an equation of very great imnortance.

When there ia acceleration T perpendicular to the radius-veotor.

as well as - P along it, this equation takes the form

dr^t,

df''

§ 48. There are two specially important cases of centrsl special

acceleration. The first ia that of the gravitation law, "=«^'-

the other that of Hooke'a law. We will take these ju

order, but by very different methods.

§ 49. Planetary Motion.—With the gravitation law the riana-

acceleration varies inversely as the square of the distance t'>ry.

from the point to which it is directed. But, as we have ™™°°-

just seen, the angular velocity of the radius-vector, i.e., or

the direction of acceleration, varies according to the sams

law. Hence iu the hodograph, the 'inear velocity (whoee

magnitude is that of the acceleralioo in the path) is i»ro
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hodo-

;raph.

t.cai

hroof

poitioiial to tlio angular velocity of tlie tangent (whoso

direction is parallel to tlio acceleration).

Tims, in tlio hodograph, the angle between successive

tangents is proportional to the arc between their points

of contact; and therefore the curvature is constant;—i.e.,

the hodor/raph is a circle.

Let A (fig. 13) bo the centre of tliis circle, the pole of

the hodograph, P any position of tho tracing pnirt. Tlien

OP is, in magnitude and direction,

the velocity in the orbit. But it may
be loolced on as consisting of two

parts, OA and AP. Of tlicse both

are constant in magnitude ; but OA
is constant in direction, while AP is

perpendicular to the direction of ac-

celeration in the orbit. Hence tho

velocity in the orbit is the resultant ''i- ^''•

of two constant parts,—one always in a fixed directios,

the other always perpendicular to the radius-vector.

This gives the form of the orbit as follows :

—

x = a{e-y/r), ii^ax/r ;

so that rf •=xx + yi/= crti

,

or r=e{i/ + b);

where the meanings of the quantities are obvious.

But if PO cut the circle again in p, Op is proportional

to the perpendicular on the tangent to the orbit from the

centre of acceleration (because VO.Op is constant) and is

at right angles to it (because it is in the direction of the

velocity). Hence the path is such that the locus of the

foot of the perpendicular from the centre of acceleration

on the tangent is a circle. This property belongs escla-

sively to conic sections, one focus being the point from
which the perpendiculars are drawn.

A third and even simpler mode of treating this most

important problem is as follows.' Draw OM perpendicular

to PA (produced if necessary) and PN perpendicular to

OA. Tlien OM is the resolved part of OP parallel to the

tangent at P, i.e., it is the speed with which the length of

the radius-vector changes. Also PN is the resolved part

of OP perpendicular to the fixed line OA, i.e., it is the

speed with which the moving point travels in a fixed

direction. But by similar triangles 0AM, PAN, we liave

OM : PN : : OA : AP-a constant ratio.

Hence the increment of the radius-vector bears a constant

ratio to the simultaneous increment of the distance of the

moving point from a fixed line in the plane of motion.

This is only a slightly altered form of statement of the focus

and directrix property of conic sections.

When O is within the circle, the constant ratio is less

man unity, and the conic is an ellipse ; when without,

the ratio is greater than unitj', and we have an hyperbola.

When O is ou the circumference of the hodograph, the

path is a parabola ; for the ratio is unity.

In a subsequent section we will return to this question,

and treat it from the point of view of Kepler's Laws of

Plauetary Motion.

Simple as are the geometrical methods above, the direct analy-
tical oue is still simpler. For v e have

so that ;c_--teosO, i/=-J^sme.

Hence, as before (§ 47),

and therefore, by eliminating 7-^, wo have

ic= —^cos

,eo that

I"

iinfl, ji/-P=-

These give at onco, by squaring .iiid adding,

(*-a)V(i'-/3r-/-/A-.

the equation of tlio circular hodograph. Also, by multiplying the

first by y, and subtracting it from the second iiiultiplicd by ar, \vc

hare

Ji- $x + ay~r)ij!i

,

the equation of tho orbit. Tliis is evidently a conic section of

which the origin is a focus. The directrix corresponding is the
line

ay- Px + h= 0,

and the excentricity is

''Va- + 3 //••

From these the major axis r^n be calculated-

§50. Elliplic Motion about the Centre.—When a point Cen^ !«>

moves uniformly in a circle, the motion presents very differ- acccicrs,

ent appearances according to the spectator's point of view.
'^.;o^'^

If we suppose him to be situated at a distance very great j^ j^.

compared with the radius of the circle, he sees what is prac- dius-

tically an orthographic projection of the orbit ou a plane ''^'^t'"'-

perpendicular to the line of sight. In general, an ortho-

graphic projection of a circle is an ellipse—whose centre is

the projection of that of the circle. As equal areas are

projected orthograpliically into equal areas, the appearance

is therefore elliptic motion, in which the radius-vector from

tho centre describes equal areas in equal times. Hence

(§ 46) the acceleration is directed towards the centre. But
accelerations are projected like velocities, and like lines.

Hence, as the acceleration in uniform circular motion is

constant, and directed towards the centre, so in elliptic

motion, with equable description of areas about the centre,

the acceleration is towards the centre, and is proportional

to the length of the radius-vector.'^ But this projectsd orbit

may again be projected orthographically, as often as W9
please, ou different planes. It will always remain elliptical,

and with the radius'Vector from the centre describing equal

areas in equal times. And the acceleration will always

be in the same proportion as before to the radius-vector.

However different in size and shape these elliptic orbits

may be, they have one common property, the time of
desci-ibing them is the same.

Thus we see that when the orbit is an ellipse described

about its centre of figure the acceleration is central, and
proportional to the radius-vector. The time of describing

such an ellipse depends only upon the ratio of the

acceleration to the length of the radius-vector ; or, if we
choose, upon the magnitude of the acceleration at unit

distance. And the converse of this proposition is also

evidently true. When we look edgewise at the uniformly-

described circular path with which .ve commenced, it is

seen projected into a sttaight line, in which the moving

point appears to oscillate. .This is the case, for instance,

very approximately, with the satellites of Jupiter as seen

from the earth. Sun-spots, the red-spot on Jupiter, &c.,

all appear to move approximately in this way. But tho

extreme importance of this species of motion is that it is

the simplest type of oscillation of a particle of matter

displaced from a position of stable equilibrium. The
vibrations of the ether when homogeneous plane-polarized

light is passing through it, of the air when a pure musical

note is sounded, the oscillations of a pendulum (through

small arcs), the simplest vibrations of a pianoforte wire

or a tuning-fork, the indications of a tide-gauge when the

sea is calm,-—all are instances of it. Hence the special

necessity for studying it in detail.

; § 51. Def.—Simple harmonic motion is the resolved part. Simpfe-

parallel to a diameter, of miifcrm circular motion. .larmo-
"^

_
.'•'•' nio m<t

^ The elastic force called into play by displacement is, by Hookea
law, proportional to the ''isplaeemeiit, and tends to restore the dis-

placed particle to its equilibrium position. We mention this m
passing, to show the importance "f the present investigation.



68G M E C H'A N I C S

Rpoch.

Fig. 14.

, MO.

Let a point P (fig. 14) move uniformly in the circle

APA', Then, drawing any diameter AOA', and PM per-

pendicular to it, the motion of M is

simple harmonic.

The speed and acceleration of n,

are obviously the resolved parts,

along AA', of the speed a^id ac-

celeration of P. Hence if V be the

speed of P we have

spcedof M_?Mv,

acceleration of M — -prT x acceleration of I'

MO V^2 V^
~po PO^'POa

From these expressions we see that, if we call u> the angular

velocity of OP, so that w = V/PO, we have

speed of M - Pil. u
,

acceleration of M = S10.ai^.

Thus the speed of M increases from A to 0,—being zero

at Aj and V at O ; then it falls off to zero at A', and goes

through the same numerical values in the opposite order,

when the direction of motion is reversed at A'.

The acceleration of M is always directed towards O. It

has its greatest value at A and again at A', and is always

proportional to the distance from If T be t\\e 2>i:riod of

the simple harmonic motion, i.e., the period of rotation of

P in the circle, we have

where a is the radius of the circle, or, as it is also called,

the "amplitude" of the simple harmonic motion. We
may now write as the characteristic of this species of

motion

acceleration = —- x displacement
;

--/disinacement

Craohio

repre-

fonta-

tion.

§ 52. In our further remarks about simple harmonic

motion the following terms will be found convenient. P is

the position at time t of the point moving in the circle.

Let E be its position at the zero of reckoning, when < = 0.

Then the angle AOP may be called the "phase" of the

siuiple harmonic motiou, and AOE the " epoch." In time

units the values of the phase and epoch are found from

their circular measure by dividing by u.

If the position of the point moving with simple harmonic

motion be denoted by x, we obviously have

a _CM-OP cosPGA,
-OPcos(POE-^EOA).
= aco3(a)i + e).

This expression is to be found, perhaps more frequently

than any other, in all branches of mathematical physics.

It is in terms, or series of terms, of this form that every

periodic phenomenon can be described mathematically, as

will be seen later. From the expressions for the longitude

and radius-vector of a planet or a satellite to those of tli6

most complex undulations whether in water, in air, or in

the luminiferous medium, all are alike dependent upon it.

The results obtained sreoiQetrically above -arc easily reproduced

from this form ;

—

thus i— -oasin(aii + Oi
and a= -aa-cos{iot-he)= -«o)',

§ 53. The simplest graphical method of exhibiting the

nature of any kind of rectilineal motion is to compound it

with a uniform velocity in a direction perpendicular to the

line in which it is executed. This is, in fact, what is done

in the majority of self-registering instruments, where a

slip of paper is drawn by clock-work uniformly past

the moving point, in a direction perpendicular to its line

of motion, and a record is made by mechanical means, by
a pencil, by an electric spark, or (best of all) by photo-

graphic processes. When this process is applied to a
simple harmonic motion the record is of the general form of

the curve in fig. 15. This curve has long been known as

Fig. 15.

the " curve of sines," or the " harmonic " curve. All its

forms can be deduced from any one of them by mere

extension or foreshortening in the vertical or horizontal

directions in the figure. It represents the simplest forms

into which a vibrating string can be thrown, as well as the

instantaneous form of a section of the surface of water along

which a simple series of oscillatory waves or ripples is pass-

ing. In this case the form of the sectipn remains tlie

same as time goes on, but the whole figure moves steadily

onwards in the direction in which the waves are travelling.

This is expressed analytii'ally by the foma AnalyU-

w= a cos (ni - mx) ,
'^^' ^'^'

pressioii

wbeve r and i/ arc homontal and vertical coordinates of a point at (or a
the surface of tlie water, y being measured from the level of the wave,

undisturbed surface. Wlieu x is constant we study, for all time,

the siuiple harmonic rise and f.all at a particular ^Jtacc. When i is

constant we liave the above-figured instantaneous glance of a sec-

tion of the whole water-surface.

The rate at which the wave travels is obviously njm ; for, if wo
increase t by any quantity t, and x by the corresponding quantity

mjm, the value of )/ is unaltered.

§ 54. We have next to consider the result of superposing Compo-

or compounding two simple harmonic motions which take sition o'

place in the same line. The geometrical method amply ''"P'"

suffices for this purpose provided the^t-r/ot/s of the two are
^^^ ^^

e:iual, however different may be their amplitudes and Iheirtions ii,

phases. For, if we suppose PQ (fig. 16) to turn about P in one Ubi

the same plane and with the same

angular velocity as OP about O, the

angle OPQ will remain unaltered, and

therefore the- triangle OPQ will remain

of constant size and form while turn-

ing about 0. Thus Q describes a

circle about in the given period.

The resolved parts of OP, PQ, along

any diameter OA, together make up

the resolved part of OQ along the

same line. Hence two simple liarmonic motions, of the same

period and in the same line, are equivalenf to a single sivxple

harmonic motion of the common period. The amplitude

of the resultiint simple harmonic motion is OQ, and

depends only upon OP, PQ, and the angle OPQ,—-the
amplitudes of the two component simple harmonic motions

and the supplement of the difference of their phases.

§ 55. When the difi'erence of phase is nil, or any whole Anij-li

nnmberof circumferences, the resultant amplitude is thesum '"'''''

of the amplitudes of the components, which is its greatest
,.^j_„it.

value. When the difference of phase is an odd number of aut

semi-circumferences, the amplitude of the resultant is the

difference of those of the components.

If we produce QP to meet OA in R, we see that QOA,
the phase of the resultant simple harmonic motion, is inter-

mediate in value to the phases of the components, which are

POA and QRA respectively. Its excess over the one,

and its defect from the other, are the angles at Oand Q in

the triangle OPQ ; and th-eir sines are to one another as

the separate amplitudes QP, PO. Hence, when tliese am-

plitudes differ, the phase of the resultant coincides more

nearly with that of the cSmponeut whose amplitude is the

greater.

Fig. 16.
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Peri Oils

eqinl.

tan = ——,-

,^:laI}tlcally the resultant motion is oxprcsscj by

a: = ncos(iu< + e) + i'cos(<«< + 0,
- (« COS. + rt' cos () eos oi( - {(I sin e + n'siu c) sin ut,

= rcos(w< + Q),

lUoviiKil tliat

FcosQ"=acose + a'cose',

,.„i,l PsiuQ = asiiie + a'sin6'.

Tlii'Se c.\[iresfi6ns give for the aniplitmle of tho rcsHllaiit

P ^ VCrt cos e + n' cos e')- + (a sin e + (t' sill e') -,

= V((l" + 2a«'cos ( e - e') + «'^'

This may bo put in cither of tlie forms

^(^+7i'f^iaa'im-),(e - t) or \/{a- u')'' + iHa,-0!i'\[i-

from which tlie ahove coiicUisions follow at once.

Also, for the epoch of the resultant, wo have

rtsiu)

X cos €+^' cose

'^^"hcn € ami e' are l)otli positive and less tlian lir, this is obviouslv

iiiU'ruinliatc in value to tiui t and tan e.

When tho periods of the coinppiioiits are not exacHly equal, the

siiiiiile artifice which follnus enables us still to ap]ily the same
metnoii of composition. We have now

x = aros{a>t + e) + a'cos(a>'t + e'),

= u cos (lo< + e) + a'cos (w< + e' + (w - ui)0 .

flcnce the above values of P and Q will still satisfy the conditions

if we write t { (w' - a)l instead of e'. Tluis we may treat tlie two
components as being of the same period, but make the ejioch of one

of them steadily iiicrease with an angular velocity equal to the

difference of tho angular velocities in the generating circles of the
components.

Tiie triangle OPQ will no longer preserve its form ; it will pass
contiinioushi through all the various forms which we have seen
would be given to it by various ditTerences of phase iu the com-
ponent simple harmonic motions. The time in which it returns to

a former value is evidently 27r/(<o'- (n), whieli is greater the more
iicarl}' equal are the periods of the components.

§ 5fi. One of the best examples of the principles we have
just discussed is furnished by the tides. If there were

but one tide-producing body, we should have (approxi-

mately) a simple harmonic rise and fall of the sea-level at

any given place twice over iu the course of about twenty-

four hours, and tho phase would depend simply upon the

distance of the tide-producing body from tlie meridian

(whether above or below tho pole). The joint eflfect of the

sun and moon is practically the resultant of the effects

which they would separately produce. Hence, when these

bodies are in conjunction or in opposition {i.e., at new or

at full moon), the whole rise of the tide is the sum of the

solar and lunar tides ; and we have what are called "spring

tides." Wlien the moon is in quadrature, tlie amplitude of Spring

the tidal rise or fall is tho excess of the lunar over the
^l^"'*

solar tide, for it is low water as regards the sun when it is

high water as regards the moon. In intermediate positions

tho effect lies between these extremes, but the joint high-

tide lies nearer to the crest of the lunar than to that of the

solar tide. In the first and third quarters of the moon,

high tide is earlier \.\im\ the high tide due to the moon alone :

in the second and fourth later. This is what is called

" priming " and " lagging " of the tides, and is seen at once Priming

to follow from the construction given above. Had the and lag-

lunar and solar tides been of equal amplitude, spring tides P^S"

would have been of double the altitude of either, and there

would have been no tide at all at the time of neap.

The mode in which we have treated this special case is

an illustration of the general method (above described) of

combining sijiple harmonic motions iu which the periods

are slightly different.

§ 57. What we have said of the tide-waves holds of Compo-

C'jurse of all waves in which the separate disturbances are sition of

so small that the joint effect is found by superposing tlie
j^g^bna

separate effects. Thus when, at sea, two series of waves gj„o

of equal length meeS at any place, the resultant is still a rally,

set of waves of the same length, but the altitudes and

phases of the components determine those of the resultant.

When crest meets crest, we have waves of the sum uf

the original amplitudes ; when crest meets trough, the

difference. In the latter case we have still water wheu
the amplitudes of the components are equal What is

called a "jabble,"—where, for a short time, a portion of a

stormy sea is almost calm, and after a little it is violently

agitated,—is the result of a num'ber of " cross seas."

§ fiS. If we now consider the instantaneous form oi a Commo-

section of the surface, instead of the successive displacements phenn

of one portion of it, we can easily account for a striking
™^"^

plieiiomenou which is very frequently observed on a shtlv-

ing beach. We often notice that every ninth or tenth

wave or so is higher than those immediately before or

after it. This is the result of superpositiou of two or

more sets of waves in which the distance from crest to crest

is different in the different sets. In the joint system we
have, represented as in § 53, jihenomena akin to the spring

and neap tides, and the priming and lagging of the tides.

Fig. 17 shows part of the result w'hen the amplitudes are

equal, and the wave-lengths .as 15 to 17. It gives also a

rough approximation to tho wliole result wheu the lengths

are as 7 to 8 or as 8 to 9

Coiiipo-

»itioii of

than two
simple

harmo-
nic mo-
tions of

one
period.

Two
simple

harmo-
nic mo-
tions at

right

angles.

;; 59. To compound any number of simple harmonic
motions, of equal periodsi in oue line, we may obviously

take them two by two, and apply the preceding process

over and over again till we have as final resultant anotlier

simple harmopic motion of the CDmmon period.

Or thus :—
x = Sacosftiii -f t) — coss)/5(acos e) - sin a;<2(rt sine) = Pcos(a?i -H Q)

,

where P cos Q = 2(rt cose), PsiuQ = 5(asine).

When the separate periods are not equal, and not even
nearly equal, it is only iu special cases that any simplifica-

tion can be effected by analytical processes. But this is

not much to be regretted, because for most purposes a

graphic method is sufficiently accurate, and it can always
be easily carried out.

§ 60. We must now consider the composition of simple

harmonic motions iu directions at right angles to each
other ;—but for the present we confine ourselves to the
case in which their periods are equal, la this case we

know that the acceleration is in the same ratio to the

displacement in each of the two rectangular directions.

Hence by the general theorem

of § 50 the motion is elliptic, '-'r

v/ith uniform description of

areas about the centre.

To analyse this, suppose, at

starting, that their amplitudes
,

also are equal. Let OA, "
OB (fig. IS) represent the

two rectangular directions.

With centre O, and radius

equal to the common ampli-

tude, describe a . circle. Let

AGE, EOF represent , the

epochs of the two components (the corresponding circular

motion being supposed positive for each), then obviousjy

EOF exceeds by a right angle the difference between the
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Simple phases of tlio moticms in OB and OA. Tliea if P, Q
harmonic represent at time t the corresponding positions in tlie

motions
(joQjnjon circle, we have arc FQ = arc EP; and if perpeu-

nnFiti!
diculars be drawn. PM to OA, and QN to OB, their

intersection S is the position at time t in the resultant

motion. The luciis of S is, by what has been proved

above, an ellipse which touches the sides of the square

CDC'D'.
When EOF is a right angle, i.e., when the phases are

alike, this ellipse becomes the diagonal CC of the square

touching the circle at the extremities of AA' and BB'.

When EOF is three right angles, the ellipse becomes the

diagonal DD'. When it is two right angles, or four, i.e.,

when OB is one quarter, or three quarters, of a period in

advance of OA, the ellipse becomes the circle ABA'B'.

To find in any case whether it is described positively or

negatively (§ 44), we have only to notice how OS turns.

Now while P is near A, MS remains closely coincident

with AC. If, then, Q be anywhere in the semicircle BA'B',

N moves in the direction BB' and the angle AOS dlminislies.

Hence the ellipse is described negatively (or in the direction

of the han'ls of a watch) if the epoch of the motion in OB
sxceeds that of tlie motion in OA by anything up to two

right angles. And similar reasoning shows that, if the

excess be from two to four right angles, the ellipse is

described positively.

If the amplitudes be net et)uil, we have only to extend

or foreshorten the figure parallel to OA or to OB. The

souare CDC'D' becomes a rectangle, in which the orbits

(all of which, v/itli the exception of the diagonals, are now
ellipses) are inscribed. Everything else is as before

Pfri,.\ § 01. When the periods in the two component motions
"* '",- are nearly, but not quite, equal, the phase of one gains
'^^ '" gradually on the other and the path pasr,es continuously

through the forms of all tlie possible elliiises, but remains

possessed of the one property common to them all. It

becomes a species of spiral, but in every convolution it

touches, in succession, each side of the square or rectangle

above discussed.

Sin. ilG § 62. Similar reasoning shows that the superposition of
!iui-.\.onic

^^y number of simple harmonic motions in any directions

"j."^""' and with any amplitudes and differences of pliase, provided

perioJ, the period is the same for-all, gives rise to motion in an

in .my ellipse aboat the centre. But this follows more easily from
'^'"'^' analysis.

Talce, first, two simple harmonic motions of the same pcriocl

parallel to the axes of x and y. AVe have

a: = rtCos{w? + c),

?/= rt'cos(itfi4-€').

Eliminating t Imtwecn these ecjuations, we have at once

-T, - 2 — ,cos(e' e^ + iq!, = sin-(*'-0,

the equation of an fUipse.

It becomes a circle when and only i^u

2 /•., when the amplitnJes are equal, and tlic pU.iiPs dilTcr by an

odd number of rigiit angles.

It becomes the straight line

x/a-i//a'= 0,
\Uicn e -c is zero; and

xja + yjcC = ,

when t' - f is two right angles.

If SOA be called 6, we have

tane^j^^"'''"t'!^'?

-—(cos(£'-€)-sin(('-Otan(ai« + ()).

Hence, takiiig the fluxion of each side,

secV. 6= -—<»sin(E'-t)sec'=( »( + €).

Thus, OS before, 6 is essentially negative, i.e., the lotation in the
ellipse IS iight-Iiandcd if e'-t lie between and ir, left-handed if

it lie between ir and 2Tr.

For a simple harmouio motion, denoted ly

|= acos(uji + 6),

in a line whose direction cosines are I, m, n, wo bava the com-
ponents /{, 7»f, «{ parallel to the three axes respectively. Hence
for the resultant of any number of such, all having the same period,
wo have

a;= 2. aZcos(cii; + e) = cosioG(rtZcose)-siu«(5(a;siu{).

Thus we have three equations of the form

x= Acos(o<- A'sinco^,

j/=Bcosiu<- B'siniii^,

= = Ccoss,<-C'sinw<.

If we take three quantities \, n, v, such that

xA + ^B -i-vC =0,
aA'+/«B' + »C'=0,

we have also

X2;+ /ii/ + K= 0.

The first two equations determine without ambignity the ratios of
;i and » to \. Hence the third is tho equation of a definite jylanc

in which tlie path lies. \Ve may now choose this plane as that of

X, y. The value of z above becomes i<lontically zero ; and tho
elimination of I between tho equations for x and y gives the ellipse

as before.

§ 63. When the periods of the simple hannouic motions Pc

are not equal wo have no

x—acos{iiii + e), y=a'co&[ai'l-i-c').

It is easy to trace the corresponding curve by points

;

but, except when there is a simple numerical ratio between

(1) and ui, the equation cannot be presented as an algebraic

one between x aud y. If 2a)' = m, we mav shift the epoch

so that the equations may be written

.'y = noos(2w'/ + a), 'y^a'co%ui

.

Eliminating t from the first, by the help of the second, we havo

a V ft
-

This denotes, in general, a curve of the fourth order, of a figiuc-of

8 form, as in fig. 19. When a=«7r the curve is a portion of a

^(S-)<

parabola, its vertex being to the right or left as ii is odd or even.

This parabola corresponds, in tho present case, to llie straight lines

in the case of § 62. When the periods differ slightly from the ratio

2 :1, the path passes in succession through the foims traced, for-

ward and backward alternately; and, each time tliat it opens out

from the parabolic ibrm, the tracing-point debciibes it in lb*

opposite direction to that in which it .acscribcd it before the palli

collapsed into the parabola.

§ G4. The principles already illustrated are sufficient

for the examination of every case of this kind. But one

or two particular cases merit special notice. The case of

two uniform circular motious of equal period*, in one

plane, we have already noticed (§ 54). Q describes its

circle about P, P its circle about O, and the result is

uniform circular motion of Q about 0. The radius of

this circle may be equal to the sum or difl'ereuce of the

radii of the .separate circles, or may have any intermediate

value, according to the difference, of phase. If the periods

be not exactly equal, the motion takes place virtually in

a circle whose radius continuously oscillates between the

above limits. The path is a species of spiral, which lies

between two concentric circles of these radii.

§ 65. When the component circular motions are iii

opposite directions, we have an extremely interesting and

important case. It is obvious that there must now bo

positions 'n which OP and PQ are in the samo straight

Com
position
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line. Let OA, AB (fig. 20) bo one of those. Then, iu

any other position, 01' and PQ are equally inclined to OA.
The path of Q is an ellipse, of which the major semi-axis

OB ia the sum of the radii, and the minor axis their

dilference. Hence when the radii are equal the result is

simple harmonic motion in

the line OBB'. Thus we have

the proposition, of very great

importance in optics, that a

simple harmonic motion may B

be looked upon as the resultant

of two equal and opposite

circular motions in one plane. ^'3- -"•

When the periods are not exactly equal, the motion may
be regarded as simple harmonic motion, in a line which

rotates with uniform angular velocity in a pla,ne. This is

the case of Foucault's pendulum, and of plane polarized

light passing along the axis of a crystal of quartz, or

through a piece of glass or other transparent substance in

the magnetic field.

Cycloids. § CG. Uniform circular motions, of different periods,

give epicycloids, &c A particular case is uniform circular

motion superposed on uniform rectilinear motion, in which

case we have cycloids, &c. But these we merely mention.

S 67, By far the most important of the applications of

si.nple harmonic analysis is summed up in what is called

Fourier's Foukiek's Theorem.—A complex harmonic function,
neofem.

^,,ii]^ a constant term added, is the proper expression for any
periodic sinr/le-vahied function, and, consequently, can

express any sinr/le-valued function U'hativer between any
assicpied values of the variable.

To show the importance of this in physics we need take

but a siugle example. The one essential characteristic of

a musical sound is its " periodicity." Hence it may be
analysed into a series of simple harmonic disturbances.

Their respective periods are the fundamental period, its

half, third, fourth part, i£c. The first gives the pitch of

the note ; the others determine its quality. The investiga-

tion which follows is not intended to prove the theorem

;

it is merely introduced as readily suggesting it.

The essenco of pevioilicity of a function /is that we must have

whtitcvor be x, provided a bo the period,

Wc mny write this as

Now the ciiuation

has the re-il root

1-0,

and the infinite series of pairs of imaginary roots

where i is any integer. Hence

£'»'-e-Jf_|(l + |720,r=)(l + |!/4V)(l-f£76V) . . .

so that the dijlcrential equation for /(^) gives, besides a constant
term, the infinite series of terms duo to solutions of equations of
the second order of which the type is

(i&(iy-)A^)-o.

Thesolution of this representative equation gives the fello^vin"
particular integral of the complete equation,

°

/[s,-) - Pj eos (2 jirxa
- 1

-H Q,).

Hence the general solution is

/(j) -" Aj-l- 5^ Picoe (2iMa -
1 4 Q.)

•"Ao+2"AiCos2i7r3:(i ' + 2''B,sin24«:a'^,

15—25

where the constants are to be determined by special integralloD,

according to the process already described in the article U.A3M0MI0
Analysis (q.v.).

As a single example, suppose that the value o{f{x) is unity from
a:— to x— a, and zero from x=-a to x=2«. This has many
applications, ns, for instance, to alternate heating and cooling of

one surface of a solid, alternate " make and break " with a battery
and a telegraph wire, &c. In this case wo have

1'
. 2 _^ 1 . (2i-H)TO:

-.—rsin .Ax)-^ + -

fis- 51.

§ 68. A point describes a logarithmic spiral with constant Resisted

angiJar velocity about the pole ; find the acceleration.^ jarmoni«

Since the angular velocity of SP (fig. 21) and the incli-
™o'»o"-

nation of this line to the tangent are each constant, the linear

velocity of P is as SP.
.
Take a length PT, equal to e.SP,

to represent it. Then the hodograph, the locus of p,
where Sp is parallel and
equal to PT, is evidently

another logarithmic spiral,

similar to the former, and
describecf with the same con-

stant angular velocity. Hence
pt, the acceleration required,

is equal to e.Sp, and makes P^

with Sp an angle equal to'

SPT. Hence, if P« be drawn
parallel and equal to pt, and
ttv parallel to PT, the whole
acceleration P« may be resolved into Tv and vu ; and
Pt'ij is an isosceles triangle, whose base angles are each
equal to the angle of the epirah Hence Pw and vu bear
constant ratios to I'«, and therefore also to SP or PT.

The acceleration, therefore, is composed of a central

acceleration proportional to the distance, and a tangential

retardation proportional to the velocity. And, if the
resolved part of P's motion parallel to any line in the
plane of the spiral be considered, it is obvious that in it

also the acceleration will consist of two parts—one directed

towards a point in the line (the projection of the pole ot

the spiral) and proportional to the distance from it, the
other proportional to the velocity but retarding the motion.
Hence a particle which, 'unresisted, would have a simple
harmonic motion has when subject to resistance propor-

tional to its velocity a motion represented by the resolved

part of the spiral motion just described.

If a be the angle of the spiral, w the angular velocity of
SP, we have evidently PT. sina = SP.u.

Hence

ri'-P!(=K

and = 2P4i . cosa = -PT-2i. PT (suppose).

Thus the central acceleration at unit distanc^e is n- = eo^/sin-a,

and the coefficient of resistance is 2X: = 2<ocosa/sina.

The time of oscillation is evidently 2ir/M ; but, if there
had been no resistance, the properties of simple harmonic
motion show that it would have been 2!r;'M ; so that it

is increased bv the resistance in the ratio coseca : 1, or

n : Jn- - k--

The rate of fi'minution of SP is evidently

PT.cosa=^^?5?5sp = jsP;

that is, SP diminishes in geometrical progression as time
increases, the rate being k per unit of time per unit of
length. By ai) ordinary result of arithmetic (compound
interest payable every instant) the diminution of log SP ia

unit of time is ^•

^ The pliysical application of this problem to pendulum motion,
taking place in a medium in which there is resistance proportional to
the velocity, will be afterwards discussed analytically.

XV. - 87
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Hence, in the resolved part of the motion, the logarithm

of the amplitude is diminished, every half vibration, by

This process of solution is^nly applicable to resistance

of harmonic vibrations when n is greater than Ic. When n

is not greater than k the ausiliary curve can no longer be

a logarithmic spiral, for the moving particle never describes

more than a finite angle about the pole ; and then the geo-

metrical method ceases to be simpler than the analytical one.

Relaisre § 69. What we have said about composition of motions
"«*<">!- is merely a particular case of the general question of

relative motion, which in its main' principles is exceedingly

simple. It is entirely comprehended in the following pro-

positions,—which may be regarded as almost self-evident.

Oiven the motion of A with regard to a point 0, and that

of B with regard to A, to find that of B loiih regard to 0.

By compounding the vectors of relative position OA,
AJB. we have at once the required vector OB. Thus it

'S obvious that we have only to add the separate com-

ponents of tbe velocity of A with regard to O, and those

->i B»with regard- to A, to obtain those of B with regard

to .0. And, of course, the same rule applies to the

accelerations.

If X, y, a be the coordinates of A (referred to 0) at time t ; of,

«*, / those of B referred to parallel axes from A; {, ij, f those of

B referred to ; we have at once

i=x+i^, Ti = y + y', f=s-fs!'.

Thfly give, by differentiation with regard to t,

i=i+i^, &c,, ^=x + x, &c.,

which constitute the analytical proof of the statement above.

§ 70. Hence we have the solution of the further question :

Given, the motions of A and B icith regard to 0, to find the

relative motion of B with regard to A. In this case, of

course, before, compounding, the vector of A must have its

sign changed;

Another very important case is that in which the motion

is referred to axes which are themselves moving. So long

as their directions remain unchanged, this reduces itself to

the former investigation as a mere question of changed

origin ; so that we need consider only the effect of the

change of direction of the axes. And this is at once de-

ducible from the results of last section. For we have only

tO' consider, instead of the moving point, its projections on

the moving axes, and find th^ir velocities and accelerations

relative to fixed axes.

Eevolv- Thus, if tlie rectangular axes of x and y be fixed, and those of

ing axes { ard 5 be rotating in ths same plane, we have a datum of the form,

.?= angle {Ox =yi;«),

giving the position of th« moving axes in terms of the time. Let
P be the moving point, and, PM perpendicular to 0{ (fig. 22).

Then, as the' polar coordinates of SI are

f, Ot we have, for ite velocity, «
i along Of, {^ along MP. ^'

But these must be combined with the
volbeity of P relative to M, which con-
sists of

1) along MP and ijtf parallel to {0.

Thus the velocities parallel to fixed

lines corresponding to the instantaneous
positions of Of and Otj are, respectively, ^ifi* 22.

j-7)Sand7) + (^.

In the same way it is easy to see, by § 47, that the corresponding;
components of the acceleration are

f-{^=-:^/r^) and ^ -,«»-(-
{ dt

m)-

the result of a definite rotation about a definite axi.s per Motion 01

pendicular to the plane. ,a plane

The proof of this follows at once from the fact tnat, ?^'',* "^

under the assigned conditions, the figure has only three

degrees of freedom ; and consequently its position is

determinate whenever the positions of any tv.o of its points

are given. Also, a single rotation can, in general, be found
which vrill transfer these two points from one pair of

assigned positions to another.

Let A, B, A',B' {6g. 23) be successive positions of two
points of the figure. Bisect AA' by the line Oa perppndi-

B

Kinematics of a Rigid Plane Figure, displaced in its own
^lane.

§ 71. When a rigid plane figure is displaced anyhow in

its own plane, the displueer"v' ms^ alwar? 1« reearded oa

Fig. 23. Fig. 24.

cular to it, and let 06 do the same for BB'. Let these

perpendiculars meet in 0. Then it is clear that the two
triangles OAB, OA'B' are similar and equal. . Hence AB
may be regarded as having passed to the position A'B' by
rotation about an axis through O perpendicular to the

plane of the paper. The angle of rotation is ADA' or BOB'.
The construction fails when Oa and 06 coincide, but in

this case it is evident that the required point is the point

of intersection of BA and B'A' (fig. 24). It also fails when
the bisecting perpendiculars are parallel (fig. 25). . But
then A A' and BB' are equal

and parallel^ and the dis-

placement is' a pure transla-

tion, the same for every

point of the plane figure,

which may be regarded as

an infinitely small rotation

about an infinitely distant

axis.
Fig. 25.

§ 72. Since any displacement in one plane corresponds Corn-

in general to a rotation, any two or more rotations about positioB

parallel axes can always be compounded into a single one. °
. j.

Of two equal and opposite rotations the resultant is simple s^\iaui

translation. This is evident from fig. 26. In both cases parallel

A and B are the initial posi- axes,

tions. A' and B' the final A
positions of the two axes.

In the first we begin with

the rotation about A, in the

second with that about B.

§ 73. When these equal

rotations are simultaneous

instead of successive, the

.figure becomes a rectangle;

—

i.e., the translation is per-

pendicular to the line joining the axes. For in this case

we may suppose the two rotations to be each broken up

into successive equal but infinitesimal instalments. And
the principles of infinitesimals show that two such instal-

ments, either about the same or about different axes, pro-

duce the same ultimate effects whetherthey be applied simul-

taneously or successively. The general principle of which Super-

this is a particular case is called the "principle of super- position

position of small motions." It is merely an application of ^^^^^"

the fact that infinitesimals of the second order may be

neglected in comparison with those of the iiAt ui'der.

Fig. 26.
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jom rho ccmsiilcration of simultaneous rotations is very Important,

position Suppose a piano figure to rotate in its own plane,' with angular

>! velocity ai, about the origin. Then it is obvious that rw, in a

rotations direction perpendicular to r, is the velocity of a point whose dis-

about tunce from the origin is r. The components are, tuerefore,

parallel X" -tja, f/^xa.
'^"'''

If the rotation be about the point a, b, these become

i^-iy-li):^, i/^(,x-u)u.

Hence, when there is any number of simultaneous rotations about

parallel axes, we have

i--!/2a. + 2(JM), 2/=aSio- 2(aai).

If wo write n=2io,

, 2(«a>) „ 2(Mand a=-^—-, B=——;
we have z~ -{y- 0)Q, if{x~a.)ii.

These are the component yelocities which the point x, y would
have if there were only a siuglt? rotation, with angular velocity 0,

about an axis passing through the point a, &.

When 2(0.) = = 0,

we see that a:= 2(6a)), 2/=-2(oai),

so that all points of the figure have equal velocities. This- is the
case of pure translation. Here" a and 3 sare (in general) each
infinite ;—i.e., we have as resultant a vanishing angular velocity

about an infinitely distant axis.

Rolling § 74. As any displacement of a plane figure in its own
Df curve plane is equivalent to a rotation, we may represent a series
on curve,

^j displacements by a series of rotations. AJ.'^o if we
know the positions, in the figure itself, of the points which
are successively the axes, and likewise the position which
each of them occupies in space at the instant when the

rotation about it takes place, we can construct the whole
motion. Let them be O, A, B, C, &c., and O, a, b, c, &c.,

respectively (fig. 27). Then the figure turns about O till A
coincides with a. Nest it turns about

A (or a) till B coincides with b, and
so on. Hence the motion will be

represented by the rolling of the poly-

gon OABC, fixed in the moving figure, q
on the polygon Oabc fixed in the

plane of the motion.

In the limit, when the axis con-

tinuously shifts its position in the

figure while the rotation goes on round
it, the polygons become plane curves.

Thus we have the fundamental proposition that any motion
of a plane figure in its own plane can be represented by
the rolling of a curve attached to it, on a curve fixed

in space. Both curves are situated at an infinite distance

when the motion is one of pure translation.

Kinematics of a Rigid Figtire.

Displace- § 75. When a spherical cap, or skin, moves on the surface
acut of of a sphere of equal radius with which it is everywhere in

*^h'"^t^ts
<^"°''*°*> ^8 "^^y make the construction of § 71 with great

[^m,^ circles bisecting the arcs AA' and BB'.. Two great circles

(unless they coincide) always intersect at the extremities

of one definite diameter. The case of coincidence is met
exactly as it was in § 7 1 . Hence every motion of a spherical

skin on a sphere is equivalent to a rotation about a definite

axis through the centre of the sphere. Thus any number
of successive or simultaneous rotations about axes passing

through one point can be compounded into a single rotation

about an axis passing through that point. And the con-

struction of § 74 can be carried out with, spherical polygons
or curves, so that we see that any motion of a rigid figure,

one point of which is fixed, can be represented by the
rolling of a pyramid or cone, fixed in the figure, upon
another fixed in space.

§ 76. The law of composition of simultaneous angular
velocities about axes which pass through one point is pre-

cisely the same as that for siuiultaueous linear velocities Com-

of a moving point. The following simple geometrical pro- position

cess e.stabliahes the proposition for two intereectin" axes ;
°

^ .... ,. ,, °- rotatioua
and It IS easy to see that it can be extended to any number about
of such. Let OA and OB (fig. 28) represent the two axes, axes

and let the lengths of these lines

(both drawn in the positive direction

for the rotation about them) repre-

sent the angular relocities corro

sponding. Then a point P, in the d
angle between the positive ends of f
the axes, is raised above the plane nf
of the paper by rotation about OA,
but depressed below it by the rota-

tion about QB. The amounts of the ^

elevation and depression are pro- ^^'

portional to the distance from either axis, and to the

angular velocity about it, conjointly. Hence they will

annihilate one another if, perpendiculars PM, PN being

drawn to the axes, we have

OA.PM-OB.PN.
This is equivalent to saying that the areals of the triangles

OAP, OBP, are equal,—which necessitates that P should

lie on the diagonal of the parallelogram of which OA, OB
are conterminous sides. Let GC be the diagonal of this

parallelogram. From what has been said above it is evi-

dent that the displacement of any point in the plane is

necessarily proportional to the algeljraic sum of the moments
of OA and OB about it, and therefore (.§ 46) to the

moment of OC. Hence all points in the line OC remain at

rest, and the figure turns about that line with an angular

velocity represented by its length. This analogy to

moments shows the reason for the remarkable proposition

that angular velocities, about axes which intersect, are to be

compounded according to the same law as linear .velocities.

§ 77. Any f)roposition regarding simultaneous lin^iar

velocities or accelerations iias thus its counterpart in angidar

velocities and accelerations. Thus, as we have seen (§ 36)

that under acceleration in one plane, always perpendioular to

the direction of motion, a point moves with uniform velocity,

so, if a iigure be rotating about one axis, and have angular

acceleration about a second axis always perpfendicular to

the first, the direction of the axis about which it rotates is

changed, but not the angular velocity.

It is to be noted that iif such a case the direction of the

axis changes not only in space, but also in the rotating

figure itself. This, however, is merely the result of § 36
in a slightly altered form.

If wt be the angular velocity of a figure about the line which, for

the moment, coincides with the axis of z, the consequent displace-

ments during time U gf a point x, y, z afe (§ 73)

Sx = - i/Q>i5< , iy=xai$l.

Of course similar results hold for the angular velocities about lines

for the moment coinciding with the axes of x and of y.
" The j6int

effect therefore ie found by adding the various separate values

obtained by permuting the letters x,y,zm cyclical order. Thus

Sa;= (2wy-2/wj)5^,

!==(!/w,-a;»j,)5<.

The right hand members of these equations vanish if

^ =.2-i (1).

These correspond to the two equations of the instantaneous axis,

and i-eproduce, in an analytical form, the result of § 76.

The angular velocity about this axis is-

For it is clear that the dii-ection cosines of the displacement of

a^ ?/, 3 are proportioual to

showing that it takes place in a line perpendicular to the plana

Anali:^

betwee"

linear

and
angular

veloci-

^eg.

Com-
position

of angu
lap velf

cities

about
intersec

ing axei
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passing througli x,y,z and (1). It i3 tnerofore perpentliculir to

Also the wliole displacement is

'i)- + {y'-'x-s:a))'

-di\/ui-\
(xo,, + ya,, + zo,,r-

Tbe last factor is the distance of z, y, z from (1). Hence the
second is the angular velocity about (1).

Tt appears at once from this result, andfpom the form of (1), that

n O

Eigid

figure

anyhow

Angular
accelera-

tion

about a

moving
axis.

arc the direction cosines of tlie instantaneous axis.

If the figure be rotating simultaneously about a number of axes,

—say "with angular velocity wj, about an axis whose direction

cosines are /. , 5^1, «j, &c. ,—we have evidently

U:,= 2(Za.), „>y--S.{mw),.a..=-X{nw).

From these the single instantaneous axis is found immediately
as above.

§ 78. Any displacement whatever of a rigid figure may
be effected by means of a screw-motion, i.e., translation

parallel to some definite line, accompanied by a proportion-

ate rotation about that line. Let A and A' be successive

positions of any point in the figure, and suppose the body
to be brought back by a mere translation so that A' coin-

cides, again with A. Then we have seen (§ 75) that one

line of the figure through A is necessarily restored to its

original position. Let P be any plane section of the figuie,

perpendicular to this line, P' its position after displacement.

These fully determine the initial and final positions of the

whole figure. Shift P into the plana of P' by a translation

perpendicular to either, and let P" be its position. P"
can (§ 71) be brought to coincide with P' by a rotation

in its own plane. Hence the proposition. There is an
exceptional case whea P" requires only translation to make
it coincide with F'. But then the whole figure is merely
translated.

§ 79. We have seen that the straight line representing an
angular velocity is to be resolved by the same process as

that representing a linear velocity. If we consider a figure

to be rotating about axes fixed relatively to it, accelerations

of angular velocity about these will be represented by
clianges in the lengths of the lines representing the angular
velocities, and will therefore be subject to the same con-

ditions as the angular velocities themselves. Thus, as it

is obvious that a figure is rotating at any instant with the

same angular velocity about an axis fixed relatively to

itself, and about another axis fitted in space, which at the

gi-ven instant coincides with the former, it follows that the

angular accelerations about these axes are equal at that

instant.

This is really the same proposition as that r is the
velocity along a fixed line coinciding with the radius-vector

r (§ 47). But, just as i- is not the complete acceleration

parallel to r, if r be rotating, so the proposition above,
though true for the first fluxion of the angular velocity

about a moving line, is not generally true for fluxions of

higher orders.

As this subject is commonly regarded as somewhat obscure, wo
may give a more formal examination of it by an analytical process.
Suppose 0)1, wj, 103 to be the angular velocities about rectangular
axes OA; OB, OC iLxeil relatively to a figure, and u tlie angular
velocity of the figure relatively to a line OS fixed in space. Let I,

m, n, be the directio« cosines of the latter line with regard to the
former three, then

W = Zwi 4- 7?? OJn + 71(1)2 »

and 01 = Joij -H mi J -f nii, + tui + moij + ntoj

.

But li + mm + nn = ;

»nd 51, at a particular instant, we have ?=1, m=0, n=0, this
gives also 1 = 0, so that we have

u'=&^ + mtit2 + K013

.

Now «i = cos BOS « cos 6 suppose. Ilcnce

7rt = - siu 9 . tf

But, at the instant in question, fl-jTr and 6=03,
so that 111 = .- (i,g

.

In the same way we see that

and thus we have u = o}^,

which is the proposition above given.

§ 80. To complete the kinematics of a rigid figure of which Positici

one point is fixed, we require to liave the means of calculat- "^ "gi<J

ing its position, after the lapse of auy period during which P^" "
•t I, 1 I !• -ii 1 1 •,• 1 terms olu has been rotating with given angular velocities about rotation
given axes. about

If the axes about which the angular velocities are given "=5

be fixed in space, the formulte of § 77 give at once, for a
^'"^

'."

unit line fixed in the figure, the expressions
'

/= nwy- mwz t

h = mwi - Iw^ ,

Here /, m, n are the direction cosines of the unit line at
time i ; and they satisfy, of course, the condition

li + mvi -t- iiH = .

But, except in some special cases, these equations are in-

tractable. This, however, is of little consequence, because

iu the applications to kinetics of a free rigid body the

physical equations usually give the angular velocities about
lines _^d;frf in the body. Our problem, then, takes the form

§ 81. Given the angular velocities of afigure about each 0/ fixed hi

a system of three rectangidar axes which are rigidly attached fie

to it, find at any time its position in space.

It is clear that, if we know the positions of the revolving

axes, referred to a fixed system, with which they at one
instant coincided, the corresponding position of the figuie

is determinecL The method usually^employed is as follows.

About tlie common origin of the two sets of axes suppose

a sphere of unit radius to be described. Let X, Y, Z (fig.

29) be the traces on this sphere of the fixed axes, and
A, B, C those of the revolving ^
axes. Draw a great circle ZC
so as to meet in A' the quad-

rant BA produced. Then it is

clear that the figure can bo

constructed {i.e., that the data

are suflicient for calculation)

if we know (a) the' angle

XZC,—this we call ./<; (J) the

arc ZC, called 6 ;
(c) the angle

AlCAj or the arc AA, called <^.

For X, Y, Z are given. Then
(a) shows how to draw the great circle ZC, whose pole is

N on the great circle XY. Hence (6) gives us the paints

C and A'. \Ve can next draw the great circle A'N, and A
ancl'"'B are found on it by (c), for A'A =NB = c^. We hava

now only to determine these angular coordinates in terms

of the angular velocities of tlie figure about OA, OB, OC,
which we denote by (Uj, (u„, w, respectively.

The velocity of C along ZC is ^1:"^ But it is produced

by the rotations about A and B. Thus we have

(? = o)^ cos <?^ -F wi sin ^

.

The velocity of C perpendicular to ZC is sin ft i/». This

also is part of the result of the rotations about A and B,

so that
sine.i|t = w2Siny-ii;iCos0. -^

The velocity of A along AB is that of A',together with

the rate of increase of A'A. Also it is entirely due to

rotation about OC. Hence

cosO. \p + ^— U^.

These three equations determine 6, i/-, <ji when to,, Wj, <uj

are given as functions of ^

figure.
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§ 82. The process above is ossontially unsymmotrical.
The first suggestion of a symmetrical system is due to
Eiiler, and depends upon the general proposition of § 75.
What we must seeli is the single axis, and the angle of
rotation about »it, which (by one operation) will brin"" the
system or figure from its initial state determined by X,°Y, Z
iO its state at time t, determined by A, B, C.
Let /, m, n ^be the direction cosines of this axis, w the

angle of rotation about it. Then by the elementary
theorems of spherical trigonometry we find

cosXA-Z" +(!-;-) C08O-,

co3YB-=m= + (l -))t=)cos=r,

cos ZC = !j= +(l-n=)co3n'.

ThiiSj as we have an independent relation among V; m-, n";
these quantities, as well as w, can all be expressed in terms
of the cosines of the throe angles between the original and
final directions of the three axes severally.
We have other six equations, of which only one need bo

written, viz. :
—

co3YA-foi(l-cosir) + }isinar.

§ 83. If we put

W"Cos4a-, x-lsinlzT, y=msin\zr, s=)jsinji!r,

which involve the equation of condition

tlie nine direction cosines of the new positions Ok OB OC
referred to the fixed lines OX, OY, OZ, become

'
' '

ztP + x'-y---', liwz + xy), 1{ccz-wy),
2{yz-wz), w=-a:2 + ;,'-;=, %yz + wx)

,

1(xz + u-y), 2(yz-Kx), w"--i?-y'- + x>.

These expressions, rational in terms of the four quanti-
ties »(., X, y, z, are due to Rodrigues, who, however, cave
them in a slightly different form.

Ifoj,, W.J, wj be the angular velocities about OA. OB OC
respectively, we have ' '

2w- - xm^ -
J/a).j - Joij

,

2x = '<""i-lai2 + ywj,
2^= swj -(-«?w2-a'a>3,

2j = -2/aij +a:ai2 -ficoij.

respec"iv'ei;:',ve"hl;V'"
'"'°"'^" ^'^'"""'^^ '''^°"' ^"^ 0^'- OZ-

693

2i = WW, + JO), -!/»,,

2y " - Zaix + Wiuj + xin-,

2s = 1/aij. - xay + Wctij.

Kinematics of a Defovmahle Figure. Strain
•StraiD.

§ 84. So far we have considered change of position of afigure of invariable form. We must no°w consfde haulsof form and volume m the figure itself. This is requiredforappl.cation to physical problems, such as compressTon o a

bodies, and consider their cause
pnysical

be cut by three series of planes, those of each'feries"blg

parallel to one another, and equidistant. No two of thesa
tbree scries must bo parallel, but the distance from plane to
plane need not bo the same in .any two of the series. If
the strain be continuous there will be no finite difference
of effect upon any two neighbouring parallelepipeds ;—butm general their edges, which originally formed three series
of parallel straight lines, will become series of curves.
No two parallelepipeds of the system will in general be
altered m precisely the same manner. This is called
"heterogeneous strain."

^ 8G. We found it convenient to study uniform speed Homa.
before proceeding to consider variable speed, and so weKe"«oa.
find it convenient to take up first what is called ""^

Homogeneous Strain.~X figure is said to bo homo-
geneously strained when all parts of it originally equal,
similar, and similarly situated remain equal, similar, and
similarly situated, however much they may indi^-idually
have been altered in form, volume, and position.
Now recur to our set of parallelepipeds. After a

homogeneous strain these remain equal, similar, and
similarly situated. Hence they must remain parallelenipeds,
for they must together still continuously make up tho
volume of the altered figure. Thus planes remain planes,

'

and straight lines remain straight lines. Equal parallel
straight lines remain equal and parallel. Parallel planes
remain paraUel, ellipses remain ellipses (as is obvious from
their properties relative to conjugate diameters), ellipsoids
remain ellipsoids, itc.

But we can now easily see how many conditions fully
determine a homogeneous strain. For if we know how
each of three conterminous edges of any one of the original
parallelepipeds is altered in length and direction, we caa
build up the whole altered system. Hence, to fully requires
describe a homogeneous strain, we require merely to know n™ ceo
what changes take place in the lengths and directions of

'*^'^-

three umt hues not in one plane. Three numbers are
required for the altered lengths, and two (analogous, say
to altitude and azimuth, or latitude and longitude, or E A,
and N.P.D.) for each of the altered directions. Hence, ia
general, a homogeneous strain depends upon, and is fully
characterized by, nine independent numbers.

§ 87. The simplest form of strain is that which is due Uniforr
to uniform hydrostatic stress acting on a homogeneous dilata-

isotropic body. Here directions remain unaltered, and "°°'
the lengths of all lines are altered in the same ratio.
Every portion of the original figure remains similar to
Itself, its linear, superficial, and volume dimensions beiu"
altered as the first, second, and third powers of that ratio

Next in order of simplicity is the case in which there Pur-
are three directions, at right angles to one another, which strain,

suffer no change except as regards -length. This state of
things would be produced in a homogeneous isotropic
body by three longitudinal extensions or compressionsm lines at right angles to one another, or by hydrostatic
pressure in a homogeneous non-isotropic solid. In this
ca^, if the changes of length above spoken of are all
differcBt, an originally spherical figure becomes an ellipsoid,
with three unequal axes parallel respectively to the lines
whose directions remain unaltered. Every line in the body
not originally parallel to one of these is altered in direc-
tion. If one of the principal changes of length be an
extension, and another a shortening, there will be a cone
formed of lines which are not altered in length. This is
seen at once by describing from the centre of the eUipsoid
a sphere equal to the original sphere. One axis of the
ellipsoid being greater than the radius of the sphere, and
another less, the ellipsoid and sphere must intersect; and
all hues drawn from the common centre to the curve of
intersection are unaltered in length (though all altered as
before remarked, in direction).
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When two only of the changes oi length are equal, the

ellipsoid becomes one of rotation, oblate or prolate as the

case may be ; and if the radius of the sphere be inter-

mediate in value to the axes of this rotation-ellipsoid, we
have a right cone of rays unaltered in length.

When all three changes of length are equal we have the

simplest possible case,—which- has been already treated.

§ 68. The essential element in these particular cases is

that three lines at right angles to one another are unaltered

in direction by the strain. Here there is a mere change

of form, and the strain is said to be " pure," or " free from

rotation." Such a strain, in its most general form, is fully

characterised "by six independent numbers. For a system

of three mutually perpendicular lines is fully givon in

direction by three numbers, and three more are required

for the changes of length which they severally undergo.

But, ill general, a strain is not pure. It will be shown,

however, below that the principal axes of the ellipsoid into

which a sphere is changed by any strain, and which is

called the " strain ellipsoid," were originally radii of the

Ejihere at right angles to one another. Hence the strain

may be looked upon as made up of two operations, viz., a

pure strain, and a rotation through a definite angle about

an axis in a definite position in space. The axes of the

pure strain are lines fixed in the figure.

§ 89. It is useful, in farther considering the subject, to

introduce along with the original strain (thus analysed),

auotlier which is called its "conjugate." This is defined as

composed of an equal pure strain with the first with an

equal but opposite rotation. And the separate component

operations must be taken in the opposite order in the strain

and in its conjugate.

The successive application of the strain and its conjugate

thus necessarily leads to the redupb'cation (or squaring)

of the pure part of the strain, and to the annihilation

of the rotation. For, caU the parts, as operators, P and

B. The strain and its conjugate, referred to axes fixed in

space, may be either

RP and PR-i

or PiPamlR-iPi,

according as tne pure strain or the rotation is first applied.

The operations in each group are written, from right to

left, in the order in which they are performed. Thus RP
means the pure strain P, followed by the rotation R.

§ 90. The final results are P- and PJ. In the first case

we have the pure strain, followed by the rotation ; then

(by the conjugate) the rotation is undone, and the pure

strain reapplied. In the second we rotate first, then apply

the pure strain twice, and finally undo the rotation. Thus
the student must be cautioned against the error of. sup-

posing that the residts of applying PR and RP separately

are generally the same. Perhaps it will be easier for the

reader to consider the "reciprocal," instead of the con-

jugate, of a strain. For if tlie strain be RP, the reciprocal

is obviously P"'R"i; if it Tae PR, the reciprocal is

K"1P"'. Either pair of these, taken in either order,

restores the figure to its primitive form. The one point

to be noticed is that, in whatever order the direct com-

ponent operations are supposed to occur in the strain, their

reciprocals must be taken in the opposite order in the

reciprocal strain. The reciproeal strain simply undoes the,

strain, and therefore differs from the conjugate by a factor,

the square of the pure part of the strain.

From this we have at once, as will be seen later, the

means of decomposing a given strain into its pure and its

rotational factors. This is effected as soon as we can form

the expression for the conjugate strain in terms of that for

the strain itself.

* 91. As, in general, any strain converts a spherical

portion of a figure into an ellipsoid, and as an ellipsoid has Shear,

two series of parallel circular sections, it appears that in

every strain there are two series of planes of no distortion.^

The consideration of these planes leads us to a second and
very different mode of analysing a strain into simpler
components. Perhaps the most elementary mode of con-
sidering this subject is by thinking of the motion of water
flowing slowly down a uniform channel. We know that

water, at ordinary pressures, is practically incompressible

;

also that the upper layers of the water in a canal flow faster

than those below them. Hence the definition of a " simple
shear." Let one plane of a figure be fi:sed, and let the

various planes parallel to it slide over it and over ono
another, all in the same direction, and with velocities pro-

portional to their distances from the fixed plan^ It is

clear that this shear produces homogeneous strain in the

figure, but it is mere change of form without change of

volume. The fixed plane and all those parallel 'to it, are

planes of no distortion. But we have seen that there

must be two sets of such planes/ To find tlje second set,

let us suppose the plane of fig. 30 to be parallel to the

common direction of sliding, p »» p'o o/
and perpendicular to the fixed •r

/ /

B

l->l'Uie. This plane, so defined,

is the plane of the shear. Let

AB be the trace on it of the

fixed plaue, PQ that of one

of the sliding planes, PP' the

amount of its sliding. Bisect

PP' in M by a perpendicular, 'S-
•

meeting AB in A. Join AP, take AB = AP, and draw BQ
parallel to AP. Consider the strain of the rhomboidal

portion APQB of the figure. P moves to P', atffl Q to Q',

where QQ' = PP'. Hence the rhombus remains a rhombus,

for AP' = AP = AB. But the lengths of its diagonals havo

been interchanged. It has been subjected to an elongation'

of AQ, and a contraction of BP, each in the same ratio (so

that their product, i.e., double the area of the rhombus,'

remains imaltered), while all lines perpendicular to the

plane of the figure remain unaltered. From the symmetry

of the rhombus it is obvious that AQ' and BP' are the

greatest and least axes of the strain ellipsoid, while AB
and AP' are parallel to its circular sections. Planes

originally parallel to AP and perpendicular to the paper

are therefore the second set of planes of no distortion.'

The rotational part of the shear may be measured in

terms of the angle PAM, but is given directly by PBF,
and its axis is perpendicular to the plane of the figure.

The most convenient measure of the shear is the ratio of

PP' to AM, or, what involves the same, the angle PAP'.

Another mode of measuring it is by means of the ratio

BP/AQ, = \+e, suppose. Jf c be a small quantity, as is

usually the case with solids, we may write 1 ± e for the

measure of the shear. Here e indicates the extension per

unit of length along one diagonal of the rhombus, and the

contraction per unit of length along the other.

§ 92. It is quite clear from what has been said that Dccom.

we can analyse a strain by the help of simple shears com- pwitioi

pounded with diflerent forms of pure strain. For the "^^^^^

shears may be taken in an infinite number of ways so ag

to produce the rotational part of the given strain, while also

producing deformation without change of volume. The

final adjustment is to be made by a pure strain, whose axes

are those of the strain ellipsoid due to the shears. As a

shear depends on four quantities only, two shears and a

dilatation furnish the nine constants required for a homo-

geneous strain.

1 We here exclude spheres and eUipsoids of rotation. The latter hav

only one scries of circular sections, the former an inflnito number.
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The successive application of two pure strains docs not,

except ill special cases, give rise to a pure strain. This

is, physically, a most impnttant proposition. Thus, for

instance, the instantaneous fittains of each element of a

perfect fluid in which there is no vortex motion arfe pure
;

and yet, if the element be followed in its motion, it will

bo found in general to rotate. Its motion is said to be

"differentially irrotational."
_^

To prove this proposition by the help of a particular

case is simple enough. Take, for instance, a compression

in one direction, followed by an equal extension in a

different direction. Only when these directions are at

right angles to one another is the resultant strain pure.

Analysis. § 93. The analytical theory of strains is, at least in its

elements, an immediate application of the properties of

determinants, usually of the third order. We subjoin a

slight sketch of it.

We have aeeu that it is only necessary, for the full characterizing

of a strain, that we should know what becomes of three unit lines

not originally coplanar. Take these parallel to the axes (generally

oblique) of a:, y, z. Then if the x unit becomes aline which is the

diagonal of a parallelepiped with sides a, d, g parallel to the axes,

y similarly that of 6, c. A, and z of c, /, i, we see at once that the

coordinates of the point originally at a;, y, z become .

st — ax + bij + cz \

j/ = dx-¥ey-i-fz\ . . - . (A).

z' = gx-i-ky + iz )

Here it is obvious, from the premises, that the nine quantities

a, b, c; d,e,f; g, h, i are all real, and altogether indejieDdent,

at least so far as kinematics is concerned.^ To obtain an idea of

their nature from another point of view, let us suppose the axes to be

rectangular. Let unit parallel to x become c^, ia the direction

given by the cosines l^y iiii, »^. Similarly, let e^, l^t "^c ^^2 belong
to a unit originally parallel to ?/, and 63, Zg, 7»g, Kj to a unit parallel

to 2. Th'en the broken line x, y, z becomes x', y', s*, where

x'= c^l^x + ej^y + cj-^z \

y'-c^mTX + c^m„y + e^m-^z
|

. . . (A').

- = Ciii^x + e^H^ + c^i^z J

Though we have inti-oduced three numbers e along with nine

direction cosines, no greater generality is secured, for there are

three necessary relations, one among each set of cosines.

To tind the characteristic property of a pure strain, let us take
it in its most general form. Thus let /j, wij, iii nov) denote a line

which, without change of direction, has its length altered by the
strain in the ratio c^: 1. Let /j, m^, n„. e^ and Zg, wig, 7I3, e^ be
similar data for the other two of the system of rectangmai" axes -of

the pure strain. Then to th^e axes the coordinates of z, y, z are

( = liX + iii^y + Tijs

Tl = l^-\- m„y + nji ,

The strain converts | into ^=c^^, 1; into t\'=c„t), and f into f'
= i'3f.

Hence the final cdordinates (to the original axes) of the point
originally at a:, y, s are

^=h^ +1^7,' +isC,

or, m terms of x, y, z,

a'- («]'; + ea^i +C3^?)a: +(«ji,mj + e^l^m^+e^lj-m^yy

+ (ej^iJtj + (s^jKo + CgZjiij):

+ (c,mii», + CjOTjBj + CjmgTtgjs I
' ''

z' = (CjitiZ,

+

e.nj, + ^jigZg)^ -(-(ejMjmi + e^n^m^ + e^n^m.^y

+ (c,)i.; + c„nj + e3n;)2
'

/

If we compare this with the general expression above given for a
strain, we see that the coefficiant of y in the value of x! is equal to
that of X in the value of ?/. Similarly that of s in a" is equal to
that of a; in s" ; and that of 2 in j/' is equal to that of y in 2' ; or
.finally

h = d, c= g, /—A.

Oiarac-

teristic

of pure

strain.

' But when strain is producetl in a piece of inatter, a limitation
[comes in. For, to take the simplest case, the strain

x'=-a', 3/'=-y,2'--2
(uutSlies that the figure to which it is applied has been " perverted,"

—

't.&, changed into its image as seeu in a plane* mirror.

Convtrso'ly, when these three conditions are satisHcd, and not Pure
othern-ise, the strain is pure. It is to be observed that {, ij, ( form atrain

a rectangular system, and thus the nin() direction cosines (usually depends
involving six arbitrary numbers) depend here on three numbers on six

alone. Thus there are six independent numbers, corresponding to condl-
a, e, i, b, c, /, in the general expression for the strain. tiona.

'

It is clear, from the elements of coordinate geometry, that the Cbangeo
determinant volume

by strain

/

represents the ratio in which the volume is increased by the strain.^

Let us now introduce, in succession to the strain

the connected straiu
g h

a d g

b e h

f

(1).

(1),

Conjtt

gate

strains.

which obviously produces an equal change of vglume with the
former.

Applying these strains in succession, wa have as the final result

5f'=ax'+dy'+5f2',

yl'-bii+eiy + hJ,

z"= cxf+fy" +iz:,

or, substituting for x', y', J their values in terms of x, y, z,

x"= (a- + ii'+g')x k{ab + de + gh)y + (ac + d/+ gi)z

,

y"= (ba+ ed + hg}x + {b' +0^ +h-]y +{bc + rf+li.i)z

,

2"= (ca +/d + ig)x + {cb +fo + ih)y + (c« +/ =+ 1^)2

.

Thus the resultant strain is

a' + <P + 3- ab + de + gh

ba + ed+hg 6^+ e^+ K'

ca +fd + ig cb +/e + ih

which, for simplicity, we -will write as

a<:+ df -^-gt

bci--ef +hi

(2).

y 18

It will be observed that this group of nine numbers, if treated

as a determinant, constitutes the product of the determinants

formed of the two systems above.

This satisfies the criterion of a "pure .strain," as given above;

and we thus see that in the successive application of the strains

b c

and

g h

a d g

b e k

c S
the rotation produced by the first is annihilated by the second.

Let A, B, C, &c., be the minors of

d e f

g k i

corresponding to a, b, c, &c.

Then by our original equations we have

Ax- Ay + D;/' + 02-,

Ay-BiZ + Ey +H2',

A2=Cx'+F2/' + Iz'.

Thus the reciprocal of the strain

a b c A/A D/A G/A

d e f is B/a' E/A H/A

g h i C/A F/A I/A.

This is evident from the formulae just written. For they expreas

that the new straiu converts x", y', J into x, y, z.

Apply the resultant strain in succession to this reciprocal. TBo

result is easily foreseen from separate terms like the following :

—

A(a= + (P + (?2) + B(ai + de + gh) + C((k; + <f/+ gi)

=o(Art + B6+Cc) + (i(;Arf+Bc + 00+5r(A3+BA+Ci)
= rtA ; &c.

Recipro-

cal of

strata.

- When this strain is produced in a piece of matter, the umnoncal

value of the determinant obviou.sly cannot be negative.
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Hence when we apply (2) to a figure previously strained by the

reciprocal of (1) the result is the strain (1'). Hence we verify

that the latter is the conjugate of (1) ; as it possesses the properties
described in § 90, all of which are thus established,

^alysis -To analyse a strain in the simplest manner, we must find the axes

of strain, of the strain ellipsoid (§ 88), as well as the original radii of the
unit sphere whicn were distorted into them. It is more direct,

however, to consider the ellipsoid which becomes a unit sphere in
consequence of the strain. The equation of that ellipsoid is

or, with the notation employed in (2) above,

ax' + ey- + is' + 25a;y + 2(3ysi + 2yzx- 1

.

But the square of any radius-vector is

x' + y' + s'— r', suppose.

ITio maximum radius-vector, therefore, of the ellipsoid is found
.fOm the two equations

(ocr •»- Sy -I- yz)dx + (ix + ey + ez)dy + {yx + $y-[- iZjaz= 0,

xdx -h ydy + zdz -^
.

Pc^^e, ]i being a numerical quantity-to be found,

ta-Viy + yz-px,

ix + ty + Pz-py, •. (4).

yx + Py + iz-'pz.

, ifaltiply respectively by x, y, z, add, and take accoimt of the

^0 preceding unditferentiated equations. We thus have

^pX p ^ tne reciprocal of the square of the maximum semi-axis
required.

(
But, if we eliminate x, y^ ands simultaneously from the preceding

linear equjtions, we have

= 0.

iies of This diuatiou is known to have three real positive roots, because

the strain the determinant is symmetrical. The roots are the squared

sllipsoid. reciprocals of tho eemi-axes of the ellipsoid, i.e., they are the
squares of the semi-axes of the strain ellipsoid.

When the three values of p have been found from this equation,
any two of the equations (4) give in an unambiguous form the
coiTcsponding values of the ratios x : y : c for each of them. Thus
wo know the original positions of the lines which become the axes
of the strain ellipsoid. Their final positions are found from these

by means of (A). And, since we thus know the original and final

positions of the .rectangular system, the method of Rodrigues
enables us to calculate the axis and amount of the rotation.

One line. In homogeneous strain, one direction at least is unchanged.
at least. This is an addition to, or extension of, the singular result of § 75.

ohaltered For, if x, y, z be shifted to a point on its radius-vector, we must
in ditec- have'

tion, ax + hy +,^= ex

dx + nj \fz =

gx + hy + iz =

/ = 0,

a cubic equation, which must have one real root,

fetrain a When the figure is rigid, the strain must be a rotation only,
more Hence in the formulre (A ) above we have ei=-«g=<!3=]. Thus the
rotation, last written eouation becomes

h-f h h

or (by the properties of the direction cosines of a set of rectangular
axes)

1 - (Z, -I- OTj -f tijXc - 1') - e' = .

This has, of course, the real root e = 1. But we also have

l+t(l-(^,+OTa-l-7^))-^€'-o.

This cannot have real roots if the coefficient of e lie between the
limits 2 or -2. But these are its greatest and its least possible
values. For, first, l^ ?« j, n^ may be each = 1 simultaneously. Here
we have

Or two of them may be each = -1, but then (to avoid perversion)

the third must be = 1. Then we have
(1-F€)= = 0.

In the first case the figure has no rotation.^ In the second it

rotates through an angle ir about the axis of e = 1.

The proposition that two pure strains succeeding one another Composi
usually give a rotational strain is proved at once by analysis. Let tion of

the pure strains be such that two pup

!>f = ax+ dy + cz,
s'^=''''=-

y' —dx+ cy + bz,

tf—cx +by+iz;
and

!if'=a'^+d'y'+c'z',

y'^d'x'+ eV-f 6V,

s" = cV-f6y-nV.
Then, writing only the second term of x" and the first of y" in

terms of x, y, z, we have

x^'= . . . . .^. . +ia'd +d'c + c'l>)y+ . , .

y"— {d'a + e'd + b'c)x+ -t- . . .

/'=... + '..+ ...
It is clear that, in general, this is not a pure strain. But it is

also clear that a third pure strain can be found whose application

in succession to the other two will give a pure strain.

For let the last equations be written

a;" = a"x + b"y + c"z ,

y" = d"x + c"y+f"z,

s"= g"x + h"y + i"z ;

and let us apply further the pure strain

al"=^' Jrly" -{-yz'

,

y"'= Sx" + ly" + ^z"

,

s;"= yi/' + l3y" + iz".

Then we have

x"'= +(a.l" + Sc" + yh")y+ . . .

y"'={Sa" + fd"+pf)x+ -I- . . .

«"'- ...
There are but thre'e conditions to satisfy, that this strain may be

pure. But we may accomplish this in an infinite number of ways,

for we have five disposable quantities, viz., the ratios of any five of

a, f, I, $, y, S to the remaining one. In a precisely similar-

manner we may show that three pure strains can be found, such
that their resultant is a mere rotation. In fact, all we have to dcr,

since two pure strains in general produce a-distortion accompauiexl

by rotation, is to apply a pure strain to anniliilate the distortion,

which can of course always be done.

§ 94. In general when a figure is continuously strained, Hetero--

wliich is usually the case in physical applications, at least gencous

until cracks occur, the strain is not homogeneous. But, on ^^^''^•

account of the continuity of the strain, portions indefinitely

near one another are strained indefinitely nearly alike.

Hence we may treat such a case by the ordinary process

for homogeneous strain, so long as we confine oiir attentior,

to small regions of the figure strained. A^^len there is,

discontinuity in the motion of a fluid, it is the common
practice to treat the motion as continuous by the fiction

ot an infinitely thin vortex-sheet separating the two
discontinuously moving portions. This is, in all likelihood,

physically true in ordinary fluids ; but, so far as the

imaginary frictionless fluid of the mathematicians is con-

cerned, it is a mere analytical artifice to enable us to carry

out the investigation. See Atom and Hydromechanics, in

which the mathematical theory of " vortex motion " is very

fully considered.

Suppose space to be uniformly occupied by points which are dis- Displace-

placed in a continuous manner. Let f, rj, f be the rectangular menta of i

componwits of the displacement of a point originally situated at system ot

X, y, z. The continuity of the displacement requires merely that points,

the diiferential coeflacients,- of all orders, of |, tj, (, with respect to

X, y, z (and any combination of them) shall be finite. That being

assumed, the displacement, parallel to x, of the point whose initia. -

coordinates wore x + ix, y + Sy, z + Sz (where ix, Sy, Sz are indefi-

nitely small quantities of the first order) is necessarily expressed by

df dP df

* dx dy ^ dz

Hence the relative coordinate of the second point with regard to

the first is changed from Sx to Sx + -i-Sx + -i^Sy + -i-Sz. And° dx (iy dz

I
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Constants similarly for tlio otlicr rclnlivo ronrdinates. Hence tlio strain in

oC tlio the immediate vicinity of tbo point x, y, z is given by

-^
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tte whole constrained to move in one plane, it is ea^y to

^ee that the complete path of any point E of -PQ is a
tnecies of- figure

ji eight; A por-

tion of that curve

pn each side of a
point of inftexioB

(where the -cur^

trature vanishes),

was- found to'

be , s'uiBciently

straight for prac-

tical purposes.

•feacei-' But the rigor-

Ier»ceH' ous soluti6n' of this problem has only been arrived at in

recent' times ; and the- beautiful device of Peaucellier,

/•hicb we will briefly explain, has led to a host of remark-

able investigations and discoveries in a field regarded till

jitely as perfectly Jio'peless. A simple mode of arriving at

I'eaucellier's result is as follows.

Let PQ, ^R (fig 32) be equal links, and PO a link of a

.different length, all jointed together at P, Suppose O to

tfl fixed, and Q and R, constrained to move in a fi.xed

straight line OQR, niiat is the relation between OQ and

OR 2 We have, if PS be perpendicular to QR,

0P==0S=-i-SP2,

<JP==QS=-t-SP=.:

'whence
0P= - QP= = 0S= - QS= = OQ.OR

.

Thus (he rectangle under OQ and OR is constant ; so

that, if R were to describe

a straight line, Q would
describe a.circle having O
on its circumference. In

practical application, to

l^eep 0, Q, R in one line,

the parts of the link-work

are doubled symmetrically

about that line, so that it takes the form of a jointed

Aombus PQP'R (fig. 33) with two equal links, PO, OP'
attached at the extremities p
of a diagonal. - As a very

curious result of this ar-

rangement, if OQ have its 0<C^._ q
lengthchanged by any very

small amount, the corre-

sponding change of length P'

of OR is directly as OR^ • ^'S- S3.

or inversely as 0Q-. Hence, as will be seen later, a con-

stant force (towards or from O) acting at Q will be balanced

by a force (from or towards 0) acting at R and varying

inversely as the square of OR.

Definitii

DYNAMICS.

and General Considerations.

Defini- §96. We commence with a few necessary definitions. A
tion of "physical particle " is a purely abstract conception, embody-
pliysic.ll

jjjg togetijef the ideas of inertia and of a geometrical point.
"

" It is, so to speak, a mathematical fiction, embracing only

those properties wliieh are required for our temporary
purpose. Any mass, however large, can be treated as a

particle, provided the forces to which it is subject are

exerted in lines passing through its "centre of inertia"

or " cetitre of mass " (this term will presently be defined),

so as to be incapable of setting the mass into rotation.

This is, to a first approximation, true of planetary motions,

but when we look more closely into that question, so as

fur instancoto tjake aocoHutxiKthe_oblatc Jorms^of the

planets, we have to deal^ith forces which produce rotatory

effects, such as "precession" and "nutation."

§97. The "quantity of matter" in a body, or tlip M.iss ami
" inass," is proportional to the " volume" and the " density" dousity.

conjointly. The "density" may therefore be defined as

the quantity of matter in unit volume.

If M be the mass, p the density, and V the volume of

a homogeneous body, we have at once

M = Vp

provided we so take our units mat unit of mass is the

mass of unit volume of a body of unit density. Hence
the dimensions of p are [ML'^].

As will be presently explained, the most convenient unit

mass is an imperial pound, or a yramiite, of matter.

g 98. The "quantity of motion," or the " mom.entuni,"'Monicn.

of a moving body is proportional to its mass and velocity t'""-

conjointly. As already stated this is, like velocityj a

directed quantity, or " vector." Its dimensions arc, of

course, [MLT-'].

§99. "Change of quantity of motion," or " chaiigo" of Clmiso ol

momentum," is proportional to the mass moving and the moi"'-'"-

change of its velocity conjointly.
*'""'

Change ot velocity is to be understood in the general

sense of § 32. Thus, with the notation of that section,'

if a velocity represented by OA be changed to, another

represented by OB, the change of velocity is represented

in magnitude and direction by AB.

§ 100. " Rate of change of momentum," ov " acceleration R.itc of

of momentum," is proportional to the mass moving' and ''i-;"'So of

the acceleration of its velocity conjointly. Thus (§ 3G)
J'"'"'^'"'

the acceleration of momentum of a particle moving in, a

curve is,Ms along the tangent, and Me'- p in the radius

of absolute curvature. The dimensions of this quantity

are [MLT"-].

§ 101. The "vis viva," or "kinetic energy," of a moving Kinctig

body is proportional to the mass antl the square ot the '-"cify.

speed conjointly. If we adopt the same units of mass

a,iid velocity as above, there is particular advantage in

defining kinetic energy as half the product of the mass into

the square of its speed. Its dimensions are [ML"T"'-].

§ 102. " Rate of change of kinetic energy," thus defined. Rate nf

is the product of the speed into the component of accelera- "^|;^^'S"

tion of momentum in the direction of motion.

For

of it.

= v(JIs:

The dimensions are [ML'-T"'].

§ 103. The " space-rate of change of kinetic energy " Is S|.

^m-'-^-:^^ Jls;

and its dimensions are [ilLT"-'j, the same as those <if

"force" (.5 10-1).

§ 104. "Force," as we have already seen, is any can<e Force,

which alters a body's natural state of rest, or of uniform

motion in a straight line.

The three elements specifying a force, ot the tnres

elements which vnust be known before a clear notion of

the force under consideration can be formed, are— its placo

of application, its direction, and its magnitude. The place

of application may be a surface, as when one body presses

on another; or it may be throughout the whole mass of a

body, as iu the case of the earth's attraction foi; it.

The'" measure of a force " is the rate at v.'hich it produces

momentum, or the momentum which it produces iu unit

of time, ^^hich is the same as what we have already called

" rate of change of momentum."' According to this inclhod

of measurement Ihe standard or K.iit three w llnil fane
njiielij^aeliny on _ the nnit of matter^dnrjni^jhi^iih-iL (^



^ E C H A N I C S 090

ttitte, generates the unit of velocity. The dimensions of

force are tliereforo [MLT "''].

Absoluiii § 105. Hence the British absoluts unit force is the force

milt Which, acting, on one pouml of matter for one second,
r^'c-

generates a velocity of one foot per second.

British' [According to the system followed till lately in treatises

system, on dynamics, the unit of mass is (/ times the mass pf the

(Standard weight, </ being the niimerical value of the

acceleration produced (in some particular locality) by the

earth's attractioii. This definition, giving a varying unit

of mass, is exceedingly inconvenient In reality, standards

of weight are inasses, not forces. They are employed

primarily for the purpose of measuring out a definite

quautiti/ of matter, not an amount of matter which shall

bo attracted by the earth with a given force.]

§ 106. To render our standard intelligible, all that has

to be done is to find how many absolute units will produce,

in any particular'locality, the same effect as does gravity.

The way to do this is to measure the eft'ect of gravity

in producing acceleration on a body unresisted in any

way. The most accurate method is indirect, by means
of the pendulum. " The result of pendulum experiments

made at Leith Fort, by Captain Kater, is that the velocity

acquired by a body falling unresisted for one second is

at that place 32 'SOT feet per second. The variation in

gravity for one degree of difference of latitude about the

latitude of Leith is only '0000832 its own amount. The
average viilue for the whole of Great Britain difl'ers but

little from 32'2; that is, the attraction of gravity on a

pound of matter in the country is 32'2 times the force

which, acting on a pound for a second, would generate a

velocity of . one foot per second. Thus, speaking very

roughly, the British absolute unit of force is equal to

the weight of about half an ounce. The quantity of

32'2 feet per second per second is usually called </. Its

dimensions are obviously [LT'-J. And, if M be the mass

C G. S. of a body, its weight is Jl</. In the Centimetr-e-Gramme-
Kysleui. Second system of units, the absolute unit of force pro-

duces in one second, in a mass of one gramme, a velocity

d£ one centimetre per second.

ItEpru- '§ 107. Forces (since they involve only direction and
«eutatiou magnitude) may be represented, as velocities are, by
ut force, vectors, that is, by straight lines drawn in their direc-

tions, and of lengths proportional to their magnitudes
respectively.

Also the laws of composition and resolution o£ any
number of forces acting at the same point are, as we shall

presently show (§ 117), the same as those which we have
already proved to hold for velocities ; so that, with the

substitution of force for velocity, § 30 is still true.

Cora- § 108. The " componeftt " of a force in any direction is

iwnents therefore found by multiplying the magnitude of the force
of force,

ijy j]jg cosine of the angle between the directions of the

force and the component. The remaining component in

this case is perpendicular to the other.

It is very generally convenient to resolve forces into

components (larallel to three lines at right angles to each
other, each such resolution being effected by multiplying

by the cosine of the angle concerned.

The magnitude of the resultant of two or of three forces

in directions at right angles to each other is the square
root of the sum of their squares.

Centre of § 109. The "centre of inertia or mass" of any system
iua»3. of material particles whatever (whether rigidly connected

with one anothor, or connected in any way,"or quite

detached) is a point whose distance from any plane is

equal to the sum of the products of each mass into its

distance from the same plane, divided by the sura of the

masses.

The distance from' the plane >/z of the centre of inertia

of masses- TOj, in„, &c., whose distances from tne piano are

aij, x,„ (fcc. , is therefore

_ 2(to»)
.""

S(m) •

and .similarly for the other coordinates.

llenco its distance from the plane

_ _ _ 2{m(A2; + ^2/ + j/j-a)] .s(m5)
e-^+Fn+^'-c'-'- r^^ -ii^y

as stated above. And its velocity perpendieular to that plane i»

dJ) 1 ^ \ r dx dy dz\\ V dl )

-dt'^n~V'Vdt^;'dt-^''Tl)\-T^'
from which, by multiplying by 2w, aud noting that S is thq dis-

tance of a;, y, z from 5 = 0, \ve see that the sum of the momenta of

the parts of the system in any dhection is equat to the momentujD
ill that direction of the whole mass collected at the centre of mass.

The problem of finding the centre of inertia of any given

distribution of matter is a question of mere mathematics.

We must confine ourselves to a few examples only. And,
first, we may note that when a body is symmetrical about

a plane the centre of inertia must obviously lie in that

plane. Thus, as an ellipsoid and a rectangular parallele-

piped have each three planes of symmetry, their centres of

inertia lie at their centres of figure, where' these planes

meet. Again, it is obvious that, if a body can be divided

into parts the centres of inertia of which lie on a straight

line, the centre of inertia of the whole is in that line.

Thus, as a triangular plate may be divided into strips

parallel to one side, every one of which has its centre of

inertia at its middle point, the centre of inertia of sucha
plate is the point of intersection of the bisectors of the sides.

Its distance from any one side, treated as base, is therefore

one-third of the height. Again, 'if a triangular pj'ramid

(or tetrahedron) be divided into triangular slices by planes

parallel to one face treated as base, the centres of inertia ,

of all the slices lie in a straight line. Hence the distance

of the centre of inertia from the base is one-fourth of the

height. If the base be of any other form, it may be divided

into triangles, iind thus the whole pyramid (or cone) into

tetrahedra, for each of which the same property holds.

Hence the centre of inertia of a pyramid divides, the line

joining the vertex to the centre of inertia of the base in the

ratio 3 : 1. All this is on the supposition that the solids

treated of are of uniform density. When we deal either

with more complex forms or with heterogeneous bodies, we
must in general have recourse to integration.

For a continuous body we must take an element of mass, say

p^xSijdz, at the point x, y, z instead of the mass m in our original

formula. The *ums then become integrals, and we have three

expressions of the form

fffpxdxdydz

fffpdxdydz

Here p represents the density at x, y, s ; and the integration

e.xtoads through tlie whole volume of the body.

Thus, for a homogeneous hemispliere of radius a we have, taking

the base as the plane of yz,

./: r(a- - x^)xix

Tlie same value would be obtained for any semiellipsoid; whatever

be the diametral section, provfded o be the height measured per-

pendicular to the base ; and, in general, from the position of the

centre of inertia of any body we may at once find that of the same

body homogeneously strained.

Recurring to the hemisphere, sappose its density to be at every

point proportional to the distance from the centi-e. Then we have,

omitting common constant factors of numerator and denominator,;

fa fJ^^^ ,

/"^/^
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by tie well-known result due to Archimedes. From this, hy
taking concentric hemispherical elements, we may reproduce the
preceding result for a solid hemisphere in the fbrm

..X 2irx-dx . X . ^x

/:
Here the first factor under each integral sign is the volume of the
hemispherical element of radius x, and the second is proportional

to its density.

If the density of a thin unifoiin spherical shell be everywhere
proportional to the inverse cube of the distance from an internal

point, that point is the centre of inertia. For, if a double cone of

small angle be drawn, having that point as vertex, the volumes of

the portions of the shell which it cuts out are as the squares of
their distances from the vertex. Hence their masses are inversely
as their distances from the vertex, which is thus their centre of
inertia. The whole shell may be divided into pairs of elements
for each of which this is true.

The reader may easily prove that, if the density of a solid sphere
be inversely as the fifth power of the distance from an external
point, the *' electric image" of that point is the centre of inertia.

It may be proved in the last two examples that this point is

not merely the centre of inertia of such distributions of matter,
ibut that It is also a true " centre of gravity " in the sense that the
whole attracts, and is attracted by, any other body whatever, as if

J its whole mass were concentrated in this point.

Moment § 110. By introducing in the definition of moment of
of mo- velocity (§ 46) the mass of the moving particle as a

; factor, we have an important element of dynamical science,

tlie " moment of momentum." The laws of composition
and resolution are the same as those already explained.

• Its dimensions are [MX"T'j].
Work. §111. A force is said to " do work " if it moves the body

to which it is applied ; and the work done is measured by
the resistance overcome, and the space through which it

is overcome, conjointly. The dimensions of work are
therefore [MLT'^.L] or [ML^T-=], the same as those of
kinetic energy.

\ Thus, in lifting coals from a pit, the amount of work
done is proportional to the weight of the coals lifted

;

that is, to the force overcome in raising them ; and also to

the height through wliich they are raised. The unit for

the measurement of work, adopted in practice by British

engineers, is that required to overcome the weight of a pound
through the height of a foot, and is called a " foot-pound."

In purely scientific measurements, the unit of work is

not the foot-pound, but the absolute unit force (§ 105)
acting through unit of length.

If the weight be raised obliquely, as, for instance, along
a smooth inclined plane, the distance through which the
force has to be overcome is increased in the ratio of the
length to the height of the plane; but the force to be
overcome is not the whole weight, but only the resolved
part of the weight parallel to the plane ; and this is less

than the weight in the ratio of the height of the plane to
its length. By multiplying these two expressions together,
we find, as we might expect, that the amount of work
required is unchanged by the substitution of the obliaue
for the vertical path.

Generally, if s be an arc of the path of a particle, S the tangential
component of the applied forces, the work done on the particle
between any two points of its path is

/Srfo,

taken between limits corresponding to the initial and final positions.

. Referred to rectangular coordinates, it is easy to see, by the law
of resolution of forces, § 117, that this becomes

where X is the eomponent force parallel to the axis of «.

§ 112. Thus it appears that, for any force, the work done
i

during an indefinitely small displacement of the point of

application is the product of the resolved part of the force

in the direction of the displacement into the displacement.

From this it follows that, if the motion of a body be

always perpendicular to the direction in which a force

acts on it, the force does no work. Thus the mutual normal
pressure between a fixed and a moving body, the tension

of the cord to which a pendulum bob is attached, the

attraction of the sun on a planet if the planet describe a
circle with the sun in the centre, are all cases in which no
work is done by the force.

In fact the geometrical condition that the resultant of 5, Y, Z
shall be perpendicular to ds is

ds as as

and tills makes the above expression for the work vanish.

§ 113. Work done on a body by a force is always shown Transfor-

by a corresponding increase of kinetic energy, if no other mation ol

fOTCes act on the body which can do work or have work ^^''"'''•

done against them. If work be done against any forces,

the increase of kinetic energy is less than in the former

case by the amount of work so done. In virtue of this,

however, the body possesses an equivalent in the form
of " potential energy," if its physical conditions are such Potential

that these forces will act equally, and in the same direc- energy,

tions, when the motion of tlie system is reversed. Thus
there may be no change of kinetic energy produced, and
the work done may be wholly stored up as potential energy.

Thus a weight requires work to raise it to a height, a

spring requires work to bend it, air requires work to com-

press it, (fee; but a raised weight, a bent spring, compressed

air, &c., are stores of energy which can be made use of at-

pleasure.

As an illustration of the calculation of work, take the Bxamples

following question. °^ work.

Suppose one end of an elastic strir>g to be attached to a

mass resting on the ground, what amount of work must be

done, in raising the other end vertically, before the mass
is lifted 1

If X be at any ittttant the length of the string, I its

original length, its tension is

Hence the value of x, vrhen the mass is just lifted, is

where W is the weight of the mass.

The whole work done is the sum of all the elementary

instalments of the form

Ili

—

y~dx .

I to x = x^, SO that

I

These must be summed up from x
the result required is

It is to be observed that this quantity becomes less in

proportion as E is greater, i.e., the less extensible is the

string.

An interesting variation of the question consists in supposing
the upper end of the string to be attached to the rim of a wheel,
rough enough to prevent slipping. Here the various portions of
the string are wound on in a more and more stretched state as tho
operation proceeds.

At any stage of the operation let x be the unstretched length of

the part already wound on the wheel. The tension of the free part
is then

During the next elementary step of tho process a portion (fs is

wound on. But its stretched length is

tdx

I
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Hcnco tlic cloincnt of work is

yrfa;

,

This must bo inlcratcil Uetweoii tlie limits and W of

or frora^-a: = ^ to i~x aud the result is

Physic.ll

measure-

ment of

time,

Measure

of force.

Com-
position

rf lOrcee.

K + W

^(W + Elog^);
tvliicli, when E is very great compared with ^Y, gives the previous

result.

Further Comments on the First Two Laios of Motion.

§ 114. We are now prcplrcd to consider, more closely

than we could at starting, the bearing of the various clauses

of each of Newton's Laws. Thus, from the first law we
may draw the following immediate consequences.

The times during which any particular body, not com-

pelled by force to alter the speed of its motion, passes

through equal distances are equal. And, again, every

otlier body in the universe, not compelled by force to alter

the speed of its motion, moves over equal distances in

successive intervals, during which bhe particular chosen

body moves over equal, distances. The earth, in its rota-

tion about its axis, presents us with a case of motion in

wliich the condition of not being compelled by force to

alter its speed is more nearly fulfilled than in any other

which we can easily or accurately observe. Hence the

numerical measurement of time practically rests on defin-

ing "equal intervals b( time" as times dwiny whieh the

eiirlh turns through equal anf/les.

§ 115. It has been objected to this statement that we
begin by defining uniform motion by the description -of

equal spaces in equal times, and then employ this defini-

tion as a mode of measuring equal times. The objection,

however, is not valid ; for, if we agree to measure equal

intervals by the undisturbed motion of any one physical

mass, we find that in the successive intervals so determined

all other absolutely free physical masses describe successive

equal spaces.

§ 1 1 6. Again, from the second law we see that, it we
multiply the change of velpcity, geometrically determined,
by the mass of the body, we have the change of motion

(§ 99) referred to in the law as the measure of the force

which produces it. In the statement of the second law
there is nothing said about the actual motion of the body
before it was acted on by the force ; the .same force will

produce precisely the same change of motion in a body
whether the body be at rest or in motion with any velocity

whatever. Again, nothing is said as to the body being
under the action of one force only ; so that we may logically

put part of the second law in the followiug (apparently)

amplified form :

—

iFhen any forces luhatever act on a body, then, whether
the body he origiHallij at rest or moving with any velocity

and in any direction, each force produces in the body the

exact cltange of motion which it would have produced if it

had acted singly on the body originally at rest.

§ 117. Since now forces are measured by the changes of

motion they produce, and their directions assigned by the
directions in which these changes are .produced, aud since

the changes of motion of one and the same body are in

the directions of aud proportional to the changes of velocity,

a single force, measured by the resultant change of velocity,

and in its direction, will be the equivalent of any number
of .simultaneously acting forces. Hence

The resultant of any number of forces (applied at one
point) is to he found by the same geometrical jrrocess as tlie

resultant of any number of simultaneous.velodtits.

From this follows at once (§ 30) tho construction oi the

" parallelogram of forces " for finding tho resultant of

two forces acting at the same point, and the " polygon of

forces " for tho resultant of any number of forces acting at

a point. And, so far as a single particle is concerned, we
have at once the whole subject of Statics.

§ lis. The second law gives us the moans of measuring Measure

force, and also of measuring the mass of a body. of mass,

For, if we consider the actions of various forces upon "^.^^^

the same body for equal times, we evidently have changes

of velocity produced which are proportional to the forces.

The changes of velocity, then, give us in this case tho

means of comparing the magnitudes of different forces.

Thus the speeds acquired in one second by the same mass

(falling freely) at different parts of the earth's surface give

us the relative amounts cff the earth's attraction at these

places.

Again, if equal forces be exerted on difTerent bodies,

tho changes of velocity produced in equal times must be

inverselj/ as the masses of 'the various bodies. This is

approximately the case, for instance, with trains of various

lengths drawn by the same locomotive.

Again, if we find a case in which different bodies, each Gravity,

acted on by a force, acquire in the same time the same changes

of velocity, the forces must be proportional to the masses

of the bodies. This, when the resistance of the air is

removed, is the case of falling bodies; and from it we

conclude that the weight of a body in any given locality, or

the force with which the earth attracts it, is proportional to

its mass. This is no mere truism, but an important part

of the grand Zaio of Gravitation. Gravity is not, like

magnetism for instance, a force depending on the quality

as well as on the quantity of matter in a particle.

§119. It appears, lastly, from this law that every "Transla-

theorem of kinematics connected with acceleration has its t'"" ^^
counterpart in kinetics. Thus, for instance (§ 36), we

^^^^^
see that the force under which a particle describes any»int(,

curve may be resolved into two components, one in the kinetica.

tangent to the curve, the other toivards the centre of cur-

vature,—their magnitudes being the rate of change of

momentum in the direction of motion, and the product of

the momentum into the angular velocity about the centre

of curvature, respectively. In the case of uniform motion,

the first of these vanishes, or the whole force is perpen-

dicular to the direction of motion. When there is no force

perpendicular to the direction of motion, there is no

curvature, or the path is a straight line.

Hence, if we resolve the forces acting on a particle of mass m,

wliose coordinates are x, y, z, into three rectangular componenta

X, Y, Z, we have the eq^uations origiirally given by Maclaurin, viz.,

d-x „ d-y -- drz „

"W^- "'rfF-^' "'d?"^-

In several of the examples which follow, these equations will be

somewhat simplified by assuming unity as the mass of the moving
particle. When this cannot be done, it is sometimes convenient

to assume X, Y, Z as the component forces on unit mass, and tho

previous equations become ,

from which m may of course be omitted.

[Sotao confusion is often introduced by the division of forces into

"accelerating" and "moving" forces; and it is even stated occa-

sionally that the former are of one, and the latter of /our linear

dimensions. Tho fact is, however, that an equation such as

(Px

df
= X

may be interpreted either as dynamical or as merely kinematical.

If kinematical, the meanings of the terms are obvious ; if dynamical,

the unit of mass must be understood as a factor on the left-hand

side, and in that case X is the a'-component, per unit of mass, of

the whole force exerted on the moving body.]

If there be no acceleration, we have of course equilibrium amonft
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the forces. Hence the equations of motion of a pavtide are changed

into those of cijuilibrium by putting

Statical §120. We have now all that is necessary for the

friction, dynamics of a single particle, with exception of the experi-

mental laws of friction. These, very nearly as they were

estalilished by Coulomb, we will now give.

To produce sliding of one flat-faced solid on another

requires a tangential force which is dkectly proportional

to the normal pressure between the surfaces, and whose

actual magnitude is found from this pressure by means of

a factor called the " coefficient of statical friction." This

coefficient depends upon the nature of the solids, the

roughness or smoothness of the surfaces in contact, and the

amount of tallow, oil, &c., with which they have been

smeared. It also depends upon the time during which

they have been left in contact. It is only in extreme cases

dependent on the area of the surfaces in contact.

§ 121. When the forces applied are insufficient to pro-

duce sliding, the whole amount of friction is not called

into play ; it is called out to an amount just sufficient

to balance the other forces. Thus there are two quite

distinct problems connected with the statics of friction:

—

the first, to determine the amount of friction called into

play under given circumstances ; the second, to find the

limiting circumstances under which, with friction, equili-

brium is possible. When motion is produced, there is

still friction (now called " kinetic"). It follows the same

laws as does statical friction, only that the coefficient,

which is approximately independent of the velocity, is

Visually considerably less than the statical coefficient.

Sialics of a Particle.

§ 122. By § 117, forces acting at the same point, or on

the same material particle, are to be compounded by the

same laws as velocities. Therefore the sum of their re-

solved parts in any direction must vanish if there is equi-

librium ; whence the necessary and sufficient conditions

are found by resolving in three directions at right angles

to one another. .

They follow ateo directly from Newton's statement with

regard to work, if we suppose the particle to have any

velocity, constant in direction and magnitude (and by § 6

this js the only general supposition we can make, since

absolute rest has for us no meaning). For the work done

in any time is the product of the displacement during

that time into the algebraic sum of the effective com-

ponents d the applied forces, and there is no change of

kinetic energy. Hence this sum must vanish for eveiy

direction. Practically, as any displacement may be

resolved into three, in any three directions not coplanar,

the vanishing of the work for any one such set of three

suffices for the criterion. But, in general, it is convenient

to assume them in directions at right angles to each other.

Hence, for the equilibrium of a material particle, it is

necessary, and sufficient, tliat the (algebraic) sums of the

applied forces, resolved in any one set of three rectangular

directions, should vanish.

This statement gives at once the result that, if Xj, Yi, Z,,

Xj, Yj, Z„, &c., be the components (parallel to the three axes) of

the forces Pj, Pj, &c., acting; on the particle, we must have

S(X) = 0, 2(Y) = 0, S(Z) = 0,

Wlien these conditions arc not satisfied, there is a resultant force

f, with direction cosines \, jx, v, such that

P\ = 2{X), Pm = 2(Y), Py= 2(Z).

§ 123. By far the most extensive series of examples of

the composition of forces acting on a single particle is

furnished by the theory of " attraction," where each particle

of the attracting mass exerts upon the attracted particle a

Kinetic

friction.

EqniU
briurtl

nf a

particle.

force in the direction of the line joining them, and of

magnitude depending on their masses and their, mutual

distance only. See Potexiial.

§ 12f. When there are but three forces acting on Die Examples^

particle, their directions to give equilibrium must obviously of particle I

be in one plane, r.. For, if the third were not in the plane f.."'""
, , .11, . , uj'nun.

of the other two, it would have an uncompensated com-

ponent perpendicidar to that plane. Hence this case is

always at once reducible to the triangle or the parallelogram

of forces ; and the magnitudes of each of the three forces

are respectively proportional to the sines of the angl-es

between the directions of tlie other two.

Thus, when a pellet is supported by two strings, as in

fig. 34, we may proceed as follows to determine their

tensions. Let P be the pellet, of

weight W, and let AP, BP be the strnigs

attached to points A and B respectively.

Let their tensions be T and T'. The
remark above shows that the strings

must hang in a vertical plane, since the

force W acts in a vertical line. Since

A, B, and the length of the strings are

given, the figure is perfectly definite.

Draw Py vertically upwards, and make
its length represent, ou any assumed

scale, the value of W Draw 7/? ' '=' ''~"

parallel to AP, and let it meet BP in p. Then (3y icprosBnta

T, and P^ represents T', in direction and also in magni-

tude, on the same scale in which yP reiiresents \<. This

case leads to nothing but the determination of the tensions,

since the form ot-the figure is definite.

Next, let one of the tensions be given in ningnituJe. To

effect this, we may suppose the end of PI-5 not to be

fastened at B, but to pass over a smooth pulley and

support a weight Q. Let fig. 35 represent the state of

equilibrium, and let the same construc-

tion as before be made. Then we must

have yP : P/3 : : W : Q ; or, writing it

in terms of angles,

sinAPB:sinAry::W:Q.

A and B and the direction of yP
being given, this datum suffices for the

drawing of the figure ; i.e., for the

calculation of the angles. A little con-

sideration will show that, however small

Q be, provided the string supporting

it be long enough, there is always one

definite position of equilibrium. The
actual calcitlations in such a cii.se as this

are troublesome. It was chosen mainly

on that account, so as to show, in a

simple case, how pure geometrical pro-

cesses may occasionally save the neces-

sity of a tedious trigonometrical in-

vestigation. But a still simpler method

will be afterwards explaiued, viz., that,

for a position of stable equilibrium,

the potential energy must be a minimum.

this to our example, we see that any downward displace-

ment of Q produces an upv/ard motion of P. But when

AP is nearly vertical the vertical displacement of P is

indefinitely smaller than that of Q, so that Q must go

down. On the other halid if APB be nearly a straight

line, a displacement of P produces an indefinitely smaller

displacement of Q. Hence P must go down. And these

results are in character independent of the relative magni-

tudes of P and Q, provided both be finite.

Finally, let both tensions be constant. Here we must

imagine pulleys both at A and at B (fig. 36), with weights

Now,' to apply
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R and Q attached to the ends of the stringa. But now

we see that we mast have the limiting condition

R + Q>W.

This 18 merely the geometrical condition that

Hero the magnitudes of all throe sides of P/3y are given.

Hence its angles are given, and the sole position of equili-

brium is-at oncefound.i

Particle § 125. Now take the case of a particle resting on a surface.

oD fixed As we are concerned only with the portion of the surface

sartiice. inimcdiately contiguous to the position of the particle, we

may substitute for it its tangent plane at that point (except,

of course, at singular points, where there may be an infiuite

number of tangent planes ; but such cases we do not con-

sider). Hence the problem reduces itself in all cases to

that of a particle resting on an inclined plane.

If the plane be smooth, the particle cannot remain in

equilibrium unless some force is present to prevent its

sliding down. Let us suppose it to be supported by a

force, F, acting upwards along the plane (fig. 37). Then
we have three forces at work :

—

the weight P acting vertically

downwards ; the supporting

pressure of the plane R, which
necessarily acts perpendicularly

to the surface; and the third

force, just mentioned, which
we see by previous considera- ^'''S- 37

tions must be in the plane of the other two, and must
therefore lie along the line of greatest slope of the plane.

We might construct a triangle of forces as in the previous

examples, but we will now vary the process, and resolve

the forces in two directions at right angles to one another
in their common (vertical) plane.

Let a be the angle of inclination of the plane to the
horizon, then the algebraic sum of the components of the
forces must vanish both horizontally and vertically. This
gives us the two conditions

Fcosa-Rsina-O, Fsina + Rcosa-P=
From these we obtain at once

F= Psino, R-Pcosa
Now the choice of mutually perpendicular directions in
which to resolve was at onr option, and we see that had we
chosen to resolve along and perpendicular to the plane we
should have obtained the last two equations, which are
equivalent to, but simpler than, the former ones, which
were obtained by resolving horizontally and vertically.
Theoretically speaking, it does not matter which system
we choose

; in practice, however, it is well to select the
directions which will give the required results in the
simplest form. The full value of a proper selection will
not be felt till we come to the statics of a rigid solid.

Faction. If we suppose the plane to be rough, friction alone may
suffice to develop the requisite force F. But the utmost
va ue of the friction is (§ 120) ^iR. Hence the particle
will be on the point of sliding if

MR = F=Psma.
Divide the members of this equation by those of

R=Pcoso,
and we find

/< = tana

Hence, so long as the coefficient of friction is greater than
the tangent of the inclination of the plane to the horizon.

0,lr7^^'"^
a sumed here, what is properly part of the results of theMird law of motion, that the tension of a weightless etring. passing

the friction will suffice to prevent sliding. More and more Angle of

is called into play as the inclination of the plaue iucreases, repose.

and fiually when
tana— ft

the particle is jnst about to slide dowa This simple idea,

taken along with Coulomb's results (§ 120), points to a
very easy method of determining the coefficient of friction

between any two substances. The limiting angle defined

by
a= tan-^/i

is called, on account of this property, the " angle of repose."

§ 12G. Let us now suppose the particle to be, in part, r-jp^oit

supported by an elastic string fixed at a point in the plane, l»y 'lastic

and lying in the line of greatest slope. (This modification """S-

is introduced to show the nature of cases in which there

are limits between which equilibrium is possible.) We
assume " Hooke's Law," viz., that the tension of an elastic

string, drawn out from its natural length I to length C, ia

expressed by

where E is a definite constant, representing theoretically

the tension which would just double the length of the
string.

Our equations are exactly the same as before, only that
F consists now of two parts,—one due to friction, the other
to the elasticity of the string. Thus

F-F, + E^^-Psm<i R = Pcosa

Now, when sliding is about to commence downwards
jve have

Fi=/iR.

If the particle is about to be dragged upwards,

F,= -^R

Hence for the two extreme positions of equilibrium

±^Pcosa + E-^ = P8ma .

Hence the limiting positions of equilibrium of the particle

are given by its distance from the fixed end of the string

—

VI
Z'= / + g (sinaT^coso)

If I' be less than the smaller of these, gravity puUs the
particle down , if it be greater than the larger of them, the
tension of the string pulls the particle up. In intermediate
positions the full available friction is not called into play.

§ 127- Next, let a small ring P (fig. ?8) be attached to one Eqoili.

end of a string. Let the string pass round two smooth '"ium

pulleys B, C, at different points, then be passed through '"'"' *

the ring, then round two more pulleys D, E, and through ofcq^
the ring again, and so on,—the other end being either forees

fastened to the ring or „ tending

attached to a fixed point. '^ /\ *° ^""
It is j-equired to find the A l\ P"'"'^

position of equilibrium of

the ring when the string

is drawn tight, by operat-

ing on the lap of it behind ^

two of the pulleys.

This is equivalent, from
the physical point of view, Fig. 38.

to finding the position of equilibrium of a particle acted
on by a number of eqaal forces each directed towards a
given point From the geometrical point of view its

solution obviously answers the question, " Find the point
the sum of whose distances from a number of given points

is the least possiole." The points need not lie all in one
plane. The solution is, from the polygon of forces, that in
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the equilibrium position the laps of the string, from the

ring outwards, are parallel to the respective sides of a

closed equilateral polygon, taken

all in the same direction.'^ That c

the solution is unique will be seen

at once by considering a displace-

ment ^of the ring, for the resultant

of the forces obviously tends to

diminishthe displacement. When °
'"^nJ

there are but three forces, their

directions must be inclined at °'

angles of 120° to one another (fig. 39). Thus we have

immediately the solution of the celebrated geometrical pro-

blem, " Find the point the sum of whose distances from

three given points is the least possible."

Indetev- § 128. If, in the first problem of § 124 above, the particle

jninate- were supported by three strings, instead of two, each
Bess of attached to a fixed point, we should first have to assure
°° ""'

ourselves that all three are brought into play. For, if not,

the problem is reduced to the former case. The obvious

condition is that, when the three strings are simultaneously

tight, and the points of suspension are not in cne vertical

plane, the particle supported shall be situated icithin the

triangular prism formed by vertical planes passing through

each pair of points. If this condition be satisfied, the pro- '

cess for determining the tensions of the strings is merely to

construct a parallelepiped, three of whose edges lie along

the strings, while the conterminous diagonal is vertical

This leads to an obvious geometrical construction ; and,

when it is carried out, the lengths of the various edges are

to the diagonal as the corresponding tensions to the weight

of the particle. AVhen the three points are in one vertical

plane, nothing short of infinitely perfect fitting will, in

general, bring all three strings simultaueouslytight ; and

in this case the problem, mathematically considered, is

indeterminate.! When the strings are sufficiently exten-

sible, all will be brought into play ; and, with suflicient

lata, the problem is determinate.

Kinetics of a Particle with One Der/rei: of Freedom.

§129. Here the motion is rectilinear, or at least, takes

place in some assigned curve.

The simplest case is that of a falling stone, when the

effect of the resistance of the air is set aside and the

acceleration due to gravity is reckoned the same at all

elevations: This has already been treated with suflicient

detail as a matter of pure kinematics, §§ 28, 29.

Sliding § 130. Vi'hen the particle, instead of falling freely, is con-

on in- strained by a smooth inclined plane on which it slides, we
"'.'"^ see that (so long as it moves on the line of greatest slope)
^"'*'

its weight M,(7 has components, M^rsina tangential to the

plane aud Mjrcosa perpendicular ' to it, a being the

inclination of the plane to the horizon. The latter com-

ponent produces the normal pressure on the plane, and

is the only contributor to it, since there is no curvature.

The former produces the acceleration of the motion.

Thus the acceleration is now jrsina only; but, with this

change, the results of § 29 still hold,

plane § 131. If the plane be rough, with coeflScient of statical

rough, friction fx, it can furnish (§ 120) a force of friction tending

to prevent motion, of any amount up to

/iMtycosa

.

If this be less than Jf^sina, motion will commence, and

the force accelerating it will be

MgrsiBa-M'Mi/cosa,

where y! is the coefficient of kinetic friction (§121). Thus the

Body
falliug to

earth

Of course, physically, there is no indetcrminateness, even with

^tcitectly inextensihle strings.

same results as in § 29 still hold, but with g (sina - ju'cosa)

instead of g. As we have seen that /x'<//, ucceleratccl

motion can take place down an inclined plane in certain

cases where the mass, if once at rest, would not start.

§ 132. As a slightly more complex case, let us now take

again the problem of free motion in a vertical line, but
allow for the diminution of gravity as the distance from
the earth increases.

The weight of a p.irticle of mass m at the earth's surface i» mg.
At a distance x from the ccuti'c, it is, therefore

where B is the radius of tho earth, supposed spherical. ' This acts

downwards, or in the direction opposite to that iii which x increases.

Hence, equating it, with its proper sign, to the rate of acceleration

of momeutura, we have for the equation of motion

Hero tho right hand member is a function of x only.

Multiply by xdt, aud iutcgi'ate, and wc have, leaving out the ex-

traneous factor jjt (the possibility of doiug this showing that the
motion is the same for all masses),

X

If V he the .'^locd at tho earth's sui'faco (where x=V\),

iV= + C = Ej.

Also if the particle tiuns, to come down again, at the height

h above tho sm-facc.

Hence

This shows tho amount of error in the approximate formula (§ 28)

for projectiles,

—

K tho particle ho supposed to have been originally at rest, at a MeteoritQ
practically infinite tUstancc from the earth (a case which m.iy occur

with a meteorite for instance), wo have * = when a;=iio, and our
formula becomes

" X

The speed with which the mass reaches tho surface (where

x= 'R) is therefore \/2g\\, i.e., that which it would acquire by
falling, under consUmt acceleration 'j, through a height equal to

the earth's radius.

In this spcciiJ case, the second integral is

Tho second integral, in its general form, is a little complex
;

but we may avoid it by means of a geometrical construction,

founded on the results of tho investigation of planetary motion
soon to be given.

§ 133. Let us next take a case in which the accelera- \\,,\\:

tion depends upon the speed of the moving body. A stono or

sufficiently simple one is furnished by a falling raindrop, '''''"'"

or hailstone, when the resistance of the air is taken into
°'''

account. For the moderate speeds with which such bodies

move, the resistance varies, at least aiiproximately, as the

square of the speed. To avoid needless complexity, we
neglect here the variation of gravity due to clianges of

vertical height.

Suppose the particle to have been projected vertically upwards

from the origin with the speed V, and let j> be its 5l>eed at any tinio

t, and X its distance from the origin at that time.

If we assume i'to be the speed with which the particle must movo
so that the retardation duo to tUe resistance may bo equal to g, the

retardation when tho speed is v will be i-eiircsented by g-^ ,

Let tho axis of x bo drawn vertically upwards ; then tho resist-

ance acts icilh gravitj', and the equation of motion upwards is'

''H__iLfz.! + ,,-!

4"=-^(^+-).
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Integrating, and (lotermining the constants so that, when
x — 0, < - and d - V, wo obtain

~ = tan-'-; tan '-7- — tan ',. .
. \,. >

Let T bo the time at which tho speed becomes zero, and 7i the

corresponding valuo of x, then

T = -tan-'^, and;t = -^log(l + ^).
After this the particle begins to return ; the resistance therefore

acts agaiiist gravity, and the equation of motion is

Integrating, and determi

c-A and ( = T. wo obtain

2?,

;
the const' iits SO that, when v=0,

y-T) = lo;

27,

k-'
|(/i-aO = los

'k + v'

k--i

(It must be remembered that v is now negative.)

Let U be the speed with wliich tho particle returns to the

roiut uf projection ; then, putting x=f) in the latter cc[uation, we
obtain

or, substituting for li its value,

l? l + Y'^jk-'

whence

i_l_J-
U^ V= k'

Terminal It is to be observed that k is the " terminal velocity," as it is

Telocity, called, i.e., the speed to which that of a falling body continually

tends, whether its original spoed have been greater or less than
tliis limit.

It is to be observed also that (strictly) we should write j/ (1 - a)

for g, where a is the specific gi-avity of air, to take account of the
apparent loss of weight of a raindrop on account of immersion in

air.

"When k is very large, i.e., the absolute amount of resistance

very small, as in the case of air, the general integrals in the second
case above become, by expanding the logarithms,

.

1fc''"^'-T+3F+ • •
•

Simple
pendU'

lum.

of which tho terms independent of k are

r--3(i-T),
v'-2g{h--x).

These, if we remembei- that i - T is the time of fall, and k-x the
space fallen through, arc at once recognized as the ordinary formulas
of § 28. The modification due to the resistance is shown ajjproxi-
mately by the second terms on the right-hand side of the develop-
ments above
The necessity for this double investigation, one part for the

ascent, the other for the descent, is due to the non-conservative,
or "dissipative, " character of the force of resistance.

§ 134. As an illustration of constraint by a smooth
curve, let us take the case of a simple

pendulum. Let (fig. 40) be the point

of suspension, P the position of the bob
at any time t. Then, if PG represent

the weight of the bob, and be resolved

into PH, HG respectively along, ^nd per-

pendicular to, tho tangent at P, we .see

that PH produces the acceleration of the

motion, while the tension of the cord

balances IIG and also furnishes tho ac-

celeration perpendicular to the direction of motion which
is required to produce tho curvature of tho path. PH is

Fig. 40.

(ca^di'm ;)an'6!(A-) proportional to the sine of PCiH, that is,

of POA. Hence the acceleration i.s proportional to the sino

of the angular displacement. When that angle is small it

may be used in place of its sine. Hence, for small vibra-

tions, the acceleration is proportional to the displacement,

and the motion is "simple harmonic." The time of vibra-

tion, being (§ 51) Stt s/displacement/acceleration, is here

The rigorous solution of the pendulum problem requires the nso
of elliptic functions.

§ 135. Some very curious properties of pendulum motion
are easily proved by geometrical processes. The whole
theory of the motion in a vertical plane of a particle

attached by a weightless rod to a fixed

point, whether it oscillate as a pen-

dulum or perform continuous rota-

tions, may be deduced from the two
following propositions, which are

easily established by geometrical

processes in which corresponding in-

definitely small motions are compared.

(1) To compare different cases of

continuous rotation. Let DA (fig.

41) be taken equal to the tangent

from D to the circle BPC, whose
centre C is vertically under D. Let
PAQ be any line through A, cutting Fig- 41.

in Q the semicircle on AC. Also make DE = DA- Then,

if P move under gravity with speed due to the level

of D, Q moves with speed due to the level of E, the

acceleration due to gravity being reduced

in the ratio AC- : 2BC-.

(2) To compare continuous rotation

with oscillation. Let two circles touch

one another at their lowest points O
(fig. 42) ; compare the arcual motions

of points P and p, which are always

in the same horizontal line. Draw the

horizontal tangent AB. Then, if P move,

with speed due to y and level o, continuously in its circle,

p oscillates with speed due to level AB and acceleration

nO=

§ 136. Two particles are projected from tne same point, MoUob
in the same direction, and with the same sp"pd, but at 'n ver-

different instants, in a smoo.th circular tube oi small bore .
j

whose plane is vertical, to show
that the line joining them con-

stantly touches another circle.

Let the tube be called the

circle A, and the horizontal line,

to the level of which the speed

is due, L. Let JI, M' (fig. 43)
be simultaneous positions of the

particles. Suppose that MM'
passes info its nest position by
turning about O,. these two lines

will intercept two indefinitely

small arcs at JI aud M' which (by a property of the circle)

are in the ratio ^MO : Oil'. Let another circle B be

described touching MM' in O, and such that L is the

radical axis of A and B. Let MP, M'P' be drawn perpen-

dicular to L. Let M'M cut L in C. Then, bythe pro-

perty of the radical axis, CO- = CM. Oil' ;• from which we

havo, by geometry,
C.M:Cjr = OJl-:OM'-

or 0M-:01I'- = PJI:FM'.
But (speed at M)^ : (speed at JI')'=PM ; PTSl'

.

XV. — So

Fig. i-2

Fig. 43.
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Hence tlio speeds of M and M' are as MO : OM', and
therefore, by what we have stated above about elementarv

arcs at M and M', the proximate position of MM' is also a
tangent to B, which proves the proposition.

Seomc' It is easily seen from this that, if one polygon of a given
bricaT tiumbir of sides can b6_ inscribed in one circle and circum-

"''
si^ribed about another, an infinite number can be drawn.

For this we have only to suppose a number of particles

moving in A with speeds due to a fall from L, and then

if'they form at any time the angular points of a polygon
whose sides touch B they will continue to do so throughout

the motion. Fig. 44 shows two forms of a quadrilateral

oossessing this property.

Fig. 45.

Oycloi- § 137, Tojind ilie time offall from rest doivn any arc of
dal mo- an inverted cycloid.
^^ Let O (fig. 45) be the point from which the particle

comniencas its motion. Draw OA' parallel to CA, and on
BA' describe a semicircle. Let P,P', P" be correspondmg
points of the curve, the generating circle, and the circle

just drawn, and let us compare the speeds of the particle

•vt P and the point P". Let P"T be the tangent at F'.

Speed orP''_element at P"

Speed of P element at P

ft; f^ /A'b a-b /atb
' bp'^bf'v ab " 2at"v ab "

( Btit speea of '?=\/{1ij . ^'^1)^*/^^ '
^'^"'

Hence speed of P"= k/oab ' ^'^' " "Constant.

And, as the length of A'P"B is Jx . AT,,

time fi'om A' to B in circle = time £iom to B in cycloid

/AB

janto. The time of fall to the vertex from all points of the
chroDfl. curve is therefore the same. Hence the cycloid is called

a " tauto.-11'i ne."

Resisted § 138. As an instance of cases in which the acceleration
motion depends upon the speed and the position jointly, take

laZ *^^ motion of a simple pendulum in a medium whose
resistance varies as the velocity directly. This is the law
at least approximately, for very small speeds, whether the
pendulum oscillate in a gas or in a liquid,—and even
when the resistance is due to magneto-electric induction,
as when the pendulum is a magnetic needle vibratinc in
presence of a conducting plate or a closed coil. A syn-
thetical solution of this problem ias already been given
under Kinematics in § 68.

An-ilytically
: if / be the length of the stnng, 6 its deflexion from

the vertical at time I, m the mass of the boh, we have evidently

mlS= -mgainS- k6.

[The ratio »/«!? may be increased (theoretically) without limit by
lucreasmg the surface which the bob erix>ses, withont changing
Its mass. But it cannot be indefinitely diminished. Wewillwiite
2k for it. If we assume the angle of oscillation to be small, we
•nav write the equation in the form

e + ik^-m'-e^o,

•.vhcre «»= ij/l, and k 1« ementially positive, beteg greater as the
wsistanco fwhotlioi- on account of the viscosity of the medium or

the large surface of the bob in proportion to its mass) is grea^'
A particular intonol of this equation is eridently

provided
p' + 2Jqi + n- = 0,

or pn—i^ VA-— u' .

Hence there arc two quite^istiuct cases of motion, di.^linjtnishod

by different/ornis of solution, depending on the vcl.itivo inagnitndcs

of k and n. These are separated from one another by the uuiijud

case in which k= n.

(a) Let4>«, andletifc=-«»=)i'2<F.

Then hoth values of j; are real and negative. Thas

- =6 " '(As" + Til'"').

If A and B have the same sign, 8 diminishes, without changing
sign, as t increases. But ifA and B have diCTcient signs, the l.ictor

in brackets may vanish for one definite value of I, and then cliaiigo

sign. After that the whole reaches a maximum and then dimin-

ishes without furtlier change of sign. Examples of these cases

are furnished—(1 ) wlien the pendulum is displaced from the vortical

and allowed to fall back ; it then approximates asymptotically to

its position of equilibrium ; and (2) when it is drawn aside and
flimg back ; in this case it may pass once through the position

of equilibrium and then asymptotically return to it.

(J) Let n > k and let n^ - Jc~ = tiJ-< n-

,

Here both values of j9 are imagiuaiy, and we havo

e= s-'"(a£+"''^=^ -I- Bi-"'"'~')

= P£-*'cos()i'«-l-Q),

This may be looked upon as a " simple harmonic motion'* (^ 52),

of which the amplitude diminishes in a geonietiic ratio with tlio

time, the decrement depending on the resistance alone, while tho
period is permanently lengthened in the ratio n: n'. This ratio

depends both upon the origlnrt! period and the mistanes, eo that for

the same medium and same bob it is dilTerent for strings of diiTerent

lengths. This investigation gives an approximation to the giadu.al

dying aw.ay (by internal friction or by imperfect elasticity, kc.)

of all vibratory movements. The rate of diminution of arnplitiido,

say of torsional vibrations of a wire, is thus a valuable imlicatiaii

and measure of a somewhat recondite physical quantity, which,

without this method, would (at present at kast) bo Imnl to inrasni e. '

(c) When n = k, i.e., in the transition case, tho equation becomes

«-l-2«S-f»=« = 0;

whose integral is known to be

fl=E-"-(A-l-BO = £-"{A-(-B«).

This, also, ultimately diminishes indefinitely as I increases ; but,
as in case (a), it may either do so continuously or after having
once passed through the v.ahie zero and reacliud a maximuni,
according to the relative magnitude and the .signs of A and B.

§ 139. When the path is given, the determination of tho

motion under given forces is, as we have seen, a mere
question of integration of the equation for acceleration

along the tangent. But more is required if we wish to

find the normal pressure on the constraining curve. This

is at once supplied by compounding the resolved part of

the applied forces in the direction perpendicular to the

tangent, with the additional force mV-/p acting from tho

centre of curvature. But, strictly opeakin^. all sncll

questions require the application of Law in.

Kinetics of a Particle with Tioo Degree of Freedom.

§ 140. The simplest case is that of a projectile, when Projec-

gravity is supposed to be uniform and to act in parJIel tde lui-

lines throughout the whole path, and the resistance of the ''"s'^'^''-

air is neglected. This has been sufficiently, discussed in

§§ 40-42. It is merely the combination of (1) the uniformly
accelerated motion of a stone let fall, with (2) a uniform
velbcity in a definite direction. Looked at from this point

of view, it gives an interesting example of the graphfc

method applied in § 53 to indicate the nature of simple
harmonic motion.

§ 141. We can extend these projectile results so as to

take account of the alteration of direction and of inteneitjr
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of pro-

jectile.

Elliptic of gravity at different points of the path, by remeniboriug
motion that, as shown in § 49, the path of an unresisted pro-

jectile ia an ellipse, one of whose foci is at the centre of

the eartL The following, among many other analogous

propositions, are easily proved.

(1) The locus of the second foci of the paths of all pro-

jectiles leaving a given uoint with a given speed, in a

vertical plane, is a circle;

(2) The direction of projection, for the greatest range on

a given line passing through the point of projection, bisects

the angle between the vertical and the line.

(3) Any other point on the line which can be reached at

all can be reached by two different paths, and the directions

of projection for these are equally inclined to the direction

which gives the maximum range.

(4) If a projectile meet the line at right angles, the point

which it strikes is the vertex of the other path by which
it may be reached.

(5) The envelop of all possible paths in a vertical plane

is an ellipse, one of whose foci is the centre of the earth,

and the other the point of projection.

To prove these propositions, let E (fig. 46) be the

earth's centre, P the point of projection, A the point which
the projectile would reach if ^
fired \ ertically upwards. With
centre E, and radius EA,
describe a circle in the common
plane of projection. This, the

circle of zero velocity, cor-

responds to the common direc-

trix of the parabolic paths in

the ordinary theory If F be
the second focus of any path,

we must have EP-fPF con-

stant, because the axis major
depend.s on the speed, not the

direction, of projection. Hence
(1) the locus of F is the circle

AFO, centre P. Again, since,

if F be the focus of the path
which meets PR in Q, we must
have FQ = QR, it is obvious

that the greatest range 7q is to be found by the condition

O^ = qs. O ia therefore the second focus of this trajectory,

and therefore (2) the direction of projection for the greatest

range on PR bisects the angle APR. If QF = QF' = QS,
F and F' are the second foci of the two paths by which
Q may be reached ; and, as L F'PO= i FPO, we see the
truth of (3). If Q be a point reached by the projectile

when moving in a direction perpendicular to PR, we must
evidently have L PQF'= L PQF = L SQR = L EQP; i.e.,

EQ passes through F' When this is the case, the ellipse

whose second focus is F evidently meets PR at right

angles ; and that whose second focus is F' has (4) its

vertex at Q. The locus of q is evidently the envelop of

all the trajectories. Now
P-7-PO-l-Oj-PA + Oj,
'Ej - Es - sq = EA- Oq.

Hence
Py-t-Ej-PA-hAE,

or (5) the envelop is an ellipse, whose foci are E and P,
end whioh passes through A.

§ 142. One of the most important problems in this branch
of our subject is that of planetary motion, which forms a
good typical example of the processes to be employed in the
treatment of central orbits. One or two definitions, and a

general property of central orbits, must be premised.

§ 143. Def. An ".apse" is a point, in a central orbit, at

which the path is perpendicuk"- to the radius-vector along
which the central force acts.

Plane-

tary

niotion.

Apse.

Fig. 46.

The length of the radius-vectur Is therefore, at such a

point, generally a maximum or a minimum. This radius

vector, drawn to an apse, is called an "apsidal line."

A central orbit ia symmetrical about every apsidal line.

The simplest proof of this theorem depends upon the

general principle of " reversibility," which holds in all con-

servative systems. In fact if, at any instant, the velocity-

vector of a particle, moving under the action of a conserva-

tive system of forces, be reversed, the particle will simply
retrace its previous patL For if we suppose a smooth
tube, in the form of the previous path, to be employed to

guide it bacli, the speed at every point will be of the same
magnitude as before. The curvature also of the path wUl
be the same ; and thus the normal component of the applied

forces will balance the so-called centrifugal force,

—

i.e., will

suffice to produce the requisite curvature,—so that there

will be no pressure on the tube, and it is not required.

Hence since, at an apse, the velocity is perpendicular to

the radius-vector, the two halves of the orbit on opposite

sides of the apsidal line are similar and equal Hence,

however many apses there may be, there can be at most
only two apsidal distances. For the property of symmetry
about each apsidal line shows that, if there be more apses

than one, the first, third, fifth, ikc, must have their apsidal

distances equal, as also must the second, fourth, sixth, &,c.

If there be one apse only, it may correspond either to a

minimum or to a maximum value of the radius-vector

;

but, if there be more than one, they must be maxima and
minima alternately.

§ 144. We now proceed to the gravitation case already

promised. We will take, first, the direct problem as in

§ 49, where the force is assigned and the orbit is to be
found.

A particle is pi'cjcdedfrom a given point ia a given direction and Plane-

loitli a givcii speed, and moves under tlie action of a central attrac- tary

tion varying inversely as the square of the distance to determine motion,

the orbit.

We have P-m"". and therefore by the last part of § 47

where h is double the constant area, or

the integral of which is

«--p=Acos(e-^B),

or, as it is usually written.

u = -!p\ \ + ecoi(e^ (!)•

Ttis gives by difFerentiation

du u

Let R be the distance of tlie point of pi-ojiictiou, from the centre,

and /3 the angle, and V the speed, of projection ; then, when tf= 0.

Hence, by (1)

and by (2)

From these

and

But

wherefore

and

j^
, cotfl.

^-l=«osa.

-^cotS= -fsino.

7i'=.V5R5sin'^,

T=Rsin£(cosB
ana-. vgn.i„;r •

„ V=R=6iiiW2 T'\

.)

(8)

(30.
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Now (1 ) ia tho general polar equation of a conic section, focus the

pole ; and, as its nature depends on the value of the excentricity

e "iven by (4'), we see that

if V-> 2^/11, ol, anu toe orbit IS an nypcrbola

;

itV^— 2fi/ll, e = l, and tho orbit is a parabola

;

if V^ < 2/i/K , « < 1, and the orbit is an ellipse.

But the square of the speed from rest at infinity to distance R,

tor the law of attraction we are considering, is 2^/K , and the above

conditions may therefore be expressed more concisely by saying

that the orbit will be an hyperbola, a parabola, or an ellipse, accord-

in;5 as the speed of projection is greater than, equal to, or less

than, the speed from infinity. Illustrations of tnis proposition

are found in the cases of comets and of meteor swarms.

The speed of a particle moving in a circle is also often taken

as tho standard of comparison for estimating the velocities of bodies

in their orbits. For the gravitation law of attraction the square

of the speed in a circle of radius K is /</R ; and the above con-

{".itions may be expressed in another form by saying tliat the orbit

will be an hynerbola, a parabola, or an ellipse, according as the

speed of projection is greater than, equal to, or less than V-
times the speed in a circle at the same distance.

Supposing the orbit to be an ellipse, we shall obtain its major

axis and latus rectum most easily by a diiferent process of integrat-

ing the differential equation,

grating, wo obtain

liut when « = -p- v =V • which gives

Now to determine the apsidal distances, we must put

die
Multiplying it by h^~ and inte-

and this gives us the condition

2m
^--f.u + (6),

1°

A=R ' V" '

which is a quadratic equation whose roots are the reciprocals of the

two apsidal distances. But if a be the semi-axis major, and e the

excentricity, these distances are

a(l-c)anda(l + c).

Hence, as the coefficient of the second term of (6) is tho sum of

the roots with their signs changed, we have

1 ,
i 2^.

a(l-i!) a(l + c) A'^'

r a(l -«') =—
And the third term is the product of the roots, so that

1 lix V
_

(7).

a\\-c') A^K /i»

*•
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Calcula- § 147. Wo will now indicate, na briefly as possible, the

tion of rnoro ordinary trunsformatioua by whicli the preceding
planets

fo^jnuij^j ^re adapted (for astronomical applications) to
motion.

I 1 1 f-pumencal calculation.

Supjiose APA' (fifr. 47) to be on elliptic orbit described about a

centre of attraction in the focus S. Also suppose P to be the posi-

tion of the particle at any time t.

Draw PM perpendicular to the
major axis ACA' and produce it

to cut the auxiliary circle in the

poiat Q. Let C be the common
centre of the curves. Join CQ.
When the moving particle is at j\

A, the nearest poiut of the orbit

to S, it is saidT to be ia *' peri-

helion."

The angle ASP, or the excess ^'S- ^''•

of the particle's longitude over that of the perihelion, is oalled the
" true anomaly." Let us denote it by B.

The angle ACQ is ca41ed the "excentric anomaly,'* ana is gene-
rally denoted by u. And, if 2irln be the time of a complete revol-

ution, nt is the cij-cular measure of an imaginaiy angle called the
** mean anomaly ; " it would evidently be the true anomaly if the
particle's angular velocity about S were constant.

It is easy from known properties of the ellipse to deduce the fol-

•owing relations between the mean and excentric, and also between
the true and exceutiic, anomalies:

—

tanjve; tan-

By far the most important problem is to find tlio values of 9 and
r as functions of t, so that the direction and lengtli of a planet's
radius-vector may be determined for any given time. This gene-
rally goes by the name of Kepler's Problem.

Before indicating the systematic development of «, r, and 6 in
terms of t from onr equations, it may be useful to remark that, it «

bo so small that higher terms than its square may be neglected,
we may Ciisily obtain developments correct to the fijst three terms.
Thus

^(•^ni + csinw,

—nt-\- esai{nt-i- csvant) -atnAj,

= nt -f e&innt + ^c'sin 2nt.

Also — = 1-CC03«,

= 1 -ccos()!( + csin;i<)i

= 1- ecos7ii+ie={l-cos2n0.

And r»|-V|/^'»{l-c')},

.vhich may bo written
"'"

'' "/I "^^-— na-(l -e'^i.
{l + cc<{.se)'

(l-e')5(l + ccose)""
dt

Keeping powers of e lower than the thiid,

(^1 - 2coos9 + ?f=cos2«]j^ -»,

or j!< — fl-2csine-|-|(5'sin2fl;

whence S = iii-l-2csin9-i«''sin29,

— )i( + 2c sin (7i< + 2csin nt) - ^c- sin 2nt,

= nt + ^cslnnt + 4c^cos72(sinn^ - |e'sin2?i(:.

«= )ii + 2c sin 7i( + \c' sin 2nt .

Kepler's Kepler's Pkoelem.— To find r and e as /mictions of t from the

oroblem. eguatioiis

r= a{l-ecosu) (1);

. (2),*'"-2= \/l~'"°T
»t^=!j-<;sinM (3).

These equations evidently give r, S, and / directly for any assigned
value of u, but this is of little value in practice. The method of
solution which is commonly adopted is that of Lagrange, and the
general principle of it is this :—
We can develop $ from equation (2) in a series ascending by

powers of a small quantity, a function of e, the coefficients of these
powers involving u and the sines of multiples of u. Now by
Lagrange's theorem we may from equation (3) express w, 1 -ecosK,
sinii,sia2i(, Stc, tn ssries ascending by powers of e, whose coeffi-

cients arc sines or cosines of multiples of nt. ITcnce. by subj*titut-

ing these values in equation (1) and in the development of (2). ive

have r and expressed in scries whose terms rapidly decrease, and
whose coetfieients ore sines or cosines of multiples of )i/. This ia

the complete practical solution of the problem. But we must refer

the reauer to special trcntisoa for the full development of this

subject. Compare § 52.

§ 148. We may tako an opportunity liero of -giving a Stability

sketch of a particular case of tlic important question of "f "^'rculoj

" kinetic stability." The general treatment of this subject "'''''

is entirely beyond our limits. But we may investigate its

conditions, in the case of a central orbit naturally circular,

by a very slight modification of our equations.

Wliatevcr be the lawof central force, provided it depend on tho
distance alone, we can write the acceleration duo to it as

where u is tho now reciprocal of the radius-vectoi , as in § 144.

The kinematics of the motion is then entirely summed up in tnc
equations

de- h--' ' dt

If 1/a be the radius of the cii-clo, tho first equation uccomes simply

Now let a slight disturbance be given to the motion, sucb that

h is unaltered, but that u becomes a-^su Then wc have

Expanding to first powers of x only, and thereby assuming that
X is always exceedingly small, we have

^Hi-f^'f-O-"
the terms independent of x vanishing by the condition for i ciicnlar

orbit. By eliminating the ratio njh" we have

To secure stability, x luust not be capable of increasing indefi-

nitely. This leads to the result that the multiplier of x in tho
above equation must be positive; f.c,

For, if the multiplier were negative, ths value of af would consist

of two real exponential terms, one of which would increase indefi-

nitely with the angle 6, and would disappear from the value of a
under special conditions only.

If the multiplier were zero, x would bo a linear function of $.

Hence, in the only case we need consider, we havo

af'(a)

A")
The radius-Tector is therefore a maximum and minimum (i.c^

apses occur) alternately as the angle 6 increases by successive in-

crements each equal to

= A cos(eJr-^J^K.)

vr
Suppose the force to vary as the inverse »th power of tho distance.

Here yi;a) oca"-!!, and we have 1 -2^iy-J.-(!i-2)-3-7!. Thus

n must be less than 3 ; i.«. , a circul.ar orbit, with the centre of force

in the centre, is essentially unstable if the force vary as the inverse
third, or any higher inverse power of the distance.

If 7! — 2, whicli is the gravitation case, the apsidal angle is evi-

dently ir,

§ 149. A very curious result, due to Newton, may be Newton s

indicated here, viz., that, if any central orbit be madef^™'™?
to revolve in its own plane with angular velocity proper-

tional at each instant to that of the radius-vector in tifB

fixed orbit, it will still be a central orljit ; and the additional

force required will be inversely as the cube of the radias-

vector.

Generally, in a central orbit.
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But suppose 6 to become cfl,, where e is a constant, auU we liavo

which is Newton's hy[iothosis, Tlie above equations b(

r - rSl - P + {c= - 1 );-tf ; , )-"c^, - h :

jr, as they may be written,

f - j'^;-P + (c=-l)/t;/c3, r%-hi.
Prom these the proposition is obvious.

Other examples of central orbits will be given when we
iiscuss general principles, such as " least action " and
' varying action."

Special Problem. The Brachislochrone.

Uracliis- § 150. A celebrated problem in the history of dynamics is

JocUrone. that of the "curve of swiftest descent," as it was called: —
Tim points being given, loliich are neither in a vertical

nor in a horizontal line, to find the curve,joining th^n down
tohich a particle sliding under gravity, and starting from
rest at tlte higher, will reach the other in the least possible

time.

The curve must evidently lie in the vertical plane

passing through the points. For suppose it not to lie in

that plane, project it orthogonally on the plane, and call

corresponding elements of the curve and its projection o- and
cr'. Then if a particle slide down the projected curve its

speed at o-' will be the same as the speed in the other

at 0-. But a- is never less than cr', and is generally greater.

Hence the time through <t' is generally less than that

through 0-, and never greater. That is, the whole time of

falling tlu'ough the projected curve is less than that through
the curve itself. Or the required curve lies in the vertical

plane through the points.

Also it is easy to see that, if the time of descent througli

the entire curve is a minimum, that through any portion

of the curve is less than if that portion were changed into

any other curve.

Coudi- And it is obvious that, between any two contiguous equal
tions for iia/aes of a continuously varying quantity, a maxijnum or

jj"' ' minimum must lie. [This principle, though excessively

simple (witness its application to the barometer or

thermometer), is of very great power, and often enables us

to solve problems of maxima and minima, such as require,

in analysis, cot merely the processes of the difi'erential

calculus but those of the calculus of variations. The
present is a good example.]

Let, then, PQ, QR and PQ', Q'R (fig. 48) be two pairs

of indefinitely small sides of polygons such that the time
of descending through either pair, p

starting from P with a given speed,

may be equal. Let QQ' be hori-

zontal, and indefinitely small compared
with PQ and QR. The brachislo-

chrone must lie between these paths,

and must possess any property which
they possess in common. Hence if v

be the speed down PQ (supposed r
uniform) and v that down QR, draw-
ing Qm, Q'n perpendicular to RQ', PQ, we must have

Q« Q'lii,

Fig. 43.

Now if 6 be the inclination of PQ to the horizon, & that

of QR, Q/i = QQ'cose, Q'm = QQ'cose'. Hence the above
equation becomes

This is true for any two consecutive element.^ of the
required curve ; and therefore throughout the curve

I'OCCOS^.

But v-a. vertical distance fallen through (§ 28). -Hence

the curve required is such that the cosine of the angle it

makes with the horizontal line through the point of

departure varies as the square root of the distance from
that line,—which is easily seen to be a property of tha

cycloid, if we remember that the tangent to that curve is

parallel to the corresponding chord of its generatiug Circle.

For in fig 45, § 137,

cos BP'iAI = cosBAP'-tn = . / T# «VAM

.

Ad \/ AB
The brachistochrone then, under gravity, is an inverted

cycloid whose cusp is at the point from which the particle

descends,

§ 151. Whatever be the impressed forces, reasoning

similar to that in last section would show that the oscu-

lating plane of the brachistochrone always contains the

resultant force, and that

»'cos9 = rcosfl',

where B is now the complement of the angle between the

curve and the resultant of the impressed forces.

Let that resultant= F, ami let tlie element PQ - 5s, and fl' = » -f iS.

Then
v"'--v-~2¥dsiAae,

or ^131?= FSssint'.

But )>oc cos9 ; which gives

Hence r7° -Fcos^.

But ia the limit —''=p, the radius of absolute curvature at Q:

and Foos5 is the normal component of the im]ircsscd force.

Hcncu \\Q ohtniu the result tliat, in any brachistochrone, tlio

2uessure ou the curve is double of that due to the force acting.

§ 152. Now for flie unconstrained path from P to R we \\^\cjvd$

a minimum (^ 202). Hence ia the same way as before, ^ being the
angle corresponding to d, -ycos^ — rcos^' from element to dement,
and theit'fore throughout the curve, if the direction of tin- fon-e be
constant. Kow, if the velocities in the unconstrained and brachis-

tochrone paths bo equal at any equijiotejitial surface, they will bo
equal at every other. Hence, taking the angles for any equipoteu-

tial surface,

cos Q cos
(f>
= constant.

As an example, suppose a jiarabola with its vertex upwards to

have for directrix the base of an inverted cycloid; these curves evi-

dently satisfy the above condition, the one being the free path, tlio

other the brachistochrone, for gravity, and the velocities being in

each due to the same horizontal line. And it is seen at once that

the product of the cosines of the angles which they make with any
horizontal straight line which cuts both is a constant whose ifing-

nitiide depends on those of the cycloid and parabola, its value being

V//4rt, where I is tlie latus rectum of the parabola, and a the

diameter of tlie geueratiiig circle of the cycloid.

Kinetics of a Particle Generally.

§ 153. Here we must content ourselves with a few special General

cases, which will be varied as much as possible. exampUs.

A unit particle moves on a smooth citrvCj itndcr the action of a7i>j

systan offorces; find the motion.

AH we know directly about the pressure R on the curve is that

it is perpendicular to the tangent line at any point.

Resolve then the given forces acting upon the particle into three,

—one, T, along the tangent, which in all cases in nature will be a
function of x, y, z and therefore of s ; another, N, in the line of

intersection of the normal aaid osculating planes (or i-adius of abso-

lute curvature) ; and the third, P, perpendicular to the osculating

plane.

Lot the resolved parts of R in the directions of N and P be Rj,

Eo. Now the acceleration of a point moving in any maimer is com-

pounded of two accelerations, one -j-i^^^ -y- along the tangent to.

the path, and the other — towards the centre of absolute cui-va*.

p
ture, the acceleration perpendicular to the osculating plane being

zero ; and thorcforo

'S=T (1).
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This equation, together with the two cfiuationa of tho curve, is

Bufflcieut to dotermiuo the luotiou comjjletely.

Also "Ki + N {21.

Ri and N being considered positive when acting'towards the ci^ntre

jf absolute curvature; this equation determines Rj.

Now l!j ia the reactiou wliich prevents P's withdralving tho

particle from the osculating plaue ; and therefore

Kj-=-P . . (3).

(2) and (3) give tho resolved parts of the pressure on the curve.

AlsoE=V(R'i+Ks).^"''itsdiroctionmaV,esanangle=tan-'(Ra/Ri)
with tho osculating plajio.

If tho result of the investigation shou/d show that at any time R
could vanish, the particle must be treated as free until the equations

of its free motion show that it is again iii contact with the curve.

Particlt) A particle moves, voider given forces, on a given smooth surface;

on to determine the motion, ani} tJie pressure on titc surface,

smooth'
j^^j ?ix,y,z) = (1),

Tje the equation of the surface, R the reaction, acting in the normal
to the surface, which is the only effect of the constraint Then, if

\, IX, fhe its direction cosines, we know that

sarface.

\dxj

y!(iy+csj+(f)
(2),

with similar expressions for n and y, the differential coefficients

being partial.

If X, Y, Z be the applied forces on unit of mass, our equations

of motion are, evidently,

x = X + Ra

/? =Y+R^
2 = Z + R^

(3).

Multiplying equations (3) respectively by i, ij, i, and adding, we
obtain

xx + !)!/ + ia=m= Xx + Yi + Zi . (4).

H disappears from this equation, for its coefficient is

Xx + iiy + p'z

and vanishes, because the line whose direction cosines ,ii-0 propor-

tional to X, &c. , being the tangent to the path, is perpendicular to

the normal to the surface.

If we suppose X, Y, Z to be a conservativo system of forces, the

integral of (4) will be of the form

of tlio tension of tho string must support the weight of

tho bob ; i.e.,

Tcoso'=-?n5,

where a is the inclination of tho string to tho vertical.

Also tho liorizontal component of the tension must supply

the force ?)iV-/K (§ 49) requisite for the production of

the curvature of the path, i.e.,

V-
T3ina=<yi7-i— .

(sma

Eliminating )re/T f.-om those equations, we have

cos a gZ

sin=i"°V2"

But, if T ba the time of revolution of the bob,

VT-27rZsina..

Heuco
'iwH^'

^=<t>(.x,y,e) + G . (5),

and the velocity at any point will depend only on the initial cir-

cumstances of projection, and not on the forui of the path pursued.

To find R, resolve along the normal, then

i;7p = Xa-(-Y/»-I-Zi/ + E,

wHch gives the reaction of the surface; p being the radius of cur-

vature of the normal section of the surface thi-ougli the tangent to

tHe path,- and the mass of the particle being taken as unily.

To jiiid the curve which tJic particle describes on tM surface.

For this purpose we must eliminate R fj-om equations (3) By
this process we obtain

\ IL V '
'

two equations, between which if t be elirninated, the result is the
differential equation of a second surface intersecting tho first in the
curve described.

If there be no applied forces, or if the component: of the ap-
plied force in the tangent plane coincide with the direction of
motion of the particle, then the osculating plane of the path of tho
particle, which contains the resultant of R and
tho applied force, wiU be a normal plaue, and f^^
therefore the path will be a geodesic on tlie surface.-

Thus a particle under no forces ou a smqoth (or

rough) surface will describe a geodesic.

Conical § 154. All excellent and important eX-
pi;ndtt- ample is furnished by the simple pendulum,

when its vibrations are not confined to one
vertical planfi. When the bob moves in a

horizontal plane, the arrangement is called a ^'^- ''^•

"conical" pendulum, and it is a Very simple matter, as

follom, to Cud the motioa <^For the vertical component

mg

i.e., the conical pendulum revolves in the period of the

small vibrations of a simple pendulum wliose length is the

vertical component of that of the conical pendulum (§ 134).

To carry the investigation to cases in wliich the i)enduluiu de-

scribes a tortuous curve, we require (except for approxiin.ite results)

the use of elliptic functions. We thus obtain, among others, the

following results :

—

The motion will bo comprised between two horizontal circlecs. Let

the depths of tliese circles below the centre be h + c and b-c,
then tlie vertical motion of the bob of the pendulum will bo the

same as that of a point on a simple pendulum of length Pjc per-

forming complete revolutions in the same peiiodic time as the

spherical pendulum.
But for one of the most important applications the deflexion

from the vertical is always very small, and it is easy to obtain a
sufficiently accm'ate working approximation without the use of

elliptic functiona If we put p and q for the semidiametcrs of

the small elliptic orbit which will then be described by the pen-

dulum bob, wo find for the apsidal angle

2\ 8rt- /

Hence, when a pendulum is slightly disturbed in any way, the motion

is to a lirst approximation elliptic as in § 50. But tho second

approximation shoivs that this ellipse rotates in its own plane, and
in the same si'nio as that in which it is described, with an angular

velocity proportiooal to its area. Hence the necessity for extreme

care, in maldng rmcault's expuriuiout (presently to be described),

lest the path should even slightly deviate from a vertical plane.

§ 1.5.5. Another very importaut and useful example is Blackburn

furnished by Blackburn's pendulum, which is simply a
P™duluio

pellet supported by three threads or fine wires knotted

together at one point C (fig. 50). The two other cuds of

two of them are attached to fixed poiuts

A and B, and the tliird supports the

pellet P. The motion of P is virtually

executed on a smooth surface, whose

principal curvatures uear the lowest

point are 1/CP iu the plane of the

three threads, aud 1 PE in the plane

perpendicular to them,—E being the

intersection of the vertical through C
with the line AB. Hence for small

disturbances of this system, P has a

simple harmonic motion in tho plane Fig. 50.

of the paper whose period is 27r JC?lff, and another at

right angles to it, with period 27r s/PE/^. The amplitudes

of these motions are arbitrary, and, with the difference of

phase, depend entirely on the initial disturbance. Thus

we have a very simple mechanical means of producing the

combinations treated in § 63; for we have only to make

PE : PC : : a.' : a,",

and give the bob its proper initial motion.

§ 156. When CE is very small compared with CP, we

have a realization of the cose of § 61, iu which tho
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Lissa-

joax's

tuning-

fcrrks.

FoBcavJt

pen(ia-

lum.

orbit is (at any instant) an ellipse, but in wliiuh tlie ellipse

gradually changes its form and position, so as to be always
inscribed in a definite rectangle. This experimental arrange-
ment is exceedingly instructive. To avoid as far as may
be the effects of resistance of the air, the vibrations should
be slow, i.e., the wires should be as long as possible.

The bob should be a ball of lead, containing a tube full

of ink which slowly escapes from a fine orifice at its lower
end, so as to make a permanent record of the path on a
sheet of paper placed below the plane of motion of the
bob, but parallel and very close to it. Or, the bob may
be furnished with a spike at its lower end, from which,
induction sparks may be<taken so as to pierce a sheet of
paper laid on a copper plate below it.

By mere alterations of the point of suspension A, the
ratio of u>, w' may be varied at pleasure, provided that AC
and BC are long enough compared with CP.

§ 157. Lissajoux produced similar curves by attaching
plane mirrors to the legs of tuning-forks, and allowing a
ray of light, after successive reflexions from two such mirrors,
to fall on a screen. But it seems to have been first pointed
out much earlier by Sang, and afterwards developed by
Wheatjtone, that the same result is obtained by fixing firmly
one end of a steel rod, and setting the free end in vibra-

tion. There are two planes of greatest and least flexural

rigidity (§ 274) in all wires, however carefully drawn.-
These are at right angles to one another ; and the motion of
the free end of the wire when slightly disturbed is there-
fore precisely that of the bob of the Blackburn pendulum.
Another interesting mode of producing the same result is

by causing a ray of sunlight to be reflected in succession
from four mirrors, all attached, nearly at right angles, to
parallel axes. One pair is made to rotate, the two in

opposite directions, with one angular velocity. A ray
reflected in succession from- these is (§ C5) made to
oscillate according to the simple harmonic law, in a plane
which can be varied at pleasure by altering the relative

position of the normals to the. two mirrors. The other
pair of mirrors supplies the otl^er simple harmonic motion,
also in any desired plane.

§ 158. We must next consider the effect of the earth's
rotation upon the motion of a simple pendulum. Strange
to say it was left for Foucault to, point out, in Tebruary
1851, that the plane of vibration of a simple pendulum
suspended at either pole would appear to turn through
four right angles in twenty-four hours,—the plane, in
fact, remaining constant in position while objects beneath
the pendulum were carried round by the diurnal rota-

tion. At the equator, it was pretty obvious that no
such effect would occur, at- least if the original plane of
vibration was east and west. By some process, of which
be gives no account, Foucault arrived at the result that the
plane of oscillation must, in any latitude, appear to make a
complete revolution in 24' x cosec latitude. This curious
result has been amply verified by experiment.

The equations of motion of the pendulum, referred to rectangular
axes fixed in duection in space and drawn from the earth's centre,
the polar axis being that of s, are obviously

d'-x
:+mX,

with similar expressions in y and : (a, b, c hcing the coordinates
of the point ot suspension, T the tension, I the length of tlio string,
and X, Y, Z the components of gravity).
The eqnations of motion refoi-reJ to a new set of axes parallel to

the former, but drawn through tlie point of suspension, are

^'"(-^--S^Jj . . . (1).cie'

&.C =kc.

L*t us now refer the motion to axes turning with the earth, but
<lra\™ from the point of suspension. If the axis of 4 be drawn
vertically, and the axes of j;, f respectively southwards and east-

wards ; and if ut be the angle at time t between the piano? <i xz
and ^7;, A. being the co-latitude of the point of suspension, w«, havo
(assuming that { intersects i)

co3xf=smAcos<ii8,

cos 7/^= sin A. sin ut,

cos:{ = cos\, ic.

By means of those expressions we can at once find the values of
x-a, y -b, z~c ill terms of ^, 77, (, t, as follows :

x-n= Jsin\cosa)i + ))COs\costo<-fsiniot,

y - b = ^s\n\siaat + ricoB\sinut + (coswt,

£-C=^cosA -7;sin\.

Let y bo the acceleration due to the attraction of gravity alone,

and V the angle (nearly equal to \) which its direction makes with
the polar axis, [We have above in effect assumed that its direction

lies in the plane of ;|, as we have assumed that the axis of {
intersects the polar axis, while we know that the centrifugal force

lies in their common plane,] Let r be the distance of tlie point of
suspension from tlie earth's centre, /x the angle its direction makes
with the nolar axis. Then

a^rsin^coswi, 5 = rsin/isin«(-, c= j*cos/t.

Witn tliese data we transform equations (1) from x, y, z to f, tj, f.

The equations immediately obtained are inconveniently long for

our columns. But they are easily simplified as follows.

We contemplate small vibrations only ; so we may treat { as

being practically equal to -I, and omit its dilferential coefficients.

AVo also omit powers and products of 7/, C and all terras in w%
except those in which it is multiplied by a large quantity. For it

is known that the centrifugal force at the equator is about l/289tll

of gravity, or that approximately

>-a,-= (?/289.

With these considerations, and the condition that to tho degree
of approximation desired w-e have T= mg, we still further simplify
oilr equations. We are led to recognize that ^cosv^j/cosA ; anil

thus we have finally

P" o ™,<^f^

dTt
,

Tliese are the equations of the motion of the bob, referred to ft

horizontal plane fixed to the earth. The middle terms obviously
depend upon the earth's rotation.

To interpret equations (2) it is convenient to employ a seconil

change of coordinates—to refer the motion to axes revolving uni-

formly in tho plane of 77, C with angular velocity 0. If p, } be tho
coordinates referred to the new axes, we have by analytical geometry

ij — Bcosfli-jsinni, f=Bsinni-f5cosn(,

the substitution of which in (2) leads to the equations

' + ^V-0]

^»-2<.cosA^ + -fC=

(2).

dl^
+¥-°> y.+^-r-o

df
(3),

provided we take a= -acos\ (4),

and omit as before terms of the order w'.

(4) shows that the new axes rotate, in the opposite direction to that
of the earth, with the component of the earth's angular velocity
about the vertical at the place. And, in the plane sc revolving,
we see by (3) that the bob of the pendulum describes an approxi-
mately elliptic orbit, of which a straight line is a particular case.

A circular path being obvioitely possible, let us assume as par-
ticular integrals of (2)

r]=ccos(pt + a), i=cain(j>t + a).

Tho substitution of these values gives the same result

p' + 2upcos\-g/l=0

In each of equations (2).

Put gll = iv', then the values of p are, to tho degree of approxi-
mation above employed, iit-iocosA, so that the (apparent) angubir
velocity of a conical pendulum is increased or diminished by u cos A
according as its direction of rotation is negative or positive.

§ 159. The preceding problem is a particular case of the Varying

following general one. To find the motion of a particle <^°''-.

subjected to the action of given forces and under varyinrj
^"''"'^'

constraint. It would lead us to details incompatible with
our limits to enter upon a full discussion of so wide a
question, but we give one or two simple and useful cases

to show the commoner forms of procedure.

A particle under any forces^ and resting on a smooth horizontal

plane, is alLacJL£d toLnii incxicmillc itr*<if ^ a soint which ino"c3
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in a given manner in that plane; to dderminc the motion of. the

particle.

Lot X, »/, i, S te the coordinates, at time I, of the particle and
point, a the length of the string, R the teusion of the string, and
7n the piass of the particle.

For the motion of tlio particle we have

n^= ,nY-Ri
dt'

(1),

with the condition {x-i)'+'{y-sy — a'.

Now £, 9 are given functions of t. Take from both sides of the

equations (1) the quantities m -— , «-=-;, respectively, and Wo
dt^ di^

have the equations of relative motion

<J'(x-«) ^ T,X-S cPi

^—dPr'^~'^dP

rfC W

ations -—
- , _i are known as functions of t, and therefore the

These are precisely the equations we should have had if the point
had been fixed, and in addition to the forces X, T, and R acting on
the particle, we had applied, I'eversed in direction, the accelerations

of the point's motion with the mass as a factor. It is evident that

the same theorem will hold in three dimensions. The aoceler-

^(Pi dry

df ' dl^

equations of relative motion are completely determined.
Let there be no impressed forces^ and suppose first iliat the ^oint

moves with constant velocity in a straight line.

Here —- , -^ are constant, and therefore no terms arc intro-
dt dt

duced in the equations of motion.
Again, suppose the point's motion to he rectilinear, but uniformly

accelerated.

The relative motion will evidently be that of a simple pendulum
from side to side of the point's line of motion. In certain cases,

when the angular velocity exceeds a certain limit, we shall have
the stiing occasionally untended ; and this will give rise to an
impact when it is again tended. While the string is untended the
particle ifioves, of course, in a straight line.

Suppose the point to move, with constant ang^dar velocity w, in a
circle whose radius is r and centre origin.

Here, supposing the point to start from the axis of x,

x=rtosut, g=ra\.nait.

Hence the equations of motion are, since

^ _ J- ^ 2-

dS'" "^' dC'"""'

dt'

df a

{x-xf + [y -!))'= a''. i

^cncc ..-.)^'-(.-./^^

or. in polar coordinates, for the relative motion,

-^(«»f)=-.V.sin(«-»0.

-i-i).-„»^sin(.-.,.

Now e-ai< is the inclination of the string to the radius passing

through the point ; call it $, and we have

d'-tp

dt''
-sin0.

the equation ol motion of a simple pendulum whose length is -ffi

The particle therefore moves, with reference to the uniformly

revolving radius oE the circle described by the point, just as

simple pendulum with reference to the vertical.

A particle moves in, a smooth straight tube which revolves mlh
constant angular velocity round a vertical axis to which it is perpen-

dicular ; to determine the motion.

Here, referring the particle to polar coordinates in the plane of

motion of the tube, we have fl - constant = u, T-O (§47), and

thus for the acceleration along the tube

f-ru'-O;

whence r=A6"' + B£""'.

Suppose the motion to commence at time t-Ohy fho cutting of
a string, lejigth a, attaching the particle to the axis. The velocity
of the particle at that instant along the tube is zero. Hence at t=4

r-a-A + B,

j-=0=A-B;
so that A = B = 5r)(, and r=la(e"'+ $-"').

In fig. 51 let Oil be the initial position of the tube and A tl»t
of the particle, and let OL and
Q be tlie tube and particle at

time t. ThenOA— a, arcAP — aait,

OQ = )•, and we have

arcAr _ arcflr

OQ = JOA(g OA +£ OA ) ,

From this we see that OQ and
the arc AP are corresponding
values of the ordinate and abscissa

of a catenary whose parameter is „.
OA. Here the vertical pressure ^^' ^^'

on the tube is equal to the weight of the particle, while the
horizontal pressure i3

md ,

r di
,(r=^)= -2mar= -mu-aW'- l'"').

From this equation, combined with the value of r,

deduce for the horizontal pressure the value

2m<,>"-^{r'-a'), /
and it is therefore proportional at any instant '

to the tangent drawn from Q to the circle

APN.
Let the tube be in tJie form, of a circle

turning with constant angular velocity about
a vertical diameter. Let AO (fig. 52) be the
axis, P the position of the particle at any
time. Let POA - 9 denote the particle's posi- '^ '8- ^2-

tion, and R the pressure on the tube in the direction of OP.

cPcos e
1—jTa— -J-RcosS,

rf-sin9

easily

We have

Eliminating R,

if-
J- -KainS

dr-»
Oco&e- -nsinS . .

The position of equilibrium will therefore be given by

sine — 0; or by 9=7, whore cos7=-^.
Integrating (1),

\di)
"C + 2o.= co3Vcos9-(ij'cos'9

(1).

(2).

Suppose the particle to pass throngt the lowest point with
velocity awj , we have

\Tt)
='"i'-2'"'<:os7(l-co89) + tii'6in'»

= 0,2 1 (i_cos'yP+^ -(cos 9- cost'P f

,

and —can never vanfsh if ^>4cos7, or«'>-2 that is, if the
dt ta' a

velocity at the lowest point be greater than that due to the level of

the highest point.

Ifaj?<^, the particle will oscillate ; and, if — = 0, when^-n
a dt

then
^^y=^(cosff- COSH) - a,'(cos'9 - cos=a)

,

— a)'(oos9-co3a)| —^-cosa - cos9 ) ,\aa- J
'-u\cas6-CBSa){'2.cosy-cosa- cos9);

and therefore, if 2 cos y - cos a> 1 , the particle will oscillate through
the lowest point.

If l>2cosy-co3a> - 1, then, putting

2co37-cosa""0033i

\ltl
='»'(«>s*-"'3a)(c03j8-C03*),

auil the paiUda will oscillate on one side of the vertical diameter.'

XV. — go



714 MECHANICS
In each of theee three cases the complete solution oE the firoblem

can be exhibited in terms of elliptic functions. In the last two

cases, when the arcs of oscillation are very small, a sullicient solu-

tion may easily be obtained by the usual methods of approxima-

tion. This is a particularly instructive example.

§ 160. As a final example of constrained motion of a

particle, let us find the form of a curve such

that a particle will slide down any arc of

it, from the origin, in the same time a3

down the chord of that arc. If OA, OB
(fig. 53) he any two chords, it is plain

that the difference of the times down these

chords must be equal to the time of

describing the arc AB. But, if OA make
an. angle 6 with the vertical, the time of descent along it is

'20A
grcosfl

And the velocity at A is ^2<7OAcos0, so that the time

of describing AB (considered as infinitesimal) is

AB/Vif/OAcose

.

K we put r for OA, our condition gives at once

Fig. 53.

/20A
V ocosS

jcose yjlgmse

where s is the length of the arc OA. This equation ia

easily integrated, and the resulting relation is

j*2=rt'sin29,

vvhich belongs to the well-known lemniscate of Bernoulli.

Prom its form we see that the vertical line from which 6
is measured is a tangent at O ; so that the motion in arc

commences vertically

Disturbed § 161. To complete this elementary sketch of the dy-

motion. namics of a single particle we take an instance or two of
" disturbed'motion." The essence of this question is usually

that the disturbing forces are, at any instant, small in com-
parison with the forces producing the motion ; so that,

during any brief period, the motion is practically the same
p.s if no disturbing cause had been at work. But, in time,

the effects of the disturbance may become so great as entirely

to change the dimensions and form of the orbit described.

The mathematical method, which has been devised to meet
this question depends upon what has just been said. The
oharacter of the path is not, at any particidar instant,

affected by the disturbance ; but its form and dimensions
are. Hence, as the first depends upon the form of the

equations which represent it, while the latter depend upon
the actual and relative magnitudes of the constants

involved, we settle, once for all, the form of the equation

as if no disturbing cause had acted. But we are thus
entitled to assume that the constants which it involves are

quantities which vary with the time in consequence of the
slight, but persistent, effects of the disturbauce. And, as

we know that, if at any moment the disturbance were to

cease, the motion would forthwith, go on for ever in the
orbit then being desaibed, we may assume that in the ex-

pressions for the components of the velocity no terms occur
depending on the rate of alteration of the values of the
constants. This, as will be seen below, very much simpli-

fies the mathematical treatment of such questions.

'Penda- Srtppose a cycloidal pciululum, or a simple pendulum vibrating
lum. through very small arcs, to be subjected to a simple harmonic dis-

turbance in the direction of its viotion. The equation of motion
will obviously be of the form

6 + n''d= kcosmt,
vhero »''-'llg , as in § 134

.

The integral 6f this equation is

C = Pcos()i<-hQ)
2 s

•'OS '"' •

We see then that the -esult is the superposition of a new simple

harmonic motion on the natural simple harmonic motion of the

undisturbed bob, and that it is altogether independent of the

amplitude and phase of the undisturbed motion. So long as the

disturbance is very small, this new part of the motion may be

neglected, unless m is very nearly equal to n. For in that case the

amplitude of the disturbance may become much .greater than that

of the original motion. When m is equal to «, the integral changes

its form, and we have

e = Vcos{nt + Q,)-i-k^smnt.

This shows that, m the special case of a disturbance of H-T-monio

the same period as the undisturbed motion, the nature of mi'"™,

the motion is entirely changed. Thus, suppose the pen-
jy'jjj^^lf^

dulum to be at rest at its lowest point when the disturb- pf gamg

ance is applied ; then we have merely period.

6=A— sin«(,
i27i

a simple harmonic motion whose amplitude increases in

proportion to the time elapsed since the disturbance com-

menced.

§ 162. As an'other illustration, suppose the point of sus-

pension of a simple pendulum to have a simple harmc lie

motion of small amplitude in a horizontal line.

Here the equations of motion are (to horizontal and vertical axes>

^oint of

sf'spen-

8=-T-

my=mg-'Y~- •

But if we suppose the oscillations to be small, we may write a; -J=
Id, y^l, where I is the length of the pendulum, and d the angle it

makes with the vertical. Then we have

x=lS + ^=19 + Acosmt, suppose, and ji=0.

Hence mg= T,

and l9 + Acosmt= -g$,

which is precisely the equatioii of the preceding investigation.

We see from this how to explain the somewhat puzzling tion

phenomenon which we observe when we produce complete "* a slijjg

rotations of a stone in a sling by a comparatively trifling

motion of the hand. All that is necessary is that the

hand should have a slight to and fro horizontal motion, in

a period nearly equal to that in which the sUng and stone

would vibrate as a pendulum. This result of particle kine-

tics is (like that in § 161) of great value in other branches

of physics, especially sound, light, and radiant heat.

To illustrate the general principle, let us take the case of one : -sturb-

degree of freedom. Then tho equation of motion of an unit mass an -e

must be of the form generauy

where represents the nonml force, and ©j tho abnormal or dis-

turbing force. Leaving out ©i for the moment, let the integral of
6 = @ be

e=/i;a. /3, t).

in which a and ^ are two arbitrary constants. We may now sup-
pose a and to bo variable in such a way that the equation shall

still be satisfied by this value of d when the disturbing forces are
included. This imposes only one condition on the two independent
quantities a and 0, so that to determine them completely we must
impose a second. This we do, as already explained, by making the
expression for the speed independent of the rates of alteration of
a and $, and we gain the advantage th.at our solution will accord
at every instant with what would be the actual future motion if

tho distm'bance were suddenly to cease. The speed is

^-/'(a)i-t/'(/3)i8-f/'(().

TVe therefore assumo

r{o.)i+fXm=0.
Taking accoimt o' this and differentiating again, we have

Hence wo have, for the determination of a aud 0, the equations
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These give the values of ^ and is?, and so completely solve flie

^iToblem.

Impul- § 163. In a somewhat similar way we may treat the

tin effects of a slight disturbance, made once for all, in the

changeof motion of a particle describing a definite path under given
velocity.

£jjj.ggg_ ^ single example must suffice.

Thus, wo have in an elliptic orbit about the focus, § 144 (9),

At the end of the major axis farthest from me focus this becomes

a l+e

Now if at this p'bint V be made V + 5V, without change of direc-

tion, we have the condition that in the new orbit a(l + e) shall

have the same value as in the old, since this will still be the

"psidal distance,

5|a(l + c) }'=0 ;

Hence

and

2VBV=

and

which determine the increase of the major axis and the diminution

of the excentricity ; and the same method ia applicable to more
complicated cases.

A very excellent series of examples of the elementary

geometrical treatment of disturbed orbits is to be found in

Airy's Gravitation,

Third Law- Kinetics of Two or More Pariicks.

Stress § 164. We have, by means of the first two laws, arrived

between at a dejin ition and a measure of force, and have found how
particles. ^^ compound, and therefore how to resolve, forces, and also

how to investigate the conditions of equilibrium or motion

of a single particle subjected to given forces. But more is

required before we can completely understand the more
complex cases of motion, especially those in which we
have mutual actions between or amongst two or more
bodies,—such as, for instance, tensions or pressures or

transference of energy in any form. This is perfectly

supplied by the third law, on which Newton comments
nearly as follows.

.-'ewton's § 165. If one body presses or draws another, it is

''"°- pressed or drawn by this other with an equal force in the

Siri'
""^ opposite direction. If any one presses a stone with his

li,~. finger, his finger is pressed with an equal force in the

apposite direction by the stone. A horse, towing a boat

on a canal, is dragged backwards by a force equal to

that which he impresses on the towing-rope forwards. By
whatever amount, and in whatever direction, one body has
its " motion " changed by impact upon another, this other

body has its " motion " changed by the same amount in tlie

opposite direction ; for at each instant during the impact
they exerted on each other equal and opposite pressures.

When neither of the two bodies has any rotation, whether
before or after impact, the changes of velocity which they
experience are inversely as their masses. When one body
attracts another from a distance, this other attracts it with
an equal and opposite force.

Stress. § 166. We shall for the present take for granted that the

mutual action between two particles may in every case be
imagined as composed of equal and opposite forces in the

straight line joining them, two such equal and opposite

forces constituting a " stress " between the particles. From

tuis it follows that the sum of the quftsttnes oj ipotion, Oorner-

parallel to any fixed direction, of the particlefe of any ^=''><"' °'

syetcm inlluencing one another in any possible way, ^^^ ^^j
remains unchanged by their mutual action ; also that tiie of momcn
sum of the moments of momentum of all the particles of momen

round any line in a fixed direction in space, and passing t^"".

through any point moving uniformly in a straight line in

any direction, remains constant. From the tirst of these

propositions we infer that the centre of mass of any system

of mutually influencing particles, if in motion, continues

moving uniformly in a straight line, except in so far as

the direction or speed of its motion is changed by stresses

between the particles and some other matter not belonging

to the system ; also that the centre of mass of any system

of particles moves just as all their matter, if concentrated

in a point, would move under the influence of forces equal

and parallel to the forces really acting on its different

parts. From the second we infer that the axis .of resultant

rotation through the centre of mass of any system of

particles, or through any point either at rest or moving

uniformly in a straight line, remains unchanged in direc-

tion, and the sum of moments of momentum round it

remains constant, if the system experiences no force from

without, or only forces whose resultant passes through the

centre of inertia of the system. This principle is some-

times called "conservation of areas," a very misleading

designation.

§ 167. Newton's scholium, which we treat as a fourth Conse-

law, points out that resistances against acceleration are to quencesof

be reckoned as reactions equal and opposite to the actions ' r'^°^°

by which the acceleration is produced. Thus, if we consider

any one material point of a system, its reaction against

acceleration must be equal and opposite to the resultant of

the forces which that point experiences, whether by the

actions of other parts of the system upon it, or by the

influence of matter not belonging to the system. In other,

words, it must be in equilibrium with these forces. Hence
Newton's view amounts to this, that ail the forces of the

system, with the reactions against acceleration of the

materia! points composing it, form groups of equilibrating

systems for these points considered individually. Hence,

by the principle of superposition of forces in equilibrium,

all the forces acting on points of the system form, witt

the reactions against acceleration, an equilibrating set of

forces on the whole system. This is the celebrated D'Alem-

principle first explicitly stated and very usefully applied bert's

by D'Alembert in 1742, and still known by his name. principle.

§ 168. Thus Newton lays, in an admirably distinct and Abstract

compact manner, the foundations of the abstract theory of theory of

" energy," which recent experimental discovery has raised ™6rgy.

to the position of the grandest of known physical laws.

He points out, however, only its application to mechanics.

The actio agentis, as he defines it, which is evidently

equivalent to the product of the effective component of

the force into the velocity of the point at which it acts,

is simply, in modern English phraseology, the rate at

which the agent works, caUe€ the "power" of the agent
The subject for measurement here is precisely the same as

that for which Watt, a hundred years later, introduced the

practical unit of a "horse-power," or the rate at which an HotsB'

agent works when overcoming 33,000 times the weight of power

a pound through the distance of a foot in a minute,—that

is, producing 550 foot-pounds of work per second. The
unit, however, which is most generally convenient is thai

which Newton's definition implies, namely, the rate oi

doing work in which the unit of work or energy is produced

in the unit of time.

§ 169. Looking at Newton's words in this light, we set

that they may be converted into the following :

—

" Work done on any system of bodies (in Newton'i
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Conser-

ffativQ

system-

Newton's statement, the parts of any macliine) has its equivalent

scholiuin. in work done against friction, molecular forces, or gravity,

.f there be no acceleration ; bat if there be acceleration,

part of the work is expended in overcoming the resistance

to. acceleration, and the additional kinetic energy developed

is equivalent to the work so spent."

When part of the work is done against molecular forces,

as in bending a spring, or against gravity, as in raising a

weight, the recoil of the spring and the fall of the weight

are capable, at any future time, of reproducing, the work

originally expended. But in Newton's day, and long after-

wards, it was supposed that work was absolutely lost by

friction.

§ 170. If a system of bodies, given either at rest or in

motion, be inliuenced by no forces from without, the sum of

the kinetic energies of all its parts is augmented in any time

by an amount equal to the whole work done in that time

by the stresses which we may imagine as taking place

between its points. When the lines in which these

stresses act remain all unchanged in length, the sum of

the kinetic energies of the whole system remains constant.

If, on the other hand, one of these lines varies in length

during the motion, the stress in that line will do work or

will consume work, according as the distance varies with

or against it.

§ 171. Experiment has shown that the mutual actions

between the parts of any system of natural bodies always

perform, or always consume, the same amount of work

during any motion whatever, by which the system can

pass from one particuLir configuration to another ; so that

each configuration corresponds to a definite amount of

kinetic energy. Hence no arrangement is possible in

which a gain of kinetic energy can be obtained when the

system is restored to its initial configuration. In Other

words, " the perpetual motion " is impossible.

I The "potential energy" (§ 113) of such a system, in the

configuration which it has at any instant, is the amount of

work that its mutual forces perform during the passage

of the system from any one chosen configuration to the

configuration at the time referred to. It is generally

convenient so to fix the particular configuration chosen for

the zero of reckoning of potential energy that the potential

energy in every other configuration practically considered

shall be positive.

As particular instances ot_ this we may notice many of

the results already given : for instance, the ordinary expres-

sion for the velocity ^icquired by a falling stone (§ 28),

i^v- = ffx; for here ^mv- is the kinetic energy acquired,

while mff.x is the work done by the weight (mg) during the

fall Similarly, we have in the motion of a planet, the ex-

pressions- =/xf j, which leads to m —5—'=— (''i
- ^)-

Hero — is the " mean value" of the force for distances from

r to ,, and therefore the right-hand side is the work done

by the force, while the left-hand side is the increase of

kinetic energy produced.
To put this in an analytical form, we have merely to notice that,

by what has jiist been said, tlie value of

is independent of tlie paths pursued from the initial to the 6ual

positions, and therefore tliat

:i{Xdx + Ydj/ + Zdz)

is a completo differential. If, in accordance with what has just

been said, this be called- (2 V, V is the potential eneijgy, and

^' dx,

Also, by the second law of motion, U v^ be <!i« niaaa Qf (X particle

of the system whose coordinates arc .v,, 1/,, i, wo have.

vaiion 0^

The integral is

tliat is, (he sum vf the hinetic and potential energies is con-

stant. This is called the " conservation of energy."

In abstract dynamics, with which alone this article FV.ic-

is concerned, there is loss of energy by friction, impact, tii^nal

&c. This we simply leave as loss, to be accounted for by f-^f'^''"

Thermodynamics.

§ 172. Hitherto, as we have been dealing with the Other

motion of a single particle only, we have not required the ^"^^ "'

assistance of even the third law. For, in those cases,

already treated, in which one of the forces was not given,

it was at all events due to a given constraint, and the

geometrical circumstances of the constraint supplied the

means of determining it. In fact we were not, in any

case, concerned with reaction ; or, to use the more modern

form of expression, we were engaged with one half, only,

of a stress. When a .stone's motion was investigated, no

account was taken of the stone's attraction for the earth ;

when we dealt with central forces, the centre was supposed

to be fixed ; and, even in the cases in which variable

constraint was supposed, the curve which produced it was

assumed to move in a manner absolutely determined

beforehand, and in no way affected by the reaction of the

mass acted upon.

But, in nature, circumstances are not so simple.

Though, for all practical purposes, we may calculate the

motion of an ordinary projectile as if its attraction had no

influence upon the motion of the earth, we cannot do so in

the case of the motion of the moon about the earth. The

mass of the moon is about ^th of that of the earth, and

its gravitation effects on the motion of the earth cannot be

neglected. The moon, in fact, moves faster round the earth

than would a projectile of less mass, though moving in

precisely the same relative orbit (§ 146). If the earth's

motion were not accelerated by the reaction of the moon,

the sole crest of the lunar tidu-wave would be on the side

of the earth next the moon, and there would be full-tide

once only in a single rotation of the earth about its axis.

V\'e need not give further instances here ; they will pre-

sent themselves in almost every case we investigate.

§ 173. To give a general notion of the applications of. Example!

and necessity for, the third law, we choose a few special of third

cases, selected so as to give, in short compass, a sufficiently
'^^^*

general glance at the whole subject.

We take, first, the case of two stones or bullets con- Atwood's

uected by an inextensible string passing over a, smooth machine,

pulley. Let their masses be m and m'. Our physical

condition is that the tension of the string, whatever be its

value, is the same throughout ; and this is accompanied by

the geometrical condition that the length of the string is

constant, or that the Speeds of the two masses are et/ual

but in opposite directions. Hence the amounts of increase

of momentum in a given time are as the masses. But

they are also as the forces, by the second law. Thus

m: m' .:T-mg: m'g-T.

This gives, at once,

T=^"""'g;

so that the whole downward force on m' is

OT'sr-T=OT'"^, ~"V .

and the whole upward force on m is

T-m'7 = m—

:

«'
m' + m

The motioa of the system is therefore of precisely tlie same
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chanictor as that of a free mass falling in a vertical lino,

but the acceleration is less, in the ratio of the difference of

the two masses to their sum."

§ 174. This is tho essence of the arrangement called

Atwood's Machine, which used to be employed for the demon-

stration (in a rough, way) of the first and second laws of

motion, in certain simple cases. The main feature of tho

method is the artificial reduction of the acceleration, so that

thtt motion of the falling body is rendered slow enough to be

followed by the eye with some degree of accuracy. To prove

the first law, a bar of metal was laid across ono of two equal

masses suspended as in tho example; and tho system was.

allowed to move under acceleration until the preponderat-

ing mass passed through a ring which arrested the bar.

The subsequent motion, with no acceleration, was then

observed by noting the passage of the falling mass in f-ront

•of a vertical scale, while tho observer also listened to the

ticking of a pendulum escapement. For the verification of

the second law, so far as uniform force is concerned, the

apparatus was adjusted by trial so that the extra load was

detached from the preponderating mass after 1, 2, 3, etc.,

beats of the pendulum ; and the subsequent uniform

speed was found to ba nearly in proportion to these

u umbers. And, again, to prove that momentum acquired

is, cscteris paribus, proportional to the force, the effects of

bars of diflferent masses were compared by the same
process.

If X and Z- z be tho portions of tho string ou opposite sitlcs of

the pulley at time t, wo have

,„'^^(^-.) = „,,.T=-,

Hence by elimination of T we hav

and by elimination of x

_ 2 nun'

7/1 -(-

-,g , Qs before.

"When one of the masses is vibrating pendulnra-wiso, tlic problem
assumes a very much more difficult aspect. We will take it later

.as an example of the application of Lagrange's general method.

Chain- § 175. Let us now suppose these masses, so connected,
"•"ot. to be thrown like a chain-shot. We see by § 166 that their

centre of inertia moves as if the masses were concentrated

there. Also that the moment of momentum is unafi'ected.

Hence we have only to find the initial position and motion
of the centre of inertia, and the plane and amount of the

initial moment of momentum ; and the pomplete determina-
tion of the motion follows. This case is. precisely the same
as that of a well-thrown quoit, the rotation of which is

about its axis of symmetry. It is, so far as § 166 goes,

the case of an ill-throwa quoit, which appears to wabble
about in an irregular manner. But these are matters
properly to be treated under Kinetics of a Rigid System.

Masses § 176. Suppose, next, two masses ??!., and m, to be con-
con- nected together by an elastic string, the extension of the
nected

string being proportional to the tension. Let tiii be held

rbstic " ^^^ hand, while m.^ hangs at rest. Then let the system

btring. be allowed to fall What is the nature of the motion ?

Without mathematical ^investigation it is easy to see that,

the moment the masses are loft free to fall, the tension of the

stretched string will gradually draw them together. When
it has thus contracted to its normal length, I, the relative

speed of the two masses will have a definite value. This
tvill continue to be the relative speed until they have
passed one another and again arrived at a< mutual distance

/. At that instant the tension of the string comes into

play again ; the relative speed becomes less and less, finally

vanishing when the distance between- the masses Is what

it was at starting. Then the relative speed becomes

again one of approach, increasing steadily till the dis-

tance between tho masses is I. This maximum speed of

approach continues till, after again passing one another,

the particles onco more reach the relative distance I. And
so on. All this time, however, their common centre of

inertia has been steadily falling with uniformly accelerated

speed, as if the masses had been concentrated at- -if ipto

one. Since I is the unstretchcd length of the string, if

we call E its modulus of elasticity, its tension at any other

length, A, is

by Hooke's law. Hence, if initially ?», were at the origin,

and the axis of :c be taken vertically downwards, we have

for the initial coordinate of m„

When the masses are moving, the third law informs us that the

tension of the string acts equally and in opposite directions on

them. Thus the equations of motion are

Miiii — m^y + T

,

mJc., = m^ - T

.

Ey eliminating T we have at once

mfi + m.jt„= (OT] -V mj)?

.

But 7n,a;i -h mjXj =-()«! -^ mj)|

,

it I be the coordinate of the centre of ine'-tia of the two masses.

Heuec

the ordinary equation for the fall of a stone. Thus

MljJ:i -fmjSJj =A -f B( -H J(mi -^ m^gl".

Since «i = 0, *i = 0, a;j = /^^-|-l V, *s=0, whcn«=0, we have

A = n./!M.H V B = 0,

!,.ri-l-mja:s-m/^ + l]i-Hi(mi + ms)sr<2.

ic^i > Z we have also

Hence, multiplying the first of the ecuiations of motion by OTj,

and the second by -n^, and taking the diucrenee, we have

m,m,fe-*,l= - (m,-^7,gE^azS . i ^
.-

The integral is

(C5-a.i-Z-fFcos(?i<-FQ),

and thus

So long as x.

Also, by the data at starting

Q = 0,

Hence, finally.

we have

E

hn -cos Tit

"W'r-,
mlpl

whence the value of x^ can easily be found.

As soon as we have )it>iir these values cease to represent the

coordinates of the two masses, because they are deduced from

equations involving constraint which, in the case supposed, has

ceased for a time.

At the instant n< = Jir the relative speed of the masses is

n„gl /i

"E" V
(m,-l-m.lE

^

and tho'r distance I,

This distance diminishes thenceforwara witn tne aoove

speed until the uppermost stone, having passed the lower

one, falls below it to a distance I. We must, in order to

trace the next part of the motion, reapply the differential

equations above,—integrating them, and determining the
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oonstanfs by the new conditions. This we leave to the

reader.

Complex § 177. Next let us take the case of a Complex Penda-
pendii- ;M»{,-^the motion of two or more" pellets attached, at
"™* dififerent points, to the same thread, supported gt one

end. The general solution of this question presents con-

siderable difficulties, but if we confine our attention to

slight disturbances it is easily treated by very elementary

processes. In fact, just as a simple pendulum, slightly

disturbed in a vertical plane, has simple harmonic motion
which may be regarded as the resolved part of conical

pendulum motion, so we may treat of a complex conical

pendulum, and resolve its motions parallel to any vertical

Diane.

If there be but two masses attached to the string, it is

•Jear that they must, if the motion is to be a persistent

jonical one, hi always in one -vertical plane with the point

)f suspension. And there are obviously two dispositions of

,he string which are consistent with kiuetic stability.

Let A (fig. 54) be the point of suspension, then the

Basses may rotate steadily in either of the two configurations

sketched. To keep either mass ^ ^
moving in a horizontal circle,

all that is required is that the

resultant force on it shall be

horizontal, directed towards

the centre, and producing an
acceleration equal to V-/R,

as in § 34. Let the whole

system turn with angular ve-

locity o), and let the lengths

of the strings be a and h, their

directions making angles 6, <j>

fvlth' the vertical.

We will treat only the case

in which these angles are so ^'S- ^4-

small that the arcs may be written in place of their sines.

Then m requires a horizontal resultant force ma6ur

directed towards the axis, and M requires- M(a6 -J- 60)aj-

similarly directed. Also, as the strings are both very

nearly vertical, the tension of the lower string may be

taken as the weight of M, and that of the upper as the

sum of the weights of M and m. Treating it, then, as a

statical problem, we have for the mass m
maeio- -={U + m)r)e- Mg(j>

;

and for M
U{aB + b4>}o,^= +'Mg<p.

These formulas correspond to the first configuration, but a

change of sign of <^ adapts them to the second.

These two equations involve three unknown quantities

fc)^, 6,
(J).

But the ratio, only, of and
<f>

is involved,

so that, two equations are sufficient. [We have confined

ourselves to small .values of 6 and 6< but have not assigned

any limit to their smallness ; so that their ratio has still

an infinite range of values.]

Eliminate the ratio tf>/0 between the two equations

;

and we have, putting i// for ^/m*,

Mo.;-= (i)/ - i)((M -H OTJiJi^ma)

,

/
M B

(,^-o)C+-J)_ ah.
M-n«

It is clear that, because the right-hand member is essentially

less than ab, there are always two real values of i/f, both

positive, but one greater than the greater of a, b, the other

less than the lesser. These correspond to two values

of <j>l$, one positive, the other negative.'^

§ 178. The most general motion, then, •ot the double

complex pendulum, when it vibrates in one plane^con-

sists (for each of the masses) of the resultant of two simple

harmonic motions, whose perbds are

ip having one or other of the two positive values given
by the equation above, and being therefore the length ofl

the equivalent simple pendulum. Thus the-double com-
plex pendulum supplies at once the mechanical means of

tracing (by ink, sand, electric ."parks, &c., § 156) a
graphical representation of the composition of two simple
harmonic motions, of different periods, in one line.t

Analytically thus." For any displacement iu oiio plane wo liavo,
and

<t>
being, as before, the deflexions and T, T the teusions of

the stiings,

ma(~\ cosd— mrf-TcosO + T'costp,

u(j^\\asine + bsm(p).= -Tsm<p

M/'-^y((icose + Scos0) = Mf/-T'cos^,

four equations to determine S, <p, T, and T'. They become mnch
more manageable if we assume that d ami (p arc so small tliut their

squares may be neglected. For then we have &in6= $f cos^^l,
&e., and the equations become

r,ir,B= -re + Tip, =mo-T+ T,'
U{ae + bf)=-T<p, =Ug-T.

Thus T' = M!7, T-(M-l-m)!7,

and we have maS. = - (M + vi)ge + Ngtp
,

ad + b^^ -gip.

Introducing au arbitrary multiplier A, wo havo

f^y\{m+ \)ae + \b^ I =-!7|(M-nn)« + (A-Iir)5i |.

If we choose \ so that
\b' _.X-M

i,m + \)a M + m"'^' ^''

the equation can be put iu the form

Now (1) is a quadratic ei|uation iu \, and has obviously real roots,

a positive root greater tlian M, aud a negative root nuiucrically

less than m. Write (1) :ls tbo equation of au hyperbola, in the form

_ a5 \-M

and \re see that A +m = is au asymptote. Tho branch on the

positive side of this asymptote lies mainly below" the a^as of A.

But /x is positive for A = M, and also for A.= 0.

Hence n must pass through the value zero while \ is greater than

li, and lor another value of a between zero and -in. But it is

obvious that, for each of these values of \,jn + \ is positive.

Hence the equation may be writtd%

where e and n have two sets of real values given as abOvs ; and thus

we have the complete solution, with the fouia'equisite arbitrary con-

stants, in tho form

e + e.il> = 'P^cos{vJ + Q..\.

This applies to every possible set of values of a, b, m, M ; for, as

we have seen, the two values of A aro csseutiaUy different, at least

so long as neither of Ihc masses becomes zero. Thus, iu this Tiarti-

oular case, we are not met by tho difliculty of equal roots. ;; iJut it

is very interesting to contrast this e.ise, when ni is much grcati-r

than M, and a~b, with the cnsc discussed i;i § 162 where the

point of suspension of a simple pendulum hos a horizontal sim|de

harmonic motion of the period of the pendulum and in the vertical

plane in which it vibrates. There the oscillations i^icrcase indc-

hnitcly ; here they are in all cases essentially finite, in accordance

with the assumptions made. , There is, in fact, noincroaee of tho

energy of tlie system. " —---

A very slight modification of the proCBsrgtveS us the

result of small displacements not in one planes

KiTieticsofa System of Free Pai-ticles^

§ 179. A system of free particles is subject olily fb theii

mutual attractions; to investiiiate the uioiion o' the

system.

«y
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Systom
uf froo

larliclcs.

Ijc't, nt time «, i„, y„ :„ bo the coordinates of the pariicie

whoso mass is m„, and let i^'(D) be the law of attvaction. Let pr,

express tho distance between the particles vij, and m, ; then we
have, for tho motion of ni-^ ,

'
. i'

,»„

t'onsoT*

vation of

iitomon-

tiim,

witli similar equations for each of tho others, the stimmations
hiiiig talieii throughout {he system. Before we can make any
nttcinpt at a solution of these equations, we must know their num-
ber, and Uio laws of attraction between the several paw's of pai'ticles.

iiiit soino general theorems, iudepeudcut of these data, may easily

bo obtained.

First, we have Conservaiioii of Momentum. In the expressioa

for Wp '—i? , wo have a term fflpm,0'(,7',)5i-^S
,

cU-

and in m, -^ we have >*'(.»-p)-

rienco, if we add all the equations of the form (1) together, the
rcsvUt will bo

„ d'x,
,

drx„ n
41' ' at'

Similarly 05()n)-O, and '^f2(ro)=.0,

where (g 109) x, y, z is tho centre of inertia of the .system.

These equations show that the speed of the centre of

inertia parallel to each of the coordinate a.xes remains

invariable during the motion ; that is, that the centre of
inertia of the system remains at rest, or moves with constant

speed in a straight line.

^^ Next wo \\:iyQ Conservation of Moment of Momentum. For if we
momont multiply in succession equation P) by i/,, and cquatfftu (2) by Xj,

of 1110- .^inl sulitract, and talie the sum of all such romaiuders through the
mcutum, system of cnuations of the forms (1) and (2), we have

S.[m{x!j-yx)\^0 .

Integrating once, wo h.avo

2[m(a:i/-2/x)]™2A3,

where tho left-hand member is tho moment of moaientum of the
Hystcio about tiic axis of z.

This equation shows (since xy k any plane) that gene-

rally in the motion of a free system of particles, stibject

only to their mutual attractions, tlie moment of inomentnm
abnnt every axis remains constant.

of energy. Finally, we have Conservation of Energy. Multiply (1) by

(2) by (3) by and, treating similarly all, the other

ctinations, add them all torjctlicr.

Let us consider tho result as regards the term on the right-hand
side involving tho product my,mq.

Written at length it is

it'(p7'o) \ I , dxo , \ dxa

dt

•f simil.ar terms in y and sj ; -

and the jiortiou in brackets is equal to

-
j
(2, - v,\—{x^ - ip) -t- similar terms in y,

: rf'a . tZy d°i/
,

dt dt'

m('I^^.>.'Mfv.dzfz\l
\d'. dV "^

dt df^dt df) »

-f2J,V)i,.#.V,)^(p'-,)| =0;

therefore, on integration,

i2(,)if') ¥ 5 { m,M,0(pr,)} =H

.

Wo SCO therefore that the change in i?ie Idnetic energy

of the system in any time depends only on the relative

<Hstances of ilic particles at the beginning and end of that

time.

Another general expression for tho kinetic energy of a syslem of ViriaL
particles, in terms of a function of the mutual forces, and the cou-
strainina; forces if there be such, is readily found as follows.

If X, y, z be tho coordinates, at time t, of tho particle in, wa havo

[^)^rn(3~' + y^ + z'')-2Sm{i^ + i/' + z') + 2Sm(.xlc+ yg + z-).

But if X, Y, Z bo the components of the forces (of whatever kind)
acting on m, we have (§ 119)

m*=X, mi/=Y, mi=Z.
Thus

\dt)
Sm(x- + y' + z') = 22m(x' -t- S° + 2") + 2S{Xx+ Yy + Zz).

This expression was originally devised by Clansiu.s foi applicatiou
to the kinetic theory of gases. The quantity Sm{x' + y' + T') ia

obviously half the sum of the three princii>al momenta of inertia of
the group of particles about the origin (§ 234).

In all cases of motion of a group, in which this sum ie either con-
stant or oscillates in an extremely short period about a constant
value, the left-hand side may be regarded aa (ou the average at
least) a vanishing quantity. Thus an equivalent of the kinetic
energy is expressible as

-iSiXx +Yy + Zz).

This expression is called the "virial."

In so far as it arises from tho mutual action between two par-
ticles nip and m„ its value is (in the notation abov6)

-i('m,m,0'(,r,)52^::Sx, + m, m,<j,'(^r,)=^iZj^x;)
,

\ P''l !>'"« /
with corresponding terms in y and z, altogether

= 4mpm,i^'(,r,)p)-,.

Hence if we write, generally, r for the distance between two of
the" particles, and it for the stress between them as dep
their mutual action, the corresponding part of the viriaf ia

42CR'-).

This is positive when the stresses are of the nature of tension.
When the mutual action is due to gravity only,

pr q

and the part of the virial corresponding to this ia

expressing half the exhaustion of the potential energy of tho
system.

When the particles are in very great numbers, and enclosed in a Virial of
vessel from the sides of which they rebonnd—as is supposed in the a gas
kinetic gas theory—the pressure p, per unit of surface, ou tho walls coutainec'

of the vessel mdst be taken into account. If 7, m-, n be tho direc- in a
tion cosines of the normal to the element dS of the wall of tho veasei.

vessel whoaa coordinates are Xj
i/, «, the con'eaponding part of the

virial is'

^pffdS{ lx+ my + nz}

extended over tho whole internal surface. We here assume thatp
is constant. But hx-^-iny + vz is the perpendicular from the on'gin

on the plane of tiS, so that the integral expresses three times the
volume V of the vtssel. Hence this part o*" tlie vii'ial ia

Thus, in the case of a gas not acted on by external forces, the
Idnetic energy is

4pV + j2(Rr).

Impact of Smooth Spheres.

§ 180. There remains to be treated, so far as particle Impact.,

dynamics is concerned, the self-contained subject of Impact.

In connexion with it we must once more refer to the

second and third of Newton's laws. We are now dealing

with forces which produce, in finite masses, finite changes

of momentum in excessively short periods of time. It is

clear from this statement that their effects may be treated

altogether independently of finite forces, which may be

acting along with them, but which produce during the

very short periods in question only infinitesimal results.

And, as in general we have no knowledge of the actual

force exerted at any instant during the impact, nor of the

time during wliich the action lasts, we confine ourselves to

the quantity, called the "impulse," which measures the Impulse,

amount of momentum lost by one of tht> impinging bodies

and acquired by the other.
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Impact § 181. When two balls of glass or ivory impinge oa one
of small another, the portions' of tlie surfaces immediately in contact
epneres.

^^g disfigured and compressed until the molecular reactions

thus called into play are sufficient to resist further distortion

and compression. At this instant it is evident that the

points in contact are moving with the same velocity. But
as solids in general possess a certain degree of elasticity

both of form and of volume, the balls tend to recover their

spherical form, and an additional impulse is generated.

This is proportional, as Newton found by esperiment, to

that exerted during the compression, provided neither of

the bodies is permanently distorted. The coefficient of

proportionality is a quantity determinable by experiment,
ond may be conveniently termed the " coefficient of resti-

tution." It is always less than unity.

§ 182. The method of treating questions involving

actions of this nature will be best explained by taking as

an example the case of direct impact of one spherical ball

on another. It is evident that in the case of direct impact

of smooth or non-rotating spheres we may consider them as

mere particles, since everything is symmetrical about the

line joining their centres. If the impinging masses are of

large dimensions, of the size of the earth, for instance, we
cannot treat the effects of the impact independently of the

other forces involved ; for the duration of collision in such

a case may be one of hours instead of fractions of a second.

§ 183. Suppose that a sphere of mass M, moving with

a speed V, overtakes and impinges on another of mass M',

moving in the same straight line with speed v, and that,

at the instant when the mutual compression is completed,

the spheres are mm-ing with a common speed V. Let

R be the impulse during the compression, then

M{i;-V) = M'{V-d') = R;
Mi' +MV ._, „ *I*l!_c„whence and R" -V) (1).M + M' ' M + 11'

From these results we see that the whole momentum
after impact is the same as before, and that the common
speed is that of the centre of inertia before impact. The
quantity V can vanish only if

Mw +MV=0

,

that is, if the momenta were originally equal and
epposite.

This is the complete solution of the problem if the balls

be inelastic, or have no tendency to recover their original

form after compression.

§ 181. If the balls be elastic, there will be generated, by
their tendency to recover their original forms, an addi-

tional impulse proportional to R.

Let e be the coefficient ^of restitution, and
speeds of the balls when finally separated.

before,

MCV-rJ =cR,
M'(tV-V)=cR;

' M + M' M + M'

(M-eM'>' + M'a + eK M'

"""M + M'

V], v^ the

Then, as

whence

and j-l.l+clv-v');

with a similar expression for !'/.

These results may bo more easily obtained by the simple

consideration that the whole impulse is (1 + e)R ; for this

gives at once W(!)- j)i)=M'(fi' -v') = {\ +c)R.
impact If M' be infinite, and tj' = 0, we have the result of direct
on fixed inipact on a jixi'.d surface, viz., v - i\ = (\ + e)v ot v-^= — ev.

p one. rpj^g
jj^n rebounds from the fixed surface with a speed e

times that with which it impinged.

§ 185. Suppose, -now, M = M', <= 1; that is, let the balls

be of equal mass, and their coefficient of restitution unity

(or, in the usual but most misleading phraseology, supposo
tha balls to be " perfectly elastic"); then 2R = M(i> - f')

;

v^^v, and similarly v^' = v; or the balls, whatever bo their
speeds, interchange them, and the motion is the same as
if they liad pas.';ed through one another without exerting
any mutual action whatever.

Thus if a number of equal solitaire balls'or billiard balls
be arranged in contact in a horizontal groove, and another
equal ball impinge on one extremity of the row, it is re-

duced to rest, and the ball at the other end of the row
goes off with the original speed of impact. If two im-
pinge, two go off, and so on

§ 186. We may write the above expressions in terms Conser-

cf the impulse, thus

m + c)

M
E(l+£)

M'

vation of

moraea-
ttUH.

(2).

Hence Ml'] + M't'i'^ Mi' + MV, whatever e be, or-there is

no momentum lost. This is, of com-se, a direct con-
sequence of the third law of motion.

Again iUf; + JM'i''; - pii;= + JM'»'=

-R(l +«)(.. -!.') + iR!(l + 0=^|i^'MM
,n,M + M_'

MM'
MM' , ,,,

'STm'*"-"^

The last term of the right hand side is therefore the loss of

kinetic'^nergy apparently destroyed by the impact. When '=""sy.

c = 0, its magnitude is greatest, and equal to

JMu' + iMV" *R'(1 - c-)-

id-Or

MM'
M + M'

-(jj-i'')'=JR(t)-j)')

When (;=1, its magnitude is zero; that is, when tho

coefficient of restitution is unity no kinetic energy is lost.

The kinetic energy which appears to be destroyed in any
of these cases is, as we see from § 171, only transformed

—

partly it may be into heat, partly into sonorous vibrations,

as in the impact of a hammer on a bell. But, in spite of

this, the elasticity may be " perfect." Hence the absurdity

of the designation alluded to in § 185. Also by (2)

,,'-,.,..'-.+Ra+.)^
— c{>i-v') by (1).

Hence the velocity of separation is e times that«f approach.

§ 1 87. Tivo smooth spheres, moving in given paths and Oblique

with given speeds, impinge ; to determine the impulse and ™P^t-

the subsequent motion.

Let the masses of the spheres be M, M', their speeds

before impact v and v, and let the original directions of

motion make with the line which joins tho centres at the

instant of impact the angles a, a', which may be calculated

from the data, if the radii of the spheres be given.

Since the spheres are smooth, the entire impulse takes

place in the line joining the centres at the instant of impact,

and the future motion of each sphere will be in the piano

passing through this line and its •original direction of

motion.

Let R be the impulse, e the coefficient of restitution.;

then, since the speeds in the line of impact are ^cosa

and J)' cos a', we have for their final values t\, v^^, after

restitution, by § 184 the expressions

-,(l + e)(!)cosa-r'coso'),
M + M'

= i''ccisa' + :

M
7(l + c){scf)so-»'cosa'),

M + M"
and the value of R is

MM'
M + M''

Hence, the sphere M has finally a speed c, in the Vme,

~(l + c)(i'cosa-s'cosa')

.
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joining tlio centres, and n Bpeed usina in a known

"direction perpendicular to this, namely, in the plane through

Ibis and its original direction of motion. And similarly

for the sphere M'. Thus the consequences of the impact

are completely determined.

S 188. When a sphere of mass M impinges directly,

with speed V, on another M' at rest, the speed acquired

by M' is

MV (l + <:)

il + Jl'

But, if another sphere of mass /i, also at rest, be interposed

between theui, M will acquire a speed

This is greatest when // is the geometric mean of M and

M', and its value is then

MV(1 +£^)"-_

(v/.M + VM')''

The ratio of this to the speed which M' would have

acquired without Uio interposition of tht thiiU sphere is

1 + c

, sV.M.M'

There is thus a gain by the interposition if, and only if,

'^"-.M + .H-^

This condition is always satisfied when the coefficient of

restitution is unicy, except in th« special case of equal

masses. If an infinite number of spheres be interposed

between M and XI', so adjusted as to give the greatest

possible speed to JI', tliat greatest speed is V^M'/M,
provided we have e= 1.

Coniimtons Siiccei":ion of Indejliiitely Small Impacts.

% 189. We maynow consider the case of a continuous series

r of indefinitely small impacts, whose etiect is comparable with

that of a finite forca. - One obvious method of considering

such a problem is to estimate sepdratcly the changes in the

velocity produced by the finite forces and by the impacts,

in the same indefinitely small time S(, and compound these

for the actual effect on the motion in that period.

Another way, of course, is to equate the rate of increase

of monientuni per unit of time to the force producing it.

A vuiss, niider no forces, moves throufjh a vniform cloud

of li/lle pnrticles which are ai rest. Those it meets adhere to

it. fill, I the motion.

At tiiu'.' t let yu bo the m.iRS, and let a- delicto its position in its

line of uiotiou. Then, .is thcix' is no loss oi niomcutum, xve have

lint if M bftlieoiisin.il m.iis. jj, tiRMiiass of the particles picked up
in unit of Icngili, obviously

Suli.stitute auil integrate, supposiug a: = u, i; = V, when ( = 0; and
«0 glit

from which x can bo easily fouml.
It is interesting to observe-that we have

(M + ^o.'f
60 that the mass moves .as if acted on by an attraction rarving in-
versely .as the cube of tlie elist.auce lior.i a poiut m its lino of'motion.

This problem obviously leads to the same result as the
following :—^1 cannon-hall attached to one end of a chain,

irhich is coiled up on a smooth horizontal plane, is projected
cdony the plane. Determine its motion.

§ 190. Another excellent instance of the application of

this Drocess is furnished by the motion of a rocket, '.vhere

15—26

the motive power depcnas on the ff.ct that a portion of tho

mass is detacln;d with considerable relative velocity. Tho
increase of the momentum of the rocket due to this cause is

equal to tho relative momentum with which the products

of combustion escape. If we suppose the rocket, originally|

of mass M, to lose eM in unit of time, projected from it

with relative velocity V, the gain of momentum in time ot

due to this cause is

cU\St.

Tho total upward acceleration is therefore

fMV
U-cMt ''

Unless this be positive the rocket cannot; rise. It will rise

at once it ^>gle, and it cannot rise at all unless

yiyjIsV >gle, M' being the mass of the case, stick, ic.
which are not burned away.
From the above data it is easy to calculate that uie

greatest speed acquired during the flight (the resistance

of the air being left out of account) is

= 11' c\ M '

Dynamics of a System of I'articles Generally.

§ 191. The law of energy, in abstract dynamics, may be

expressed as follows :—the whole work done in any time,

on any limited material system, by applied forces, is equal

to the whole effect in the forms of potential and kinetic

energy produced in the system, together with the work lost

in fiiction. This principle may be regarded as compre-
hending, the whole of abstract dynamics, because the con-

ditions of equihbrium and of motion in every possible

case, may be derived from it

§ 192. A material system, wnose relative motions are

unresisted by friction, is in equilibrium in any configurati -n

if, and is not in equilibrium unless, the rate at which the

applied forces perform work at the instant of passing
through it is equal to that at which potential energy is

gained, in every possible motion through that configuration.

This is the celebrated principle of "virtual velocities,'"

which Lagrange made the basis of his Mecanioue Analy-
tique.

§ 193. To prove it, we have first to remark that the
system cannot posSibly move away from any particular

configuration except by work being done upon it by the
forces to which it is subject ; it is therefore in equilibrium

if the stated condition is fulfilled. To ascertain that

nothing less than this condition can secure the equilibrium,

let us first consider a system having only one degree uf

freedom to move. Whatever forces »ct on the whole
system, we may always hold it in equilibrium by a single

force applied to any one point of the system in its line of

motion, opposite to the direction in which it tends to move,
and of such magnitude that, in any infinitely small motion
in either direction, it shall resist or shall do as much
work as the other forces, whether applied or internal,

altogether do or resist. Now, by the principle 'of super-

position of forces in equilibrium, we might, without altering

their effect, apply to any one point of the system such .a

force as we have just seen would hold the system in equili-

brium, an4 another forcer equal and opposite to it. All the

other forces being balanced by one of these two, they and
it might again, by the principle of superposition of forces

in equilibri-im, be removed ; and therefore the whole set

of given forces would produce the same effect, whether for

equilibrium or for motion, as the single force which is left

acting alone. This single force, sinco it is in a line Li

which the point of its application is free to move, must
move the system. Hence the given forces, to which the
single force has been proved equivalent, cannot possibly b©

XV. — qi

particles

Virtual

velocitieai
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in equilibrium unless their whole work for an infinitely

small motion is nothing, in which case the single equivalent

force is reduced to nothing. But whatever amount of free-

dom to move the whole system may have, we may always,

by the application of frictionless constraint, limit it to one

degree of freedom only ; and this may be freedom to

execute any particular motion whatever, possible under

the given conditions of the system. If, therefore, in any

such infinitely small motion there is variation of potential

energy uncompensated by work of the applied forces, con-

straint limiting the freedom of the system to only this

motion will bring us to the case in which we have just

demonstrated there cannot be equilibrium. But the appli-

cation of constraints limiting motion cannot possibly dis-

turb equilibrium, and therefore the given system under the

actual conditions cannot be in equilibrium in any particular

configuration if the rate of doing work is greater than that

at which potential energy is stored up in any possible

motion through that configuration.

Kentral § 194. If a material system, under the influence of

^.1°|" internal and applied forces, varying according to some
nam.

^gg^j^g ig^„^ jg balanced by them in any position in which

it may be placed, its equilibrium is said to be neutral.

This is the case with any spherical body of uniform material

resting on a horizontal plane. A right cylinder or cone,

bounded by plane ends perpendicular to the axis, is also

in neutral equilibrium on a horizontal plane. Practically,

«ny mass of moderate dimen-sions is in neutral- equilibrium

"when its centre of inertia only is fixed, since, when its

longest dimension is small in comparison with the earth's

jadius, the action of gravity is, as we shall see (,§ 322), a[>

proximately equivalent to a single force through this poipt.

Stable § 195. But if, when displaced infinitely little in any
yo."^' direction from a particular position of equilibrium, andleft
lionum.

j^ itself, it commences and continues vibrating, without

ever experiencing more than infinitely small deviation, in

any one of its parts, from the position of equilibrium, the

equilibrium in this position is said to be stable. A weight

suspended by a string, a uniform sphere in a hollow bowl, a

loaded sphere resting on a horizontal plane with the loaded

side lowest, an oblate body resting with one end of its

shortest diameter on a horizontal plane, a plank, whose thick-

ness is small compared with its length and breadth, floating

on water, are all cases of stable equilibrium,—if we neglect

the motions of rotation about a vertical axis in the second,

third, and fourth cases, and horizontal motion in general

in the fifth, for all of which the equilibrium is neutral.

Unstable §196. If, on the other hand, the system can be displaced

«q°|- in any way from a position of equilibrium, so that when
libnttm.

j^j^ j^ j|.gg|f jj ^jjj ^^^^ vibrate within infinitely small limits

about the position of equilibrium, but will move farther

and farther away from it, the equilibrium in this position

is said to be unstable. Thus a loaded sphere resting on a

horizontal plane with its load as high as possible, an egg-

shaped body-standing on one end, a board floating edgewise

in water, would present, if they could be realized in practice,

cases of unstable equilibrium.

§ 197. When, as in many cases, the nature of the equili-

brium varies with the direction of displacement, if unstable

for any possible displacement it is practically unstable on

the whole. Thus a circular disk standing on its edge,

though in neutral equilibrium for displacements in its

plane, yet being in unstable equilibrium for those perpen-

dicular to its plane, is practically unstable. A sphere rest-

ing in equilibrium on a saddle presents a case in which

there is stable, neutral, or unstable equilibrium according

to the direction in which it may be displaced by rolling

;

but practically it is unstable.

§ 198. The theory of energy shows a very clear and

simple teat for discriminating these characters, or deter-

mining whether the equilibrium is neutral, stable, or Ener»y<

unstable, in any case. If there is just as much potential*"^*."'

energy stored up as there is work performed by the applied fTJ-"

and internal forces in any possible displacement, the equili-

brium is neutral, but not unless. If in every possible

infinitely small displacement from a position of equilibrium

there is more potential energy stored up than work done,

the equilibrium is thoroughly stable, and not unless. If

in any or in every infinitely small displacement from a

position of equilibrium there is more work done than energy

stored up, the equilibrium is unstable. It follows that if

the system is influenced only by internal forces, or if the

applied forces follow the law of doing always the same
amount of work upon the system while passing from one

configuration to another by all possible paths, the whole

potential energy must be constant in all positions for

neutral equilibrium, must be a minimum fur positions of

thoroughly stable equilibrium, and must be either a

maximum for all displacements or a maximum for some
displacements and a minimum for others when there is

unstable equilibrium.

§ 199. AVe have seen that, according to D'Alembei-t's Forma-

principle, as explained above, forces acting on the different t'o" o'

points of a material system, and their reactions against the
senera

accelerations which tliey actually experience in any case ot „( motion
motion, are in equilibrium with one another. Hence, in

any actual case of motion, not only is the actual work by
the forces equal to the kinetic energy produced in any

infinitely small time, in virtue of the actual accelerations,

but so also is the work which would be done by the forces,

in any infinitely small time, if the velocities of the points

constituting the system were at -any instant changed to

any possible infinitely small velocities, and the accelerations

unchanged. This statement, when put into the concise

language of mathematical analysis, constitutes Lagrange's

application of the " principle of virtual velocities " to

express the conditions of D'Alembert's equilibrium between

the forces acting and the resistances of the masses to the

acceleration. It comprehends, as we have seen, every

possible condition of every case ot motion. The " equa-

tions of motion " in any particular case are, as Lagrange

has shown, deduced from it witb great ease.

Commencing again with the equations of motion of a particle

mi!=X + X', mi/ =Y + Y', mz=Z + Z',

let us introduce quantities ix, &c., consistent with the conditions,

otherwise perfectly arbitrary, and we have the general equation

^m{xSx+ . . . )-2(X5^+ . . . ),

in which, by D'Alembert's principle, the forces X', Y', Z', due to

the constraints, do not appear.

If the system be conservative the right-hand member of this is,

of course, equal to the loss of potential energy, so that

-5T-2(X5a;-(- . . . ),

and therefore, quite generally in such a system,

Sm{ax+ . . . )=-5V (1).

In the actual motion of any system we have, for each particle,

5a; = x5(, &c., so tltat we have

3m{ii + y!) + a) = -SiXi + Y!/ + Zz).

This is the complete statement of Newton's scholium, § 2 above.

The right-hand member is the expression of the algebraic sum of

the actionem agcntium and of the rcadiones resisten'.ium, so far as

these depend upon gravity, friction, &c., and the left-hand member
that of the readiones dae to the accelerations of the several particles.

If the system be conservative, this becomes

whose integral

l%m{x' + (t'> + i') + Y = 'a

is of course, the general statement of the conservation of energy.

In* Lagrange's general equation above, as we have stated, the

variations Sx, k-.., are not usually independent. Wo must take

account of the various constraints imposed ou the .-.ystem. If these
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retain tho aimo character throughout the motion tlu*y may he ox-

[iressod by a (gonorally finite) muubor of^eiiuations of tho forn

A^i> Vi' *i. a^a, 1/2, Z.J, . . . )~0.

Each of these gives rise to a purely kiuematical rehition aJTccting

aume ono or riioro of the o" -ntitios 5^, &c., of the form

<{i)-(Ji)'» • )
Hy iiitrofliioing, aa usual, a set of undetermined muUipUcrs u, one

for each of tho conditions of constraint, we obtain on aildiiig all

these equations to the general equation ubovo

2"'C^'^+
•

•)=<(^

+

''{ly^fih -^^ • -J'"'-

If there be p particles of tho system, there are Sp coordinates x, y,

z, connected by (say) q equations of constraint, so tiiat there are

Sp-q degrees of freedom, and therefore Bp-q independent co-

ordinates.

Equating separately to zero the multipliers of Sj'j , Si/i, &c., in

tho resultant equation above, wo have 3p equations of which we
write only ono as a type, viz.,

'"'-''MS <''•

Taken along witn the q equations of tho form

these form a group of Sp + q equations, theoretically necessary and
suiricicnt to determine the 3p quantities a;,, j/j, z^, kc, and the q
quantities ft, in terms of t. Thus wc have t.lie complete analytical

statement of the conditions, and the rest of the solution is a

question of pure mathematics.

Ken-" Wlien we deal witli a non-conservative system (which is cquiva-

cj':ser- lent in nature to saying *' when we take an incomplete view of the

vative question"), some of the conditions may vary in character daring

system: the motion. This will be expressed analytically by the entrance

of t explicitly into one or more of the equations of condition /.

Uut, if we think of the mode of formation of Lngrange's equation,

wo sec that it was built up of separate equations, such as

which are true whether the equations of condition involve t

explicitly or not. Eych of these was multiplied by a quantity 5x-,

kc, the only limitation on which was that it should be consistent

with the conditions of tho system at the instant considered, what-
ever instant that might be. Hence equation (2) still holds good.

When, however, we introduce in that equation multipliers cor-

responding to the actual "motion of the system, so that

ix'=xU, &c.,

we find a remarkably simple expression for the energy given to, or

ivithdrawn from, the system in consequence of the varying con-

ditions. For the unintegrated equation (2) now becomes

|(i2m(i= + S' + i'-)) = 2{X4 + YS + Zi) - 2^^!') ,

where the differential coefficient of / is partial. This follows at

once from equations of the form

wliich are ODtained by difTerentiating tho equations of condition

with regard to (. Wlion the conditions do not vary, the quantities

(-f\ &=) all. vanish, and wo see that the constraint does not alter

the energy of the^ystem.

Least mid Vuryinr) Action.

action. § 200. To complete our sketch of kinetics of a particle

we will now briefly consider the important quantity called

" action." This, for a single particle, may be defined either

as the space integral of the momentum or as double the time

Integral of the kinetic energy, calculated from any assumed
position of the moving particle, or from an assigned epoch.

For a system its value is the sum of its separate values

for tho various particles of tlie system. No one has, as

yet, pointad out (in the simple form iu which it i.5 all but

certain that they can be expressed) the true relations of

this quantity. It was originally introduced into kinetics

to suit the metaphysical necessity that something should

be a minimum in the path of a luminous corpuscle (see

an extract from Hamilton in the article Light, vol. xiv.

f. 598). But tliero can be little doubt that it is destiucd

to play an important part 'n the iinal Bystcmatizing of

the fundamental laws of kinetics.

Tho importance of the quantity called action, so far as

is at present known, depends upon tho two principles of

" least action " and of " varying action," the first as old as

Maupertuis, the other discovered by Hamilton about half a
century ago.

Tho first is

—

Iftlt^ sum ofthe potential and kinetic eneryies Least

0/ a system is the same in all its configurations, then, of all the action.

sets of paths by which the parts of the system caji be guided by

frtctionless constraint to pfissfrom one given configuration to

another, that onefor which the action is least is the natural

one or requires no constraint.

§ 201. Unfortunately it is not easy to give examples of this

important principle which can be satisfactorily treated by
elementary methods,—except, indeed, the very simplest,

such as those furnislied by the corpuscular theory of light.

Thus it is obvious that, as long as a medium is homogeneous
and i.sotropic, the speed of a corpuscle in it .is constant.

The action is thus reduced to tlie product of the constant

speed of the corpuscle by the length of its path. Hence
the principle at qnce shows that the path must be a

straight line. When the corpuscle is refracted from one

such medium into another, the path is a broken line such

that the product of each of its parts by the corresponding

Sliced of the corpuscle is the least possible. This gives

the law of the sines, but to agree with experiment the

speed would have to be greater in the denser medium
than in the rarer.

§ 202. Tho problem to find change of action as depending en Change

change {nowhere finite) of the mode of passage from one given con- ofaction-

figuration to another (restricted by tho condition already men-
tioned), is expressed mathematically by

5A = sfs,msds = ifXm{xdx + pdy + idz)

,

while T = i2ms= = J2m(*2 + *= + i"-) = H - V

,

II being the constant energy of the system, and the integral being

taken between limits supplied by the two given configurations.

The first equation gives

8A -=_/2m(e?.rBi + dyii/ + <i:5i + xdSx+ ydZij + idSi)

= 2)H(x5a;+ . . .)^-fSmi.dxix-\-dyli/-\-dzii-dtSx-di/iy-d\Zz)

by partial integration. But the integrated part

:S.m{ax + yZy + iU), (A)

obviously vanishes at both limits, because the initial and final

configurations are given.

If we now take the corresponding variation of the expressions

for the kinetic energy, we- have

5T = 2m.«i=2m (iSi + !)5^+ sSz),

fiom which we have

/Sm{dxSx + dySD + d:Bi) -fSTdi

.

Also wo have

dxSx + dyhj + dzS: = (xSx + ySy + 'J5s)dt

;

.so that finally

5A ^/dl[ST - 2»«(«5i:+ jiJy + J5J)] ,

wliich 80 far is a mere kineinatical result. But it can be rendered

jihysieal by putting -5V for 5T, in accordance with the nbove con-

dition. This we will suppose done.

If now we desire to make 5A vanish, so as to obtain what is

called the " statiou.iry condition," we must make the factor in

square brackets in the integral vanish ; i.e., wc must have

%m{XSx + ySy + iS:) •- 5V -

for nil admissible simultaneous values of Sx, Sy, 5: for the various

particles of tlie system. Cut this is preciselv the general equation

whicli, as we found in § 199 (1), deterniiiios the undisturbed motion

of the system.

§203. The expression 8A- really signifies that any infinitesi- station-,

mal change from the natural mode of passage produces an-infinitoly ary

smaller change in the corresponding amount of the action between action,

tho terminal configurations.

§ 204. It will be noticed that the essential characteristic of the

modes of passage considered in this investigation is that all shall

have the same terminal configurations, and that the system shall
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Varying tiivva3'8 nave tho sa.ne definite amount of energ>. Aii, except the

action, natural mode of passage, ill general require constraint in order that

tliey may be described. Hamilton's grand extension of the subject

depended on comparing the actions in a number of -natural modes of

passage, ditfering from onv; another by slight changes in their ter-

minal configurations, and slight changes iu the whole initial energy.

In this new form of statement tho unintegrated part of the ex-

pression for 5A vanishes, since all tho modes of passage contem-

plated are natural. The alteration of the whole energy, however,

adds a special term to the equation, and We can at once write, from

tho expression (A) § 202, the equation for tho change iu the

action under the new conditions, viz.,

SA = [2m{i^x + y^y + iZz)\ -f iSH ,

the port in brackets having to be taken between limits correspond-

ing to the terminal configu-ations, and the variations 5x, Si/, hz

at these being subject to the conditions of the system.

We cannot here consider thi<» equation in its general form, "VVe

content ourselves with the simpler special deductions from it re-

qnired for completing our sketch of Kinetics of a Particle.

The last given equation, written in fall for a single particle of

janit mass, is

fiA = [*8x -I- y5i/+ sSz] - (xt)5xo -}- ii-oSi/o + 3o5-o) + 'Sn
,

where ar^i Va-, ^o is the initial point, and x, y, z any other point, of

the path. If the particle be altogether free, the seven variations

on the right-hand side are independent of one another; and thus we
have tho following remarkable pro^rties of tho quantity A, regarded

as a function of seven independent variables (the initial and final

coordinates of the particle, and its constant energy), viz.,

/(UN ^ /rfA\

\(U) dt
' \dxj

\dy) dt
' \dyj dt

/dk\ dz (dk\ rf^o

\dzjdt '

\d-^J
^~

dt

From these we gather at once that A
ential eqaations

/dXy /dk\> /dxy

atisHes the ;iartial differ-

.2(H-V)

m<w.hm--'-'''- (S)

onanic-

«ri3tiri

11UC

tion.

§ 206. The whole circumstances of the motion are thus dependent

n the function A, called by Hamilton the " charactei istio func-

tiou." The determination of this function is troublesome, even

in very simple cases of motion ; but the fact that such a mode of

representation is possible is extremely remarkable.

§ 206. More generally, omitting all reference-to the initial point,

and the equation § 204 (2) which belongs to it, let us consider A
simply as a function of x, y, z. Then
Any function, A, vhich satisfies the partial diffcrcntinl cqwation

(ij^e)^er=-^'"-> (1),

possesses the property that —
d£ ' dy

rcjjrcscnt the rcctangulai

a motion possible under i/uc<ymponents of the velocity of a particle in

forces whose potential is V.

For, by partial differentiation of (1) wo havo

d_/dx\ d^^T_ iiY__dk (P^ df^ J^ + 'IA
"^-^

dl\dt )^ dl'^ "' dx" dx dx^ dy dxdy ds dj.dz'

with other two equations of the same form.

But we have also three equatioua of the form

dt\dxl'di dx''^ dt dxdy dt dxdz
'

Comparing, we see that

dx dK dy_.d.\. dz rfA

dt~dx ' dt~ dy ' dt dz

satisfy simultaneously the two sets of equations.

§ 207. AJso if a, 3 be constants, which, along with H, are in-

volved in a complete, integral of the above partial differential

equation the coi'responding path, and the time of^its description, are

given by

wJtcre a, , i3i, « are three addilimal arbitrary constants.

uiilctedilTi rcnti.itieu with regard

<t<(0 M
rfU dz

'

rf,-.ni dt
- 1

For these equations give, bye
to(,

d A dx (P\ dy

dj'da dt difila dt

d"-\ dx <P\_ dy^

dxd/} dt
'^
dyit$ dt

'

d-.K dx £-k dy
^

dxdHdt '^dydil dt
"'

But, differentiating § 206 (1) with respect to a, /9, II respectively,

we get
iPX rfA rf^A rfA rf'A dX ^ ^)
dadx dx dm^y dy dtulz dz I

rf'A rfA £X_ dx _rf^A rfA

d^lx dx ^de-'y dy d0,h dz

^A_rfA rf-A rfA rf-A rf\
I

rfHrf,c dx '^dU.iy dy '^ dildz i "
'

The values of '-''
, &c., iii.(") are evidently cqu: 1 rcFpcclivdy to

those of ?'\ &c., in (4). Hcjl-e the proposition.

-

(«)•

(4).

§ 208. " Equiactional

tion is

rfaccs," tc, thcsi

A --const,

cut at right angles hy tlio trajcrlori :

tth< common cnuix- Surf'u"
oft.)U"!
action.

For the direction cosines of tiie normal are obviously pinpoitionil

at is, to'''
(S).(S)^{S).- cU ' iU ih

Thus the determination of (^qniaclional surfaces is n-sohvil into tlw

problem of finding the oriliogonal trajei-toiic^ of a set of givi-u

curves in space, whenever the conditions of tlio motion an* given.

The distance heticccn consecutive ctpuficiioital stn-faccs is, at omj
point, inversely as the velocity in the corrcyioud/nrj ^M/tJi.

This may he seen at once as follows: tlio eleni'-nt of tho action,

which is the same at all points, is eSs (where 5s, being an Mmicnl
of the path, is the normal di^t.uicc iK'twccn tlic suifarcs).

§ 209. In consequence of tlip inipoitanco of the method wv will Plaia

take two examples of its application. Fii-sta direct exanipli.% Uuii tary

one depending on tho oquiattional surfaces. niolioi'

To deduce from the prlacijilc of " vuryiiig ftclion" Uu' form md
mode of description oj a plaart's orhil.

Tn this case it is obvious that * iviivi-at-nL-i the attraction of
dr ^

gravity {-fi/r^). Ilcncc the right-hand number of § 206 (1) nny
bo written 2(11+^/').

Let us take tho plane of .>y xs thai of the orMt, tluii tli-- equation

§ 206 (IJ becomes

rd\)''&)<"•:)
It is not difficult to obtain a .satisfactory 5

but tho operation is very much sinipUrrvi

ordiuatcs. "With this change, (1) bccoim-.s

whicli is nuvioubly sati^^iled by

(-).con..,t-.

Hcnco A-a0+/dr\,/2'.n I fill) a-fl^

The final inteorndi are tlicroruii-, by g 2(i7,

ilution of this oqna

by the ufo of p..h

/.;a\

Viiii -

2(11 I W) - a'fr-

(3).

(5),

(6).

These equations contain tho co

they involve four constants, a,,

the orbit, and (6) tho time in t.

To complete the iuvcstigatic]

iiplcte solution of the proldcni, fn*

o, H, t. (5) gives the equation o
nns of tlic radius-vector.

, let us assunio

2U/a2-.(i.-=-l)/P,
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whoro I and c are two new arbitrary constants introduced

of a and H. "With these (5) bocomca
place

'-/;T^-^i^-iyP + 2/lr

-ArWe'/P-(llr-lll)'
°l+«cos(9-o,)

'

the pencral polai' equation of conic sections referred to the focus.

Also by differentiating (6) with respect to T, we have

adr ^ ^g

from which, by (6), we immediately obtain

"J NidJ
This involves, again, the equation of equable description of

areas. Compare § 144.

Action iu § 210. In a planet's elliptic orbit th& time is tn^aswred hy the area
orbit of described about one fticua^ ami the action by that described about th&

planet, other.

I''or with the usual notation we have

Ex-
ample.

dK = vds = -ds,

by the result of § 47. But in the ellipse or hyperbola, p' being

the perpendicular from the second focus,

jjp' = ± 6^

.

dA=±^p'ds,Hence

dy'

dy
and eliminate k. We

which expresses the result stated above.

U is easy to extend this to a parabolic orbit, for which, indeed,

the theorem is even more simple.

§ 21 1. Unit particles are projected simultaneously and horizoTUally

in all directions from every point of a vertical axis, all having tJte

saric total energy at starting; find the surfaces of equal action.

We may obviously confine ourselves to a plane section through
the axis. Let x be the vertical coordinate of a particle, measured
downwards from the level at which the common energy is wholly
potential, k the coordinate of the point in the axis from which it

was projected. Then we have, after the lapse of time <,

x= k^^gt' )

y=\/2gkt S

'

Elimiiiating t, we have the equation of the parabolic path

—

To find the orthogonal trajectory (the meridian section of the surface

of equ.'U action), differentiate, put -

thus have

dy y y _ '^x + y-\Jx-y
dx 2k X + V*'- - y^ s/x + y + Va; - y

or -\/l^j{dx-\-dy) + s/7^j{dx-dy)~0

,

80 that {x+ yf±{x-y)i = const.

If we turn the axes through ^tt in their own plane, the coordinates
being now J and n, /

thisequationbecomes .

Ju fig. 55, AM is

the axis. A few of
the paths are shown
by full lines, and two
of the sections of sur- ^

faces of equal action i

by dotted Knes. These
sections indicate

cu.sps lying on the
lino AH, A-hich N
makes an angle Jir

Tvith the vertical, and
is touched by all the
paths. The path
whoso vertex is G
touches thislino in H;
and therefore passes
throu;;h the eusp of
which the branches Fig- 65.

pre HK and HL. HK belongs to all paths whose vertices are above
<5. HL to those (such as ilL) whose vertices are below G.

It is worthy of note that, by the 6rsl equations abovei

x±y~{s/k±s/^.t)",

by the substitution of which in the cquatinn of action we see how
the time of reaching a particulnr.surface of equal action depends
upon the position of the starting point.

§ 212. A very interesting jdane cvamjile, which has elegant Plane-
applications in fluid motion, and in the conduction of electric current*
cm-rents in plates of uniform thickness, is furnished by assuming

A^logr, or A' = 0,

where r and 6 are the polar coordinates of the moving particle.
In the former, where the curves of equal action are circles with

the origin as centre, we have

dk . X dk , y
dx~ " r^' dy^ ^ ~T^

'

so that the paths are radii vectores described with velocity 1/r.
Also we have

''

so that the force is central and its value is

In the second case, where the curves of equal action are radii
drawn from the pole ' and

dA'

dx

dX'
^

dy
°

The kinetic energy is still 1/21-", and the central force - l/r', but the
paths are circles with the origin as centre. Thus the lines of equal
action and the paths of individual particles are convertible.
We have also, in each of these cases,

(£)*{!)»
This shows (as in § 94) that, whatever be ori^nally the grouping
of a set of particles moving all according to one or other of these
conditions, the density at any part of the group remains unchanged,
during the motion. In fact, as it is easy to prove, A and A' are

elementary solutions of the partial differential equation

f4+^;4=o (1);
dx- dy^

and they are conjugate, in the sense that

rfA_f/A' dk^ dk'

dx dy * dy dx
'

For this reason the paths belongiug to the two systems are every-
where orthogonal to one another.

Also, as the diiFerential equation (1) for A is linear, any linear

function of particular integrals is an integral. Thus, for instance,

we may take (p being any constant)

A = logr-ji>0

,

with A'=;7logr+0.

These, representing orthogonal sets of logarithmic spirals, possess

the same properties with regard to action as did the concentric
circles and their radii, which, in fact, are the mere particular case

when p = 0.

§ 213. It is easy to give graphic methods of tracing these curves Graphic
of action by means of an old process recently much developed by method.
Clerk Maxwell. The present example, though a very simple one,

is quite sufficient to illustrate the process.

Draw, as in fig. 56, a set of circles whose radii are S", E^", s'**,

&o., and a set of radii vectores making with the initial line tlie

successive angles, -^
. 2— . 3— , &c. , d being a quantity which

p [ P ' p
may have any convenient value. These lines will form a network,
jdner as a is smaller. Now suppose we wish to trace the curve

A=na.
We take the intersection of the circle whose radius is £" w ith the

radius-vector corresponding to the angle

(5-?l)-.
P

Thus we have for the value of A at the point of intersectiou

«=no, as required.

By marking the intersections corresponding to diffe—>t values of »,

we have a series of points in the required curve wl-..):, by adjust-
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ment of the Talae of a, may be mij<! to lie as clos9 together as is

'bund necessary for tracing the curve of action through them libera

irw/AU.

In fig. 56 poi-tions of three separate sets of mutually orthogonal

logarithmic spirals have been traced, bv using the intersections of

the fundamental straight lines and circles.

We may pursue the svbject much farther, by combining parti-

cular solutions like those given but taken from different origins.

We can afford space for one only. Let P, Q (fig. 57) be points on
the axis of x^ distant a and - a from the origin, R any point in the

plane of the figure. Let PR= 7-, ^RPa: = «, RQ = J-i, ^^KQx-ffi.
Then if

A«=logr-iogr,

,

we must have, not only tho

enutttion

+^=0<PA

satisfied by each of A and A',

but al§p the conditions

rfA_rfA' ^J^^,i^
dx dy * di/ dx

'

Tliis follows at once from the
fact that all the equations are „.

linear. ^'S- ^7.

§2H. Infig. -67 wehave £* = PR/QR. Hence the locus of R is

a circle, whose centre, B, is on QP produced.
Again A' = ^RPa:-^RQa; =^PRQ. The locus of R is, in

this case, any circle passing through P and Q.
These circles evidently cut one another orthogonally in R ; for

BR, which is a radius of the one, is a tangent to the other.

Thus particles moving in a plane, so that the speed at any
poirit R is inversely as PR . RQ, may describe circles in which PQ
is a chord. In this case the curves of equal action are circles de-

fined by the condition that the ratio PR : RQ is constant. Or they
may move in the latter system of circles, in which case the former
system gives the lines of equal action. For the equations in the
preceding section give

"^'[dx) '^{dyj "\dx) ^dyJ^Wi^.'
from which the conclusion is obvious.

We may easily eirtend this example to other sets of orthogonal
curves whose equations are

A', =M + A',

A,' A-l-pA',

where A and A' have their recent values. Or we may extend the
example by assuming at starting

A = mlogr-m|logri

,

in which case' it will be found that we must have

A'-=mfl-mj9(

.

These pairs may again be combined into

pk + A! and - A -i pA', and so on.

It will be noticed that in these examples the curves of equal action Analogy
and the paths of the particles correspond in steady fluid motion between
to curves of equal pressure and lines of flow, and in electric con- action

duction to equipotential lines and current lines. In such cases in and
fact, where there is no vortex-motion, the action is closely analogous velocity

to what ts called the '* velocity potential" in a fluid. '

'

potential.

Generalized Coordinates.

§ 215. By the help of the result already obtained in con- General-

nexion with least action, we may easily obtain in a Bimple, i^ed co-

though indirect, way the remarkable transformation of the ^-"^""'^

equations of motion of a system wliich was first given by
Lagrange. We are not prepared to give here the trans-

formation to Generalized Coordinates in its most general

form ; but, even in the restricted form to which we pro-

ceed, it is almost invaluable in the treatment of the motion

of conservative systems of particles in which the number
of degrees of freedom is less than three times that of the

particles. The one point to be noticed is that, when we
restrict ourselves to a system of this kind, the expression

for the kinetic energy, T, is necessarily a pure quadratic

function of the rates of increase of the generalized

coordinates. This is obvious from § 19. Repeating with

generalized coordinates the investigation of § 202, we have

A = 2/"Trf( -/(T -t- H - Y)dt

.

Henco 5A =/(5T + 8H - SV)(«

.

Now let 6, tf>, i|/, &c., be the generalized coordinates, and we havo

2T = P6= + 2Q6^ + Tt4>^+

where P, Q, R, . . . are in general functions of d, 0, i/*, . . . Of
course V is a function of fl, ^, \|/ . . . alone, and does not involve

^, tp, ip, &c.

Thus we have, writing for one only of the generalized coordinates,

But we saw that, for any natural motion, tlie uniiitegratetl part "of

5A necessarily vanishes. Thus, as 6, <p, ip ami, therefore,

their variations, are by their very nature independent of one
another, the vanishing of the unintegrated part gives us one
equation of motion for each degree of freedom, the type heme in all

of them the same, viz.,

dt\d&) \-de)'^\dd
)~

To exemplify the use of these equations we will take again a few Ex-
of the more important cases of constraint already tn^ated, and will amplcs
then proceed to some others of interest as well as of somewhat '

greater complexity.

In the simple pendulum, ( being again the length of the string*,

and 6 the inclination to the vertical at time t, we have obviously

T = lmlP0-, Y = C-mglco3e

Hence (-) = «.., g) = 0, (-) = . ..in..

Thus the equation of motion is

mPS + mr/Uin e =

or g + A.sing = ,

as in § 134.

Suppose the same pendulum to he moving ahyhow, $ still denot-

ing its inclination to the vertical, and de-'^tin«r the azimuth of the
plane in.which it is displaced, w^ have

T-4mP(^2-hain29.<^), T = C-«iJicosS

These give at onc«

Hence the two equations are

5-sin»cos«.4.'-^-|-sin*-0.

^(sin'fl.il-o
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P(MI.IU-

lum with

exten-

sible

cord.

StiU keeping to caay examplcg, sunpose ll)e cord of tlie orili-

urvry simple pendulum to be extensible, according to H.ooke'8 Uw.

Let K be its length at time t. Then the tension is E{\ - DJl,

nnd the work it ciin do in contracting is the integral of this with

regard to \ from I to K, i.e.,

Y.(\-lflll.

Ueuce we Imve V - C + E(\ - IfI'll - mjxcosfl
,

Thus Lagrnuge's equations become

— (\'^) + !7\sin«-0 ,

at

m\-m\6' + K(\-l)/l-mgcosS = ;

equations which could be obtained immediately from the application

of the second law, with the help of the kinematical expressions for

acceleration perpendicular to, and along, the radius-vector of a

plane curve* (§47).
Instead of the complex pendulum treated in § 177, we will now

take the case of two masses attached at dilferent points to an

clastic string, or, light helical spring, and consider their vertical

vibrations.

Let a, b be the unstretched lengths of the parts of the string, JI

and m the masses. Then if {, i) be the vertical displacements at

time t, we have

T-*(Mj= + m(^ + 7)n,

so that Lagrange's equations are

|-(Mj + .,i(f + ,))) + E^ -(11 + 7/03=0,

Setting

a watch.

Trans-

ference

dt
('"{j+'jn+E- »!7 = 0.

deQecteJ. The period of this oscillation will be less or

greater than that of the former According 'as the poles

attract or repel one another.

Now the initial state of motion proposed evidently con-

Bi.<!t3 of the superposition of (A) and (B) in such a way
that there is, at starting, no displacement of either mass

but a definite velocity of one of them only. This cor

responds to simultaneous zero of disphicoment, with equai

velocities, for each of (A) aud (B). There is therefore ai,

that instant no displacement of either mass ; and one is

at rest while the other is moving with douWe the assigned

velocity. If 27r/n, 27r/j/ be the periods of the two motions,

it is obvious that after the time 7r/(/i - jj') the magnets

will have interchanged their states so that the arrangement

wil| present exactly the same appearance as at first, if

looked at fram the other side.

Let a be the distance between the ends of the bars when all fonr

strings are vertical. Then, if e, ij> be at time t the inclhiatious of

the pairs of strings to the vertical, re becomes

D-a + ;(0-e), .

where I is the cotrtmon length of the strings. The expression for

the iK)tential energy due to magnetism is of the form /i/D, where /i

is positive if like poles be turned to one another. ^

Hence

'T = \mr-{ei"- + il>-),

v=5,.y(e=+0=)+^^^.

Forming the equations as usual, and omitting powers of d and
above the first, we have

The equilibrium positions are found by supposing tho accelera-

tions to vanish, so that, if we suppose | and tj to be measured from

them, the terms in g will disappear. Hence the solution is of

exactly the same nature as that already given fo^ an apparently

different problem (§ 178).

We may mention that equations practically the same as these are

obtained when we con'sider the motions of a watch and its balance-

wheel, the watch being supported in a horizontal position by means
of a wire, and oscillating in its own plane by the torsion-elasticity

of the wire. The reader of § 242 below will have no difficulty

in obtaining this result. It suggests a practical method of
" setting " a watch to trae time, without turning the hands forwai'd

or backward, and without letting it run down.

The following is a simple, but very instructive, example
of the transference of energy. (back and forward) between
two parts of a system. Two bar-magnets of equal mass,

length, and strength (fig. 58), are supported horizontally

by pairs of parallel strings, so that

when at rest they are in one line.

One of them is slightly displaced

in the direction of its length, find

the subsequent motion of both.*

If we can, by any process, find

two fundamental states of motion
which, once established, will be
permanent, any other possible motion Fig. '-i^.

of the system will be a superposition of these two. The
amplitudes and phases in the components may have any
values, so long as the whole disturbance is small. This

follows from the fact that the system has two degrees of

freedom only,—since we are concerned only with motions
in the plane of the figure.

(A) Now one obviously possible motion is a simple

harmonic vibration of the whole, without change of distance

between the magnets. The period of this vibration is

obviously the same as that of either magnet if the other

were removed.

(B) Another obviously possible motion is that in which
the magnets are, at every instant, equally and oppositely

* We suppose the bars to be so long, in comparison with the dis-

tance between them, that we need take account only of the action of
their poles which are turned towanis one another.

-m<,?0-^^(l-|(0-e))

from which the results already given may be deduced.

Finally, let us take the case of Atwood's machine <(§ 173) when Atwood's

the masses are equal, aud one of them is vibrating through small machine
arcs.

Let r, be the polar coordinaies of the vibrating mass ; then, One mas!

neglecting powers of 6 higher than the second, we have the general- vibratiiig

ized equations
if-rep=-\gr-.

dt'

Put \gT Tor r, and d\J2 for (

'-gre .

nd we g(

1 d^

r dt
{,^$).

Transform to rectangular coordinates in the plane of motion, x
being vertically downwards ; then

i-y-jjr, y=-1yjx.

This shows that the vertical acceleration of the vibrating particle is

very small, but constantly downward. Hence the energy of the
vibratory motion is steadily converted into energv of translation of

the masses.

When both the equal masses vibrate through small arcs, it is

found that the mass whose angular range is the gi-eater has down-
ward acceleration with diminishing angular range. Hence, it

would appear that, if the string be long enough, the entire motion
would be periodic.

§ 216. Before leaving this subject we may form, from the com-
plete value of 5A given in last section, the generalized equations

corresponding to those of Hamilton's 1' varying action," as given
in S 204.

We have au once

\dej [d6)'\dfj \d4,)'

r^t, by the value of T, we have

athi-

?^R^-^
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tiof*

Tho^e cqiiations give ^,0, . . as horaogonenus line;[r functiaas of

if we subsUtuto these expiessions in the etjiiatlou

whicli is obviously true, bccavise T is a homogeneous function of &,

0, ... of the second degree, wo have a partial didcrtntlal

equation of the form

H^j-€xs)-(§r -:i:n-v;

,

fiom wliich A is to be fouud. ^
The coetBcients }>, ?,''. ai'e, >n general, liI,-« V, Q, .-..

.
.

functions oi 0, <p, . . .

As an illustration, take again the example in last section, nhei»

two masses are attached to a liolical spring, and vibiat* in a

vertical line. From the vnhie of T there given we liavo

•"rom these we Iiave the equation for A

The value of V is given above. This equation is, of course, to bo

trcaiyd according to the process illustrated in § 209

Statics of a Rigid Solid.

5217. A rigid body, as we have already seen, lias at the

'K'.iiiost six degrees of freedom, three of translation and

three of rotation. According to Newton's scholium, the

conditions of equilibrium of such a body, under the action

of any system of forces, are that the algebraic sum of the

rates of doing work by and against the forces shall be nil

whatever uniform velocity of translation or of rotation the

body may have. For, if this were not so, there would be

work done against acceleration, and the body would gain

or lose kinetic energy. And this gain or loss would take

place even if the body were originally at rest, i.e., it would

not be in equilibi ium. To ensure eq'iilibrium then, all that

is necessary is that the sums of the components of the forces

in any three non-coplanar directions shall vanish, along with

the sums of their moments about any three non-coplanar

lines. For simplicity it is usual to assume for these direc-

tions a system of rectangular axes, and for the lines another

.system parallel to them and passing through some definite

jioint (.say the centre of inertia) of the body.

Thus we have at once

2(X)-0, S(Y)-0, 2(Z) = 0;

S(Zy-Y:)-0, 2(X: - Z,!;) - , 2(Yi--.\»-0,

".-here X, Y, Z are the components, parallel to the axes, of

d force actiug at the point x, j/, s of the body. If P,

with direction cosines X, fi, v, represent the force acting at

x, y, 0, these equations may be written in the form

2(r\)-0, 2(Pfi) = 0, 2(P;'1-0

2[PC''!/-M=)]-0, 2[P{?L=-«;)]-0, 2[P(^-Ay)] = 0.

These equations correspond to the six degrees of freedom
involved.

It is easy to see that it is a mere matter of convenience through
what point of the body we draw the lines about which moments are
taken. For, if we shift it by quantities a, b, c respectively, the
moments become

2{Z(-/-i)-Y(:-c)}. &c. ;

'but these are 7.(Zy - Yc) - i2{Z) +cS(Y) , &c.

;

and, by tKe first three equations, these quantities are seen to reduce
themselves to their first terms. Hence, in forming the equations of
oquilibriuni, simplicity wiil be gained by choosing as origin a point
through which the line of action of one or mora of the applied
'forces passes.

, Again, tlie point of application of any one of the forces may bo

sliifted at will anywhere along the line in which the force acts. For
the equations of the line iu which the force at x, ?/, s acts arc

a^ - z )/ - !/ I'-t

X Y " Z '

and these give Zi/ -Y^ — Zif-Yz, &c.,

so that the expressions for the moments are unaltered if the point
of application of the force be shifted to any positioj^ along the lino

in which it acts.

§ 218. In the great majority of treatises on Stalics the

fundamental propositions of the subject, above given, are

deduced from the assumption (as a thing to be proved e.x-

perimeutally) of the result just established, which is desir;-

nated the "principle of the transmission of force." Along
with it are assumed the parallelogram of forces, and the

principle of the "superposition of systems of forces in

equilibrium." Since the publication of the Prinripia, the

continued use of such methods must be looked upon as a

retrograde step iu science.

§ 219. From this category we cannot quite except (so far Couijle.

at least as the usual modes of treating it are coucerneJ) the

valuable idea of the " couple," due to Poiiisot. But the

term is in such common use, and the idea in its applica-

tions sometimes of sucli importance, that it cannot bo

omitted here.

A couple is a pair of equal forces actincj on tlie sanu hi'Ji/

in opposite directions and in parallel lines.

From the general conditions already given we see that a

couple produces a definite moment of force about a pailicu-

lar a.xis, but that the axis is determinate merely as regards

direction, and not as regards position in space. The forces

of a couple do not appear iu the first three of the equa-

tions of equilibrium. On the other hand, the left hand
members of the other three equations may all be regarded

as moments of couj>les. All the properties of couples are

contained in these statements. Thus, for instance, it is

obvious that, so far as its effects are concerucd

—

1. A couple may be shifted by translation to any other Trans-

position in its own plane. fereuce of

2, It may be shifted to any parallel plane.
couple.

3. In either of these it may be turned through any
angle.

i. Its forces may be increased or diminished in any Arm of

ratio, provided the distance .between their lines of action couple,

(which is called the " arm " of the couple) be prouortion-

ately diminished or increased.

A couple is therefore completely def;ermiiied by means Axis of

of its " axis," which is a line drawn perpendicular to its "^""I'le-

plane, and of length representing its moment. And two

couples ace obviously to be compounded by treating their

axes as if they were forces acting at one point.

§ 220. AVe will now examine the consequences of the r>cduc-

six conditions of equilibrium (g 217) in some of the more ''°" °f

common cases which present themselves. But, before ^
^.' ^

^"'

doing so, it may make matters clearer if we restate these ^uj „

conditions in a somewhat different form. couple.

The resultant ofany nnmber of forces, acting at any points

of a rigid body, may he represented by a single force acting

at the origin, and a couple of definite moment abuut a difmile

line passing through the origin.

For equilibrium of the body this force and couple mt.si

separately vanish.

Thus if, in fig. 59, P, acting at Q, be any one of the

forces, and O the origin (chosen at

random), we may introduce at O a pair

of equal and opposite forces ± P, parallel

to P. The original force, taken along

with — P at the origin, gives a couple

ard in addition tlreic is-fP acting at

the origin. f^'S- ^^

§ 221. When only two forces act on a body, the fust
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condition above shows that they must be equal and oppo-

eite, auJ tho second that they must act in the same line,

if they are to maintain equilibrium. When only three

forces act, tho first condition shows that their directions

tnuat lie in one plane, tho second that their lines of action

Qiust bo parallel or must meet in one point, if they are to

maintain equilibrium.

If their directions meet in one point we tiave again the

problem of the equilibrinra of a single particle under three

forces ; for there can bo no moment about this point.

When the directions are parallel, one of the forces must

obviously bo equal to the sum of tho other two, and must

Qct in the opposite direction. Also its line of action must

lie between those of the other two, for their moments about

any point in it must be equal and opposite. Hence it is

impossible that any single force should balance a couple,

unless we adopt the mathematical fiction of an infinitely

small force acting in a line everywhere at an infinite

distance ; so that its moment may bo finite, and equal

and opposite to that of Uie couple.

Ptralil §222. Wheu any number of parallel forces act simul-

lorces taneously on a rigid body, their resultant is a single force

equal to their algebraic siun, with a couple whose plane is

obviously parallel to the common direction of the forces.

Ihe forces of this couple may be made, by lengthening or

shortening the arm, equal to the resultant force. One of

them will neutralize it, and the other remains the final

resultant, which passes through a definite point called_ the

'Centre." " centre of parallel forces." Thus any set of parallel forces

necessarily has a single force as a resultant, excepting in

the special case when their algebraic sum is zero.

Gravity. §233. Excellent examples are furnished by heavy bodies

of moderate dimensions, where the weights of their parts

are forces practically in parallel lines. The single re-

sultant force, in such cases, is the whole weight of the

body. Its direction always passes through the centre of

inertia (§ 109) because weight (in any one locality) is

proportional to mass. For this reason all heavy bodies of

Celtic of moderate dimensions are said to have a "centre of gravity,"
rafity. which coincides.with the centr6 of inertia. But it must be

noticed that the two ideas are radically different, and that,

while every piece of matter has a true centre of inertia, it

is, in general, only approximately that we can predicate of it

that it has a centre of gravity. In fact a body has a true

centre of gravity only when it attracts, and is attracted by,

oH other gravitating matter as if its wholo mass were con-

centrated in that point. See Potential. When there is

o centre of gravity in a body, it is necessarily coincident

with the centre of inertia. In gravitation cases, where
bodies of moderate size are concerned, the resultant is, at

least approximately, a single force. But, when we deal

with large non-baryceutric bodies fiice the earth, we find

that the resultant of the sun's attraction is a force (deter-

mining tho orbit^ and a couple (producitig precession, ifcc).

When a mass is laid on a three-legged table, we find

the pressure which each leg supports by eimply taking

moments about the line joining the

upper ends of the other two. The
leg is thus seen to support a fraction

of tho weight of the mass, whose nu-

merator is the distance of the centre

of gravity of the mass from this line,

and its denominator the distance of C

the leg from the same line. Thus we
have a' physical proof of the geomet- Fij. 60.

rical proposition that if any point, P, be taken in the plane
of B triangle ABC (fig CO), and perpendiculars be drawn
from it and from the angles, we have

P5 re P7 •.

15—2G*

If tho mass of the table is to be reckoned, P must be taken
as the centre of gravity of the system of table and load

together. If tho table be of uniform material, triangular,

and supported by legs at its corners, similar reasoniij(5

shows that when it is unloaded (or loaded at its centre of

gravity) each leg supports one third of tho weight.

§ 224. Examples in which the resultant is a single Resoltant

couple are found in rigidly magnetized bodies placed in * """E^

a uniform magnetic field. As tho amounts of N. and S
magnetism in a body are always equal, there is no force

of translation in a uniform field. The resultant couple,

depends for its magnitude on the orientation of the body,
and the positions of equilibrium are those for which its

moment vanishes.

§ 225. Let Pat x, y, z, be one of a system of parallel forces, tlieu
direction cosines being A, fi, i>. Let Q be the resultant force, and
K, with direction cosines \', fx.\ v\ the axis of the resultant couple;
Tlien our conditions become

A.'K = 2[P(^y-;i:)], vr& = -S.iV{M-vx)1, /E = 5[P(/.a:-Ay)].

Tho last three eq^uatioiis give the foUowing conditions determis*
ing K, A', /, >/;

—

A'R -^/n3(P:)-^^(Py)-0,

-A2(P;)-I-/R -l-r3(Px) = 0,

-fA2(Py)-^5(Px)-h>'R -0.

From tbcsQ wo have the ec^uation of condition

AA>/i/j'-Hi'^= 0,

sliowing that the axis of the couple is at right angles to tho conffij' 5
direction of the parallel forces.

Wo have also

K== (2(Px-))- -H (2(Pjr)y + (2(Pz))' - (A2(P^) -^ v^iS^iy) -H ^2(Pj))'.

Tliis expression is of the same foi-m as that in § 77, and we there-

fore conclude that, if A", ^", v" be the direction cosines of a lin? in
the body such that

2(Px) aiPy) 2(1'.)'

the maffiiitude of the resultant couple is diiectly as the sine of tho
angle between this line and the common direction of tho parallel

forces. In fai:t the more form of the three equations above proves

this result.

In the case of a body of moderate dimensions, acted on by gravity,

P is the weight of the element at a;, y, z, and therefore proportional

to its mass, so that if the centre of inertia be taken as the origin

v.'e have

2(.rr)-.0, 2(Pi/)-0, 2CP:)-0,

and there is no ccuj l.\ The whole effect is therefore the same as if

the mass were condensed at the centre of inertia.

In the case of a magnet,
2(P)-0,

and there is no translatory force. The couple, as we have seen,

depends upon the orientation of the body a" regards the "diiectioD

of the line of the eartli's magnetic force.

§ 226. We have seen that any system of forces acting Peductios

on a rigid body may be reduced to a force and a couple ; also t^ two

that when the force is in the plane of the couple the'"'^'^

resultant can always be put in the form of a single force

acting in a definite liijc in the body. 'When the force is

not in the plane of the couple, we may resolve the couple

into two components, the plane of one being parallel, -of

the other perpeudicular, to the force. The first, when
compounded with the force, merely shifts the line in which

it acts. Thus any system of forces may be reduced to a

single force, acting in a definite line called the " central Central

axis," and a couple in a plaue perpendicukr to it. One of -^
the forces of tlie couple may now be compounded with tho

single force, and thus^we obtain, as the resultant of any

system of forces, a pair of forces in non-intersecting lines not

perpendicular to one another. This is only one of an infinite;

number of ways in which fancy, or convenience, may lead

us to represent the equivalent of a gronp of forces. Many
very curious theorems have been met with in investigation"

on this subject. For instance, by compounding one of the

foices of the resultant couple with the resultant force (not~ ^. — 92
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Qeneral

reduc-

tion.

now necessarily perpendicular to its plane) we have a

system of two forces acting in non-intersecting lines.

Then we have the foDowing curious proposition, which may
easily be proved from the formulae already given :

—

When a system offerees is reehiced in any manner what-

ever to two, the volume of the tetrahedron of which these are

opposite edges is constant.

Symmet- § 227. The most symmetrical pair of resultant forces is

rical re- found thus. Take any point P (fig. 61) in the central axis,
ductioji. gQ(j ^^^^ through it a line APA', .^^q

perpendicular to it, and bisected |,—
""

^r

at P. Substitute for the single In, ''j
/..-•'/i

force at P its halves acting at • ^
I

"• / i

A and A' respectively. Combine '*'

i / ^
these respectively with the forces

j ,

AQ, A'Q' of the couple when y
A A' is made its arm. The system Kg. 61.

is thus reduced to two equal forces AE, A'R', whose direc-

I'ons are interchangeable by a rotation of two right angles

about the central axis.

Let P with direction cosines \, ii, v be one of the forces, and let

X, y, s be its point of application. Then

X = 5(Pa), Y-2(P,<), Z-5(Pi')

•XTO the components of the single force at the origin.

Also L-2rP(..i/-^)]

M = S[P(\;-w)]

are the components of the resultant couple.

If we shift the origin to the point a, b, c the first three quantities
are Unaltered, but the couples become

L'= L + cY-bZ
M'-M + aZ-cX
N' =N + iX-aY.

The point a, b, c is on the central axis if the axis of tho resultant
couple be parallel to the single force, i.e., if

l;^m'_n;
X~Y Z'

or L= eX-cY + iZ,

M= cX+eY-aZ,
N=-6X-l-aY + «Z.

Either of these sets gires the equations of the central axis.

The resultant force and couple are in one plane, and therefore the
resultant is a single force in the central axis, when

L'X + M'Y + N'Z-0.
Cy the values of L', M', N', above, we see that this is equivalent

LX +MY + NZ = 0.

When this last condition is not satisfied, we see that the value of
the left hand member which, from the way in which it occurs, must
obviously be an invariant, is

e(X2+Y2 + Z«),

where e has the same value as in the three equations above.

3 § 228. One of the most remarkable of the many curious
theorems connected with the single resultant of a system
of forces is that of Minding. We have seen that, in general,

the resnltant may be put in the form of a single force and
a couple in a plane perpendicular to it. If we now suppose
the system of forces to be shifted into a rfew position such
that their points of application, their magnitudes, and the
angles between their directions two and two, all remain
unchanged, the resultant force will be of the same magni-
tude as before, but the couple will in general be different
Of the infinitely iuCnite number of possible positions which
the forces m.~.y assume, an infinite number eorrespond to
a zero couple. Minding has shown that the lines of action
of these single resultants consist of all lines passing through
each of two curves, fixed in the body, an ellipse and an
hyperbola, in planes perpendicular to each other. The
proof of the proposition gives an interesting example of
5liB use of Rodrigues's coordinates (§ 83).

'

|

Minding'

theorem.

The most obvious mode of attacking this question would be to

resolve the applied forces into tliiee groups, parallel respectively to

three rectangular axes which revolve with them, and to choose

those axes so that the sum ol' the resolved parts does not vanish
parallel to any one of the three. Each of these systems of parallel

forces has its own '* centre" (^ 222),—so that the final resolutiou

gives three forces, each of a given magnitude, acting in any
mutually perpendicular directions at three definite points iu the

body. This, nowcver, is not analytically so simple as the following.

We refer the body to fixed axes Ox, Oy, Oz, to be afterward? speci-

fied. As the origin and the directioijs of these axes are at our

disposal, we may impose six conditions. Now suppose the forces to

be resolved parallel to a set of rectangular axes Ox, Oif, 0:f which
mil be considered afterwards to rotate with them. Such a system
of axes may, at starting, havo any assigned position. This give;'

us three conditions more. Let then A, B, C be tho compoueut.^

parallel to the second set of axes, of the force applied at the point

whose coordinates referred to the first system are a, b, c. Let tho

direction cosines of the second system in any of its future positions,

referred to the first system, be l^, m^, 71^; l^ m^, "n^; l^, «ig, n^ re-

spectively.

Then the force at a, b, c has the following components :

—

AZj + B?3 -t- C?3 , parallel to Ox
A7?*i-t- Bmo + Cnzg, ,, ,, Oy
A)Ji +B«„ -fC%, „ ,, Oj

The expressions for the resultant force and couple at the origin

will evidently depend upon the following twelve quantities, besides

the direction cosines, viz :

—

5A, 2B, 3C,

2(Aa), 2(A6), 2(A<;)

,

2(B<i), 2iB6), 2(B<;),

2(Ca), 2(Ci>), 2(0;).

Assume 2B=0, 20=0, i.e., let 0/ bo always parallel to tho direc-

tion of tho resultant force. Next, let

2(Acr) = 0, 2(Ai)-0, 2(Ac) = 0,

i.e.., let the origin be chosen as the *' centre" (§ 222) of th?
forces parallel to the resultant force. As we have still four

conditions to impose, we select the following:

—

2(Ba) = 0, 2(Bc) = 0, 2(Ca) = 0, 2{CJ)-0.

These express that the plane of the couple due to the forces C passes
through Oy, while that of the forces B passes through 0;.

Write now
2(A) = |l, 2(Bi)-|L/3, 2(Cc)-|l7.

The force and couple at the origin aie

gl(«.5-m37), %l^y. -§.l.fi.

These are equivalent to a single force if (§ 227)

(l^n„ - nj„)$ - (l^m^ - m^l^)y = ,

or
'

m33-«27= (1).

This is the required condition. When it is satisfied, tho equations

of the line in which the single force ^ acts are any two of

',f-«i|- ^.7. [ (2).

ntiJ - ^ij = - ZjS J.

the condition that these three agree being (1).

Eliminate /j between the last two, and we get

({m,C-^in)-hm-W (3).

Now introduce in (1), in the first of (2), and in (3), Rodrigues's

values of the cosines (§ 83), and they become respectively

{y:-iox)$-{yz+ wx)y = ,

(xz-wy)Ti-{wz+ xy)C={yz+ iOx)8-{yz-wx)y,

Q(wz + xij)- in(xz - wy) = (xz+ wy)ym -(xy-wz)B(.

Rearranging according to y, z, and yz,

{8-y)yz-{8 + y)wx=0,
(B-y)yz + {v»i + xOy-(xv-wO' + (.0 + y)wx= ,

[fU + /5)*+ 'j(£-7H!/ + [a{-/3)«'-1«-l-7)a:>-0,

the second of which may bo put, by means of the first, in the

form
(wr, + xQy-{xr,-wOz+2($ + y}iifX^0.

These three equations involve w, x, y,zm the form of tne ratios

only of the last three to the first. The last two are linear in

-^ , — . Solving them, and substituting in the firat we find,WW
finally, a biquadratic in — .
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Hence, if particular values be esuigueu to (, ij, {, we find four

values of — . Tbus, in general, thoro are four poeitions of the
no

8in;;Ie resultant force passing through any point.

but, without forming the biquadratic, we may easily coram
Minding'a tho<n«ra. Suppose we sock the locus of all points in which
the plane £jj can be cut by tho line of action of the sin^e force. We
have C"0, and the equations above are reduced to

{e-y)ys-{e-i^y)wx -.0,

Tl(,W!/ • xz) + 2iff + y)tex-'0

,

(.(-y)wy~{i + y)xi -0.
From tho last t'Wo we find

-yriv($ + y)U + y)x,,

JO that finally, by the first,

w'-y')Cf-y)=y'!^„
^^--'^--^ > .... (4).

y ^ ?-i

{0).

Had wc put t; = 0, we should have found, by a similar proce:

r-^iS^-r'-^

(4) and (5) represent au hyperbola and an ellipse, or an ellipse and
an hyperbola, respectively, according as fl- is greater or less than y'.

In either caee the vertices of the hyperbola coincide with the foci of

the ellipse; so that the two curves are linked together.

It is now easy to seo that, from any assigned point of space, the

two curves will appear to intersect one another in four points. Two,
or all, of these may in special cases coincide. Lines drawn to these

points give the four positions of tho single force which can pass
through the assigned poiut.

Examples of Statical Methods and Theorem^.

Ladiior § 229. Suppose a ladder to be leaning against a vertical

leaning -wall. If there be no friction, what force, applied at the
against a j^^^^. ^^^^ will just suffice to support it %

In the treatment of all questions of this kind the student

should commenco by making a rough sketch of the

situation, indicating all tho forces con
cerned, with the directions in which they q
act. As shown in > fig. 62, the wall

exerts lan outward thrust S on the upper

end of ihe ladder, the ground an up-

ward thrust R on tho lower end. The
only other force is gravity, which may be

supposed to produce a downward force

at the middle of the ladder, equal to its

whole weight. Unless there be some
other horizontal force to balance S, the

ladder will, obviously slide down. Suppose
then a horizontal force F to be applied Fig. 62.

at the lower end, and let . the ladder be inclined at au
angle a to the horizon. Then our conditions become
horizontally S - F = ,

vertically V-R-O,
and for the couple in the plane of the figure, I being the

length of the ladder,

i'W!cosa-SZsino = 0.

[The last equation is obtained by takiag moments about
the lower end of the ladder, this point being chosen

(§ 217) because the directions of two of the forcea pass

through it.] From these equations we find at once

r_S-iWcota.

It is to be observed that the requisite force F is very
jmall while tho ladder is nearly vertical, but increases

without limit as it becomes more nearly horizontal.

§ i;30. Nest let us vary the question by supposing the
coefficient of friction on the ground to be fi. The equations
are precisely the same as before, and the limiting value
jf a for which equilibrium is possible is now to be found
"jy {nitting

F-mR"mW.
rkua 2/i-ootii

'
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pass t'arougU it. Here agaiu there is indeterminateness,

bocau-e tliere are two places nt which friction cornea in,

una we do not know at which it h mout freely exerted.

But if the whole ba on the point of slipping, We have as

before the additional data

These lead to the equation"

(l-/i')co3a + 2^siua —— sccV.,

If we introduce an angle v, such that

.l->-ti" l + ii?

tilia equation becomea

cos-aco3(a-i/).. .. -- cos'5 ,

'tlia right-hand member of which must necessarily be less

than 1,

This deterniines the lowest position of the. lower end
consistent with equilibrium, and the mere chargo of sign

of n, and therefore of v, alters it into the equation for the

highest. The signs of the friction terms are changed when
the direction of slipping is supposed to be reversed.

Kinetics of a Rigid Solid.

Rotntioa § 234. The motion of a rigid body is, as wo have seen,

f)< rigid completely determined when we know the motion of one of
•olid it3 points and the relative motion of the body about that

point. The' point usually chosen is the centre of inertia of

the body, and the investigation of its motion comes under
the kinetics of a particle, which we hare already sufHcieiilly

discussed. For we arc permitted to suppose the whole
mass to be concentrated at that point, and to be acted on
by all the separate forces, each unaltered in direction and
magnitude. , Hence we may now confine ourselves to the

study of the motion about the centre of inertia which, for

the moment, wo may look on as fixed.

To illustrate, in a very simple manner, the new concep-

tions which are required for the study of this question, let

us take a uniform circular ring of matter, of radius K,
•volving with angular velocity w about an axis through

its centre, and perpendicular to its plane. Its moment of

momentum is obviously

JI . 1!^ . R or JIE- . w.

Its kinetic cnorgj'i':

ni(ni..)- cv }MR-. u-

.

11 it bo acted on by a couple C, in its plane, C is the

rate of increase of the moment of momentum, or

UW .w = 'C.

The work done by the couple in time Si i»

CwU,

aud the increase of kinetic energy is

By'cqiiaf'ing thoso we have (after dividing both sides by
to) the same equation as we obtained from the rate of

increase of moment of momentum. It will bo observed

that these equations are of exactly the same form as those

for the motion of a particle parallel to gno of the coordinate

Tixc% only that m takes the placo of a velocity (such as i)

While the expression Jilll- takes the place of M, and the

right-hand side is the moment of a force,' not a force

simply.

Jtomcnt S 233. Hence, generally, we define as follows :—
efincr- Dkf. The "moment of inertia" of a body about any
^^ axis is tho sum of the products of the mass of each particle

of tho body into the square of its Hcast) distance from the

;axi3.

The following theorem enables us at once to find the

moment of inertia about any line, as axis, from that about
a parallel axis through the centre of inertia.

Let the lino ho chosen as tho axis of ?, tlicn tlio luomcu! of
inertia about it is

1m{x- + y-)

.

But, if i, S Ix; the coorJinato's of the centre of iuoilia, (, rj the
ooordiuatos of m with refcrcuce to that centre, wo have

x-i + i, V-9 + ri,

and tho ahovo cxprcesiou for the moment of inertia becomes

Xm(i' + !/^+2ii + 2!)^ + l- + n')

Ty the property of the centre of inertia, § 109,

2('"i)-0, 2()ni)-0.'

Hence the above expression consists of two parts:

tlio moment of inertia about a parullel axis through tho cenlro of
inertia, and

2("i) -(•£'+•/')

the moment of inertia of tho whole mass supposed conccntr.itfJ at
its centro of inertia.

§ 230. Hence we need study only the moments of inertia,

about axes passing through the centre of inertia. But
we v/ill commence with an origin assumed at hazard.

If the direction cosines of an axis through the origin be

.., n, V, the squire of the distance of the mass wj at x, tj, z

from it is

z- + y-i:''-(Kx + i>'j^i>:)-.

Hence the moment of inertia is

a - 31/' (i' -t- 2/= + =' - (Ai -F /ly -H v;f

)

which may be written

Ji - .\\H SCjX/i + DfL- + 20,^1- + 'iuji/x + C»'

.

If we measure off, on the axis, a quantity p whose
square is the reciprocal of ^, and call its terminal coordi-

nates ^, 17, f, this enualion becomes by multiplying both

Sides by p-

1 = AC- + 2GjJ, + B.,- 1- 2Gir,C+ 20,(1, 4- C'C=

:

As tlie moment of inertia is essentially a positive quantity,

this equation represents aji ellipsoid. It must of courso

have three principal axes ; and, when these are taken as the

coordinates axes, the terms in f>;, 7;^, and Ci i" the above

expression must disappear. '
•

'

f) 237. Hence at every point of every rigici body there I'rindpal

are three " principal axes " of inertia, at right i^ngles to one •;>^" of

another. One of Ihcm is the axis of absolute maximuai
moment, another that of absolute minimum. '

Our oquaLion now becomes, wlien refined to these axes,

t-Aj'-l-Er-fCf

,

or, diviJing by p',

3-.U- +V + Ci--.

Tims tho moment of incitii about any axis is found from thoso

about the piincip.il axes at that point by muHiplying each 1)y tlic

Squ.iieoftlicconcsponding Jiicctiun cosino, and adding llic results.

• For tlie quantity A was vritten originally as

i.c:, it is the moment of inertia about the axii! ot^. Wo soe alsb

that, at every point of a body, there are three rectangular a.\estuch

that the expressions

-iimri/), :(';!j--), 2(rt.-a)

vanish when thc^c arc til;^-n ns .-<.ni lin;ite axes.

To find liow these a\f- '1 ' :• d in a body, let Us 'suppose CislnbiU

it rffencd to the pr!mi|' I
i: i .li its rcntro of mertia, :ind tion of '

let JU;, W:l, Ml.:', be tin' r'; ,,1 inertia about them. Tlic principa',

nu.antitics !:], /!.„<•, arc rall.d tlio princijiar'radii of gyration." axes.

Then, by the results above, the moment of inertia about a line KaJiUs.^

A, fi', V through tlie point a, P, y a of Ryra-

a = M { a= (- fl- -f 7' - (\a -f m3 -»-'n)' ) + " (i-^! + /'-^•; + "'• .D •

For a princip.al axis this is to be a maximum or minimum, with'-

the bolc coudiliou'

lion.

m
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flencc, \(p bo an urfjotcrmiucd muUiplicr, wo liavo

(it; +2>)\ - a(o\ + l)ti + yy)~0,

{kl +2>)ii -pW\ + liti + yy)~0,

(/fj +p)i> -y{cL\ + »ix + yy)-0.

But, if \vc consider a siirfaco of the soconj order

»I,

onto-:al with tlio ellipsoid

'f.^p: {").

the dircctio" roslnes of its normal at x, y, z aro

''

'
''(,; -i-p

' i:\'+p '

kl +p
'

licncc, if this surface pass through tho point S, 0, y, \vu havu

(l-',+p)\~T'a,

{k',+p).-Vy,

ivlicre r is dctcrmiucd by tho erjuation

\k]+p !.:,-> p kl-rpj
,

iubstitutc this value of P iu tho preceding criuations, and they

become identical with those above given for determining the

principal axes at a, ft 7. Hence Binet's Theorem :

—

Tltc principal axes at any poiiU of a body arc normals to the three

Surfaces of the second order which pass through that point and are

:oiifocal loilh the ellipsoid {a),

Principai § 238. We will here tabulate tlie vaiucs of tlie moments
tiiomeuu qI inertia about principal axes through tho centre of inertia,

°.
"'^''

lii a^ew specially useful cases.

Tlane uniform circular disk.

Divide it into concentric rings, of radius r, of breadth !)•. Tlicn

the moment of inertia about the axis through the centre, aud per-

pendicular to the plane, of tlte cuclc is
*

'/' 2Ttr^dr= iTa*p

,

.viu'ri a is the radius, and p tho mass of a square unit, of tho disk.

But tho mass is ira'-p,

80 that lc\ = ka".

This of course, applies to a circular cylinder. Obviously, in the

disk

ll~Jc\ = y:\~\a-.

l\\ fict the moment of inertia about an axis drawn pcr])cndicular

to any plane figure at any point is equal to the sum of the other
two a'joiit rectangular axes which lie in the plane. The one Is

Vn{x- -v ?/-), and the others are 5mi^ and 2?)iy- respectively.

2. Uniform rod of length I, p mass per unit length.

11= 7p, 1U«;:=0, 5U-- - MJ-! - 2p/ x-dx-^-

,

so that i-j_il-J = .jVP.

3. Uniform rcctangi-Jar plate, sides a and b, axis parallel to b.

l\Ii= = 2bp/ ' o'dx -
/c

so that i-;-TVi-. and /.-j-tVJ'.

Hence, by tho remark above,

i. Uniform sphere, radius a, p mass per unit'Tolumo. -Here

3i:m:c') = 5(my')-2(»i;=),

anu therefore tho sum of any two is

-j2m(a;= + i/' + :=).

Thus MA-; = Sli; - M;.-" -^rrpfr'dr = iVpa' •

But .M-5Tpa',

and thus !c\ - k\ - k\ = la'.

5. Plane uniform elliptic disk, semiaxes a,h; p mass of unit area.
Jloment oJii.^irtiawbout / is

From this follows immediately

6. Ellipsoid, semiaxes a, b, c, and of uniform dcncity :—

K-Ub' + c-), kl-l{e- + a-), .
i= - i (a' + 6=).

From these we can, .of course, reproduce the result for a sphere.

7. Kectangular parallelepiped, edges a, b, e ;
—

A:; ~ ,V ib-' + e-), l-\ -A (<-= +a\ K-h ("=+ >^)-

The determination of moments of inertia is, like that of centres

of inertia, a purely mathematical matter, the full dist:ussion of

which would lead us away from the proper objects of this article.

§ 239. The simplest cases that can present themselvea so

far as rotation is concerned (for the translational effects on

a rigid body are treated precisely as if it wero a mere par-

ticle,-—a process already sufficiently illustrated) are those

in which there is one degree of freedom to rotate, i.e.,

when the body is rigidly attached to a fixed axis'. Here
the physical condition is simply that the rate of increase

of moment of momentum is equal to the moment of the

resultant couple about the axis of rotation.

§ 240. Let us recur to Atwoud's machine as a first.example,

and suppose the string not to slip on the pulley, so that the

pulley must turn. In this case we must observe that the

two free parts of the string aro now, as it were, separate

strings, bo that wo have no right to assume their tensions

to be equah In fact if they were equal there would bo

no acceleration of the rotation of the pulley,- nor of course

of the common velocity of the two masses. We assume

that the pulley is symmetrical, and the axis through its

centre of inertia

Let a be the radius of the pulley, ana m its angular

velocity, then am is the linear velocity of either mass.

Thus the linear acceleration of each of the masses is equal

to a times the angular acceleration of the pulley. But

tho linear acceleration multiplied by the mass is the

measure of the force producing it ; while the angular

acceleration multiplied by the moment of inertia is the

measure of the moment of the couple producing it. Thus

we have (JI being the mass of the pulley, aud k its radius

of gyration)

JlA.- X angular acceleration = (T - T;a
,

jjt' X linear acceleration' = mg-T\
in X linear acceleration -= 'Y -inj

.

Eliminating T and T', and taking account of the above

relation between the acceleratiorrr, we find at once

Rdtaui*
about
fixed

Pulley oi

Atwood's
machiiie.

iin • Acceleration = -

+ Wc"-la"- '
'

from which, by tho last two of our equations, the separate

values of T and T' may be found.

If wo compare this result with that obtained in § 173,

on the suppositioir that the pulley was perfectly smooth,

we see that the only difference is in the addition of MZ,-/a-

to the sura of the two masses.- Otherwise the nature of

the motion remains unaffected.

§ 241. Let us next take the case of a body of any form Com

attached to a horizontal axis which does not pass through pound

its centre of inertia. In such a case gravity is the force P°
"

producing motion, and we have what is called a "com-
pound pendulum." Draw through the centre of inertia

a line parallel to the axis ; let /; be the distance between

these lines, and 6 the angle which their plane makes (at

a. given time) with the verticaL The monii-ut producing

angular acceleration is obviously

- 77?5rAsin^.

Divide by the moment of inertia about iho axis, which by

a previous proposition (§ 235) is

miV^-vV)

(where h is the radius of gyration about the lino drawn

through the centre of ine-tia), and we Lave for the angtilar

acceleration
qh sin d
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In the case of b. simple pendulum of length I, we saw

that the angular acceleration ia

v
Hence the motion of the compound .pendulum will be

identical with that of the simple pendulum when, and only

when,

1~- - = 2k + ^-

pomid
pendu
lum.

As k and k are necessarily positive (or rather signless)

quantities, the smallest value of I is evidently when k-=h.

Hence the shortest time in which the mass can vibrate

about any axis parallel to the original one corresponds to

that of a simple pendulum of length 2i-. When h is made
either less or greater than k, the length of the equivalent

simple pendulum increases, and for any assigned value of

/ greater than 2k there are two corresponding values of h,

one less and the other greater than k. Their sum, however,

as we see by the coefBcient of the second term in the

equation
h'-lh + k^'-O,

is always equal to /.

If then we can find two parallel -axes in a rigid body,

lying in one plane with the centre of inertia, and on

opposite 'sides of that point, such that th^ time of oscina-

tion is the same for each, the distance between them is

the length of the equivalent simple pendulum. Kater

made use of this proposition in his determination of the

length of the second's pendulum, under the circumstances

iu which it was defined by Act of Parliament as a datum
for restoring, in case of loss, the standard yard.

Complex §242. Suppose now that a second body is attached to the

first by an axis parallel to that about which the first is con-

strained to move ; and, for simplicity, suppose the centre

of inertia of the first body to be in the plane containing the

two axes. Here we have a complex compound pendulum,

end it is interesting to compare the motion with that of

the complex simple pendulum of §§ 177, 178.

Let m', A', ^ correspond, for the second body, to m, h, for the

first, and let a be the distance between the axes. For variety we
will adopt Lagrange's method. We have clearly

T = i ^in/t=S^ + mhH^ + m'k''4>'' + m'{aH'' + 7i'V + 2aA' cos (0 - «) ^^)

,

\ —G -iiighcos9 - m'g{nccsS + h'cos(l>)

.

These would enable us at once to write down the equations of motion,

however large be the disturbance, but they are too complex for oui

present work. Let us then assume tp and 6 to be very small, and
we have

\m(lc' -\-h^) + m'a^}6 + m'ah'^= - imh + m'n)ge,

m'{k'^ + A'^)0+ m'ah'S = — m'<jh'<p .

Combining, as before, by means of au undetermined multiplier, we
have

(Hi(i» + /j") + m'a? + \m.'ah')S + (m'a?i' + \m'(k" + h'^) )^

? { r™* + 'n'a)d + Mn'h'(fj } .

Thus the hvo values of \ are given by the equation

m'ali' + Km'iJiP + h'-) \m'h'

in{k^ + k^) + m'a^ + Km'alb' mh + m'a.

'

This may be written in the form

A + A _^

li + \~C '

where B is greater than A; acd A, 6, C are all essentially positive,

if the bodies have been only slightly displaced fi'om the position of

stable equilibrimn. The equation gives

\»-KB-C)x-AC-0,
BO thai> the values of \ are essentially real and of opposite signs. If

we write /x - B for A, this equation iiecomes

M«-(B + CV + (B-A)C-0,

BO that the values of A + B are both positive, and therefore the

motion of either mass is the resultant of two simrile harmonic
motions.

§ 243. A well-ktiown puzzio in connexion with this subject

used to be " How to distinguish between two hollow shells, RoUmg
one of gold the other of silver, if their diameters and masses of hoUow

be alike, and both be painted." If we observe that the
^'^^

volumes of eqtfal masses are inversely as the densities, the

volume of the gold shell is seen to be less than that o.f the

silver one, and therefore, on the whole, its mass is farther

from the centre, and its moment of inertia greater. Hence
any form of experiment in which the moment of inertia

comes in will suffice to decide the question. Thus they

might be alternately clamped tight to the end of a rod,

and the system swung as a pendulum, when the gold sphere

would vibrate more slowly than the silver one. Or they

might be allowed to roll, not slide, down a rough plane.

In this case the work done by gravity on each is the

same when they have fallen through equal spaces. But its

equivalent is in the form of kinetic energy, partly transla-

tional and partly rotational The relative amounts of these

two depend ou the moments of inertia of the spheres, for

the ratio of the translational velocity to the angular velocity

is the s-ime for each. Hence the gold sphere, having the

greater moment of inertia, will have the smaller velocity

of translation. Another form of this question was to have

a shell with a spherical mass inside, which might be either

free to rotate on gimbals, or else be keyed to the outer

skin. The keying would of course retard the motion of

the whole down a rough plane, for part of the energy due

to gravity would then be shared by the internal mass iu

the form of energy of rotation, from which it would other-

wise have been free. Another very instructive form is that

of a spherical shell full of fluid. If the flnid be perfect,

the moment of inertia ia that of the shell alone ; if it be

infinitely viscous, the moment of inertia is that of shell

and fluid as if they constituted one rigid solid ; and we
may have* every intermediate amount. If we suppose the

rotation of the outer shell to be suddenly stopped, the

infinitely viscous contents would be reduced to rest also.

But if they be not infinitely viscous thev will not at once

be brought to rest, but will be able to put the shell in

rotation again if it be at once set free. Thus, in practice,

we can tell a raw egg from a hard-boiled egg. The first

is with difiiculty made to rotate, and sets itself iu motion

again if it be stopped and at once let go. The second

behaves, practically, like a rigid solid.

§ 244. 'The problem of the rolling of a sphere down a'rough

inclined plane is solved at once, as above, by applying the

conservation of energy. For, if .r be the coorainate of its

centre parallel to the plane, 6 the angle through which it

has turned, and a its radius, we have the kinematical

condition
x—a9

(due to the perfect roughness of the plane).

Also the potential energy lost is

Mg'xsina,

where a is the inclination of the plane to the horizon ; and

the kinetic energy gained is made up of the two parts,

—

iMx- translational, and AMi"^- rotational

Hence M(A- + a^)tf2_2jilja93ina,

or ir'-2r;^— zsma.

This shows that the motion is the same as that of a

particle sliding down a smooth plane of the same inclina-

tion, under gravity diminished in the ratio a^ : /i~ -I- a^.

And it shows how friction may retard motion without pro-

ducing any dissipation of energy.

§ 245. Suppose one point of a rigid plane sheet be made

to move in any manner in the plane of the sheet, what

will be the consequent rotation?

Let M bo the mass, and £, ti, given in leima of (, the coordinates
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of the point' of tbo shoot Avhoso motion \n assipnod. Let a, I>c the

relative jiolar coordinates of tho centra of inertia, thou

,Mi;^'+o(cos>)]-X, M[7; + a(sin^)]-Y.

A-licro X and Y aro tho forces rcq^xiisito to produce the rantion.

Eliminating them, wo find

witli which wo can do no more until further data are specified.

Suppose {, Tj to njove with uniform acceleration ^^ in a diioction

assigned by o, then

^'=pco3a, ij^psiua, ana

(h^ + a^)t/'= ~ aj){sia<icos6 - co3asinO) = aps\n{d - a)

.

rhe centre of inertia of the masd therefore moves, relatively to

the constiained poiJit, precisely as does a simple pendulum ; l>nt

the direction of p is reversed.

Again supiiose the constrained point to movo iinifornily in a

circle of radius b, with angular velocity or. We have

i-i

(,y

OS tut , rj = b sin tDt

,

'al{sin wt cos - cos tat sin 0) ,

abBin{9-wt)..„«)(|JV-.0=-o>"

This is, again, the equation of motion of a simple pendulum, out

tile angle of displacement 0- tut is lio longer measured from a fixed

lino but fiom tne uniformly rotating radius of the guide circle.

Hence the mass oscillates, pendulum-wise, about this uniformly

revolving line.

§ 246. Let us take, aa an instance of impulse, the case of

Robins's " ballistic pendulum,"—a massive block of wood
movable about a horizontal axis at a considerable distance

above it,—employed to measure the velocity of a cannon or

musket shot. The shot is usually fired into the block in

a horizontal direction perpendicular to the axis. The
impulsive penetration is so nearly instantaneous, and
the mass of the block so large compared with that of the

shot, that the ball and pendulum are moving on as one

mass before the pendulum has been sensibly deflected

from the position of equilibrium. This is the essential

peculiarity of the ballistic method,—which is used also

extensively in electromagnetic researches and in practical

electric testing, wTien the integral qiiantity of the electricity

which has passed in a current of short duration is to be

measured. The line of motion of the bullet at impact may
be in any direction whatever, but the only part which is

effective is the component in a plane perpendicular to the

axis. We may therefore, for simplicity, consider the

motion to be in a line perpendicular to tho axis, though
not necessarily horizontnl.

Let HI be the mass of the bnllet, v its velocity, and p the distance
of its lino of motio'n from tho axis. Let M be the mass of the
penUulnm ifith the bullet lodged in it, aud iits radius of gyration,

[fhen, if a bo the angular velocity of the pendulum when the impact
is complete,

from which th>' solution of tho question is easily detemiineil. For
the kinetic energy after impact is clianged into its equivalent in

Sotential energy when the pendulum reaches its position of greatest
elU'xion. Let this be given by the angle B ; then the height to

which the centi'e of iuerlSa is raised is A(l - cosS), it h he its distance
from tho axis. Thus

.M(;/i(l -cos(/)-JMi=a.= = j'-2^
,

2si„l--Ji_Jl-
2 M k V^, ',

an expression for the chord of the angle of deflexjon. In practice
the chord of the angle e is measured by moans of a light tape or
cord attached to a point of the pendulum, and slipping with small
friction through a clip fixed close to the position occupied by that
poiut when the pendulum hangs at rest.

§ 247. As another example of impulse let us consider the
case of a body moving in any way in a plane perpendicular
to one of its principal axes. It is required 'o find what point
of the body must be suddenly fixed in order that the whole
may be brought to rest ; also, whitt will be the consequent

impulsive pressure at this point. It is easy to wjo that Impulse

this is exactly the same question as to find the inipuLso, rcquirml

and its point of application, so that it may produce a ^".' "
given motion of a body in a plane perpemlicular to ouo

J[otj"n
of its principal axes.

The impulse must obviously act in a plane passing

through the centre of inertia. And the physical conditions

are that the change of momentum of translation is equal

to, and in the direction of, the impulse, while the change
of moment of momentum about the centre of inertia is

equal to the moment of the impulse." Let tho impulse
acting at the point ^, rj have components K, S parallel tu

rectangular coordinates in the plane of n^otion, and let oj

be the angular velocity, u, v the linear velocities, generated

by it. Then the physical conditions are
,

Mit-R, Uv=S, 5Ii--a.-P{-E7,.

When u, v, <o are given, R and S are found from the first

two equations, and the third is then the equation of the
line in which the impulse must act."' Similarly, when the

impulse and its line of action are given, we have in terms
of these data the quantities !(, t), w.

§ 248. As a simple practical example, suppose one strikes Cmtrc of

a hard object with a stick in such a way that his hand is at pcrcua-

rest at the instant of the impact ; with what part of the^'""'

stick must he strike so that there may be no jar on his

hand?
Let ^ be measured along th« stick from its centre cf

inertia in the direction which it has at the instant of

impact. Then the kinematical condition is

where a is the distance from tho hand to the centre oi

inertia of the stick. Thus, as the impulse S is the sole

cause of the stick's being brought to rest, we have

Ml. + .S = , Uk-via + S| = ;

so that J = i-7«.

Hence if the stick be uniform and be held by one end,

so that its length is '2a, and therefore 3k' = a^, we have

and a + i, the distance of the point of impact from the

hand, is

a + J-,
= S.2«,

i e., it IS at two-thirds of the length of the stick.

If, however,the hand be moving, at the instant of impact,

perpendicularly to the stick with velocity V, the kinematical

condition is v—V = aia, wliich introduces a corresjjonding

change in the result.

§ 249. The reaction of the axis is easily calculated. If Reaction

tne axis about which the body is constrained to rotate on .axis.i

be perpendicular to a plane though the centre of inertia

about which the body is symmetrical, and if the applied

forces act in that plane, it is clear that the reaction of the

axis is a single force iu that plane. Let its components be

H and H. Then

2(mT;)-5(.X)-l-E, 2(my)= 2(Y)-l-H,

Let a, 6, be the polar coordinates of the centre of inertia,

then 6, 6 are the angular velocity and the angular accelera-

tion for all particles of the mass, and we have

MacoseJ-~Utts\neJ~-S{X) + Z,

Masme.6'^ + MacoieJ^S(y) + H, ,

From the third we find 6, and the others give H acd H.

"UTien tlieie is no plane of syrnnictry pcr|)cndicular to tiie axis,

there must lio two points of it at wliicli reactions ai-e exerted on tlio

rovolvinfj body. Let tho coordinates of these hearings bo c, c', rJid

tho rcactaons tlicro S, H, Z, H", H', Z' respectively.
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Then we have the six cijuations (in which ; = 0)

2(»!i) = 2(X) + = + =',

2(mj/)-2(Y) + H + H',

2(/h:)-2(Z)+Z + Z';

Xmlx^ - yx) -HxY- yX)

,

S.m{yi-Z!J) = 2(yZ - zV) -cH- c'H',

2m(^ - a::) = 2C:X - a:Z) + cE + c'H'.

The fourth criuation, as before, determines 9, auJ wo havctlicn four

equations to determine H, H', H, H'. The remaining equation de-

termines only the sum Z + Z'. In fact by more or less perfect ^iii?((y

we can throw more oi less of the force parallel to tire axis on one or

other of tlic bearings. There is really no indeterrainatencss in

nature, but wo cannot get the information required to evaluate
separately Z and Z'.

§ 250. When impulsive forces are applied to the body,

ej:actly the same methods may be employed, with the ex-

ception that u - u must be written for X, &c., and <o' - oj

for e. The quantities X, Y, Z, H, H, Z, S', H', Z' now'

denote impulses and not forces.

As a single example of the use of these formulas, take tlie case of
a body rotating, under the action of no force, about an axis
through its centre of inertia. Here 2{ma:) = 0, ic., and lis con-
stant. The first two of tlio six equations last written show that
the pairs of forces E, E' and H, H' form couples. Tiie fourth
equation gives 6 = ut ; and with this the remaiuing two become

2(msi/) . ui^ - - cH - c'H'= - (c - c')H
,

, 2(.«.-x).«== -c=-c'S'= -(c-c')S.

The multipliers of w^ are each zero if the axis of rotation be a

principal axis, and thus, in tljis case, there is no stress perpendicular

to the axis. When tlie axis is not a principal axis the left hand
terms are generally finite but they vary as the body turns. It is

easy to see, however, that together these terms constitute a constant

couple always in a plaue passing through the axis, rotating vith
the body and dependent directly on the square of the angular
velocity. Thus, to analyse the factor 2(jn;j/), we note that z is

constant, and
y = r&in{ait + iij ,

where r, a were the polav coordinates c the mass m at time t = 0.

Hence 2(»isi/) — sin afiimxXi) + cos «(2(«!;j/,)

,

where ^^1 = 7' cos o and y^^ 7- sin a were the coordinates of m at i = 0.

Similarly we have

2(mjx) = cosai<2(»i:Xi) - sin uiG{mzy^)

.

These expressions prove the preceding statements.

On. §251. Asa final instance of impulse in this branch of the
poin subject, suppose that a rigid plate, moving anyhow in its

sudden.. ^^^ plane, has one of its points suddenly ti.xed, what will
"^ be the subsequent motion t Let the position in space at

which the point is to be fixed be chosen as origin, and let

the axis of x be chosen so as to pass through the centre of

inertia at the moment of fixture. Then, if v, v be the

velocities of the centre of inertia, w the angular velocity

about it, a its distance from the point to be fixed, the

conditions of the impact are

!i' = u -2/M,
V=V- H/il

,

u'-M-t- Ha/llit=,

—three equations with five unknown quantities. But the

conditions that the point in question is reduced to rest arc

evidently
u'-O , v' -ua = ().

These furnish the requisite additional data, and the solution

is complete. If wo eliminale H between the two equa-

tions which contain it, we have

k-u +•«»' = !c-(ii + av

,

whence by the relation between v' and <o' we have

These equal quantities, each multiplied by M, represent

respectively the moment of momentum about the point

before and after its fixture.

J 252. Thus, as a little consideration will show, we might
have solved the problem at once, so far as the impulsive
change of rnoiion is coucerned, by noticing that as the im-

pulse is applied at the origin, the moment of momentum
about that point will not be altered by it. In fact many
problems, which present serious complexity when treated

by the direct methods, are solved with comparative ease by
such general considerations as the conservation of moment
of momentum, or the conservation of energy. The first

principle holds good when there is no resultant couple, or

impulsive couple, round the origin; the second when no
work on the whole is done by or against the forces or

impulses.

§ 253. We have given instances of pure sliding, and of Corn-

pure rolling, in one plane, aiid will now give a single '''"*'*

instance of combined rolling and sliding. A common but
''"'r'lij

instructive case of the problem we propose to consider is in„

that of a hoop thrown forwards and at the same time

made to rotate, so that after a time it stops, and finally

rolls backwards to the hand. Otlier cases are furnished

by a " following stroke " or a " screw-back " with a Milliard

ball.

Let the axis of x be parallel to the motion of translation

of a sphere or cylinder moving on a horizontal plane.

Then we have, if F bo the friction, a the radius of the

hoop or ball, the rate of change of momentum = F, and
that of moment of momentum about the centre = Fa.

So long as sliding continues, F is constant, and equal to

the product fi'Mg of the normal pressure and the coeflicient

of kinetic friction. Hence at time t, if v^ and w^ be the

initial velocities of translation and of rotation,

-!( - 1% - figi ,

k-w — k-UQ - ugat

.

Those equations cease to be true when the sliding ceases,

i.e., when we have pure rolling, of which the geometrical

condition is

i(-haw — 0.

This gives v^ + aui,- iJig(a''-lk--v\)ti,=0

,

or ( _ A.--(n,-faaio )

At time ^, and over after we have

k'{\u -t- «^„) OKj - ](?aa

nUd + g-gij k°u„ - aiin

""""'^^T^- k' + a- '

Hence, if the body be projected in the positive direction,

its ultimate motion will be in the negative direction if

a«„ - k-uif, be negative, i.e., if the initial angular velocity he

positive, and greater than au^jk- ; which is hi^la in the case

of a sphere. Thus, at starting, the linear velocity of the point

of contact with the plane must bear to that of translation

of the ball a ratio of over 7:2 if it is to stop and return.

In the case of a hoop this ratio must be at least 2 : 1.

§ 254. W'e pass now to the case of a rigid body one point K'Siil

only of which is fixed. As we have already seen (§ 234)
^"fi^^^g

this has only to be compounded with the motion of the poj„t

whole mass, supposed concentrated at the point, in order uind.

to give the most general motion of which a rigid body ia

capable. The geometrical processes which have beeu

applied to this problem, though in many respects of great

power and elegance, cannot be introduced here. We will

therefore give the more important results in a brief ana-

lytical form, and then geometrically exhibit their applicat'on.

Kecurring to the general equations

2;)i(J-i/ - i/JJ) - 2(zY - yX) —K, &c.,

we may transform the left hand members as follows.

Let a>j, u„ a, be the angular velocities of the body about the

fixed axes of x, y, z respectively. Then {% 77) we have

x=Zuy-yai,, &c.

From these wc have three equations of the type

* = Sop, - 2/ij + io>i) - #««

= zii, - yit + (i/toi - a:M,)ai. - (xu- - 'aijai.i
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Thua wo liavf

x^-y!t- (x' + 2/')<i. -!/:»» - ^-wx + .r:w,w, - :y<"»<",

+ (r' - r)^^!c, - .Ty(a.i - a.i)

.

Now if tho fixed axes bo taken so as to coinciilo at a particular

instant witli the principal axes of the body passing through the

point which is regarded as fixed, the terras involving factors of tho

form 2(mp-i/), &c., necessarily vanish (§ 237). Also wa have

i.m{^ - 2/") - 2m(x~ \^-y'-~^),

60 tliat, if the princlpul moments of inertia of tho body be A. B, C

respectively, the dynamical ecitiations become

Cii, + (B- A)u)^j,-N, &c.

But it was proved in § 79 that when the angular velocities of ft

rigid body are referred to moving and to fixed axes, which coincide

at a particular instant, not only ai-e the angular velocities but also

the angular accelerations equal at that instant in tho two systoma.

Tlins, if ai„ B„, 1)3 be tho angular velocities of tho body about its

principal axes," the etjuations just obtained tako tho form (due to

Euler)
Ai, + (C-B)a.,a.3-L,

B<ia + (A-C)w3»i = M,

Ci3 + (B-A)«,o>j = y

iHien w„ Kj, w,, aro found, in any particular case, from these

equations, tin actual orientation of tho body at any time can bo

calculated from them by tho kinemotical processes of § 81. The
position in space of the point of tho body which has been hitherto

treated as fixed is to bo calculated separately by the processes

already explained for kinetics of a particle, and thus the motion of

tho body is completely determined—in tho sense that tho difficulties

of the further steps are of a purely mathematicil nature.

Eigid When tho forces applied to tho body havo a singlo resultant,

body whicll either vanishes or passes througli tho origin, the right-hand

under no terms disappear from Euler's equations. Multiply tho equations

tarccs. by wj, oj,, w^ respectively, and add. AVe thus obtain

Auii, + BcBjiij + Co.A - ,

whence Au; + Ba,- + C<^; = 2T (1),

—tho statement that tho kinetic energy is constant. Again,

multiply by Abi, Bu,, C<.i3 respectively, and add. Then we have

A'to,aii + BV.,a,j + C'oijcij- ,

whence A-a.; + B-c»J + C=a,= -D- (2),

expressing the constancy of amount of moment of momentum.
But if, in these equations, we now choose to regard w,, wo, w^ as

llio coordinates, parallel to tho principal axes, of tho extremity of a

line which represents, in magnitude and direction, the instantaneous

axis, we sco that that axis is a central vector of each of the ellips-

oids (1) and (2). Hence tho instantaneous axis describes, re-

latively to the body, a cone of the second opder. Since T and D
are tho only arbitrary coefiicicuts in the equation?, all the ellipsoids

(1) or (2) are similar and similarly situated. Tho curve of intersec-

tion of (1) and (2) projected on the plane of tho axes A and B Jias

the equation

A(C - A)ai; \ BCC - B)ai; - 2TC - D=.

This represents an ellipse if the terms on tho left havo the same
sign, i.e., if C is cither greater or less than each of A and B.

Hence, if tho body bo originally rotating about an axis nearly coin-

ciding either with the axis of greatest or that of least moment of

inertia, it will continue to do.so. These two cases arc exemplified

respectively by a quoit and by an elongated ride bullet,'—at le.ist

in so far as the resistanco of the air docs not interfere with their

motion. But if the body be originally rotating about an axis

nearly coinciding with the axis of intermediate moment of inertia,

the curve indicated by tho equation above is an hyperbola or a pair

of straight lines through the origin ; and the instantaneous axis

travels, in general, far away from its first position in the body.

"W"o will henceforth look on A, B, C ns in descending onler of

magnitude. It is obvious from the mode in which they aro formed
that A — B-f C only when tho body is a plate. Hence, generally,

any two of A, B, C ore together greater than the third. Also by
multiplying (1) by A, and comparing it term by terra with (2),

Ave see that 2AT>D= ; similarly 2CT<D^
To complete the examination of the immediate results of Euler's

equations in this case, let ns find how the length of tho instan-

taneous axis, considered as a common vector-radius of the ellipsoids

/I) and (2), depends on the timo.

Let n'=o,;-(-l»;-^a.; (3);

126= (u,<»i-f-Wj<i5-f 11)3(03

/C-B A-C V,-\\ A

where A is tho determinant

- (C - B^(B - A)(A - C)

.

I
A"- B' C

Now (1), (2), (3) aro linear equations in a>J, a\, u\, and from them
wo havo three equations liko

Ac«; - BC(C - B)[r= -)- 2T( B' - C) -h D-(C - B)

-BC(C'-B){!r=-a},

2T(B-)-C)-D'

BC
whero

is, by tho remark above, essentially positive. Hcnco

A'u,;i.);a.- - A=B"C=(C - B)(B - A)(A - C)(n' - o)(fi' - V){ff--c)

- A'B'^C'ACa - f2-)(!) - Q^)(<! - Q')

.

Thus D ."i - s/{a - 0.-)Kl> - n-){r - W)
,

whence n- is at once found by elliptic functions. known, we havo

CD,, 01., !»;„ and then by the method of § 81 we have tho complcto

analytical determination of tho position of the body in terms of the

time.

§ 255. Such a solution, however, fails to give so clear a Poinsot's

conception of the nature of the motion as is afforded by rolling

the very elegant geometrical representation discovered by -Hip'^oid.

Poinsot. We may arrive at it by considering the tangent

plane to (1) at the e.xtremity of the radius n. If x, y, z

be the current coordinates of that plane, its equation is

Aa,,(<.i - r) -I- Ba.,{a,j - yl 1- C„3(a,3 - :) - ,

SO that the perpendicular from the origin upon it is equal,

by (2), to 2T/D, a constant. The direction cosines of this

perpendicular are proportional to Amj, Buj, Cuj, the com-

ponent moments of momentum. Hence it is the axis of

resultant moment of momentum, and is therefore (§ 166)

fixed in direction in space. The tangent plane to (1) at

the extremity of the instantaneous axis is therefore a fixed

plane, and the ellipsoid (1) rolls upon it as if it were per-

fectly rough. From this we can of course find the equation

of the curve of contact with the plane, and thence that of

the cone, fixed in space, on which the cone of instantaneous

axes in the body rolls, as in § 75. The latter cone is of

course given by the intersection of (1) and (2).

To complete this beautiful representation of the motion, all that Sylves-

is necessary is a method of measuring tin>e, something to show tho ter's

rate of rolling of tho ellipsoid on the fixed plane. Many construe- addition

tions have been given for this purpose, such as FoiuRot's '* rolling to

and sliding cone," ic, but none can compare in elegance with ihat Poinso'.'s

invented by Sylvester. We can only sketch a particular case— construe-

sufficient, however, to completely solve the question. tion.

Writing 1, m, n for the direction cosines of the fixed line referred

to the principal axes, we havo

i-A«.i/D. i"-V.w.JT>, u = C^JV) . . . (1).

Our equations (1) and (2) may now be written

P/A + 7)i=/B-l-n7C-2T/D= (1),

P + m"- + ii"- = l (2).

Introducing a factor p, of dimensions the same as 1/A, we have

from these a third equation

ri\IA+p) + m\l/Xi+}>) + n-{liC + ii)-2TlT)'+ p . (5).

Kow onsider an ellipsoid

IJx+p'^l/n+p'^l/C+p^^

which is similar, and similarly situated, to one of the ellipsoids

confocal with (1) of § 25i. Draw to it a tangent plane pcrpeii-

dicul.ir to tho lino OL, whose direction cosines are (I). Wo obtain

for tho determination of tho point of contact Q three equations ol

the form

;_ =" „_ y n = i . (7).

S{l/A.+i>)' S(l/B-hi))' S(l/C-ti)>

x' iP x'
S^ — + -whcro

'Here a-, y, i aro the coordinates of Q, and tlio distance of the

tangent plane from tho origin is E/3.

Now (6) gives at onco by means of (7)

S:[F(1/A -Hi>) -t- m'(l/C -^ J)) -fnWC +p) ]= E ;

XV. 03
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Quoit.

whence, by (5), S^ =2l7B^-
This is constant, and tliercforc the new tangent plane is fixed in

epace.

Let us now find the angular vflnoity about the fixed lino OL of

this plane's point of contact Q with the ellipsoid (6).

The direction cosines of the instantaneous axis OP are as

tfj, Wg* "3- Those of OQ are as x, y, z.

And we have obviously by (4) haI (7)

= 0.

Hence the line 00 lies in the plane containing the instantaneous

axis OP and the fixed line OL. The motion of ellipsoid (6) is

therefore one of combined sliding and rolling along the new tangent

plane. To find the sliding, we must find the angular velocity of

Q about the line OL. It is to that about OP, which is il, in the

ratio of the sines of the .ingles POQ and QOL.

But ein=POQ^l-^,^i±^^~^'

and sin=QOL=l-
(AaiiJ: + Bai;y + Ca.3;l-

By means of the equations (1) and (7) above we find easily

sin-POQ D'-p-

sin=QOL" Q- •

Hence the angular velocity of Q about OL is D;;, a constant.

Now suppose the plane on which the ellipsoid (G) rolls and slides

to become perfectly rough, and to be capable of rotating round OL
as an a-iis, there w"ill no longer be sliding of Q, but the plane will

be made to rotate with the constant angular velocity Up. Thus
the time of any portion of the motion of the body will be measured

out by the .angle of forced rotation of this plane.

§ 256. As a simple example, let us take the case of a quoit, in

which A, the moment of inertia about the axis of figure, is greater

than either of the cnual quantities B and C, which may be referred

to any two perpendicular lines in the rdane of the quoit. The
cqua'.ions become

Aa»i=0, so that 6>i is constant,

Ba)2 + (A-B)io3a.i = 0,

Bi3 + (B-A)<.ij;2= 0.

then we havePut for a moment ——

Those give by eliminating w.

- n»„ = .

Hence <oj=Pcos(?!( + Q),

The resultant of these is an angular velocity P, about an axis in

the plane of the axes of B and C, and making an angle nt + Q
%vith the axis of B. Hence the instantaneous axis describes in the

body a right cone whose axis is that of figure ; it moves round
it in the sawr. direction as that in which the body is rotating, and
with angular velocity n. The fixed cone in space is also, obviously,

a right cone and the other rolls on it cxtcnially.

Cylinder- If instead of a quoit the body be a long stick or cylinder, we
have A='B>C, and the equations become

Ai,, + (C- A)c^jco3 = 0,

Aii, + (A-C)ai3CD,= 0,
0^3'= 0.

The last gives ai;,= constant, and, if

A-C

the first two equations are

wi - nwj= , wj + noij = .

Thus «i + ww=i = 0, aJi=.Pcos(ni + Q),

and W5= -Psin{Ti^ + Q).

This intticates a rotation of the axis of constant angular velocity P
in the iiegaiive direction. Everything else is as before, but' the
cone fixed in the body rolls on the imside of that fixed in space.

'1}T0- § 257. Kext let us take the case of a peudulum bob, supported
-1710 by a flexible but untwistable wire, and containing a gyroscope

^c:idu- whose axis is in the direction of the length of the pendulum. Here
l;un, ivc may use, foe variety, Lagrange's equations. For simplicity we

supi^gsG the centres of inertia of the bob and gyroscope to lie in

the axis, and the bob to be symmetrical about the direction of the
.length of the pendulum.

Let the moment of inertia of the whole about the axis of

symmetry be A when the gyroscope is supposed to be preventeil

from turning relatively to the bob, and let the other two priucipal

moments about the point of suspension be B. Let that of the gyro-
scope about its axis be C. Then, if d be the inclination to the
vertical, <p the azimuth of the pendulum, and ^p a quantity denot-
ing the position of the gyroscope with reference to a definite plane
in the bob passing through its axis, we easily find

2T= A(1 - cos d)^<p'^ + B{d"- + &in^dip" ] + i:[^- {I- cos e)4>Y,

V = M(/Z(1 -cosff) = Vo(l -cos6), suppose,

vrhcre M is the whole mass, and I the distance from the voint of

suspencion to the centre of inertia of the whole.

Tho general treatment of this complex problem cannot be
attempted here. We may, however, easily obtain useful and
charoclcristic results in some special simple cases, which will

enable us tn form a general idea of the nature of the motion.
Thus, Ruppu<;e if possible to be constant. This is the Conical Conica

Gijroscvpic Fcnduhon. We easily find the equations gyro-

^^-(1 -cos^).^= fi = const. ^^°P^°

(A(l-cos9) + Bcose)^2-Cft0 = Vo. . [j^^

For any assigned values of fl and 6, this shows what will be the
corresponding value of ^. But it also shows that if we change
simultaneously the signs only of 17 and <^, the value of d is unaltered.

Thus, reversal of the direction of rotation of the gyroscope involves

reversal of the direction of motion of the bob, if the time of rota-

tion is to be unaltered. But to any assigned values of 6 and iJ two
values of correspond. As d cannot, in the case considered, cxcetnl

47r, the multiplier of ^ is essentially positive. So is V^^M^Z.
Hence the values of 4> are real ; and one is positive, the other

negative. Thus the pendulum, with any rate of rotation of the

gyroscope, may be made to move in any horizontal circle ; but the

angular velocity will be greater when it is in the same sense as

that of the rotation of the gyroscope than when it is in the opposite

sense. '\Vhen 6 is so small that &• may be neglected, we have

B<^2_Cfi<^= Vo,

or 2B^ = Cfi±V4BVo + C'0'.

To give a numerical example, let the mass of the gyroscope be

M;letB = M?2, C = -^^^--^M-^, t^ien

.,=(^",^.^,(-)=o..
If n= 5, c=10, g = \(il (which are fair approximations to the

dimensions of the ordinary form of the instrument),

±, \/^ r,n'.
500 , V "' (500)^'

Suppose the gyroscope to revolve 100 times per second, thea
n-200ir practically, and

^ = fir±V10 + U'r' = 2-513±4039
-6 -552 or -1-526.

The angular velocity, when the gyroscope is not rotating, would to
that of the corresponding conical pendulum,

Vs/I-±3-162;
so that in this case the gyroscopic pendulum would rotate about
twice as fast, or only about half as fast, as the ordinary conical
pendulum, according as it rotated with or against the gyroscope.

If we had taken fl= lOn- we should have found

= 3-29 or- 3-04, nearly.

Thus the slower the gyroscope rotates the slower is the conical
pendulum motion in the same direction, and the quicker that in

the opposite direction.

Statics of a Chain or Perfectly Flexible Cord.

§ 258. A.XIOM.— When a body or system is in equilibrium

under the action of any forces, additional constraints will

not disturb the equilibrium. Compare § 103.

This principle is of very great use in forming the funda-

mental equations of fluid equilibrium, and thence those of

motion. And we find it of advantage,' as will be presently

6een, in reducing to elementary geometry the problem of

the equilibrium of a chain, or perfectly flexible cord.

\ye may treat this problem, called that of a " catenary, Cati

by any one of the following methods:—(1) by investi- nai-j.

gating, as a question of statics of a particle, the condi

tions of equilibrium of a single link ; (2) by imagining;

a finite portion of the chain to become rigid in its
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equilibrium form,—assuming, by the axiom above, that it

will remain in equilibrium, and then treating the question

by the niethodn employed for a rigid body; (3) by employ-

ing the energy test of equilibrium as in § 198.

§ 2D9. We exemplify each of these methods in the

specially important case of the ordinary catenary.

Common A umform chain hangs between two fixed points, find
'"'s- the tension at any point and the curve in which the chain
^"'^'

hangs.

Firai Method.—Let fi be the mass of unit length of the chain; T
tile tension at tile point .r, y, z \ s the length of the chain to x, y, z

from awne assignea point ; anil let the axis of y be taken vertically.

Then we have for the equilibrium of the element 85, couaidered as a
material particle,

^dxf^d^^df^d^y\
as \ as as \ as J J

(Is \ ds ds\dsj J

Omitting the terms which cancel one another, and dividing by 5s,

these become

s^:lj-- ^M)-- l«0=«-
From the first and third it follows that dz/dx is constant, i.e.,

the chain bangs in a vertical plane. We may take it as that of a"2/,

and the equations are reduced to the first two.
The first gives

ds

sliowing that the horizontal ionent of the tension is constant
throughout the whole length of the chain. Substituting for T in

the second, it becomes

(fs\rfi-y°°T„'

The quantity on the right is evidently of [L"'] dimensions, because
that on the left is so ; and thus we may write

^ = i. or T.^isga.

Hence a is the length of a portion of the chain whose weight is

equal to the constant horizontal component of the tension.

The equation now becomes

ax^ a ax a \ \dxj

lulegrating, we have

If we now assume that the axis of p passes through the point at

which the chain is horizontal, we have at that point x=0,'-^ = 0,
dx

and therefore C-1. Thus

Taking the reciprocal of each side, we have

Subtracting,

o'^.v A

or 2ii_S"+£-a ;

no constant being added if we assume the axis of x so that j/=o,
x = together. This is the equation of the curve required.

_
If wo take the sum, instead of the difference, of the above equa-

tions, we find

2— = £" +£ • ;

80 that ::£.= cir_ j""j

« being measured from the axis of y.

But the tension at x, v is, as above,

T-T„|-T„i-^.

Honee the tension at any point of the chain is cqaal to the weight
of a length of the chain equal to the ordinate at that point.
Thus if a chain of finite length be laid over two smooth parallel cjij^n

rails, its ends, .when the whole is equilibrium, will be in the ov„
horizontal line corresponding to the axis of x in the above investi- parallel
gation, the middle part of the chain forming part of the catenary, iljig
When a given length 21 of chain rests in equilibrium on tivo
smooth parallel rails at the same level, we have therefore s+ y— l,
while x — b, the half distance between the rails.

By the above expressions for y and s in terms of x, this leads to
the equation

which determines a when b and I are given. From this equation, aa
the minimum value of the left-hand side occurs when a = b, we see
that the least length of chain for which equilibrium is possible under
the conditions is equal to e times the distance between the rails.

§ 260. Second Method.—The chain being in equilibrium,
suppose any Bnite arc of it, as PQ (fig. 64), to become
rigid. The forces acting

on PQ are three—the ten-

sions Tj and T^ at its ends,

and its weight W acting

at its centre of inertia.

But three forces in equi-

librium are in one plane

(§ 221). Hence the curve

is in one vertical plane.

Also, as the two tensions

are not parallel to one

another, the lines of action

of all three forces meet ^'8- 6'*-

in one point. Hence there is no couple, and the conditions

are simply
T2cos«2-T,oose, = 0,

Tj8in03-Tisin9i-W = 0;

where 6^, 6„ are the inclinations to the horizon of the tan-

gents at the ends of the portion solidified. The first

asserts that the horizontal part of the tension is the same
at P and Q, i.e., all through the chain. The second asserts

that the difference of the vertical parts of the tensions at

any two points i.s equal to the weight ql the part of the

chain between them. By proper mathematical methods
these data lead to the results already obtained. In fact

the eqiiations we have just obtained are the first integrals

of the equations in g 259.

§ 261. Third Method.—The potential energy of the chain is

rith the sole condition
y^i^

./ d
-rfa:= constant,

the limits of integration being fixed, and the same for each expres-

sion. Hence, by the rules of the calculus of Tariations, we nave
the same equations as before.

§ 262. Still supposing gravity to be the only applied force, there Mass of

are many forms of iinportant questions which can be solved by either chain to
of these methods. We will take some simple, but varied, examples, hang in

Fxixd hovj the viassof unit length of a chain must varyfrom point given
to point 90 that the catenary may he an assigned plane curve. carve.
We have, as before,

but our second equation is now

where /* is an unknown function of s. .The third equation, being
of the same form as the first, shows- that-the curve is in a vertical

plane, and is thenceforth unnecessary.
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As before, wc have

MECHANICS
T— =T
ds

and
^(djy M
ds\dx^

Now, froiii the assigned equation o( the catenary, tlie left-hand

member can be expressed as a function of $, and thus we have tlio

solution of the problem. For example, suppose the chain is to

liang in an arc of an assigned circle. Kcferred to the lowest
point of the circle, the equation is

where a is the radius. From this we have

dx a
- i= tan —

,

so that
ag

Suspen-
sion

bridge.

The tension at the lowest point is thus equal to the weight of a
piece of chain like that at the vertex, and of length equal to the
radius of the circle

; the mass per unit length bccomi s infinite at
the end of a horizontal diameter.

'Sent find tlieform of the chain u-hen tho mass of any arc is pro-
portional to its horizoiital projection. This is a rough approximation
to the case of a suspension bridge where the roadway is uniform,
and much more massive than the chains, to which it is attached
throughout by vertical des. The equations are as before, but the
additiotial condition takes the form

Tliis gives

= Aio 1 " constant.

d^y M_
dx' " T„

'

and the chain forms a parabola whoso vertex is downwards, and
whose axis is vertical.

Catenary As a final example, we have what is called the catenary rfuni-
of uni- form strength-^ that is, the form in which a chain hangs when the

form tension at every point is proportional to the breaking stress at that

strength, point. Here we suppose the strength to be proportional to the
section, i.e., to the mass per unit length. This gives the
condition

where a^cfg.

This gives

.^[^\ JLr~JL —
dsydxj" tT„ c dx'

and the complete integral may bo written, by proper selection of
origin, in the final form

Limit of This curve baa obviously two vertical asymptotes dis-

'P&°- taut ± l-jra from the axis of y. The quantity a is directlj^-

as the tenacity of the material ; and thus we see that

there is a limit (even in this simplest case) to the span of

n chain, however strong, formed of any known kind of

matter.

It is a very curious fact that, if we write the equation of this
catenary in terms of the arc and the radius of curvature, it becomes
identical with that of the common catenary in terms of Cartesiau
coordinates, horizontal and vertical. For we see at once that

ds X

sothat ^« = y(l+3ini)/(l-sin-£-);

while by the previous equations

d^

Thtu finally,

\dxl "c

-^ = 6 •+£'•. Compare §269.

§ 263. AVhcn the chain is not nniform, and when it is subject to Catenary

the action of other forces than, or besides, gravity, the equations are general

U'^y-^-' U'^-^' 1(^1)=-'-.

•

where X, Y, Z are the component forces on unit moss. These
three equations involve tlie unknown quantities T, ar, y, *, and s

only ; for /* is supposed to be given in terms of 5. Two relations

only among x, y, and 3 are wanted {tor s is known in terms of a*,

y, z) ; so that the equations are necessary and suflicient to give these

relations and the remaining unknown T.

The first members of these equations consist each of two terms :—

dT: „.,u:„i.-„,i .:„„1., .,,. dx dy dz

ds
multiplied respectively by

ds ' ds

- multiplied by p~ ^-|
d-x d-y

p being the radius of curvature of the chain. Hence (§ 22) we
conclude that, so far as the tension alone is concerned, the forces on
an elementary unit of length of the chain are dT/ds in the direction

of the tangent, and T/p in the direction of the radius of absolute

curvature. These must balance the corresponding components of

the external forces on the element. Hence we see that the resultant

of the applied forces lies, at every point, in the osculating plane.

Thus we nave

rfT /v. rfj:
.

„rf'/=-(-!

-(^^S + Y

ds

.fy
ds

'

+ Z
dsj

-s

,

-N

Here S and N are the tangential and normal components of th

applied forces per unit length of the chain.

But when a unit particle moves in a curve, wo have always Catenar,

dv dv „, , iP „, =^P='^'-"

-77 = t> -7- = S , and — — N ,
of par

dt ds p ^i^u_

where S' and N' are the normal and tangential components of the
requisite force. If we write these in the form

rfr S V _ N'

ds V * p V '

and suppose that the curve in which the particle moves is the

same as the catenary above, while the speed at each point has

the samo numerical value as the tension, wo see that wo must
have

S' S' „ N' N'

V T
S'=-ST,

-s.

N'.

r--N;

-NT.

Paraboli*

catenary

Thus the catenary will be the free path of the particle provided tin

force applied at any point is equal to the reverse of the product o:

that acting on the chain by the numerical value of the tension ol

the chain at that point.

Conversely, if we take any case of free motion of a particle,

uniform chain will hang in the corresponding orbit under the action

of the same forces each reversed, and divided by the numerical
value of the speed at the corresponding point of the orbit. Thus

we can at once pass from particle kinetics to corresponding case

of catenaries.

In the case of a projectile, the path is a parabola, the force i

constant and parallel to the axis, and the speed is as the square

root of the distance from the directrix. Hence, that the parabol;

may be a catenary under gravity, it n.ust be turned vertex down
wards ; and the mass of the chain per unit length at any poin

must be inversely as the square root of the distance from the direc

trix. It is easily found from this that the mass of any arc of tho

chain must be proportional to the Jength of its horizontal pro-

jection, as in the second problem solved in § 262.

In the case of a planet we have Elliptic

v'-=ix{i/r-lla). catenary

Hence a chain W'ill hang in an ellipse if it be repelled from one

focus by a force varying inversely as the sqiuiro of the distance, tho

mass per unit length of the chain being directly as the square root

of tho distance from that focus and inversely as the square root of

the distance from the other. If tlie chain be uniform, the law of

the repulsive force from the first focus must be Ij-Jr'r' instead of

l/r*, where r, r' are the distances from the two foci.

§ 264. When a chain or string is stretched over a curved Pressure

surface, the surface must exert a reaction on it to keep of "'. *

it in its curved form. The preceding investigation has *"^ *^''

shown that the force normal to a chain per unit length at

any point is balanced by 1 p per unit of length, which

must therefore be the magnitude of tho reaction. We

t

%
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may establish this, however, in a very Bimple manner, as

follows :—
Let AB (fig. 05) be a small portion of the cord, and AC,

CB the tangents at its ex-

tremities; and let the (small) Q
exterior angle at C
Then, p being the pressure ^--5*^

per unit length of the

string, we have at once '''°'
"'''

i).AB = 2Tsiiii9 = T9

ultimately. But AB = p^, so that

7.= T/p.

Hope . If there be friction, and if the clement of the rope lie just

coiled on about'to slip, in consequence of the difference of the ten-

"".'S' eions at its ends, we have
cylmder. '

so that

r = T(l+,,fl).

This leads to the formula for the growth of a sum at com-

pound interest at /t per cent, payable' every instant. Hence

for a, finite angle a we have

It is to bo remarked here that neither the dimensions nor

the form of the curve on which the cord is stretched, pro-

vided only it be plane, have any influence on this result,

which involves only the coefficient of friction and the

angle between the two free portions of the cord.

Kinetics of a Chain or Perfectly Flexible Coed.

§ 265. The equations of motion of a chain, under the

action of any finite forces, are at once formed from those

of equilibrium by introducing the forces of resistance to

acceleration according to Newton's principle. Here we
enter on a subject of extreme importance, but also (at least

in the majority of cases) of great mathematical difficulty.

"One valuable result, however, ' can be obtained by very

simple means.

Wave- A uniformly heavy and perfectly flexible cord, placed in
velocity </,(. interior of a smooth lube in the form of any curve,

T i-h a
"'''^ subject to no external forces, will exert no -pressure on

jorfl
the tube if it have everywhere the same tension, and move
with a certain definite speed.

For, as in § 364, the statical pressure due to the curva-

ture of the rope is T^/o- per unit of length (where o- is the

length of the arc AB in that figure) directed' inwards to

the centre of curvature. Now, the element o-, whose mass
is ma- (if ?« be the mass per unit of length), is moving in a
curve whose curvature is 6;'o-, with speed v (suppose).

The requisite force is —— = mv^9 , and for unit of length

mv-6l<T. Hence if T = mv" the theorem is true. If we
suppose a portion of the tube to be straight, and the

whole to be moving with speed v parallel ts this line,

and against the motion of the cord, we shall have the

straight part of the cord reduced to rest, and an undula-
tion, of any, but unvarying, form and dimensions,

running along it with linear speed \/Tjm.

Suppose the tension of the cord to be equal to the weight
of W pounds, and suppose its length I feet and its own mass
Tj pounds Then T = W(/, Im = w, and the speed of the un-

dulation is \'Wlglw feet per second.

Reflected 206. As will be shown later, when such an undulation
wave. reaches a fixed point of the cord or chain, it is reflected, and

runs back along the cord with the same definite speed.

But the reflected form differs from the incident form in being
turned about in its own plane through two right angles.

When the string is fixed at both ends any disturbance runs
along it, backwards and forwards, with this speed, and

thus (in a piano or harp) administers periodic shocks to the
sounding board, causing it to give out a musical note. The
interval between these periodic shocks is of course the time
taken by the disturbance in running from end to end of

the string. Dividing the length I of the string by the
speed above reckoned, we find for this interval the value

the reciprocal of which is the number of impulses per
second. It is thus seen to be directly as the square-root

of the tension of the string, inversely as the square-root of

its mass per unit of length, and also inversely as its length.

These are well-known facts in Acoustics. It is to be
observed that there is no necessitj' for limiting the pro-

position above to a plane curve, though we have treated

the question as if it were such. The demonstration applies

even to a knot of any form.

267. We will now consider more particularly the vibra- Vibration

tions of a musical string, whose tetisioii is great and its of musica)

own mass small. string,

Forming the equations of motion as above hinted, wc have tlircc

of tlie type

rsi^'£y-''^^-

In the special case of a tiglitly stretched inextensible string, per-

formiug very small transverse oscillations, we may ^catly simplify

these by assuming that no external forces act. This practically

means that the weight of the string is negligible in coniparisoii

with the tension. If the axis of x be taken to coincide with the
undisturbed position of the string, wo have to the second ordci'

of small quantities

s= x.

With this the equation above written uccomcs

as

or the tension is the same throughout. The seconj and third
equations now become

The y and z disturbances are therefore of the same general character,

and perfectly independent of one another. "We will therefore con-
tine our attention to one of them. From the equations we see that
T//1 must be of two Unear dimensions, and we will therefore write

for it a'. As this quantity must also be of two negative dimensions
in time, a represents a speed. What speed will be seen imme-
diately.

The equation in y is now

whose integral is known to be

y=/{at-s:)-i-'F{at-i-x),

where/and Fare arbitrary functions. As we have already seen

(§ 53), the first part of the value of ?/ expresses a wave running
with speed a along the axis of x in the positive direction ; the
second part a wave in the negative direction with the same speed.

Thus we see that any small disturbance whatever, of a stretched

string, gives rise to two series of waves propagated in opposite
directions with equal speeds. Also, as the equation is linear,

the sum of any two or more particular integrals is also an integral.

If we suppose one extremity of the string to be fixed at the origin. One end
we have the condition x= 0, y= Q, and therefore fixed.

0=/{at) + T{at).

As this holds for all values of tj the function F is simply the
negative of/, so that

To investigate what becomes of a disturbance which runs along

the cord to the fixed end, let us suppose that f{r) ^which, by the

remark above, may represent any part of a disturbance of the string)

is a function which vanishes for all values of r which do not lie

between the positive limits p and g, but which for values of r

between these limits takes definite values. Then at time ( = wo
have

for, by hypothesis, f(r) vanishes for all negative values of r. This

denotes a disturbance of the string originally extending fh)m x=j>
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to x=g, which runs up to the origin^ ' After the lapse cf any inter-

val .greater -than qla we hav«

lor ac+a; has now become greater than q. This is a wave of

exactly the same form as before, bat the sign of the disturbance and
the direction of its propagation are both reversed. Every portion

of a wave is therefore reflected, with simple reversal of the displace-

ment, ae soon as it reaches the fixed end. For we may take the

limitsp and q as close together as we choose.

'itoth Now suppose the string. to have another fixed .point z.tx=l.

jndff Then we have

died. =/(oi - /) "/{at + 1)

.

Thus /is (§ 67) a periodic function, of period 2Z/(Z, and can there-

fore be expressed as a series of simple harmonic terms of the full

period, half period, one-third period, &c. Hence we may write,

[the coefficient ^ being put ia for convenience,

^^h^i'^ AmCOSTrml-'^{at -x) + ^Sj* BmSin7r77iZ-'(ai - x)

- ^2i" Am cos irmZ-^(ai + a;) - ^2i* BmsiuTT771^-^(^ + 2:)

= 2j^Amsimr??iZ"^rtisinirmZ-ia:-2]"BmC0S7r7nZ-Wsimr?nZ"^a:.

This expression contains the complete solution of the problem. To
adapt it to any particular case, we must know at some definite

time (say t= 0) the value of y in terms of x, i.e., the initial disturb-

ance
J
also the corresponding value of p. We have then

2/{,= -'Zi'^Bmsinitml-^x,

^^=!^-2i*?nAmsin7rm?-*a;.

^ Voi Vq are given in terms of x, we can find, by the process of

§ 67, the values of A^ and Bm, and thence the required value of y,

Oscilla- 268. As another example, suppose a uniform chain to be sus-

tions of pended by one end, and to make small oscillations in a vertical

a chain plane.

fixed at We cannot enter here into details ; so we simply assume that

one end. elementary persistent harmonic solutions are possible, or, what
comes to the same thing, that there are permanent forms in which
the chain can rotate about the vertical from the point of sus-

oension.

If the axis of x be vertical, the equations of motion are

d^\ ds J
M?-*). K-f)-^=

where fi is the mass of unit length of the cbain. As tne oscillations

are supposed to be small, we may neglect the change in the ver-

tical ordinate of any point of the chain, because it must be of the
^eond order of small quantities if the horizontal displacement is

of the first order. Hence we may put everywhere x for s, and
therefore consider x to be independent of t. Thus tbe first equa-
tion becomes t

dT

whence T => fig{l - x) ,

where Ms the length of the chain. The second equation then
becomes

(i-

r, if we measure x from the lower end of the chain upwards,

d-ii dy \

dx' dx g

The complete integral of this equation would oe much more general
than V M require, for it would express every possible small motion of
the cham, however apparently irregular. What we seek are the
fnndaraental modes of simple harmonic oscillation, any number of
which, as in the case of a. musical string, may be superposed. Hence
we may \vrite

where n is a numerical quantity as yet undetermined, but which is

confined to one or other of a series of definite values ; ri, on the other
hand, is a function of x only. With this value of y the equation
becomes

dx^ dx V=0.

By the usual method of undetermined coefiicients we easUy find the
particular integral

./ , n'x Tih? n«a? . \,,=A^l-_- +— -^jg^+ &c.j. . . (1,.

This series is obviously convergent for al] finite value? of r^jq.
The general integral is of the form

7J
= BCTJi + T7ologx) + ATJo;

wnere tj, is a function of ic, finite for all values of a;, but which we

need not determine. For it; ts" clear mu^ co suit our presenT
purpose, we must put B= ; otherwise we should have »; infinite

at a: = 0. .Thus (1) is the expression we require under the limrca-

tions above imposed.

The quantity' A represents the semi-amplitude of. osclMation o*"

tbe lower extremity of the chain. The condition that the uppe?
end is fixed gives t;o = for x= Z, Lc,

= 1 +_— _—__,+ &c.

The roots of this equation (wldch are all real and positive) give the
values of n for the several fundamental modes of vibration.

We have 1/0 = '^ for the following valu^ of 71^//^ . 1'454, 7'62,

18-74, 3479, &c.

From these we find for the peritds. of the vat-ious sirdple dis-

turbances the following multiples of the peiiod of a simple pen-

dulum equal in length to the chain, viz., -Q-SS, 0-86, 0*23, O'l",

&c. When n-ljg has the least of the above values, the chniu

is always entirely on one side of the vertical, and the time of a
complete oscillation is to that of a simple pendulum of the same
length as 5 : 6 nearly.

269. AVhen a free chain, at rest, has an impulsive tension npplied Iinpui-

at one end, the calculation of the consequent impulsive tension at five

different parts of the chain and the velocities generated is very tensiottA

simple.

For, calling the instantaneous speeds along the tangeut and along

the radius of absolute curvature v, and Vp respectively, we have

ST=^/ii',55, Tjp^fivp,

where fi is the mass of uuit length of chain at s. li is ODvions mat
there can be no impulsive speed perpendicular to the osculating
plane. The kinematical condition is simply that an elementary
arc 5s is not altered in length. But the tangential increment nf

speed alone would imply an increase of the length of .55 in the

ratio l-i-^St: 1 in time 5^. Also the impulsive speed vp would

imply a diminution of its length in the ratio 1 - VpU/p : 1 by virtu-

ally maldng it an arc of a circle of smaller radius, but subtendiug
the same angle at the centre. Hence, neglecting the square of U
as compared with its first power, we find for the kinematical con-
dition

dvg

ds
= 0.

This gives, by eliminating the impulsive velocities,

ds\ fi ds J fjt p-

If the chain be uniform, this becomes *

ds^ p^

The *hole kinetic energy generated in the chain by the impnlse is

and the condition that this shall be a maximum is the difi"erential

equation above. This is a particular case of a general theorem
due to Sir W. Thomson, yi2. :—
A material system of any kind^ given at rcst^ and subjected to an

impulse in any specified direction and of any given magnitude,
moves off so as to take the greatest amount of kinetic energy which
the specified imjndse can give it.

The direction in which an element of the chain begins to move
IS inclined to the tangeut at an angle <p where

vp T
'™'^ =^- St

270. It is to be observed thq.t, in such questions as those just Wavns ot

treated, the possibility of an impact's being propagated instan* erteosion
taueously along the whole length of a cham depends upon its of a
assumed inexteusibility. When a wire (such as that employed for string,

a distance-signal on railways) is regarded as extensible, there is a
definite a^eea with which a disturbance of the nature of extension
is transmftled along it.

Thus, recurring to the equadons of § 267, we see tnac for the
motion of a stretched elastic rtriug in the direction of its length we
have

If there be no applied forces, X = 0. Also, if we nse x instead o?
5 to characterize a particular point of the string, we must put x+ 4
for x and x for s, { being a function of z and t which denotes at any
instant the displacement of that point
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Tho physical condition is expressed by Hooko's Law in tho

rorm

Hence

This expresses (j

Tliey are now wa
in § 267) the passage of simultaneous waves.

3 of condensation and extension, not of trans-

verse displacement. The nature of the interpretation of the equation

is of the same general character as before, the speed being VE/^.

Dynamics of ajs Elastic Solid.

§ 271. This subject, which is a very extenaive and difficult

one, and in its generality quite uneuitible for discussion

hero, has already been to some extent treated of under
Elasticity. We therefore content ourselves with one or

two examples, whose txeatment is comparatively simple,

while their applications are frequent and of considerable

practical importance.

Cylin- § 273. Even so restricted a problem as that of deiermln-

drical or ing the form assumed by a wire or thin rod of homogeneous
l"'^: isotropic elastic material, under the action of given forces

°V° and couples, presents somewhat formidable difficulties un-

origi'n. less in its unstrained state the wire be straight and truly

ally cylindrical or prismatic. And, even with these limitations,

htvaigUt. the problem again becomes formidable if we introduce the

consideration of non-isotropic material ; while, in any case,

if the radius of curvature at each point is not very large

in proportion to the thickness of the rod in the plane of

bending, the problem is to no appreciable exteut simplified

by the limitation of form of the body. We will therefore

give the comparatively simple case of the mere bending

and twist of a homogeneous isotropic wire whose natural

form is cylindrical or prismatic, the amounts of these

from various sources being so small as to be superposable.

Bending. Bending lengthens one set of lines of particles originally

parallel to the axis of the wire and shortens others.

Twist Twist lengthens all but one such line, forming them into

helices. The more detailed investigation, which we cannot

give here, shows that there is one line of particles (the

" elastic central line ") which passes through the centre of

inertia of each transverse section, and which may be treated

(under our present limitations) as rigorously unchanged
in length. The mutual molecular action of the parts of

the wire on opposite sides of any transverse section may of

course be reduced to a force and a couple, and the force

may be conveniently treated as passing through the centre

of inertia of the section. Also tho twist and curvature of

the wire near this section obviovisly depend on the couple

and not on the force. For the moment of the couple is in

general finite, while that of the force (about any point in

the corresponding element of the wire) is infinitesimal.

§ 2

1

3. Let any two planes, at right angles to one another,

05 drawn through the elastic central line before distortion ;

and let them be cut in lines PR and PS by a transverse

section through a point P of the central line. Also let PT
be a tangent to that line. Suppose a similar construction

to be carried out for every point P of the central line.

Then it is clear that the form of the distorted wire

will be completely determined if we know the form
assumed by the central line, and the positions taken
by the lines PR and PS drawn from each point in

it'. In their n6w positions P'T', P'R', and P'S' will still

form (in consequence of the limitations we have imposed)
a rectangular system ; and the nature of the distortion

will be clearly indicated by the change of position of this

rectangular system as it passes from point to point of the

distorted central line. The plane of rotation of P'T' is the

osculating plane of the bending ; its rate of rotation in

that plane per unit length of the central line is the amount
of bending ; and th« rate of rotation of the system P'R',

P'S', about P'T', per unit length of tho central line, is the

rate of twist. Suppose F to move with unit velocity along

tho distorted central line, and let p, tr, t bo the angular
velocities of the system about P'R', P'S', P'T' respec-

tively, then p represents tho curvature (or bending) resolved

in the plane S'P'T, <r that in R'P'T', while t represents the

twist.

Now, if the elastic forces constitute a conservative system, the ^j-.c-
amount of work done on an element of the body corresponding to a sioBs for
length 8s of the central line is to be calculated entirely from its force anc
change of form. It must therefore ho expressible in the form couple i*.

wSa ^"^ "'

. bendiiii^
where w is a function of p, o-, t ; which must be such that the and
couples producing the bending are twist

dw , dw
dp dtr

*

while that producing the twist is

These again, are functions of p, a; t, and they must, on account
of the principle of superposition, be linear and homogeneous. For,
within the limits to wdiieh we have restricted ourselves, the doubling
alike of bending and twist must involve the doubling of each of the
couples. Thus w must be a homogeneous function of p, c, t of the
second degree. Hence we may assume

w= i(A()= -f Bcr= -F Ct= -f 2Dpcr+ 2E(rT -I- 2Ft()) ,

where A, B, 0, D, E, F are quantities depending on the form of the
section of tlyj_ wire and the nature of its materia at each point.
This gives

^=Ap-fDo-+FT, ^_Dp + Bd- + ET, ^^Fp + Ej + Cr.
dp d<r

I
d-T

Heuco, when the couples are assigned, the amounts of bending and
twist are at once calculated from them. But the expression above
is much more general than we require for the limited case we are
considering. For, if the only couples applied to a portion of tho
prism or cylinder considered be in planes perpendicular to its

length, twist only will be produced. Thus, for -3- = 0,
dp drx '

we ought to have also p— 0, (r= 0. Hence E and F both vanish
and we have simply

w- i(Ap2 -l-2Dp(r + Btri-HCT^).

This may be reduced, by properly selecting the planes originally

drawn through the elastic central line, to the form

TO= i(Ap2 + 60^-1-07^).

Now we see that
dw dw dw
dp ^ d(T dr

§ 274. In a prismatic or cylindrical wire of homogeneous
isotropic material, the elastic central line is thus a torsion

axis simply. Equal and opposite couples, applied to the ends

of such a wire, in planes perpendicular to its length, produce

twist ia direct proportion to the moments of the couples.

There are two planes perpendicular to one another, and
passing through this line, such that, if equal ajid opposite

couples in either of these planes be applied at any parts

of the wire, the portion between is bent into a circular arc

in that plane. These are the principal planes of flexure.

The quantities A and B which, when multiplied by the

amount of bending in either of these planes, give the

moment of the corresponding couple are called the prin-

cipal " flexure rigidities " of the wire. Wlien they are equal Flexure

(as in the case of a wjre of circular, square,eqiiilateral ri.'idity.

triangular, &c., section) any plane through the axis is a

principal plane of flexure. C is the torsional rigidity of Torsionai

the wire. In general, when tho wire is fixed at one end rigidity,

and a couple applied at the other, the wire assumes the

form of a circular helix. The exceptions (or rather parti-

cular case3)-are :—(a) when the plane of the couple con-

tains the- elastic central line, and there is mere flexure,

without 'twist
; (6) when the plane of the couple is perpen-

dicular to the wire, and there is twist simply.

§ 275. As an example of the preceding theory, take liMt
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Flcxmc
of plank

by iU
own
^'eigllt.

tho casD of a uniform plauk clamped horkontally at one end,

and otherwise unsupported. Tliis is obviously the same

as the case of a plr.nk ot double the length, supported by a

trestle placed under its middle. ^Ye assume as before

hat the radius of curvature is always very large Compared

'h the thickness of the plank.

In all such cases we may at once apply the principle of

J58, and suppose one portion of the plank up to a section

F to be fixed in its equilibrium position. The curvature

mmediately contiguous to P will then be simply propor-

onal to the moment about P of the forces acting on the

infixed portion. Hence at the free end there will bp no

:urvature, and the curvature at points near that end

ij'U be of the second order of infinitesimals; i.e., its rate

f increase at the end vanishes.

Let xhe tlie length of tlio fixed iioition, I the whole length of

tliJ plank. Then, as the deflexion p from the horizontal is always

very small, tlio curvature is expressed (§ 22) by

so that wc have at onco

'.-^-^- - ixJ'^'xdx' = - iMlJ - xf

,

Jity " of the nlauk, and /x its mass perwlicio E is tlio "flexural li

unit of length.

Successive integrations g

and E,j=\-V.t,l

The terminal conditions are

fora: = 0, 2/ =
dx

= 0;

. for a: = I, ^ = 0, M>o
Tho last two ire obviously satisfied

The two former give

Hence Etj- ~^\^(i{3l*-iP(.l-x) + (l-xy)

Thus tho droop of the free e.xtremity (x= l) is

8 E " 8E '

where W is the whole weight.

If the plank had been weightless, hut loaded at the free end with

a weight W, our cnuation would have been

dx^
-^y(l-x),

and we should have had

Ey = A'-B'{l-x)-iV^{l-x)^.

The terminal conditions at x~ are as before, so that

B'=-mP, A'=-i'WP + iVfP=-iWP,
. "WP

3E
ratio of 8 : 3.

If tho plank bo again looked on as heavy, but its free end be sup-
ported on a trestle which is pressed upwards till it acts with a force
W, we find directly

dx^

and tho 'droop of the free end is - greater than before lu the

E^=B"
dx

Ey- A" - B" {l-x} + iVfil - x)' - ^,io{l - x)'

The terminal conditions, at a=0, are still as in tho first case, and
they give

B"-l^r--iiigP,

wnen the amount by which tho freo end is raises Is

^;~[iaV^P-ygl') - i^P + jj^3Z4] /E=-^jf

This is obviously tho same as^lhe amount of depression cf the

middle of a plank of length 21 supported by trestles at each e;id.

§ 276. Hence the droop of the middle of a plank resting

on trestles at its ends is to that of the ends when the plank

rests on a single trestle at the middle in the ratio of 5 : 3.

If the equation expressing the curvature in the first

or third cases above be twice differentiated, the commou
result is

The simplicity of this expression leads us to seek fur the Horizon-

most general form. Suppose the plank to be exposed to ta\ r'ank

any system of forces in lines perpendicular to its length ™ °''

and breadth. Then, if any transverse section be made, vertical

the stress between the two portions of the plank will con- forces,

sist of forces ( + G) and couples ( + H) in the plane of

length and thickness. Let the applied forces be N per

unit of length. Suppose also, as before, that the radius of

curvature is very great compared with the thickness.

Then the equations of equilibrium of an element are

l^ + jf = 0, f + G = 0.
ax dx

We have also the condition of benaing, viz.,

E X cui vature = E
rf-j/_

H.

Eliminating H and G among these equation.'', we have

dx* dx- dx^ *

which of course includes all the previous particular cases.

We may now determine (under the limits imposed) the

form of a uniform plank of any length, supported in a

nearly horizontal oosition at different points in its length,

and loaded at any assigned points with any weights. The
importance of this in practice is obvious.

§ 277. But we may easily take a further step, and in- Vibr.a-

vestigate the oscillatory motion, so long at least as the t'o" "f

acceleration parallel to the length of the plank and its rota- jj'™'' "'

tion are negligible. For in such a case, if /li be the mass '^„

per unit of length, the equation of motion is (§ 199)
'

We will consider only the case in which the applied force

N may be neglected. This is practically the case of a
uniform wire or fiat rectangular spring. Suppose, further,

that it is fixed at one end and free at the other, like

Wheatstone's "kaleidophone," or like the tongue of a reed

organ-pipe.

Then, writing n' for the fraction ;i/E, we have

A particular integral may obviously be found in the form

2/= j,C0s(«/H=-ha) ..'....' (1),

where v (a function of x) and i/n (a constant nnmber) have to be
found ; o is any constant. The substitution of this value of y
leads to

the complete integral of which is

i) = A£"+Be-'' + Ccos{«-|-D).

Now, provided tho value of i be properly determined, the motion
represented by (1), with the above valne of ij, can exist by itself

;

and tho most general motion of which the spring is capable (under
the limits imposed) consists of superposition of a number of separate
motions of a simil.ir character. Hence this may bo treated by itself.

Our limiting conditions in the present case are

x=0, dv
.0, t'-O at the fixed end :

dx '

= 0, -rj-Oat the freo cud

^
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Now, from the value of rj above, we have

4- ^-Ae"-B6-«-CsiB{u; + D),
t ax

1 <F,
-Ci:os{ix + D),

i' dx'

Ilcnco we have
=A +B +CcosD,
0-A -B -CsiuD,
0-Ae" + E£-'-Ccos(j7 + D),

0-.A6''-B6-'' + C6iD(i7 + D).

Eliminating C and D, we have

C = A£"+Be-« + (A + B)co3i7 + (A-B)sint7.
= Ae''-B£-''-{A + B)sini;+(A-B)cosi7.

EUminatc the ratio A/B, which is all that these er|uati™s furnish,

and we liuve

(6«+g-*')cos!7 + 2=s.O.

From this equation the values of i must be determined. It. is

clear that the multiplier of cosi7 is always greater than 2, excej>t in

the special case of 2 = 0, which we obviously need, not consider, as it

gives i/="0, and therefore belongs 'to the statical problem already

considered. Hence ns, to make cosiV negative, il must be greater

than Jir ; and, as £ '" + 6
" *"— 5 nearly, it is clear that the excess

of the first value of il over ^t is somewhere about 0"3. The ne.xt

value falls short of 4"' by a quantity of the order Yh, the next

exceeds 5 T by a qnantity of the order TrJjnj, &c. The required

values arrange themselves in two groups, one of either group oeing

taken alternately. The fii'st group involves arcs a little greater than

but rapidly approaching to the values of (im + l)iv; the second

consists of arcs a little less than but rapidly approaching to

those of {4m + 3)iir.

Effectsof § 278. Some of the simplest, but at the same time
pressure most practically useful, of questions connected with elas-
OD tubes

^[l.[ly (jf solids relate to the changes of form or volume

spherical
experienced by circular cylindrical tubes or spherical shells

shells, exposed to hydrostatic pressure. A steam-boiler, the

cylinders and tubes of an hydraulic press, a fowling-piece

or cannon and (on a much smaller scale) Orsted's piezo-

meter, deep-sea thermometers, ic, afford common in-

stances. AU that is necessary for attacking such questions

is given in §§ 45, 46 of the article Elasticity. For it

is there shown that, if a homogeneous isotropic elastic solid

be subjected to a simple longitudinal stress P, uniform and
in 2 definite direction throughout its whole substance, the

result will be linear extension = P( —--fgr 1 in the direc-

tion of P, and linear contraction = P (•-- -rr ) in all direc-
'

\ Cii i)kj

lions perpendicular to P. The quantities n and I; as

expUined in the article referred to, are respectively the

"rigidity" and the reciprocal of the "compressibility" of

the solid operated on.

Equal § 279. The case of the piezometer, in which the vessel

P"^- holding the liquid whose compression is to be measured is

ivithlu
exposed both inside and outside to the same hydrostatic

lod pressure, is seen to correspond to three equal stresses in

ivithout directions at right angles to one another. These direc-
piezo- tions may bo any whatever, and in each of them the linear
°'°'"''

extensiou is obviously

Pi-

two. In a transverse section of the cylinder, the second

of these is radial and the third is tangential to a coaxal

cylinder passing through the element considered. We
suppose the cylinder closed at both ends, and we make
the further assuraptiou (quite exact enough for practical

applications, and most important from the point of view

of simplicity of calculation) that all transverse sections

of the cylinder remain, after distortion, transversa sections.

This is equivalent to assuming Pj to be constant througli-

out the walls of the cylinder. Hence, if there be interior

pressure only, the value of this stress must be

pressure on end of interior of cylinder nrt*

area of transverse section of walls of cylinder aj - aj

where II is the interior hydrostatic pressure, and a,), «; are

the internal and externa! radiL This stress represents a

longitudinal tension of the walls of the cylinder.

Let us consider an element of the cylindrical wall, defined" as

follows in the unstrained state :

—

Draw two transverse sections at distances x and x + Zx from one

end, two planes through the axis making an (infinitesimal) angle

with one another, and two cylinders of radii r and r+ Sr about the

common axis. In the strained state 6 is unchanged, but x becomes

x + (, and r becomes r + p. The distance between the transverse

sections was Sx : it becomes Sx + -r 5x, so that the linear exten-
' dx '

sion parallel to the axis is -p . The distance between the cylinders

was Sr : it becomes Sr+ ^!r, so that the radial extension is -r-.
' dr ar

The breadth of the base of the wedge-shaped element was rS ; it

becomes (r -h p)9, so that the linear extension peiTiendicular alike t9

the radial line and to the axis is ~ ,

T

U" we now write, for simplicity,

1,1 ^„1_1
*~3n 9i- ' ^ 6n y^-'

the three requisite equations between stresses and strains are at oace

obvioJs in the foim

^= cPi-/P„-/P3,
dx

dr ' '

We have, however, four unknown quantities J, p, P,, and P,, so

that another equation is required. This must be supplied by one

of the statical conditi:)ns of equilibrium of the element above

defined, when in its strained state. There is obviously equilibrium

in the axial direction, and also parallel to the base of the element

;

but ludially we have a case resembling that of an element of a cord

as in § 264. Neglecting small quantities of a higher order than

those retained, tliis consideration gives

I'3S0SxSr="-(,^,rS0Sx)Sr, or P3= -f(P3')-^
ri,-

* ^ dr

Solving the fonr equations, and talcing account of the boundary

conditions

P,™ -nwhon r"=(i!j, and Pj = when r = rt,

,

we obtain Uic following values :

—

d(

V is negative, as the stress is a pressure. Hence the strain

consists in a simple alteration of volume measured by P/A-.

Every part of the walls of the vessel, as well as its external

bulk, and its interior content, is altered to the same extent.

C>UnO,er § 280. In the case of a cylinder, wheu the internal and
cuter external pressures are different, it is clear from symmetry

pressure
''^"'^ ^^^ stresses may be resolved at any point of the walls

' into three at tight angles to one another, the first (Pj)

parallel to, the second (P.,) at right angles to, the axis,

and the third (P^) perpendicular to each of the other

dx
= n- -2/),

or, reiutroducing the values of c aud/,

d| Tial 1
dx o; - aj 3h

'

p_ Xlal /I g? 1 \

T"af^-\3i- r^2H/'

dp na /I °?1\
dr~al-al\3lc r'in)'

§ 281. Thns the nature of the distortion produced in the walls of a

cylindrical tube bv internal pressure may be described as made up
XV. - 94



1

74() ]\IECHANICS
nt a uiiifoim'iBIstati"!!, wlinsc Imcar racnsuro in every direction is

-Jli L, combined witli a shear in each transverse section, wbose

measure is f±
n«.'ix;

§ 91.

Tlio shorter axis of this slicar is radial, and tlio 'iiiagnitudo of

liie shear is obviously greater for smaller values of r. The inner

layer of the walls is thus the most distortoii The amount of the

distortion is directly as the pressure, and inversely as the aijija of

the section of the walls.

Wlicu the walls are very thiu the shear is practically the same

throughout their thickness. When they are very thick, the shear

near the inner surface is nearly 1±— , however fine be the bore.
2i(

That near tne outer surface is nearly 1±-J — , which vanishes

Thus itwhen the bore is very fine,

bursts by the shear product

cither by making it of extr

nail bo;

ppcars that, if a stout tube

ly internal pressure, little is gained

ly great thickness or by making it

ery !

The diag

-?'
d by internal

11

d B in fig. 66 show, necessarily on a greati

exaggerated scale the nature of the ilistortion produced at dilferent

Fig. 66.

urtsoftho wall of the tube.. Tiiey represent transverse sections

)1" small, oi'igiually snliorical, elements made by planes at right

mgies to the axis. Tlie radial diameters are horizontah A is au
tb-mi-nt close to the e.\U'iual surface, B an element near the inner

uirlaco. The increase per unit voluuie of the interior of the tube is

nag / 1 n| _1_\

al -al\ A* al n J'

so that, if the tube be very thick in comparison with its bore, the

increase is nearly n/;i. In flint glass this is approximately about

TxVtr, when n is a ton-weight per square inch.

§ 282. The reader who has followed the above investigation will

find no difhculty in obtaining the corresponding results for a» cylin-

drical tube, closed at both ends and exposed to external pressure n,

in the form

dt

dr

ITrt:

-al 3k

Ua I \ al \\

*I -*o Xik r In)'

The only comments wo need make are {!) that the signs of tnese

distortions are now negative
; (2) that they are (so far as change of

volumo is concerned) greater than for the internal pressure, as a\

has taken the place of a\ as a factor in each term involving i ; (3)

that the terms involving the rigidity are, except as regards sign,

nnchanged.
The change of volume of every part ot the walls is

"
ai - a; T

'

and the change of volume of the interior is

na; / 1 \\

The numerical value of the factor n
(
— + — )

is about TT?inr '"f

flint glass and about -^^ for steel, when n is a ton-weight per
square inch. There is, however, a peculiarity which {when the

walls are thick enough) distinguishes this from the preceding case.

For k is usually considerably greater than n, so that a fortiori Zk
is greater than 2n. Hence, in the value o( dp[dr, the term in n is

always greater than that in ^ so long as the pressure is internijl.

Thus the radial effect is compression at all parts of the walls. But,

when the pressure is external, we may (if the walls be thick enough)
find a value of r for which

3/t 2n

In glass, this occurs when r= l'&a^ nearly. At this distance from
the axis there is no radial change of length ; at greater distances

tllere is radial compression, and at smaller radial extension.

This is indicated in the diagrams C and D in fig. 66, which Uke
the former are greatly exaggerated. They represent the distortion

of sm.all spherical elements of a thick lube,—the first al the inner

wall, the second at the outer siulace. As before, these are sections

made by a plane perpendicular to the axis of the cylinder.

§ 2S3. lu a spherical shell of interual and external radii a„ and Spherical

«j, the equations become a little more siinide on account of the shell

more coniplete symmetry. imder

Using the same notation, so far as it is now applicable, W6 have external

,

'^
nressiife.

-^^ = - 2/r, -f cP, , f = (< -/)V, -fv.

The statical equation is

2rPi = A(,c:p„).

With these we obtain, for external pressure n, the result

P _ 0? /" 1 a\\ \

from wuica tne other equation may be derived by difForentianon.

§ 284. The propagation of plane waves in an elastic

solid has been discussed in EL.\bTiciTy, and the mechanics

of fluids is discussed under Hydromechanics.

General Considerations.

§ 285. The preceding view of the subject of Abstract General

Dynamics has been based entirely upon Newton's Laws of consi-

Motion, which were adopted without discussion, as a com- ".^''^"

plete and perfectly definite foundation ; and the terms

employed, as well as the mode of treatment in general,

have somewhat closely followed Newton's ' system. The
oidy considerable apparent departure from that system

is connected with the development of the idea of energy,

and its application to the simi>lification of many of the

methods and results. This also was, as we have seen,

really introduced by Newton ; but it has been immensely

extended since his time both by mathematical and by

experimental processes. It is time that we should now
return to the laws of motion, and examine more closely,

in the light of what we have learned, one or two of the

more prominent ideas which they embody. To do so

fairly we must go back to Newton's own definitions of the

terms which he employs. About many of -these, which

have already been quoted in §§ 97-1 13, there is no difference

of opinion ' But it is otherwise when we come to the

definition of "force" (§§ 5, 104)

There can be no doubt that the proper use of the term Force.

" force " in modern science is that which is implied in the

stitement of the first law of motion, as we rendered it in,

§ 1 from Newton's Latin. It is thus seen to be the English

equivalent of the term vis inipressa. Newton uses the

word vis in other connexions, and with a certain vague-

ness inevitable at a time when the terminology of science

was still only shaping itself ; but his idea of " force " was

perfectly definite, and when this is in his mind the vague

word vis is (when necessary) always qualified and rendered

precise, either by the addition of inipressa or in some

equally unambiguous way. To render vis by " force," wlier-

ever it stands without the inipressa or its equivalents, is

to introduce a quite gratuitous confusion for which Newton
is not responsible. We have only to think of the multitude

of terms, such as vis insita (inertia), vis acceUratrix (accel-

eration), vis viva (kinetic energy), Ac, ic, to see that all

such complex expressions must be regarded as wholes, and

that vis does not mean " force " in any one of them.

§ 286. Thus in Newton's view force is whatever changes

(but not " or tends to change ") a bodt/'s state of rest or of
uniform motion in a straiglU line.

He mentions, as instances, percussion, pressure, and

central force.^ Under the last of these heads he expressly

includes magnetic as well as gravitational force. Thus

' Vis centripeta. It has been already explained that such wonls

as centripeta incJ-.'de impressa, so that the above rendering of NewtouV
phrase is the obvious one.
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Eqnili-

briujn.

Origin 01

the idea

of force.

and

prfMr:e.

force mny.have different origins, but it is always one and

the same j and it produces, in any body to which it is

applied, a change of momentum in its own direction, and

in amount proportional to its magnitude and to the time

during which it acts.

§ 287. Thus, from Newton's point of view, equilibrium

»a not a balancing of forces, but a balancing of the effects of

forces. When a mass rests on a table, gravity produces in it

a vertically downward velocity which is continually neutral-

ized by the equal upward velocity produced by the reaction

of the table ; and these forces, wh-ose origins aud places of

application are alike so widely different, are (as forces), in

every respect except direction, similar and equal. And
they are so becsiuse they produce, in equal times, equal

and opposite quantities of motion.

§ 288. The idea of "force " was undoubtedly suggested

by the " muscular sense''; and there can be no question as to

the vividness of the sensation of effort we experience when
we try to lift a heavy weight or to open a massive gate.

In this, as in other cases, it is the business of science to

find what objective fact corresponds to the subjective

data of sensation. It is very difficult to realize the fact,

certain as it is, that light (in the sense of brightness) is a

mere sensation or subjective impression, and has no

objective existence. Yet we know that, beside those

radiations which give us the sensation of light, there are

others, in endless series both higher and lower in their

refrangibllity, to which our eyes are absolutely blind. And
the only difference between these and the former is one of

mere wave-length or of period of vibration. Similarly, it

is very hard to realise the fact that sound (in the sense of

noise) is only a sensation ; and that outside us there is

merely a series of alternate compressions and dilatations of

the air, the great majority of which produce no sensible

effect upon our ears. Thus because we know that we
should seek in vain for brightness or noise in the external

world, familiar as our senses have rendered us with these

conceptions, we are driven to inquire whether the idea

of force may not also be a mere suggestion of sense, corre-

sponding (no doubt) to some process going on outside us,

but quite as different from the sensation which suggests

it as is a periodic shearing of the ether from brightness,

or a periodic change of density of air from noise.

§ 289. So far, we have treated of force as acting on' a body
without inquiring whence or why ; we have referred to the

first and second laws of motion only, and have thus seen

only one half of the phenomenon. As soon, however, as

we turn to the third law, we find a new light cast on the

question. Force is always dual. To every action there is

alimys an equal and contrary reaction. Thus the weight

which we lift or try to lift, and the massive gate which

we open or try to open, both as truly exert force upon our

hands as we do upon them. This looking to the other

side of the account, as it were, puts matters in a very

different aspect. " Do you mean to tell me," said a

medical man of the old school, " that, if I pull a ' subject

'

by the hand, it will pull me with an equal and opposite

force!" When he was convinced of the truth of this state-

ment, he gave up the objectivity of force at once.

§ 290. The third law, in modern phraseology, is merely

this :

—

Every action between two bodies is a stress.

When we pull one end of a string, the other end being

fixed, we produce what is called tension in the string.

When we push one end of a beam, of which the other end

is fixed, we produce what is called pressure throughout the

beam. Leaving out *f account, for the moment, the effects

of gravity, this merely amounts to saying that there is stress

across every transverse section of the string or beam. But,

in the case of the string, the part of the stress which every

portion exerts on the adjoining portion is a p^ill ; in the

case of the beam it is a push. And all this distribution of

stress, though exerted across every one of the infinitely

numerous cross sections of the string or'beam, disappears
the moment we let go the end. We can thus, by a touch,

call into action at will an infinite number of stresses, and
put them out of existence again as easily. This, of itself,

is a very strong argument against the supposition that

force, in any form, can have objective reality.

§ 291. We must now say a word or two on the question
of the objective realities in the physical world. If we
inquire carefully into the grounds we have for believing

that matter (whatever it may be) has objective existence,

we find that by far the most conviticing of them is what
may be called the " conservation of matter." This means
that, do what we will, we cannot alter the mass or quantity

oi a portion of matter. We may change its form, dimen-
sions, state of aggregation, <fec., or (by chemical processes)

we may entirely alter its appearance and properties, but its

quantity remains unchanged. It is this experimental result

which has led, by the aid of the balance, to the immense
developments of modern chemistry. If we receive this

as evidence of the objective reality of matter, we must
allow objective reality to anything else which we find to

be conserved in ike same sense as matter is conserved.

Now there is no such thing as negative mass ; mass is,

in mathematical language, a signless quantity. Hence the

conservation of matter does not conieBiplate the simul-

taneous production of equal quantities of positive and
negative mass, thus leaving the (algebraic) sum un-

changed. But this is the nature of conservation of

momentum (§ 165) and of moment of mcmentum. The
only other known thing in the physical universe, which is

conserved in the same sense as matter is conserved, is

energy. Hence we naturally consider energy as the other

objective reality in the physical universe, and look to it for

information as to the true nature of what we call force.

§ 292. When we do so, the answer is easily obtained,

and in a completely satisfactory form. We give only a very

simple instance. When a stone, whose mass is M and
weight W, has fallen through a space /t towards the earth,

it has acquired a speed v, which (§ 28) is given by the

equation

This is a particular case of the conservation of energy,

but the terms in which it is expressed are those suggested

by Newton's laws of motion, and are therefore based on the

recognition of "force." The first member of the equation

represents the kinetic energy acquired ; the second the

potential energy lost, or the work done by gravity upon the

stone during its fall. Both members theretore express real

things, having objectiw existence.

But the "force" (so-called) which is said to have pro-

duced the motion, has the value

i.e., it is the rate per unit of length, at which potential

energy is converted into kinetic energy during the fall.'

In other words, it is merely an expression for the space-rate

at which.energy is transformed.

§ 293. Another mode of presenting the case will mate
this still more clear. The average speed with which

the stone falls is (§ 28) vf2. Divide both sides of the

equation above by this quantity, remembering that 2klv is

the time of falling, which we call t. We have thus,

as another perfectly legitimate deduction from our premises,

W-J[r/<.

Here the (sc Jled) force appears in a new light. It is

now the time-rate at which, momentum is generated in the

falling ston»

Objective

physical

realities.

True
nature of

force.

Space-

rate of

transfer*

matioa'

of

energy.

Tune-
rate of

change of

momen-
tum.
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§ 294. The stalements in the last two sections are, in

fact, merel/ particular cases of Newton's two interpreta-

tions of action in the third law, which have already been

discussed (§§ 165, 167).

ADalytically, the ^-hole afl'iir is merely this : if a he tho space

described, v the speed of a piiLiclc,

dv dv d-<! (IV

dt ds ' dt ds'

ITcnce the cfjuatiou of motion (formed by tlic second Inw)

which gives / as tho time-rate of increase of momentum, may ho

written in the now form
dv d ,. „. ^ .

giving/ as the space-rate ot increase of kinetic energy.

ftate. § 295. But a mere rate, be it a space-rate or a tim0-ratc,

is not a thing which has objective existence. No one would

confound tho bank rate of interest with a sum of money,

nor the birth or death rate of a country with a group of

individual human beings. These rates are, in fact, mere

abstract numbers, by the help of which a man may com-

pute interest per annunr from the amount of capital, or

the number of infants per annum from the amount of tho

population. The gradient of temperature, in an irregularly

heated body, is a mere vector-rate, by the help of which we
can calculate how much energy (in the form of heat) passes

in a given time across any assigned surface in the body.

To attribute objectivity to a rate is even more ridiculous

than it .would bo to attribute it to a sensation, or to a

thought, or to a word or phrase which we find useful in

characterizing some material object.

§ 296. On the other hand, all these different kinds of

rates have been introduced and continue to be employed, be-

caiLse they have been found to be useful. There is no harm
done by retaining them, provided those who use them know
that they are introduced for convenience of expression, and
not because there are objective realities corresponding to

them. Even such a term as " centrifugal force " is some-

times useful ; but always under the proviso that he wlio

employs it shall remember that it is only one side of the

stress under which a particle of matter is compelled, in .spite

of its inertia, to move in a curved line. But the term mtist

be taken, like "algebra," "theodolite," "Abracadabra," or

any other combination of letters whose derivation is uu-

certain or unknown, as one and indivisible, to which a

certain definite meaning is attached, and as having nothing

whatever to do with tho meaning or derivation of the

word centrifugal, whoso embodiment in it is a perennial

monument to the memory of an old error.

Potential § 297. The main characteristics of energy, especially from
«nergy the experimental point ot view, have already been discussed

under Dynamics {q.v.) and Energy (q.v.). But there is

one point of importance connected with it which comes
more naturally here than in either of the articles referred t«.

When two measurable quantifies, of any kind, are equi-

valent to one another, their numerical expressions must
involve the same fundamental units, and in tho same
manner. This is obvious from the fact that an alteration

of any unit alters in the inverse ratio tho numerical

measure of any quantity which is a mere multiple of it.

And equivalent quantities must always be expressed by
equal numbers when both are measured in terms of the

same system of units. It appears, therefore, from the

conservation of energy directly, as well aa from the .special

data in§§lll,113, that potential energy must, like kinetic

energy, be of dinfensions [ML^T"-].

Now it is impossible to conceive of a truly dormant form

of energy whose magnitude should depend in any way on

the unit of time; and we are tlierefore forced to the con-

clusion that potential energy, like kinetic energy, depends

kinetic.

' Mix-Acll

iuertia.

(in some as yet unexplained, or rather unimagined, way)

upon motion. For the immediate purposes of tliis article

the question is not one of importance. We have been

dealing with the more direct consequences of a very

compact set of laws, exceedingly simple in themselves,

origi?ially based upon observation and experiment, and,

most certainly, true. But reason cannot content itself with

the mere consequences ot a series of observed facts, how-

ever elegantly and concisely these may bo stated by tho

help of new terms and their definitions. We are forced to

inquire into what may underlie these definitions, and the

laws which are observed to regulate the things signified by
them. And the conclusion which appears inevitable is

that, whatever matter may be, the other reality in the

physical universe, energy, which is never found unassociated

with matter, depends in all its widely varied forms upon

motion of matter. In some cases we are sure, in others

we can as yet only suspect, that it depends upon motions

in a medium which, unlike ordinary matter, has not yet

been subjected to the scrutiny of the chemist. But the

question, in its generality, is one of the most obscure in

the whole range of physics. In the articles Atom,
Attraction, Ethek, will be foiind nearly all that is yet

known on this profoundly diflicult subject. But to what

is there said must be added the Remark that a state of

strain of the ether, whether associated with the propagation

of light and radiant heat or with a statical distribution of

electricity, represents so much " potential " energy, and

must in its turn in some w.ay depend on motion.

§ 298. Tlie remarks of Clerk JlaxwcU on the nature of

the evidence for Newton's first law of motion raise

question, in some respects novel, but in all respects well

worthy of careful study. He says ;

—

"Our conviction of the truth of this Inw n'..iy ho grcally

strengthened hy considering what is involved in a denial of it.

Given a body in motion. At a given instant let it be kft to itself

and not acted on by .nny force. Wliat will happen ? According to

Newton's law it will persevere in moving uniformly in a straight

line ; that is, its velocity -nill remain constant both in direction

and magnitude.

"If tlie velocity does not remain constant let ns suppose it to

vary. Tlie change of velocity must have a definite direction ainl

magnitude. By the m.^xim tliat the same cavscs wilt alicays Re-
duce tli£ same effects, tliis variation must be the same whatever be

the time or place of tho experiment. Tlie direction of the change
of motion must therefore be detorniined either by the direction of

the motion itself, or by some direction fixed in the body. Let
u.'i, in the iirst place, suppose the law to be that the velocity

diminishes at a certain rate, whicli, for the sake of the argument,

wo may suppose so slow that by no experiments on moving bodies

could we have detected the diminution of velocity in Imiidreds of

years. The velocity referred to in this hypothetical law can only

be the velocity referred to a point absolutely at rest. For if it is a

relative velocity, its direction as well as iESJnagnitude depends on
the velocity of the point of reference. If, v hen referred to a

certain point, tho body appears to be moving northward with

diminishing velocity, we have only to refer it to another point

moving northward witli a uniform velocity gi'eater than th.at ot tho

body, and it will appear to lie^ moving southward with increasing

velocity. Hence the hypotiictical law is without meaning, unless

we admit tho possi'i'lit" of defining absolute rest and absolute

velocity

"It may thus be shown that the denial of Newton's law is ir.

contradiction to tho only system of consistent doctrine about space

and time which t)ie human mind has been able to form,"

This is a good example of a valuable application of a Principte

principle which, in its widest scope, is inconsistent with

the true foundations ot physical science. It is, in fact, the

exceedingly dangerous " principle of suflicient reason "

—

which requires for its legitimate use the utmost talent and
knowledge on the part of the user.

§ 299. But in all methods and systems wmoa involve the

idea of force there is tho leaven of artificiality. Thf. true

laws of motion, based entirely on experiments of the most

extensive and most varied kinds, are those of the corserva-

tion and of the transformation of energy. With tho help

suflicienl

reason.

1 True

J

law-s of

.
laotiou.
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of kinematical iiais, it is easy to base tho wliolo science of

dyuamics on thc-so principles ; and there is no necessity

for the introduction of tho word "forco" nor of the Ecnse-

suggestej ideas ou which if; was originally based.

g 300. Nothing beyond a mere mention has been made
above of virtual velocities, and of tliu su-culled element-

ary machines. Theso belong to tlu> subject of Applied

mechanics, separately treated below.

§ 301. The rCifcrences which have been made to various

grand theories, snch as action, impulse in general, &c.,

liava been illustrated by simple cases only. For a detailed

examination of tlicsa theories tlie reader is referred to

Tliomson and Taifs IVaiural rhilosopki;, chap. iL To the

same work lie is referred for the general "theory of small

oscillations," tho "dissipative function," the "ignoratiou of

coordinates," the treatment of "gyrostatic systems" and

of "kinetic stability." All of these have been exhibited,

though in mere particular instances, in the preceding pages.

Treatises on Mechanics.

§ 302. Tlio followiii? works on Mechanics nre inilispcnsaljlo :

—

1. Newton's Priiicij'ia (1st ed., 1687; latest cJ., Glasgow,

1S71}. Here, for tlie liist time, the fundamental principles were
systi'iii;iti/eil, extended (as we have seen) in a most vital particular,

;iii(l applied, liy tho aid of a new mathematical method of immense
puuci' (iKisfil eiitireiyon kiiiematical considerations), to many of the

must imp! it in* ipi' -.tio'i^ of cosmical and terrestrial dynamics.
Xt\\:.'ii' >

I

\' ,'
. ! :

^ AjH^/t^ in the university of Edinburgh
;

rinl, \\::!i i
i I ,,r!

,
iiis methods also iirrve been habitually

k.'iir liriMiv ill,' s: 1 I' ill 1 ihcre. From the time ot Maclaurin to

that vi l'\iil'ts the value of the (luasi-geometrical methods in giving
;i . h ;i:- iiisii^ht into the problems treated has rarely been overlooked

In Ciiubiul^'e tlicsc methods were of later introduction, but tliey

still deservedly iiguro as a necessary part of the reading of candi-

dates Ibr " matliematical honours." It is to be feared, however,

that in some other British universities the study of Newton's
methods is not prosecuted to anything like the same extent But
tiic veiy reVL'isc seems to be the case in America, where, probably to

a considerable extent ou this account, mathematical nhysics is

advancing in a most remarkable manner.
2. Lagrange's Mccnniq^te Analytiquc (1st cd., 1788). Though

eVjoctrons may fairly he tnkcn to the fundamental method of this

work, there can be no (question as to tlie immense power and origin-

ality of its author. His "generalized coordinates," and the equations

of motion of a system in terms of these, form one of tho most im-
portant contributions to the science since the days of Newton. Tlie

method of Lagrange, though he was not aware of the fact, is really

based upon the consideration of energy ; and when, in quit'e recent

times, experiment had shown what aro the grand laws of energy,

Lagrange's magnificent mathematical mi?thods and results were
ready for translation into the new language of scicnec.

3. IJamilton's papers in the r/tilosophical Transaeiions for

IS33 and 1834. Here the principlo of varying action, and tho

characteiistic function, were first applied to mechanics ;—though
they had been given, some years before, to the Koyal Irish

Academy, in their optical applications. Grand as have been the

extensions of these new ideas made by Hamilton himself, and by
many others, among whom Jacobi and Liouville may bo especi-

ally mentioned, tliey have been mainly in a purely mathe-
matical direction. "We wait for what cannot now be long delayed,

the coming of the philosopher who is to tell us tho true dyiiamic&l

bearings of varying action and of the characteristic function.

4. If to tlieso we add some of tho works of Galileo, Huygena,
Euler, Maclaurin, and D'Alemhert, we have the great landmarks in

the history of the subject, as distinguished from its development.
5. The mere enumeration of tho more important d&velopments

which the subject has received, as distinguished from the absolutely

new grand ideas and methods introduced, would require a long

article. Brilliant examples of what may be done in this direction aro

furnished by Stokes's, "Keport on Recent Pesearches in Hydro-
dynamics" and by Cnyley's " Reports ou Theoretical Dynamics"
(|>rinted in the British Associnticn Hcperis for 18-16, and for ISO?
and 1862). Theso should be consulted by every student who
desires to trace tho growth ot tho subject. They have been sue-,

ceeded, in the same Reports (1880, 1881) by two excellent sum-
inaries, by Hicks, ot " Recent Progress in Hydrodynamics."
But Laplace's Mtcaniqiic Celeste, Poisson's Mecanique, Poiusot's

Thiorie Nouvelle de la Rotation, &c., more or less parts of the

immediate outcome ot the period when Franco intellectually dwarfed
the rest ot the world, are still of far more than mere historic value.

For the English-reading student of modern times, the work ot

Thomson and Tait will be found suitable. The authors of thi^

work claim tho position of "restorers," not of innovators; and

they have (since 1863, when the first short sketch of their work
was published) striven witii success to re-establish in Britain

Newton's grand yet simple foundations of the sabjeet But these

foundations, as stated above, aro only temporarily the best. We
have not, (W yet, anything nearly so good.

Other modern works of value are the Analytic MeeUanics of the

late Professor I'eirco (Boston, 1855) and KirchholTs Vorlcsungen

nher Malhcmatisehe Physik (Leipsio, 1870). Both are rather of tho

nature of collections of short treatises on special questions than

organized wholes, but both will well rejiay careful reading. This,

in the case of Peii-ce's work, is rendered extremely puzzling and
laborious by tho peculiar notations atid modes of reforouco adopted
by tho autlinr. It is particularly interesting to study the ways in

which tho fundaincntid principios are introduced in these woiks,
and to compare them with the corresponding parts of the works of

Newton and Lagrange. Lagrange, Peirce, and Kirchholf construct

each a system as frco frotn anything but analysis as possible.

In fact Lagrange prefaces his work by the characteristic statement,
" On ne trouvera point do Figuresdans cet ouvrage. Lcs methodes
(pio j'y expose no demaudent ni constrtictions, ni raisonncmens
geometriques ou m6chaniques, mats sculeraent dcs operations

aigebriques, assujetties i une marche reguliero et uniforme. Ccux
qui aiment I'Analyse verront avec plaisir la Mechanique en devenir

unc nouvello branche." .... How far we have considered it ex-

pedient to differ from such an authority, a glance at the preceding
pages will show,
A part of the detailed work of several of the examples above

given in Dynamics of a Fartielchas been taken from the elementary
treatise (with that title) of Tait and Steele. The English reader

who wishes to pursue elementary Statics may profitably consult the

treatiso of Mineliin. The higher parts are discussed in the work
of SomoS, ^ThcoreliscJie ileehanik (Lcipsie, 1879). An excellent

introduction'to the use of Generalized Coordinates has been pub-

lished by "Watson and Burbury (1879). On Lagrange's Generalizcil

Equations the student should also read in Maxwell's Treaiise on

Electricity and Magnetism, part iv. chap. v. And JIaxwell's brief

treatise on Matter and. Motion should be in the hands of every

one commencing the subject.

Analysis of the Pkecedikg An-nciE.

Newton's Laws of Motion, leith Comments, assumed as Ute basis

of the article, §§1-13.
Kinematics : Position, §§ 14-19 ; Kinematics of Point, §§ 20-70^

of Plane Figure in its ovn Plane, §§ 71-74 ; of Aiaid Fimtre,

§§ 73-83 ; of Dcformable Figure, §§ 84-95.

Dynamics of a Pakticle : General Considerations, §§ 96-11? ;

Further Comments on the First Txco Laws of Motion, ?§ 114-

119; Friction, §§ 120-121 r Statics of a Parlielc, §§ 122-128
;

Kinetics of a Particle with One Degree of Freedom {Meteorite,

Hailstone, Pendulum, Cyeloidnl and JResisled Pendulum',,

§§ 129-139 ; Kith Two Jhgrces of Freedom {Planetary Mu.
tion, Kepler's Laws ami their Consequences, Kinetic Stability),

§§ 140-149; The r.rachisloehronc, §§ 150-152 ; A'/ndiCs of a
Particle generally {Conical Pouinlum, Jilackburns and Fou-

eault's Pendulums, Varying Constraint, Disttirbcd Motion),

§§ 153-103; Ihird Law, Kinetics of Two or More Particles

{Atwoocts Machine, Chain-shot, Complex Pendulum), §§ 164-

3 7S; Kinetics of Free Particles generally, Virial, § 179;
Imi>act {Continuous Series of Infinitcty Small Impacts, Pocket),

§§ 180-190 ; Dynamics of a System of Particles generally

{Equilibrium—Neutral, Stable, and Unstable ; Lngravqe's

General Equatimi), §§ 191-199 ;. Action, §§ 200-211; Gene-

ralized Coordinates, §§ 215, 216.

Statics of a Kig i d Soliii : Jleduetion of Forces to Force and Couple,

Minding's Theorem, Emmi'lcs of Statical Problems, §§ 217-

233.

Kinetics of a Rioin Solid ; Moment of Inertia, BinH's Theorem,

Compound Pendulum, Ballistic Pendulum, Polling and Slid-

ing ofSphere, Motion about Fixed Point, PoinsoCs and Sylvester's

Constructions, Quoit, (gyroscopic Pendulum, §§ 234-257.

Statics of a Chain : Common Catenary, Catenary of Uniform
Strength, Kinctie Aimlogy, Cliain Stretched, on Surface,

§§ 258-264.

Kinetics of a Chain : Wave Propagation, Musical String, Chain
with One End Free, Impulsive Tcnsimi, Longitudinal Wave,

§§ 265-270.

Pynamics of Elastic Solid : Flexure and Torsion of Wire,

Bending of Plank, Oscillation of Flat Sjiring, Distortion of
Cylinders and Spheres by Intemifl and External Hydrostatic

Pressure, §§ 271-284.

General Considerations about FoncE and Enekst : Newton's

Idea of Force, Origin of the Conception, Stress, Objedive Physical

Pcalilics, True Nature of Force, Pates in General, Potential

Energy in its Nature Kinetic, XaxKcll on Inertia, True Laws
of Motion, %%2S5-299.

References to Authoril'itive Works. ?5 "01, 302. (P. G. T.,'
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APPLIED JtECHA^TTCS.

[APPLIED MECHAinOS.

1. The practical applications of niecbanica may be divided into
two classes,, according as the assemblages of material objects to

which they relate are intended to remain fixed or to move Tela-
tively to each other,—the former class being comprehended under
the term "Theory of Structures," and the latter under the term
"Theory of Machines." As the details of the theory of structures

are dealt with in other articles, it will be treated of here to such
extent only as may be necessary in order to state certain general
principles applicable to all these subjects. The greater part of the
article will relate to machines.-'

PART I, OUTLINE OF THE THEORY OF STRUCTURES.

2. Support of Slmdurcs.—Every structure, as a whole, is main-
tained in equilibriuTi by the joint action of its own weight, of the
external load or pressure applied to it from without and tending to
displace it, and of the resistance of the material which support? it.

A structure is supported either by resting on the solid crust of the
earth, as buildings do, or by floating in a fluid, as ships do in water
and balloons in air. The principles of the support of a floating
structure form an important part of Hydromechanics {q. v. ). The
principles of the support, as a whole, of a structure resting on the
land, are so far identical with those which regulate the equilibrium
and stability of the several parts of that structure, and of which a
summary wiU presently be given, that the only principle which
seems to require special mention here is one which comprehends ill

one statement the power both of liquids and of loose earth to
support structures, and which was first demonstrated in a paper
"On the Stability of Loose Earth," read to the Royal Society on
the 19th of June 1856, and published in "the Philosophical Trans-
actions for that year, viz. ;

—

Let E represent the weight of the portion of a horizontal stratum
of earth which is displaced Ijy the foundation of a structure, S the
utmost weight of that structure consistently with the power of the
earth to resist displacement, <j> the angle of repose of the earth ;

then /

S _/l + sin0Y
E \l-i\n4>)-

To apply this to liquids, must be made =0, and then— =1 as
E

is well kno^vn.

3. Composition of a Structure, and Connexion of its Pieces.—

A

structure is composed of ^jjcccs,—.such as the stones of a building in
masonry, the beams of a timber frame-work, the bars, plates, and
bolts of an iron bridge. Those pieces are connected at their joints
or surfaces of mutual contact, eitner by simple pjressure and friction
(as in masonry with moist mortar or without raortarX by pressure
and adhesion (as in masonry with cement or with hardened mortar,
and timber with glue), or by the resistance o( fasteninrjs of different
kinds, whether made by means of the form of the joint (as dovetails,
notches, mortises, and tenons) or by separate fastening pieces (as
trenails, pins, spikes, nails, holdfasts, screws, bolts, rivets, hoops,
straps, and sockets).

4. Slahility, Stiffness, and Strength.—A structure may be
dam.agcd or destroyed in three ways :—first, by displacement of its

pieces from their proper positions relatively to each other or to the
earth ; secondly, by disfigurement of one or more of those pieces,

owing to their being unable to preserve their proper shapes under
the pressures to which they are subjected ; thirdly, by brcaiing of
one or more of those pieces. The ]>ower of resisting displacement
constitutes stahilitij ; the power of each piece to resist disfigurement
is its stiffness ; and its power to resist breaking, its strength.

5. Conditions of Stahilitij.—The priucijiles of the stability of a
structure can be to a certain e-xtent investigated independently of
the stiffness and strength, by Sssuming, in the first instance, that
each piece has strength sufficient to be safe against being broken,
and stifl"ness sufficieut to prevent its being disfigured to. an extent
inconsistent with the purpases of the structure, by the greatest forces
which are to be applied to it. The condition that each piece of the
structure is to be maintained in equilibrium by having its gross load,
consisting of its own weight and of the external pressure apjiliKl

to it, balanced by the resistances or pressures exerted between it

and the contiguous pieces, furnishes the means of determining the
magnitude, 'jtosition, and diiection of the resistances required at each
joint in order to produce equilibrium ; and the conditions of staWity
are, first, float the position, and, secondly, that the dircdion, of the
rosi^ance required at each joint shall, under all the variations to
which the load is subject, bo such .as the joint is capable of exert-
ing.—conditions which are fulfilled by suitably adjusting the figures
and positions of the joints, and the ratios of the gross loads of the
Sieces. As for the magnitude of the resistance, it is limited by con-
itjons, not of stability, but of strength and stiffness,
o. Principle of Least Itcsistancc-—Where more than one system

of resistances arc alike capable of balancing the same system of lo.ids

applied to a giVen strnctnro, it has been demonstuated by Moseley
that the smallest of those alternative systems i3 that which will
actually be exerted,—because the resistances to displacement are the
effect of a strained state of the pieces, which strained state is the
effect of the loAl, and when the load is applied the strained state
and the resistances produced by it increase until the resistances
acquii'e just those m.ignitudes which are sufficient to balance the
load, after which they increase no further.

This principle of least resijtance renders detenninato many
problems in the statics of structures which were formerly considered
indeterminate. _

7. Pelations between Polygojis of Loads and of Emstances.—In a
structure in which each piece is supported at two joints only, the
well-kuown laws of statics show that the directions of the gi-oss load
on each piece and of the two resistances by which it is supported
must lie in one plane, must either be parallel or meet in one
point, and must bear to each other, if not parallel, the proportions
of the sides of a triangle respectively parallel to their directions,
and, if pai-allel, such proportions that each of the three forces shall
be proportional to the distance between the other two,—all the three
distances being measured along one direction.

Considering, in the first place, the case in which the load and the
two resistances by which each piece is balanced meet in one jioint,
which may be called the centre of load., there will be as many such
points of intersection, or centres of load, as there are pieces in the
structure ; and the directions and positions of the resistances or
mutual ]iressnres exerted between the pieces will be represented by
the of

Fig. 1.

polygon joining
those points, as

in fig. 1, where
Pi, P,, Pj, P4
represent the '

centres of load
in a structure of

four pieces, and
the sides of the
polygon of resist-

ances PjPjPjPj
represent respec-

tively the directions and position, of the resistances exerted at the

joints. Further, at any one of the centres of load let PL represent

the magnitude and direction of the gross load, and Va, Vh the t\Vo

resistances by which the piece to which that load is applied is

sujtported ; then will those three lines be respectively the diagonal
and sides of a parallelogram ; or, what is the same thing, they will

be equal to the three sides of a triangle ; and they must be in the

same plane, although the sides of the polygon of resistances may be
in different planes.

According to a well-known principle of statics, because the loads

or external pressures PiL,, &c., balance each other, they must bo
proportional to the sides of a closed poly-

gon drawn respectively parallel to their

directions. In fig. 2 . construct such a

of loads by drawing the lines Lj,

,
parallel and proportional to, and

joined end to end in the order of, the
(

gross loads on the pieces of the structure.

Then from the proportionality and paral-

lelism of the load and the two resistances

applied to each piece of the structure to

the three sides of a triangle, there results

the following theorem [originally due to

Rankiiie] ;

—

// from the angles of the jtolyffoif. of
loads there be drawn lines (R„ Rj,' &c.), FigV 2.

each of which is parallel to the resistance (as ?,?., &o.) exerted at the

joint between the pieces to ichieh the two loads represented by the

contiguous sides of the polygon of loads {such as Lj, L^, &c. ) arc

applied; then loill all- those lines meet in one j^oint .{0), and their

lengths, measured from that point to the angles of the polygon,

will represent the magnitudes of the resistances to which they arc

respectively parallel.

When the load on one of the pieces is parallel to the resistances

which balance it, the polygon of resistances ceases to be closed, two
of the sides becoming par.alleV to each other and to the load in

question, and extending indefinitely. In the polygon of loads the

direction of a load sustained by jiarallel resistances traverses the

point 0.

S. ITow the Earth's Resistance is to be <ren<crf.—When the prcssni-o

exerted by a structure ou the earth (to which the earth's resistaijoo

is equal and opposite) consists either of one pressure, wliicli'is

necess.irily the resultant of the weight of the structure and of nil

the other forces applied to it, or of two or more. parallel vcrtii-al

forces, whose amount can be detenniucd at the outset of llw
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invcstigjition, the resistance of the earth can be treated as one or
inoro upward Imuis applied to the structure. But in other cases the
caitli ia to be treated as one of the pieces of the structure, loaded with
a force eqUal and opposite iu direction and position to the resultant

of the weight of the structure and of the other pressures applied
to it.

9. Partial PolygoTis of Mesistance.—In a structure in which theie

are pieces supported at more than two joints, let a polygon be con-
structed of lines connecting the centres of load of any continuous
series of^nicces. This may bo called a partial polygon of resistances.

In considering its properties, the load at each centre of load is to be
held to include the resistances of those joints which are not com-
prehended iu the partial polygon of resistances, to which the theorem
of section 7 will then apply iu every respect. By constructing
several partial polygons, and computing the relations between the

loads and resistances which are deterrainod by the application of

that theorem to ear.h of them, with the aid, if necessary, of

Moseley's principle of the least resistance, the whole of the relations

amongst the loads and resistances may be found.

10. Line of Pressures—Centres and Line of Resistance.—The line

of pressures is a Jine to which the directions of all the resistances in

one polygon are tangents. The centre of resistance at any joint is

the point where the line representing the total resistance exerted at

that joint intersects the joint. The line of rcsistatice is a line tra-

Tersing all the centres of resistance of a series of joints,—its Ibrm, in

the positions intermediate between the actual joints of the structure,

being determined by supposing the pieces and their loads to be sub-

divided by the introduction of intermediate joints ad infinitum,

and finding the continuous line, curved or straight, in which the in-

termediate centres of resistance are all situated, however great

their number. The difference between the line of resistance and
the line of pressures was first pointed out by Moseley.

11. Stability of Position, and Stability of FHction.—The resist-

ances at the several joints having been determined by the principles

sot forth in sections 6, 7, 8, 9, and 10, not only under the ordinary

load of the structure, but under* all the variations to which the load

is subject as to amount and distribution, the joints are now to be

placed and shaped so that the pieces shall not suffer relative dis-

placement under any of those loads. The relative displacement of

the two pieces whicn abut against each other at a joint may take

place either by turning or by sliding. Safety against displacement

by turning is called stability of position ; safety against displace-

ment by sliding, stability offriction.

12. Condition of Stability of Position.—If the materials of a struc-

ture were infinitely stiff and strong, stability of position at any joint

would be insured simply by making the centre of resistance fall

within the joint under all possible variations of load. In order to

allow for the finite stillness and strength of materials, the least dis-

tance of the centre of resistance inward from the nearest edge of the

joint is made to bear a definite proportion to the depth of the joint

measured in the same direction, which proportion is fixed, some-

timey empirically, sometimes by theoretical deduction from the laws

of the strength of materials. That least distance is called by
Moseley the modulus of stability. The follo\ving are some of the

ratios of tho modulus of stability to the depth of the joint which
occur in practice :—

Ketflinlng walls, as designed by British engineers
., 1 :8

Rctainliic walls, as designed by French eneineers 1: 5
Rectangular piers of bridges and otiier buildings, and arch-stonoa . 1 : -J

Rectangular foundations, fltm ground 1 : 3

RccUngular foundations, very soft ground 1 :2

Hcctangular foundations, intermediate kinds of ground 1;3 to 1 :2
Thin, hollow towers (such as furnace chimneys exposed to high

winds), eqnhro J :'j

Thin, hollow towers, circular I ; 4

Frames of timber or metal, under theii' oi-dinary or average distri-

Fra ) of timber or metal, tinder the greatest \ of

In the case of the towers, the depth of the joint ia to be understood

to mean the diaim-ter of tJte tower.

13. Coudition of Stability of Friction.— If the resistance to be

exerted at a joint is always perpendicular to the surfaces which abut
fit and form that joint, there is no
tendency of the pieces to be displaced

by sliding. If the resistance be oblique,

let JK (fig. 3) be tho joint, C its centre

ot resistance, CR a line representing

the resistance, CN a perpendicular to j
the joint at the centre of resistance.

Tho anglo NCR is the obliauity of the

resistance. From R draw RP parallel

and RQ perpendicular to the joint

;

then, by the principles of statics, the

component of th'e resistance normal to

the joint is

—

CP=CR.co3^PRC;
and the component tangeniiaZ to the joint is

—

C: -CE . dn^PCR-CP . tan-ilPCR

If tho joint be provided either with projections and recesses, such aa
mortises and tenons, or with fastenings, such as pins or bolts, so aa
to resist displacement by sliding, the question of the utmost amount
of the tangential resistance CQ which it is capable of exerting
depends on the strength of such projections, recesses, or fastenings,
and belongs to the subject of strength, and not to that of stability.

In other cases the safety of the joint against displacement by sliding
depends ou its power of exerting friction, and that power depends
on the law, known by experiment, that the frirtion tidtwecn two
surfaces bears a constant ratio, depending on the nature of tho
surfaces, to the force by which they are pressed together. In order
that the surfaces which abut at the joint JK may be pressed
together, tho resistance required by the conditions of equilibrium,
CR, must be a thrust and not a pull ; and in that case the force by
which the surfaces are pressed together is equal and opposite to the
normal component CP of the resistance. The condition of stability

of friction is that the tangential c(^ponent CQ of the resistance

required shall not exceed the friction due to the normal component

;

that is, that

CQ>/.CP,
where /denotes the coefficient offriction for the surfaces in question.

The angle whose tangent is the coefficient of friction ia called th&

angle of repose, and is expressed symbolically by

—

<p = ta.n- ^f.

Now CQ = CP. tan^PCR;
consequently tho condition of stability of friction is fulfilled if

:^PCR>^:
that is to say, if th^ obliquity of the resistance required at the joint

does not exceed i)ie angle of repose ; and this condition ought to be

fulfilled under all possible variations of the load.

It is chiefly in masonry and earthwork that stability of friction is

relied on.

14. Stability of Friction in Earth.—The grains of a mass of loose

earth are to be regaided as so many separate pieces abutting against

each other at joints in all ])ossible positions, and depending for

their stability on friction. To determine whether a mass of earth

is stable at a given point, conceive that point to be traversed by
planes in a^ll possible positions, and determine which position gives

the greatest obliquity to the total pressure exerted between the por-

tions of the mass which abut against each other at the plane. The
condition of stability is that this obliquity shall not exceed the

angle of repose of the earth. The consequences of this principle are

developed in a paper "On the Stability of Loose Eaith," already

cited in sect. 2.

15. Parallel Projections of Figures.—If any figure be referred to

a system of coordinates, rectangular or oblique, and if a second

figure be constructed by means of a second system <if coordinates,

rectangular or oblique, and either agreeing with or differing from

the first system in rectangularity or obliquity, but so related to the

coordinates of the first figure that for each point in the first figure

there shall be a corresponding point in the second figure, the lengths

of whose coordinates shall bear respectively to the three corre-

sponding coordinates of the corresponding point in the first ficruTQ

three ratios which are the same for every pair of corresponding

points in the two figures, these corresponding figures are called

parallel projections of each other. The properties of parallel pro-

jections of most importance to the subject of the present article

are the follouiug :

—

(1) A parallel projection of a straight line is a straight line.

(•2) A parallel projection of a plane is a plane.

(3) A parallel projection of a straight line or a plane surfarr:

divided in a given ratio is a straight line or a plane sui-face divided

in the »aine ratio.

(4) A parallel projection of a pair of equal and parallel straigh:

Unes, or plain surfaces, is a pair of equal and parallel straight lines,

or plane smfaces ; whence it follows

(5) That a parallel projection of a parallelogram is a paraUele-

gram, and
(6) That a parallel projection of a parallelepiped ia a parallel-

epiped.

(7) A parallel projection of a pair of solids having a given ratio

is a pair of solids having the same ratio.

Though not essential for tho purposes of the present article, tho

following consequence will serve to illustrate the principle cj

parallel projections :

—

(8) A parallel projection of a curve, or of a surface of a giv«n

algebraical order, is a curve or a surface of the same order.

For example, all ellipsoids referred to coordinates parallel to any

thrL-e conjugate diameters are parallel projections of each otjier and

of a sphere referred to rectangular coordinates.

16. Parallel ProjcctionsofSystems of Forces.—li&hsl&nced system

of forces be represented by a system of 1 ines, then will everj' parallel

projection of that system of lines represent a balanced system of

forces.
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For tlio condition of equilibrium of forces not parallel is tliat

they sliall be represented in direction and magnitude by tlie sides

and diagonals of ceitaiu parallelograms, and of parallel forces

that they shall divide certain straight lines in certain ratios ; and

the parallel projection cf a parallelogram is a parallelogram, and

that of a straight line divided in a given ratio is a straight line

divided in the same ratio.

The resultant of a parallel projection of any system of forces is

the projection of their resultant ; and the centre of gravity of a

parallel projection of a solid is the projection of the centre of

gravity of the first solid.

17. Principle of the Transformation of Structures.—Here we
have the following theorem :— If a structure of a given ligure

have stability of position under a system of forces represented by a

given system of lines, then will any structure whose figure is a

parallel projection of that of the first structure have stability of

position under a system of forces represented by the corresponding

projection of the first system of lines.

For in the second structure the weights, external pressures, and
resistances will balance each other as in the first structure; the

weights of the pieces and all other parallel systems of forces will

have the same ratios as in the first structure ; and the several

centres of resistance will divide the depths of the joints in the same
proportions as in the first structure.

If the first structure have stability of friction, the second struc-

ture will have stability of friction also, so long as the effect of the

projection is not to increase the obliquity of the resistance at any
joint beyond the angle of repose.

The lines representing the forces in the second figure show their

relative directions and magnitudes. To find their absolute directions

and magnitudes, a vertical line is to be drawn in the first figure, of

such a length as to represent the weight of a particular portion of

the structure. Then will the projection of that line in the projected

figure indicate the vertical direction, and represent the weight of

the part of the second straeture corresponding to the before-

mentionnd portion of the first structure.

The foregoing "principle of the transformation of structures"

was first announced, though In a somewhat less comprehensive

form, to the Royal Society on the 6th ci March 1856. It is

useful in practice, by enabling the engineer easily to deduce the

conditions of' equilibrium and stability of structures of complex
and unsymmetrical figures from those of structures of simple and
symmetrical figures. By its aid, for example, the whole of the

properties of elliptical archea, whether square or skew, whether level

or sloping in their span, are at onco deduced by projection from

those of symmetrical circular arches, and the properties of ellipsoidal

and elliptic-conoidal domes from those of hemispherical and circu-

lar-conoidal domes ; and the figures of arches fitted to resist the

thrust of earth, which is less horizontally than vertically in a cer-

tain given ratio, can be deduced by a projection from those of arches

fitted to resist the thrust of a liquid, which is of equal intensity,

horizontaliy and vertically.

18. Conditioiis of Stiffness ami Strcngth.^kiior the arrangement

of the pieces of a structure and the size and figure of their joints or

surfaces of contact have been determined so as to fulfil the conditions

of stability,—conditions which depend mainly on the position and

direction of the resultant or total load on each piece, and the

rc^ttfirc magnitude of the loads on the different pieces,—the dimen-

sions of each piece singly have to be adjusted so as to fulfil the con-

ditions of stiffness and strength,—conditions which depend not only

on the absolute magnitude of the load on each piece, and of the

resistances by which it is balanced, but also on the mode of distri-

bution of the load over the piece, and of the resistances over the

joints.

The effect of the pressures applied to a piece, consisting of the

load and the supporting resistances, is to force the piece into a state

of strai7i or disfigurement, which increases until the elasticity, or

resistance to strain, of the materi<al causes jt to cxqtI a. stress, or

effort to recover its figure, equal and opposite to the system of

applied pressures. The condition of stiffness is that the strain or

disfigurement shall not be greater than is consistent with the pur-

poses of the structure ; and the condition of strength is that the

stress shall be within the limits of that which the material can bear

with safety against breaking. The ratio in which the utmost stress

before breaking exceeds the safe working stress is called the factor

of safety, and is determined empirically. It varies from three to

twelve for various materials and structures.

The SmiCNGTii of Materials forms the subject of a special

article, to which the reader is referred.

PART II. THEORY OF lUCHINES.

19. Parts of a Machine—Frame and Mechanism.—The parts of

a machine may be distinguished into two principal divisions,—the

frame, or fixed parts, and the mechanism, or moving parts. The
frame is a structure which supports the pieces of the mechanism,

and to a certain extent determines the nature of their motions.

[applied mechanics

The form and arrangement of the pieces of the frame depend upon
the arrangement and the motions of the mechanism ; llie dimen-
sions of the pieces of the frame required in order to give it stability

and strength are determined from the pressures applied to it by
means of the mechanism. It appears therefore that in general tlie

mechanism is to be designed first and the frame afterwards, and
that the designing of the frame is regulated by the principles of

the stability of structures and of the strength and stiffness of

materials,—care being taken to adapt the frame to the mo'st severe

load which can be thrown upon it at any period of the action of the
mechanism.

Each independent piece of the mechanism also is a structure, and
its dimensions are, to be adapte^l, according to the principles of the
strength and stiffness of materials, to the most severe load to which
it can be subjected during the action of the machine.

20. Definition and Division of the Theory of Machines.—From
what has been said in the last section it appears that the depart-

ment of the art of designing machines which has reference to the

stability of the frame and to the stiffness and strength of the frame
tiud mechanism is a branch of the art of construction. It is there-

fore to be Separated from the theory of machines, properly speaking,

which has reference to the action of machines considered as moving,
in the action of a machine the following three things take place:

—

First, Some natural source of energy communicates motion and
force to a piece or pieces of the mechanism, called the receiver of

power ox prime mover.

Secondly, The motion and force are transmitted from the prime
mover through the train of mechanism to the icorking piece or

2ncces, and during that transmission the motion and force are modi-
fied in amount and direction, so as to be rendered suitable for the

purpose to which they are to be applied.

Thirdly, The working piece or pieces by their motion, or by their

motion and force combined, produce some useful effect.

Such are the phenomena of the action of a machine, arranged in

the order of causation. But in studying or treating of the theory

of machines, the order of simplicity is the best ; and in this order

the first branch of the subject is the modification of motion and
force by the train of mechanism ; the next is the effect or pur^iose

of the machine ; and the last, or most complex, is the action of the

prime mover.
The modification of motion and the modification of force take

place together, and are connected by certain laws; but in the study

of the theory of machines, as well as in that of pure mechanics,

much advantage has been gained in point of clearness and sim-

plicity by first considering alone the principles of the modifica-

tion of motion, which are founded upon what is now known as

Kinematics, and afterwards considering the princijiles of the com-

bined modification of motion and force, which are founded both on

geometry aud on the laws of dynamics. The separation of kine-

matics from dynamics is duo mainly to Monge, Ampere, aud
Willis.

The theory of machines in the present article will be considered

under the following four heads :

—

I. PuHE Mechanism, or Atplied Kinematics; being the

theory of machines considered simply as modifying motion.

II. Applied Dynamics ; being tlie theory of machines con-

sidered as modifying botli motion and force.

ni. Purposes and Effects of Machines.

IV, Applied Energetics ; being the theory of prime movcrn

and sources of power.

CiiAP. I. Ox FviiE Mechanism.

21. Division of the Subject.—Proceeding in the order of simplicity,

the subject of Pure Mechanism, or Applied Kinematics, may be tluis

divided :

—

Division 1.—luotion of a pome.

Division 2.—Motion of the surface of a Huid.

Division 3.—Motion of a rigid solid.

Division 4.—Motions of a pair of connected pieces, or of an

"elonientary combination" in mechanism.

Division 5.—Motions of trains of pieces of mechanism.

Division 6.—Motions of sets of more than two connected pieces,

or of "aggregate combinations."

A point is the boumlary of a line, whicli is the boundary of a

surface, which is tlie boundary of a volume. Points, lines, and

surfaces have no independent existence, and consequently those

divisions of this chapter which relate to their motions arc only

p-oliminary to the subsequent divisions, which relate to the motioiis

of bodies.

Division 1. Motion of a Point.

22. Path and Dircction.Sco above, ]\ 679, § 21.

23. Uniform Velocity.—Sec p. 680, § 25.

24. Varied Velocity.See p. 680, g 2o.

25. Direct Deviation, or Acceleration and Pi£iarda(ion,~oQ(i pp.

6S0, 681, §§ 27-29.
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26. Lateral Deviation or Deflexion—Anrjxdar Velocity of Dema-
iiOii—Jievolution.—See pp. 681, 682, §§ 31-38.

27. Comparative Motion.—The comparative motion of two points

is the relation which exists between theij- motions, without having
regard to their absolute amounts. It conaists of two elements,

—

the velocity ratio, which is the ratio of any two ranguitudea bear-

ing to each other the proportions of the respective velocities of the

two points at a given instant, and the directional relation, which
13 the relation borne to each other by the respective directions of the

motions of the two points at the .me given instant.

It is obvious that the motions of a pair of points may be varied

in any manner, whether by direct or by lateral deviation, and yet

that tJieir comparative motion may remain constant, in consequence

of the deviations taking place in the same proportions, in the same
directions, and at the same instants for both points.

Willis has the merit of having been the first to simplify con-
siderably the theory of pure mechanism, by pointing out that that
branch of mechanics relates wholly to comparative motions.

The comparative motion of two points at a given instant is

capable of being completely expressed by one of Sir William
Hamilton's Quaternions,—the '* tensor " expressing the velocity

ratio, and the " versor " the directional relation.

28. Resolution and Composition of Motion.—See p, 681, §§ 30, 31.

29. Rectangular P^vjcdion, liesolution, and Composition.—
See p. 681, § 31.

30. Resolution and Composition of Deviations.—Seep. 681, § 31.

Division 2. Motion of the Surface of a Fluid Mass.

31. General Principle.—A mass of fluid is used in mechanism to

transmit motion and force between two or more movable portions
(called pistons or plungers) of the solid envelope or vessel in which
the fluid is contained ; and, when such transmission is the sole

action, or the only appreciable action of the fluid mass, its volume
is either absolutely constant, by reason of its temperature and
pressure being maintained constant, or not sensibly varied.

Let a represent the area of the section of a piston made by a plane
perpendicular to its direction of motion, and v its velocity, which
18 to be considered as positive when outward, and negative when
inward. Then the variation of the cubic contents of the vessel

in a unit of time by reason of the motion of one piston, is ta.

The condition that the volume of the fluid mass shall remain
unchanged requires that there shall bo more than one piston, and
that the velocities and areas of the pistons shall be connected by the
equation

—

2. va = (1).

32. Comparative Motion of two Pistoyis.—If there be but two
pistons, whose areas arc a^ and a^, and their velocities v^ and v..,

their comparative motion is expressed by the equation—

that is to say, their velocities are opposite as to inwardness and out-
wardness, and inversely proportional to their areas.

33, Applications—HtjdraiUic Press—Pneumatic Power- Trans-
mitter.—In the hydraulic press the vessel consists of tw.o cylinders,
viz., the pump-barrel and the press-barrel, each having its piston,
and of a passage connecting them having a valve opening towards
the press-barrel. The action of the enclosed water in transmitting
motion takes place during the inward stroke of the pump-plunger,
when the above-mentioned valve is open ; and at that time the
press-plunger moves outwards with a velocity which is less than the
inward velocity of the pump-plunger, in the same ratio that
the area of the pump-plunger is less than the area of the press-

plunger. (See Hydromechanics.)
In the pneumatic power-transmitter the motion of one piston is

transmitted to another at a distance by means of a mass of air con-
tained in two cylinders and an intervening tube. When the pres-
sure and temperature of the air can be maintained constant, this

machine fulfils equation 2, like the hydraulic press. The amount
and effect of the variations of pressure and temperature undergone
by the air depend on the principles of the mechanical action of

heat, or Thermodtnamics (?.v.), and are foreign to the subject of
pure mechanism

Division 3. Motion of a Rigid Solid.

34. Motions Classed.—In problems of mechanism, each solid

piece of the machine is supposed to be so stiff" and strong as not to

undergo any sensible change of fignre or dimensions by the forces

applied to it,—a supposition which is realized in practice if the
machine is sUilfully designed.

This being case, the various possible motions of a rigid solid

body may all
, jlassed under the following heads:—(1) Shifting

or Translation
; (2) Turning or Rotation

; (3) Motions compounded
of Shifting and Turning.
The most common forms for the patns of the points of a piece of

mechanism, whose motion is simple shifting, are tho straigat line
ui.J the circle.

Shifting in a straight lino is regulated either by straight fixed

guides, in contact with which the moving piece slides, or by com-
binations of link-work, called parallel motions, which will be
described in the i sequel. Shifting in a straight line is usually

reciprocating; that is to say, the piece, after shifting through a
certain distance, returns to its original position by reversing its

motion.
Circular shifting is regulated by attaching two or more points

of the shifting piece to ends of equal and parallel rotating cranks,
or by combinations of wheel-work to bo afterwards described. As
an example of circular shifting may bo cited the motion of tho
coupling rod, by which the parallel and equal cranks upon two or
more axles of a locomotive engine are connected and made to rotate
simultaneously. The coupling rod remains always parallel to itself,

and all its points describe equal and similar circles relatively to the
framo of the engine, and move in parallel directions with equal
velocities at theftame instant.

35. Rotation about a Fixed Axis—Lever, iVIieel, and Axle.—Tho
fixed axis of a turning body is a. line fixed relatively to the body
and relatively to the fixed space in which the body turns. In
mechanism it is usually the central line cither of a rotating shaft
or axle having journals, gudgeons, or pivots turning in fixed bear-

ings, or of a fixed spindle or dead centre round which a rotating
hush turns ; but it may sometimes be ontirely'beyond the limits of

the turning body. For example, if a sliding piece moves in circular

fixed guides, that piece rotates-About an ideal fixed axis traversing
the centre of those guides.

Let the angular velocity of the rotation be denoted by o=-7j ,

then the linear velocity of any point A at the distance r from tho
axis is ar ; and the path of that point is a circle of the radius r
described about the axis.

This is the principle of the modification of motion by the lever,

which consists of a rigid body turning about a fixed axis called a
fulcrum, and having tw^o points at the same or different distances
from that axis, and in the same or difl'erent directions, one of which
receives motion and the other transmits motion, modified in directioa
and velocity according to the^bove law.

In the wheel and axle, motion is received and transmitted by
two cylindrical surfaces of difl'erent radii described about tlieit

common fixed axis of turning, their velocity-ratio being that of
their radii.

36. Velocity Ratio of Components of Motio^i.—As the distance
between any two points in a rigid body is invariable, the projections
of their velocities upon the line join-

ing th£m must be equal. Hence it

follows that, if A in fig. 4 be a point
in a rigid body CD, rotating round
the fixed axis F, the component of

the velocity of A in any direction

AP parallel to the plane of rotation

is equal to the total velocity of the
point ?rt, found by letting fall Ym
perpendicular to AP i that is to say,

is equal to
^^Ym.

Hence also the ratio of the com-
ponents of the velocities of two ^'S-'^*

points A and B in the directions AP and BW re?pcctively, both in
the plane of rotation, is equal to tlie ratio of the pcriiendiculars Ft?*
and Fn.

37. Instantaneous Axis of a Cylinder rolling mi a Cylinder.—L^-t
a cylinder bbb, whos? axis of figure is B and angular velocity -y, roll
on a fixed cylinder aaa, whose axis of figure is A, either outside (.^^

in fig. 5), when the rolling will be towards the same hand as tho

15—27

rotation, or inside (as in fig. 6), when the rolling will be towards
the opposite hand ; and at a given instant let T be the line of con-
tact of the. two cylindrical surfaces, which is at their common inter-
section with the plane AB traversing the two axes of figure.

The line T on the surface bbb has for the instant no velocity m-
XV. _ 95
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a direction terpendicnlar to AB ; because for the instant it tenches,

without sliding, the line T on the fixed surface aaa.

The line T on the surface bbb has also for the instant no velocity

in the plane AB ; for it has just ceased to more towards the fixed

surface aaa, and is just about to begin to move away from that

surface.

The line of contact T, therefore, on the surface of the c'ylinder

bbb, is for the znstant at rest, and is the " instantaneous axis

"

about which the cylinder bbb turns, together with any body rigidly

attached to that cylinder.

To find, then, the direction and Telocity at the given instant of

any point P, either in or rigidly attached to the rolling cylinder T,

draw the plane PT ; the direction of motion of P will be perpendi-

cular to that plane, and towards the right or left hand according

to the direction of the rotation of bbb j and the velocity of r
will bo

i'p=7.PT (3),

PT denoting the perpendicular distance of P from T. The path of

P b a curve of the kind called epitrochoids. If P is in the circum-

ference f)f bbb, that path becomes an epicycloid.

The velocity of any point in the axis of figure B is

v. =y.1B 4);

and the path of such a point is a circle described about A with the

radius AB, being tor outside rolling the sum, and for inside rolling

tiie difference, oi the radii of the cylinders.

Let a denote tho angular velocity with which the plane of axes

AB rotates about the fixed axis A. Then it b evident that

r,-a.AB (5),

and consequently that a=7.—— (6).

For internal rolling, as in fi^. 6, AB is to be treated as negative,

v.-hich will give a negative value to a, indicating that in this c.isr;

the rotation of AB round A is contrary to that of the cylinder bbb.

The angular velocity of the rolling cylinder, relatively to the

plane of axes AB, is obviously given by the equation

—

P =y- a .: \

TA ( (7);
whence i8 = 7 ' ^)

care being taljen to attend to the sign of a, so that when that ia

negative tlio arithmetical values of y and a are to be added in order,

to give that of 3.

The whole of the foregoing reasonings are applicable, not merely

when aaa and hob are actual cylinders, but also when they are the

osculating cylinders of a pair of cylindroidal surfaces of varying

curvaturt;, A and B being the axes of curvature of the parts of those

surfaces which are in contact for the instant under consideration.

38. Composition and Bcsglutioit 0/ notations aiout Parallel Axes.

—See above, p. 691, § 73.

39. Instantcineot^ Axis of a Cone rclli'n>j on a Cone.—Let Oaa
<Bg. 7) be a fixed cone, OA its axis, 066 a cone rolling on it, OB
the axis of the roil-

ing cone, OT tho

line of contact of

tlie two cones at the

instant under con-

sideration. By rea-

soning similar to

th.at of sect. 37, •':

appears that OT is

the instantaneous

axis of rotation of

the rolling cone.

Let y denote tho total anguiar velocity of the rotation of tbe
' cone B about the instantaneous axis, j9 its angular velocity about

the axis OB relatively to the plano-AOB, and o the angular velocity

with which the plane AOB tuj-ns round the axis OA. It is required

to find the ratios of those angular velocities.

Sohdiou.—In OT take any point E, from which draw EC parallel

to 0.\, and ED parallel to OB, so as to construct the parallelogram

OCED. Then
CD : OC : OE ) ,<i^

Or because of the proportionality of tbe sides of triangles to tho

sines of the opposite angles,

sin^TOB . sin^TOA : sin^AOB )
. . (8, a)

;

Jhat is to say, the angular velocity about each axis is proportional

10 tlie sine of the angle between the other two.

Demonstration.—itotn. C draw CF perpendicular to OA, and CG
ycrpendicul.ar to OE.

Fig. 7.

TbenCr-2x--

andCG = 2x-

Then

Oli

. . CG:CF ::CE =OD : OE .

Let t^o denote tho linear velocity of the point C.

Tp-a. CF = 7. CG

. •. 7 ; o : : CF : CG : : OE : OD

;

which is one part of the solution above stated. From E draw EH
perpendicular to OB, and EK to OA. Then it can be shown as

before that
EE :EH:: OC :0D.

Let !), be the linear velocity of the point E fixed in the plane of

axes AOB. Then
Vc = a. EK.

Now, as the line of contact OT is for the instant at rest on thi> rolling

cone as well as on the fixed cone, the linear velocity of tlic point E
fixed to the plane ABB relatively to the rolling cone is the same
with its velocity relatively to the fixed cone. That is to say,

3. EH = fz = o. EK ;

therefore a : :: EH : EE : ; OD : OC,

which is the remainder of the solution.

The path of a point P in or attached to tlie rolling cone is a

spherical epitrochoid traced on the surface of a sphere of the radius

OP/ From P draw PQ perpendicular to the instantaneous axia.

Then the motion of P is perpendicular to the plane OPQ, and ita

velocity ia

fp=7-PQ ..(«).
The wbole of the foreooing reasonings arc applicable, not merely

when A and B are actual regular cones, but also when they are the

osculating regular cones of a pair of irregular conical surfaces,

having a common apex at 0.

40. Compositimi of Rotations about Two Axes meeting in a Point.—
See p. 691, § 76.

41. Screw-like or Selicat Motion.—Since (see p. 690, §§71, 72)

any displacement in a plane can be represented in general by a

rotation, it follows that the only combination of translation and
rotation, in which a complex movement which is not a mere rota-

tion ia produced, occurs when there is a translation perperAicular

to the plane and parallel to the axis of rotation.

Such a complex motion is called screw-like or helical motion; for

each point in the body describes a Jielix or screiv round the axis of

rotation, fixed or instantaneous as the case may
be. To cause a body to move in this manner it is

usually made of a helical or screw-like figure, and
moves in a guide of a corresponding figure. Helical

motion and screws adapted to it are said to be

right- or left - handed according to the appearance

presented by the rotation to an observer looking

towards tho direction of the translation. Thus
the screw G in fig. 8 is right-handed.

The translation of a body in helical motion is

called its advance. Let Vz denote the velocity of

advance at a given instant, which of course is common to all the

particles of the body ; a the angular velocity of the rotation at the

same instant ; 2x=-6'2832 nearly, the circumference of a circle of

the radius unity. Then

T*^ (10)

, is tho time of ono turn at tho rate a ; and

Fig. 8.

i>-r,T«- (11)

is tho pitch or advance per iuni,—a lengtli whicli expresses tho

comparative motion of the translation and the rotation.

The pitch of a scitit is the distance, measured parallel to its axis,

between two successive turns of the same thread ox helical pro-

jection.

Let T denote tho perpendicular distance of a tioint in a "body

moviiig helically from the axis. Then

Vr^ar (12)

is the component of the velocity of that poini in - ]}lano» perpendi-

cular to the axis, and its total velocity ia

.'•'V{v-^.V=} (13).

The ratio of tho two components of that velocity is

'i--/— tan« . '4);
Vr iiur

where 6 denotes the angle made by tho helical mtb nt '-c nomt
with a plane perpendicular to tho axis.
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42. To jind the Motion of a Jtigid Body from the Motions of
Three Points in ii.—See p. 690, § 71, alid p. 692, § 78.

Division 4. Elcvicniary Conibinations in Mechanism.

43. Definitions.—An dcmcntary covihinationxn mechanism con-

fiiats of two pieces wliose kiuda of motion are determined by their

connexion v-ith the frame, and their comparative motion by their

connexion with each other,—that connexion being elTected cither

by direct contact of tlio pieces, or by a connecting piece, which is

not connected with the frame, and whose motion depends entirely

on the motions of the pieces which it connects.

The piece whose motion is the cause is called the driver \ the

piece whoso motion is the effect, Xhe follower.

The connexion of c-^xch of tliose two pieces with the frame is in

sjeneral such as to determine the path of every point in it. In the

investigation, therefore, of the comparative motion of the driver

and follower, in an elementary comoination, it is unnecessary to

consider relations of angular direction, which are already fixed by
the connexion of each piece with the frame ; so that the inquiry is

confined to the determination of the velocity ratio, and of the

directional relation, so far only as it expresses the connexion

between forward and backxvard movements of the driver and
follower. AVhen a continuous motion of the driver, produces a con-

tinuous motion of the follower, forward or backward, and a recipro-

cating motion a motion reciprocating at the same instant, the

directional relation is said to be coiistant. "When a continuous

motion produces a reciprocating motion, or vice versa, or when a

reciprocating motion produces a motion not reciprocating at the

same instant, the du'cctional relation is said to be varialle.

The line of action or of connexion of the driver and follower is a
line traversing a pair of points in the driver and follower respectively,

which are so connected that the component of their velocity re-

latively to each other, resolved along the line of connexion, is null.

There may be several or an indefinite number of lines of connexion,

or there may be but one ; and a line of connexion may connect

either the same pair of points or a succession of different pairs.

44. General Principle.—From the definition of a line of connexion
it follows that the coraponents of the velocities of a pair of connected

points along their line of connexion are equal. And from this, and
from the property of a rigid body, already stated in sect. 36, it

follows, that the components along a line of connexion of all the

points traversed by that line, whether in the driver or in the follower^

arc equal ; and consequently, that the velocities of any pair of points

traversed by a> line of connexion are to each otlvrr inversely as the

cosines, or directly as the secants. Of the angles made by the patlis of
those points with the line of coniicxion.

The general principle stated above in different forms serves to

solve every problem in which—the mode of connexion of a pan- of

pieces being given—it is required to find their comparative motion
at a given instant, or vice versa.

45. Application to a Pair oj Shifting Pieccs.~Jn fipj. 9, let

PjPa be the line of connexion of a pair of pieces, each of which has

a motion of translation or shift-

ing. Through any point T in

that line draw TVi, TY^, re-

spectively parallel to the simul- P^.

tancous direction of motion of

the pieces ; through any other
point A in the line of connexion
draw a plane perpendicular to

that line, cutting TYj, TVs in

V]i ^s; then, velocity of piece 1 :

velocity of piece 2 : : TYj -: TVo. pjg
Also TA represents the equal

comnonents of the velocities of the pieces parallel to their lino of

connexion, and the line YiVj represents their velocity relatively

to each other.

46. Application to a Pair of Turning Pieces.—Let aj, 02 be tne

angular velocities of a pair of turning pieces ; 0j, 0„ the angles

which their line of connexion makes with their respective planes of

rot^ation ; r^, r^ the common perpendiculars let fall from the line

of connexion upon the respective axes of rotation of the pieces.

Then, the equal components, along tho line of connexion, of the

velocities of the points where those perpendiculars meet that lin&

oiriCOS0i= O2raCO9 03 ;

consequently, the comparative motion of the pieces is given by the

equation

^S <i^)-

47. Application to a Shifting Piece and a Turning Piece.—Let a

shifting piece be connected with a turning piece, and at a given

instant let ai he the angular velocity of the turning peice, r-^ tho

common perpendicular of its axis of rotation and the line of con-

nexion, 0j the angle made by tlie line of connexion with the plane

of'rotilion, Pg the angle made. by the line of connexion with the

direction of motion of the shifting piece, v^ the linear vtslocit) of

that piece. Then
a^Ty cos 01 — f^ cos 03 (1 6)

;

which equation expresses the comparative motion of the two pieces.

48. Classification of Elementary CombinatioTis in MccJuinism.—
The first systematic classification of elementary colnblnations in

mechanism was that founded by Mongc, and fully developed by
Lanz and Botancourt, which has been Generally received, and has
been ado^)ted in most treatises on applied mechanics. But that

classification is founded on the absolute instead of the comparative

motions of the pieces, and is, for that reason, defective, as "Willis has
pointed out in his admirable treatise On the Principles of Mecltnnisjn.

Willis's classification is founded, in the first place, on comparative
motion," as expressed by velocity ratio and directional relation, and
in the second place, on the mode of connexion of tho driver and
follower. He divides the elementaiy combinations in mcchanLsiD

into three classes, of which the characters are as follows :

—

Cliiss A: Directional relation constant; velocity ratio constant.

Class B : Directional relation constant ; velocity ratio varying.

Class C : Directional relation changing periodically ; velocity

ratio constant or varying.

Each of those classes is subdivided by AVillis into five divisions,

of which the characters are as follows:

—

Division A : Connexion by rolling contact.

t, B: ,1
. »» sliding contact.

,, C: ,, ,, wrapping connectors.

,, D: „ ,, link-work.

„ E : ,, „ reduplication.

In the present article the principle of Willis's classification is

followed ; but the arrangement is modified by taking the mode of

connexion as the basis of the primary classification, and by removing
the subject of connexion by reduplication to the section of aggregate

combinations. This modified arrangement is adopted as being

better suited than tho original arrangement to the limits of an

article in an encyclopeedia ; but it is not disputed that the original

arrangement may be the best for a separate tieatise.

49. Boiling Contact—Smooth Wliecls and Packs.- -In order thnt

two pieces may move in rolling contact, it is necessary tliat cacii

pair of points in the two pieces which touch each other should at

the instant of contact be moving in the same direction with tlio

same velocity. In the case of two shifting pieces this would involve

equal and parallel velocities for all the points of each piece, so that

there could be no rolling, and, in fact, the two pieces would move
like one ; hence, in tho case of rolling contact, eithar one or botli

of the pieces must rotate.

The direction of motion of a point in a turning piece being per-

pendicular to a plane passing through its axis, the condition that

each pair of points in contact with each other must move in tho

same direction leads to the following con.=Piiucnces :

—

L That, when both pieces rotate, their axes, and all their points

of contact, lie in the same plane.

II. That, when one piece rotates and the other shifts, the axis of

the rotating piece, and all the points of contact, lie in a plane per-

pendicular to the direction of motion of the shifting piece.

The condition that the velocity of each pair of points of contact

must bo equal leads to the following consequences:

—

III. That the angular velocities of a pair of turning pieces in

rolling contact must be inversely as the perpendicular distances of

any pair of points of contact from the respective axes.

lY. -That the linear velocity of a shifting piece in rolling contact

with a tuniing piece is equal to the product of the angular velocity

of the turning piece by the perpendicular distance from its axis to

a rmir of points of contact.

TheYi^c of contact is that line in which the points of contact are

all situated. Respecting this line, the above principles III. and
IV. lead to' the following conclusions :

—

Y. That for a pair of turning pieces with parallel axes, and for

a turning piece and a shifting piece, the line of contact is straight,

and parEillel to the axes or axis ; and hence that the rolling sur-

faces are either plane or cylindrical (the term ** cylindrical " includ-

ing all surfaces generated by the motion of a straight line narallel to

itself).

YI. That for a pair of turning pieces with intersecting axes the

line of contact is also straight, and traverses the point of intersec-

tion of the axes ; and hence that the rolling surfaces are conical, t\ ith

a common apex (the term " conical " including all surfaces gene-

rated by the motion of a straight line which traverses a fixed point).

Turning pieces in rolling contact are called smooth or toothless

wheels. Shifting pieces in rolling contact with turning pieces may
be called smooth or toothless racks.

VII. In a pair of pieces in rolling contact every straight lino

traversing the line of contact is a line of connexion
60. Cylindrical Wheels and Smooth iea<:i-s.—In designing cylin-

drical wheels and smooth racks, and determining their comparative

motion, it is suffipient to consider a section of the pair of pieces

made by a plane perpendicular to the axis or axes.
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The points where axes intersect tlic plmio of section are called

centres ; the point where the line of contact intersects it, the point

of contact, or -pitch-point ; and the wheels are described as circular,

dlipticalj &C.J according to the forms of their sections made by that

plane.

When the point of contact of two wheels lies between their

centres, they are said to be in outside gearing ; when beyond their

centres, in inside gearing, because the rolling surface of the larger

wheel must in this case be turned inward or towards its

ccntrc.
' From Principle III. of sect. 49 it ajipears that the angular

velocity-ratio of a pair of wheels is the inverse ratio of the distances

of the point of contact from the centres respec-

tively.

For- outside gearing that ratio is negative^

because the wheels turn contrary ways ; for

inside gearing it is positive^ because they turn

the same way.
If the velocity ratio is to be constant, as in

Willis's Class A, the wheels must be circtilar;

and this is the most common form for wheels.

If the velocity ratio is to be varjable, as iu

Willis's Class B, the figures of the wheels are a

pair of roUiiig curves, subject to the condition

that the distance between their poles (which are

tiie centres of rotation) sliall be constant.
' The following is the geometrical relation

which must exist between such a pair of curves.

See fig. 10.

Let C|, Cj be the poles of a pair of rolling

curves; i\, Tg an.y pair of points of contact ; TJi, U^ any other

pair of points of contact. Then, for every possible pair of points

of contact, tlie two following equations must be simultaneously

fulfiUed:—

Sura of radii, CiTJi + C.U„ = C,Ti + CnTa= constant

;

arc, faU'o^TiUi ! (17).

A condition equivalent to the above, and necessarily connected

with it, is, that at each pair of points of contact the inclinations of

the curves to their radii-voctores shall bo equal and contrary ; or,

denoting by r^, n the radii-vectores at any given pair of points of

CMitict, and 5 the length of the equal arcs measured from a certain

fixed pair of points of cqptact

—

dr^ dr.

whose axes thoy are taken. Completo the parallelogram OAjEA.;
the diagonal OET will be the line of contact required.

When the velocity ratio is variable, the line of contact will shift

its position in the plane CiOCj, and the wheels will be cones, with
eccentric or irregular bases. In every

case which occuis in practice, how-
ever, the velocity ratio is constant

;

the lino of contact is constant in

position, and the rolling surfaces of

the whetds are regular circular cones

(when they are called bevel wheels)
;

or one of a pair of wheels may have
a flat disk for its rolling surface, as

W„ in fig. 12, in which case it is a

disk wheel. The rolling surfaces of

actual wheels consist of frusta or

zones of the complete cones or disks,

as shown by Wjj W^ in figs. 11 and

Fig. 11.

Fig. 10.

ds ds
(IS);

which is the differential cqnati&n of a pair of rolling oirves whose

poles are at a constant distance apart.

For full details as to rolling ^curves, see Willis's work, already

mentioned, and Clerk Maxwell's paper on Rolling Curves iu tho

Tra^isaclions of the Koyal Society of Edinburgh, 1849.

A rack, to work with a circular wheel, must be straight. To work

with a wheel of any other figure, its section must bo a rolling curve,

subject to the condition that the perpendicular distance from the

polo or centre of tho wheel to a straight line parallel to the direction

of the motion of the rack shall be constant. Let r, be the radius-

vector of a point of contact on the wheel, a:, the ordinate from the

straight lino before mentioned to the corresponding point of contact

on the rack. Then
dXi di\

ds
(19)

is the differential equation of the pair of rolling curves.

To illustrate this subject, it may bo mentioned that an ellipse

rotating about one focus rolls completely round in outside gearing

with an equal and similar ellipse luso rotating about one foos, the

distance between the axes of rotation being equal to the major axis

1 +^centricity
of the ellipses, and the velocity ratio varying from j

eccentricity

'°i:
rolls

centricity

hyperbola rotating about its further focus
;entncity

inside gearing, through a limited arc, with an equal and

similar hyperbola rotating about its nearer focus, the distance

between the axes of rotation being equal to the axis of the hyper-

, , , ^, , -1 1- V 1.
eccentricity + 1 ,

bolas, and tho velocity ratio varying between ^ . ./—j and
' •' eccentricity -1

unity ; and a parabola rotating about its focus rolls with an equal

and similar parabola, shifting parallel to its directrix.

51. Conical or Bevel and Disk Wlwcls.—From Principles III.

and VI. of sect. 49 it appears that the angular velocities of a pair

of wheels whose axes meet in a point are to each other inversely as

the sines of the angles which the axes of the wheels make with tlio

line of contact. Hence follows the following construction (figs. 11

and 12).'—Let bo the apex or point of meeting of the two axes

OC,, OCj. The angular velocity ratio being given, it is required to

find the lino of contact. Ou 0C„ OCj take lengths Oi
,

, OAj,,.re-

spcclivcly proportional to the angular velocities of the pieces on

Fig. 13.

12.

52. Sliding Contact (lateral): Skc,

Bevel U^lieels.—An hyperboloid of revolution is a surface resembling
a sheaf or a dice box, generated by the rotation-of a straight line

round an axis from whicli

it is at a constant distance,

and to which it is inclined

at a constant angle. If two
such hyperboloids, equal

or unequal, be placed in

the closest possible contact,

as in fig. 13, they will touch

each other along one of

tho generating straight

lines of each, which will
tig- 1^.

form their line of contact, and will be inclined to the axes AG,
BH in opposite directions. The axes will not be parallel, nor will

they intersect each other.

The motion of two such hyper-

boloids, turning in contact with each

other, has hitherto been classed

amongst cases of rolling contact

;

but that classification is not strictly

correct, for, although the component
velocities of a pair of points of con-

tact in a direction at right angles to

the line of contact are equal, still,

as the axes are neither parallel to

each other nor to the line of contact, the velocities of a pair of

points of contact have components along the lino of contact which

are unequal, and their difference constituteo a lateral sliding.

The directions and positions of tho axes being ^iven, and the re-

quired angular velocity ratio, the following construction serves to

determine the line of contact, by whose rotation round the two axes

respectively the hyperboloids are generated :

—

In fig. 1 1, let B,Ci, BjC, be the two axes ; B^B^ their common
perpendicular. Tiirough any point

in this common perpendicular

draw OA, parallel to B,C, and OAj,

parallel to B^Cj ; make those lines

proportional to the angular veloci-

ties about the axes to which thoy

are respectively parallel ; complcio

the parallelogram OA,EA„, and

draw tho diagonal OE ;
divide

BjB„ in D into two parts, inrcrsehj

prop'ortional to the angular veloci-

ties about the axeswliich they re-

spectively adjoin ; through D paral-

lel to OE draw DT. This will be

the line of contact.

A pair of tliin frusta of a pair of

hyperboloids are used in practice

to communicate motion between a

pair of axes neither parallel nor intersecting, and are called

skew-bevel wheels. '

In skew-bevel wheels the properties of a line ol connexion arc

not possessed by every line traversing the line of contact, hut only

by every line traversing the line of contact at right angles.

If the velocity ratio to be communicated were variable, the point

D would alter its position, and the line DT its direction, at dillercnt

periods of the motion, and tlio wheels would be hyperboloids of an

eccentric or irregular cross-section ; but forms of this kind are not

used in practice.

53. Sliding Contact (circular) : Oroovcd Whtcls.—As the ad-

hesion or friction between a pair of smooth wheels is seldom sufficient

to prevent their slipping on each other, contrivances are used to

increase their mutual hold. One of those consists in forming tho

rim of each wheel into a scries of alternate ridges and grooves

Fig. 14.
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jini-allol to tho piano o( rotation ; it is applioablo to cylindrical and

bevel wheeU, but uot to skew-bevel wheels. The comparative

motion of a pair of wheels ao ridged and grooved is the same with

Ih it of a pair of smooth wheels in rolling contact, whose cylindrical

or conical surfaces lie midway between the tops of tlio ridges and

bottoms of the grooves, and those ideal smooth surfaces are called

the pitch surfaces of tho wheels.

The relative motion of the faces of contact of the ridges and

grooves is a rotatory sliding or grinding motion, about the line of

contact of the pitch-surfaces as an instantaneous axis.

Grooved wheels have hitherto been but little used.

54. Sliding Contact {direct) .- Tedh of Wheels, their Number and
Pitch.—The ordinary method of connecting a pair of wheels, or a

wlieqi and a rack, and the only method which insures the exact

maintenance of a given numerical velocity ratio, is by m^ans of a

(jeries of alternate ridges and hollows parallel or nearly parallel to

the successive lines of contact of the ideal smooth wheels whose

velocity ratio would be tho same with that of the toothed wheels.

Tho ridges are called teeth ; the hollows, spaces. The teeth of the

driver push those of the follower before them, and in so doing

sliding takts place between them in a direction across their lines

of contact.

Ihepitch-surfetces of a pair of toothed wheels are the ideal smooth
surfaces which would have the same comparative motion by rolling

contact that the actual wheels have by the sliding contact of their

teeth. The pitch-cireles of a pair of circular toothed wheels are

sections of their pitch-surfaces, made for spur-wheels (that is, for

wheels whose axes are parallel) by a plane at right angles to the axes,

and for bevel wheels by a sphere described about the common apex.

For a pair of skew-bevel wheels the pitch-circles are a pair of con-

tiguous rectangular sections of the pitch-surfaces. The pitch-point

is the point of contact of the pitch -circles.

The pitch-surface of a wheel lies intermediate between the points

of the teeth and the bottoms of the hollows between them. That
part of the acting surface of a tooth which projects beyond the pitch-

surface is called the /ace ; that part which lies within the pitch-

eurface, the Jlaiik.

Teeth, when not otherwise specified, are understood to be made
in'one piece with the wheel,^iae material being generally cast-iron,

brass, or bronze. Separate teeth, fixed into mortises in the dm of

the wheel, are called cogs. A pinion is a small toothed wheel; a
trundle is a pinion with cylindrical staves for teeth.

Tho radius of the pitch-circle of a wheel is called the geometrical

radius ; a circle touching the ends of the teeth is railed the adden-
dum circle, and its radius the real radius ; the dilTerenco between
these radii, being the projection, of the teeth beyond the pitch-surface,

is called the addendum.
Tho distance, mcasurea along the pitch-circle, from the face of

one tooth to the face of the next, is called the pitch. The pitch
and the number of teeth in wheels are regulated by the following
principles :

—

I. In wheels which rotato continuously for one revolution or
more, it is obviously necessary that the pitch should he aji aliquot
vart of the circumference.

In wlieels which reciprocate without performing a complete
revolution this condition is not necessary.. Such wheels are called
sectors.

II. In order that a pair of wheels, or a wheel and a rack, may
work correctly together, it is in all cases essential that the pitch
should be the same in each.

III. Hence, in any pair of circular wheels which work together,
the numbers of teeth in a complete circumference are directly as
tho radii and inversely as the angular velocities.

IV. Hence also, in any pair of circular wheels which rotate con-
tinuously for one revolution or more, the ratio of the numbers of
teeth and its reciprocal the angular velocity ratio must be ex-
pressible in whole numbers.
From this principle arise problems of a kind which will be

referred to in treating of Trains of Mechanism.
V. Let n, N be the respectivo numbers of teeth in a pair of

wheals, N being the greater. Let i, T be a pair of teeth in the
smaller and larger wheel respectively, which at a particular instant
work together. It is required to tind, first, how many pairs of
teeth must pass the line of contact of the pitch-surfaces before t and
T work together again {let this number be called a) ; and, secondlv,
with how many diflferent teeth of the larger wheel the tooth t wrll
work at different times (let this number be. called h)\ thirdly,
with how many different teeth of the smaller wheel the tooth T
will work at different times (let this be called c).

Case 1. If n is a divisor of JN,

-A ; 6 =
.^

(20).

Case 2. If tho greatest common divisor of N and n be rf, a
number less than n, so that n^^md, N-Mrf ; then

c= m'K = Mn = M»t('' ; fc = M; c^m . . . {-11).

Case 3 If N and n be prinio to each other,

a-nN; i-N; c-n (22).

It is considered desirable by millwrights, with a view to the pre-

servation of the uniformity bf shape of the teeth of a pair of whfcls,

that each given tooth in ouo wheel should work with as many
different teeth in the other wheel as possible. They therefore study

that the numbers of teeth in each pair of wheels which work
together shall either be prime to each other, or shall have their

greatest common divisor as small as is consistent with a velocity

ratio suited for the. purposes of the machine.

55. Sliding Contact—Forms of the Teeth of Spur-wheels and
Racks.—A line of connexion of two pieces iu sliding contact ia a
line perpendicular to their sur-

faces at a point where they

touch. Bearing this in mind,
the principle of the coni-

pai-ative motion of a pair of

teeth belonging to a pair of

spur-wheels, or to a spur-wheel

and a rack, is found by apply-

ing the principles stated gene-
]

rally in sects. 46 and 47 to the

case of parallel axes for a pair

of spur-wheels, and to the case

of an axis perpendicular to the

direction of -shifting for a

wheel and a rack.

In fig. 15, let C], C2 be the
centres of a pair of spur-

wheels; BjIB',, BjIR'oportions
of their pitch-circles, touch-

ing at I, the pitch-point. Let
the wheel 1 be the driver, and
the wheel 2 the follower. ^^'<^- ^^•

Let D,TB,A], DjTBoAj be the positions, at a given instant, of

the acting surfaces of a pair of teeth in the driver and follower

respectively, touching each other at T ; the line of connexion of

those teeth is Pjl'o, perpendicular to their surfaces at T. Let CiP^,
C3P2 be perpendiculars let fall from the centres of the wheels f-n

the line of contact. Then, by sect. 46, the angular veloci.y-

ratio ia

0.1 "<-\p;

The following principles regulate the forms of the teeth and their

relative motions :

—

I. The angular velocity ratio due to the sliding contact of the
teeth will be the same with that due to the rolling contact of tho

pitch-circles, if the line of connexion of the teeth cuts the line of

centres at the pitch-point.

Fo.'j let PiPg cut the line,of centres at I ; then, by similar
triangles,

a, :=, ::C-,P, :C,P, ::IC, ::IC, . . . (24);

which is also the angular velocity ratio due to tho rolling contact
of tho circles B,IB'i, B^\^\.

This principle dettrmines the/(3n)J5 of all teeth of spur-wheels.
It also determines the iorras of the teeth of straight racks, if one
of the centres be removed, ani a straight line EIL', parallel to the
direction of motion of the rack, and perpendicular to CjlC,, be
substituted for a pitch-circle.

II. The component of the velocity of tno point of contact of
the teeth T along the line of connexion is

«i- ^x^\ = H- C3P3 (25).

III. The relative velocity perpendicular to PjPj of the teeth at

their point of contact,—that is, their velocity of sliding on each
other,—is found by supposing one of tho wheels, such as 1, to be
fixed, the line of centres CjC^ to rotate backwards round Cj with
the angular velocity Oj, and the wheel 2 to rotate round C3 as before,

with the angular velocity a, relatively to the line of centres CjC,,
so as to have the same motion as if ita pitch-circle rolled on the
pitch-circle of the first wheel. Thus the relative motion of the
wheels is unchanged ; but 1 is considered as fixed, and 2 has the
total motion given by the principles of sects. 37 and 38,—that is,

a rotation about the instantaneous axis I, with iiie angular velocity

oi-f 03. Hence the velocity of sliding is that due to this rotation
about I. with the radius IT ; that is to say, its value is

(ai-fo.) . IT (26);

so that It is greater the farther the point of contact is from tho
line of centres ; and at the instant when that point passes the line

of centres, and coincides with the pitch-point, the velocity of eliding
is null, and the action of the teeth is, for the instant, that of rollintr

contact.

TV. 'VhQpath of contact is the line traversing the various positions

of the point T. If the line of connexion preserves always the same

^23).
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position, the path of contact coincides with it, and is straight ; in

othttr cases the path of contact is curved.

It is divided by the pitch-point I into two parts,—the arc or line

o/ajiproach described by T in approaching the line of centres, and

the arc or K/ic of recess described by T after having passed the

line of centres.

During the ajijiruach, \he flank D,B] of the driving tootn drives

the face D.jBj ot the following tootli, and the teeth are sliding

tmaards each otlier. Dui-ing the recess (in which the position ot

the teeth is exemplified in the figure by curves marked with

accented letters), the face B',A', of the driving tooth drives the

flank B'jA'j of the following tooth, and the teeth are sliding/rom

each' other.

The path of contact is bounded where the approach commences

by the addendum-circle of the follower, and where the recess ter-

minates- by the addendum-circle of the driver. The length of tho

path of contact Should be such that there shall always be at least

one pffirof teeth in contact ; and it is better still to make it so long

that there shall always be at least two pairs of teeth in contact.

V. The obliquity ol the action ot the teeth is the angle EIT-
IC,Pi=iC,Pj.

In practice it is found desirable that the mean value of the

obliquity of action during the contact of teeth should not -exceed

15^, nor the maximum valne 30".

It is unnecessary to give separate figures and demonstrations for

inside gearing. The only modification required in the formula is,

that in equation 26 the dijference of the angular velocities should

be substituted for their sum.
56. Involute Teeth.—The simplest form of tooth which fulfils the

conditions of sect. 55 is obtained in the following manner (see fig.

16). Let Ci, Cj be the centres of two wheels, B,IB'i, B.IB', their

pitch-circles, I the pitch-point ; let the obliquity of action of

the teeth be constant, so that the same straight line P1IP2 shall

represent at once the constant line of connexion of teeth and the

path of contact. Draw C^\, ^^a^s perpendicular to PiIP«, and
with those lines as radii describe about the centres of the wheels

the circles DjD'j, D^D'j, called base-circles. It is evident that the

radii of the base-circles bear to each other the same pro'portions as

the radii of the pitch-cifcles,, and also that

C|Pj-IC, . cos obliquity
|

CjPj — IC.. cos obliquity
i

' "
(27).

(Tlio obliquity which is found to answer best in practice is about
141" ; its cosine is about l^y and its sine about ^. Those values,

though not absolutely exact,

are near enough to the truth

for practical purposes.

)

Suppose the base-circles t

be a pair of circular pulleys

connected by means of a coitl

whose course from pulley to

pulley is PiIP.. As the line

of eonnexion of those pulleys

is the same with that of the

proposed teeth, they will rotate

with the required velocity ratio.

Now, suppose a tracing point

T to be fixed to the cord, so as

to be carried along the path of

contact PxIPat ^^^^ point will

trace on a plane rotating along

with the wheel 1 part of the in-

volute of the base-circle DjD'i,

Rud on a plane rotating along

with the wheel 2 part of the pj^ ^g
involute of the base-circle

"'

DgD'o ; and the two curves so traced will always touch each other

in the required point of contact T, and will therefore fulfil the con-

dition required by Principle I. of sect. 55.

Consequently, one of the forms suitable for the teeth of wheels is

the involute of a circle ; and the obliquity of the action of such

teeth is the angle whose cosine is the ratio of the radius of their

base-circle to that of the pitch-circle of the wheel.

All involute teeth of the same pitch work smoothly together.

To find the length of the path of contact on either side of the

pitch-point I, it is to be observed that the distance between tho

fronts of two successive teeth, as measured along PjIPs, is less than

the pitch in the ratio of cos obliquity : 1 ; and consequently that,

if distances equal to the pitch be marked off either way from I

towards Pi and !*"„ respectively, as the extremities of the path of

contact, and if, according to Principle IV. of sect. 55, the adden-
dum-circles be described through the points so found, there will

always be at least two pairs of teeth in action at once. In practice

it is usual to make the path of contact somewhat longer, viz. , about

2-^th times the pitch ; and "with this length of path, and the

obliquity already mentioned of 14^°, the addendum is about -^ths

of the pitch.

Tl\e teeth of a rack, to work correctly with wneels haviug Lnvoluto

teeth, should have plane surfaces perpendicular to the line of con-

nexion, and consequently making with the direction of motion of

the rack angles equal to the complement of tho obliquity of

action.

57. Teeth for a given Path of Contact—J/r Sa7ig^s Method.—In
the preceding section the form of the teeth is found by assuming a

figure for the path of contact, viz., the straight lino. Any other

convenient figure may be assumed for the patn of contact, and tho

corresponding forms of the teeth found by determining what curves

a point T, mo%dng along the assumed path of contact, will trace on
two disks rotating round the centres of the wheels with angular

velocities bearing that relation to the component velocity of T along

TI, which is given by Principle II. of sect. 55, and by equation 25.

This method of finding the forms of the teeth of wheels forms the

subject of an elaborate and most interesting treatise by Mr Edward
Sang.

All wheels having teeth of the same pitch, traced frotii the same
path of contact, work correctly together, and arc said to belong to

the same set.

58. Teeth traced by Boiling Curves.—If any curve R (fig. 17) be

rolled on the inside of the pitch-cu'cle BB of a wheel, it appears,

from sect. 37, that the instantaneous axis of the rolling curve at any
instant will be at the

point I, where it touches

the pitch-circle for the 3
moment, and that con-

sequently the line AT,
traced by a tracing-

point T, fixed to tho

rolling curve upon the

plane of the wheel, will

1)0 everywhere perpen-

dicular to the straight

line TI ; so that the

traced curve AT will bo F»S- !/•

suitable for the flank of a tooth, in which T is the point of contact

corresponding to tho position I of tho pitch-point. If the same
rolling cui-ve R, with the same tracing-point T, be rolled on the

outside of any other pitch -circle, it will have tho /ace of a tooth

suitable to work with X\\fi flank AT.
In like manner, if either tho same or any other rolinig curve R'

be rolled the opposite wny, on the outside of tho pitch-circle BR, so

that the tracing point T' shall start from A, it will trace the/ace

AT of a tooth suitable to work with a. flank traced by rolling the

same curve R' with the same tracing-point T' inside any other pitch-

circle.

The figure of the p<^th of contact is that trncea on a fixea plane by
the tracing-point, when the rolling' curve is rotated in such a manner
as always to touch a fixed straight line EIE (or E'l'E', as the caso

may b?) at a fixed point I {or I'),

If the same rolling curve and tracing point be used to trace both

the faces and the flanks of the teeth of a number of wheels of

different sizes but of the same pitch, all those wheels will work
correctly together, and will form a set. The teeth of a rack, of tlie

same set, are traced by rolling tho rolling curve on both sides of a

straight line.

The teeth of wheels of any figure, as wen as of circular wheels,

maybe traced by rolling curves on their pitch-surfaces; and all

teeth of the same pitch, traced by the same rolling curve with tho

sime tracing-point, will work together correctly if their pitch-sur-

faces are in rolling contact.

59. Epicycloidal Teeth.—The most convenient rolling curve is

the circle. The path of contact which it traces is identical with

itself ; and the flanks of the teeth are internal and theii- faces ex-

ternal epicycloids for wheels,

and both flanks and faces are

cycloids for a rack.

For a pitch-circle of twice

the radius of the rolling or

describing circle (as it is called)

the internal epicycloid is a

straight line, being, in fact, a

diameter of the pilch circle, so £_
that the flanks of the teeth for

such a pitch-circle are planes

radiating from the axis. For

a smaller pitch-circle the flanks

would be convex and incurved

or under-cut, which would bo

inconvenient ; therefore tho

smallest wheel of a set should

have its pitch-oircle of twice

the radius of the describing

circle, so that the flanks may be either straight or concave.

In 6g. 18, let BB' be pa

cycloidal teeth ; CIC tho
In 6g. 18, let BB' be part of the pitch-circle of a wheel with epi-
" "

' '
' ho line of centres ; I the pitch-point ; EIE'
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a straight tangent to the pitch-circle at that point; Rtho internal

and R' tho equal oxternal descrihing circles, so placed as to touch

the pitch-circle and each other at I. Let DID' be tho path of con-

tact, consisting of the arc of approach Dl and the arc of recess ID'.

In order that there may always bo at least two pairs of teeth ia

action, each of those arcs should bo equal to the pilch.

The obliquity of the action in passing the line of centres is no-

thing; the maximum obliquity is the angle EID = E'ID; and tho

mean obliquity is one-half of that angle.

It appears from experience that the mean obliquity should not

exceed 15°
; therefore tho maximum obliquity should be about 30°;

therefore tho equal arcs DI and ID' should each be one-sixth of a

circumference ; therefore the circuml'erenco of the describing circle

should be six times the pitch.

It followa that the smallest pinion of a set in which pinion the

flanks are straight should have twelve teeth.

CO. Nearly Epicycloidal Teeth— Willis's Method,—To facili-

tate the drawiu!^ of epicycloidal teeth in practice, Willis hag
shown how to approximate to their figure by means of two circular

arcs,^one concave, for the iiank, and the other convex, for tho

face,—and each having forjts radius the incan radius of curvature

of the epicycloidal arc. Willis's formula ar-e founded on the fol-

lowing properties of epicycloids :

—

Let R be the radius of the pitch-circle ; r that of the describing

circle ; 6 the angle made by the normal TI to the epicycloid at a
given point T, with a tangent to the circle at I ; tnat is, the

obliquity of tlie action at T.

Then the radius of curvature of the epicycloid at T is—

R — r \
For an internal epicycloid, p=4rsine ^

—

—
j

l--f\. . . . (28).

For an external epicycloid, p'=4rsin9=—^\
Also, to find the position of the centres of curvature relatively to the
pitch-circle, we have, denoting the chord of the describing circle

TI by c, c=2rsin9 ; and therefore

For the flank, p-c= '2rsme^——
R- 2r

R
"H + 2r

For the proportions approved of by Willis, sin9= } nearly;
r=p (the pitch) nearly ; c-i]' nearly ; and, if N be the number of

teeth in the wheel, i,
=

-pj nearly ; therefore, approximately,

P N 1

For the face. = 2»'sineT

(29).

_?>

N - 12
(

N I
(30).

^
2 N-H2;

Hence the following construction (fig. 1 D). Let BB he part of the
pitch-circle, and a the point where a tooth is to cross it. Set off

ab ^nc^hp. Draw radii bd,

ce; draw/i>, eg, malting angles

of 75^° with those radii.

Make b/=p'-c, cg= p-c.
From /, witii tlie radius fa,
draw the circular arc ah

;

from ff, with the radius ga,

draw the circular arc ak.

Then ah is the face and ak the

flank of the tooth required.

To facilitate the application

of this rule, Willis published Fig. 19.

tables of p-c and p'-c, and invented an instrument called the
"odontograph."

61. Trundles and Pin- Wheels.—If a wheel or trundle have cylin-
drical pins or staves for teeth, the faces of the teeth of a wheel
suitable for driving it are described by first tracing external epi-
cycloids, by rolling the pitch-circle of the pin-wheel or trundle on
the pitch-circle of the driving-wheel, with the centre of a stave for

a tracing-point, and then drawing curves parallel to, and within
the epicycloids, at a distance from them equal to the radius of a
stave. Trundles having only six staves wiU work with large
wheels.

62. Baeis of Teeth and Spaas.—Toothed wheels being in general
intended to rotate either way, the lacks of the teeth are made
similar to the fronts. Tho space between two teeth, measured on
the pitch-circle, is made .about -Jth part wider than the thickness of
the tooth on the pitch-civcle ; that is to say,

Tliickness of tooth —-,\ pitch ;

Width of space — /^ pitch.

Tho difference of iV of the pitch is called the haclc-lask. Tlie
clearance allowed between the points of teeth .and tho bottoms of
the spaces between the teeth of tho other wheel is about ^th of the
pitch.

C3. Slci>2>cd and Helical Teeth.—Ilooke invented the making
of the fronts of teeth in n seties of steps with a view to increase t';:o

smoothness of action. A wheel thus fornied resembles in shape a
Benios of equal and similar toothed disks placed aide by side, v/ith

the teeth of each a little behind those of the preceding disk. He
also invented, with the same object, teeth whose fronts, instead of
heing parallel to the line of contact of the pitch-circles, cro.ss it

obliquely, so as to be of a screw-like or helical form. In wheel-
work of this kind the contact of each pair of t"eth commences at the
foremost end of the helical front, and terminates at the aftermost
end ; and the helix is of such a pitch that the contact of one pair

of teeth shall not terminate until that of the next pair has com-
menced.

Stepped and helical teeth have the desired effect of increasing
the smoothness of motion, but they require more difficult and e':-

pensive workmanship than common teeth ; and helical teeth. av%
besides,^ open to the objection that they exert a laterally obliqU'i

pressure, which tends to increase resistance, and unduly strain

the machinery.
64. Teeth of rievel H'Aeeis.-The acting surfaces of tho teeth of

bevel-wheels are of the conical kind, generated by tiie motion of a
line passing through tho common apex of the pitch-cones, while its

extremity is cairied round the outlines of the cross section of the
teeth made by a sphere described about that apex.
The operations of describing the exact figures of the teeth of

hevel-wlieels, whether by involutes or by rolling curves, are in

every respect analogous to those for describing the figures of the

teeth of spur-wheels, except that in the case of btvel-wheels all those
operations are to be performed on the surface of a sphere described

about the apex instead of on a plane, substituting j3o/cs for centres,

and great eireles for straight lines.

In consideration of the practical difficulty, especially in the case

of large wheels, of obtaining an accurate spherical surface, and of

drawing upon it when obtained, the following approximate method,
proposed originally by Tredgold, is generally used :—

•

Let O (fig. 20) be the common apex of a pair of bevel-wheels

;

OB,I, OB^I their pitch cones ; OCj, OC, their axes ; 01 their line

of contact. Perpemiicular to 01 draw A^IA^, cutting the axes in

Ai, Ag ; make the outer

rims of the patterns and
of the wheels portions of

the cones AiB,l, AjBJ, of

which the narrow zones

occupied by the teeth will

be sufficiently near to a
spherical surface described b
about for practical pur-

poses. To find the figures

of the teeth, draw on a flat

surface circular arcs ID],

IDj, with the radii Ajl,

Aol ; those arcs will bo the'

devclo2)mcnts of arcs of the *^'S- 20.
_^

pitch-circles Bjl, Bjl, when the conical surfaces AjEjI, A^BjI art

spread out flat. Describe the figures of teeth for the developeu

arcs as for a pair of spur-wheels ; then ^vrap the developed arcs on
the cones, so as to make them coincide with the pitch-circles, and
trace the teeth on the conical surfaces.

65. Teeth of Skew-Hevel Wheels.—The cres.ts of the teeth of a
skew-hevel wheel are parallel to the generating straight line of the

hyperboloidal pitch-surface ; and the transverse sections of the

teeth at a given pitch-circle are similar to those of the teeth of a

bevel-wheel whose pitch-surface is a cone touching the hyperboloidal

surface at the given circle.

66. Cains.—&. cam is a single tooth, either rotating continuously

or oscillating, and driving a sliding or turning piece either con-

stantly or at intervals. All the principles which have been stated

in sect 55 as heing applicable to teetii are applicable to cams; but

in designing cams it is not usu.al to determine or take into considera-

tion the form of the ideal pitch-surface, which would give the same

comparative motion by rolling contact that the cam gives by sliding

contact.

67. Screws.—The figure of a screw is that of a convex or concave

cylinder, with one or more helical projections, called^ threads,

winding round it. Convex and concave screws are distinguished

technically by the respective names of male and / male
;
a short:

concave screw is called a nut ; and when a screw is spoken of vdih-

out qualification a convex screw is usually understood.

The relation between the advance and the rotation, which compose

the motion of a screw working in contact with a fixed screw or

helical guide, has already been demonstrated in sect. 41 ;
and the

same relation exists het'.vecn the magnitudes of the rotation of a

screw about a fixed axis and the advance of a shifting rut in which

it rotates. TTie advance of the nut takes place in the opposite

direction to that of the advance of the screw in the case in which

the nut is fixed. Thepitch or axial pitch of a serew has i^i mean-

ing assigned to it in that section, viz.. the distance, rncjcarcd.
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parallel to tho axis, between the corresponding points in two suc-

cessive turns of the saTnc thread. If, theretore, tho screw has

several equidistant threads, the true pitch is equal to the divided

nxial pitch, as measured between tw6 adjacent threads, multiplied

by the number of threads.

If a helix be described round the screw, crossing each turn of the

thread at right angles, the distance between two corresponding

points on two successive turns of the same thread, measurda, along

this normal helix, may be called the noT^nuU pitch ; and when tho

screw has more than one thread the normal pitch from thread to

thread may be called the normal divided pitch.

The distance from thread to thready measured on a circle described

about the axis of the screw, called the pitch-circle, may be called

the circumferential pitch ; for a screw of one thread it is oue circum-
- , e. ,, , one circumference
lerence ; for a screw of n threads,

Let r denote the radius of the pitch circle
;

11 the number of threads
;

the obliquity of the threads to the pitch circle, and of the

normal helix to the axis :

Vn

the axial

the normal

\

pitch,

j
divided pitch

;

,
pitch,

divided pitch

;

P, the circumferential pitch ;

Pr—Pa COt6=p„C03?—

2rr tone
Pa=Pn secS=p, tan8-

Pn—Pt sine=j)a cos 9 =

(31).

2Tr elnd

If a screw rotates, the number of threads which pass a fixed point
in one revolution is tlie number of threads in the screw.

A pair of convex screws, each rotating about its axis, are nsed as

an elementary combination to transmit motion by the sliding con-

tact of their threads. Such screws are commonly called endless

screws. At tac point of contact of the screws their threads must
be parallel ; and their line of connexion is the common perpendi-

cular to the acting surfaces of the threads at their point of contact.

Hence the following principles:

—

I. If the screws are botn right-handed or both left-handed, the

angle between the directions of their axes is the sum of their obli-

quities ; if one is right-handed and the other left-handed, that angle
is the difference of their obliquities,

II. The normal pitch for a screw of one thread, and the normal
divided pitch for a screw of more than one thread, must be the
same in each screw.

III. The angular velocities of tho screws are inversely as their

numbers of threads.

Hooke's wheels with oblique or helical teeth are in fact screws

of many threads, and of large diameters as comnare'^ with their

lengths.

The ordinary position of a pair of endless screws is with their axes
at right angles to each other. WTien one is of considerably greater

diameter thau the other, the larger is commonly called in practice

a wheel, the name screio being applied to the smaller only ; but
they are nevertheless both screws in fact.

To make the teeth of a pair of endless screws fit correctly and
work smoothly, a hardened steel screw is made of the figure of the

smaller screw, with its thread or threads notched so as to form a

cutting tool ; the larger screw, or "wheel," is cast approximately
of the required figure ; the larger screw and the steel screw are fitted

up in their proper relative position, and made to rotate in contact

with each other by turning the steel screw, which cuta the threads

of the larger screw to their true figure.

68. Cmipling of Parallel Axes— Oli^ham'a CoMpling.—A coupling

18 a mode of connecting a pair of ^_
shafts 80 that they shall rotate in

the same direction with the same
mean angular velocity. If the axes

of the shafts are in the same straight

line, the coupling consists in so con-

necting their contiguous ends that

they shall rotate as one piece ; but

if the aSes are not in the same
straight line combinations of me-
chanism are required. A coupling

for parallel shafts which acts by
sliding contact was inven ted by
Oldham, and is represented in fig.

21. C., 0* are the axes of the two Fig. 21.
zi. \jy, V/g are tne axes oi i-iie i.wu - °-

parallel shoits ; D„ D, two disks facing each other, fixed on tho
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ends of tho two shafts respectively ; EtEj a bar sliding in a
diametral groove in the face of Dj; E^Ej a bar slidingin a diametral
groove in the face of Dj : those bars are fixed together at A, so as

to form a rigid cross. The angular velocities of the two disks and
of the cross are all equal at every instant ; the middle point of the

cross, at A, revolves in the dotted circle described upon the line

of centres CiC„ as a diameter twice for each turn of the disks and
cross ; the instantaneous axis of rotation of the cross at any instant

is at 1, the point in the circle CiCj diametrically opposite to A
Oldham's coupling may be nsed with advantage where the axes

of the shafts are intended to be as nearly in the same straight Hue
as is possible, but where there is some doubt as to the practicability

or permanency of their exact continuity.

69. JVrapping Connectors—Belts, Cords, and Chains.—Flat belt'

of leather or of gutta percha, round cords of catgut, hemp, or other

material, and metal chains are nsed as wrapping connectors to

transmit rotatory motion between pairs of pulleys and drums.
Belts {the most frequently nsed of all wrapping connectors) require

nearly cylindrical pulleys. A belt tends to move towards that part

of a pulley whose radius is greatest
; pulleys for belts, therefore,

are slightly swelled in the middle, in order that the belt may
remain on a pulley, unless forcibly shifted. A belt when in motion
is shifted oil a pulley, or from one pulley on to another of equal

size alongside of it, by pressing against that part of the belt whicli

is moving towards the pulley.

Cords require either cylindrical drams with ledges or grooved
pulleys.

Chains require pulleys of drums, grooved, notched, and toothed
so as to fit the lints of the chain.

Wrapping connectors for communicating continuous motion are

endless.

Wrapping connectors for communicating reciprocating motion
have usually their ends made fast to the pulleys or drums which
they connect, and which in this case may be sectors.

The Hue of connexion of two pieces connected by a wrapping
connector is the centre Hue of the belt, 'cord, or chain ; and tho

comparative motions of the pieces are determined by the principles

of sect. 46 if both pieces turn, and of sect. 47 if one turns and
the other shifts, in which latter case the motion must be recipro-

cating.

The pitch-line of a pulley or drum is a curve to which the line of

connexion is always a tangent ; that is to say, it is a curve parallel

to the acting surface of the pulley or drum, and distant from it by
half the thickness of the wrapping connector.

Pulleys and drums for communicating a constant velocity ratio

are circular. The effective radius^ ' ~ "adius of the pitch-circle of a

circular pulley or drum, is equal

to the real radius added to half

the thickness of tho connector.

The angular velocities of a pair

of connected circular pulleys or

drums are inversely as the effec-

tive radii.

A crossed belt, as in fig. 22, A,

reverses the direction of the rota-

tion communicated ; an uncrossed

belt, as in fig. 22, B. preserves

that direction.

The length L of an endless beit

connecting a pair of puUeys wliose

effective radii are r,, r^, with

parallel axes whose distance apart

is C, is given by the following '^"

formula:, in each of which tho first term, containing the radical,

expresses the length of the straight parts of the belt, and the

remainder of the formula the length of the curved part"

For a crossed belt,

—

L=2VcM^V^ + (''i
+ ''2)('^-2 8in-^^^^0 f32,A);

and for an uncrossed belt,

—

L=.2Vfc=-(ri-ra)^] +Mr^-\-r^y+2{r^-T^) sin-^^i-^' (32,B);

in which rj is the greater radius, and r^ the less.

When the axes of a pair of pulleys are not parallel, the pulleys

should be so placed that the part of the belt which is approaching

each pulley shall be in the plane of the pulley.

70. Spccd-Cones (see fig. 23).—A pair of speed-cones is a con-

trivance for varying and adjusting the velocity ratio communicated

between a pair of parallel shafts by means cf a belt. Tho speed-

cones are either continuous cones or conoids, as A, B, whose velocity

ratio can be varied gradually while the^y are in motion by shifting

the belt, or sets of pulleys whose radii vary by steps, as C, D, in

which case the velocity ratio can be changea by shifting the belt

from one pair of pulleys to another.
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(34).

Ill orJor that the belt may fit accurately In every possible position

on a pair of . speed-cones, the quantity L must bo constaot, in

equations 32, A, or 32, IJ,

nocorJin^ as tlia belt ia

crossed or uncrossed.

I

For a crossed belt, oS in

A and C, tig. 23, L depends
solely on c and on r^ + r^.

Now c is constant becausu

the axes are parallel ; there-

fore tlio sum, of the radii of

the pitch'Circles connected
in every position of the belt

is to be constant. Thut
condition is fulfilled by a

pair of continuous cones
generated by tlio revolu-

tion of two straight lines

inclined opposite ways to
their respectiveaxesatequal
an-les. Fig. 23.

For an uncrossed belt, the quantity L in equation 32, H is to be
made constant. The exact fulfilment of this condition requires tlio

solution of a transcendental equation ; but it may be fulfilled with
accuracy sufficient for practical purposes by using, instead of 32, B,
^the following approximate equation :

—

L nearly = 2c+T(ri + r^)+ >''- ''-^^
. . . (33).

The following is the most convenient practical rule for the appli-

cation of this equation :—
Let the speed-cones be equal and similar conoids, as in B, fij;.

23, but with their large and small ends turned opposite ways. Let
T; bo the radius of the large end of each, r^ that of the small end,
Vq that of the middle ; and let v bo tlie saqitta, measured perpendi-
cular to the axes, of the arc by whose revolution each of the conoids
is generated, or, in other words, the bulging of the conoids in the
middlo of their length. Then

= - _!i±!J (ri - T,

" '" 2 " 2TrC

2ir = 6"2S32 ; but 6 may bo used in most practical cases without
sensible error.

The radii at the middle and end being thus determined, make
the generating curve an arc either of a circle or of a parabola.

71. Linkimrk in General.—The pieces which are connected by
linkvvork, if they rotate or oscillate, are usually called cranks^ beams,
and levers. The link by which they are connected is a rigid rod or

bar, which may be straight or of any other figure ; the straight

figure, being the most favourable to strength, is always used when
there is no special reason to the coutrai'y. The link is known by
various namea under various circumstances, such as coupling-rod,

connecting-rod, crank-rod, eccentric-rod, kc. It is attached to the
piefces which it connects by two pins, about which it is free to turn.
Tho effect of the link is to maintain the distance between the axes
of those pins invariable ; hence the common perpendicular of tho

axes of the pins Is the line of connexion, and its extremities may bo
called the connected points. In a turning piece, the perpendicular

let fall from its connected point upon its axis of rotation is the arm
or crank-arm.

The axes of rotation of a pair of turning pieces connected by a

link are almost always parallel, and perpendicxUar to tho line of
connexion ; in which case the angular velocity ratio at any instant
is the reciprocal of the ratio of the common perpendiculars let fall

irom the line of connexion upon the respective axes of rotation.

If at any instant the direction of one of the crank-arms coincides
with the line of connexion, the common perpendicular of the line

of connexion and the axis of that crank-arm vanishes, and tho
directional relation of the motions becomes indeterminate. The
position of the connected point of the crank-arm in question at

such an iustant is called a dead-point. The velocity of the other
connected point at such an instant is null, unless it also reaches a
dead-point at the same instant, so that the line of connexion is in

the plane of the two axes of rotation, in which case the velocity

ratio is indeterminate. Examples of dead-points, and of the means
of preventing tho inconvenience which thev tend to occasion, will

appear in the sequel.

72. Coupling of Parallel Axes.—Two or more parallel shafts

(such as those of a locomotive engine, with two or more pairs of

driving wheels) are made to rotate with constantly equal angular
velocities by having equal cranks, which are maintained parallel by
a.conpiingj-od of such a length that the line of connexion is equal
to tho distance between the axes. Tlie cranks pass their dead-points
simultineously. To obviate the unsteadiness of motion which this

tends to cause, the shafts are proviiled with a second set of cranks
at right angles to the first, connected by mcansAf a similar conpling-
rod, so that one set of cranks pass tiieir dead jwiuts at tbu i^:;taiIt

»heff the other set arc farthest from iheiia.

73. Comparalice ^fotion of Connected Points. —As the link 13 a
rigid body, .it is obvious thut its action in communicating motjuu
may be determined by findin^j the comparative motion of tho con-

nected points, according to the principles laid down in g§ 71, 78,

pp. 690, 692, and this is often the most convenient method of pro-

ceeding.

If a connected point belongs to a turning piece, the direction of

its motion at a given instant is perpendicular to the plane contain-

ing the axis and crank-arm of the piece. If a connected point
belongs to a shifting piece, the direction of its motion at any instant

is given, and a plane can be drawn perpendicular to that direction,

'the line of intersection of the planes perpendicular to the paths,

of the two connected points at a given instant is the mstantancous
axic of tJic link at that instant ; and the velocities of the connected

points arc directly as their distmiccs from that axis.

In drawing on a plane surface, the two planes perpendicular tc>

the paths of the connected points are represented by two lines (bein^

their sections by a plane normal to them), and the instantaneouH
axis by a point (fig. 24) ; and, should the length uf the two lines

render it impracticable to pro- ,-

duce them until they actually

intersect, the velocity ratio of

the connected points may be

found by the principle that it

is equal to the ratio of the

segments which a line parallel

to the line of connexiun cuts

off from any two lines drawu
from a given point, perpen-

dicular respectively to the
paths of the connected points.

To illustrate this by one ex-

amjtle. Let L\ be the axis, and '^s^ ^y
Tj the connected point of the

''

beam of a steam-engino ; T^Tj ^^S- 24.

the connecting or crank-rod ; T.j the other connected point, and'

the centre of the crank-pin ; Co the axis of the crank and its shaft

Let r, denote the velocity of T^ at any given instant ; I'o that of

Tg. To find the ratio of these velocities, produce CiTi, C'aTj, till

they intersect in K ; K is the instantaneous axis of the connecting

rod, and the velocity ratio ia

Vi : Va :: KT] :KT2 (35).

Should K be inconveniently far off, draw any triangle frith its sides

respectively parallel to CiTj, CjT,, and T/r^ ; the ratio of the two
sides first mentioned will be the velocity ratio required. For
example, draw CgA parallel to CjTi, cutting TjT._( in A ; then

1-1 iv^iiCJi: CoTa (36).

74. Eccentric.—An eccentric circular disk fixed on a shaft, and
used to give a reciprocating motion to a rod, is in efiect a crank-pin

of sufiicicntly large diameter to surround the shaft, and so to avoid

the weakening of the shaft which would arise from bending it so as

to form an ordinary crank. The centre of the eccentric is its con-

nected point ; and its eccentricity, or the distance from that centro
* the axis of the shaft, is its crank-arm.

An eccentric may be made capable of having its eccentricity-

altered by means of an adjusting screw, so as to vary the extent of

the reciprocating motion which it communicates.

75. Reciprocating Pieces— Stroke— Dead-Points.—The distance

between the extremities of the path of the connected point in a

reciprocating piece (such as the piston of a rteam-engine) is called

the stroke or length of stroke of that piece. "When it-is connected

with a continuously turning piece (such as the crank of a steam-

engine) the ends of the stroke of the reciprocating piece correspond

to the dead-points of the path of the connected point of the tuming
piece, where the line of connexion is continuous with or coincides

with the -crank-arm.

Let S be the length of stroke of the reciprocating piece, L the

It^ngth of the line of connexion, and R the crank-atni of the con-

tinuously turning piece. Then, if tho two ends of tlie stroke be ia.

one straight line with the axis of the crank,

S = 2R.- (37);

and if these ends be not in ono straight line with that axis, then

S, L-E, and L-t-K, are the three sides of a triangle, having the-

angle opposite S at that axis ; so that, if B bo the supplement of the

arc between the dead-points,

S= = 2r L= + R2) - 2(L2 - E=) cos e
)

76. Coupling (flnUrxdhigAxcs—IImikc's Unircmnl Jiml. —Inter-

secting axes ai'e coujiluJ by a coutrivauce of Hooko's, known us tlie

"uuivirsal Joiut," wliicli belongs to the cLiss of linkwork {see iig.

20). Let bo the iraint of intersection of the axes OC,, OC,, an<l

their an-lc of inclination to each other. The pair of bhafti«^

(',,0, teniiinutcin a nair of folks F„ K,.iu bi-.iiings at the cxtrtiui-l

XV. — 96
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tifi3 of wliich turn the gudgeons at the ends of the arms of a rec-

tangular cross, having its centre at 0. This cross Is the. link ; the
connected points are the centres of the bearings Fj, Fj. At each
instant each of those points

moves at right angles to the

central plane of its shaft and
fork ; therefore the line of cl
intersection of the central

I'lanes of the tiyo forks at

any instant is the instan-

taneous axis of the cross,

and the velocity ratio of the

points Fi, Fn {which, as

the forks are equal, is also

the angidar velocity ratio of

tlie shafts) is equal to th?

ratio of the distances of those

points from' chat instantaneous

velocity ratio is that of equality, for each exiccQ&biYQ quarter'turn
19 made by both shafts in the same^time ; but its actual value
fluotuates between the limits-

Fig. 25.

The mean value of Iha*

— = -when F, is the plane OCiC„
ttj cosfl * ^ * 2

and — — cos when Fg is in that plane

(39).

Its value at intermediate instants ia fjiven by the following equa-
tions :— let <j)], (p^ be tlie angles resjiectively made by the centml
j-lanes of the forks and shafts with the plane OCjCj at a given
anstant; then

cos = tan 0j tan 02 \

02 rfi^2_ tan 0] +cot0 J , , , , (40).

Oi dip-^ tan 02 + cot 02)
77. Intermittent Lmktixrk—Click and Eatclid.—A dick acting

«IJon a ratcheVwheel or rack, which it pushes or pulls through a
ciirtain arc at each forward stroke and leaves at rest at each back-
ward stroke, is an example of intermittent Unkwork. During the
forward stroke the action of the click is governed by the principles
of linkwork ; during the backward stroke that action ceases. A
catch or pall, turning on a fixed axis, prevents the ratchet-wheel or
s'ack from reversing its motion.

Division 5. Trains of Jfechanism.

78. General Principles.—A train of mechanism consistji nf a series
of pieces each of which is follower to that which drives it and
driver to that which follows it.

The comparative motion of the first di'iver and last follower is

obtained by combining the proportions expressing by their terms
the velocity ratios and by their signs the directional relations of
the several elementary combinations of which the train consists.

79. Trains of IVhcelwork—Let A„ A,, A3, &c., A,^.i, A„,
dvnote a series of axes, and o„ oj, aj, &c,'o,„.i, am their angular
velocities. Let the axis A, carry a wheel of N, teeth, driving a
wheel of n^ teeth on the axis A^, which carries also a wheel of Nj
teeth, driving a wheel of n^ teeth on the axis Aj, and so on ; the
numbei-s of teeth in drivers being denoted by N's, and in followers
by n's, and the axes to which the wheels are fixed being denoted by
pumbers. Then the resulting velocity ratio is denoted by

^^^ . "J. ^,..,^^_N,^.^.&e. ...N^.
Oj ai oa a„i_i n^ . n^ . . &C. . . . 7t^ ^ ^'

that is t'j say, the velocity ratio of the last and first axes is the ratio

of the product of the numbers of tetrth in the drivers to the product
of the numbers of teeth in the followers.

Supposing all the wheels to be in outside gearing, then, as each
•elementary combination reverses the direction of rotation, and as

the number of elementary combinations m - 1 is one less than the
number of axes m, it is evident that if m ia odd the direction of
rotation is preserved, and if even reversed.

It is often a question of importance to determine the number of
teoth in a train of wheels best suited for giving a determinate
-velocity Tatio to two axes. It was shown by Young that, to do this
with the least total number of teeth, the velocity ratio of each ele-

mentary combination should approximate as nearly as possible to
3 '59. This would in many cases give too many axes ; and, as a
useful practical rule, ifc may be laid down that from 3 to 6 ought to
he the limit of the velocity ratio of an elementary combination in
%vheelwork. The smallest number of teeth in a pinion for epicy-
-cloidal teeth ought to bo twelve (see sect. 69).—but it is better, for
smoothness of motion, not to go. below jiflccn\ and for involute
teeth the smallest inimbcr Is about txccnty-four.

Lot ^ be tho velocity ratio required, reduced to its least terms,

and let B be greater than C. If ? is not greater tlian 6, and C lioa

Ijetwocn the prescribed minimum number of teeth (which may bo

called t) and its double 2(, then one pair of wheels will answer th**

purpose, and B and C will themselves be the numbers required

Should B and C be'inconveniently large, they are, if possible, to bb
resolved into factors, and those factors (or if they are too small,

multiples of them) used for the number of teeth. Should B or 0,
or both, be at once inconveniently large and prime, then, instead

of the exact ratio -- , some ratio approximating to that ratio, and

capable nf resolution into convenient factors, is to be found by tho

method of continued fractions.

Should g be greater than 6, the best number of elementary com-

binations ?ft - 1 will lie between

-logC

lug 6
and

logB-logC
logs

joint fluctuates between the limits cos^and-

Then, if-possible, B and C themselves are to be resolved each into
'in-\ factors (counting 1 as a factor), wliich factors, or multiples

of them, shall be not less than t nor greater than 6^ ; or if B and C
contain inconveniently-large prime factors, an approximate velocity

ratio, found by the method of continued fractions, is to be substi-

tuted for ^ as before.

So far as the r-esultant velocity ratio is concerned, the order ol

the drivers N and of the followers n is immaterial ; but to secure

equable wear of the teeth, as explained insect. 54, the wheels ought
to be so arranged that, for each elementary combination, the greatest

common divisor of N and n shall be either 1, or as small as possible.

80. Double Hooke's Coupling.—It has been shown in section 76
that the velocity ratio of a pair of shafts coupled by a universal

^. Hence one orboth
cosfl

of the shafts must have a vibratory and unsteady motion, injurious

to the mechanism and framework. To obviate this evil a sliort in-

termediate shaft is introduced, making equal angles with the lirst

and last shaft, coupled with each of them l)y a Hooke's joint, and
having its own two forks in the same plane. Let oj, a-,, 03 be tlie

angular velocities of the first, intermediate, and last shaft in this

train of two Hooke's couplings. Tlien, from the principles of sect.

76 it is evident that at each instant ^ = ^, and consequently that

c^^ttj ; so that the fluctuations of angular velocity ratio caused by
the first coupling are exactly neutralized 'by the second, and the

first and last shafts have equal angular velocities at each instant.

81. Convcrg big and diverging Traivjt 0/ Mechanism.—Two or

more traius of mechanism may converge into one,—as when the two
pistons of a pair of steam-engines, each through its own connecting-

rod, act upon one crank-shaft. One train of mechanism may diverge

into two or more,—as when a single shaft, driven by a pnme mover,
cairies several pulleys, each of which drives a different machine.
The jirinciples of comparative Inotion in such converging and
diverging trains are the same as iu simple trains.

Division 6. Aggregate Combinations.

82. General Principles.—Willis has designated as "aggregate
combinations" those assemblages of pieces of mechanism in whicli

the motion of one follower is the resultant of component motions
impressed on it by more than cuie driver. Two classes of aggregate
combinations may be distinguished which, though not dill'erent in

their actual nature, differ in the data which they present to tho
designer, and in the method of solution to be followed in questions
respecting them.

Class I. comprises those cases in which a piece A is not carried

directly by the frame C, but by another piece B, relatively to which
the motion of A is given,—the motion of tho piece B relatively to

the frame C being also given. Then the motion of A relatively* to

the frame C is the resultant of the motion of A relatively to B and
of B relatively to C ; and that resultant is to be found by the prin-

ciples already explained in division 3 of this chapter, sects.

34 to 41.

Class II. comprises those cases in which the motions of three
points in one follower are determined by their connexions with
two or with three different drivers, so that the motion of the

follower, as a whole, is to be determined by the principles of §§ 71,

78, pp. 690, 692.

This classification is founded on the kinds of problems arising

from the combinations. "Willis adopts another classification,

founded on the objects ot the combinations, which objects he divides

into two classes, viz. , ( 1 ) to produce aggregate velocity ^ or a

velocity which is the resultant of two or more components in tho

same path, and (2) to produce an aggregate path, that is, to

make a given point in a rigid body move iw an assigned path by
communicating certain motions to other points in that body.

It is seldom that one of these effects is produced without at tho

samo time producing tho other ; but the classifi'^atiou of Wihi.-*
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ilopc-niis upon which of thoso two eflecta, cvrii RUpiiosing them to

occur together, is the practical object of the mechanism.

83. Reduplication of Cords—Differential Windlass —Blocks,

Sheaves, and Tackle.—The axis C (fig. 26) carriea a larger barrel

AE and a smaller barrel DB, rotating as one piece _
with the angular velocity a^ in tlie tUrection AE.
The pulley or sheave FG has a weight W hung to

its centre. A cord has one end nuide fast to and
wrapped round the barrel AE ; it passes from A
under the sheave FG, and has the other end
wrapped round and made fast to the barrel BD.
Required the relation between the velocity ot trans-

lation Vg of W and the angular velocity aj of the

differential barrel.

In this case v^ is an aggregate •velocity, pro-

duced by the -joint action of the two drivers AE
and BD, transmitted by wrapping connectors to

FG, and combined by that sheave so as to acton
the follower W, whose motion is the same with
that of the ceutreof FG.
The VL-locity of the point F is aj.AC, u^oard ^'S- ^^

motion being considered positive. The velocity of the jjoint G is

-oi-CB, rfo?ivi«?ar(; motion being negative. Hence (p. 690, §§ 71,

72) the instantaneous axis of the sheave FG ia in the diameter
FG, at the distance

FG AC-BC
2 AC + BC

from the centre towards G ; the angular velocity of the sheave is

AC + BC
«2=ai- -^^— ;

and, consequently, the velocity of its centre ia

FG AC -EC ai(AC-BC) ,,„,
''^ = «^--r*AC + BC''-^~2 • •

t^2^'

or tho -mean between tlte velocities of the two vertical parts of the

card.

If the cord be fixed to the frame-work at the point B, instead of
being wound on a barrel, the yelocity of W is half that of AF.
A case containing several sheaves is called a blocl: A fall-block

18 attached to a fixed point ; a running-block is movable to and
from a faU-block, with which it is connected by two or moro plies
of a rope. The whole combination constitutes a tackle or purchase.
The two plies of a rope at opposite sides of a sheave in the fall-

block have equal and opposite velocities. The two plies at opposite
sides of a sheave in the running-block have velocities (as in tho
case' ot the sheave FG) differing equally in opposite directions from
the velocity of the running-block.
One end of the rope is fastened either to the faU-block or the

running-block The other, or free end, is called the fall. Let J),

be the velocity of the faU, f, that of the running-block ; and let it

be required to tind their ratio ; and let velocities towards tho fall-

block be positive, and from it negative.
Case 1. If the fastened end of the ropo be attached to tlie fall-

tlock its velocity is 0, and this also is the velocity of the first ply.
The rope passes under a sheave in the running-block, so that the
velocity of the second ply is 2ji,. It then passes over a sheave in
the fall-block

; the velocity of the third ply is - 2v„ ; then under a
sheave in tlie running-block ; the velocity of the fourth ply is iv„

;

and so on.—the general law being this :—let n be an even number,
then

the velocity of the 71"' ply— tjSj 1

(« + !)"' ^\y~-nvA . . . (43).
= »i, if the fall be the (ti-l-l)"' ply )

Case 2. If the fastened end of the rope be attached to the run-
ning-block, the velocity of the first ply is v^ ; of the second, - v.

;

of the third, 3vj ; of the fourth, - 3v.^ ; and, generally, if n be an
odd number,

velocity of the m"' ply — mi, \

(7J-(-l)"'pIy--;i!.„ > . . . (44).
= r,, if the fall be the (n-H)'^ ply )

Cenerally,

—

V---1 (45),

where n is the numOer of plies of rope by which t!ie running-block
hangs.

The sheaves in a block ard usually made all of the same diameter,
and turn on a fixed pin, and tlicy have, consequently, different
angular velocities. But by maldng the diameter of each sheavff
proportional to the velocity, relatively to the block, of the ply of
Tope which it is to carry, the angular velocities of the sheaves in
one block may le rendered equal, so that the sheaves may be made
all in one piect?, and may have journnls turning in fixed bearings.
This is called IVhi^es t<ickl^, from the inventor.

For details and technical terms see SBiPBniLDtNa.

84. Differential Screw. —On tlio name axis let tlicro bo two ixrcwB
of the respective pitches p, and p^, made in one piece, and rotating
with the angular velocitv a. Let this piece bo called 13. Let the
first screw turn in a fixed nut C, and the second in a sliding nut
A. The velocity of advance of 1} relatively to C is (according to
sect. 41) a;)„ and -of A 'relatively to li (according to sect. 07) - aii,;
hence tho velocity of A relatively to C i;'

"tPi-^'s) (46),

being tho same with tno velocity of advance of a screw of the pitch
Pi -Pf This combination, called Hunter's or tho diffa-c^itiat screw,
combines the strength of a large thread with the slowness of motion
due to a small one.

85. Epicyclie Trains.—-"^ho term epicyctic train is used by
Willis to denote a train of wheels carried by an arm, and having
certain rotations relatively to that arm, which itself rotates. The
arm may either bo driven by the wheels or assist in driving them.
The comparative motions of the wheels and of the aim, and the
aggregate paths traced by points in the wheels, are determined by
the principles of the composition of rotations, and of the description
of i-oUing curves, explained in sects. 37 to 40.

86. imfc Motion.—Let S (fig. 27) be the shaft 01 a steam-engine,
its axis, E/ the forward eccentric, suit-ably placed for movin" the

slide-valve when the shaft rotates forwards, F its centre, OF its
crank-arm, Cy its rod, £5 the backward eccenti-ic, suitably placed for
moving the slide-valve when the shaft rotates backwards, B its
centre, OB its crank-arm, Cj its rod. L is a long narrow box called
the link, jointed at T/ and Ts to the eccentric rods ; R is the valve-
rod which works the slide-valve, jointed to P, a slider, which, bv
moving either 1, or Ti, or both, can be adjusted to any required posi-

tion in the link. When P is at T/ tho valve is said to be in full
forward gearing, being acted upon by E/ alone. When P is at %
the valve is said to be in full backward gearing, being acted upon
by El alone. Wlen P is placed in an iutermediate position, tht
valve has an aggregate motion due to the joint action of E/ and E4.
The most exact mode of determining that motion is to malce a

skeleton drawing of the appiratus in various positions ; but an
approximation to the motion of the valve may be obtained by join-
ing FB, and taking Q so tha'

TfP ; TiP : : FQ : BQ

;

then tlie valve will move nearly as if it were worked by one
eccentric, having its centre at Q.

87. Parallel Motions {exact).—A parallel motion is a combination
of turning pieces in mechanism designed to guide the motion of a
reciprocating pieceeither exactly

or approximately in a straight

line, so as to avoid the friction

which arises from the use of

straight guides for that purpose.

Fig. .28 represents an exact
parallel motion, first proposed,

it is believed, by Mr Scott

Russell.

The arm CD turns on the

axis C, and is jointed at D to

the middle of the bar ADB,
whose length is double of that
of CD, and one of whose ends

jointed to a slider, slidin*

;-E

Fig. 23.

in straight guides along the line CB. Draw BE perpendicular
to CB, cutting CD produced in E, then E is the instantaneous
axis of the bar ADB ; and the direction of motion of A is at every
instant perpendicular to EA, that is, along the straight line ACo.
While tile stroke of A is ACa, extending to equal distances on
either side of C, and equal to twice the chord of the arc Drf, the
stroke of B is only equal to twice the sagitta ; and thus A is

guided thi'ough a comparatively long stroke by the slMing of B
through a comparatively short stroke, and by rotatory motions at

the joints C, D, B. (For details, see Steam-Enoi.ne.)
88. Parallel Motion— Watt's Approximate (see fig. 29).—jjet

CT, ci be a pair of levers connected by a link Ti, and oscillating

about the axes Cc between the positions marked 1 and 3. Let the
middle positions of the levers CT«, ct^ be parallel to each other. It

is required to find a point P in" the link Ti such that its middle
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position Pj and il9 rxtrcmo positions F,, V, shall I'c in tlio same

.traight lino SS, pirpenilicular to CT;, c(j, and so to place the axes

C, c ouithe linet Cr„, cL that the path of P between tho positions

Py Pj, Pj shall be as near as possible to a straight line.

Fig. 29.

The axes C, c are to bo so placed that the middle M of the versed

sine VTs, and the middle m of the versed sine r(„, of the respective

arcs whose eqjal chords TiT,, <,<, represent the stroke, may each

bo in the line SS. Then T, and Tj wiU be as far to one side of SS
as Tj 13 to tho other, and t^ and t, will be as far to the latter side

of SS as ^2 is tc the former ; consequently, the two extreme positions

nf the links Ti(„ T^t, aro parallel to each other, and inclined to

SS at the same angk in one direction that the middle position of

the link T.f, is inclined to that line in the other direction, and
the three intersections Pj, Pn, Pg are at the same point on tho link.

The position of the point P on the link is found by the following

proportional equation :

—

T( : PT ; Pi )

: : T:V + tv: TV : iv [ (47).

: : CM + cm: cm : CM '

Suppose tho axes C, c to be given, tho line of stroke SS, and tho

length of stroke L= T,T3= i,(3, and that it is required to find the

dimensions of the levers and link. Let fall CM and cm perpen-

dicular to SS ; then

If C and c are at the Barae side of SS, the smaller of the two

perpendiculaFS is to be treated as negative in the formula, and the

difference of the versed sines used instead of their sum ; and tho

point P will lie in the pi-olongation of the link beyond It to the

side of the longer lever. "When the arcs of oscillation of the levers

on either side of their middle positions do not exceed 20^ tho

intermediate portions of tlie patn of P. between Pj, Pg, and P3 are

near enough to a straight line for practical purposes ; and that

point may be used to guide a sliding pieoo, such as the piston-rod

of a steam-engine, for which purpose this parallel motion was
originally invented by \yatt.

CuAPTER II. On Applied Dynamics.

89. Laws of Motion.—The action oi a machine in transmitting

force and motion simultaneously, or performing xvo^k, is governed,

in common with the phenomena of moving bodies in general, by two
"laws of motion," for which see pp. 676 5^.

90. Co^nparisan of Dcinatirig Force with Gravity.—SeQ pp. 698,.

C99, §§ 104-106.

91. Bcvifiting Forces Classed— Deflecting Force—Accelerating and
Retarding Forces.See p. 701, §§ 114-119.

92. Division of ike Subject.—On this classification of the deviat-

ing forces in machines is founded tlie following division of the
.ubject of dynamics as applied to machines :^

Division 1.—Balanced forces in machines of uniform velocity.

Division 2.—Deflecting forces in such machines.

Division 3.
—
"Working of machines of varying velocity.

is always in reality distributed over some definite space, eitner a

volume of three dimensions or a surface of two. An example ol

a force distributed throughout a volume is the urigJU of the body
itself, which acts on every particle, however small. The pressure

exerted between two bodies at their surface of contact, or between

the two parts of one body on either side of an ideal surface of

separation, is an example of a force distributed over asurface. The
mode of distribution of a force applied to a solid body requires to

be considered when its stiffness and strength are treated of; but,

in questions respecting the action of a force upon a rigid body con-

sidered as a whole, the resultant of the distributed force, deter-

mined according to the principles of statics, and considered as

acting in a single liTie and applied at a single pointy may, for the

occasion, be substituted for the force as really distributed. Thus,

the weight of each separate piece in a machine is treated as acting

wholly at its centre of gravitg, and each pressure applied to it as

acting at a point called the centre ofpressure of the surface to which
the pressure is really applied

94. Forces a2)plicd to Mechanism Classed.— If B be the obliquity of

a force F applied to a piece of a machine,—that is, the angle made
by tho direction of the force with the direction of motion of its point

of application,—then by the p^inciplesof Statics, F maybe resolved

into two rectangular components, viz. :

—

Along the direction of motion, P = Fcos^
(

.,^\

Across the direction of motion, Q = FsLntf \^
• • \. )

If tho component along the direction of motion acts with the

motion, it is called an e£'urt ; if against the motion, a resistance.

The component across the direction of motion is a lateral pressure ;

the unbalanced lateral pressure on any piece, or part of a piece, is

deflecting force. A lateral pressure may increase resistance by
causing friction ; the friction so caused acts against the motion, and
is a resistance, but the lateral pressure causing it is not a resist-

ance. Resistances are distinguished into usrfnl and prejudicial^

according as they arise from tho useful eiTect nroduccd by the

machine or from other causes.

95. IVork.— Work consists in moving against resistance. The
work is said to be performed, and the resistance ovcreovie. ' "Work

is measured by the {)roduct of the resistance into the distance

through which its point of application is moved. The iniit of work
commouly used in Britain is a resistance of one pound ovcrcomo

through a distance of one foot, and is called ^foot-pound.

"Work is distinguished into iisrful work and prejudicial or lost

wcrky according as it is performed in producing the useful effect of

the machine, or in overcoming prejudicial resistance.

96. Eticrgy—Potential Energy.—Energy means capacity for

performing work. Tlie energy of an effort, or potential energy, is

measured by the product of the effort into the distance through

which its point of application is capable of being moved. The unit

of energy is the same with the unit of work.

"When the point of application of an effort has been moved tnrough

a given distance, energy is said to have been exerted to an amount
expressed by the product of the effort into the distance through

which its point of application has been moved.

97. Variable Effort and Rcsista-ncc.^M an effort has different

magnitudes during different portions of the motion of its point of

application through a given distance, let each different magnitude

of the effort P be multiplied by the length As of the corresponding

portion of the path of the point of application ; the sum

2.PA5 (50)

is the whole energy exerted. If the effort varies by insensible

gradations, the energy exerted is the integral or limit towards

which that sum approaches continually as the divisions of the path

arc made smaller and more numerous, and is expressed by

(51).

i 1. Balanced Farces in Machines of Uniform Telocity.

03. Application of Force to Mechanism.— Forces are applied in

cnits of weight ; and the unit most commonly employed in Britain

Is the pownd cmoirdupoii. The action of a force applied to a body

/?ds

Similar processes are applicable to the finding of the work per*

formed in overcoming a varying resistance.

98. Dijnaviomdcr or Indicator.— &. dynamometer or indicator

is an instrument which measures and records the energy exerttd

by an effort. It usu.ally consists essentially, first, of a piece of

paper moving with a velocity proportional to that of the point of

application of the effort, and having a straight line marked on it

parallel to its direction of motion, called the zero line ; and,

secondly, of a spring acted upon and bent by the effort, and carry-

ing a pencil whose perpendicular distance from the zero line, as

regulated by the bending of the spring, is proportional to the

effort. The pencil traces on tho piece of paper a line such that its

ordinate perpendicular to the zero line at a given point represents

the effort P for the corresponding point in tho path of the point

of effort, and the area bcticcen two ordinates represents the energy

exerted, yPf'.';, for the corresponding portion of the path of tho point

of effort.

99. Piinciple of the Equality of Energy and Work—From the

first law of motion it follows that in a machine whose pieces move
with uniform velocities the efforts and resistances must balance each
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oHier. Now from tbo Jdws of statics (sre nbovo) it U known
tImt,^iD onler tliat a Bystorn of forces applied to a system of connected

points nmy be in equilibrium, it is necessary that the sura formed

by putting together the products of the forces by the respective

distances through which their points of application are capable of

movinff simultaneously, each along the direction of the force applied

to it, shall be zero,—products being considered positive or negative

according as the direction of the forces and the possible motions of

their points of application are the same or opposite.

In other words, the sum of the negative products is equal to

the sum of the positive products. This principle, applied to a

machine whose parts move with uniform velocities, is eciuivalent to

saying tliat in any given interval of time tJie energy exerted is

equal to the work performed.
The symbolical expression of this law is aa follows :—let efforts be

applied to one or any number of points of a machine ; let any one
01 these efforts be represented by P, and the distance traversed by
its^point of application in a given interval of time by ds ; let

resistances be overcome at one or any number of points of the same
machine ; let any oue of these resistances be denoted by R, and the

distance traversed by its point of application in the given interval

of time by d&'; then
Z.Vds^Z.V^^ (52).

The lengths ds, d^ are proportional to the velocities of the
points to whose jiaths they belong, and the proportions of those

velocities to each other are deducible from the construction of tho
machine by tbo principles of puro mechanism explained in

Chapter I.

100. E{jieicncy.—Tho ejidcncy of a machine is tlie ratio of tho
liSffid work to the total work,—that is, to the energy exerted,—and
is reprcpcntcd by

^.Uuds'

2 . ^^d^ S Uuds' U_

2.Rrfa'"£.R«rfj'' + ST17^;/° 2:.Vds'~E
--^. . (m

R„ being taken to represent useful and R^ prejudicial resistances.

The more nearly the cflicicncy of a machine approaches to unity
the better is the machine.

101. Fowcr and E_ffcct.—The pmvcr ot a machine is the energy
excited, and tho effect the useful work performed, in some interval

of lime of definite length, such as a second, an hour, or a day.
Tho unit of power, called conventionally a horse-power, is 550

foot-pounds per second, or 33.000 foot-pounds per minute, or
1,980,000 foot-pounds per hour.

102, Moduliia ofa Machine.—Jn the investigation of tho properties
of a machine, the useful resistances to be overcome and tho useful
work to bo performed yre usually given. The prejudicial resistances
are generally functions of the useful resistances of the weights of

the pieces of the mechanism, and of their form and arrangement
;

and, having been determined, they sen-e for the computation of
tho lost work, which, being added to the useful work, gives the
expenditure of energy required. The result of this investigation,
expccssed in the form of an equation between this energy and the
useful work, is called by Moseley the vwduhis of the machine.
The general form of the modulus may be expressed thus^

E = U + ^(U, A) + if(A) (54),

where A denotes some quantity or set of quantities depending
on tho form, arrangement, weighl, and other properties of the
mechanism, itoseley, however, has pointed out that in most cases
this equation takes the much more simple form of

E = (l-|-A)ll + B, (55),

where A pnd B are eonstants, depending on the form, arrangement,
and weight of tho mechanism. Tho efficiency corresponding to tho
last equation is

E°l+A+D/U ^ ^•

108. Trains of Mechanism.—In applying the preceding pria-
ciples to a train of mechanism, it may cither be treated as a whole,
or it may bo considered in sections consisting of single pieces, or of
any convenient portion of the train,—each section being treated as
a machine driven by the elTort applied to it and energy exerted
upon it through its line of connexion witli tlie preceding section,
performing useful work hy driving the following section, and losing
work by overcoming its own prejudicial resistances.

It is evident that the cfficiauy of tin; whole train is theproducl of
the efficiencies of its sections.,

I(i4. Kotaling Pieces— Couples of Forces. —It is often convenient
to express the energy exerted upon and the work performed by a
turning piece in a machine in terras of the moment of the couples

of forces acting on it, and of the angular Telocity. See p. 728,
§ 219.

The ordinary uritish unit of moment is afoot-pound ; but it is

to to rem«ns.bered that this is a foot-pound of a dilferent sort from
the unit of criCrgy and work.

7Go

If a force bo applied to a turning piece in a line not passing

through its axis, tiie axis will press against its bearings with an

equal and parallel force, and tho equal and opposite reaction of tho

bearings will constitute, together with the first-mentioned force, a

couple whose arm is the perpendicular distance from the axis to the

lino of action of the first force.

A couple is said to be right or left handed with reference to tho

observer, according to tho direction in which it tends to tuni the

body, and is a driving couple or a resisting couplo according as its

tendency is with or against that of the actual rotation.

Let dt bo an interval of time, a the angular velocity of the
piece; then adt is the angle through which it turns in the interval

dt, and ds -^ vdt '^ radt is the distance through which the point of

application of the force moves. Let P represent an effort, so that

Vr is a driving couple, then

Tds^-Vvdl^Vradi-^Uadi (57)

is the energy exerted by the couple M in the interval dt ; and a

-similar equation gives the work performed, in overcoming a resistinj;

couple. When several couples act on one piece, the resultant

of their moments is to bo multiplied, by the common angular
velocity of the whole piece.

105. Redudion of Forces to a given Point, and of Couples to the

Axis of a given Piece.—In computations respecting machines it ia

often convenient to substitute for a force applied to a given point,

or a couplo applied to a given piece, the equivalent force or couplo

applied to some other point or piece ; that is to say, the force or

couple, which, if applied to the other point or piece, would exert

equal energy or employ equal work. The principles of this reduc-

tion are that tho ratio of the given to the equivalent force is the

reciprocal of the ratio of the velocities of their points of applica-

tion, aud the ratio of the given to the equivalent couple is the

reciprocal of the ratio of the angular velocities of the pi'jces to

which they are applied.

These velocity ratios are known by tho constmction of tho
mechanism, and are independent of the absolutg speed.

106. Balanced Lateral Pressure of Guides and Bearings,—Tlio

most important part of the lateral pressure on fl piece of mechanism
is the reaction of its guides, if it is a sliding piece, or of

tho bearings of its axis, if it is a turning piece ; and tho
balanced portion of this reaction is equal and opposite to tho
resultant of all the other forces applied to the piece, its own weight
included. There may be or may not be an unbalanced component
in tliis pressure, due to tho deviated motion. Its laws will ho
considered in the sequeh

107. Friction— Ungue^Us.—The most important kind of resistanco
in machines is i\\Q friction ot rubbing resistance of surfaces which
slide over each other. The direction of the resistance of friction is

opposite to that in which the sliding takes place. Its magnitude
is the product of the Jwrmal pressure or force which presses the
rubbing surfaces together in a direction perpendicular to themselves
into a specific constant already mentioned in Part I., sect 13, as

the cocJicieTU offriction, which depends on the nature and condition
of the surfaces of the unguent, if any, with which they are covered.
The total pressure exerted between the rubbing surfaces is tho
resultant of the normal pressure and of the friction, and its

obliquity, or inclination to the common perpendicular of the
surfaces, is the angle of repose formerly mentioned in sect. 13,

whose tangent is the coefiicient of friction. Thus, let N bo the
normal pressure, R tho friction, T the total pressure, / the co-

efficient of friction, and ^ the angle of repose ; then

/-tan0 . . . )

R_/K-Ntan<!i = T8in^ J
* ' '

(5S).

Experiments on friction have been made by Coulomb, Yince,
Rennio, Wood, D. Kankine, and others. The most complete and
elaborate experiments are those of Morin, published in his Notions
Fondamcntales de Micanique, and republished in Britain in tlto

works of Moseley and Gordon. The following is an exceedingly
condensed abstract of the most important results, as regards

machines, of these experiments :

—

Suifacea. /.

Wood on woofi, dry 0*25 to 06
Do., snapcd OS

Motals on oak, dry » 05 to 0-6

0-33 •

Leather on oak, wet or dry 0-27 to fl'CS

Leather on metals, dry i 0"56

Do., wet 8«
Do., preasy. - 0*23

Do., oiled 015
Metals on metals, dry 0'15 to 0"2

Do.,

Smooth Burfiit

0-30

J >vjth imgents, occaJonaUy incased 0'07 to 0*03

do., well (freased 6-05

do., do.. best results ...^003 to 0-03(
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it is to 1)0 unclcioiciod that the above-stated law of friction is

only true £oi- dry surfaces when the pressure is not sufficient to

indent or aliraJe the surfaces, and for greased surfaces wheu the

pressure is not sufficient to force out the unguent from between the

surfaces. If the jiroper limit bo exceeded, the friction increases

more rapidly than in the simple ratio of the normal pressure.

TIic limit of pressure for unguents diminishes as the speed

increases. The follomng are some of its approximate values as in-

ferred from experience in railway locomotive and carriage axles :—

Velocity of ntbbinK in feet per sccOHd 1 - SJ 5

Intcnsiiy or normal prcs^uio per lb per siiuai'o inch 1
jgj 22-, 140

of surface )

In pivots, the intensity of the iiressure is usually fixed at about

one ton per square inch.

Unguents 'sliould bo comparatively thick for heavy pressures, that

they may resist being forced out, and comparatively thin for

li^ht pressures, that their viscidity may not add to the resistance.

Unguents are of three classes, viz.:

—

1. Fatty: consisting of animal or vegetable fixed oils, Btich as

tallow, lard, lard-oil, seal-oil, whale-oil, olive-oil. Drying oils,

which absorb oxygen and harden, are obviously unfit for unguents.

2. Soapy : composed of fatty oil, alkali, and water. The best

grease of this class should not contain more than about 25 or 30 per

cent, of water ; bad kinds contain 40 or 60 per cent. The addi-

tional water diminishes the cost, but spoOs the unguent.

3. Bituminous : composed of solid and liquid mineral compounds

of hydrogen and carbon.

108. Work 0/ Friction—Moment of Friction.—The work per-

formed in a unit of time in overcoming the friction of a pair of

surfaces is the product ot the friction by the velocity of sliding of

the surfaces over each other, if that is the same throughout the

whole extent of the rubbing surfaces. If that velocity is difTerent

for different portions of the rubbing surfaces, the velocity of each

portion is to be iiniltiiilied by the friction of that portion, and the

results summed or integrated.

When the relative motion of the rubbing surfaces is one of rota-

tion, the work of friction in a unit of time, for a portion of the

rubbing surfaces at a given distanoo from the axis of rotation, may
be found by multiplying together the friction of that portion, its

distance from the axis, aud the angular velocity. The product of

the force of friction bv the distance at which it acts from the axis

of rotation is called the vimncnt offridion. The total moment of

friction of a pair of reflating rubbing surfaces is the sum or integral

of the moments of friction of their several portions.

To express this symbolically, let du represent the area of a

portion of a pair- of rubbing surfaces at a distance r from the axis

of their relative rotation ; p the intensity of the normal pressure at

du per unit of area ; and/ the coefficient of friction. • Then the

moment of friction of da is

fprdii ;

the total moment of friction is

ffipr. du;

and the work performed in a unit of

time in overcoming friction, when the

angular velocity is a, is

affjir.du.

It is evident Ihat the moment of friction, and the work lost by

being performed in overcoming friction, ate less in a rotating piece

as the bearings are of smaller radius. But a limit is put to the

diminution oftho radii of journals .and pivots by the conditions of

durability and of proper lubrication stated in sect. 107, and also by

conditions of stieugth and stillness.

109. Total Pressure between Journal and Searing.— &. single

piece rotating with an uniform velocity has four mutually balanced

foi-ces applied to it :—(1) the effort exerted on it by the piece

which drives it
; (2) the resistance of the piece which follows it,

—

which nray be considered for the purposes of the pi'esent question

ns useful resistance
; (3) its weight ; and (i) the leaction of its own

cylindrical be.arings. There are given the follow ing data :—

The direction of the eflbrt.

The direction of the useful resistance.

The weight of the piece and the direction in which it acts.

Tlie ma'^uitirde of the useful resistance.

The radius of the bearing r.

The angle of repose tp, corresponding to the friction of the journal

on the bearing.

And there are required the following;—

The dbection of the reaction of the bearing.

The magnitude of that reaction.

The magnitude of the effort.

Let the useful resistance and the weight of the piece be com-

pounded by the principles of statics into one force, and let this he

called tlu: given force.
, , , .

The directions of the effort and of the given force are cither

[applied MECHANICSv

(69).

Fig. 30.

paraUel or meet in a point. If they are parallel, the direction of

the reaction of the bearing is also parallel to them ; if they meet
in a point, tiie direction of the reaction tiaverses the same point.

Also, let AAA, fig. 30, be a section of the bearing, and C its axis ;

then the direction of the reaction, at the point where it intersects

the circle AAA, must make the angle

(p T^dth the radius of that circle ; tliat is

to say, it must be a line such as PT
touching the smaller circle BB, whose
radius is r. sin <p. -The side on wdiich it

touches that circle is determined by the

fact that the obliquity of the reaction is

such as to oppose the rotation.

Thus is determined the direction of the

reaction of the bearing ; and the magni-
tude of that reaction and of the effort are

then found by the principles of the equili-

brium of three forces aheady stated in Part I., sect. 7 (see also

p. 702, § 124).

The work lost in overcoming the friction of the hearing is the
same with that which would be performed in overcoming at the
circumference of the small circle BB a resistance equal to the whole
pressure between the journal and bearing.

In order to diminish that pressure to the smallest possible

amount, the effort, and the resultant of the useful resistance, and
the weight of the piece (called above the " given force ") ought to

be opposed to each other as directly as is practicable consistently

with the purposes of the machine.

110. Friction of Pivots and Collars.—When a shaft is acted
upon by a force tending to shift it lengthways, that force must be
balanced by the reaction of a bearing against a pivot at the end of

the shaft ; or, if that he impossible, against one or more collars, or

rings projecting from the body of the shaft. The bearing of the
pivot is called a step or footstep. Pivots require great hardness,

and are usually made of steeL The flat pivot is a cylinder of steel

having a plane circular end as a rubbing surface. Let N he the
total pressure sustained by a flat pivot of the radius r ; if that pres-

sure be uniformly distributed, which is the case when the ruboing
surfaces of the pivot and its step are both true planes, the inten-

sity of the pressure is

P- ^ (60);

and, introducing this value into equation 59, the moment effriction

of the flat pimt is found to-be

4/Nr (61),

or two-thirds of thaf of a cylindrical journal ot the same radius

under the same normal pressure.

The friction of a conical pivot exceeils that of a flat pivot of the

same radius, and nnder the same pressure, in the proportion of the

side of the cone to the radius of its base.

The moment of friction of a collar is given by the funnula

—

f/N '4^1 (62),.

where r is the external and / the internal radius.

In the atp and ball pivot the end of the shaft and the step

present two recesses facing each other, into which are fitted two

shallow cups of steel or hard bronze. Between the concave spheri-

cal surfaces of those cups is pfaced a steel ball, being either a

complete sphere or a lens having convex surfaces of a somewhat

less radius than the concave surfaces of the cups. .The moment of

friction of this pivot is at first almost inappreciable from the

extreme smallness of the radius of the circles of contact of the ball

and cups, but, as they wear, that radius and the moment of friction

increase.

It appears that the rapidity with which a rubbing surface wears

away is proportional to the friction and to the velocity jointly, or
nearly so. Hence the pivots already men-

tioned wear unequally at different points, and

tend to alter their figures. Schiele has

inventod a pivot which preserves its original

figure by wearing equally at all points in a

direction parallel to its axis. The following

are the principles on which this eouality of

wear depends :

—

The rapidity of wear ot a surface measured

in an oblique directioii is to the rapidity of

wear measured normally as the secant of the

obliquity is to unity. Let OX (fig. 31) be

the axis of a pivot, and let EPC be a portion

of a curve such that at any point P the

secant of the obliquity to the normal of the

curve of a lino parallel to the axis is inversely

proportional to the ordinate PY, to which the velocity of P is

proportional. The rotation of that curve round OX will generate

the form of pivot rcquii-etl Nn"~ ' ^ ^'" ^" ~ * *

Fig 31.

let PT be n tangent to the.
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carve at r, cutting OX iu T ; PT= PY x secant obliquity, ana this

is to bo a constaut quantity ; benco tlio curve is that known as the

tractory of the straight hue- OX, in which PT= OR = constaut.

Thia ourvo is described by having a fixed straight edge parallel to

OX, along which slides a slider carrying a pin whose centre ia T.

On that pin turns an arm, carrying at a point P a tracing-point,

pencil, or pen. Should tho^u have a nib of two jaws, like those

of ag ordinary drawing-pen, the plane of the jaws must pass

throifgh PT. Then, while T ia slid along the axis from towards

X, P will be drawn after it from R towards C along the tractory.

This curve, being an asymptote to its axis, is capable of being in-

definitely prolonged toward^ X ; but in designing pivots it ehoni'd

stop before the augle PTY becomes less than the angle of repose of

the rubbing surfaces, otherwise the pivot will be liabio to stick in

its bearing.

The moment of friction of '*Schielo's anti-friction pivot," as it

is called, is equal to tliat of a cylindrical journfti of the radius

OR= PT tbo constant tangent, under the same pressure.

111. Friction of Tcctk.—Lt-t N be the normal pressure exerted

between a pair of teeth of a pair of wheels ; s the total distance

through which they slide upon each other ; n the number of pairs

of teeth \^ch pass the plane of axis in a unit of time ; then

'i/Ns (63)

is the work lost in unity of time by the friction of the teeth. The
sliding s is composed of two parts, which take place during the
approach and recess respectively. Let those be denoted by s-^ and
52, so that s = Sj + So- In sect. 55 the velocity of sliding at any instant

has been given, viz., u = c{ay-\-a^), where u is that velocity, c the
distance Tl at any instant from the point of contact of the teeth to

the pitch-point, and Oj, a., the respective angular velocities of the
wheels.

Let V be the common velocity of the two pitch-circles, r,, r^ their

-iii ; then the above equation becomes

iH)-
To apply this to

approacli, c^ that of the recess, «j the '/;

lute teeth, let Cj oe the length of the
recess, «j the mean velocity of Eliding

during the approach, u^ that during the recess ; then

also, let e be the obliquity of the action ; then the times occupied
by the approach and recess are respectively

giving, finally, for the length of sKding between each pair of teeth,

s-Si +Sj-^^lf— +— I .... ^64),

which, substitutea in equation 63, gives the worK lost in a unit of
time by the friction of involute, teeth. This result, which is exact
for involute teeth, is approximately true for teeth of any figure.

For inside gearing, if r, be the less radius and rj the greater,

is to be substituted for 1—

-

112. Friction of Cords and Belts.—A flexible band, such as a
cord, rope, belt, or strap, may be used either to exert an effort or a
resistance upon a pulley round which it wraps. In either case the
tangential force, whether elFort or resistance, exerted between the
band and the pulley is their mutual friction, caused by and propor-
tional to the normal pressure between them.

Let T, be the tension of the free part of the band at that side
toifdrrfswhich it tends to draw the pulley, or/rom which the pulley
tends to draw it ; T2 the tension of the free part at the other side •

T the tension of the band at any intermediate point of its arc of con-
tact with the pulley ; 6 the ratio of the length of that arc to the
radius of the pulley

;
d9 the ratio of an indefinitely small element

of that arc to the radius ; F « T, - T^ the total friction between the
band and the pulley ; rfF the elementary portion of that friction duo
to the elementary arc rfS; /the coefficient of friction between the
materials of the band and pulley.

Then, according to a well-known principle in statics, the normal
pressure at the elementary arc de is Trf9, T bcipg the mean tension
of the band at that elementary jirc ; consequently the friction on
that arc is dF=/TdO. Now that friction is also tho difference
between the tensions of the band at tho two ends of the elementary
arc,or<iiT = dF-=/Trf9; wdiich equation, being integrated throufhout
the entire arc of contact, gives the following formula : °

hyp. loj =/fl.

(65).

F=T,-T, = T,\1- '') = T.,(c ^)J

Wlien a belt connecting a pair of pulleys has tha tensions of its

two sides originally equal, the pulleys being at rest, and when the
pulleys arc next set in motion, so that ono of them drives the other
by means of tho belt, it is found that the advancing side of the
belt is exactly as much tightened as the returning side is slackened,
so that the ynca/i tension remains unchanged. Its value is given by
this formula

—

T.-t-Tj,
e-'-+x .^^,

'•i *2(e/i'-l)

which is useful in determining the original tension required to

enable a belt to transmit a given force between two puUeya.
The equations 65 and 66 are applicable to a kind of hi-akc called

& fridimi-stra'p, used to stop or moderate the velocity of machines
by being tightened round a pulley. The strap is usually of iron,

and the pulley of hard wood.
Let a denote the arc of contact expressed in turns a'nd fractions

of a turn ; then
9= 6-2832<i

j
C-'^ =nUmber whose Commnn Infraritbm ift 9.-75SS /W. t ^ ''a logarithm is 2-7288/a

(

113. Stiffness of Hopes.—Ropes offer a resistance to being bent,

and, when bent, to being straightened again, which arises from the
mutual friction of their fibres. It increases with the sectional area,

of the rope, and is inversely proportional to the radius of tho curvo
into which it is bent.

The vjork lost in puljing a given length of rope over a pulley i

'

found by multiplying the length of the rope in feet by its stiffness,

in pounds, that stiffness being the excess of the tension at thy
leading side of the rope above that at the following side, which is

necessary to bend it into a curve fitting the pulley, and the.i to
straighten it again.

The following empirical formulse for the stiffness of hempen ropes
have been deduced hy Morin from the experiments of Coulomb :

—

Let F bo the stiffness in pounds avoirdupois ; d the diameter of
tne rope in inches, 7i~iSd' fqr whito ropes and SM'^ for tarred
ropes ; r the effective radius of the pulley in inches j T the teniioa
in pounds. Then

For white ropes, F = -2.(.00012-l-0•00102a7S:^00012T) )
*

[ (68).

For tarred ropes, F = -5-(0'006-HO'001392?i-i-0-00168T)
)

114. Friction-Couplings.—Friction is useful as a means of com-
municating motion where sudden changes either of force or velocity
take place, because, being limited in amount,, it may be so adjusted
as to limit the forces which strain the pieces of the mechanism
within the bounds of safety. Amongst contrivances for effecting
this object are friction-etnies. A rotating shaft carries upon a
cylindrical portion of its figm-ea wheel or pulley turning loosely on
it, and consequently capable of remaining at rest when the shaft is

in motion. This pulley has fixed to ono side, and concentric with
it, a short frustum of a hollow cone. At a small distance from the
pulley the shaft carries a short fi-ustum of a solid cone accurately
turned to fit the hollow cone. This frustum is made always to tnrn
along with the shaft by being fitted on a square portion of it, or by
means of a rib and groove, or otherwise, but is capable of a sligl"t

longitudinal motion, so as to be pressed into, or withdrawn fron',

the hollow cone by means of a lever. When the cones are pressed
together or engaged, their friction causes the pulley to rotate along
with tho shaft ; when they are disengaged, the pulley is free to
stand still. The angle made by the sides of the cones with thai

axis should not be less than the angle of repose. In tho/ri'dfp:;-
cltttch, a pulley loose on a shaft has ahoop or gland made to cmbra-.e
it more or less tightly by means of a screw ; this hoop has short,
projecting arms or ears. A fork or clutch rotates along with the
shaft, and is capable of being moved longitudinally by a handle.
When the clutch is moved towards the hoop, its arms catch thosa
of the hoop, and caiJse the hoop to rotate and to communicate its
rotation to tho pulley by friction. There ai-e many other con-
trivances of the some class, but the two just mentioned may seiv*^
for examples.

115. Heat of Friction— Unguents.—The work lost in friction is
employed in producing heat. This fact is very obvious, and has
been known from a remote period ; but the exact determination of
the proportion of the work lost to the heat produced, and the-
experimental proof that that proportion is the same under all cir-
cumstances, and with all materials, solid, liquid, and gaseous, ars
comparatively recent achievements of .Toule. Tho quantity of
work which produces a British unit of lieat (or so much heat a»
elevates the temperature of one pound of pure w.i'.er, at or near
ordinary atmosplierio temperatures, by one degree of Fahrenheit)
is 772 foot-pounds. This constant, now design.stcd as "Joule's
equivalent," is the principal experimental datum of .the science of
thermodynamics.
The heat produced by iriction, whta moderate in amount, is nsefij

in softening and liquefying thick unguents : but when excessive iC
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is prejudi<:iiil, by decomposing the unguents, and sometimes even

by softening the metal of the bearings, and raising their temperature

«0 high as to set fire to neighbouring combustible matters.

Excessive heating is prevented by a constant and copious supply

of a good unguent. The elevation of temperature prouuced by the

friction of a journal is sometimes used as an experimental test of the

?nality of unguents. When the velocity of rubbing is about 4 or 5

eet per second, the elevation of temperature has been found by some

recent experiments to be, with good fatty and soapy unguents, 40"

to 50° Fanr. ; with good mineral unguents, about 30".

116. Rolling Resistance.—By tho rolling of two surfaces over each

other without sliding a resistance is caused which is called some-

times "rolling friction," but more correctly rolling resistance. It

is of the nature of a couple, resisting rotation. Its moment is found

by multiplying the normal pressure between the rolling surfaces by

an arm, whose length depends on the nature of the rolling surfaces,

and the work lost in a unit of time in overcoming it is the product

of its moment by tho angular velocity of the rolling surfaces rela-

tively to each other. The following are approximate values of tho

arm in decimals of a foot ;

—

Oak opon oak OOOG (Coulomb).

Ugnura vlt.i! on o»k 00)

Cost Iron on cast U'on 0002 (TiedgoW).

"117. Reciprocating Forces—Stored and Restored Encrgij. —''Whca

a force acts on a machine alternately as an effort and as a resistance,

it may be called a reciprocatingforce. Of this kind is the weight ol

any piece in the mechanism whose centre of gravity alternately rises

and falls ; for during the rise of the centre of gravity that weight

acts as a resistance, and energy is employed in lifting it to au

amount expressed by the product of the weight into the vertical

height of its rise ; and during the fall of the centre of gravity the

weight acts as an effort, and exerts in assisting to perforin the work

of t"h9 machine an amount of energy exactly equal to that which

had previously been employed in lifting it. Thus that amount of

energy is not lost, but has its operation deferred ;
and it is said to

be stored when the weight is lifted, and restored when it falls.

In a machine of which each piece is to move with a uniform

velocity, if the effort and the resistance be constant, the weight of

each piece must bo balanced on its axis, so that it may produce

lateral pressure only, and not act as a reciprocating force. But if

the effort and the resistance be alternately in excess, the uniformity

of speed may still be preserved by so adjusting some moving weight

in the mechanism that when tho effort is in excess it may be lifted,

and 30 balance and employ the excess of effort, and that when the

resistance is in excess it may fall, and so balance and overcome the

«xces3 of resistance,—thus storing the periodical excess of energy,

and restoring thiit energy to perform the periodical excess of work.

Other forces besides gravity may be used as reciprocating forces

for storing aud restoring energy,—for examole, the elasticity of a

jBpring or of a mass of air.

In most of tho delusive niacliines commonly called "perpetual

motions," of which so many are patented iu each year, and which

are expected by their inventors to perform work without receiving

energy, tho fundamental fallacy consists in an expectation that

some" reciprocating force shall restore more energj' than it has been

the means of storing.

Division 2. Deflecting Forces.

118. Deflecting Force for Translation in a Curved Path. —In
ma-chinery, deflecting force is supplied by the tenacity of some

piece, such as a crank, which guides the deflected body iu its curved

pafli,' and is unbalanced, being employed in producing deflexion,

and not in balancing another force.

119. Centrifugal Force.—See p. 682, § 35, and p. 701, § 119.

120. Rectangular Resolution of Centrifugal Force—^ee p. 701,

§§ 117 and 119.

121. Centrifugal Force of a Rotating Body. — The centrifugal

force exerted by a rotating body on its axis of rotation is the same

in magnitude as if the mass of tlie body were concentrated at its

centre of gravity, and acts in a plane passing through the axis of

rotation and the centre of gravity of the body.

The particles of a rotating body exert centrifugal forces on each

ether, which strain the body, and tend to tear it asunder ; but

these forces balance each other, and do not affect the resultant cen-

trifugal force exerted on the axis of rotation.'

If tlie axis of rotation traverses the centre of gravity of the body,

the centrifugal force exerted on (hat axis is nothing.

Hence, unless there be some reason to the contrary, each piece of

M machine should be balanced ou its axis of rotation; otherwise tho

•lentrifugal force wiU cause strains, vibration, and increased friction,

and a tendency of the shafts to jump out of their bearings.

122. Centrifugal Couples of a Rotating i?od!/.—Besides the tend-

ency (if any) of the combined centrifugal forces of the particles of

' Tlii^i is a particular case of a more general principle, that the motinn

of the centre of gravity of a body is nut affected by the mutual actions

of its parts, for the proof of wUich see p. 718, § 179.

a rotating body to shift the axis of rotation, they may also tend to

turn it out of its original direction. The latter tentfency is called

a centrifugal couple, and vanishes for rotation about a principal

axis (see p. 732, § 237).

It is essential to the steady motion of every rapidly rotating pieco

in a machine that its axi^ of rotation should not merely traverse

its centre of gravity, but should be a permanent axis; for otherwise
tho centrifugal couples will increase friction, produce oscillation of

the shaft, and tend to make it leave its bearings.

The principles of this and the preceding section are those which
regulate the adjustment of the weight and position of the counter-

poises which are placed betweea the spokes of the driving-wheels of

locomotive engines.

123. Revolving Pendulum—Governors. —\ti fig. 32 AG represents

an upright axis or spindle; B a weight called a bob, suspended by rod
OB from a horizontal axis at 0, carried

by the vertical axis. When the spindle

is at rest the bob hangs close to it

;

when tho spindle rotates, the bob, be-

ing made to revolve round it, diverges

until the resultant of the centrifugal

force and the weight of the bob is a force

acting at O in the direction OB, and
then it revolves steadily in a circle.

This combination is called a revolving,

ccntrifttgal, or conical pendulum. Ee-

volving pendulums are usually con- ,

Btructed with pairs of rods and bobs, \

as OB, 06, hung at opposite sides of

the spindle, that the centrifugal forces

exerted at the point may balanco

each other.

In finding the position in which the

bob will revolve with a given angular velocity a, for most practical

Fig. 32.

cases connected

sidered as insensibh

be a sphere, and f

perpendicular to OA
F Its centrifugal fori

th chinery the mass of the rod may be con-
nmpared with that of the bob. Let the bob
u the centre of that sphere ^raw BH = y
Let OH - 5 ; let W be the weight of the bob,
Tlien the condition of its steady revolution

isW ; F : : J : y ; that is to say, i^ —_ = i^ ; consequently

in a second,
08165 foot 9 ^79771 inches

;

4j^=n^'

(69).

(70);

: is called the altitude of the pendulum.
If the rod of a revolving pendulum be jointed, as. in fig. 33, not

to a point in the vertical axis, but to the end of a jnojccting arm C,

tho position in which tho bob will revolve

will be the same as if the rod were jointed

to the point 0, where its prolongation cuts tho

vertical axis.

A revolving pendulum ia an essential part

of most of the contrivances called governors

for regulating the speed of prime movers.

The earlier kinds of governors act on the

prime mover by the variations of their alti-

tude. Thus in Watt's steam-engine governor "=>'

the rods, through a combination of levers and linkwork C, f, D,d
(fig. 32), act on a lever EF, which acts upon th>

the admission of steam so ns to enlarge or

the speed becomes too small or too great.

In a more recent kiud of governors

Siemens, which may bo

c:i\\cidiJTcrcntialgovcrnors,

the regulation of tho prime

mover is effected by means
of the difference between

the velocity of a wheel

driven by it and that of a

wheel regulated by a re-

volving pendulum. Fig.

34 illustrates this class of

governors. A is a vertical

dead-centre or fixed shaft,

about which the after-men-

tioned pieces turn ; C is a

pulley driven by the prime

mover, and fixed to a

bevel-wheel, which is seen

below it ; E is a bevel-wheel simili

same apex. To this wheel are hung tho bobs B, of which there ais

ntract its opening when

veuted by tho Messrs

c:iB

//
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iiHually four, altliough t^vo only nro sliown. Those bobs foim
scctora of a ring, and are surrounded by a cylindrical casing F.

When the bobs revolve with their proper velocity, they arc ad-

justed 80 as nearly to touch this casing; should they exceed that

velocity, they fly outwards and touch the casing, and are retarded

ty the fiiction. For practical purposes their velocity of rotation

about the vertical axis may be considered constant. G, G are hori-

zontal arms projecting from a socket which is capable of rotation

about A, antf carrying vertical bevel wheels which rest on K and
support C, and transmit motion from C to E. There are usually

four of the arms G, 6 with their wheels, though two only are shown.
II is one of those arms whicli projects, and has a rod attached to

its extremity to act on the throttle-valve of a steam-engine, the

sluice of a water-wheel, or the regulator of the prime mover, of

whatever sort it may be.

When U rotates with au angular velocity equal and contrary to that
of E with its revolving pendulums, the arms G, G remain at rest

;

but should C deviate from that velocity, those arms rotate in one
direction or the other, as the case may be, with an angular velocity

equal to one half of the difference between the angular velocity of

C and that of E, and continue in motion until the regulator is

adjusted so that tho prime mover shall impart to C an angular
velocity exactly equal to that of the revolving pendulums.
There are various modifications of the differential governor, but

they all act on the same principle.

Division 3. Working of Machines oj Varying Vdodly,

124. General Principles.—In order that the velocity of every

piece of a machine may be uniform, it is necessary that the forces

acting on each piece should be always exactly balanced. Also, in

order that the forces acting on each piece of a machine may be

always exactly balanced, it is necessary that the velocity of that

itieco should be uniform.

An excess of the effort exerted on any piece, above that whicn is

necessary to balance the resistance, is accompanied with accelera-

tion; a deficiency of the effort, with retardation.

When a machine is being started from a state of rest, and brought
by degrees up to its proper speed, the effort must be in excess

;

(phen it is being retard!ed for the purpose of stopping it, tlie

resistance must be in excess.

An excess of effort above resistance involves an excess of energy
exerted above work performed ; that excess of energy is employed
in producing acceleration

An excess of resistance aoove effort involves an excess ot work
performed above energy expanded ; that excess of work is performed
by means of the retardation of tho machinery.
When a machine undergoes alternate acceleration and retarda-

tion, so that at certain instants of time, occurring at the end of

intervals ca-WeH. periods or cycles, it returns to its original speed,

then in each of those periods or cycles the alternate excesses of-

inergy and of work neutralize each other ; and at the end of each
:ycle the principle of the equality of energy and work stated in

iject. 96, with all its consequences, is verified exactly as in the
case of machines of uniform speed.

At intermediate instants, however, other principles have also to

be taken into account, which are deduced trom the second law of

motion, sect. 89, as applied by the aid of the principles of sect. 90,

to direct deviation, or acceleration and retardation.

125. Energy of Acceleration and Work of Retardation for a
Shifting Body.—Let w be the weight of a body which has a motion
of translation in any path, and in the course of the interval of

time A£ let its velocity be increased at a uniform rate of acceleration

from fj to Uj. The rate of acceleration will be

-7-=» constant
dt At

and (p. 693, § 104) to proaucethis acceleration a uniform effort will

be required, expressed by

gAt
(71).

(TUe i^roduct — of the mass of a body by its velocity is called

its momeiUum ; so that the effort required is found by dividing

the increase of momentum by the time in which it is produced.)
To find the energy which has to be exerted to produce the accel-

eration from 1*1 to V.J, it is to be observed that the distance through
whieb the offovt P acts during the acceleration is

2

consequently, the energy of acceleration is

VAs (72),

being proportional to the increase in the sq^uare of the velocity, and
independent of the time

In order to produce o retardation from the greafor velocity r^t-J

tho loss velocity r,, it is necessary to apply to the body a 7-csistancff,

connected with the retardation and tho time by an equation
identical in every respect with equation 71, cxcei_)t by the substitu-
tion of a resistance for an effort ; and in overcoming that resistance

tlio body performs -work to an amount determined by equation 72,
putting Rcte for Vds.

1 26. Energy Stored ami Restored by Deviations of Velocity.—Time
a body alternately accelerated and retarded, so as to be brought
back to its original speed, performs work during its retardation

exactly equal in amount to the energy exerted upon it during it^

acceleration ; so tliat that energy may be considered as stored during
the acceleration, and restored during the retardation, in a mariner
analogous to the operation of a reciprocating force (sect. 117).

Lettherebegiven the mean velocity V = i{yj + 1',) of a body whose
weight is wf, and let it be required to determine tlie fluctuation of

velocity Vj-Vj, and the extreme velocities v., v^ which that body
must have, in order alternately to store ana restore an amount of

energy E. By equation 72 we have

which, beiEg divided by V= JCuj + v,), gives

"V ~ V ' •

and conseiuently

The ratio of this fluctuation to the mean velocity, sometimes called

the tinstcadiTiess of the motion of the bodv, is

g^
(74;.

127. Actual Energy of a Shifting Body.—Tho energy which
must be exerted on a body of the weight w, to accelerate it from a

state of rest up to a given velocity of translation v, and the equal

amount of work which that body is capable of performing by over-

coming resistance while being retarded from the same velocity of

translation z; to a state of rest, is

w ''''

This is called the actual energy of the motion of the body, and is

half the quantity which in some treatises is called vi-s viva.

The energy stored or restored, as the case may be,' by tho devia-

tions of velocity of a body or a system of bodies, is the amount by
which the actual energy is increased or diminished.

128. Priiiciple of the Conservation of Energy in Machines.—Tho
following principle, expressing the general law of the action of

machines with a velocity uniform or varying, includes the law of

the equality of energy and work stated in sect. 99 for machines of

uniform speed.

In any given interval during the working of a machine, tlie energy

exerted added to the energy restored is equal to the energy stored added
to the w(yrk performed.

129. Actual Energy of Circular Translation—Moment of Inertia,

—Let a body of the weight w undergo translation in a circular path

of the radius p, with the angular velocity of deflexion a, so that the

common linear velocity of all its particles is v=ap. Then the

actual energy of that bodj is

2g 2g ^ ''"

By comparing this with the expression for the centrifugal force

{wa^Jpg), it appears that the actual energy of a revolving body
is equal to the potential energy Fp/2 due to the action of the

deflecting force along oue-half of the radius of curvature of tho nath

of the body.

The product tvo-Jg, by which the half-sqnare of the angular velo-

city is muUipliea, is called the moment of inertia of the revolving

body.

130. Actual Energy and Moment of In/:rtia of Rotation—Radius

of Gyration.—^iiQ p. 732, §§ 234-237.

131. Examples of Radii of Gi/ration.-See p. 733, § 238.

132. Fly-wheels.—A fly-wheel is a rotating piece in a machine,

generally shaped like a wheel (that is to say, consLsting of a rim

with spokes), and suited to store and restore energy by the neriodical

variations in its angular velocity.

The principles according to which variations of angular velocity

store and restore energv are the same with those of sect 126, only

substituting moment of inertia for mass^ and angular for linear

velocity.

Let W be the weight of a fly-wheel, R its radius of gjTation, aj

its maximum, oj its minimum, and A = 4(aj + ai) its mean angular

velocity. Let
l_ a^-a,

S A
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iicnotc tlio mislcadmess of tlie motiou of the Hy-wheel; the Jenoin-
iiiator S of this traction is called the steadiness. Let e denote the
iinantity by which the energy exerted in each cycle of the working
of tlie machine alteriiately exceeds and falls short of the work per-
formed, and which lias consequently to be alternately stored by
acceleration and restored by returdatron of the flywheel. The
value of this periodical excess is

—

3^W(a;-a;)
(77),

from which, dividing both sides by A", we obtain the followini
ofluatiouf ;

—

*' "" ' (78).
K=WA=

^0

The latter of these equations may be thus oxpres.sed in words :—
The actual energy due to the rotation of the fly, with its mean
angular velocity, is equal to omc-half of the periodical excess of
energy viultipliecl by the steadiness.

In ordinary machinery S = about 32; iu machinery for fine

purposes S = from 50 to 60.

Tlie periodical excess e may arise either from variations in the

effort exerted by the prime mover, or from variations in the

resistance of the work, or from both these causes combined.

When but one fly-wheel is used, it should be placed in as direct

connexion as possible with that ])art of the mechanism where the

greatest amount of the periodical excess originates-; but when it

originates at t^v'o or more points, it is best to have a fly-wheel in

connexion with each of those points. For example, in a machine-
work, the steam-engine, which is the prime mover of the various

tooU, has a fly-wheel on the crank-shaft to store and restore the
periodical excess of energy arising from the variations in the effort

exerted by tlie connecting-rod upon the crank ; and each of the

slotting machines, punching machines, rivetting machines, and
other tools has a fly-wheel of its own to store and restore Energy,

so as to enable the very different resistances opposed to those tools

at different times to be overconle without too great unsteadiness of

motion.
According to the computation of General Morin, the periodical

excess c in steam-engines with single cranks is from -pVh to nearly

itli of the energy exerted during one revolution of the crank.

For a pair of steam-engines driving one shaft, with a pair of

cranks at right angles to each other, the value of c is one-fourth of

its value for a single cranked engine of the same kind, and of the

same power with the two combined.
The ordinary radius of gyration of a steam-engine fly-wheel is

from three to five times the length of the crank-arm. (For further

particulars on this subject, see Steam-En(;ine.)
For tools performing useful work at intervals^ and having only

their own friction to overcome during the intermediate intervals, e

should he assumed equal to the whole work performed at each

separate operation. '

133. Brakes.—A brake is an apparatus for stopping and diminish-

ing the velocity of a machine by friction, such as the ffiction-strap

already referred to in sect. 112. To find the distance 5 through

which a brake, exerting the friction F, must rub in order to stop a

machine having the total actual energy E at the moment when the

brake begins to act, reduce, by the principles of sect. 105, the

various efforts and other resistances of the machine which act at

tlie same time with the friction of the brake to the rubbing surface

of the brake, and let F be their resultant,—fiDSiiiw if resistance,

iiegalioe if effort preponderates. Then

E
'~r+E • • •

• (79).

134. Energy distributed between two Bodies—Projection a7id

Propulsion.— Hitherto the effort by which a machine is moved has

been treated as a force exerted between a movable bodj' and a

fixed hody, so that the whole energy exerted by it is employed

upon the movable body, and none upon the fixed body. This

conception is sensibly realized in practice when one of the two
bodies between which the effort acts is either so heavy as compared
with the other, or has so great a resistance opposed to its motion,

that it may, without sensible error, be treated as fixed. But there

are cases in which the motions of both bodies are appreciable, and
must be taken into account,—such as the projection of projectiks,

where the velocity of the recoil or backward motion of the gun
bears an appreciable proportion to the forward motion of the pro-

jectile ; and such as the propulsion of vessels, where the velocity

of the water thrown backward by the paddle, screw, or other i)ro-

pcUor bears a very considerable proportion to the velocity of the

water moved forwards and sideways by the ship. In cases of this

kind the energy exerted by the effort is distributed between the

two bodies between wliicdi the effort is exerted in shares propor-

tional to the velocities of the two bodies during the action of the

effort; and those velocities are to each other diiectlj' as the

portions of tlie effort unbalanced by resistance on the respective

bodies, and inversely as the weights of the bodies.

To express this symbolically, let Wj, W» be the weights of

the bodies ; P the effort exerted between tnem ; S the distance

through which it acts ; Kj, IL the resistances opposed to the effort

overcome by Wj, W„ respectively ; Ej, Ej the shares of the whole
energy E exerted upon Wj, W, respectively. Then

E : E, : E, 1

. . W„(P-Ri)-t-W,(P-R3) P-R, P-KjL . (80).

WiW„ '

Wi • \f„ )

If Ri = R2, which is the case when the resistance, as well as the
effort, arises from the mutual actions of the two bodies, the above
becomes,

E : E, : E. )

:: Wj-HW. : W, : Wii " • '
(81);

that is to say, the energy is exerted on the bodies in shares inversely

proportioQal to their weights ; and they receive accelerations in-

versely proportional to their weights, according to the principle of

dynamics, already quoted in a note to sect. 121, that the mutual
actions of a system df bodies do not affect the motion of their
common centre of gravity.

For example, if the weight of a gun be 160 times that of its ball,

\^l- of the energy exerted by the powder in exploding will be
employed iu propelling tlie ball, and j^j in producing the recoil of

the gun, provided the gun up to the instant of the ball's quitting-

the muzzle meets with no resistance to its recoil except the friction

of the ball.

135. Centre bf Percussion.—It is obviously desirable that the
deviations or changes of motion of oscillating jiieces in machinery
should, as far as possible, be eHectcd by forces applied at tlieir

centres of percussion.

If the deviation be a. translation^—that is, an equal change of
motion of all the particles of the body,—the centre of percussion is

obviously the centre of gravity itself; and, according to the second
law of motion, if dv be the deviation of velocity to be produced in

the interval dt^ and "W tlie weight of the body, then

.... (82).
W_ dv

g dt

is the unbalanced effort required.

If the deviation be a rotation about an axis traversing the centre

of gravity, there is no centre of percussion ; for such a deviation

can only be produced by a couple of forces, and not by any single

force. Let da be the deviation of angular velocity to be produced
in the interval dt, and I the moment of the inertia of the body; then
\\dJ^a-) = \ada is the variation of the body's actual energy. Let M
be the moment of the unbalanced couple required to produce the

deviation ; then, by equation 57, sect. 104, the energy exerted by
this couple in the interval dt is Marfi, which, being equated to the

variation of energy, gi^es

M = I$ =5!Z.^ jg3,^
dt dt

Now {fig. 35), let the required deviation be a rotation of the body
BB about an axis O, not traversing the centre of gravity G, da
being, as before, the deviation of angular velocity to je produced

in the interval dt. A rotation with the angular velocity a about

an axis may be considered as compounded of a rotation with

the same angular velocity about an axis drawn through G parallel

to O and a translation with the velocity a. OG, OG being the

perpendicular distance between the two
axes. Hence the required deviation may
be regarded as compounded of a deviation

of translation dv= 0(} . da^ to produce
which there would be required, according
to equation 82, a force ai^plied at G per-

pendicular to the plane OG

—

P=Z . OG . § (3.1),

g dt

and a deviation da. of rotation about hq

axis drawn through G parallel to , 'O

produce which there .would be required a

couple of the moment 11 given by equa-

tion 83. According to»the principles of

statics, the resultant of the force r, ap- ^^S- 35.

plied at G perpendicular to the plan'; OG, and the couple M is a

force equal and parallel to P, but apjdied at a distance GC from G,
in the prolongation of the perpendicular OG, whose value is

^(^=T-&G '^^^-

Thus is determined the position of the centre of percussion C,

corresponding to the axis of rotation O. It is obvious from this

equation that, for an axis of rotation parallel to traversing C, the
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centre of percussion is at the point where tlie perpendicular OG
meets O.

136. Impact.—Impact or collision is a pressure of short diirntiou

cxtjrted between two bnilies. For the detailed investigation of its

Iftws tho reader is referred to Mechanics, p. 719, § 180 sg-.

The effects of impact are sonietimes an alteration of the distribu-

tion of actual energy between the two bodies, and always a loss

of a portion of that energy, depending ou tho imperfection of tho
elasticity of tho bodies, in permanently altering tlieir figures, and
producing iieat. The determination o( tho aistribution of the
actual energy after collision and of tlie loss of energy is effected

by nH-:in3 of the following principles :

—

I. The motion of the common centre of gravity of the two bodies
is unchanged by the collision.

"II. The loss of energy consists cf a certain proportion of that
part of the actual energy of the bodies which Is due to their motion
reh^tively to their common centre of gi-aWty.

Unless there is some siiecial reason for using impact in machines,
it ought to be avoided, on account not only of the waste of energy
which it causes, but from the damage which it occasions to the frame
and mechanism.

Chapter -III, Purposes and Effects of MAcniNEs.

137. Observing Machines and Working Machines.—The present
chapter must necessarily be limited to some very general observa-
tions on the principal classes into which machines may b.e divided,
with reference to their purposes and effects, leaving details of par-

ticular examples for treatment under tho respective special headings.
Machiues may be divided, in the first instance, into two great

divisions, viz.:

—

I. Observing Machines, in which either the modification of motion
alone, or the balancing of forces alone, is the object in view,—-the

performance of vrorlc being either null or incidental, and being
limited to that which arises from the resistance of the machine,

II. Working 'machines, in which, the performance of work is the
main object.

138. Classification of Observing Machines.—Observing machines
might very properly have been classed as instruments, being de-
signed to aid the human senses and memory in obtaining and
recording information. They may be divided, in the first instance,
into four classes, according as the subject of observation by their

aid is number, measure, or weight, into

—

A. Counting machines.
B. Pleasuring macHnes.
C. Copying and drawing machines.
D. "Weighing machiues.

And to these may be added a fifth class, in which the functions of
the first four are more or less combined, viz.:

—

E. Recording machines.

139. (A.) Counting Machines.—The most important as well as the
most common of counting machines are time-keepers, which count
and indicate the numbers of oscillations of bodies which oscillate

isochronously (viz., pendulums forelocks, balance-wheels for watches
and marine chronometers) so as to measure time. In constructing
such machines, the objects to be aimed at aiv the exact isochronism
of the pendulum or balance, and the equable action of the motive
power, so that it shall overcome the irictiou of the mechanism
without affecting the rate.

Other counting machines count the oscillations of the beam of a
steam-engine, or the revolutions cf the cylinder ofa gas-meter or ot

the wheel of a water-meter.

Others perform additions, subtractions, and multiplications, and
of these the most elaborate kind (as, e.g., that of Babbage) compute
tables of functions by the addition of ditterences,

140. (B.) Measuring il/fic/tZ/j^.?.—Measuring machined are pieces
of mechanism, by means of which the motion of some body of the
nature of an index through some geometrical magnitude, such as a
distance or an angle, is connected with some other motion, either
equal or greater or smaller in some given rati6, and capable of

being more readily compared with some standard of measure.
To this class belong all those astrouomical and surveying instru-

ments in which the motion of a line of sight (generally the line of
coUimation of a telescope) through a given angle is connected with
the motion of an index or vernier round a corresponding arc of a
graduated circle ; also those micrometers in which ihe advance of
the end of a screw of fine pitch is measured by observing the simul-
taneous arc of rotation of a graduated circle attached to it.

Such micrometers have attained increased importance by the
discov<:ry of Whitworth,—that the mechanical magnifying of email
distances by a train of screws affords a more accurate means of
measurement than optLcid magnifying by the microscope,—and by
the perfection to which that engineer lias brought that art of accu-
rate workmanship which is necessary in order to render mechanical
magnifying possible.

Amongst measuring machines are included the plaiometers or
plaTiimctcrs of Sang, Morin, and Clerk Maxwell, which measure

areas by means of mechanism. The amount of resistance in
a measuring machine should be perfectly unitbiTii, and sufficiently

great to prevent accidental forces from disturbing tho machine,
witliout being so great as to render it inconveniently stilt. To
combine these objects requires givat accuracy of workmanship,
together with strength and rigidity in the structure of tlie frame
and mechanism.

141. (C.) Copying and Drawing Machines,—In copying machines
for enlarging or reducing drawings tiiere is usually a combination
of levers and linkwork connecting a tracing-point, which is moved
over tlje lines of the original figure, with a diawing-jioiut, which
draws the copy in such a manner that tlie, velocity ratio of their
motions is a given constunt quantity', and that the directions of
their motions make a constant angle.

Mechanism depending for its principle on the theory of the
composition of rotations is used to draw ellipses, epicycIoid«,

epitrochoids, and other curves.

142. (D. ) Weighing Machines.—InVeighing machines the motion
of the mechanism is "used only for the purpose that its cessation, or
its becoming an oscillation about a certain position, may indicate the
equilibrium of the forces applied to the machine. Those forces may
either be weights, which are to be compared \vith each other,.or forces

of other kinds, to be compared directly or indirectly with weights.
The machine for comparing weights which is capable of the

most minute accuracy is also the simplest, being the balance in
which the equality of two weights is ascertained by the-ir balancing
each other at the ends ofa lever of equal arms. In the steelyard,

consisting either of one lever or of a train of levers, tlie unknown
weight has an unchangeable point of application, and is compared
with a known weight by shifting the latter along the lever to whicli
it is applied until the machine is balanced ; the ratio of the weights
is then the reciprocal of the velocity ratio of their points of a])plica-

tion. The steelyard is more convenient for weighing very heavy
loads than the balance, but is not capable of such minute accuracy.

It is essential to accuracy in balances and steelyards that the
friction should he less than the smallest admissible amount of error.

To diminish the friction as much as possible, the axes of motion are
all knife-edges, as they are termed, ot steel or hardened iron, resting
on hard surfaces of hardened iron or steel for ordinar}- purposes,
and of some hard mineral, such as agate, for scientific p;r.|X)ses.

The weight of a column of fluid is cletGrmined by balancing it

against a column of fluid whose weight is known, as in the
barometer, where the weight of a column of the atmosphere is

balanced against that of a column of mercury.
Weights arc compared with each other indircctlj', and other

forces compared with weights, by means of their en"ects in bending
a spring,— a coTivenient method, but not susceptible of minute
accuracy.

The elastic pressure exerted by a fluid may be complied witli

weight, either by balancing tiie pressure against the weight of a
column of a liquid, or by maintaining a piston in cijuilibiium

against tliat pressure, by means of a weight pressing it directly, or

of a weight acting through a steelyard, or of the elasticity of a
spring which has been compared with weights.

343. (E.) Recording Machiiics.-—Recording machines may be
divided into two classes :

—

self•registering instrnmenls, which, by the
aid of clockwork, record measurements either of space or of force,

together with the instants of time at whbh these measurements
were made ; a}id dynamometers, already mentioned in Chap. II. of

this article, which register measurements of-forcc, together with tho
space through which it has acted, thus recording energy or work.

144. Working Mi' chines Classed.—The object orpurpose of work-
ing machines is to perform useful work ; and their classilication

relatively to their objects and purposes is founded on the kind of
useful work which they perform. In this point of view ihcy may
be classed as follows :

—

A. Srachines for lifting or lowering solid weiglits.

B. Machines for Ihe horizontal transport of weights, cither com-
bined or not with lifting or lowering.

C. Machines for projecting solids.

D. Machines for lifting fluids.

E. Machines for propelling or projecting fluids.

F. Machines for dividing bodies.

G. Machines for slnpiiig bodies by removing portions of them.

H. Machines for shaping bodies by jwessure.

I. Machines for uniting bodies into fabrics.

J, Machines for printing.

K. Machines for producing sound,

L. Jiliscellaneous machines.

It is not pretended that the above classification (taken to a con-

siderable extent from the \\Titings of Young and of BabTjago)

exhausts all kinds of machines ; it is brought forward merely as an

attempt to introduce method to a certain extent into a subject whijdi

would other^vise be exceedingly confused.

145. (A.) Machinesfor Lifting and Lo^va'inff Solids.^Thc most

common machines of this class are m^wfans, cranc<t, and vindlas-'tc.
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They are usually vorked by manual labour, but sometimes by
hydraulic engines, or by steam-euj^ines. The useful resistance,

when a load is lifted, being the weight of that load, is in gcaeral

greater tHan the etfort exerted by the prime movec, so that the

mechanism has to bo adapted to giving the working-piece a less

velocity than the viece to which the effort is applied. In lowering
solid loads the weight of the load acts as the etibrt, and the energy
exerted by it is expended iu overcoming the friction of a brake in

order.that the speed of descent may not be excessive.

146. (B.) Transporting Machiiies.—The mechanism of transport-

ing mnchines consists of two parts :—that by which the resistance is

diminished, as the wheels and axles of vehicles; and that by which
the resistance is overcome and the load projielled, comprising all

kinds of locomotive and propelling machinery. In the present

work transporting machines are treated of in the articles ri-lating

specially to tho lines of conveyance to which they are applied.

147. (C.) Machinesfor Projecting Solids.—This class comprehenoe
all kinds of artillery.

148. {Y).) Machinesfor Lifting Fluids.— Sqq HYDROMEcnANics.
149. {'^.) Machinesfor Propelling or Projecting Fluids.—Seethe

same article.

150. (F.) Machinesfor Dividing Bodies.—This class comprehends
all machines for separating solid masses into parts, whether by
digging, cutting, sawing, grinding, tearing, crushing, pounding,

pressing out fluids, or otherwise ; and whether applied to earth,

fitones, metals, timber, fruit, grain, fibres, or other materials.

151. (G.) Machinesfor Shaping Bodies by Bemoving PortioTis of

them. —'i^his class of machines to a certain extent resembles the pre-

ceding. It includes machines for cutting, grinding, and polishing

blocks of stone into required figures, and for shaping pieces of wood,

metal, oi other material, whether by turning, to proauce spherical,

Cylindrical, andother curved surfaces,—by boring, punching^ slotting^

or gouging, to produce cylindrical, rectangular, or other orifices and
grooYQu^—hy screw-cutting, by planing, by grinding and polishing,

to produce curved or plane surfaces. The most difficult and import-

ant of all these operations is to produce a surface truly plane ; and

the perfecting ot this operation by Whitworth is the most im-

portant stop recently made in Constructive Mechanics, or the art of

making machines and instruments. Next in point of difficulty may
be placed the art of forming the concave reflecting surfaces of great

specula for telescopes, such as thoso of the Herschels, of Lnssell,

and of Lord Rosse.

152. (H.) Machines for Shaping Bodies ly Prcss^ire coxniiTehend,

amongst others, rolling-mills for iron, steani-hummcrs, wire-

drawing machines, pinmaking and niaihnaking machines, coining

and other stamping machinery, brickmaking machines, presses for

packing and compressing, &c.

153. (I.) Machines for Uniting Bodies into Fairies comprise

spinning machinery, whether applied to ropes, yam, or tliread,

weaving machinery of all kinds, papermaking machinery, felling

machinery, and sewing machinery.

l64. (J.) Machines for i^nnim^f are used to apply either colouring

matters or matters for discharging colour to paper, cloth, and other

materials.

155. (K.) Machinesfor producing Sound.—Scq Acoustics and
llusio.

156. (L.) Miscellineous Mocnines.-TheYe are numerous machines

v/hich perform processes, especially in the preparation of textile

fabrics for the market, which it would be almost impossible to class.

Examples of such machines will be found by referring to the articles

relating to the various branches of manufacture.

Chapteb IV. Applied Energetics, or Tiieout of Peime
Hovers.

157. Prime Movers in general— Their Eficiency.—Prime movers,

or receivers of power, are those pieces or combinations of pieces of

mechanism which receive motion and force directly from some

natural source of energy. The point where the mechanism belong-

ing to the prime mover ends and that belonging to the train for

modifying the force and motion begins is somewhat arbitrary ; in

general, however, the mechanism belonging to the prime mover may
bo held to include all pieces which regulate or assist in regulating

the transmission of energy from the source of energy. Tims, in the

ordinary rotative steam-engine, the crank-shaft belongs to the prime

mover, because it carries the eccentric which moves the valves and

the fly-wheel which stores and restores the periodical excess of

energy of tho engine, and drives the governor (when there is one)

which regulates tho admission of steam.

The itscfiil vjork of the prime mover is tho energy exerted by it

upon that piece which it directly drives ; and the ratio which this

bears to the energy exerted by the source of energy is the efficiency

of the primo mover.

It is often conveqient to divide the prime mover into sections,

and resolve its efhciency into factors, each factor being the efficiency

of one of those sections. Thus the efficiency of a'steam-engino may
Iw resolved into tho follawing faotors :

—

Efficiency of the furnace and Joi^i;,— being the luopoition of tho

tottd'heat of combustion of the fuel which takes ellect iu heating

and evaporating the water.

Efficiency of the steam iiidrivinif tlie piston,—being the proportion

of the energy exerted hy the steam on the piston (calletf the indi-

cated energy or power, as being measured oy an indicator) to the

meqhanical eqftivalent of tlie heat received by the water.

Efficiency of the mechanism from th^ piston to the a-ank-shaft inclu-

sive,—being the proportion of the effective energy transmitted by the

crank-shaft to the indicated energy.

The product of those three factors is the efficiency of the engine

as a whole.

In all prime movers the loss of energy may be distinguished into

two parts,--—one being the unavoidable effect of the circumstances

under which the machine necessarily works in the case under con-

sideration ; the other the effect of causes which are, or may be,

capable of indefinite diminution by practical improvements. Those
two parts may be distinguished as necessary loss and waste.

The efficiency which a prime mover would have under given

circumstances if the waste of energy were altogether prevented, and
the loss reduced to necessary loss alone, is called tlie vxaximiLvi or

the theoretical efficiency under the given circumstances.

For some prime movers there is a combination of circumstances

which makes the theoretical efficiency greater than any other com-
bination does. The theoretical efficiency under those circumstances

is the absolute maximum efficiency.

The duty of a prime mover is its useful work in some given unit

of time, as a second, a minute, an hour, a day. In some cases,

such as that of the work of animals, the duty can bo ascertained,

while the efficiency can only be inferred indirectly or conjecturally

from the want of precise data as to the whole energy expended.

168. Sources of Energy Classed.—The sources of energy used in

practice may be classed as follows :
—

A. Strength of men and animals.

B. Weight of liquids.

C. Motion of fluids.

D. Heat.

E. Electricity and magnetism.

159. (A.) Strength of Men and Animals. —The mechanical daily

duty of a man or of a beast is the product of three quantities—tho

effort, the velocity, and the number of units of time per day during

which work is continued. It is well known that for each individual

mau or animal there is a certain set of values of those three

quantities which make their product, the daily duty, a maximum,
and that any departure from those values diminishes the daily

duty. Attempts hare been made to represent by a formula the law

of this diminution ; but they have met with imperfect success. That
which agrees on the whole best with the facts is the formula of

Maschek, which is as follows :—let P^ be the effort, V] the velocity,

and Tj the time of working per day, which give the maximum daily

duty, and let P, V, T, be any other set of values of those quantities

;

then

>i Yi T\ ' '*

One consequence of this formula is, that the best time of working

per day for men, and for all animals, is one-third part of a day, or

eight hours,—a conclusion in accordance with experience.

The best etfort Pj, and the best velocity Vi, are much less certain,

—

the difficulty of determining their true mean values for particular

specie being rendered very great by the differences, not only between

individuals, but between races or varieties of the same species.

Tho following table of values is proposed by Maschek as approxi-

mately true :—

Animals.
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MECHITHARISTS, a congregation of Armenian monks,

in communion with tlie church of Rome, whicli has enjoyed

papal recognition since 1712. Its founder Mechithar, or

Mechitar da Pietro, a native of Sebaste (Sivas) in Armenia,

was born on February 7, 1670 ; his original name was

Manuk, which he exchanged for that by which he was

subsequently known (" Comforter ") when he entered the

cloister of the Holy Cross in his native town. In the

pursuit of knowledge he visited various seats of learning

in Armenia, and in the years 1C91, 1696, and 1699

respectively he attained the office of deacon, priest, and

vartabed or doctor in theology. Having removed to

Constantinople, he founded there in 1701 a religious

institute for the intellectual, moral, and spiritual elevation

of his countrymen, and for the cultivation of their language

and literature. In 1703 sectarian jealousy obliged him

to retire to the Morea, where he ultimately found a

settlement at Modon, and built a cloister and church

(1706-8). The outbreak of hostilities between the Turks

and Venetians in 1715 compelled him to take refuge in

Venice, where in 1717 he received from the senate the

island of San Lazzaro, which ever since has been the home
of his order. Mechithar, who died on April 27, 1749, was

the author .of a Grammatica Armena, printed in 1770, of

an Armenian Lexicon, printed in 17-14, of an Armenian
translation of the Bible, printed in 17-34, and of several

commentaries on Biblical books. The order of Mechi-

tharists, ' which, as already mentionec", received formal

recognition (from Clement XI.) in 1712, uses the Armenian
language and the Syrian rite ; its rule resembles the

Benedictine, prominent among the duties of its members
being the proclamation of the gospel arid the diffusion of

good literature. They have accumulated at San Lazzaro a

large library, specially rich in Armeniau MSS. ; and their

linguistic attainments are considerable. Among their

.services to the cause of learning may be mentioned, in

ftddition to the preparation of critical texts of the Armenian
classics and of the Armenian version of the, Bible, the

publication in old translations of various works of Ephraem
Syrus, Philo, and Eusebius, of which the originals have

been lost. There are establishments belonging to the order

elsewhere in Italy (Padua), as well as in Russia and

Turkey, in Paris, in Austria-Hungary, and in Germany.

Of these the most important is that of A^ienna, which has

existed since 1810, and has become a sort of learned
" academy," receiving honorary members even from beyond

the pale of the Roman Catholic Church.

MECHLIN, or Malixes, a city of Belgium, in the pro-

vince of Antwerp, on the river Dyle, about 14 miles north

of Brussels. The general aspect of the town, belted by

a fine avenue of trees, with well-built houses, extensive

gardens, and broad airy streets and squares of proverbial

cleanliness, is pleasing to the eye ; there is, however, a

lack of life and motion, a repose bordering on stagnation;

and the area occupied by the town is much too extensive

for the population. Mechlin was for many centuries, and

is to this day, the religious metropolis of Flanders, and its

monuments and curiosities are in general of a sacred

•description. Amqpg the most remarkable is the cathedral

church of St Rombold or Rombaut, mainly built in the

latter half of the 14th century ; the square massive tower,

rising 300 feet high and bearing four dials, each 48 feet

in diameter, is visible from nil the country round. The
interior proportions of tJie edifice are grand, and it contains

some fine works of ait—statue.i of the apostles, standing

agaiiust the pillars of the nave, Vandyck's picture of the

•Crucifixion, the Adoration of the Shepherds, by Erasmus

Quellin, and others. The church of St John possesses

a celebrated triptych of Rubens, and ancjtlicr by the same

master is to be seen at Notre Dame. The " Halle " or

market still retains some vestiges of the splendid palace

raised on the site by Charles V. in 1530, and on the chief

market-place is a monument erected to Margaret of Austria,

daughter of the emperor Maximilian. Mechlin is an

archiepiscopal see, occupied by a cardinal, primate of

Belgium, deriving his spiritual power from Rome, and
quite independent of (at times even openly opposed to)

the civil Government. His palace is the headquarters of

the Catholic party, and the seat of considerable moral and

political influence extending over every parish in the land;

the university of Louvain, the Catholic schools, more than

four thousand iu number, and the great seminary of

Mechlin, the nursery of the Belgian priesthood, are entirely

under the direction of the archbishop. The industrial

activity of the town, formerly very great, has constantly

decreased in the present century, and is now almost extinct.

The important corporation of weavers was scattered by

the political troubles of the 15th and IGth centuries ; and

the laceUrade has gradually been transferred to Brussels

and other towns. There still exist a few special manu-
factures, those of carved oak furniture, straw chairs,

and wool and linen tissues being among the foremost

;

some tanyards and breweries are also to be found, and
the means of communication furnished by the Dyle supply

a tolerably brisk market in corn, oils, flax, hemp, and hops.

As a railway station Mechlin possesses peculiar importance,

being a junction of the chief Belgian Government lines and

the great central workshop for constructing and repairing

the rolling-stock. The population of Mechlin in 1880 was
42,38'

Mechlin appears to nave been about the Stli century a mere
group ot cabins surrounding a noted monastery where St Eonibnut,

now the pation saint of the town, suffered martyrdom on tlie 24tli

of June 775. After having belonged to tlie first Fiankish
monarclis, it was given by Pippin tlie Little to his relative Aclon,

and passed, at t^e commencement of the 10th century, under the

dominion of tlie bishops of Liege, in wliose name it was ^iovemed
by tlie powerful house of Berthold until the year 1333. 'Wliell this

family became extinct, Mcclilin and the surrounding distiict were
divided in two portions and sold by the bishops to the duke of

Brab.mt and the count of Flanders, the former of whom, ten years

later, once riiore united the whole territory under his own sway.

By the marriage of Margaret of Brabant witli Philip tlie Bold,

j\iechlin was brought under the sceptre of the house of Burgundy,
whose fate it shared from that time. Stormed by the Frencli in

1572, by the prince of Oianae in 1578, by the English in 1580, the

town suffered much during the wars of the 17th and 18th centuries.

Napoleon I. had its fortihcations razed in 1S04, and made it the

capital of the French "Departemeut des deux Nethes " until 1814,

when it was comprised iu the kingdom of the Netherlands, and it

tinallv became part of Belgium in 1830.

MECKLENBURG, a territory in ISorth Germany, on

the Baltic Sea, extending from 53° i' to 54° 24' N. lat.,

and from 10° 35' *n 13° 57' E. long., corresponds with

tolerable closeness to the old lower Saxon province of the

same name, and is now unequally divided into the twogr»nd-

duehiesof Mecklcnburg-Schwcrin and Mecklenburg-Strelitz.

These are so closely related iu history, political organiza-

tion, natural features, and general development that it is

convenient to treat them in a single article.

Meckleneueg-Schwemn, the seventh state of the

German empire in size and the eighth in poptdation, is

bounded on the K by the Baltic Sea, on the W. by the

principality of Ratzeburg and Lauenburg, on the S. by

Brandenburg and Hanover, and on the E. by Pomenania

and Mecklenburg-Strelitz. It embraces the duchies of

Schwerin and Giistrow, the district of Rostock, the prin-

cipality of Schwerin, and the barony of Wisniar, besides

several small " enclaves" in the adjacent territories. Its

total area is about 5117 square miles.

Mecklenburg-Strelitz, the eleventh state of the

German empire in area and the nineteenth in population,

consists of two detached parts, the duchy of Strelitz on the

oast of Mecklcuburg-Schweriu and the principality of
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K vicbiii'g ou the west. The fa-st of these is bounded by

Mvwkleuburg-Schwei'iii, Pomerania, and Brandenburg, the

secoid by Mecklenbuig-Schwcrin, Lauenburg, and the

territory of the free town of Liibeck. Their joint area is

112G square miles.

Mecklenburg lies wholly within the great Norbh-Jiuroijean

plain, and its flat surface is interrupted only by one range

of low hills, intersecting the country from south-east to

north-west, and forming the watershed between the Baltic

Sea and the Elbe. Its highest point, the Helpter Berg,

is 580 feet above the sea-level. The coast-line runs for

C5 miles along the Baltic (without including indenta- I

tions), for the most part in fiat sandy stretches covered

with dunes. The chief inlets are the bays of Wismar,

Qrosse Wiek, Salzhaff, and Kroy, and the roads of Warne-

niiinde. The rivers are numerous though small ; most

of them are afiiuents of the Elbe, which itself traverses

a small portion of Mecklenburg. Several of the streams

are navigable, and the facilities for inland water traffic

are increased by a tolerably extensive system of canals.

Lakes are very numerous; about four hundred of fair size,

covering an area of 500 square miles, are reckoned in the

two duchie=. The largest is Lake Miiritz, 52 square miles

in extent. The climate on the whole resembles that of

Great Britain, but the winters are generally more severe
;

the mean annual temperature is 48° F., and the annual

rainfall is about 23 inches. Although there are long

stretches of marshy moorland along the coast, the soil

is on the whoJe productive. According to the official

returns of 1878, about 57 per cent, of the total area of

Mecklenburg-Schwerin consisted of cultivated land, 17

per cent, of forest, and 13 per cent, of heath and pasture.

In Mecklenburg-Strelitz the corresponding figures were

48, 20, and 9 per cent. Agriculture is by far the most
important industry in both duchies. The following table

shows the areas and products of the chief crops in 1880 :

—

Crops.
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anco of about 250 students. In 1880-81 only 0-5G per

cent, of the recruits in Meclilenburg-Schwerin were unable
to read and write their names, while all the recruits in

Mecklenburg-Strelitz were able to do both. The pre-

dominant confession in Mecklenburg is the Lutheran,
which is professed by both the grand-dukes. The propor-

tion of Roman Catholics, Jews, and members of the Re-
formed Church is insignificant. The ultimate spiritual

authority is exercised by consi''*:ories at Schwerin and
Strelitz. Mecklenburg also contaius a fair share of learned

societies and benevolent institutions. The supreme court

of appeal for both duchies, in all criminal and civil cases,

is at Uostotk.

The population of Mecklenburg-Schwcrin in 1861 was
548,449; in 1871, 557,707; in 1875, 553,785; and in

1880, 577,055. The capital is Schwerin (30,14C inhabi-

tants), but the most important town is Rostock (36,967
inhabitants). The population of Mecklenburg-Strelitz in

1861 was 99,060; in 1871, 96,982; in 1875, 95,673; in

1880, 100,269. The chief town is Keu-Strelitz. About
71 per cent, of the inhabitants are engageclin agricultural

pursuits; and 62 per cent, are classed as belonging to the

rural population, i.e., as living in communities with less

than 2000 inhabitants. The peasantry of Mecklenburg
Btill retain numerous traces of their Slavonic origin,

especially in their speech, but their peculiarities have been

much modified by amalgamation with the German colonists

who settled within this district at various times. The
townspeople and nobility are almost wholly of Saxon
strain. The slow rate of increase in the population of

Mecklenburg is chiefly accounted for by the constant stream

of emigration. Between 1870 and 1880 the two duchies

contributed in the highest proportion to the emigration

from Germany. Out of 595,151 German emigrants who
sailed from Bremen, Hamburg, Stettin, and Antwerp
within that period, 24,870 came from Mecklenburg-
Schwerin and 2481 from Mecklenburg-Strelitz, represent-

ing respectively 4-38 and 2-52 per 1000 inhabitants as the

yearly average. Probably another cause of the slow growth
of population is to be sdught for in the difficulties thrown
in the way of the marriage of the peasants by the .semi-

feudal character of their tenure. It is a significant fact

that in 1880 the proportion of illegitimate births in the

two duchies amounted to 14 per cent, as compared with
9 per cent, in the entire German empire.

nislory.—The Tandals, who in the time of Tacitus occupied the
region now known as Mecklenburg, were succeeded in the 6th cen-
tury by a Slavonic race. Though partly conquered by Charlemagne
in 789, this people soon regained their independence, and long
olTered a successful resistance to all attempts on the part of the
German emperors to overcome and Christianize them. At last, in

1160, Duke Henry of Saxony made hin;self master of the country.
The native prince was, however, permitted to retain his sovereignty,

and has transmitted to his descendants and successors of the present

day the distinction of being the only ruling princes of Slavonic
origin in Germany. In 1160 he was raised by the emperor Frederick
I. to the dignity of a prince of the empire. From 1202 till 1227
Mecklenburg was under Danish supremacy ; and in 1229, two years
after its restoration to Germany, there occurred the first of a long
series of divisions of tho territory, wliich, with subsequent reunions,
constitute so much of its complicated history. In 1348 Charles IV.
made Mecklenburg a duchy. In 1623 the trials and commotions
springing from the rivalry and jealousy of two joint rulers incited
the prelates, nobility, and burghers to form a union among them-
selves, the effects of which are visible to the present day,—most
prominently in the existence of the common Landes-Union. The
Reformation was welcomed by the inhabitants of Mecklenburg in
1524 ; and about 1555 nearly all the monasteries were suppressed.
In 1621, when a ne* partition took place, the town of Kostock
"with its university and hi^h courf'^was declared to be held in
common. The diet also retamed its joint character,' and henceforth
alternated between Sternberg and Malchin.

In the Thirty Years' War both Mecklenburg-Schwerin and
Mecklenburg-Giistrow—as the parts were then called—incurred the
suspicion of the emperor, who secretly sold them to Wallcnstein,
and expelled the dukes in his behalf. They were reinstated, how-

ever, hy Gustavus Adolphus, and at the peace of Prague in 1C35
they both made their peace with the emperor. At the peace

of AVestphalia Rostock and some other parts of Mecklenburg terri-

tory were given in pledge to Sweden, and tjiey were not redeemed
till 1803. The sufferings of tlie Mecklenburg peasantry during the
Thirty Years' AVar were exceeded in no other part of sorely-tried

Germany. Most were reduced to serfdom through poverty ; in some
cases.whole villages utterly vanished. In 1695 the Mecklenburg-
Giistrow line became extinct ; and, after some contention between
the brother and the nephew of the last duke of Mecklenburg-
Schwerin for the vacant succes^on, the "Hamburg Divrsion"

(March 8, 1701) apportioned to eacli shares that are representeil

l)y the present duchies. The nffixes Schwerin and Strelitz ai'Q

derived from the capital towns of the two dukes.

Mecklenburg-Schwerin began its new independent existence by a
series of constitutional struggles between its nobility and its rulers.

The heavy debt incurred by Charles Leopold, who had joined Russia,

in a war against Sweden, brought matters to such a pitch that in

1728 the emperor Charles VI. deposed the duke in favour of his

brother Christian Louis. Under this prince, the " Rostock Con-
tract," which isstill the basis of the constitution, was framed in 1755.

During the Seven Y^ears' AVar Mecklenburg-Schwerin assumed a
hostile attitude towards Frederick the Great, and was in conse-

quence occupied by Prussian troops. In 1S06 it was overrun by
the French, and in 1808 it joined the confederation of the Rhine.

The duke, however, though he assisted Napoleon in 1812, was
the first member of the confederation to renounce it, and in tho

following year his troops fought against France and Deumark. On
joining the Germanic confederation he assumed the title of grand-

duke, with the style of royal highness. In and after 1848 the

duchy witnessed a considerable agitation in favour of a new and
more liberal constitution, but the subsequent reaction rescinded ail

the concessions that had been made, and reducefl matters to their

former feudal condition. In 1819 and 1820 serfdom and personal

bondage were abolished, and various slight ameliorations of the

state of the pea.santry have since been introduced.

Mecklenburg-Strelitz adopted the constitution of the sister duchy
by an " Agnitions-Act " in 1755. In 1806 it was spared the inflic-

tion of a French occupation through the interest of the king of
Bavaria ; but in 1813 it w«3 mulcted in the sum of two million

thalers for the French army. In 1S08 it entered the Rhenish con-

federation, but repudiated it in 1813 and joined the alliance against

Napoleon. In 1815 the duke assumed the title of grand-duke,

AiUhorilies.—Boll, GeschUhte Meektevburg^, 1855; Nizze, Vdksuirthscha/tlidle

Zuslatide in Mecklenburg, 1861; Boll, Abt-tsi der MeckienbW'jer Landeskunde
'y

Boger, Topographisches Handbuch f.d. Grossfter-ogtliu?ner Mecklenbut-g-Sehzceiin

ttnd Hecklenbtirg-Stretits, Kiel, 1881 ; the official Staatskalender, published
annually; t\iQ Beitrdge tur Statistit ifecklenburgs, published by the Statistical

Office at Schweiin; Jahtbikher des Vefettte fiir Atecklenbiirgisehe Oescliichte^

1830-1882. For the recent constitutional etniggles see the T«riflU3 works of M.
Wiggers, the most prominent leader oi the democratic party. (J, F. JI.)

MEDALS. See Numismatics.

MEDEA, the daughter of Jietes, king of the Colchians,

who were believed to be of Egyptian descent (Herod., ii.

104), and are said to have found a settlement on the cast

of the Euxine and to the south of the Caucasus. Medea
was one of the " wise women " (witches or sorearesses) of

antiquity, and perhaps, like Helen, was a human embodi-

ment of some goddess connected with Eastern element-

worship, possibly with Hera. For the story of her love for

Jason the Argonaut, and of the revenge she took for his

desertion of her for another bride, a Corinthian princess,

Glance, daughter of Creon, see AKGOK.itris and Jason. A
more interesting inquiry is the origin of the tale, and its

connexion with solar myths.

The legend of the Argonautic expedition is a very-

ancient one. It is alluded to in the Odyssey (xii. 70), in

more than one passage of jEschylus,i and is given at

some length in the fourth Pythian ode of Pindar, the close

agreement of which with the Alexandrine compilation by
ApoUonius Ehodius, entitled Argonautica, in four books,

shows that, according to the general law of mythology,

the main features of the legend differed but little. The

original story, it is probable, was contained in a still older

epic poem called t) Miiiias TroiT^o-t;, the authorship of which

was ascribed to Prodicus of Phocaea.^

The " Golden Fleece," in quest of which the adventurers

' He alludes to Phineus and, the Lcmnia facinora {Eum. 50 ; C7w.

620), and there were plays composed by him on both these subjects.

° Pausan., iv. 33, 7. He quotes from it two hexameter verses ia

X. 28, 2.
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made a voyage from tbe Iw.ua uf Jason, lolclms in tlic

Tlicssalian JIagnosia, is virtually identical with the fiery

robo which iledea prepared (or her rival Glance, the new
bride, with the Homeric "a.'gis," and witli the garment

smeared with phosphorus whicii was sent by Deianira to

Hercnlus, and burst into a Hamo when brought near to a

sacrificial fire.' Jason, as tbe story went, was not allowed

by tbe guardian of the fleece. King jEetes, to approach it

till ho had performed a certain task in putting to the yoke

fire-breathing bulls, which he effected by tbe aid of iledea.

The bull is a well-known symbol of tbe sun, and it occurs

in tbe bull-slaying group representing tbe Persian sun-god

Mithras, Again, tbe slaying of a father by a son (tbe old

sun killed by tbe new one) is seen alike in (Edipus having

caused the death of bis father Laius, in yEson, tbe father

of Jason, having been restored to life by. tbe magic arts of

Medea, and in Pelias having been killed and boiled in a

caldron by his own daughters at tlie instigation cf the

sorceress. Lastly, the legend that Medea was herself the

granddaughter of the Sun, and that she escaped in a car

drawn by flying dragons, given to her for safety by her

grandsire," equally tends to prove that tbe whole story is

of solar origin, and can be explained on that theory

alone.

This, indeed, has been well stated by Sir G. W. Cox.'

The "dragon chariot is simply the chariot of Indra,

Helios, and Achilles ; and it is drawn by dragons because

the word denoted simply beings of keen sight, and was
naturally applied to the creatures which may be BUDDOsed

to bear the sun across the heaven."

In all these legends about tbe sun the performance of

certain imposed "toils" or labours iS included, the idea

expressed being the bard necessity of the sun going his

daily course in the appointed time in spite of thickening

storm-clouds and opposing powers of darkness, through
which he has to fight bis way, both visibly above and
invisibly underneath the earth. Thus Hercules has his

twelve labours (the number corresponding to the lunar

mouths), while Jason is not only required by his uncle

King Pelias to bring the golden fleece, but is commanded
by »'Eetes to tame tbe bulls as a condition of obtaining it.

The name M>;8eia may possiblj"- be referred to /mJSco-^ai,

" to care for," as Jason may conthin the root lacr$ai, " to

heal," which is the meaning that Pindar attaches to it,^ or

to 101', the violet-coloured dawn, as in locaste, lamos, and
lolau;.^ In bis relation to the snake, which guarded the

fleece, and to the dragons' teeth which he sowed on tbe

ground ploughed by the fiery bulls, compared with the

serpent entwining the staff of the healing god Asclepius,

we see that almost invariable connexion that subsists

between solar and phallic worship.'' This view is confirmed
by the " ship Argo," one of the many sexual symbols of

cup-shaped and boat-like form.'' It is the " ship " which
was tbe Teutonic symbol of tbe goddess Isis.'

Tlie e.tisting literature on the love of Mcilea for Jason shows bow
popular w.is tlie stoi-y in autiquity for its ii.itlios ami its sentimen-
tality. Thus the Sfcilca of EuiipiJes was rciijerccl by Eimius

;

Neophron of Sicyon and Melantliius ' wrote plays of the same name ;

we have the long and fine Pytliian oJe of Pindar, already referred
to, the touehing epistle "Medea Jasoni" in the/Tcroirfcsof Ovid, and
the interesting, beautiful, and too little read Argonauiica of
Apollonius.

Of coui-se, the similarity of the names MtjSoi ana M^Stia led to

' Soph., Track., 705.
= Eur., Med., 1321; Hcsiou, Tlicorj., OSS'.

' ^ylMogij and Folklore, p. 264; see also MijUwlomj of tlie Aryan
Satims, pp. 240, 3S4, 388.

* Pi/tk., iv. 119.
» Cox, Aryan Miitholorjij, pp. 244, 385.
« Cox, ibid., p. 3G3.
' Aryan Myl!wl<ig!/, p. 104 and 834.
' Tae.. Clam., 'J. 3 M.. J\<c. lOlJ.

( i I

etymologic-il spocmations on the Mentily of tlie iionn.'nclaturo, and
one Aledus, a sou of Jledca, was believell to have been nil epoiiyiii

liero.^" The author of tHeeoin]nlatioii known as llcsiod's Thiotjuinj

says that llcdcu.s was a sou of AIedc;i .by Jason," and was brought
lip, as Jason iiiiiiself lutd been, by CLiioii in Uie iiiouiitaiijs,'

Kuripidea assigns but two' cliildreii to Sledca and Jason,'- and
Apollodorus '*' gives thdr names as Meiincnis and Plicics.

SrEDELLIN', a town of Colombia, South America,

capital of the state of Antioquia, is situated at a Leigbt of

4S45 feet above tbe sea, in the valley of the Fiio I'orce, a

right-hand tributary of tbe Piio Cauca, and, though 100

miles from the confluence, not more than IC miles cast

from tbe valley of the larger stream. It is a clean and
well-built place, but has no public buildings of note.

Though the population is estimated at 14,000, there is rib

great activity except on the market days, twice a weeli,

«ben the buyers and sellers flock in from tbe country.

See Fr. von Schenck in PetermantCs MHtheil., ISSO.

MEDFORD,-a town of the United States, iu Middlesex

county, Massachusetts, at the bead of navigation on Mystic

river, and fl miles north-west of Boston by a branch of the

Boston and Maine Piailroad. It is a busy place, witli a

considerable variety of iiianufactures—woollens, carpet.^,

buttons, bricks, leather, kc. Tufts College, situated near

tbe town on Walnut Hill, was founded by tbe Uuiver.salisfs

in Iy03, and named in honour of Charles Tufts, tbe donor

of tbe 70 acres occupied by tbe building and its groun.ds.

The endowment amounts to more than SI, 000,000.

The population of Medford was 5717 in 1870 and 7537
in ISSO.

MEDHURST, Walter Heney (1796-1857), one of tbe

most distinguished Protestant missionaries to tbe Chinese,

wiis born in London in 179G. Ilis education began ai St

Paul's Cathedral schooL As be grew up, be learned tbs

business of a printer ; and, having become interested in

missions to the heathen, he sailed in ISIG for the London
Jlissionary Society's station at Malacca, which was likely

to be a great printing-centre. His linguistic powers soon

showed themsoives. Ho became proficient in JIalay, in a

knowledge of the written characters of Chinese, and in the

colloquial use of more than one of its dialects. He was
ordained at JIalacca in 1S19, and was in all missionary

labours " more abundant,"—first at Penang, then at Ba-

tavia, and finally at Shanghai. To- give only the names of

his various works, some in English, some in Chinese,'

'Would take a considerable space. A dictionary of one of

the FubKien dialects is still valuable ; and bis Chinese-

English and English-Chinese dictionaries (Batavia, 1842)
are more complete and reliable than any earlier or latei

works of tbe same kind. After the conclusion of the first

English war with China he removed to Shanghai in 1S43.

and there he continued till 1S5G, liying tbe foundations,

broad and deep, of a successful mission. His principal

labour for several years, as one of a committee of delegates

of whom he was facile princeps, was in tbe revision of

existing Chinese versions of the Sacred Scriptures. The
result was what should be called a new version of the

Bible, marvellously correct in idiom, and faithful to the
meaning of the original. Tbe university of Kcw York
conferred upon him in 1S43 tbe degree of D.D. Medhurst
left Shanghai in 1856, with several members of his family,

to try the effect of a visit to England for his failing health.

He died, however, two days after reaching London, on the

2 1th January next year. Strong, sprightly, versatile,

and genial, be was a man of extraordinary gifts and
generous soul. Xo efforts (and many were made) could

draw him from his devotion to the work of missions.

MEDIA. See Persia.

" Pausaii., ii. 3, 8. " Tluoq., 1001.

1 MD tlie ilnal-is u.seil. ,;,

" UM:, i. 9, 2S.
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flIEDTCAL JURISPRUDEN'CE, or, as it is now more

usually termed, Forensic Medicine, is that branch of

state medicine which treats of the application of medical

knowledge to the purposes of the law. The term medical

jurisprudence, though sanctioned by long usage, is not an

appropriate one ; since the subject is, strictly speaking, a

branch of medicine rather than of jurisprudence ; it does

not properly include sanitation or Hygiene (q.v.), both

this and medical jurisprudence proper being distinct

branches of state medicine. The connexion between

medicine and the law was perceived long before medical

jurisprudence was recognized, or had obtained a distinct

appellation. It first took its rise in Germany, and sub-

sequentlj', bufe- more tardily, received recognition in Great

Britain.

Forensic medicine, or medical jurisprudence proper as

distinguished from hygiene, embraces all those questions

which bring the medical man into contact with the law,

and embraces (1) questions affecting the civil rights of

individuals, and (2) injuries to the person.

I. Questions Affecting the Civil or Social Rights
OF Individuals.

1. Developmetit of the Human Frame.—The develop-

ment of the physical and mental powers of the human
being is a matter of the highest importance, and is a factor

of great consequence in determining criminal responsibility,

civil responsibility, .or the power of giving validity to civil

contracts, and in determining the personal identity of a

living person or of a corpse. Human life is usually di-

vided into the five periods of infancy, childhood, youth,

manhood, and old age. Some writers increase the number
of these, unnecessarily, to seven periods, without any prac-

tical advantage.

Infancy is the period -from birth till the first or milk
Bet of teeth begin to be sheil—usually about the seventh

year. During this period the body increases in size and
stature more, I'elatively, than at any other period of exist-

ence; and the mental faculties undergo great develop-

ment. The milk teeth, twenty in number, are evolved in

a definite order, beginning with the central incisor.? at

about six montlis, and ending with the second molars about
the termination of the second year. From the size and
stature of the body, the development of the teeth, and the

more or less advanced state of ossification or solidification

of the bony skeleton, conclusions may be drawn as to the

probable age of the infant.

Childhood extends from the commencement of tne shed-

ding of the milk teeth to the age of puberty—usually from
the seventh to the fourteenth or fifteenth year. During this

period the body expands, as well as the bony structures,

without any clearly marked difierence in structure being

observable between the sexes except as regards the genitals,

so that it is impossible to distinguish absolutely between
the male and the female skeleton during this period. The
milk-teeth are sbed, and are replaced by the second or pei-

manent set, thirty-two in number, though these do not usu-

ally all make their appearance during childhood. Marked
differences between the proclivities of the se.xes are notice-

able even at an early period of childhood, and long before

tli<? characteristic functions begin to be developed.

Youth is marked at its commencement by the changes
which occur at puberty—the development of the genitals

in both sexes, the appearance of hair on the genitals,

the appearance of a beard in the male, the development of

the breasts in the female, the appearance of the monthly
flow in the female, and the ability to secrete semen in the

male. Marked mental changes now occur, and the genera-

tive functions are perfected. Youth terminates at the ago

of legal majority, twenty-one years; or perhaps the period

ought to be extended to twenty-five years of age, as it is

with some nations.

Manhood (or Womanhood) is the period of perfection

of all the bodily and mental powers. It ceases in woman
with the cessation of the monthly flow at about forty-five

years of age ; but in man it ofteu extends to a much
later period of life.

Old Ai/e begins with the decay of the bodily and
mental (acuities, and is characterized by wrinkling of
the skin, loss of the teeth, whitening of the hair,, and
feebleness of the limbs. In its later stages decay of the

mental faculties, deafness, obscurity or loss of vision, and
bowing of the spine are added.

2. Duration of Human Life.-—The chances of human
life form an important subject of inquiry, which has been
elucidated by the labours of Price, Milne^ Farr, and
others ; and on deductions from comparisons of birth and
death rates is founded the system of annuities, insurance

against loss in sickness, and the insurance of lives. Since
the establishment of compulsory registration of deaths, our
knowledge of the ordinary and extraordinary chances of

human life has been much extended, and surer data are

now available for calculations of probabilities of life, of

survivorships, and of the payments which ought to ba
made in benefit clubs. See Insurance and Longevity.

3. Personal Identity.—It might be imagined that there

is little danger, with the exercise of ordinary care, of mis-

taking one person for another ; but the remarkable case of

the Tichborne claimant, and some other less-knowu but
perhaps equally singular instances, have demonstrated that

mistakes as to the identity of individuals are easily made,
and are more frequent than is commonly supposed. Where
the identity has to be established or disproved after long
absence, exposure to foreign climates and great bardship.s,

wounds, &c., the problem is often one of extreme difficulty.

The data for identifying a person are individual and
family likeness, stature, the colour of the eyes, peculiarities

of garb and manner, recollection of antecedent events,

but more especially marks on the person either congenital*

or acquired. Such are nxvi or mother's marks, scars,

and disunited or badly united fractures, known to have
existed upon the missing person. An accurate solution of

the question is, nevertheless, often a matter of the greatest

difficulty.

4. Marriar/e.—Under this head tne medical jurist has to-

deal principally with the nubile age, viewed in the light

of nature and according to legislative enactments, and witk
such physical circumstances as affect the legality of mar-
riages, or justify divorce.

In Great Britain the age at which the sexes are first

capable of propagating the species is later than in more
.southern climes. Ordinarily it does not occur before

fifteen years of age for the male and fourteen for the

female ; exceptionally, however, it occurs at the ages of

thirteen and of twelve (or even less) respectively in the

male and female. By legislative enactment, nevertheless,

parents and guardians may, in England stall events, forbid

the marriage of young people till the age of legal majority.

The only physical circumstances which in Great Britain

form a bar to marriage are physical inability to consummate,
and the insanity of one of the parties at the time of

marriage. Both those circumstances have been pleaded

and sustained in the law courts. In other countries minor
physical circumstances; as disease, are held to invalidate

marriage.

5. Impotence and Sterility.-—These may arise from
organic or from functional causes,— the former being alone

irremediable, and as such taken cognizance of by. the law

courts. On this subject it is unnecessary to enlarge here.
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C. rreijnancy.—This subject presents oiii; ot tlie wiJest

fields for medico-legal evidence. The limits ef age between
which it is possible, the limits of utero-gostation, and the

sigus of pregnancy may all iu tui'n bo the subjects of

investigation.

The limits of age between which pregnancy is possible

are usually fixed by the appearance and ccs.sation of the

monthly flow ; and these ordinarily begin about fourteen

and ceaso at forty-fivo years of age. Exceptionally they

appear as early as the tenth year, and may not cease till

the end of the fifth decade of life. Cases, however, have
occurred where a woman has conceived before menstru-

ating ; and a few doubtful cases of conception ore recorded

in women upwards of fifty, or even sixty, years of age.

The general fact of pregnancy being limited by the age

of puberty on the one hand and the cessation of the

monthly How—or fifty ye.irs as the extreme limit of age

—

must be accepted as the safest guide in practice.

The limits of utoro-gestation are not in England fixed

by legislation. The French code fixes the extreme limit

of three hundred days. The ordinary period is forty

weeks and a half, or two hundred and eighty-three days
from the cessation of the last monthly flux. The limit of

three hundred days, as fixed by the Freuch code, is

perhaps never exceeded, if ever reached. The uncertainty

of females in fixing the exact date of conception has given

rise to the discrepint opinions of physiologists on the

subject. It is well kuown, however, that among the higher

animals the period is not a precise one ; and impregnation

and conception are doubtless not necessarily coincident.

The signs of pregnancy are of the utmost importance

to the medical jurist. He may be called upon to pronounce

upon the virtue of a female, to sustain or rebut a plea for

divorce, to determine whether a capital sentence shall be

carried out, or to determine whether it is probable that an
heir will bo born to an estate. Should he err in his judg-

ment—and mistakes are very possible in the earlier months
of utero-gestation—he may commit a grievous wrong.

Medical jurists are in the habit of classifying the signs of

pregnancy as uncertain or certain ; it is the former which
are most regarded by the public, but the latter ai-e alone

of probative value to the jurist. The usual and uncertain

signs are the cessation of the monthly flow, nausea, sick-

UL'ss, a darkening of the areola and the formation of a

secondary areola around, the nipple, enlargement of the

breasts, increased size of the abdomen, the formation of a

tumour in the womb, quickening, and the motions of the

fojtus. There are also other minor signs of less importance.

The certain signs are the uterine souflle, which is a peculiar

soft sound heard over the abdomen, and synchronous with

the maternal pulse ; baliottement, or the examination for a

floating tumour in the abdomen between the fifth and

eighth months of pregnancy ; and the pulsations of the

foetal heart, heard by means of the stethoscope. These
pulsations are much quicker than, and not synchronous

with, the maternal pulse. This is the only indubitable sign

of pregnancy. It is inapplicable before the fourth month of

gestation.

7. Parturition.—The imminence of the process of par-

turition is of comparatively little interest to the medical

jurist; but the signs of recent delivery are all-important.

These signs are the bruised, swollen, and lacerated state

of the external genitals, relaxation and dilatation of the

vagina and womb, the existence of a peculiar vaginal dis-

charge known as the lochia, a relaxed and fissured condition

of the abdominal walls, a peculiar aspect of the countenance,

and the distended state of the breasts due to the secretion of

milk. The lochial discharge is the most characteristic sisrn.

All the signs may diaapiioar within tea days of delivery,

though this is not usual.

Connected with parturition, the question of riiibilili/ <i»

the child is not uniniportant. After the intrauterine age of

seven months Is reached a child is certainly viable. The
period at which the foetus becomes viable cannot be staled
with certainty; but five calendar months, or one hundred
and fifty day.', is perhaps the nearest approximation which
can be made. The viability of n child is judged by its

size and weight, its general state of development, the state
of the .skin, hair, and nails, its strength or feebleness, the
ability to cry, and its power of taking maternal nourish-
ment. The question of viability has important bearings
upon the crime of infanticide, and tlio succession to
property.

The subject of superfaiation, or tlie possibility of two
conceptions having occurred resulting in the birth of twins
with a considerable intervening interval, is a very obscure
one, and has given rise to much controversy,—its existence

being affirmed by some meilical jurists, and denied by
others. There is much, however (c./-/., the existence of a
double or bifid womb), to countenance the view that a
double conception is possible.

In the curious case of a man marrying a woman having
possession of an estate of hiheritance, and by her having
issue born alive and capable of inheriting her estate, the

man on the death of his wife holds her lands for life as a
tenant by the "curtesy" of England. Here the meaning
of "born alive" is different from the meaning of the same
expression as used respecting infanticide. In questions of

tenancy by the curtesy it has been decided that any kind

of motion of tlie child, as a twitching and tremulous motion

of the lips, is sufficient evidence of live-birth. As regards

infanticide, proof of a conclusive separate existence of the

child is demanded before live-birth is admitted.

8. Monsters and Hermaphrodites.—To destroy any living

human birth, however unlike a human creature it may
lie, is to commit a crime. Blackstone states that a mon-
ster which hath not the shape of mankind hath no inherit-

able blood ; but the law has not defined a monster, nor

what constitutes a human form. The same author states

that if, in spite of deformity, the product of birth has

human shape, it may be an heir. Hermaphrodites are

beings with malformations of the sexual organs, simulating

a double sex. Physiologists do not admit, however, the

existence of true hermaphrodite? with double perfect

organs, capable of performing the functions of both sexes.

9. Paternity and Affiliation.—These are often matters

of great doubt. A considerable time may elapse between

the absence or death of a father and the birth of his

reputed child. As has already been scid, three hundred-

days is the utmost limit to which physiologists would

extend the period of utero-gestation. This subject in-

volves questions respecting children born during a second

marriage of the mother, posthumous children, bastardy,

and alleged cases of posthumous children.

10. Presumption of Survivorship.—When two or more

persons perish by a common accident, when a mother and

her nev/-born child are found dead, and in a few analogous

cases, important civil rights may depend upon the question

which lived the longest ; and great ingenuity has been

displayed in elucidating the disputes which have arisen in

the law courts iu such cases.

11. Maladies Exempting from Discharge of Pullic Duties

frequently demand the attention of the medical man.

He may be called upon to decide whether a man is able to

undertake military or naval service, to act as a juryman

without serious risk to life or health, or to attend as a,

witness at a trial. An endeavour to give a fearless and

honest certificate sliould animate the medical man in tlic

discharge of this delicate duty.

1 2. Feigned and Simulated Difcnses often require mucli
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skill and acutcncss in order to detect llic impcsturc.

Wkcro there is reason to suppose that a disease is simu-

1 ited, mucU caution as to procedure is also required.

13. Insanity or Mental Alienation.—This subject pre-

EL-nts an enormous field to the medical jurist. A mcdicid

man may be required to give evidence iu any of the law

courts, civil, criminal, or ecclesiastical, before commissions

de lunallco inqnirendo^ or before a magistrate, as to the

sanity or insanity of an individual ; and lie may have to

sign certificates of unsoundness of mind with the view of

providing for the safe custody and proper treatment of a

lunatic. Hence he must be familiar with the chief forms

of insanity (see Insanity), and be able to diitinguish and

treat each of these, lie will also be required to detect

feigned insanity, and to examine persons charged with

crime with the view of preventing real lunatics from

being treated as criminals.

The terms ''unsoundness of mind,'* ai'plicd to the con-

dition of the mind itself, and/* Jio;i compos mentis" to the

person whose mind is affected, arc legal terms applied to

insanity. Lawyers have disputed as to whether imbecility

should or should not be included under the head of

insanity; but medical men include under this category all

•disorders or defects of tlie mind whicli disqualify a person

for managing his affairs, and entering into a binding

contract, or which render the individual morally irrespon-

sible for his or her otherwise criminal actions. There is

good legal authority for recognizing four forms of unsound-

ness of nnnd^nlioci/, dementia^ mania, and monomania.

The chief questions respecting unsoundness of mind

.which present themselves to the medical jurist are—is the

person of sound or unsound mind; if unsound, are there

real 'lucid intervals; is he fit to manage his affairs, to

contract a marriage, or to execute a will ; is he dangerous

to others ?

As grounds for restraint, the law recognizes only these

•conditions—danger to himself, inability to manage his own
affairs and property, and danger to the person of others.

Before an individual can be placed under restraint in an

asylum the certificates of two medical men must be obtained,

and the formal order of arelation or friend. The certificates

to be valid must be signed by legally qualified medical

practitioners having no interest, direct or indirect, in the

2>atient, or in the asylum to which he is to be sent. The
medical examiners must pay separate visits, each medical

man examining the patient separately. The certificates,

which remain valid for seven days only, must bear the exact

address of the lunatic, his occupation, and the date of tlie

examination ; they must also set forth distinctly the grounds

of the opinion they express, under the separate heads of

facts observed by the examiner, and facts (to be specified)

communicated by others. In the case of pauper lunatics

one medical certificate only is required, which is supple-

mented by an order from a justice of the peace. In urgent

cases also one medical certificate suffices for incarceration

in an asylum, provided that within three days of the

patient's reception two other such certificates are signed by

two other medical practitioners, not being connected with

the asylum, upon a like examination. The superintendent

or proprietor of the asylum must in all cases forward to

the commissioners of lunacy a notice of admission within

ose clear day from the patient's admission. Any infringe-

ment of the statutory regulations subjects the person who
commits it to a heavy penalty.

II. IXJUaiES TO THE PeIISON.

1. Bejlaration.—The signs of defloration aro obscnro nnd uncer-

tain ; and it is rather by the coexistence of several of the usunl

marks than the existence of any one sign, that any just conclusion

can be anived at.

2. Ilnpc. —This ci iiiic consists iu the caiiral knowledge of a woman

forcibly and ngainst her will. The vcsislanco must he' !(> Ihf

iitino.st, else the crime olrapc lias not been committed in tho Ic^A
sense of tlie word. Tho proofs of rape, accordingly, apart from tlie

consistency of tlie wuninu's story, mainly depend on the preseface

of the signs of dL-floration, and on marks of injury on the man.
3. Mutilallon.—Tlii^ may consist in the cutting or maiming of

any member; castration is tlie most imi)ortaiit, and perhaps but
raiely tidcctcd as a crime. Self-mutibiion, giving rise to false

accusations, is occasionally resorted to.

4. Criminal AburLion.—The crime of abortion consists in unlaw-
fully ailminibtering to a -woman, or causing to be taken by her
(,whether slie be with child or not), with intL-nt to procure her m:s-
carringo, any poison ov noxious thing, or using for the same purposo
any instnimcnt or other means whatsoever ; also in the use of tho
same means, with the same intent, by any woman being with child,

5. Homicide.—Tho legal sense of tho term homicide excludes
such injuries as arc the result of either accident or of suicide. It

embraces nmider or wilful homicide, manslaughter or culpabl"
homicide, casual homicide, and justiliablc homicide.
As a preliminary in all cases of homicide, it is tlio duty of tho

medical jurist in the lirst jilace to ascertain the fact of death, and
to distinguish between real and apparent death ; and then totktcr*
mine, if possible, the period at wliicli death took place.

Infanticide or child murder is by the British law treated with
the same severity as the murder of an adult. Indeed infanticide as

a crime distinct from nmrder has no legal recognition. Pracli-

c.iUy this severity defeats itself, and otTences which arc really cases

of child murder are often treated simply as cases of concealment
of birth. The iniquity of the old law which tlircw the onus of proof

of still-birth on tho mother now no longer exists, and the law
demands strict proof of live-birth, at the hands of tlie prosecution.

Hence the subject involves very nice points of forensic medicine.

Tlie child must be proved to have arrived at the period when there

was a probability of its living (proof of viability) ; and as the estab-

lishment of respiration is necessary to prove live-birth the evidences

of this act must be carefully investigated. Tliosize and position of

the lungs, and the state of the vessels concerned iu foetal cnculation,

must be carefully noted. The foetal lungs are dark, dense, and
liver-like in appearance and consistence, and sink when innncrscd

in water ; whilst tho fully respired lungs are rosy, marbled, and
soft and crepitant when handled, ilinor degrees of respiration nru

recognized by the appearance of little gioups of dilated air-vesicles,

and by the fact that, although the lungs as a whole may sink in

water, certain portions of them, into which respired air lias pene-

trated, float in water even after subjection to firm pressure iu the

hand. Care must l>e taken, nevertlielcss, to exclude buoyancy of

tiie lung due to putrefaction ; in this ease the air may be expclkd
by gentle pressure, and the previously buoyant portion of lun^
now sinks in water. It is impossible, however, to distinguisli

certainly between a lung naturally inflated and one artiilcially

insulflated.

It mn--t be bcrne in mind that, although live-birtH cannot be
afRrmed in the absence of signs of respiration, the presence of these

siL;ns is not proof of live-birth in the legal sense of the term. The
law demands for live-birth a separate existence of tho cliikl after

delivery; and breathing may take pltice wliilst the child is still

either wholly or partially within the maternal passages, and in some
special cases whilst still within the womb itself.

When proofs of respiration— it may be to such an extent as to

leave no doubt as to live-Birth—have been found, tho cause of death
is tlien to be investigated. ^Vound3, and other forms of injury,

must be sought for. There may be signs of strangidation, sulfoca-

tion, puncture of the fontanelles, and consequent injury to the brain,

tlie administration of a poison, or other means of procuring death.

It mu?-t be borne in mind that some of these causes may be brought

about by omission, or even by accident. Thus stranirnlation may
arise from natural and unrelieved pressure of the navel string on
the neck of the child ; suITocation from immersion of the face of tho

child in the maternal discharges, or by pressure of clothes on the

mouth. Death may result from hemorrhage through neglect to tie

the navel string, or tho infant may perish from exposure to cold.

In the case of exposed infanta it is very important to ascertain

the real mother. As such exposure usually takes p'ace soon after

birth, comparison of the age of the infant with the signs of recent

delivery iu the suspected mother is the best mctliod of proving the

relation.

Ordinary homicide may be accomplished by several modes that

may sometimes be ascertained by examination of the body. Of one

of the most important of these consideration is deferred to tho

article Poisoxs.
Death by asphyxia is a common mode of accomplishing homi-

citk, as by sutfocation, drowning, hanging, strangulation, or hy

exposure to mephitic air. Suicide and accidental death from thcso

causes are still more common. (1) Drotc^iingis thought to produce

death occasionally by the suddenness of the shock causing suspen-

sion of the functions of circulation and respiration—by shock

without a struggle. The usual mode of deatli appears, however
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to 1.0 hy (lie riu-ul.iliou i.f ulu.^ygonatal Moo.l llnon:;li lliV; biaiu

actiiiK "=* ^ poison upon tliat orgiui ; imil this is attouiicd witU all

tlio ph'ciioiilcna of asphyxia, as in suirocation. The phenomena
Rttemlinj:; asphyxia are as follows. As soon as the oxygen in the

arterial blood, 'through exclusion of air, sinks below the noimal, the

vcspiiatoiy movements grow deeper and at the same timo more fre-

tnient ; both the inspiratory andcxjiiratory phases arc exaggerated,

tiie supplementary respiratory musclea arc brought into play, and
the breathing becomes hurried. As the blood becomes more and
more venous, the respiratory movements continue to ilicroasc both in

force and frequency. Very soon the expiratory movements become
more marUcd than the inspiratory, and every muscle wliich can in

any way assist in expiration is brought into play. The orderly

expiratory movements culminate in expiratory convulsluns ; these

violent clforts speedily exhaust the nervous system, and the convul-

sions suddenly cease and are followed by a period of calm. The calm
is one of exhaustion ; all cxpir.atory active movements have ceased,

and all the muscles of the body are flaccid and quiet. Cut at long
intervals lengthened deep inspiratory movements take place ; then
these movcmeutsbecomc less frequent; the rhythm becomes irregular,

90 that each breath becomes a more and more jirolongcd gasp, which
becomes at last a convulsive stretching of the wliole body ; and with
' -tended limbs and a straiglitened trunk, with the head thrown

ick, the mouth widely open, the face drawn, and tho nostrils

•ilated, the last breath is taken. The above phenomena are not
all observed except in cases of sudden and entire exclusion of air

from the lun/rs. In slow asi)hyxia, where the supf.ly uf air is

gradually diminished {r.g., in drowning), the phenomena are funda-

mentally the same, but with .minor dillerenccs. The appearances

of the body after death from drowning are variou?. 'i'hero may be

pallor of tho countenance, or this may be livid and swollen. The
air passages are filled with frothy mucus, and there may be water

in tiio stomach. Tho ends of the fingers are often excoriated from
grasping ^t objects ; and weeds, kc, are sometimes found grasped

in the hands. The distinction between murder and suicide by
drowning can rarely be made out by examination of the body alone,

and is usually decided from collateral circumstances or marks of

a struggle. Attention ^must also be paid to tho existence of wounds
on Ihe body, marks of strangulation on the neck, and the like.

(2) Ifaiiging ^may result in death froju asphyxia, or, as is* more
jiaitieularly the case in judicial hanging, some injury is inllicted on
tho upper portion of the spinal cord, resulting in instant death.

The ordinary appearances of death from asphyxia may be found:
dark fluid blood,*con^estiojx of the brain, intensely congested lungs,

the right cavities of the heart full, and the left comparatively empty
of blood, and general engorgement of the viscera. Ecchymosis may
be found beneath the site of the cord, or a mere parchmeuty appear-
ance. There niay even be no mark of the cord visible. The mark,
when present, usually follows an oblique course, and is high
up the neck. The fact that a body may bo suspended after death,
and that if this be done speedily whilst the body is still warm
there may be a post-mortem mark undistinguisliable from the
mark observed in deatli from hanging, must not bo forgotten.

(3) Saffocatioyi may occur from the impaction of any substance in
tho glottis, or by covering up tire mouth and nose. It is frequently
of accidental origin, as when substances become accidentally
impacted in the throat, and when infants are overlaid. The pheno-
mena are those of pure asphyxia, which have already been detailed.
On post-mortem examination thesifrfaco of tho lungs is found covered
with minuteextravasationsof blood, kno\\Ti as punctated ecchymosis.

{^) Strangulation XRs.y h^ i\ccomplished by drawing a cord tightly
round the neck, or by forcibly compressing the windpipe (throttling)".

Hence there may be either a circular mark round tho neck, not so
oblique as after hanging, or the marks of the fingers may be found
about the region of the larynx. The cartilaginous structures of the
larynx and windpipe may be broken. The mark of the ligature is

often low down in the neck. The signs of asphyxia are present in

a maiked degi'ee. (5) Mcphitism.—Death from the inhalation of
irrespirablo gases is a mode of assassination seldom employed, but
is frequently resorted to on the Continent by suicides, charcoal
fumes being commonly used for the purpose (sec Poisons).

6. Death from Starvation.—Cases occur in whicli it is important
to distinguish this from other modes of death. In such cases the
skin becomes harsh and dry, and may acquire a peculiar odour ; the
subcutaneous fat disappears ; the gums shrink avray from the teeth

;

the tongue and mouth become dark-coloured and dry ; the eyes are

bloodshot ; the intestines become thin and their coats translucent

;

the gall-bladder is distended. The period of total abstinence from
food required to kill an adult is unknown, and greatly depends upon
whether there be, access to liquid. In some cases persons havo
been able to subsist on little or no nourishment for long periods,

the body being in a state of quasi-hibernation.

7. Death from Extremes, of Temperature.—(1) Death from cold
is not often observed in the British Isles. A portion only of tho-

body, Qs tho extremity of a limb, may perish Irom extreme cold.

After the first sensation of tingling experienced on exposure to
severe cold, loss of sensation supervenes, with languor and an irrc-

sitiliblu propensity to sleep. The tendency to this fonns an cxttemo
danger in such cases. (2) Death from extreme heat usually occrs
in the form of burning and scalding, attended with destruction of

a largo portion of the cutaneous stiaictures. Here the cause of

death is obvious. The human body is capable of exposure to very

hot air—as is seen in Turkish baths—for a consideiable period witli

impunity. Sou-stroke is a cerebral aflTection brought on by too gicat

exposure to a hot atmosphere, especially whilst undergoing fatigue.

a. Dcccth hy Lightning.—Liglitnin^oran artificial electric cuiTt-nt

may cause instant death. No visible marks of '.he efTects of the

electric current may be left, or tho body may be singed or dis-

coloured, or the skin may be perforated at one or two spots.

0. U'ound^.—The examination of wounds, whether fatal or not,

often becomes an important branch of forensic medicine. Wountia
arc usually divided into co7ii»5t'(/, lacerated, incised, punctured, and
gunshot wounds. For poisoned wounds see Poisons, Each kind of

wound requires to be minutely examined and described, as tlnyare in

approved works on surgery. The degiec of danger from each should

be familiar to the medical jurist ; and he should recollect that there

is no wound which may not become incidentally fatal from impropcr
treatn^cnt, peculiarities of .constitution, or accidental inoculation

with septic material! Punctured wounds or stabs require minuto
attention ; for tliero have been instances in which death has been

produced by an instrument so small as a pin thrust into a vital

part. Wounds of the head are always dangerous, especially if the
blow has been severe. The person so wounded may dio without
division of the skin, or fracture of the bones, as happens in what is

known as coucnssion of the brain. Contusions which do not divide

the skin may fracture the skull ; or the inner table of the skull may
be fractured without the outer being broken or depressed. Even
ivounds of the scali> may prove fatal, from inflammation extending

towards the brain. Punctured wounds of the head are move danger-

ous than cuts, as more likely to excite fatal inflammation. AVhen
the brain and its membranes are injured, all such wounds are gene-

rally fatal. "Wounds of the face or organs of sense arc often danger-
ous, always disfiguring, and productive of serious inconvenience.

Wounds of the ncek are always very serious wherever more than
the skin is divided. The danger of opening large blood-vessels, or
wounding important nerves, is imminent ; even the division of r.

large vein in the neck has proved immediately fatal, from the

entrance of air into the vessel, and its speedy conveyance to the

heart. A blow on tho neck has instantly proved fatal, from injury to-

an important nerve, generally the pneumogastric or the sympathetic.

Dislocations and fractures of the bones of the neck prove instantly

fatal. Woicnds of iJte chest are always serious when the cavity is

penetrated, though persons may recover from wounds of the lungs,

and have even survived for some time considerable wounJs of the
heart. This last is an important fact ; because we arc not always to

consider the spot where the body of a person killed by a wound of
tho heart, and apparently remaining where he fell, is found as that
in whicli the fatal wound was inflicted. Instances have occurred of

persons surviving severe wounds of the heart for several days,

broken ribs are never without danger ; and tho same may bo said

of severe contusions of the chest, from the chance of inflammation
extending inwards. AVounds penetrating both sides of the chest

are generally considered as fatal ; but possibly thero may be recovery
from such. ]Vo2iiids of the abdomen, when they do not completely
penetrate, maybe considered as simple wounds, unless when inflicted

with great force, so as to bruise the contents of the abdominal cavity

;

in that case they may produce death without breach of surface,

from rupture of some viscus, as sometimes happens from blows or
kicks upon the belly. "Wounds injuring the peritoneum are highly
perilous, from the risk of severe inflammation. "Wounds of the
stomach or intestines, or of the gall-bladder, generally prove mortal,
from the effusion of their contents into the peritoneal cavity pro-
ducing fatal inflammation. "Wounds of the liver, spleen, or kidneys
are generally soon mortal, from the great vascularity of those organs.
Wounds of the extremities, when fatal, may generally bo con-
sidered so from excessive hemorrhage, from the consequences of
inflammation and gangrene, or from the shock to the system when
large portions ot the limb are forcibly removed, as in accidents from
machinery, and in wounds from firearms.

10. Poisonous Food.—Under certain conditions, various articles of

diet, especially butcher meat, eggs, milk, butter, cheese, and honey,
may become possessed of poisonous properties, and this may aris:i

from a variety of causes besides the introduction of known and
specific poisons. Moreover, certain kinds of animal food—fish chiefly

—may have definito toxic properties. Food may be more or less

poisonous—(1) from unsoundness, either from putridity or decora

-

position or disease
; (2) from the presence of parasites

; (3) from
mouldiness, or presence of deleterious microscopic fungi ; and i-l)

where the flesh is that of animals which have fed on noxious plants,

—and under this head may also be classed poisonous honey, which
bees have gathered from poisonous plants. (5) It may be of th^
nature of poisonous fish, using the term fish in the popular sense,

(6) Certain fungi or mushrooms are poisonous. Parasitic diseases

would, strictly speaking, como under the first _hcad ; but the pre-
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ventive nie.isurus to be ndopte'l in the who of food infested with

parasites will alone be trealetl of iu this place.

(1) Poisonous VcgdabUs.—Uuaound or even rotten vegetables

and fruits may be consumed, and beconm fertile sources of varied

forms of poisoning, especially iu liot suniniLMs. The symptoms
proJuccd by the ingestion of large quantities of unsound fruit or

vegetables are of a diarrhtcal cliaracter, not often of an alanniug

severity, except in the cases of the young and feeble. Tliey may,
however, sometimes attain a fatal severity. Tho cause is usually

obvious, and the treatment is simple ; mild purgatives, as rhubarb
or castor oil, with or followed by opiates, to remove peccant

matters from the intestines ; and stimulants, as ammonia or

alcohol, if there be much collapse. Certain fungi or mushrooms
•are known to be specifically poisonous, such as the Amanita
inuscaria, or fly-fungus, and others. Certain kinds of mushrooms,
usually innocuous, are occasionally poisonous or deleterious ; and
the cause of this is not always clear. Poisonous fungi produce

narcotic and irritant symptoms.

(2) Poisonous, Tainted^ or Pidrid Meat.—The obfious char-

acteristics of good sound flesh meat are that its colour is red—neither

pale pink nor deep purple ; that it is marbled in appearance ; firm

find elastic to the touch, scarcely moistening the fingers ; having a

slight and not unpleasant odour; and that when exposed to the

air for a day or two it should neither become dry on the surface

nor wet and sodden. Sound meat is acid to litmus paper: unsound
meat may be neutral or alkaline. Meat may be tainted unth
physic administered to the animal. It is a common practice, when
a fat and valuable animal is unwell, to physic it, and if its recovery

be not speedy to slaughter it. The meat of such animals may often

be met with in our markets, and may induce illness from the

physic with which it is contaminated. The effects of simple
putridity are most varied. It is well known that some nations
habitually eat putrid meat, and even prefer it to fresh ; and
the development of rottenness in eggs for the epicure is an art

in China. There is no doubt that habit has much to do with the

tolerance by the stomach of putrid meat, whether cooked or un-
cooked. But tainted game, and indeed all kinds of meat in

which putrefaction has commenced, may indubitably produce
disease. This is ohipfly of a diarrhceal character, preceded by
rigors, and attended with collapse and, it may be, convulsions and
other signs of a profound affection of the nervous system. The
effects of such tainted meat are slight as compared with those which
are produced by the sausage-poison, developed by a sort of modified
putrefaction in certain German sausages. These sausages, when
they become musty and soft in their interior, nauseous in odour
and flavour, and strongly acid to test paper, acquire a highlypoisonous
character, and are frequently fatal in their eflfects. The symptoms
produced by the use of poisonous Hesh are gastric pain, vomiting,
diarrhcea, depression, coldness of the limbs, and weak irregular

action of the heart. Fatal cases end in convulsions and oppressed
respiration, death ensuing froili the third to the eighth day. The
nature of the sausage- poison, which is probably akin to that of
putrid and indeed all non-specifically tainted meats, has been a
matter of considerable controversy. Some have held that the
poisonous action is due to the development of rancid fatty acids

;

others believe that a so-called catalytic body is produced, capable of
setting up by contact a similar catalytic action. Others have
regarded the sausage-poison as due to the formation of pyrogeneous
acids during the drying or smoking of the sausages. Tlie recent
discovery by Sehni of a class of poisonous alkaloids or amides, termed
ptomaines, developed during putrefaction of animal matters, on the
one hand, and the discovery by Ballard and Klein, still more
recently, th?t the fatally poisonous properties of hams prepared
according to the American method may be due to the presence of a
parasitic bar Uus, point to one or other of these two latter causes as
that of the p fects of sausage-poison. Others again have referred the
effects to the presence of a microscopic fungus— 5(Trci7«i botuUna.
The poisonous nature of the flesh of animals which have fed on

certain plants—for example, hares which have fed on certain species
of rhododendron, pheasants on the kalmia shrub, &c.—has Iteen

abundantly demonstrated, and need only be referred to here. The
honey from bees which have garnered on poisonous plants, as the
azalea, may likewise be deleterious

; and the fact is of classic
interest. The milk even of goats which have browsed on poisonous
herbs has also proved poisonous.

(3) Diseased Mcat.—l'hQ poisonous effects of meat affected with
certain parasitt. —trichinre, cysticerci, treraatodes, &c., is an un-
doubted fact. Gieat quantities of meat pass through our markets
which is undoubtedly the flesh of animals affected with disease,
such as foot-and-mouth disease, pleuro-pnenmonia, pig typhoid,
the so-called scarlatina of swine, sheep-pox, kc. ; and the question
is quite- undecided as to whether such flesh produces any injurious
effects. To stop the sale of such meat woidd be to cut off large
sources of our meat supplies. The evils attending tl>e use of such
diseased meat, when well cooked, have undoubtedly been e.xaoger-
p*ed ; but, on the other hand, there is enough evidence to show^that
> i use of certain kinds of diseased meat may be followed by serious

results. Thus it is generally admitted that the flesh uf animaia
which have sufl'ered from pleuropneumonia and muii-ain will give

rise to boils and carbuncles. Braxj' mutton may also produce
disease when eaten. Trichinae will produce trichinosis, Ilukes, the

tape-worm, &c. Hams arc occasionally l:itally poisonous; and
this has been traced to the presence of certain low organisms known
as bacilli.

(4) Poisonous F/s/i.—Fish is sometimes a ])oisonous article of

food. Cases of poisoning by the so-called bliclJ-Hsh of the British

islands are not unfrequently met with. Generally it is the rating

of crabs, lobsters, and mus.-iels which produces such results. Tliese

are nsually of a distressing rather than of a seiious cLnraoter,

nettle-rash being a common symptom. Ocasionally, however, fatal

results have ensued from the use of mussels. In tropical seas

poisonous lish are more plentiful—the golden sardine, the bladder
tish, the grey snapper, &c. ; and, the.se being eaten by larger fish,

as the barracuda, perch, globe- lish, conger eel, kc, tht latter may
in turn become poisonous.

Good cookeiy, that i-s exposure to a sufficiently high temi)craturo
for a sufficiently leugtlieneii time, is inidonbtidly the best measure
to adopt short uf absolute destrurliou of unsound and diseased

meat. So long as meat is high-priced, and the cMects of diseased

meat so little understood and so nndefine'l, it will be impossible
to induce medical officers ol health and .saiiitoiy insjiectors to seize

all the diseased and unsound meat which is daily oiriiL-d for .«-ale.

Notwithstandingall that has been said to the cunirary, experienced
observers are pretty well agreed that thorough cxjiosureof tin- meat
throughout to the temperature at which albunu-n is coagulated is

destructive to the parasites of flesh. Smoking is less effective.

Silting is more effective than sm.iking ; but lliereis some evidence
to show that salting may merely hold the lile of organisms in

suspense without entirely destroying their vitality ; and thus in the
conversion of salted pork into hams— a process of ic-salting and
subsequent drying—the specitie grrm (a bacillus) has been known
to be again rendered harmful. It is not known whether cfficieni

cooking entirely removes the deleterious elleets of flesh nflcrted

with other than parasitic disease, as for example pleuro-pncumoniit.

Tho curative measures lor the results of rating poisonous fond
cannot be specifically described. They arc those which must be
arrived at on general principles. Symi'toni'; aie to he treated, and
the jiowers of the patienLsustained until the deleterious matter is

removed by the oi:diuary channels, or the trichina; have becomo
encysted.

Hl-STORY OF FOUENSTC MeDICINE.

The tnie origin of medical jurisprudence is of compflrativcly

recent date, although traces of its jninciplcs may bo perceived in

remote times. Among the ancient Greeks the principles of medical

science appear only to have been aiqdicd to legislation in certain

questions relating to legitimacy. In the writings ol Galen we find,

however, remarks on the differences between the la'tal and the adult

lungs; he also treats of the legitimacy of .seven mouths' cliildien,

and discusses feigned diseases. Turning to liome, we find that the
laws of the Twelve Tables fix three hundred days as the extreme
duration of utero-gcstation. It is doubtful whether the Homan
law authorized medical inspections of dead bodies. In the code
of Justinian we find Dc Statu Homimnn ; Dc Panis ct Manuinissis

;

If-- Sicariis ; Dc Ivspicicndo VaUre Cnstodicndoque Partu ; Dc
Muhcre quae pcpcril undccinw viense ; Dc Ivipotcntia ; De Her-
viaphroditii,— titles which show obvious traces of a recognized

connexion between medicine and law. It was not, howevei', by the

testimony of living medical witnesses that sueh questions were
to be settled, but on the authoiity of Hippocrates.

Medical jurisprudence, as a science, dates only from the 16th cen-

tury. In 1507 the bishop of Bamberg iiitrodneod a]nnnl code in

which the neccasity of inedi. al evidence in coitain ca.scs was rf-

cognized ; and in 1532 the emperor Charles V. pi-rsuaded the

diet of Ratishon to adopt an uniform code of German penal juris-

prudence, in which the civil magistrate was enjoined in all cases of

doubt or difficulty to obtain the evidence of medical wiincases.— as

in cases of personal injuiies, infanticide, pretended pregnani-y,

simulated diseases, and poisoning. 'I he true dawn of forensic

medicine dates, however, from the publication in 1553 of the Con-

stiinlio Crivunnlis Curoh»a in Gprmany. A hw years later

AVeilier, a jihysician, having undertaken to jTove thai witches and
demoniacs are, in fact, pei-snns subject to hyjiochondiiasis and
hysteria, and should not be punished, aroused jiopular indignation,

and was with difficulty rescued from the flames by his patroj-,

William duke of C'Icvcs.

At the close of the 16tli century Ambrose Tare wrote on
monsters, on simulated diseases, and on the art of drawing up
medico-legal re}ioils; Pineau also published his treotiscon virginity

and defloration. About the same 1 inie as these stimuli to thi' .«tiidy of

forensic medicine were being made known in Paris, the first system-

atic treatise on the science appeared in Sicily in the form of a

treatise Dc Jiclaliombua Mcdiconnu by Pideic. Paulo Zacchia. the

illustrious 'P,oin!in niedicnl jurist, moreover, published from T621
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to 1635 a work entitled (Jueestiones Medico-Legales, which niavks a
tiew era in tlie history of the science,—a work which disulays an
imiftensc amount of learning and sagacity in an ago wlien chemistry
was -in its infancy, and physiokgy very imperfectly understood
The discovery of the circulation of the blood by Harvey soon
followed, aud gave a new impetus to the study of those branches of
forensic -medicine having direct relations to physiology

; aud to
Harvey wo owe tlie idea how to apply Galen's observations on the
ftilferencea between the fcetal aud the adult lungs to the elucidation
of casts of supposed infanticide. About this time, ton, Sebiz pub-
lished two treatises, on the signs of virginity and on the examina-
tion of wounds respectively, in the former he contended that the
hymen was the real mark of virginity

; but this was denied by
Augcnio and Gassendi. In 1663 BarthoUn, a Danish physician, in-
vestigated the period of liuman uterine gestation, a subject which
had engaged the attention of Aristotle. He also proposed the
hydrostatic test" for the detenninatiou of live-birth—a test stillm use, and applied by observing whether the lungs of an infant

Uoat or sink in water. Swammerdam explained the ratiiinale of
.

the process in 1677 ; but it was not till 1682 that it was first
practically applied by Jan Schreyer.
Germany, ever the leader In ([uestions St forensic medicine

introduced the first public lectures on mciliral jurisprudence.
Uiclmelis gave tho first course about the middle of the l?th cen-
tury m the university of Leipsic ; and these wore followed by the
lectures ot Bohn, who also published Dc Rmunciatimic Fulnerum
mi acccssa-unt DisscHulioiKS binx dc parlu cnecato, ct an qui's
virus mm-tuusvc aquis submcrsm, slrangulcUus, aut vulncratus
fuerit, and De Officiis Medici Diqilieu, Clmicict Fomisis. Welsch
and Amman wrote on the fatality of wounds, and Licetus on
monsters.

From tho timo of Ambrose Pare tlie mode'of conducting investi-
gations in forensic medicine had attracted attention in Fra°ice; and
'','.,1^°^. ^"'^'y .1^- authorized his physician to appoint persons
SkiUeu in medicine and surgery to make medico-legal inspections
•nd reports in all cities and royal jurisdictions

; in 1692, diffi-
ilties having arisen, Louis XIV. created hereditary "royal

^-hysieians and surgeons for the performance of like duties. These
having become a corrupt and venal body, were suppressed in 1790*
The only works on forensic medicine which appeared in France
during the 17th century, however, were Gendry's Sur Ics Moi/cns
dehicn rap2>ortcr ii Justice, and Blegny's Voclrinc dcs Itajiporls en
Uururgic At the beginning ot the )8th century tho latter was
supeiseded as a text-book by Devau.x's Vart dc faire dcs ravvorls
en Chirunjie. \ alentmi followed with two works, which were
hnally incorporated in his. Corpus Juris Mcdico-Lenale which
appeared in 1722. This work is a vast storehouse of medico-le.TaI
information, and a summary of the knowledge tof the time.

Professorships for teaching tlio subject were founded in tho Ger-man universities early in the 18th century, aud numerous treatises
on fprensic medicine were published. Teichmeyer's Inslitutioues
Mcdccniis Lcijahs long formed the text-book of the subject : aud
Alberti, professor of legal medicine at Halle, in his Systana.
gave to the world a most complete and laborious treatise on tho
science. His industrious collection of facts renders his works a
precious mine of intorniation. Indeed towards tho close of last
century tho Germans were almost the only cultivators of Ie"al
medicine. But in France the celebrated case of Villeblandie
attracted attention to the subject, and called forth Louis, who in a
memoir on ntero-gestation attacked with powerful arguments tlie
pretended instances of protracted pregnancy, and paved the way for
the adoption in the Code NapoUon of three huncired days as the
Umit of utero-gestation, a period in precise accordance' with the
ancient Roman law of the Twelve Tables. Louis also wrote on
death froni hanging, and pointed out the mode by which we may
distinguish murder from suicide under such circumstances. It is
lie who IS credited with having been the first in France to publicly
teach the just application of medical knowledge to jurisprudence.
Fodere s celebrated Traiti dc Midcciut. Legale appeared in 1798
and marks a new era in the annals of legal medicine.

1
7^1° B'l't's'iJi""«>i' wrote systematically on forensic medicine till

1788, when Dr Samuel Farr published a short treatise on the
Alcmenls of Medical Jurisprudence

; but this was merely an abridg-
ment of an earlier work of Fazelius. Previous writers, as Mead
Munro, Denman, Percival, and the two Hunters, had, however,
dealt with fragments of the subject ; nevertheless the science as awhok w.as little appreciated or recognized in this country during
the last centuiy. '' °

In the present century France took the lead ; and tho institution
ot three professorships of forensic medicine at the end of the 18th
century produced excellent fruits. In 1814 Orfila, a Spaniard bv
binli, but naturalized in France, published his Toxicologic, a work
which revolutionized this branch of medical jurisprudence, and first
placed the knowledge of poisons upon a scientific basis. Since the
time of OrBla, France has never ce.ascd toh.avo one or more living
medical jurists, among the most recent of whom we must enumerate
lardien, whose treatises on abortion, on poisons, on wounds,
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&c., are justly celebrated. Geimauy too has industriously pursued
the subject, and Casper's great work on forensic medicftio will
ever remain a classic in the science. In Russia Drageudorll' linn
greatly contributed to our knowledge of jioisons.
Though forensic medicine may be said to i.ave been entirely

neglected in England till the beginning of the present century,.its
progress has aiuce been by no means slow or unimportant ; and tho
subject now forms a recognized and obligatory portion of medical
sUidy. ihe first lectures delivered in Great Britain weic given in
the university of Edinburgh in 1801 by the elder Dr Dunniii ; and
the hist prolessorship was held by his son in 1803. Dr Alfred
bwaine Taylor gave the first course of lectures delivered in Eii'dand
at Guys Hospital in 1831 ; and in 1863 the university of Londonmade lorensic medicine a separate subject for examination and
honours lor medical graduates. In 1822 there was not in the
English lauguage any l^reatise of authority either on medical juris-
prudence or on any important division of the subject ; for it was not
till the foUowing year that the useful compendium of Paris and
Fonblanque was published ; and even half a century ago medical
jurisprudence may he said to have been almost in ils infancy as
compared with what it is now. Since 1829 Great Britain has iito-
duced an abundant crop of literature on forensic medicine. Sir
Robert Chiistison's admirable treatise on Toxicology, Dr A S
Taylor's Principles and Practice of Medical Jurisprudence, the
same author's Elements of Medical Jurisprudence, Dr Guy's
Forensic Medicine, and Ogston's Lectures on Medical Jurisprudence
are well-known and widely circulated works. The separate
niemoirs of Taylor, Christison, Guy, and others arc also storehouses
of facts and deductions in the science.

America, too, has not been behind hand in the race. Wharton
and Stille's Manual and AVormley's Toxicology are the best-known
works of American authors. ix g *\

MEDICI. This family is renowned in Italian liistory
for the extraordinary number of statesmen to whom it
gave birth, and for its magnificent patronage of letters and
art. It emerged from private life and rose to power by
means of a very subtle policy that was persistently pursued
from generation to generation. The origin of the family
is buried in obscurity. Some court historians indeed
declare it to have been founded by Perseus, and assert
that Bonvenuto Cellini's bronze Perseus holding on high
the head of Medusa was executed and placed in the Loggia
dei Lanzi to symbolize the victory of the iledici over
the republic- But this only proves that the real origin
of the family is unknown, and equally unknown is the
precise signification of the Medicean arms—six red balls
on a field of gold.

The name appears in Florentine chronicles as early as the
close of the 12lh century, although only casually mentioned
in connexion wdth various offices of the republic. The
first of the family to be a distinct figure in history was
Salvestro dei Jledici, who, in the year 1378, took an active
part in the revolt of the Ciompi—so-called because it was
led by a wool-carder (ciompo), one Micliele di Lando, and
because the chief share in it was taken by the populace,
who held the reins of government for some time, and sought
to obtain extended political rights. But, although Michele
di Lando was the nominal chief of the revolt, Salvestro dei
Medici was its real leader. The latter, although a member
of the greater guilds, had joined the lesser and sought to
be at their head, in order to lay the foundation ot his owr
power and that of his kindred by attacking the Albizzi, whi
were the leading men of the greater guilds. The victory
of the Ciompi, however, was brief, for the excesses of the
lower classes brought about a reaction, in which they were
crushed, and Michele di Lando sent into banishment.
Nevertheless the lesser guilds tad gained some ground by
this riot, and Sa"lvestro dei Medici the great popularity at
which he had aimed. His policy during that period had
traced the sole possible road to power in liberty-loving
Florence. And this was the road henceforth pursued by
the Medici.

On Salvestro's death in 13SS the Albizzi repossessed
themselves of the government, and conducted the wars of
the republic. Vieri dei Medici, who seems to have been
the next head of the familj', understanding the temper of

Early

bearers ol

the name
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£te times, abstainod from bpcoming a popular leader,

'and left it to his successors to prosecute ilie task under

tJiovanni. easier conditions. Then, in the poison uf Giovanni, son

of Eicci dci iledici (13G0-U29), another branch of tlie

family arose, .and became from that time forward its

representative branch. Indeed this Giovanni may be con-

sidered the actual founder of Jledicean greatness. He
took little part in political affairs, but realized an immense

fortune by trade,—establishing banks in Italy and abroad,

which in his successors' ha is became the most efficient

engines of political power. The council of Constance (1414-

1418) enabled Giovanni dei Medici to realize enormous

profits. Besides, like his ancestor Salvestro, he was a

constant supporter of the lesser guilds in Florence. His-

torians record his frequent resistance to the Albizzi when
they sought to oppress the people with heavier taxation,

and his endeavours to cause the chief weight to fall upon

tha richer classes. For this reason he was in favour of the

so-called law of calasto, which, by assessing the property

of every citizen, prevented those in power from arbitrarily

imposing taxes that unjustly burdened the picople. In

this way, and by liberal loans of money to all who were in

need of it, he gained a reputation that was practically tho

foundation-stone of the grand family edifice. Giovanni dei

Medici died in 1429 leaving two sous, Cosimo (I3S9-
14G4) and Lorenzo (1395-1440). From the former pro-

ceeded the branch that held absolute sway for many genera-

tions over the nominal republic of Florence, and gave to

Italy popes like Leo X and Clement VII. On the extinc-

tion of this elder line in tho IGth century, the younger

branch derived from Lorenzo, Cosimo's brother, seemed to

acquire new life, and for two centuries supplied grand-dukes

Cosimo to Tuscany. Cosimo, surnamed Cosimo the Elder, to dis-

• the tinguish him from the many others bearing the same name,
'^""'' and honoured after his death by the title of Pater jMtiix,

first succeeded in solving the strange problem of becoming
absolute ruler of a republic that was keenly jealous of its

liberty, without holding any fixed office, without suppress-

ing any previous form of government, and always preserving

the appearance and demeanour of a private citizen. Born

in 1389, he had already reached the age of forty at the time

of his father's death. He had a certain amount of literary

culture, and throughout his life showed much taste SjUd an

earnest love both for letters and art. But his father had
imainly trained him to commerce, for which he had a special

liking and aptitude. In fact he was devoted to business

to the day of his death, and like his forefathers derived

pecuniary advantage from his friendly relations with the

papal court. He actfomn-.rncd Pope John XXIII. to the

council of Conslatice, transacted a vast amount of business

in that city, and made very large gains. He then travelled

in Germany, and after his return to Florence discharged

everal ambassadorial missions. At the death of his father

ne was possessed of a vast, fortune and an extended experi-

ence, and inherited the leadership of the opposition to the

then dominant party of the greater guilds headed by Rinaldo

degli Albizzi, I'alla Strozzi, and Niccolo da Uzzano. Of
gentle and kindly manners, generous in lending and even

in giving money whenever he could gain popularity by
that means, at critioal moments he frequently came to the

succour of the Government itself. He was very dexterous

in turning his private liberalities to account for the increase

of his political prestige, and showed no less acumen and still

fewer scruples in making use of his political prestige for

purposes of pecuniary profit. Indeed, whenever his own in-

terests were at stake, he shov.-ed himself capable of positive

villainy, although this was always tempered by calcidation.

Cosimo proved his skill in these 'Knavish arts during the

war between Florence and Lucca. He had joined the

Albizzi in urging on this war, and many writers assert

that he turned it to much pecuniary advantage by means
of loans to the Government and other banking operations.

AVhen, however, military affairs went badly, Cosimo joined

the discontented populace in invectives against the war
and those who had conducted it. This won him au
enormous increase of popularity, but tho hatred of the.

Albizzi and their friends augmented in equal degree, and
a conflict became inevitable. The Albizzi, who were far

more impetuous and impatient than Cosimo, were now-
bent upon revenge. In 1433 one of their own friends,,

Bernardo Guadagni, was elected gonfalonier, and thereupon

Cosimo dei Medici was called to the palace and summarily
imprisoned in the tower. A general assembly of the people

was convoked and a " balia " chosen, which changed the

Government and sent Cosimo into exile. Undoubtedly
the Albizzi party would have preferred a heavier sentence,

but they did not dare to attempt their enemy's life, being

well aware of the great number of his adherents. Cosimo
had some apprehension that he might he poisoned in prison,

but Fedcrigo dei Malavolti, captain of the palace guard;

showed him the utmost kindness, and, in order to soothe

his fears, voluntarily shared his meals. On the 3d October

the prisoner was sent to I'adua, his allotted place of exile.

Tli8 Albizzi speedily saw that they had done either tou

much or too little. While seeking to keep the govtrnmeut.

entirely in their ov.-n hands, they beheld the continual

growth of the Sledici party. AVhcn it was necessary to

make a campaign in Itomagna against tho mercenary

captains commanding the forces of the duke of Milan, it

was plainly seen that in banishing Cosimo the republic had
lost the only citizen banker in a position to assist it with

considerable loans. The Florentines were defeated by Pic-

cinino in 1434, and this event greatly increased the public

exasperation against the Albizzi. Meanwhile Cosimo, whc
had gone to Padua as a private individual, was entertained

there like a prince. Then, being permitted to transfer his.

residence to Venice, he entered on a course of lavish

expenditure. Hc.was overwhelmed with letters and appeals,

from Florence, Finally, on the 1st of September 1434, a

signory was elected composed of his friends, and his recall

was decreed, liinaldo degli Albizzi determined to op[iose

it by force, and rushed to the Piazza with a band of armed
men; but his attempt failed, and he left the country to-

return no more. The Medici were now reinstated in all

their former dignities and honours, and Cosimo, on tho

evening of September Cth, rode past the deserted mansions

of the Albizzi and re-entered his own dwelliug after au
exile of a year.. For three centuries, dating from that,

moment, the whole history of Flconce was connected with

that of the house of Medici.

Cosimo's first thought was to secure himself against all

future risk of removal from Florence, and accordingly he

drovo the most powerful citizens into exile to all parts of

Italy. Nor did ha spare even his former political adversary,

Palla Strozzi, although the latter had been favourable to

him during the recent changes. His rigour in this pani-

eular case was universally censured, but Cosimo would

tolerate no rivals in the city, and was resolved to abase

the great families and establish his power by the sujiport

of the lower classes. He was accustomed to say that states

could not be ruled by paternosters. Still, when cruelty

seemed requisite, he always contrived that the chief odium

of it should fall upon others. When Neri Capponi, the

valiant soldier and able diplomatist, gained great public

favour by his military prowess, and his influence was
further increased by the friendship of Baldaccio d'Anghiari,

captain of the infantry, Cosimo resolved to weaken his

position by indirect means. Accordingly, when in 1441 a

partisan of the Medici was elected gonfalonier, Baldaccio

was instantly summoned to the palace, imprisuued,

.
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murdered, and liis body hurled from the window. No
<iiio could actually fix this crime upon Cosimo, but tlie
majority believed that he had thus contrived to rid himself
cf one enemy and cripple another without showing his
hand. It was impossible for Cosimo openly to assume the
position of tyrant of Florence, nor was it worth his wliile
to become gonfalonier, since the term of office only lasted
two months. It was necessary to discover some other
way without resorting to violence

; he accordingly employed
what were then designated " civil methods." He managed
to attain his object by means of the "balie." Th°ese
magistracies, which were generally renewed every five
years, placed in the ballot bags the names of the candidates
from whom the signory and other chief magistrates
were to be chosen. As soon as a "balia" favourable to
Cosimo was formed, he was assured for five years of having
the government in the hands of men devoted to his
interests. He had comprehended that the art of politics
depended rather upon individuals than institutions and
tnat he who ruled men could also dictate laws. His
foreign policy was no less astute. His great wealth
enabled hira to supply money not only to private indi-
viduals, but even to foreign potentates. Philippe do
Comines tells us that Cosimo frequently furnished
Jidward IV. of England with sums amounting to many
hundred thousand florins. When Tommaso Parentucelli
was stiU a cardinal, and in needy circumstances, Cosimo
made him considerable loans without demanding guarantees
of payment. On the cardinal's accession to the tiara as
Nicholas V ha was naturally very well disposed towards
Cosimo, and employed the Medici bank in Rome in all the
ahairs of the curia, which brought immense profits to the
honse. At the time when Francesco Sforza was striving
for the lordship of Milan, Cosimo foresaw his approaching
triumph, showed him great friendship, and aided him with
arge sums of money. Accordingly, when Sforza became
Jord ot Milan, Cosimo's power was doubled. Without the
title of prince, this merchant showed royal generosity in his
expenditure for the promotion of letters and the fine artsNumerous edifices were raised and public works accom-
plished with his purse. Besides his palace in the city, he

Tl iWl'; H "f"T'll-'^^-tCareggi, Fiesole, and other placesHe bmlt the basilica Fiesole, and that of St Lorenzo in
1 lorence, and enlarged the church and monastery of St Mark
i,vcn in distant Jerusalem he endowed a hospice for theuse o pilgrims. The artists of the day comprised men 1 keDonate lo, BruneUeschi, Ghiberti, Luca della Rob"L" andmany others and Cosimo's magnificent commissions not onlydeveloped their powers but stimulated other men of weahhto he patronage of art. Without being a scholar, Cosimo

1
ad a genuine taste for letters, and gave them much andelhcient patronage. He purchased many Greek and I .t^nmnuscripts

;
he opened the first public library at S Ma L's

F esle'^Th^'c "\'^"V°""''f
"^""^^^ in 'the 'abbey o

.cnnf' Z'^'^,
C!r<=ek refugees from Constantinople found

F~e ^4t^llio^'pP'''T ^"""° "'^'^^"'^cilofiiorence (U39-U42), Gemisthus Pletho spoke to himwith enthusiasm of the Platonic philosophy. ^Cosimo wa^so deeply attracted by the theme'that hi d;cided tohrvehe young MarsilioFioino trained in philosophy and GreJklearning in order to make a Lathi translation of thecomplete works of Plato. And thus a version was r!ro

that Platonic academy was founded which led to such

eTe°f"o^tf^'V'J^'""""^°' ''^''^^ phUosoSyand

la at th?V f ^^<f''
^\'^^ ^'°^'«° b^'^^'^^d his

!o^l'nfofph5?slE:::r^^'
-'^"^ -^^^-^^ - ^'^'--^

The concluding years of his life had been years of h-ftlphappmeaa for Florence. Being old and infirm'T IiLl
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the goycrnmont to the management of his friends, amoncwhom Luca Pitti was one of the more powerful, and :';evhad ruled with disorder, corruption, and cruelty The
lordship of Florence accordingly did not pass without some
difficulty and danger into the hands of Picro, eurnamed the P:.rotl3
Oouty, Cosimo 3 only surviving legitimate son. Afflicted Gouty.
by gout, and so terribly crippled that he was often only
able to use his tongue, the new ruler .soon discovered that
a plot was on foot to overthrow his power. However
showing far more courage than he was supposed to posses-s'he had himself borne on a litter from his villa to Florence
de eated his enemies' designs, and firmly re-e.stablished hii
authority. Lut his success may be mainly attributed to theenormous prestige bequeathed by Cosimo to his posterity
Piero died at t^, ^^^ ^^ g^^ ^.^^^^, J ^^^^ y^

December 1400, leaving two sons, Lorenzo (1449-92) and
G.uliano (1453-78). The younger, the gentler and less
ambitious of the pair, was, as we shall presently see,
quickly removed from the world. Lorenzo, on the con- L3r.„„
trary, at once seized the reins of state with a firm grasp. •'- M^.
and was chronologically, the second of the great men =••'!«'"-

bestowed upon Italy by the house of Medici. In literary
talent he was immensely superior to Cosimo, but greatly his
inferior in the conduct of the commercial affairs of the house,
for which he had neither aptitude nor inclination. In-
pohtics he had nobler conceptions and higher ambitious but^he was more easily carried away by his passions, less prudent-
111 his revenge and more diisposed to tyranny. He had
studied letters from his earliest years under the guidance
of Fic.Do and other leading literati of the day, who were
constant habitues of the Medici palace. At the a-e of
eighteen he visited the different courts of Italy in order togain experience of the world and mankind. At hk father's
death he was only twenty-one years old, but instantly
showed his determination to govern Florence with greater
despotism than his father or grandfather. He speedily
resorted to the system of the "balie," and was very dexterous
n causing the first to be chosen to suit his purpose. Hethen proceeded to humiliate the great families and exalt
« ose of htUe account, and this was the policy he constantly
pursued His younger brother GiuHano, being of a m Id

government
'''^P°'^'"°"' ^'^ ^'^ '^ """""^l 'I'are in the

Lorenzo's policy was not exempt from danger, but
although prosecuted with less caution, it was stilt the old

I

astute and fortunate policy initiated by Cosimo. But thegrandson bestowed no care upon his commercial interests,although squandering his fortune with far greater lavish-

hl
,^'^'^°'-d'"gIy lie was sometimes driven to help himselffrom the pubic purse without ever being able to assist it

TJZT "^
^^-r';-

^" '^'' ^^"'^'^ '^'^"^ ^"d enmity
against him while his greed in the matter of the aluiimines of Volterra, and the subsequent sack of hatunhappy city, were crimes for which there was no excuseAmong his worst enemies were the Pazzi.'and, as thevformed a very powerful clan, he sought their rum bycompeting with them even in business transactions Thet

Siov^ P°
"le point of hiheriting the large property ofG ovanm Borromeo when, in order to prevent this, Lorenzo

hurriedly caused a law to be passed that altered he rightof succession. The hatred of the Pazzi was thereby eS^-perated to fury. And in addition to these things\hTe
ensued a. desperate quarrel with Pope Sixtus IV , a manof very impetuous temper, who, on endeavouring to erecta state on the frontiers of the Florentine repubfic for the
benefit of lus nephews, found a determined and successful
opponent in Lorenzo. Consequently the Pazzi and Ar h-bishop Salviati, another enemy of Lorenzo, aided by thenephews of the pontiff, who was himself acquainted wththe whole matter, determined to put an end to the familr

XV, - 99
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On the 2GtU April 147S, wliile Oiiili:ino and Lorenzo nere

attending high mass in tlie cathedral of Florence, the

former was mortally stabbed by conspirators, but the latter

was able to beat back his assailants and escape into the

sacristy. His life saved; and, no longer having to share the

government with a brother, Lorenzo profited by the oppor-

tunity to wreak cruel vengeance upon his foes. Several of

the I'azzi and their followers were hanged from the palace

windows ; others were hacked to pieces, dragged through the

streets, and cast into the Arno, while a great many more

were condemned to death or sent into exile. Lorenzo seemed

willing and able to become a tyrant. But he stopped short

of this point. He knew the temper of the city, and had
il.so to look to fresh dangers threatening him from with-

out. The pope h>d excommunicated hijai, put Florence

under an interdict, and, being secoi^ded by the Neapolitan

king, made furious war against the republic. These

hostilities speedily assumed alarming proportions, and the

Florentines began to tire of submitting to so many hard-

ships in order to sup|)ort the yoke of a fellow-citizen.

Lorenzo's hold over Florence seemed endangered. But he

did nut lose heart, and, on tlie contrary, rose superior to

the difficulties by which he was encompassed. He boldly

journeyed to Naples, to the court of King Ferdinand of

Aragon, who was reputed to be as treacherous as he was

cruel, and succeeded in obtaining from bim an honourable

peace, that soon led to a reconciliation with Sixtus. Thus
at last Lorenzo found himself complete master of Florence,

and was in a position to turn his power to account. But,

as the "balie" changed every five years, it was always re-

quisite, in order to retain his supremacy, that ho should be

prepared to renew the usual manoeuvre at the close of that

term and have another elected equally favourable to his aims.

This was often a difficult achievement, and Lorenzo showed

much dexterity in overcomin<; all obstacles. In 1480 he

compassed the institution of a new council of seventy,

which was practically a permanent "balia" with extended

powers, inasmuch as it not only elected the chief magis-

trates, but had also the administration of numerous state

affairs. But, this permanent council of his own devoted

adherents once formed, his secnrity was firmly established.

By this means, the chroniclers tell us, " liberty was buried,"

but the chief affairs of the state were always conducted by

intelligent and experienced men, who promoted the public

prosperity. Florence was still called a republic ; the old

institutions were still preserved, if only in name. Lorenzo

was absolute lord of all, and virtually a tyrant. His im-

morality was ocandalous ; he kept an army of spies, and

frequently meddled in the citizens' most private affairs,

and exalted men of the lowest condition to important

offices of the state. Yet, as Guicciardini remarks, "if

Florence was to have a tyvant, she could never have found

a better or more pleasant one." In fact all industry, com-

merce, and public works made enormous progress. The
civil equality of modern States, which was quite unknown
to the Jliddle Ages, was more developed in Florence than

in any other city of the world. Even the condition of the

peasantry was far more prosperous than elsewhere. And
Lorenzo's authority was not confined to Tuscany, but was

also very great throughout the whole of Italy. He was

on the friendliest terms with Pope Innocent VIII., from

whom ho obtained the exaltation of his son Giovanni to the

cardinalate at the age of fourteen. This boy cardinal was

afterwards Pope Leo X. From the moment of the decease

of iSixtus IV., the union of Florence and Rome became the

basis of Lorenzo's foreign policy. By its means he was

able to prevent the hatreds and jealousies of the Sforzas of

Milan and the Aragonese of Naples from burstmg into the

open conflict that long threatened, and after his death

actually caused, the beginning of new and irreparable

calamities. Ilenco Loreiizo waa styled the neeale of tho

Italian compass.

But the events we have narrated cannot Suffice for the

full comprehension of this complex character, unless wo
add the record of his deeds as a patron of letters and his

achievements as a writer. His palace was the school and
resort of illustrious men. Within its walls were trained

the two young Medici afterwards known to the world as

Leo X. and Clement VII. Ficino, Poliziano, Pico della

Mirandola, and all members of the Platonic academy

\vere its constant habitues. It was here that Pulci gave

readings of his Morgante, and Michelangelo essayed the

first strokes of his chisel. Lorenzo's intellectual power,-;

were of exceptional strength and versatility. He could

speak with equal fluency on painting, sculpture, music,

philosophy, and poetry. But his crowning superiority over

every other !Mcecenas known to history lay in his active

participation in the intellectual labours that he promoted.

Indeed at certain moments he was positively the leading

spirit among the literati of his time. He was an elegant

prose writer, and was likewise a poet of real originality.

At that period Italians were forsaking erudition in order

to forward the revival of the national literature by recur-

ring to the primitive sources of the .spoken tongue ana
popular ver.se. It is Lorenzo's lasting glory to have been

the initiator of this movement. AVithout being— as some
have maintained—a poet of genius, he was certainly a

writer of much finish and eloquence, and one of the first to

raise popular poetry to the dignity of art. In his Ambi-a,

his Caa-ia del Falcone, and his JVencia da Harberino, he gives

descriptions of nature and of the rural life that he loved,

with the graphic power of an acute and tasteful observer,

joined to an ease of style that occasionally sins by excess

of homeliness. Both in his art and in his politics he leant

upon the j.>eople. The more oppressive his government,

the more did he seek in his verses to incite the public to

festivities and lull it to slumber by sensual enjoyments.

In his Ballate, or songs for dancing, and more especially

in his carnival songs, a kind of verse invented by himself,

Lorenzo displayed all the best qualities and worst defects

of his muse. Marvellously and spontaneously elegant,

very truthful and fresh in style, fertile in fancy and rich

in colour, they are often of a most revolting indecency.

And these compositions of one filling a princely station in

the city were often sung by their author in the public

streets, in the midst of the populace.

Lorenzo left three sons,—Pietro (1471-1503), Giovanni

(1473-1521), and Giuliano (1479-151(1), He was suc-

ceeded by Pietro, whose rule la.>ited but for two years. Pi.

During this brief term he performed no good deeds, and
only displayed inordinate vanity and frivolity. His con-

duct greatly helped to foment the hatred between Lodovico

Sforza and Ferdinand of Naples, which hastened tho

coming of flie French under Charles VIII., and the renewal

of foreign invasions. No sooner did the French approach

the frontiers of Tuscpny than Pietro, crazed with fear,

hastened to meet them, and, basely yielding to ever;-

demand, accepted terms equally humiliating to himself

and the state. But, returning to Florence, he found

that the enraged citizens had already decreed his deposi-

tion, in order to reconstitute the republic, and was there-

fore compelled to escape to Venice. His various plots

to reinstate himself in Florence were all unsuccessful.

At last he went to the south of Italy with the French,

was drowned at the passage of the Garigliano in 1503.

and was buried in the cloister of Jlonte Cassino.

The ensuing period was adverse to the Medici, for -x

republican government was maintained in Florence from
1494 to 1.512, and the city remained faithful to its allianc-;

with tlie French, who were all-powerful in Italy. CurdinJ
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iovamji, tlic Iiead uf the family, resided in Home,
.ilaying the patron to a/circleof literati, artists, and friends,
aeeking to increase his popularity, and calmly waiting for
better days. The battle of Ravenna wrought the downfall
of the fortunes of France in Italy, and led to the rise oj
those of Spain, whose troops entered Florence to destroy
the republic and reinstate the Medici. Pietro had now been
dead for some time, leaving a young son, Lorenzo (1492-
1519), who was aftervp^ards duke of Urbino. The following

'..il year (1513) Cardinal Giovanni was elected pope, and
'^'^' assumed the name of Leo X. He accordingly removed to
;„'.,.'

'^o"ie, leaving his brother Giuliano with his nephew
^„; Lorenzo in Florence, and accompanied by his cousin

Giulio, who was a natural son of the Giuliano murdered
in the conspiracy of the Pazzi, and was soon destined
to be a cardinal and ultimately a pope. Meanwhile his
kinsmen in Florence continued to govern that city by
means of a " balia," although preserving an empty show
of republican institutions. And thus, being masters of
the whole of central Italy, the Medici enjoyed great
authority throughout the country, and their ambition
plumed itself for still higher flights. This was the moment
when Niccolo Machiavelli, in his treatise The Prince,
counselled them to accomplish the unity of Italy by arming
the whole country, and expelling its foregin invaders.

_

Leo X., who is only indirectly connected with the
history of Florence, gave his name to the age in which he
lived in consequence of his magniticent patronage of art
and letters in Rome. But he was merely a clever amateur,
and had not the literary gifts of his father Lorenzo!
Hg surrounded himself with versifiers and inferior writers,
who enlivened his board and accompanied him wherever he
went. He liked to lead a gay and untroubled life, was fond
of theatrical performances, satires, and other intellectual
diversions. His patronage of the fine arts, his genuine
affection for Raphael, and the numerous works he caused to
be executed by him and other artists, have served to
confer an exaggerated glory on his name. He failed to
comprehend the significance of the great religious movement
already stirring in Germany, and had not the remotest idea
of the grave importance of the Reformation, which indeed
he unconsciously promoted by his reckless and shameless
sale of indulgences. The whole policy of Pope Leo X.
consisted in oscillating between France and Spain, in always
playing fast and loose, and deceiving both powers in turn.
Yet rhe evil results of this contemptible policy never
seemed to disturb his mind. He finally joined the side of
the emperor Charies V., and in 1521, at the time of the
defeat of the French by the Spanish troops on the river
Adda, he ceased to breathe at his favourite villa of Magliana.
*.!iuliano dei Medici had died during Leo's reign, in°1516,
\/ithout having ever done anything worthy of record. He
was the husband of Philiberta of Savoy, was duke of
.\3mours, and left a natural son, Ippolito dei Medici '

( 1 51 1-1535), who afterwards became a cardinal. Lorenzo,
|being of more ambitious temper, was by no means content I

to remain attlie head of the Florence Government hampered
|by many restrictions imposed by republican institutions,
I

snd subject to the incessant control of the pope. In his
tagerness to aggrandize his kinsmen, the latter had further

'

decided to give Lorenzo the duchy of Urbino, and formally '

invested him in its rights, after expelling on false pretences i

Its legitimate lord, Francesco Maria della Rovere. This
'

prince, however, soon returned to Urbino, where he was
joyously welcomed by his subjects, and Lorenzo regained
[jossession only by a war of several months, in which
he was wounded. In 1519 he also died, worn out by
disease and excess. By his marriage with Madeleine de
la Tour d'Auvergne, he had one daughter, Caterina dei
Medici (15I9-S9), married in 1533 to ITenrv, duke of

"8:

I

Orleans, afterwards king of France. She played a Ion"

I

and sinister part in the history of that country. Lorenzo

I

also left a natural son named Alessandro, inheriting tht
frizzled hair and projecting lips of the negro or mii°atl.i
slave who had given him birth. His miserable death
will be presently related. Thus the only three survivin"

I representatives of the chief branch of the Medici, Cardiual
I

Giulio, Ippolito, and Alessandro were all of illegitimate
I
birth, and left no legitimate heirs.

I

Cardinal Giulio, who had laboured successfully for the Cardiuj
reinstatement of his family in Florence in 1512, had been GiuHo

t long attached to the person of Leo X. as his trusted (Clemen,

factotum and companion. He had been generally regarded ^ "•''

as the mentor of the pope, who had no liking for haid work.
But in fact, his frivolity notwithstanding, Leo X. always
followed his own incUnations. He had much aptitude for
command, and pursued his shuffling policy without any
mental anxiety. Giulio, on the contrary, shrank from all
responsibility, muddled his brains in weighing the reasons
for and against every possible decision, and was therefore
a better tool of government in others' hands than he was
fit to govern on his own account. When Giuliano and
Lorenzo died, the pope appointed the- cardinal to the
government of Florence. In that post, restricted within
the limits imposed by republican institutions, and acting
under the continual direction of Rome, he performed his
duties fairly well. He caressed the citizens with hopes of
extended liberties, which, although never destined to be
fulfilled, long served to keep men's minds in a pleasant
flutter of expectation

; and when the more impatient spirits
attempted to raise a rebellion he speedily quenched itm blood. When, after the death of Leo X. and the very
brief pontificate of Adrian VL, he was elected pope (IS^S)
under the name of Clement VIL, he entrusted the govern-
ment of Florence to Cardinal Silvio Passerini conjointly
with Alessandro and Ippolito, who were still- too voun"-
to do much on their own account.

°

The pontificate of Leo X. had been a time of feticity
to himself if of disaster to Italy and the church. The rei^ni
of Clement, on the contrary, was fatal to himself as well
a result chiefly due to his hesitating temper and continual
uncertainty of mind. His policy, like that of Leo X
consisted in perpetual oscillation between France and
Spain. By his endeavours, to trick all the world he
frequently ended in being tricked himself. In 1525 he
was the ally of the French, who then suffered a terrible
defeat at Pa\-ia, wliere their king Francis L was taken
prisoner. The armies of Charles Y. triumphantly ad-
vanced, without Clement being able to oppose any effectual
resistance. Both Rome and Florence were threatened
with a fearful catastrophe.

Thus far we have had no occasion to speak of the Giivaon/
younger branch of the Medici, descended from Lorenzo <lel!e

brother to Cosimo the Elder. Always in obscurity and ^='"'^'

always held in check by the elder line, it now seemed
'^"^

to acquire new life, and first entered the arena of history
when the otuer was on the point of extinction. In fact
the most valiant captain of the papal forces was Giovanni
dei Medici, afterwards known by the name of Giovanni
delle Bande Nere. His father was Giovanni, son of Pier
Francesco, who was the son of Lorenzo, the brother of
Cosimo dei Medici. ' History has little to tell of the elder
Giovanni

; but his wife Caterina Sforza, of whom he was
tht third husband, was a woman of more than masculim
vigour. Giovanni dei Medici married her in 1497, but
died in 1498, leaving her with one son who "as christened
Lodovico, but afterwards took his father's name of
Giovanni (U98-152C). Trained to arms from his eariiest
years, this youth inherited all the energy of his mother,
whose Sfnrza blood seemed to infuse new life into the
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younger branch of the Medici. Notwithstanding liis

extreme youth, lie had already achieved the title of

the best captain in Italy. He always fought with

immense dash and daring, and was devotedly loved and

obeyed by his soldiery. He was the only leader who
opposed a determined resistance to the imperial forces.

He was seriously wounded at Pavia when fighting on the

French side. On his recovery he joined the army of the

League, and was much enraged by finding that the duke
of Urbino, commander of the Venetian and papal forces,

would never decide on .ittacking. When the imperial

troops were struggling through the marshes of Mantua,
surrounded on every side, and without stores or ammuni-
tion, Giovanni could not resign himself to inactivity like

his' colleagues in command. He was ignorant that the

imperialists had just received supplies and artillery from the

duke of Ferrara, and therefore daringly attacked them with

a small body of men without taking any precautions for

defence. One of the first shots fired by the enemy injured

him so fatally that he died a few days after. He was
married to Maria Salviati, by whom he had one son,

Cosimo (1519-1574), born, as we shall see, to lofty fortunes,

for he became the first grand-duke of Tuscany, and indeed
the founder of the grand-duchy and the new dynasty.

Meanwhile the imperial army pursued its march upon
Rome, captured the Eternal City after a few hours' combat,

and cruelly sacked it during many days (1527). Thanks
to his perpetual shuffling and excessive avarice, the pope
found himself utterly forsaken, and, being unable to def'eud

the city, was obliged to seek refuge in the castle of St

Angelo, whence he only effected his escape after some
months. He thensigned atreatyof alliance with theemperor

(1529), who sent an army to besiege Florence and restore

the Medici, whom the people had expelled in 1527 on the

re-establishment of the republic. After an heroic defence,

the city was forced to surrender (1500) ; and, although it

was e.tpressly stipulated that the ancient liberties of

Florence should be respected, every one foresaw that the

conditions would be violated. In fact, pope and emperor
immediately began to dispute as to which should be the new
lord of the city. Clement Vlt. had inherited the traditional

family dislike for the j-ounger branch of his kin, and so

the choice lay between the two biistards Ippolito and
Alessandro. The former being a cardinal, the latter was

Duke chosen. Alessandro, who already bore the title of duke of

Aiess- Citta, di Penna, came to Florence in 1531, and by imperial

indro. patent was nominated head of the republic. According
to the terms of this patent, the former liberty enjoyed
under the Medioean rule was to remain intact. But no
previous ruler of the city had enjoyed hereditary power
confirmed by imperial patent, and such power was incom-
patible with the B.xistence of a republic. Moreover,
Clement VII. showed dissatisfaction with the uncertainty

of the power conferred upon his kinsman, and finally

succeeded in obtaining additional privileges. On the 4th
of April 1532 a parliament was convoked for the last time
in Florence, and, as usual, approved every measure pro-

posed for acceptance. Accordingly a new council was
formed of two hundred citizens elected for life, forty-eight

of which number were to constitute a senate. Alessandro,

as duke of the republic, filled the post of gonfalonier, and
carried on the government with the assistance of three

senators, changed every three months, who took the place

of the suppressed signory.

Tte duke's chief advisers, and the contrivers of all these

arrangements, were Baccio Valori, Francesco Vettori, and
above all Francesco Guicciardini,—men, especially the two
latter, of lofty political gifts'and extensive influence. The
mind and character of Duke Alessandro were as yet

comparatively unknown. At first he seemed very anxious

to win tlie favour of the people, and disposed to rule with
justice and prudence. But soon encountering difficulties

that he was unable to overcome, he began to neglect the

business of the state, treated his new office as affording the

means for increased indulgence in pleasure and vice, and
acted as if the sole function of government consisted in

lulling the people by festivities and corrupting it by the

dissolute life of which he set the example. The question

of the moment was the transformation of the old re-

publican regime into a princedom ; as an unavoidable

result of this clvange it followed that Florence was no
longer to be the ruling city to whose inhabitants alone

belonged the monopoly of political office. When. the

leading Florentine families realized, not only that the re-

public was destroyed, but that they were reduced to equality

with those whom they had hitherto regarded as their

inferiors and subjects, their rage was indescribable, and
hardly a day passed without the departure of influential

citizens who were resolved to achieve the overthrow of

their new ruler. They found a leader in Cardiu:d Ippolito Cardinal

del Medici, who was then in Kome, embittered by the Ippolito.

preference giveu to Alessandro, and anxious to become
his successor with the least possible delay. Under the

pressure of terror the duke at once became a. tyrant. He
garrisoned the difl'erent cities, aud began the erection in

Florence of the Fortezza da Basso, built chiefly at the ex-

pense of Filippo Strozzi, who afterwards met his death

within its walls.

In 1531 Clement Vlf. died, and the election fell on Paul

IIL,from whom Cardinal Ippolito hoped to obt.iin assistance

for his designs. Accordingly the principal Florentine

exiles were despatched on a mission to the emperor

Charles V. with complaints of Alessandro's tyranny and his

shameless violation of the terms upon which the city had
surrendered. Cardinal Ippolito also represented his own
willingness to carry on the government of Florence in a

more equitable manner, and promised the emperor a largo

sum of money. Beply being delayed by the emperor's

absence, he became so impatient that he set ovi, accom-

panied by several exiles, to meet Charles in Tunis, but on

the 10th of August 1535 died suddenly by the way, at Itri,

poisoned by order of Alessandro. Such at least was the

general belief, and it was confirmed by the same fate be-

falling other euemies of the duke about the same time.

On the emperor's return from Africa, the exiles presented

themselves to him in Naples, and the venerable patriot

Jacopo Nardi pleaded their cause. Duke Alessandro,

being cited to appear, came to Naples accompanied by
Francesco Guicciardini, who by speaking in his defence

rendered himself odious to all friends of liberty, and
irretrievably tarnished his illustrious name. The cardinal

being dead, it was hard to find a successor to Alessandro.

On this account, and perhaps to some extent through the

emperor's personal liking for the duke, the latter rose higher

than before in the imperial favour, married Margaret of

Austria, the natural daughter of Charles, and returned to

Florence with increased power. And now Alessandro

indulged unchecked in the lowest excesses of tyranny, and
although so recently a bridegroom gave way to increased

libertinism. His whole time was passed in vicious haunts

and in scandalous adventures. In order to conceal the

obscurity of his birth, he left his mother to starve; and it

was even asserted that he finally got rid of her by poison.

His constant associate in this disgraceful routine was Lorai-

his distant kinsman Lorenzo, generally known as Lorenzino zino dei

dei Medici. Of the younger branch of the Medici, the M''^-'-

latter was second cousin of the Cosimo already mentioned

as the son of Giovanni delle Bande Nere.' He had much
culture aud literary talent, but led an irregular life,

sometimes acting like a midmau and sometimes like i



^.1 E D 1 C I rsn

villain. lie wm a writer of considerable elegance, the

author of several plays, one of which, the Aridosio, was held

to be among ',he best of the age, and he was a worshipper

of antiquity. JJ'otwithstanding these tastes, when in Rome
he knocked off the heads of some of the .finest statues of

the age of Adrian, an act by which Clenit;.it VII. was so

incensed that he threatened to have him hanged. There-

upon Lorenzlno fied to Florence, where he became the friend

of Duke Alessandro and his partner in the most licentious

excesses. They went together to houses of ill-fame, and

violated private dwellings and convents. They often

showed themselves in public mounted on the same horse.

k\\ Florence eyed them with disgust, but no one foresaw

the tragedy that was soon to take place.

Assassi- On the evening of January 0th, 1537, after a day
nation of passed in the usual excesses, Lorenzino led the duke to
Ales.'!-

jjjjj ^^^ lodging, and left him there, promising shortly to

return with the wife of Leonardo Ginori. Alessandro,

worn out by the exertions of the day, fell asleep on the

couch while awaiting Lorenzino's return. Before long

the latter came accompanied by a desperado known as the

Scoronconcolo, who aided him in falling on the sleeper.

Housed by their first thrusts, the duke fought for his life,

and was only despatched after a violent struggle. The
murderers then lifted the body into bed, hid it beneath

the clothes, and, Lorenzino having attached a paper to it

bearing the words, rincit amor patriee, laudumque immensa
cupido, they both fled to Venice. In that city Lorenzino

was assassinated some ten years later, in 1548, at the age

of thirty-two, by order of Alessandro's successor. Thus he

was only about twenty-two at the time he committed the

murder. He wrote an Apologia, in which he defended

himself with great skill and eloquence, saying that he had
been urged to the deed solely by love of liberty. For this

reason alone he had followed the example of Brutus and
played the part of friend and courtier. The tone of this

Apologia is so straightforward, sometimes even so eloquent

and lofty, that we should be tempted to give it credence

were it possible to believe the assertions of one who not

only by his crime but by the infamy of his previous and'

subsequent career completely gave the lie to his vaunted

nobility of purpose. By Alessandro's death the elder branch

of the Medici became extinct, and thus the appearance of

the younger line was heralded by a bloody crime.

When the duke's absence from his own palace was dis-

covered on the morning of January 6th, he was at first

supposed to have spent the night with one of 'his mistresses ;

but soon, some alarm being felt, search was made, and
Cardinal Cybo was the first to discover the murder.

Enjoining the strictest secrecy, he kept the corpse concealed

for three days, and then had it interred in the sacristy of

iSan Lorenzo. Meanwhile he had hastily summoned
Alessandro Vitelli and tlie other captains, so that, by the

time Alessandro's death was made public, the city was
already filled with troops. The cardinal then convoked

the council of forty-eight to decide upon a successor.

Alessandro's only issue was a natural son named Giulio,

aged five. The cardinal favoured his election, in the hope
of keeping the real sovereignty in his own hands. But he

speedily saw the impossibility of carrying out a design that

was ridiculed by aU. On the other hand, Guicciaraini,

Vettori, and others of the leading citizens favoured the

choice of Cosimo, the son of Giovanni delle Bande Nere.

He was already in Florence, was aged seventeen, was
keen-Titted and aspiring, strong and handsome in person,

heir to the enormous wealth of the Medici, and, by the

terms of the imperial patent, was Alessandro's lawful

Cos'ico I. successor. Charles Y. approved the nomination of Cosimo,
*ho without deUiy seized the reins of government with a

arm grasp. Like Alessandro, he was naaud head of the

republic ; and Gnicciardini and others who liad workcc
hardest in his cause hoped to direct him and keep bin;

under their control But Cosimo soon undeceived them
by proving that, his youth notwithstanding, he had a wil!

of his own, and was resolved to rule unshackled by
republican forms -ind unhampered by advisers disposed to

act as mentors. The Florentines had now an absoluts

prince who w'as likewise a statesman of eminent ability.

On learning the death of Alessandro and the election o'f

Cosimo, the exiles appreciated the necessity for prompt
action, as all delay would be fatal to the overthrow of the

Medicean rule. They had received money and promises

from France ; they were strengthened by the adhesion of

Filippo Strozzi and Baccio Valori, who had both become
hostile to the Jfedici through the infamous conduct and
mad tyranny of Alessandro; and Strozzi brought them the

help of his enormous fortune and the prowess of that very

distinguished captain, his son Piero. The exiles accordingly

met, and assembled their forces at Mirandola. They had
about four thousand infantry and three hundred horse;

among them were members of all the principal Florentine

families; and their leaders were Bernardo Salviati ana
Piero Strozzi. They marched rapidly, and entered Tuscany
towards the end of July 1537. Cosimo on this occasion

displayed signal capacity and presence of mind. Fully

informed of the exiles' movements by means of his spies,

he no sooner learned their approach than he ordered

Alessandro Vitelli to collect the best German, Spanish,

and Italian infantry at his disposal, and advance against the

enemy without delay. On the evening of July 31 Vitelli

marched towards Prato with seven hundred picked ii fintry

and a band of one hundred horse, and on the way fell in

with other Spanish foot soldiers who joined the e.\pedition.

At early dawn the following morning he made a sudden
attack on the exiles' advanced guard close to !Montemurlo,

an old fortress converted into a villa belonging to the

Nerli. Having utterly routed them, he proceeded to storm

Montcmurlo, where Filippo Strozzi and a few of his young
comradeshad taken refugeand barricaded the gates. Know-
ing that they must either conquer or die, they made a

desperate resistance for some hours, and then, overwhelmed

by superior numbers, were obliged to yield themselves

prisoners. The main body of the army was still at some
distance, h>iving been detained in the mountains by heavy

rains and difficult pa.sses, and, on learning the defeat at

Jlontemurlo, its leader refused to advance, and turned back

by the way he had come. Alessandro Vitelli then re-

entered Florence with his victorious army and his fettered

captives. Cosimo had achieved his first triumph.

All the prisoners, who were members of great families,

were brought before Cosimo, and were received by him with

courteous coldness. Soon, however, a scaffold was erected

in the Piazza, and on four mornings in succession four of

the prisoners were beheaded. Then the duke saw fit to

stay the executions. Eaccio Valori, however, and his son

and nephew were beheaded on the 20th of August in the

courtyard of the Bargello. Filippo Strozzi still survived,

confined in the Fortezza da Basso, that had been built at

his expense. His fanii'y was illustrious, he had numerous

adijerents, and b'e enjoyed the protection of the French king.

Nevertheless Cosimo only awaited some plausible pretext

to rid himself of this dreaded enemy. He brought him to

trial and had him put to the question. But this cruelty

led to nothing, for Strozzi denied every accusation and

bore the torture with much fortitude. On December 18th

he was found dead in his prison, with a blood-stained

sword by his side, and a slip of paper bearing these words :

exoriare aliquis nostris ex ossiiiis vltor. It was believed

that, having renounced all hope of his life being spared,

Strozzi had preferred suicide to death at the hands of tha
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executioue". Soiue, liowevei, thnuyliD that (Josimo bad
caused liim to be murdered, and adopted this mode of con-

cealing the crime. The young prince's cold-blooded

massacre of his captives cast an enduring shadow upon

his reign and dynasty. But it was henceforward plain to

all that he was a man of .stern resolve, who went straight to

his end without scruples or half measures. Before long he

was regarded by many as the incarnation of MachiavelU's

Prince, " inasmuch as he joined daring to talent and

prudence, was capable of great cruelty, and yet could

practise mercy in due season." Guicciardini, who still pre-

tended to act as mentor, and wliu on account of his many
services had a certain influence over him, was obliged to

withdraw from public life and busy himself with writing

his History at his villa of Arcetri. He died in this retreat

in 1540, and it was immediately rumoured that the duke

had caused him to be poisoned. This shows the estimation

iu which Cosimo was now held. It was true that he

punished with death all who dared to resist his will. By.

1540 sentence of death had been pronounced against four

handred and thirty contumacious fugitives, and during his

reign one hundred and forty men and six women actually

ascended the scaffold, without counting those who perished

in foreign lands by the daggers of his assassins. He
reduced the old republican institutions to empty forms,

by making the magistrates mere creatures of his will.

He issued the sternest edicts against the rebels, particu-

larly by the law known as the " Polverina," from the

name of its proposer Jacopo Polverini. This law decreed

not only the confiscation of the property of exiles, but

likewise that of their heirs, even if personally acquired by

the latter. Cosimo ruled like the independent sovereign of

a great state, and always showed the capacity, firmness, and

courage demanded by that station. Only, his state being

small and weak, he was forced to rely chiefiy upon his

personal talent and wealth. It was necessary for him to

make heavy loans to the different European sovereigns,

especially to Charles V., the most rapacious of them

all, and to give enormous bribes to their ambassadors.

Besides, he had to carry on wars for the extension of his

dominions, and neither his inherited wealth nor the large

sums gained by confiscating the estates of rebellious

subjects sufficed for all this outlay. He was accordingly

"ompelled to burden the people vpith taxes, and thus begin

at once to diminish its strength.

Cosimo bore a special grudge against the neighbouring

republics of Siena and Lucca. Although the latter was

small and weak, and the former garrisoned by Spaniards,

"et the spectacle of free institutions at the frontiers of his

5wn state served as a continual incitement to subjects dis-

iffected to the new regime. In fact Francesco Eurlamacchi,

a zealous, Lucchese patriot, had conceived the design of

re-establishing republican government in all the cities of

Tuscany. Cosimo, with the emperor's help, succeeded iu

having him put to death. Lucca, however, was an insig-

nificant state making no pretence of rivalry, wheroas Siena

was an old and formidable foe to Florence, and had always

given protection to the Florentine exiles. It wai now

very reluctantly submitting to the presence of a Spanish

garrison, and, being stimulated by promises of prompt and

efficacious assistance from France, rose in rebellion and

expelled the Spaniards iu 1552. Cosimo instantly seized

the opportunity, wrote to the emperor in terms that

appealed to his pride, asked leave to attack Siena, and

begged for troops to ensure the success of his enterprise.

As no immediate answer arrived, he feigned to begin

negotiations with Henry II. of France, and, by thus arous-

ing the imperLal jealousy, obtained a contingent of German

and Spanish infantry. Then came a long and bloody war.

Siena was besieged for fifteen months, aud its iuhabitauts,

aided by the valour of Piero Strozzi, who fought under the

French flag, made a most heroic resistance, even women
and children helping on the walls. But fortune was
against them. Piero Strozzi sustained several defeats, and
finally the Sienese, having exhausted their ammunition and
being decimated by famine and the sword, were obliged to

capitulate oa honourable terms that were shamelessly

violated. By the varied disasters of the siege and the num-
ber of fugitives the population was reduced from forty to

eight thousand inhabitants. The republicans, still eager

to resist, withdrew to Montalcino. Cosimo now ruled the

city and territory of Siena in the name of Charles V., who
always refused him its absolute possession. After the

emperor's abdication, and the succession of Philip II. to the

Spanish throne, Cosimo at last obtained Siena and Ponto-

ferra by giving up his claim to a sum of 200,000 ducats

that he was to have received from Charles V. In 1559

he also captured Jlontalcino, and thus formed the grand-

duchy of Tuscany, but he continued to govern the new state

—i.e., Siena and its territories—separately from the old.

His rule was intelligent, skilful, and despotic; but bis

enormous expenses drove him to raise large sums of money
by special contrivances unsuited to the country and the

people. Hence, notwithstanding the genius of its founder,

the grand-duchy held from the first the elements of its future

decay. Cosimo preferred to confer office upon men of

humble origin in order to have pliable tools, but he also

liked to be surrounded by a courtier aristocracy on the

Spanish and French pattern. As no Tuscan aristocracy any

longer existed, he created new nobles, and tempted foreign

ones to come by the concession of various feudal privileges ;

and, in order to turn this artificial aristocracy to some account,

he founded the knightly order of St Stephen, charged

witli the defence of the coast against pirates, which in course

of time wt n much honour by its prowess. He also estab-

lished a small standing army for the protection of bis fron-

tiers ; but, as we have seen, he generally employed German
and Spanish troops for his wars, and always had a foreign

bodyguard. At the commencement of his reign he opposed

the popes in order to maintain the independence of his

own state ; but later, to obtain help, he truckled to them

in many ways, even to the extent of giving up to the

Inquisition his own confidant, Piero Carnesecchi, W'ho,

being accused of heresy, was beheaded and burnt in 1567.

In reward for these acts of submission, the popes showed

him friendship, and Pius V. granted him the title of grand- Title of

duke, conferring the patent and crown upon him in Kome, gi'and-

although the emperor had always withheld his consent. ''"''''

Finally, however, the latter confirmed the title to Cosimo's

successor. The measure most injurious to Tuscany was

the fiscal system of taxes, of which the sole aim was to

extort the greatest possible amount of money. The con-

sequent damage to industry, commerce, and agriculture was

immense,, and, added to the devastations caused by the

Sienese war, led to their utter ruin. Otherwise Cosimo

did not neglect useful measures for the interior prosperity

of his state. He was no Maecenas, but nevertheless

restored the Pisan university, enlarged that of Siena, had

the public records classified, and also executed public works

like the Santa Trinitk bridge. During the great inunda-

tions of 1557 he turned his whole energy to the relief of

the sufferers.

In 1539 he had espoused Eleonora of Toledo, daughter

of the viceroy of Naples, by whom he had several children.

Two died in 15fi2, and their mother soon followed them to

the grave. It was said that one of these boys, Don Garcia,

had murdered the other, and then been killed by the

enraged father. Indeed Cosimo was further accused of

having put his own wife to death; but neither rumour had

any foundation. He now showed signs of illness aud failure
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of strengjii. He was not old, but worn by the cares of siati'

and Bclf-indulgorice. Aocordingly in 1564 he reaigued tljc

government to his eldest son, who was to act as his

lieutenant, since he wished to remain the virtual head of the

state and have power to resume the sceptre on any

emergency. In 1570, by the advice of I'ius V., he married

Camilla Martelii, a young lady of whom he had been long

enamoured. In 1574 lie died, at the age of fifty-four years

and ten months, after a reign of thirty- seven years, leaving

three sons and one daughter besides natural children. These

sons were Francesco, his successor, who was already at the

head of the government. Cardinal Ferdinand, and Piero.

Franccoai Francesco I., born in 1541, began to govern as his father's

•• lieutenant in 1564, and was married in 1565 to the arch-

duchess Giovanna of Austria. On beginning to reign on

his own account in 1574, he speedily manifested his real

character. His training in the hands of a Spanish mother

had made him suspicious, false, and despotic. Holding

everyone aloof, he carried on the government with the

assistance nf a few devoted ministers. He compelled his

stepmother to retire to a convent, and kept his brothers at

a distance from Florence. He loved the privileges of

power without its burdens. Cosimo had known how to

maintain his independence, but Francesco cast himself like

a vassal at Austria's feet. He reaped his reward by
obtaining from Maximilian II. the title of grand-duke, for

which Cosimo had never been able to win the imperial sanc-

tion, but he forfeited all independence. Towards Philip II.

he showed even greater submissiveness, supplying him with

large sums of money wrung from his over-taxed people.

He held entirely aloof from France, in order not to awake
the suspicions of his protectors. In short, under his rule

the history of Tuscany was reduced to a mere record of

local and municipal events. To increase his funds, he

traded on his own account, thus creating a monopoly
that was ruinous to the country at large, and led to an enor-

mous number of failures. He raised the tax upon corn to

so high a rate that few continued to find any profit in grow-

ing it, and thus the Maremme, already partly devastated

during the war with Siena, were converted into a desert.

Even industry declined under this system of government;

and, although Francesco founded porcelain manufactories

and pietra dura works, they did not rise to any prosperity

until after his death. His love of science and letters was
the only Medieean virtue that he possessed. He had an

absolute passion for chemistry, and passed much of his time

in his laboratory. Sometimes indeed he gave audience to

his secretaries of state standing before a furnace, bellows

in hand. He took some useful measures to promote the

rise of a new city at Leghorn, which at that time hcrj only

a natural and ill-sheltered harbour. The improvement of

Leghorn had been first projected by Cosimo I., and was
carried on by all the succeeding Medici. Francesco was
a slave to his passions, and was led by them to scandalous

excesses and deeds of bloodshed. His example and

neglect of the affairs of the state .soon caused a vast increase

of crime even among the people, and, during the first

eighteen months of his reign, there occurred no less than
one hundred and sixty-eight murders.

In default of public events, the historians of thi-i

period enlarge upon private incidents, generally of a

scandalous or sanguinary kind. In 1575 Orazio Pucci,

wishing to avenge his father, whom Cosimo had hanged,

determined to get up a conspiracy, but, soon recognizing

how firmly the Medicean rtile had taken root in the country,

desisted from the attempt. But the grand-duke, on hear-

ing of the already abandoned plot, immediately caused

Vucci to be hanged from the same window of the Palazzo

Vecchio, and even from the same iron stanchion, from which
liis father before him had hung. His companion.'!, who

had lied to France and England, were pursued and murdered

by the ducal emissarie.s. Their possessions were con-

fiscated, and the " lolverina " law applied so that the con-

spirators' heirs were reduced to penury, and the grand-duka

gained more than 300,000 ducats.

Next year Isabella dei Medici, Francesco's sister, waa

strangled in her nuptial bed by her husband, Paolo Giordano

Orsiiii, whom she had betrayed. Piero' dei Medici,

Francesco's brother, murdered his wife Eleonora of Toledo

from the same motive. Still louder scandal was caused by

the duke's own conduct. He was already a married man,

when, passing one day through the Ptazza of St Mark in

Florence, he saw an exceedingly beautiful woman at the

window of a mean dwelling, and at once conceived a passion

for her. She was the famous Bianca Cappello, a Venetian

of noble birth, who had eloped with a young Florentine

named Pietro Buonaventuri, to whom she was married at the

time that she attracted the duke's gaze. He made her

acquaintance, and, in order to see her frequently, nominated

her husband to a post at court. Upon this, Buonaventuri

behaved with so much insolence, even to the nobility, that

one evening he was found murdered in the street. Thus
the grand-duke, who was thought to have sanctioned the

crime, was able to indulge his passion unchecked. On the

death of the grand-duchess in 1578 he was privately united

to Bianca, and afterwards married her publicly. But sha

had no children, and this served to poison her happiness,

since the next in succession was her bitter enemy, the

cardinal Ferdinand. The latter came to Florence in

1587, and wa.s ostentatiously welcomed by Bianca, who waa

most anxious to conciliate him. On October 18th of the

same year, the grand-duke died at his villa of Poggio

a Caiano, of a fever caught on a shooting excursion in the

Maremme, and the next day Bianca also expired, having

ruined her health by drugs taken to cure her sterility. But
rumour asserted that she liad prepared a poisoned tart for

the cardinal, and that, when he suspiciously insisted on the

grand-duke tasting it first, Bianca desperately swallowed

a slice and followed her husband to the tomb.

Such was tho life of Francesco dei Medici, and all that

can be said in his praise is that he gave liberal encourage-

ment to a few artists, including Giovanni Bologna, who
executed for him the group of the Rape of the Sabines.

He was tlie founder of the Uifizi gallery, of the Medici

theatre, and the villa of Pratolino ; and during his reign

tho Delia Cruscan academy was instituted.

Ferdinand I. was thirty-eight years of age wlien, in 1587, Ferdiuaaii

ho succeeded his brother on the throne. A cardinal from the I-

age of fourteen, he had never taken holy orders. He showed
much tact and experience in the management of ecclesi-

a.stical affairs. He was the founder of the Villa Medici at

Bome, and the purchaser of many priceless works of art,

such as the >fiobe group and many other statues afterwards

transported by him to Florence. After his accession he

retained the cardinal's purple until the time of his marriage.

He was in all respects his brother's opposite. Affable in

his manners and generous with his purse, he chose a crest

typical of the proposed mildness of his rule,—a swarm of

bees with the motto Majestatc iantnm. He instantly

pardoned all who had opposed him, and left his kinsmen

at liberty to choose their own place of residence. Occa-

sionally, for political reasons, he committed acts unworthy

of his character ; but he re-established the administration

of justice, and sedulously attended to the business of the

state and the welfare of his subjects. Accordingly

Tuscany revived under his rule and regained the independ-

ence and political dignity that his brother had sacrificed

to love of ease and personal indulgence. He favoured

commerce, and effectually 'ensured the prosperity of

Leghorn, by an edict enjoining toleration towards Jews and
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heretics, wliich led to the settlement of many foreigners in

that city. He also improved the harbour and facilitated

communication with Pisa by means of the Naviglio, a canal

into which a portion of the water of the Arno was turned.

He nevertheless retained the reprehensible custom of trad-

ing on his own account, keeping banks in many cities of

Europe. He successfully accomplished the draining of the

Val di Chiana, cultivated the plains of Pisa, Fucecchio,

and Val di Nicvole, and executed other works of public

utility at Siena and Pisa. But his best euergies were

devoted to the foreign policy by which he sought to

emancipate himself from subjection to Spain. On the

assassination (1589) of Henry III. of France,- Ferdinand

supported the claims of the king of Navarre, undeterred

by the opposition of Spain and the Catholic League, who
were dismayed by the prospect of a Huguenot succeeding

to the throne of France. He lent money to Henry IV., and
strongly urged his conversion to Catholicism ; he helped

to persuade the pope to accept Henry's abjuration, and
pursued this policy with marvellous persistence until his

efforts were crowned with success. Subsequently, however,

Henry IV. showed fjint gratitude for the bene6ts conferred

upon him, and paid no attention to the expostulations of

the grand duke, who then began to slacken his relations

with France, and showed that he could guard his independ-

ence by other alliances. He gave liberal assistance to

Philip III. for tiie campaign of the latter in Algiers, and to

the emperor for the war with the Turks. Hence he was
compelled to burden his subjects with enormous taxes,

forgetting that while guaranteeing the independence of

Tu3c?ny hy his loans to foreign powers he was increasingly

sapping the strength of future generations. He at last

succeeded in obtaining the formal investiture of Siena,

which Spain had always considered a fief of her own.
Di.ring this grand-duke's reign the Tuscan navy was

notably increased, and did itself much honour on the

Mediterranean. The war-galleys of the knights of St

Stephen were despatched to the coast of Barbary to attack

Bona, the headquaiters of the corsairs, and they captured

the town v;ith much dash and bravery. And iu the

following year (1608) the same galleys achieved their most
brilliant victory in the archipelago over the stronger fleet

of the Turks, by taking nine of their vessels, seven hundred
prisoners, and a store of jewels of the value of 2,000,000
ducats.

Jpsimo Ferdinand I. died in 1609, leaving four sons, of whom
''' the eldest, Cosimo II., succeeded to the throne at the age

of nineteen. He was at first assisted in the government
^y his mother and a council of regency. He had a good
lisposition, and the fortune to reign during a period

when Europe was at peace and Tuscany blessed with
ibundant harvests. Of his rule there is little to relate.

His chief care was given to the galleys of St Stephen, and he
sent them to assist the Druses against the Porte. On one
occasion he was involved in a quarrel with France. Concino
Concini, the Marshal d'Ancre, being assassinated in 1617,
Louis XIII. claimed the right of transferring the property

of the murdered man to De Luynes. Cosimo opposed the

decision, and, refusing to recognize the confiscation decreed
by the French tribunals, demanded that Concini's son should
be allowed to inherit. Hence followed much ill-feeling and
mutual reprisals between the two countries, finally brought
to an end by the intervention of the duke of Lorraine.

Like his predecessors, Cosimo II. studied to promote the
prosperity of Leghorn, and he deserves honour for abandon-
ing all commerce on his own account. But it was no praise-

worthy act to pass a law depriving womc'-i of almost all

rights of inheritance. By thij means many daughters of
the nobility were driven into convents against their will.

He grtvc scanty aticnliou to the general ailairs of the state.

He was fond of luxury, spent freely on public festivities,

and detested trouble. Tuicany was apparently tranquil

and prosperous ; but the decay of which the seeds were

Pjuwu under Cosimo I. and Ferdinand I. was rapidly

spreading, and became before long patent to all and beyond

all hope of rcmedj'. The best deed done by Cosimo II.

was the protection accorded by him to Galileo Galilei, who
had removed to Padua, and there made some of his grandest

discoveries. The grand-duke recalled him to Florence

iu 1610, and nominated him court mathematician and

philosopher. Cosimo died in February 1621, after twelve

years of a quiet reign marked by no great event. Feeling

his end draw near, when he was only aged thirty and all

his sons were still in their childhood, he hastened to

arrange his family affairs. His mother, Cristina of Lorraine,

and his wife, Maddalena of Austria, were nominated

regents and guardians to his eldest son Ferdinand IL,

a boy of ten, and a council of four appointed, whose
functions were regulated by law. Accordingly, after

Cosimo's death, the young Ferdinand was sent to Rome and
Vienna to complete his education, and the government ot

Tuscany remained in the hands of two jealous and quarrel-

some women. Thus the administration of justice and
finance speedily went to ruin. Out of submissiveness to the

pope, the regents did not dare to maintain their legitimate

ri^ht to inherit the duchy of Urbino, and iu 1623 sanc-

tioned the. transfer of that right to the holy see. They
conferred exaggerated privileges on the new Tuscan nobility,

which became increasingly insolent and worthless. They
resumed the practice of trading -on their own account,

and, without reaping much benefit thereby, did the

utmost damage to private enterprise.

In 1627 Ferdinand II., then aged seventeen, returned to FerdinunJ

Italy and assumed the reins of government; but, being of a II.

very gentle disposition, he decided on sharing his power with

the regents and his brothers, and arranged matters in such

wise that each was almost independent of the other. He
gained the love of his subjects by his great goodness; and,

when Florence and Tuscany were cruelly ravaged by the

plague in 1630, he showed admirable courage, and carried

out many useful measures. But he was totally incapable

of energy as a statesman. When the pope made bitter

complaints because the board of health had dared to subject

certain monks and priests to the necessary quarantine, the

grand-duke insisted ou his officers asking pardon on their

knees for having done their duty. On the death in 1631

of the last duke of Urbino, the pope was allowed to seize

the duchy without the slightest ojiposition on the part of

Tuscany. As a natural consequence the pretensions of the

Roman curia became increasingly exorbitant ; ecclesiastics

usurped the functions of the state ; and the ancient laws of

the republic, together with the regulations decreed by Cosimo
I. as a check upon similar abuses, were allowed to become
obsolete. On the extinction of the line of the Gonzagas at

Mantua in 1627, war broke out between Fiance on the on !

side and Spain, Germany, and Savoy on the other. The grand

duke, uncertain of his policy, trimmed his sails according

to events. Fortunately peace was re-established in 1631.

Mantua and Monferrato fell to the duke of Nevers, as Franco

had always desired. But Europe was again in arms for tiio

Thirty Years' War, and Italy was not at peace. Urban
VIII. wished to aggrandize his nephews, the Barberini, by

wresting Castro and Ronciglione from Odoardo Farnese,

duke of Parma and brother-in-law to Ferdinand. Farnese

determined to maintain his rights, and marched his army
through Tuscany into the territories of the pope, who was

greatly alarmed by the attack. Naturally the grand-duko

was drawn into the war to defend his own state and his

kinsman. His military operations, however, were of tha

feeblest and o-ten the most laughable character, A.t
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last, by moans of tlie French intervention, peace was made
in IGtl. ^ But, although the pope was forced to yield, bo

resigned none of his ecclesiastical pretensions in Tuscan)'.

It was during Ferdinand's reign that the septuagenarian

Galileo was obliged to appear before the Inquisition in

Rome, which treated him with infamous cruelty. On tlio

death of this great and unfortunate man, the grand-duke

wished to erect a monument to him, but was withheld by
fear of the opposition of the clergy. The dynasty as well

as the country now seemed on the brink of decay. Two
of the grand-duke's brothers tad already died childless, and

Ippolito, the sole survivor, was a cardinal. Accordingly

tho only remaining heir was Cosimo lit., married to a

wife who held him in detestation, and did her best to have

her marriage annulled or at least obtain a separation.

Like nearly all his predecessors, Ferdinand II. gave

liberal patronage to science and letters, greatly aided

therein by his brother Leopold, who bad been trained by
Galileo Galilei, and who joined with men of learning in

founding the celebrated academy Del Cimenio, of which he

was named president. This academy took for its raotto

the words Provando e riprovando, and followed the experi-

mental method of Galileo. Formedin 1657, it was dissolved

in 1667 in cousequnnce of the jealousies and dissensions

of its mcinbers, but during its brief existence won renown
by the number and importance of its works.

Cosimo III. succeeded his father in 1670. lie was
weak, vain, bigoted, and hypocritical. In 1661 he had
espoused Louise d'Orliians, niece of Louis XIV., who,

being enamoured of Duke Charles of Lorraine, was very

reluctant to come to Italy, and speedily detested both her

husband and his country, of which she refused to learn the

language. She had two sons and one daughter, but after

the birth of her third child, Giovau Gastone, her hatred

for her husband increased almost to madness. She first

withdrew to Poggio a Caiano, and then, being unable to get

her marriage annulled, returned to France, where, although

supposed to live in conventual seclusion, she passed the

c;reater part of her time as a welcome visitor at court.

Even her testamentary dispositions attested the violence

of her dislike to her husband.

Cosimo's hypocritical zeal for religion compelled liis

subjects to multiply services and processions, that greatly

infringed upon their working hours. He wasted enormous
sums in pensioning converts—even those from other

countries—and in giving rich endowments to sanctuaries.

Meanwhile funds often failed for the payment of Govern-
ment clerks and soldiers. His court was composed of

bigots and parasites; he ransacked the world for dainties

for his table, adorned his palace with costly foreign

hangings, had foreign servants, and filled his gardens with
exotic plants. He purchased from the emperor the title of
" Highness " in order to be the equal of the duke of Savoy.

Ho remained neutral during the Franco-Spanish war, and
submitted to every humiliation and requisition exacted by
the emperor. He had vague notions of promoting agricul-

ture, but accomplished no results. At one time lie caused
eight hundred families to be brought over from the Morea
for the cultivation of the Maremme, where all of them died

of fever. "But when, after the revocation of the edict of

Nantes, French Huguenots offered to apply their labour

and capital to the same purpose, the grand-duke's religious

scruples refused them refuge. So ruin fell upon Tuscany.
Crime and misery increased, and the poor, who only asked
for work, were given alius and sent oftener to church. This
period witnessed 'the rise of many charitable institutions

of a religious character under the patronage of the grand
duke, as for instance the congregation of San Giovanni
Battista. But these could not remedy the general decay.

Cos'mo's dominant anxiety regarded the succession to

1 )-i8*

tlio throne. His eldest son Ferdinand died childless in

1713. The pleasure-loving Giovan Gastone was manieJ
to Anna Maria of Saxe-Laueuburg, widow of a German
prince, a wealthy coarse woman wholly innnei-scd in

domestic occupations, and who seemed little likely tj give

birth to any children. After living with her for some time

in a Bohemian village, Giovan Gastone yielded to liis

dislike to his wife and her country, Withdrew to Franco,

and ruined his health by his excesses. After a brief return

to Bohemia he finally separated from his wife, by whom he

had no family. Thus the dynasty was doomed to extinction.

Cosimo had a passing idea of reconstituting the Florentine

republic, but, this design being discountenanced by the Euro-

pean powers, he determined to transfer the succession, after

the death of Giovan Gastone, to hissisterAnnaMariaLouisa,

who in fact survived him. For this purpose he proposed to

annul the patent of Charles V., but the powers objectoiito

this arrangement also, and by the treaty of 17 IS the quad-

ruple alliance of Germany, France, England, and Holland

decided that Parma and Tuscany should descend to the

Spanish Infante Don Carlos. The gi-an-d-duke made
energetic but fruitless protests.

Cosimo III. had passed his eightieth year at the time

of his decease in October 1723, and was succeeded by his

son Giovan Gastone, then aged fifty-three. The new
sovereign was in bad health, worn out by dissipation, and
had neither ambition nor aptitude for rule. His tlirono

was already at the disposal of foreign powers, and his only

thought on ascending it was to regain strength enough to

pass the remainder of his days in enjoyment. He dismissed

the spies, parasites, and bigots that had formed his father's

court, abolished the pensions given to converts, suppressed

several taxes, and prohibited the organized espionage estab

lished in the family circle. He wished to live and let live,

and liked the people to be amused. Everything in fact

bore a freer and gayer aspect under his reign, and the

Tuscans seemed to feel renewed attachment for the dynasty

as the moment of its extinction drew near. But the grand-

duke was too feeble and incapable to accomplish any real

improvement. Surrounded by gay and dissipated young
men, he entrusted all the cares of government to a certain

Giuliano Dami, who drove a profitable trade by the sale of

offices and privileges. In this way all things were in the

hands of corrupt individuals; while the grand-dnke, com-

pelled to pass the greater part of his time in bed, vainly

sought diversion in th'e company of buffoons, and was
only tormented by perceiving that all the world disposed

of his throne without even asking his advice. And when,

after prolonged opposition, he had resigned himself to

accept Don Carlos as his successor, the latter led a Spanish

army to the conquest of Naples, an event afterwards lead-

ing to the peace of 1735, by which the Tuscan succession

was transferred to Francesco II., duke of Lorraine, and
husband of Maria Theresa. Gii)\an Gastone was finally

oWiged to submit even to this. Spain withdrew her

garrisons from Tuscany, and Austrian soldiers took their

place and swore fealty to the grand-duke on the 5th of

February 1737. He expired on the 9th July of the same
year. Such was the end of the younger branch of the

Medici, which had found Tuscany a prosperous country,

where art, letters, commerce, industry, and agriculture,

flourished, and left her poor and decayed in all ways,

drained by taxation, and oppressed by laws contrary to

every principle of sound economy, downtrodden by the

clergy, and burdened by a weak and vicious aristocracy.

Capiioni, Storia delta Jtcpubblica di Fircn-c, Florence, 187-'' -

Rostoe, Life of Lorenzo dci Medici, and Life of Leo A'.; Alfred von
Reauraont, Lorenzo dei Medici, il MagtiiJJeo, Lcipsic, 1874 ; Galluzzi,

Sloria del Granditcato di Toscana sotto il govcmo di Casa Media, .1

vols., Florence, 1787; A. von Rcaumont, Oesehichtc Tosranas seit

d. Ende d. florcnt. FrcistahUs, 2 vols., Gotlia, 1876. (P. V.)
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MEDICINE
PART L—SYNOPTICAL VIEW OF MEDICINE.

MEDICINE, the subject-matter of one of the learned

professions, includes, as it now stands, a wide range

of scientific knowledge and practical skill. The history of

its growth from small beginnings in Greece is traqed in

the second section of the present article ; it remains

here to give a Bynoptical view of medicine, including its

scientific or philosophical position, its subdivisions or

ramifications as an art and discipline, and its relations to

the body politic.

Scientific Position of Medicine.-—The science of medicine

is the theory of diseases and of remedies. While the

notion of disease is necessarily or inevitably correlated

with the notion of health, there is no necessary and invari-

able relation, but, on the other hand, a merely conventional

association, between a disease and a remedy. That part of

the science of medicine which corresponds to the theory of

remedies is not therefore in a position scientifically inferior

to the theory of diseases ; for each article of the materia

raedica—apart from a few inert substances—has a certain

effect on the organism in health and in disease, which is

ascertainable with scientific precision. Those properties

and actions of drugs are the subject of pharmacology and
toxicology ; the circumstances under which the several

arliclea of the materia medica become remedial are the

subject of therapeutics, and therapeutics is dependent it
its scientific position upon the completeness of the theory

of diseases, or pathology.

Disease is the coiTelative of health, and the word is not

capable of a more penet- ating definition. From the time of

Galen, however, it has been usual to speak of the life of the

body either as proceeding in accordance with nature (Kara

(pva-iv, seaindiim ncituram) or as overstepping the bouuds
of nature (jra^a <j>va-i.v, prmter naiumm). Taking disease

to be a deflexion from the line of health, the first requisite

of medicine is an extensive and intimate acquaintance with

the norm of the body. The normal condition of the body
is capable of being determined without ambiguity ; it is

the absence from its stnictures and functions of every

disease hitherto known. The structure and functions of

the body form the subject of anatomy and physiology.

Physiology is, strictly speaking, the science of that

which is Kara <^i'o-tv, or secnndttm nctturam, and it is usual

to say that the theory of diseases is based upon physiology.

But, although all that was implied in the Hippocratic term

i^uVis (natiira) may be claimed as the subject-matter of

physiology, yet, in the ordinary connotation of the term,

physiology divides the empire with anatomy. To physio-

logy the functions of the body are usually assigned, and to
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anatomy its form and structure. But, as a matter of fact,

the structures and functions of the organism are not

neparable ; structure is correlated to function, whether

ictivB, dormant, or extinguished, and in like manner
function is the twin notion of structure. In the ultimate

inalysis neither term means anything without the other,

jnd both together mean life. It is owing mostly to its

name that physiology is supposed to have a preponderant

interest for the theory of disease ; the word anatomy is

not well adapted to carry its ov/n half of the structure-

and-fuDction dualism. Both in the historical development

and in the logical connotation, anatomy is as much
associated with the living and moving body as physiology

itself ; but its etymology has always been against it, and
it has become more and more difficult to retain for anatomy
anything beyond the technicalities of the dissecting-room.

The subject of general anatomy has for the most part dis-

appeared from modern text-books, its place being taken

by histology, which deals with the minute structure of

the simple tissues, and, in a wider acceptation, with the

finer anatomy of all the orgisnc and purts of the body.

Histology, like anatomy, Las had a nomewhat technical or

descriptive r61e assigned to it; and it is now mainly

under physiology that the processes, activities, or living

mechanisms of the body fall to be considered. The deve-

lopment of the body as a whole, and of its several tissues

and organs, forms the subject of embryology; many of

the physiological types of diseased processes, especially

the cellular, are discoverable in the embryological period.

For the period of development, no arbitrary separation has

been attempted hitherto between structure and function,

and embryology is, in theory at least, as much physiolo-

gical as anatomical. The development of function is a

legitimate and even desirable subject of scientific study,

and a more distinctive place is probably awaiting it in the

future ; but so indissoluble does the union of structure

end function present itself in the period of genesis and
growth that the function has hardly as yet come to be

abstracted from the structure, or the structure from the

function.

The theory of disease rests, therefore, upon physiology,

V7ith its more or less technical adjuncts. Pathology is all

that physiology is, with the engrossing and difficult element

of perturbation, deflexion, or shortcoming added. By
virtue of this element of deviation from the line of health,

pathology is a discipline apart, with an abundant literature

of its own, and with separate academical institutes and

chairs. But pathology is also a discipline apart by virtue

of concepts proper to itself. A great part of the theory

of disease deals with changes or defects of structure and

perturbations or failings of function, which may be intri-

cate or difficult to analyse, but are still well within sight

of the line of health. Such are the common diseases of

the organs and systems—the inflammations, catarrhs,

degenerations, hypertrophies, and functional derangements

without lesion of the respiratory, circulatory, nervous,

geiiito-urinary, locomotor, and cutaneous systems. Con-

stitutional or general diseases belong also to the province

of perturbations from the physiological course,—such

diseases as chlorosis, leukaemia, diabetes, gout, rheumatism,

scurvy, rickets, Addison's disease, exophthalmic goitre,

and the febrile state. Again, congenital deficiencies or

malformations, non-cancerous tumours, and the repairing

of injuries exemplify no other laws than those of develop-

ment and growth.

But with those examples the catalogue of physiological

diseases is exhausted. We are left with a vast residue of

diseases, which have always bulked largely in the popular

mind, and have carried tie most terrible associations with

them. _ Such are the pestilences or diseases of peoples ;
—
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the plague, sweating sickness, cholera, yellow fever,

typhus fev,er, relapsing fever, typhoid fever, diphtheria,

.suiall-pox, measles, scarlet fever, influenza, dengue. Such

also are the cancers, consumptions, leprosies, and other

loathsome infections. This enormous residue is more

than the half of disease, and the definition of disease or

the scheme of pathology is brought to a test in finding

room within its scientific categories for such maladies as

those. The popular imagination in all countries has per-

sonified them ; medicine in its metaphysical period has

regarded them as entities or things in themselves ; and it

remains to be seen in what way or to what extent medicine

in its scientific period will bring them within the category

of perturbations of the physiological life.

In considering, for a moment, where to place cancer in

the pathological scheme, we shall arrive at a point of view

from which the relation of the acute and chronic infections

(or contagions) to diseases of the physiological order may
be contemplated at least provisionally. Taking cancers,

in a generic sense, to mean tumours that have acquired or

are possessed of malignancy, we find that such tumours

have many points in common with simple tumours,—that

they have grown out of the tissues of particular organs or

parts under particular (functional) circumstances, and that

they may, in general terms, be traced back to that point at

which they left the line of health (see Pathology). The

tracing back of tumours along the physiological track is

often difficult and laborious; but there is no tumour of the

body whose origins are not at length discoverable within

the limits of physiological action. That which makes

any tumour a cancer is something over and beyond

;

it is a remarkable acquired property of reproducing its

structure in manifold copies, or of infecting the organism

of which it is itself a part. The tumour thus becomes a

semi-independent power within the body ; it may be said,

in a political ligure, to have acquired autonomy, or to

have become imperium in impel- io. A due consideration

of such a phenomenon as the infectiveness or cancerousness

of some tumours will satisfy one that there are concepts in

pathology which carry the investigator entirely beyond

physiological bounds or out of sight of the line of health,

which bring him face to face with the notion of a disease

as a thing in itself, and which thus constitute a peculiar

subject-matter. There is nothing that we know among

biological phenomena altogether analogous to the semi-

independence which an integral part of the body, or con-

dition of the body, manifests towards the organism as a

whole, and that, too, strictly in respect of its acquired

devious or rebellious habit. The familiar definition of

disease, morbus est vita jyrxte)- naturam, which embodies

the notion of divergence from the line of health, makes no

provision for an acquired autonomy of a morbid state ; and

that definition has to be supplemented by another, which

will recognize the possibility of a disease becoming j. thing

iu itself. The old definition of Van Helmont, viorbns est

ens reale snhsistens in corpore, appears to satisfy the require-

ment ; but that definition, although it grew, out of the

phenomena of disease as observed in fevers, was made too

general, and has now associations that are too exclusively

ontological and metaphysical. The supplementary definition

should be as far as possible in the terms of the principal

definition ; and we shall provide be-st in the pathological

scheme for such a disease as cancer if, in addition to the

formula moi-lns est vita pi-ater naturam, we construct a

secondary formula, morbus est rifiim in viro.

The notion of autonomy acquired by a morbid state

implies, naturally, a pre-autonomous stage of the disease,

which had been a mere perturbation of the norm of the

body, capable of beirig measured by the physiological

standard. The autonomous stage aud the pre-autonorjouS
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stage, wLii;L may be demonstrated, iu individual cases,

for cancers, are a philosophical necessity for all other in-

fective diseases that are marked by morphological features,

or by structural characters rooted in and growing out of

the proper textures of the body. Thus the peculiar skin

eruption of small-pox, which is communicable from person

to person, along with a distinctive course of fever, must
Jiave had pre-autonomous antecedents (not altogether his-

torically vague) in certain casual f-onditions of the skin

and associated constitutional disturbance, which had re-

curred and -become inveterate, and liad so attained to a

degree of individuality or a point of autononly at which
they began to be propagated as an organic unit. Again, a

second group of infections, exemplified by glanders, bovine

tubercle, and syphilis, are rooted in deeper textural pro-

cesses, which must have been at one time (and may still

be) set up by the casual operation of ordinary causes, and
at length bscame the occasion of infective mimicry. It

is not so easy to picture (and it is not difficult, with

a modern dominant school, to ignore) the casual morbid
conditions or ordinary physiological perturbations out of

which powerful infections like cholera, typhoid fever, or

yellow fever may have arisen ; but if the rise and consoli-

dation of their autonomy be a subtle or even untraceable

history, yet there are diseases, such as dysentery and
erysipelas, which are apt to occur both as casual or

spontaneous conditions and as specific infections side by
side. Ophthalmia is an example of a purulent catarrh

wliich is constantly arising de novo in Egypt from local

causes in a non-infective manner, and yet has become, on
at least one memorable occasion, a powerful and wide-
spread infection for British troops returjiiug from that

country and for the home garrisons for many years subse-

quently. Infective pneumonia in cattle, and more rarely in

man, is an analogous case. In such an episode we observe

the actual rise of the disease-autonomy. Again, all the in-

fective diseases have degrees of intensity, at one extreme
of -which there must occur the vanishing point of their in-

fective property ; and those gradations of infectiveness are

nowhere more noticeable than in the relation of cholera

to choleraic diarrha;a. Further, the remarkable group of

climatic fevers are not communicable from person to person

(see Malama) ; in that respect, and for the reason that

the liability of the patient is anything but exhausted by
one attack, they are examples of fevers without autonomy.
There is not one of the infections that may not be profit-

ably studied from the point of view of its autonomy, and
of its more or less obscure pre-autonomous stage. That is

a point of view from which even the pestilences and other

specific diseases may be regarded as coming within the

physiological categories. The largo residue of diseases,

which are more than perturbations of the physiological

life, may still be joined by natural descent to the class of

simple perturbations, if we can show for them how their

autonomy was acquired, or what was their origin as disease-

species.

There is an established place m tue history of medicine,

and there ought therefore to be room iu the definition of

disease, for epidemic outbreaks of purely psychical diseased

states, such as the dancing madness [Tanzwutlt), and the

boys' crusades; the epidemic diffusion of such morbid
states is best approached from tho point of view of an
acquired autonomy (fixed idea) and an infective mimicry.

Tho physiclogical definition of disease, morhus est vita

prxter uaturam, affords no place for parasitic diseases.

However, ihe supplementary formula tliat has been pro-

posed to meet the case of diseases existing autonomously
in the body, morbus est vivmn in vivo, will meet the

case of parasitic diseases also. According to many patho-

logists of the present generation, the whole class of pesti-

lences, fevers, and spuci/ii; juleciions generally are caused

by certain species of minute parasites invading the body
;

according; to one form of that hypothesis the distinctive

characters or specific marks (morphological and other)

of those diseases are neither more nor less than the

appropriate effects wrought upon the textures and fluids

of the body by the re.spective species of parasites. In

this way the great group of infective diseases, which

are apt to bo the stumbling-block of a scientific definition

and logical scheme of disease, are easily disposed of by

placing them beside the otherwise insignificant group of

parasitic diseases. Whether all or any of those diseases

are due in a sense to the invasion of parasites, or wholly

caused by parasites, are questions that naturally fall to be

settled by a careful sifting of a mass of evidence which .

has already proved to be peculiarly rich in opportunities

for mistake. It may be expected that the facts of infective

parasitism and the facts of acquired dissase-autonomy will

in the end find their place in a common theory of specific

diseases, which might be expressed in terms of the physio-

logical formula moibus est vita vrseter nainram, with tii-;

rider morbus est vivutn in vivo.

The theory of remedies, which forms the second division

of the science of medicine, is chiefly based upon pharmaco-

logy or toxicology. If pharmacology be considered as not

co-extensive with toxicology, it will be taken to be in great

part pharmacographia, or the systematic description of

articles of the materia medica—their source, preparation,

physical properties, and the like. Toxicology is in its

general sense the investigation of the physiological action

of drugs, a science which is largely dependent upon experi-

ments on the lower animals ; in a more technical sense

toxicology relates to the effects of poisons and the art of

detecting them (seo Poisons). The physiological action

of drugs is the key to their therapeutical action. Thera-

peutics has been defined as "the discovery of the means
by which a system of forces competent to eliminate any

given perturbation may be introduced into the economy."

The adaptation of remedies to diseases is, however, greatly

wanting iu precision, and continues to be in large pare

empirical and traditional. It may be objected to the

above definition that all diseases are not reducible to tho

category of "perturbations," and that there is a certain

scientific justification for the doctrine of specifics. Besides

the articles of the materia medica proper, agencies such

as electricity, baths, sea-voyages, and changes of climate

generally, enter iuto the consideration of therapeutics, and
two of those form the subject of special departments, viz.,

electro-therapeutics and hydropathy. Regimen and diet

are also important factors in the treatment of disease

;

according to a contention of Hippocrates, it was in the

dietetic tieeds of mankind that the medical art had its

origin.

Subdivisions of Medicine as an Art and Discipline.—The
medical art (ars medendi) breaks away at once from tho

unity of the theory of disease. While there is but one
body of pathological doctrine for either sex, for every period

of life, and for every region and part of the organism,

the practical art divides itself into departments and sub-

departments. Tho most fundamental division is into

internal and external medicine, or into medicine proper

and surgery. The treatment of wounds, injuries, and
deformities, with operative interference in general, is the

special department of surgical practice (the corresponding

parts of pathology, including inflammation, repair, and
removable tumours, are sometimes grouped together as

surgical pathology) ; and where the work of the profession

is highly subdivided, surgery becomes the exclusive pro-

vince of the surgeon, while internal medicine remains to

the physician. A third great department of practice is
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tormcd oy obstetric modiciiie or midwifury, nud vvitU

obstetrics there is usually associated gynsecology, or the

diseases peculiar to women. Diseases of children are the

subject of a voluminous separate literature. Dermatology

(diseases of the skin) is an important province of practice

which, like the diseases of women and children, pertains as

much to medicine as to surgery. The greatest of the so-

called special departments of practice is ophthalmology

(diseases and injuries of tho eye). Laryngology is a
department that owes its existence mainly to tho invention

of the laryngoscope, its special province being tho treatment

of the intlammations (ordinary and specific), tumours, and

the like, to which the larynx is liable in common with other

parts. Diseases of the ear (otology) form even a more

restricted department of practice, owing to tho comparative

inaccessibility of the chief part of tho organ of hearing.

The congenital condition of deaf-mutism may or may not

be taken as falling within the province of the last-mentioned

subdivision. Dentistry or odontology is extremely limited

in the range of its subject-matter; but it affords great

opportuuities for refinements of technical skill, and it is

given up to a distinct branch of the profession.

The care of the weak-minded and the insane (psycho-

logical medicine) is an integral part of medical practice,

inasmuch as it is concerned with diseases of the nervous

system and with numerous correlated states of other

organs ; but it occupies a unique place by reason of the

engrossing interest of the subjective phenomena. Habitual

drunkenness is also a subject of special treatment.

A state of war, actual or contingent, gives occasion to

special developments of medical and surgical practice

(military hygiene and military surgery). Wounds caused

by projectiles, sabres, itc, are the special subject of

naval and military surgery ; while under the head of

military hygiene we may include the general subject of

ambulances, the sanitary arrangements of camps, and the

various forms of epidemic camp sickness.

The administration of the civil and criminal law involves

frequent relations with medicine, and the professional

subjects most likely to arise in that connexion, together

with a summary of causes 'cUelyres, are formed into the

department of medical jurisprudence. It is the practice

in Great Britain to call independent medical evidence on
both sides of a cause, whether the proceedings be civil or

criminal.

The system of life assurance is based upon the co-opera-

tion of the medical profession. Heredity, constitution, and
diathesis are here the chief subjects of general considera-

tion, while prognosis is the skilled faculty specially called

into play.

delations of Medicine to the Body Politic.—The statutes

of the United Kingdom which, have direct relation to

medicine are (1) those relating to the public health; (2)

those relating to lunacy (and habitual drunkenness)
; (3)

those relating to the status of the medical profession, to

dentists, and to pharmaceutical chemists
; (4) those relating

to restrictions on the " practice " of anatomy and physiology.

There are, besides, several statutes in which medicine is

concerned indirectly,—such as the Poor Laws, the- Prisons

Acts, the Shipping Acts, the Kegistration of Births and

Deaths Act, tho Sale of Food and Drugs Act, the Sale of

Poisons Act, the Factory and Workshops Act, the Artisans'

D.vellings (Metropolitan) Act, the Elvers Pollution Pre-

vention Act, the Contagious Diseases (Animals) Act

(1878), and the Public Health (Water) Act.

L Most of the statutes relating to the public health in

England and Wales were consolidated by an Act of 1875,

the Acta relating to the metropolis being excepted ; there

are separate statutes of about the same period for Ireland

and Scotland. The system of administration is by local

.';nnitary authorities, in correspondence with the local govern-

meut boards in London and Dublin and the board of

supervision in Edinburgh. The board in London has a

medical department, consisting of a chief medical officer,

assistant medical officer, and inspectors, wiiilo the Dublin

and Edinburgh boards are professionally advised on a some-

what different system. The sanitary authorities throughout

the United Kingdom are divided into rural, urban, port, and
metropolitan (sanitary and nuisance); they are formed out

of pre-existing bodies, either the corporations of cities

and towns, the improvement commissioners, or the local

authorities. A medical officer of health is attached to

most of the several sanitary authorities, or to the combined
sanitary authorities of a large district ; his duties include

making reports on the death-rate and the causes of

mortality, the denunciation of nuisances and unwholesome
dwellings, workshops, &c., inquiries into the local causes

or favouring circumstances of epidemic outbreaks of disease,

measures to prevent the spread of contagion (by disinfec-

tion, isolation, and otherwise), and other more occasional

duties arising under a variety of statutes. Each sanitary

authority is required by law to appoint an inspector of

nuisances, who practically carries out the instructions of

the medical officer when there is one.

The Vaccination Acts (consolidated 1871) are an import-

ant part of the public health law of the kingdom ; they are

administered by the local government board, for the most
part through the agency of the medical profession at large,

but in some populous parishes also by means of public

vaccination stations. Prosecutions under the Acts are insti-

tuted by the parochial authorities. The practice formerly

(and not unsuccessfully) resorted to of iooculating with the

small-pox has been made a criminal offence ; but there is

still much uncertainty as to the theory of vaccination, and,

in particular, as to the relation-of vaccinia to variola.

Other statutes which were not consolidated in the Public

Health Act of 1875 are the Burials Act, the Contagious

Diseases Act, and tho Quarantine Act. The first of these is

administered by a department of the home oifice, with a

medical inspector. The second (186G and 1SG9) relates,

under a too general title, to the regulation of prostitution

in certain garrison towns, the surgeons under the act being

appointed by the board of admiralty or the secretary of

state for war, and the administration otherwise carried out

by the police.

The quarantine laws stand in the somewhat anomalous

position of statutes which it is not thought desirable to

repeal, while yet they are stripped b^re of all their executive

machinery. The Quarantine Act can be set in motion, as

occasion arises, by an order of council ; not only, however, is

there no official niedical advice at the disposal of the privy

council, upon which action under the act might be taken,

but there is not even the framework remaining (except the

ghost of a quarantine station on the Motherbank between

Portsmouth and the Isle of Wight) of the once considerable

quarantine establishment, by which the provisions of the

Act might be enforced. On the other hand, port sanitary

authorities enjoy certain limited powers under the Public

Health Acts of isolating vessels arriving with contagious

sickness on board. A quarantine at British ports has not

been put in force for many years, opinions being divided

as to the abstract efficacy and suitableness of quarantine

measures to prevent the importation and diffusion of

plague, cholera, or yellow fever (see QuaEj^xtine).

i^umerous instances having occurred of the extensive

diffusion of scarlet fever, typhoid fever, and diphtheria by
means of milk, the privy council has issued an order, under

the Contagious Diseases (Animals) Act of 1878, called the

Dairies, Milkshops, and Cowsheds Order, with the object of

enforcinp extreme cleanliness in 'he premises and anpur-



798 MEDICINE
tenances of the milk trade, and particularly of guarding

against the wcU-known liability of milk to take up effluvia

exi.stiiig or arising near it. The order of council having

remained inoperative, it is proposed to deal with the

matter by a new Act of Parliament, to be administered by
the local guverumcnt board. While cows' milk has thus

been recognized by the sanitary law as a carrier of certain

of the human coutagia, the milk of diseased cows, and
more especially of tuberculous cows, continues to be sold

with impunity, the alleged communication of tubercular

disease from the cow to maft-beiug difficult to prove to

the satisfaction of the legislature. The want of constant

supervision of the slaughter-houses is thought by many to

be a serious defect in the sanitary law of the country;

and there ia no doubt that much flesh of diseased animals

(especially the tuberculous) is sold merely as inferior meat.

Public IlcctUk Laio of Hie United Stales.—Questions of public

health in the United States come under the common law aud the

statute law, lu the larger part of the Union they are sul)jcct to the

common law only ; in a ccrtniri number of the States there is statute

law ; anil there has been since ZS79 a national board of health and
a()uaraiitiiielawcstabHshcdliy Act of Congress. Geucrally speaking,

the public iipalth procedure of the United States sulTcrs from the want
of organization, becisionsat coiinnon law relate chiclly to nuisances,

and to the recovery of damages for loss caused by the same. Tlio

first attempt at sUituto law was an Act of 1866 creating a metro-

politan sanitary district and board of healtli for tlio city of New
York ; in 1869 a board of health was created by the State Icgisl.ature

for Massachusetts ; the District of Columbia obtained its board of

health in 1870 ; and other States have followed at intervals, so that

there are now at least nineteen State boards of health, New York
State and rcnnsylvaiua ha
tivo ca])ital3 and other in

boards in tlioso States, tin

Union, and still fc

boards of li&ilth arc

; health boards only for their respec-

dividual towns. Besides the municipal
n'e aro very few others for towns in tho
ounties. The powers and activity of the

rious; tho Massachusetts board hac powers
amounting to that of a oourt, while the function of several of tho

State boards is hardly more than advisory. The sanitary statutes

made by tho State legislatures are in some cases very numerous.
Wherever questions of quarantine for yellow fever have arisen, as in

Louisiana (New Orleans), Georgia, aud Alabama, the State board of

health has acquired vigour aud has enlisted popular support, in the

capitals at least; but in most of the States lacssrzfaiTC is the ordinary

feeling towards the bcwird and its operations. The medical profession

in each State is the most powerful force, and the State medical society

is not uufrequently in a semi-olficial connexion with the sanitary

board ; on the other hand, it is alleged that the unfortunate sectarian

dilfcrcnces in medicine (represented chiefly by homccopathy) have on
several occasions prevented the formation of a State board of health,

or Ivave tended to jiaralyso the action of a board already existing.

It is a charge also against boards of health, or at least against those

in the great political centi'cs, that their efficiency is apt to be

impaired by the introduction of irrelevant political considerations

in such matters as tho making of appointments. The first step

towards a national i>ublic health law was gained by the Act (approved

3d March 1879) "to prevent the introduction of infections or con-

tagious diseases into the United States, and to establish a national

board of health." The board cpnsists of seven members appointed

by tho president and of four officials detached from the public

departments of State. Its duties are " to obtain information upon
all matters affecting the public health, to advise the several depart-

ments of tho government, the executives of the several States, aud
the commissioners of the District of Columbia, on all questions sub-

mitted to them, orwhenever, in the opinion of the board, such advice

may tend to tho preservation and improvement of the public health."

Quarantine was to be a special object of the hoard's attention,

especially tho establishment, if possible, of a federal quarantine

system which would preserve the legitimate commercial interests of

the several States and their seaports. A quarantine law passed in

1879 provides that all vessels coming from any foreign port where

contagious or infectious diseases exist shall obtain a bill of health

from tho consular officer of the United States at the port of sailing.

One of the piincijial functions ofthe national board ofhealth hitherto

has been to institute scientific inquh'ies into the nature and causation

of diseases of national importance, such as malarial fever. Among
tho ackuowlcilged dosidci-atft in the national sanitary law of the

United States aro a uniform carrying out of the practice of vaccina-

tion—there is no vaccination law in certain States, and iu others it

is imperfectly applied—and a uniform system of registration of

births anil deaths. Sco Dowditch, riihlic Umjicjie in America,

lorjcUtfT viih a Dirical ofAainicnn Smiitari/ Lind (by Pickering),

Boston, 1877; Biliings, introduction io If;/(jicitca7idPuhliclIealUi,

edited bv linik llCug. ed., Loudoir), and iu tho Transactions of the
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/nUrnat. Medical Cmrp'css, Loudon, 1880. vol. iv., sect. "Public

Health.'

Public Health Law of other Countries.—In France there is a
council of health for each district, composed of medical pi-ac-

titioners, phariuaeists, engineers, and other experts, its Inuction

being jturely advisory with I'cspect to nuisances, unwholesome
dwellings, schools, food, diugs, epidemics, aud . the like. The
executive jjower rests with the prefect (to be carried out by tho

police), and is often not put in motiou even when advice is

tendered. In Paris there are two heads of executive, the ]n-efect of

the Seine aud the prefect of police. The minister of agriculture

and commerce is responsible to tho chambers. In Prussia there is-

a certain amount of bureaucratic care of the public health under tho

ministry for ecclesiastical, educational, and medical affairs. Tho
minister is advised by a scientific commission ( IVisscnschafiliche

Dcpulalion, fixr das Mcdiciiialwesen) ; and there is a subordhiato

board for each province, and a medical officer for each district

or town {Krcisphysikiis, or Stadtphysikus). Numerous offences

against tho public health are defined m the code, and penalties fixed

(see Eulcnberg's work, taken from official sources. JJas Medicinal-

weseii iu Prcussni, Berlin, 1874).

2. The lunacy laws have been fully treated of in ..

special section of the article lNSAN'iTy'(j.D.). By an Act

of 1879 habitual drunkards have been placed in a position

somewhat analogous to that of lunatics, and there are now
existing certain licensed asylums for their detention.

3. The Acts relating to the status of the medical profes-

sion are known as the Medical Acts. The principal measure,

passed in 1858, created a body of twenty-four, called tljc

general council of medical education and registration ; by

a subsequent Act the council received a charter of incor-

poration, so that it might draw up, and become the publisher

and proi^rietor of, a list and description of officinal

drugs, which should be called the British Pharmacoproia,

and should supersede previous pharmacopeias. The
principal duty of the medical council is to keep a register

of qualified medical practitioners. The preamble of tbo

Act by which the medical register was created asserts tho

desirability of those in want of medical aid being able to

distinguish qualified from unqualified practitioners ; and
those whose names are on the register are alone presumably

qualified. To be a registered medical practitioner confers

a certain positive legal status (right to sue for fees, hold

appointments, give certificates, <tc. ); but there is nothing

in the English law to prevent any person whomsoever from

practising medicine and taking fees, provided he docs not

assume misleading titles. Those who are entitled (on pay-

ment of five pounds) to have their names inserted in the

medical register are graduates in medicine or surgery

of the universities of the United Kingdom, licentiates,

members, or fellows of the Royal Colleges of Physicians or

Surgeons in London, Dublin, and Edinburgh, licentiates oi

fellows of the Faculty of Physicians and Surgeons of

Glasgow, and licentiates of the Apothecaries' Halls ol

London and Dublin. The council consists of the repre-

sentatives of those bodies, of six crown nominees, and

the president. The medical council possesses certain

judicial and executive powers over the names on its.

register," if, after due inquiry, a registered practitioner

be judged by the medical council to have been guilty of

infamous conduct in any professional respect, the medical

council may, if they see fit, direct their registrar to erase

the practitioner's name from the register. The medical

council keeps also a register (unpublished) of medical

students; whoever has passed a recognized examination iu

arts, and has forwarded a certificate signed by a teacheri

of medicine that he has bona fide begun the study of
medicine, is entitled to have his name entered in the

register of students of medicine, with the date of his com-

mencement. The object of the students' register is merely

to provide a common and convenient record of the date of

commencement of medical stud)', and, by implication, of

tho fact that the examination in arts has been passed.

The medical council owes its title of a "cguucil of cduca->-
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tion " to certain powers possessed by it of visiting the

oxaniiiiatiotis of the universities and corporations, and

certain il'l-definod powers of visiting the medical schools.

The council may, if they see fit, report to the privy council

cny deficiencies that they may have discovered in the

teaching or examining, and the privy council may proceed

to further stops. But, beyond publishing the reports of

their visitations, the medical council do not appear to

have had occasion to put the machinery in force. The
state has not otherwise interfered to prescribe the subject-

matter or tho min'mum standard of medical education,

although there has been at least one unsuccessful attem|>t

by tho Government of tho day to establish a uuiforni

miuimum. By an Act of 1876 parliament has interposed

to a£Brm the principle that women are entitled to become
registered practitioners of medicine.

Under the Dentists' Act of _ 1878 the profession of

dentistry acquired a legal status corresponding to that of

the medical profession, the general medical' courv:il having
charge of its register also.

Pharmaceutical chemi.sts are now licensed under an Aqt
passed in 1876 ; since that date licences are granted only

to those who pass either the minor or the major examina-

tion of the Pharmaceutical Society of Great Britain, a

Pharmacy Act for Ireland (1876) having corresponding

provisions.

The Medical Pi'of-:ssion in other Countries.—In the United
Statoa there are usually no restrictions upon the practice of
niodicine, and in only a few of the States has tlie medical profession

any Ici^al standing. Tho ordinary medical title is that of doctor of
medicine, and that degree is conferred by a largo number of institu-

tions after a currieulum of study tliat varies muoh in length, and
after e,\aiiiinations that are equally various as tests of proficiency.

Ill France tho medical profession is divided into two grades : those
in the higher grade are all doctors of medicine cf the faculties of
Paris, Liile,' Nancy, Bordeaux, Lyou?. or Montpcllicr; those in the

I hn\a grade arc cj/iicv^ d.i s,i„i,. In Cfiiiiaiiy the riglit \u practiw i»-

I
coiifuned by a state liceiicr giint, d mi p,it.>iiig the sinala <:iniiicni

the exainiliat'oli, whiili i.s aliiHi^t i i.l inly oral and ]iracticiil, m.iy lie

passed in stagesat any one of ilie uiiiveisiti^siii the empire, tlic)'ro-

lessors of uiiatomy, physiology, and pailiologienl anatomy lieiiig

practically ex ojieio examinei-s, uhilu the other examiners are very
frequently also professors in the medical faculty. Tho staalsavmcii
is usually jmssed before tho candidate seeks tho degree of doctor of/

medicine; th.at degree is almost always taken by tliosr who itass the-

cxaminalion for tho state licence, and it is iisually confi-riid aftei' a
iiioff or l'=s j'.vmnl examination of the candidate before the mcJicid
fa.nl: ,, 1 . n I Iir .ippioval of his thesis. In Auslia, the right to
ju II

! 1 i liy tho degree of doctor of mcdioine, there is no
si>]i:i;i*i

;
,' 1, iiri', and no examination cxce]it that of the medical

I.U ulty nt' the universities (see Billroth's Lehrcn and Lci-nai dcr
iiicdiciirischcii JKisseitscha/lcn, Berlin, 187G). In most Continental
ecHintiies there are penalties directed in elfect against I'ractising

medicine without the state licence, or the university demcc cquiv.!-

leut thereto, and in Fiance the law now extends to resident foreign

practitioners who have qualified only in their own country. Q'hc

regulations for the practice oJ" phariiiacy in Germany and other Con-
tinental countries have long ueep of a very stringent kind. The
training and licensing of midwives is also under state control.

4. Lastly, the state has interposed to restrict the
" practice " of anatomy and physiology. By the Anatomy
Act of 1832 (amended in 1871) licences are required for

schools of anatomy, as well as licences for teachers, "to
practise anatomy." Licensed teachers of anatomy are

empowered to receive subjects for dissection under certain

conditions. The Act is administered by the home office,

with a staff of four inspectors of anatomy, one for the

metropolis, one for provincial medical schools in England,
and one each for Ireland and Scotland. The Act restricting-

the practice of physiology is the Vivisection Act of 1876 ;

it is intended for the protection of vertebrate animals liable

to be employed alive in physiological experiments, and it

resorts to a controlling machinery of licence and inspection

similar to that of the A.natomy Act, and under the same
Government department. (c. c.)

PART XL—HISTORY.

The history of medicine falls naturally under two heads,

or might bo conceivably written from two different points

of view. It might be a history of the medical profession

or a history of medical doctrine,—in other words, the

history of medicine in its relation to society or in its

relation to science. AVe shall here deal chiefly with the

history of medical knowledge, remembering also that tha

histories of anatomy, of physiology, and of surgery are

dealt with in the articles referring to those subjects. But
a still more trenchant limitation is necessary to preserve

the unity of the subject. Attention can be given to so

much only of the history as is directly antecedent to and
leads up to the medical scieuce of modern Europe. For

this purpose, the history of medicine must start with the

earlier period of Greek civilization.

Medicine as Portrayed in the Hconcric Poems.—In the

state of society picturea by Homer it is clear that

medicine has already had a history. We find a distinct

and organized profession ; we find a system of treatment,

especially in regard to injuries, which it must have been

the work of long experience to frame ; we meet with a

nomenclature of parts of the body substantially the same

(according to Daremberg) as that employed long afterwards

in the writings of Hippocrates ; in short, we find a science

and an organization which, however imperfect as compared

with those of later times, are yet very far from being in their

beginning. The Homeric heroes themselves are represented

as having considerable skill in surgery, and as able to

attend to ordinary wounds and injuries, but there is also

a professional class, represented by Machaon and Podalirius,

the two sons of Asclepius, who are treated with great tk-

spect. It would appear, too. from the .^EOdouis of Archiuus

(quoted by Welcker and Haeser) that the duties of these

two were not precisely the same. Machaon's task was more
especially to heal injuries, while Podalirius had received from
his father the gift of " recognizing v/hat was not visible to the

eye, and tending what could not be healed." In other words^

a rough indication is seen of the separation of medicine and
surgery. Asclepius appears in Homer as a Thessalian king,

not as a god, though in later times divinff honours were
paid to him. There is no sign in the Homeric poems of

the subordination of medicine to religion which is seen in

ancient Egypt and India, nor are priests charged, as they
were in those countries, with medical functions,^all cir-

cumstances which throw grave doubts on the commonlv
received opinion that medicine derived its origin iu all

countries from religious observances.

Although the actual organization of medicine amoiiir

the Homeric Greeks was thus quite distinct from religion,

the worship of Asclepius (or ^-Esculapius) as the god of

healing demands some notice. This cult spread very
widely among the Greeks ; it had great civil importance,

and lasted even into Christian times ; but there is no
reason to attribute to it any special connexion with
the development of the science or profession of medicine.

Sick persons repaired, or were conveyed, to the temples of

Asclepius in order to be healed, just as in modern times

relief is sought by a devotional pilgrimage or from the

waters of some sacred spring, and then as now the healing

influence was sometimes sought by deputy. The sick

person, or his representative, after ablution, prayer, and
sacrifice, was made to sleep on the hide of the sacrificed

animal, or at the fpit of the statue of the god, while sacred

rites were periuiiucd. In his sleep (incubatio, eyitoi-
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«j)a-is) the approjirute remedy was indicated by a dreain.

Moral "r dietetic remedies werer more often prescribed tlian

drugs The record of tlie cure was inscribed on tUe

columns or walls of the temple ; and it has been thought
that in this way was introduced the custom of " recording

cases," and that the physicians of the Hippocratic school

thus leirnt to accumulate clinical experience. But the

priests of Asclepius were not physicians. Although the

latter were often called Asclepiads, this was in the first

place to indicate their real or supposed descent from Ascle-

pius, and in the second place as a complimentary title.

No medical writing of antiquity speaks of the wor.ship of

Asclepius in such a way as to imply any connexion with
the ordinary art of healing. The two systems appear to

have existed side by side, but to have been distinct, and if

they were ever united it must have been before the times

of which we have any record. The theory of a develop-

ment of Greek medicine from the rites of Asclepius, thou^;h

defended by eminent names, must accordingly be rejected.

Development ofMedicine in Greece.— It is only from non-

medical writers that anything is known of the development
of medicine in Greece before the age of Hippocrates. The
elaborate collections made by Daremberg of medical

notices in the poets and historians illustrate the relations

of the profession to society, but do little to prepare us for

the Hippocratic period. Nor is much importance to be

attached to the influence of the philosophical sects on
medicine except as regards the school of Pythagoras. That
philosopher and several of his successors were physicians,

tut we do not know in .what relation they stood to later

medical schools. We must therefore hasten onward to

the age of Pericles, in which Hippocrates, already called
" the Great," was in medicine as complete a representative

of the highest efforts of the Greek intellect as were his

contemporaries the great philosophers, orators, and trage-

dians. The medical art as we now practise it, the

character of the physician as wa now understand it, both

date for us from Hippocrates. The justification of this

statement is found in the literary collection of writings

known by his name. Of these certainly many are falsely

ascribed to the historical Hippocrates of Cos ; others are

almost as certainly rightly so ascribed ; others again are

clearly works of his school, whether from his hand or

not. But which are to be regarded as the " genuine works "

is still uucertain, and authorities are confl'cting. There
are clearly two schools represented in the collection,—that

of Cnidus in a small proportion, and that of Cos in far

the larger number of the works. The latter was that to

which Hippocrates belonged, and where he gave in.struction;

and accordingly it may be taken that works of this school,

when not obviously of a different date, are Hippocratic in

doctrine if not in actual authorship.

Hippocratia Medicine.—The first grand characteristic

of Hippocratic medicine is the high conception of the

duties and status of the physician, shown in the celebrated
" Oath of Hippocrates " and elsewhere,—equally free from
the mysticism of a priesthood and the vulgar pretensions

cf a mercenary craft. So matured a professional sentiment

may pierhaps have been more the growth of time and
organization than the work of an individual genius, but
certainly corresponds with the character universally attri-

buted to Hippocrates himself. The second great quality

is the singular artistic skill and balance Tith which the

Hippocratic physician used such materials and tools as he
possessed. Here we recognize the true Greek o-uicj>pocrviT].

But this artistic completeness was closely connected with

the third cardinal virtue of Hippocratic medicine,^the clear

recognition of disease as being equally with life a process

governed by what we should now call natural laws, which
could be known by observation and which indicated the

spontaneous and normal direction of recovery, by following

which alone could the physician succeed. In the fourth

place, these views of the "natural history of disease" (in

modern language) led to habits of minute observation

and accurate interpretation of symptoms, in which the

Hippocratic school was unrivalled in antiquity, and has

been the model for all succeeding ages, so that even in

these days, with our enormous advances in knowledge, tire

true method of clinical medicine may be said to be tlie

method of Hippocrates.

The actual science of the Hippocratic school waj of

course very limited. In anatomy and physiology little ad-

vance had been made, and so of pathology in the sense of

an explanation of morbid processes or knowledge cf diseased

structures there could be very little. The most valuable

intellectual possession was a large mass of recorded observa-

tions in individual cases and epidemics of disease. "Whether

these observations were systematic or indi\idual, and how
they were recorded, are points of which we are quite

ignorant, as the theory that the votive tablets in the temples

supplied such materials must be abandoned.

Though the Hippocratic medicine was so largely founded

on observation, it would be an error to suppose that dogma
or theory had no place. The dominating theory of disease

was the Immoral, which has never since ceased to influence

medical thought and practice. According to this celebrated

theory, the body contains four humour.s,—blood, phlegm,

yellow bile, and black bile, a right proportion and n. .ure

of which constitute health ; improper proportions or irre-

gular distribution, disease. It is doubtful whether the

treatise in which this theory is fully expounded (Tcpi cjyva-io^

aiBpuiTTov) is as old as Hippocrates himself; but it was re-

garded as a Hippocratic doctrine, and, when taken up and
expanded by Galen, its terms not only became the common
property of the profession, but passed into general literature

and common language. Another Hippocratic doctrine, the

influence of which is not even yet exhausted, is that of

the healing power of nature. Not that Hippocrates taught,

as he was afterwards reproached with teaching, that nature

is suflicient for the cure of diseases ; for he held strongly

the efficacy of art. But he recognized, at least in acute

diseases, a natural process which the humours went
through,—being first of all crude, then pas.sing through

coction or digestion, and finally being expelled by resolu-

tion or crisis through one of the natural channels of the body.

The duty of the physician was to foresee these changes, " to

assist or not to hinder them," so that " the sick man miglit

conquer the disease with the help of the physician." The
times at which crises were to be expected were naturally

looked for with anxiety; and it was a cardinal point in

the Hippocratic system to foretell them with precision.

Hippocrates, influenced as is thought by tlie Pythagorean

doctrines of number, taught that they were to be expected

on days fixed by certain numerical rules, in some cases

on odd, in others on even numbers,—the celebrated

doctrine of " critical days." This false precision can have
had no practical value, but may have enforced habits of

minute observation. It follows from what has been said

that prognosis, or the art of foretelling the course and
event of the disease, was a strong point with the Hip-
pocratic physicians. In this they have perhaps never been

excelled. Diagnosis^ or recognition of the disease, must
have been necessarily imperfect, when no scientific

nosology, or system of disease, existed, and the knowledge
of anatomy was quite inadequate to allow of a precise

determination of the seat of disease ; but symptoms were

no doubt observed and interpreted skilfully. The pulse

is not spoken of in any of the works now attributed

to Hippocrates himself, though it is mentioned in other

works of the collection.
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In the treatment uf diso.iae, tlie Ilippocratio Bcliool

nttuclied great importance to diet, the variations necesaary

in dilTorent diseases being minutely defined. Medicines

wore rugiirded as of secondary importance, but not neglected,

two hundred and sixty-five drugs being mentioned at

different places in the Ilippocratic works. Blood-letting

was known, but not greatly practised. The highest

importance was attached to applying all remedies at the

right moment, and the general principle enforced of

making all influences—internal and external—co-operate

fur the relief of the patient. The principles of treatment

just mentioned apply more especially to the cure of acute

diseases ; but they are the most salient characteristics of the

Uippocratic schooL In chronic cases diet, exercise, and

natural methods were chiefly relied upon.

The school of Cnidus, as distinguished from that of Cos,

of which Hippocrates is the representative, appears to have

differed in attaching more importance to the differences of

special diseases, and to have made more use of drugs. A
treatise on the diseases of women, contained in the

Hippocratic collection, and of remarkable practical value,

is attributed ta this school.

The above sketch of Hippocratic medicine will make
it less necessary to dwell upon the details relating to sub-

sequent medical schools or sects in ancient times. The
general conception of the physician's aim and task

remained the same, though, as knowledge incfeased,

there ,is much divergence both in theory and practice,

—

oven opposing schools were found to be developing some
part of the Hippocratic system. Direct opponents or

ropudiators of the authority of Hippocrates were rare, all

generally appealing to his authority. . But, insensibly, the

least valuable part of the Hippocratic work, the theory, was

mads permanent; the most valuable, the practical, neglected.

Post-Hippocratic Medicine.—After Hippocrates the pro-

gress of medicine in Greece does not call for any .special

remark in such a sketch as this, but mention must bo

made of one great name. Though none of Aristotle's

writings are strictly medical, he has by his researches in

anatomy and physiology contributed greatly to the progress

of medicine. It should also be remembered that he was

of an Asclepiad family, and received that partly medical

education which was traditional in such families, and also

himself is said to have practised medicine as an amateur.

Moreover, his works on natural history doubtless furthered

the progress among the Greeks of sciences tributary to

medicine, though the only specimens of such works
which have come down to us from the Peripatetic school

are those of Theophrastus, who may be . considered the

founder of the scientific study of botany. Among his

encyclopaedic writings were some on medical subjects, of

which fragments only have been preserved. The Peripatetic

school may have been more favourable to the development

of medicine, as of other departments of natural knowledge,

tlian any other ; but there is no evidence that any of the

philosophical schools had important influence on the pro-

gress of medicine.. The fruit of Aristotle's teaching and
e.xample was seen later ou in the schools of Alexandria.

The century after the death of Hippocrates is a time

almost blank in medical annals. It is probable that the

science, like others, shared in the general intellectual

decline of Greece after the Macedonian supremacy; but

the works of physicians of the period are almost entirely

lost, and were so even in the time of Galen. Galen

classes them all as of the dogmatic school ; but. whatever

may have been their characteristics, they are of no import-

ance in the history of the science.

Alexandrian School of Medicine.—The dispersion of

Greek. science and intellectual activity through ttje world

by tUo cuuixuesa oi Alexander and his successors led to
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tiie formation of more than one learned centre, in which

medicine among other sciences was represented. I'crga-

mum was early distinguished for its medical school; but in

this as in other respects its rei>utation was ultimately

effaced by the more brilUant fame of Alexandria. It is

here that the real continuation and development of Hippo-

cratic medicine can be traced.

In one department the Alexandrian school rapidly snr-

passed its Greek original, namely, in the study of anatomy
The dissection of the human body, of which some doubtful

traces or hints only are found in Greek times, was
assiduously carried out, being favoured or even suggested

perhaps by the Egyptian custom of disembowelling and
embalming the bodies of the dead. T'here is no doubt

that tho organs were also examined by opening the bodies

of living persons,-—criminals condemned to death being

given over to the anatomists for this purpose.

Two eminent names stand in the first rank as leaders

of the two earliest schools of medicine which arose lu

Alexandria, Herophilus and Era«istratus.

Herophilus was a Greek of Chalcedon, a pupil of the

schools both of Cos and of Cnidus. He was especially

noted for his profound researches in anatomy (see vol. i.

p. 802), and in the knowledge and practice of medicine

he appears to have been equally renowned. He professed

himself a close adherent of' Hippocrates, and adopted h's

theory of the humours. He also made extensive use of

drugs, and of bleeding. The reputation of Herophilus is

attested by the fact that four considerable physicians wrota

works about him and his writings, and he is further spoken

of with the highest respect by Galen and Celsus. By the

general voice of the medical world of antiquity he was

placed only second to Hippocrates.

Erasistratus was the contemporary and rival ot

Herophilus. Little is known of his life, except that ho

spent some time at the court of Seleucus Nicator at

Antioch before coming to Alexandria, and that he culti-

vated anatomy late in life, after he had taken up his abode

in the latter city. His numerous works are also almost

entirely lost, fragments only being ^ireserved by Galen
and others. Erasistratus, instead of following Hippocrates

as Herophilus did, depreciated him, and seems to have

been rather aggressive and independent in his views. He
appears to have leaned to mechanical explanations of the

symptoms of disease, as was especially the case with

inflammation, of which he gave tho first rational, though

necessarily inadequate, theory.

The two schools composed of the followers of Heropnilus

and Erasistratus respectively long divided between them
the medical world of Alexandria. The names of many
prominent members of both sects have been preserved, but

it ^ould be useless to repeat them. The Herophilists still

reverenced the memory of Hippocrates, and wrote numerous
commentaries on his works. They produced many eminent
anatomists, but in the end seem to have become lost in

theoretical subtleties, and to have maintained too high a

standard of literary cultlvatiou. The school of Erasistratus

was less distinguished in anatomy than that of Herophilus,

but paid mora attention to the special symptoms of

diseases, and employed a great variety of drugs. It was
longer-lived than that of Herophilus, for it still numbered
many adherents in the 2d century after Christ, a century

after the latter had become extinct

The Erasistrateans paved the way for wUat was in some
respects the most important school which Alexandria pro-

duced, that known as the empiric, which, though it recog-

nized no master by name, may be considered to have been

founded by Plilinus of Cos (2S0 B.C.), a pupil of

Herophilus ; but Serapion, a great name in antiquity, and

Gtaucias of Tarontuui, who traced the empirical.doctririe
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back to the writings of Hippocrates, are also named among
its founders. The most striking peculiarity of the empirics

was that they rejected anatomy, regarding it as useless to

inquire into the causes of things, and thus, as they con-

tended, being the more minute in their observation of the

actual phenomena of disease. They professed that their

whole practice was based upon experience, to which word
they gave a special meaning. Three sources, and three

only, could experience draw from :—observation, history

(i.e., recorded observation), and judgment by analogy.

These three bases of knowledge were known as the
" tripod " of the empirics. It should not, however, be
forgotten that the empirics read and industriously com-
mented on the works of Hippocrates. They were extremely
successful in practical matters, especially iu surgery and
in the use of drugs, and a large part of the routine know-
ledge of diseases and remedies which became traditional

in the times of the Roman empire is beUeved to have
been derived from them. In the 2d century the school

became closely connected with the philosophical sect of the

Sceptics, whose leader, Bextus, was an empirical physician.

It lived and flourished far beyond this time, when trans-

planted to Rome, not less than in its native Alexandria,

and appears to be recognizable even up to the beginning

of the Middle Ages.

If we look at the work of the Alexandrian schools in

medicine as a whole, we must admit that the progress

made was great and permanent. The greatest service

rendered to medicine was undoubtedly the systematic study
of anatomy. It is clear that the knowledge of function

(physiology) did not by any means keep pace with the
knowledge of stracture, and this was probably the reason

why the important sect of the empirics were able entirely

to dispense with anatomical knowledge. The doctrines of

Hippocrates, though lightly thought of by the Erasistra-

teans, still were no doubt very widely accepted, but the
practice of the Hippocratio school had been greatly

improved in almost every department,—surgery and
obstetrics being probably those in which the Alexandrian
practitioners could compare most favourably with those of

modern times. We have now to trace the fortunes of this

body of medical doctrine and practice when transplanted
to Rome, and ultimately to the whole Roman world.

Soman Medicine.—The Romans cannot be said to have
at any time originated or possessed an independent school

of medicine. They had from early times a' very compli-
cated system of superstitious medicine, or religion, related to'

disease and the cure of disease, borrowed, as is thought,
from the Etruscans ; and, though the saying of Pliny that
the Roman people got on for six hundred years without
doctors was doubtless an exaggeration, and not, literally

speaking, exact, it must be accepted for the broad truth

which it contains. When a medical profession appears,

it is, so far as we are able to taico it, as an importation
from Greece.

The first Greek physician whose name is preserved as

having migrated to Rome was Archagathus, who came
over from the Peloponnesus in 218 B.C. ; but there were
probably others before him. When Greece was made a
Roman province, the number of such physicians who sought
their fortunes in Rome must have been very large. The
bitter words of M. Porcius Cato, who disliked them as

he did other representatives of Greek culture, are evidence
of this. The most eminent of these earlier Greek
physicians at Rome was Asclepiades, the friend of Cicero

(born 12'1 B.C. at Prusa in Bithynia). He came to Rome as

a young man, and soon became distinguished both for his

medical skill and his oratorical power. Ho introduced a
system which, so far as we know, was his own, though
founded upon the Epicurean philosophical creed ; on the

practical side it conformed pretty closely to the Stoic rule

of life, thus adapting itself to the leanings of the bettei

stamp of Romans in the later times of the republic.

According to Asclepiades all diseases depended upon
alterations in the size, number, arrangement, or movemcn'.

of the "atoms," of which, according to the doctrine c!

Epicurus, the body consisted. These atoms were united

into passages (-Tropoi.) through which the juices of the body
were conveyed. This doctrine, of which the developments

need not further be followed, was important chiefly in sc

far that it was perfectly distinct from, and opposed to, the

humoral pathology of Hippocrates. In the treatment oi

disease Asclepiades attached most importance to diet,

exercise, passive movements or frictions, and the external

use of cold water)—in short, to a modified athletic trainin;<.

He rejected the vis medicatrix naturec, pointing out that

nature in many cases not only did not help but marred the

cure. His knowledge of disease and surgical skill were,

as appears from the accounts given by Celsus and Ccelius

AureUanus, very considerable. Asclepiades had many
pupils, who adhered more or less closely to his doctrines,

but it was especially one of them, Themison, who gave

permanence to the teachings of his master by framing oat

of them, with some modifications, a new system of medical

doctrine, and founding on this basis a school which lasted

for some centuries in successful rivalry with the Hippocratio

tradition, which, as we have seen, was up to that time the

prevailing influence in medicine.

This system was known as methodism, its adherents as

the methodic! or methodists. Its main principles were
that it was useless to consider the causes of a disease, oi

even the organ afltected by the disease, and that it was suffi-

cient to know what was common to all diseases, vis., their

common qualities (communitates, koi^/o'tjjtcs). . Of these

there were three possible forms— (1) -relaxation, (2) con-

traction, of the minute passages or Tropoi, and (3) a mixed
state, partly lax, partly constricted. . The signs of these

morbid states were to be found iu the general constitution

of the body, especially in the excretions. Besides this

it was important only to consider whether the disease was

acute or chronic, whether it was increasing, declining, or

stationary. Treatment of disease was directed not to any
special organ, nor to producing the crises and critical dis-

charges of the Hippocratic school, but to correcting the mor-

bid common conditioa or " community," relaxing the body

if it was constricted, causing contraction if it was too lax,,

and in the "mixed state" acting according to the pro

dominant condition. This oimple rule of treatment was

the system or '" method " from which the school took its

iiame.

The methodists agreed with the empirics in one puiui,,

in their contempt for anatomy ; but, strictly speaking, they

were dogmatists, though with a dogma different from that

of the Hippocratic school Besides Themison, its systematic

founder, the school boasted many physicians eminent in

their day, among whom Thessalas of Tralles, a half-oducated

and boastful pretender, was one of the most popular. He
reversed the Ilippocratic maxim "art is long," promising

his scholars to teach them the whole of medicine in six

months, and had inscribed upon his tomb laTpovU-n^, as

being superior to all living and bygone physiciana

In the 2d century a much greater name appears among
the methodists, that of Soranus of Ephesus, a physician

mentioned with praise even by Tcrtullian and Augustine,

who practised at Rome in the reigns of Trajan and
Hadrian. Soranus is known by a work, still extant in

the Greek original, on the diseases of womcji; and also

by the Latin work of Ccelius Aurelianus, taiea centuries

later, on acute and chronic diseases, whirl) is based upon,

if not, as some thiuk. uu actua! translation of, tha chiel
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work of Soranus, and which is the principal source of our

knowledge of the methodic school. The work on diseases

of women is the only complete work on that subject which

has come down to us from antiquity, and shows remarkable

fulness of practical knowledge. in relation to its subject.

It is notable that an important instrument of research, the

speculum, which has been reinvented in modern times,

was used by Soranus ; and specimens of still earlier date,

showing great mechanical perfection, have been found

among the ruins of Pompeii. The work on acute and
chronic diseases is also full of practical knowledge, but

penetrated with the theories of the methodists.

The methodic school lasted certainly for some centuries,

and influenced the revival of medical science in the Middle
Ages, though over.shadowed by the greater reputation of

Galen. It was the first definite product of C4reek medicine

on Roman soil, but was destined to be followed by others,

which kept up a more or less successful rivalry with it,

abd with the Hippocratic tradition.

The so-called pneumatic school was founded by
Athenseus, in the 1st century after Christ. According to

its doctrines the nornaal as well as diseased actions of the

body were to be referred to the operation of the pneuma
or universal soul. This doctrine, crudely transferred from

philosophical speculation, was intended to reconcile the

humoral (or Hippocratic) and Bolidist (or methodic) schools;

but the methodists seem t,o have claimed Athenajus as one

of themselves.

The conflicts of the opposing schools, and the obvious

deficiencies of each, led many physicians to try and combine
the valuable parts of each system, and to call themselves

eclectics. Among these were found many of the most
eminent physicians of Grfeco-Roman times. It may be

sufficient to name Eufus of Ephesus, and Archigenes, who
is mentioned by Juvenal.

Although no system or important doctrine of medicine

was originated by the Roman intellect, and though the

practice of the profession was probably almost entirely in

the hands of the Greeks, the most complete picture which
we have of medical thought and activity in Roman times

is due to a Latin pen, and to one who was, in all prob-

ability, not a physician. A. Cornelius Celsus, a Roman
patrician, who lived probably in the first century, appears

to have studied medicine as a branch of general know-

ledge. Whether he was a practising physician or not

has been a matter of controversy. The conclusion

supported by most evidence seems to be that he

practised on his friends and dependants, but not as a

remunerative profession. His well-known work, £>e

Medicina, was one of a series of treatises intended to

embrace all knowledge proper for a man of the world. It

was not meant for the physicians, and was certainly little

read by them, as Celsus is quoted by no medical writer,

and when referred to by Pliny is spoken of as an author, not

a physician. There is no doubt that his work is chiefly

a compilation ; and Daremberg, with other scholars, has

traced a large number of passages of the Latin text to the

Greek originals from which they were translate(\ In the

description of surgical operations the vagueness of the

language seems sometimes to show that the author had
not performed such himself ; but in other parts, and
especially in his historical introduction, he speaks with

more confidence ; and everywhere he compares and criticizes

with learning and judgment. The whole body of medical

literature belonging to the Hippocratic and Alexandrian

times is ably summarized, and a knowledge of the state

of medical science up to and during the times of the author

is thus conveyed to us which can be obtained from no other

source. The work of Celsus is thus for us only second in

importance to the Hippocratic writings and the works of

Galon ; but it is valuable ralher as a part of the history of

medicine than as the subject of that history. It lornis no

link in the general chain of medical tradition, for the

simple reason that the influence of Cehus (putting aside a

few scanty allusions in medi;eval times) conimcuceil in the

1 jth century, when his works were first discovered in manu-
script or committed to the press. Since then, however, ho
has bucn almost up to our own times the most popular anil

widely-read of all medical classics, partly for the (jualities

already indicated, partly because he was one of the

few of those classics accessible to readers of Latin, and

partly also because of the purity and classical perfection of

his language.

Of Pliuy, another encyclopaidic wi'iter, a few words
must be said, though he was not a physician. In his

Kalural Uistory we find as complete a summary of the

popular medicine of his time as Celsus gives of the

scientific medicine. Pliny disliked d"ctiir», and lost ni>

opportunity of depreciating regular medicine ; nevertheless

he has left many quotations from, and many details about,

medical authors which are of the highest value. He is

useful to us for what he wrote about the history of medi-

cine, not for what he contributed. Like Celsus, he had

little influence on succeeding medical literature or practice.

We now come to the writer who, above all others,

gathered up into himself the divergent and scattered

threads of ancient medicine, and out of whom again the

greater part of modern European medicine has flowed.

Galen (see vol. i. 803 and x. 23) was a man furnished with

all the anatomical, medical, and philosophical knowledge

of his time; he haH studied all kinds of natural curiosjties,

and had stood in near relation to important political events
;

he possessed enormous industry, great practical sagacity, an,d

unbounded literary fluency. He had, in fact, every quality

necessary for an encyclopaedic writer, or even for a literary

and professional autocrat. He found the medical profes-

sion of his time split up into a number of sects, medical

science confounded under a multitude of dogmatic systems,

the social status and moral integrity of physicians degraded.

He appears to have made it his object to reform these evils,

to reconcile scientific acquirements and practical skill, to

bring back the unity of medicine as it had been understood

by Hippocrates, and at the same time to raise the diguity

of medical practitioners.

Galen was as devoted to anatomical and, so far as then

understood, physiological research as to practical medicine.

He worked enthusiastically at dissection, though, the liberty

of the Alexandrian schools no Icnger existing, he could

dissect only animals, not the human body. In his anato-

mical studies Galen had a twofold object,—a philosophical,

to show the wisdom of the Creator in making everything

fit to serve its purpose, and a practical, to aid the

diagnosis, or recognition, of disease. The ftrst led him into

a teleological system so minute and overstrained as to defeat

its own end ; the second was successfully attained by giving

greater precision and certainty to medical and surgical

jjractice in difficult cases. His general physiology w as

essentially founded upon the Hippocratic theory of the

four elements, with which he combined the notion of spirit

(pneuma) penetrating all parts, and mingled with the

humours in different proportions. It was on this field

that he most vehemently attacked the prevailing atomistic

and materialistic views of the methodic school, and his

conception of the pneuma became in some respects half

metaphysical. His own researches in special branches of

physiology were important, but do not -.trictly belong to

our present subject.

The application of physiology to the explanation of

diseases, and thus to practice, was chiefly by the theory of

the temperaments or mixturej which Galen founded upon
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the Ilippocratic doctrine of luiiiuiiirs, but (lcvelo[iecl with

marvellous and fatal ingenuity. The normal condition or

temperament of the body depended upon a proper mixture

or proportion of the four elements—hot, cold, wet, and dry.

Prom faulty proportion.s of the same arose the iutempei'ics

("distempers"), which, though not diseases, were the

occasions of disease. Equal importance attached to

faulty mixtures or dyscrasiiE of the blood. By a combin-

ation of these morbid predispositions with the action of

deleterious influences from without all diseases were pro-

duced. Galen showed extreme ingenuity in explaining all

symptoms and all diseases on his system. No phenomenon
was without a name, no problem without a solution. And,
though it was precisely in his fine-spun subtlety that he
dep'arted farthest from scientific method and practical

utility, it was this very quality which seems in the end to

liave secured his popularity and established his Dre-emincnce
in the medical world.

Galeu's use of drugs was iuSuenceu largely oy the same
theories. In drags were to be recognized the same
elementary qualities—hot, cold, moist, dry, etc.—as in the

human body ; and, on the principle of curing by contraries,

the use of one or other was indicated. The writings of

Galen contain less of simple objective observation than
those of several other ancient physicians, all being swept
into the current of dogmatic exposition. But there is

enough to show the thoroughness and extent of his practical

knowledge. Unfortunately it was neither this nor his zeal

for research that chiefly won hini followers, but the com-
pleteness of his theoretical explanations, which fell in

with the mental habits of succeeding centuries, and were
.such as have flattered the intellectual indolence of all ages.

Bat the reputation of Galen grew slowly ; he does not

appear to have enjoyed any pre-eminence over other

physicians of his time, to most of whom he was strongly

ojiposed in opinion. In the next generation he began to

be esteemed only as a philosopher
;
gradually his system

was implicitly accepted, and it enjoyed a great though not
exclusive predominance till the fall of Roman civilization.

When the Arabs possessed themselves of the scattered

remains of Greek culture, the works of Galen were more
highly esteemed than any others except those of Aristotle.

Through the Arabs the Galenical system found its way
back again to Western Europe. Even when Arabian medi-
cine gave way before the direct teaching of the Greek authors

rescued from neglect, the authority of Galen was increased

instead of being diminished ; and he assumed a position of

autocracy in medical science which was only slowly under-

mined by the growth of modern science rn the 17th and
18th centuries.

But the history of medicine in Roman times is by no
means the same thing as the history of the fate of the
works of Galen. For some centuries the methodic school

was popular at Rome, and produced one physician, Coelius

Aurelianus, who must be pronounced, next to Celsus, the
most considerable of the Latin medical writers. His date
was in all probability the end of the 4 th or beginning of

the 5th century. The works bearing his name are, as has
been said, entirely based upon the Greek of Soranus, but
iire important both because their Greek originals are lost,

and because they are evidence of the state of medical
practice in his own time. The popularity of Coelius is

evidenced by the fact that in the Cth century an abrid"--

ment of his larger work was recommended by Cassiodorus

to the Benedictine monks for the study of medicine.

Before quitting this period the name of AretaBus of

Happadocia must be mentioned. So little is known
about him that oven his date cannot be fixed more closely

than as being between the second half of the 1st century

and the besinning of the 3d. His works have been much

ailinircd for tlie purity of tlie Greek style, and his accurate

descriptions of disease ; but, as he quotes no medical

autlior, and is quoted by none before Alexander of

Aiihrodisias at the beginning of the 3d century, it is clear

that he belonged to no school and founded none, and
thus his position in the chain of medical tradition is quite

uncertain. Alexander of Aphrodisias, who lived and wrote

at Athens in the time of Septimius Severus, is best known
by his commentaries on Aristotle, but also wrote a treatise

on fevers, still extant.

Ancient Medicine after Galen.—The Byzantine school

of medicine, which closely corresponds to the Byzantine

literary and historical schools, followed closely in Galen's

footsteps, and its writers were chiefly compilers and eucy^

clop^dists. The earliest is Oribasius (326-403), whose

date and position are fixed by his being the friend and
court physician of Julian the Apostate. He was a Greek

of Pergamum, educated in Alexandria, and long resident

in Byzantium. Ilis great work Sii/ayuyai lOTpixai, of

which only about one-third has been preserved, was a

medical encyclopajdia founded on extracts from Hippo,

crates, Galen, Dioscorides, and certain Greek writers who
are otherwise very imperfectly known. The work is thus

one of great historical value but of no originality. The next

name which requires to be mentioned is that of Aetius

(550 A.D.), a compiler who closely followed Oribasius, but

with inferior powers, and whose work also has an historical

but no original value. A higher rank among medica

writers is assigned to Alexander of Tralles (525-605),

whose doctrine was that of an eclectic. His practical

and therapeutical rules are evidently the fruit of his own
experience, though it would be difficult to attribute to

him any decided advance in medical knowledge. But the

most prominent figure in Bj'zantine medicine is that of

Paul of jEgina (Paulus yEgineta), who lived probably

in the early part of the 7th century. His skill, especially

in surgery, must have been considerable, and his 'iarpiKa

gives a very complete picture of the achievements of

the Greeks in this department. Another work, on ob-

stetrics, now lost, was equally famous, and procured for

him, among the Arabs, the name of "the Obstetrician.'

His reputation lasted through the Middle Ages, anc

was not less in the Arabian schools than in the

West. In this respect Paulus is a most important in-

fluence in the development of medicine. His great

work on surgery .was early translated into Arabic, and
became the foundation of the surgery of Abulcasis,

which in turn (to anticipate) was one of the chief sources

of surgical knowledge to Europe in the Middle Ages.

The succeeding period of Byzantine history was so little

favourable to science that no name worthy of note occurs

again (though many medical works of this period are still

extant) till the 13th century, when we meet with a group
of writers ;—Demetrius Pepagomenus, Nicolaus Myrepsus,
and Johannes, called Actuarius, who flourished under the

protection of the Palajologi. The work of the last has some
independent merit ; but all are interesting as showing a

fusian of Greek and Arabian m«dicine, the latter having

begun to exercise even in the 11th century a reflex influence

on the schools of Byzantium. Something was borrowed

even from the school of Salerno, and thus the close of

Byzantine medicine is brought into connexion with the

dawn of science in modern Europe.

In the West the period after Galen affords little evidence

of anything but a gradual though unvarying decline- in

Roman medicine. Coelius Aurelianus, already referred to

as the follower of Soranus, must be mentioned as showing

the persistence of the methodic school. An abridgment

of one of his writings, with the title oiAnrdivs, became the

most popular cf all Latin medical works. As a writer he
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was wovlliy of ii better period of medical literature. Little

ciso was produced in these times but compilations, of the

most meagre kind, chiefly of the nature of Iierbo.ls, or

domestic receipt-books; among the authors of which it may
be suflicieiit to name Serenus Sammonicus (3d century),

Oargilius Martialis (3d century), and Marcellus Empiricus

(5th century). Certain compilations still extant bear the

falsely-assumed names of eminent writers, such as I'liny

and Hippocrates. A writer with the ([)erhap3 assumed)
name of Apuleius Platonicus produced a herbal which held

its ground till the 1.5th century at least, and was in the 9th

translated into Anglo-Saxon. These poor compilations,

together with Latin translations of certain works of Galen
and Hippocrates, formed a medical literature, meagre and
unprogressive indeed, but of which a great part survived

through the Middle Ages till the discovery of printing and
revival of learning. It is important to remember that this

obscure stream of tradition flowed on, only partially

afifected by the influx of Arabian, or even the early, revival

of purer classical learning.

Arabian Medicine.—The rise of the Jlohammedan empire,

which influenced Europe so deeply both politically and
intellectually, made its mark also in the history of medicine.

As in the parallel case of the Roman conquest of Greece,

the superior culture of the conquered race asserted its supre-

macy over their Arab conquerors. After the Mohammedan
conquests became consolidated, and learning began to

flourish, schools of medicine, often connected with hospitals

atid schools of pharmacy, arose in all the chief seats

of Moslem power. At Damascus Greek medicine was
zealously cultivated with tlie aid of Jewish and Chris-

tian teachers. In Baghdad, under the rule of HAriin el

Rasiifd and his successors, a still more flourishing school

arose, where numerous translations of Greek medical works
were made. The names of Mesua, orYahyAibn Masawaih
(oI>. 213 A.n., 8.07-8 a.d.), celebrated for his knowledge
of drugs, and Honein ibu Ishak el 'IbAdI (oh. 873) or

Joanuitius, the translator and commentator of Hippocrates

and Galen, beldng to this period. Certain writings of Joan-

uitius, translated into Latin, were popular in the Middle
Ages in Europe, and were printed in the ISth century.

At the same time the Arabs became acquainted with Indian

medicine, and Indian physicians lived at the court of

Baghdad. The Islamite rulers in Spain were not long

behind those of the East in encouraging learning and
medical science, and developed culture to a still higher

degree of perfection. In that country much was duo to

the Jews, who had already established schools in places

which were afterwards the seats of Jloslem dominion.

From the 10th to the 13th century was the brilliant period

of Arabian medicine in Spain.^

The classical period of Arabian medicine begins with

Rhazes (Abil Bakr ilohammed ibn ZakariyA el-RAzf, 313
A.n., 925-26 \.r>.), a native of Ray in the province of

Dailam (Persia), who practised with distinction at

Baghdad ; he followed the doctrines of Galen, but
learnt much from Hippocrates. He was the first of the

Arabs to treat medicine in a comprehensive and ency-

clop:Edic manner, surpassing probably in voluminousness
Galen himself, though but a small proportion of his works
are extant. Rhazes is deservedly remembered as having
first described small-pox and measles in an accurate manner.
Haly, «.c.,'All ibn el- 'Abbas (oh. 991), a Persian, wrote a

medical text-book, known as the " Royal Book," which was
the standard authority among the Arabs up to the time of

Avicenna, and was more than once translated into Latin
and printed. Other writers of this century need not be
mentioned here ; but the next, the 1 1th century, is given as

' Sec Dozy, Cat. Cod. Or. Lug. Bat., ii. 2SG.

the probable thouijh uncertain date of a writer who had a

great influence on European medicine, Mesua the younger

of Damascus, whose personality is obscure, and of whose

very existence some historians liavo doubted, thinking

that the name was assumed by some mediaeval Latin writer.

The work De Simplieihus, which bears his name, was for

centuries a standard authority on what would now be

called materia medica, was printed in twenty-six editions in

tlie 15th century and later, and was used in the formation

of the first London pharmacopoeia, issued by the College

of Physicians in the reign of James L Either to the

10th or the 11th century must be referred the name of

another Arabian physician who has also attained the

position of a classic, Abu'l KAsim, or Abulcasis, of El-

Zahra, near Cordova in Sixain. His great work, Altasy'if,

a medical encyclopaedia, is chiefly valued for its surgical

portion (already mentioned), which was translated into

Latin in the 12th century, .and was for some centuries a

standard it not the standard authority on surgery in

Europe. Among his own countrymen the fame and posi-

tion of Abulcasis were soon eclipsed by the greater namo
of Avicenna (Ibn SlnA).

Avicenna (see vol. iii. p. 152 sq.) has always been re-

garded as the chief representative of Arabian medicine. He
wrote on philosophy also, and in both subjects acquired

the highest reputation through the whole of Eastern Islam.

In Mohammedan Spain he was less regarded, but in

Europe his works even eclipsed and superseded those of

Hippocrates and Galen. His style and expository power

are highly praised, but the subject-matter shows little

originality. The work by which he is chiefly known, the

celebrated "canon," is au encyclopedia of medical and
surgical knowledge, founded upon Galen, Aristotle, the

later Greek physicians, and the earlier Arabian writers,

singularly complete and systematic, but is thought not to

show the practical experience of its author. As in the

case of Galen, the formal and encyclopiedic character of

Avicenna's works was the chief cause of his popularity

and ascendency, though in modern times these very

qualities in a scieutiiio or medical writer would rather cause

him to become more speedily antiquated.

In the long list of Arabian medical writers none can

here be mentioned except the great names of the Hispano-

^Moorish school, a school both philosophically and medi-

cally antagonistic to that of Avicenna. Of these the

earliest is Avenzoar, or Abumeron, that is, Abil Merwdn
'Abd el-Malik Ibn Zohr (1113-62), a member of a.

family which gave several distinguished members to the

medical profession. His chief work, Al-Teysir (facilitatio),

is thought to show more practical experience than the

writings of Avicenna, and to be less based upon dialectical

subtleties. It was translated into Latin, and more than

once printed, as were some of his lesser works, which thus

formed a part of the contribution made by the Arabians to

European medicine. His friend and pupil Avekeoes of

Cordova ('/.r.), so well known for his philosophical writings,

was also an author in medical subjects, and as such

widely read in Latin. The famous Rabbi JIaIiMONIDES

((?.!'.) closes for us the roll of medical writers of the

Arabian school. His works exist chiefly in the original

Arabic or in Hebrew translations ; oiijy some smaller

treatises have been translated into Latin, so that no definite

opinion can be formed as to their medical value. But, so

far 33 is known, the independent and rationalistic spirit

which the two last-named writers showed in philosophy

did not lead them to take any original point of view in

medicine.

The works of the Arabian medical writers who
have now been mentioned form a very small fraction of

the existing literature. Three hundred medical writers ia
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Arabic are eniirnerated by Wiistenfeld, aud other historians

have enlarged the list (Haeser), but only three have been
printed in the original ; a certain number more ars known
through old Latin translations, and the great majority still

exist in •manuscrijjt. It is thus evident that the circum-

stance of having been translated (which may have beeu in

soma cases almost an accident) is what has chieHy de-

termined the influence of particular writers on Western
.medicine. But it is improbable that further research will

alter the general estimate of the value of Arabian medicine.

There can be no doubt that it was in the main Greek
medicine, modified to suit other climates, habits, and
national tastes, and with some important additions from
Oriental sources. The greater part is taken from Hippo-
crates, Oalen, Dioscorides, and later Greek writers. The
Latin medical writers were necessarily unknown to the
Arabs ; and this was partly the cause that even in Europe
Galenic "medicine assumed such a preponderance, the

methodic school and Celsus being forgotten or neglected.

In anatomy and physiology the Arabians distinctly went
back; in surgery they showed no advance upon the Greeks

;

in practical medicine nothing new can be traced, except

the description of certain diseases (e.(/., smaU-pox and
measles^ unknown or imperfectly known to the Greeks

;

the only real advance was in pharmacy and the therapeutical

use of drugs. By their relations with the further East,

the Arabs became acquainted with valuable new remedies
which have held their ground till modern times ; and their

skill in chemistry enabled them to prepare new chemical
tem-die,s, and form many combinations of those already in

use. They produced the first pharmacopo3ia, and estab-

lished the first apothecaries' shops. Many of the names
and many forms of medicines now used, and in fact the

general outline of modern pharmacy, except so far as modi-
fied by modern chemistry, started with the Arabs. Thus
does Arabian medicine appear as judged from a modern
standpoint ; but to mediseval Europe, when little but a

tradition remained of the great ancient schools, it was
invested with a far higher degree of originality and im-

portance.

It is now necessary to consider what was the state of

medicine in Europe after the fall of the Western empire
and before the influence of Arabian science and literature

began to be felt. This we may call the pre-Arabian or

Salernitan period.

Medicine in the Early Middle Ages: School of Salenio.

—In medical as in civd history there is no real break. A
continuous thread of learning and practice must have con-

nected the last period of Roman medicine already mentioned
with the dawn of science in the Middle Ages. But tlie

intellectual thread is naturally traced with greater difficulty

than that which is the theme of civil history ; and in periods

such as that from the 5th to the lOth century in Europe
it is almost lost. The chief homes of medical as of other

learning in these disturbed times were the monasteries.

Though the science was certainly not advanced by their

labours, it was saved from total oblivion, and many ancient

medical works were preserved either in Latin or vernacular

versions. The "Anglo-Saxon Leechdoms" of the 11th
century, published in the Master of the Rolls series of

mediteval chronicles and memorials, admirably illustrate

the mixture of riiagic and superstition with the relics of

ancient science which constituted monastic medicine. Simi-

lar works, in Latin or other languages, exist in manuscript

iu all the great European libraries. It was among the

Benedictines that the monastic study of medicine first re-

ceived a new direction, and aimed at a higher standard.

The study of Hippocrates, Galen, and other classics was
recommended by Oassiodorus (6th century), and in the

original mother-abbey of Monte Cassino medicine was

studied ; but there was not there what could be called a

medical school ; nor had this foundation any connexion

(as has been supposed) with the famous school of Salerno.

The origin of this, the most important source of medical

knowledge in Europe in the early Middle Ages, is involved

in obscurity. It is known that Salerno, a Roman colony,

in a situation noted in ancient times for its salubrity, was

in the 6th century at least the seat of a bishopric, and at

the end of the 7th century of a Benedictine monastery,

and that some of the prelates and higher clergy were dis-

tinguished for learning, and even for medical acquirements.

But it has by recent researches been clearly established

that the celebrated Schola Salerniiana was a purely secular

institution. All. that can with certainty be said is that a

school or collection of schools gradually grew up in which

especially medicine, but also, in a subordinate degree, law

and philosophy were taught. In the 9th century Salernitan

physicians were already spoken of, and the city was known
as Cioitas Hippooratica. A little later wo find great and

royal personages resorting to Salerno for the restoration of

their health, among whom was William of Normandy,
afterwards the Conqueror. The number of students of

medicine must at one time have been considerable, and

in a corresponding degree the number of teachers. Among
the latter many were married, and their wives and daughters

appear also in the lists of professoi-s. The most, noted

female professor was the celebrated Trotula in the 11th

century. The Jewish element appears to have been im-

portant among the students, and possibly among the

[irofessors. The reputation of the school was great till

the 12th or 13th century, when the introduction of the

Arab medicine was gradually fatal to it. The foundation

of the university of Naples, and the rise of Montpcllier,

also contributed to its decline.

The teachings of the Salernitan doctors are pretty well

known through existing works, some of which have only

recently been discovered and published. The best-known

is the anonymous rhyming Latin poem on health, Hegimen
Siinitatis Salerni, professedly written for the use of the
" king of England," supposed to mean Robert, son of

William the Conqueror; it had an immense reputation iu

the Middle Ages, and was afterwards many times printed,

and translated into most European languages. This was
a popular work intended for the laity ; but there are others

strictly professional. Among the writers it may be
sufticient to mention here Gariopontus ; Copho, who wrote

the Anatome Porci, a well-known medireval book ; Joannes
Platearins, first of a family of physicians bearing the same
name, whose Practica, or medical compendium, was after-

wards several times printed ; aud Trotula, believed to be
the wife of the last-named. All of these fall into the first

period before the advent of Arabian medicine. In the

transitional period, when the Aj-abian school began to influ-

ence European medicine, but before the Salernitans were
superseded, comes Nicolaus Prsepositus, who wrote the

Antidotarium, a collection of foruiuUo for compound medi-

cines, %vhich became the standard work on the subject, and
the foundation of many later compilations. ' An equally

popular writer was Gilles de Corbeil (iEgidius Corboliensis),

at one time a teacher at Salerno, afterwards court physician

to Philip Augustu.? of France, who composed several poems
in Latin hexameters on medical subjects. Two of them,
on the urine and the pulse respectively, attained the position

of medical classics.

None of these Salernitan works rise much above the
rank of compilations, being founded on Hippocrates, Galen,
and later Gree'; writers, with an unmistakable mixture of

the doctrines of the methodists. But they often show
much practical experience, and exhibit the naturalistic

method of the Hippocratic schooL The general plan of



lllhTOEY.] i\l E D 1 C 1 N.E 80/

ti'Ciilment ia diotutic rutliei' than iiliarmaceutical, tbongh

tlio art uf preparing drugs bad reached a high degree of

complexity at Salerno. Anatomy was as little regarded

as it was in the later ancient schools, the empiric and
methodic, but demonstrations of the parts of the body
were given on swine. Although it cannot be said that

the science of medicine was advanced at Salerno, still its

decline was arrested at a time ;vheQ every other branch of

learning was rapidly falling into decay ; and there can be

uo doulit that the observation of patients in hospitals, and
probably clinical instruction, were made use of in learning

and teaching. The school of Salerno thus forms a bridge

betwetJ I the ancient and the modern medicine, more direct

though lessconspicuoaj than that circuitous route, through

Byzantium, Baghdad, and Cordova, by which Hippocrates

aiid Galon, in Arabian dress, again entered the European
world. Though the glory of Salerno had departed, the

school actually existed till it was" finally dissolved by an
edict of the emperor Napoleon 1. in the year IS II.

Introduction of Arabitiu Mi'dii'iiie : The Sclioiastic

I'erioil. — About the middle of the 11th century the

Arabian medical writers began to be known by Latin

translations in the Westerji world. Constantinus Africanus,

a monk, was the author of the earliest of such versions

(1050 A.o.) ; his labours were directed chiefly to the less

important and. less bulky Arabian authors, of whom Haly
was the most noted ; the real classics were not intro-

duced till later. For some time the Salernitan medicine

held its ground, and it was not till the conquest of Toledo

by Alphonso of Ciistile that any large number of Western
scholars came in contact with the learning of the Spanish

Moors, and systcpr-itic olforts were made to translate thoir

philoso[ihical and medical works. .Jewish scholars, often

under the patronage of Christian bishops, were especially

active in the work. In Sicily also the Oriental tendencies

of Frederick Barbarossa and Frederick IL worked in the

same direction. Gerard of Cremona, a physician of Toledo

(1111-87), made translations, it is said by command
of Barbarossa, from Avicenna and others. It is needless

to point out the influence of the crusades in making
Eastern ideas known in the Western world. The in-

fluence of Arabian medicine soon began to be felt even

in the Hippocratic city of Salerno, and in the 13th

century is said to have held an even balance with the

older medicine. After this time the foreign influence

predominated ; and by the time that the Aristotelian

dialectic, in the introduction of which the Arabs had so

large a share, prevailed in the schools of Europe, the I

Arabian version of Greek medicine reigned supreme in

the medical world. That this movement coincided with

the establishment of some of the older European univer-

sities is well known. The history of medicine in the

period now opening is closely combined with the history

of scholastic philosophy. Both were infected with the

same dialectical subtlety, which was, from the nature of

the subject, especially injurious to medicine.

At the same time, through the .rise of the universities,

medical learning was much more widely diffused, and the

first definite forward movement was seen in *.he school of

Montpellier, where a medical faculty existed early in the

12th century, afterwards united with faculties of law and
pliilo-iophy. The medical school owed its foundation

largely to Jewish teachers, themselves educated in the

Moorish schools of Spain, and imbued with the intellectual

irjdepeudence of the Averroists. Its rising prosperity coin-

cided with the decline of tlie school of Salerno, jlontpellier

became distinguished for the practical and empirical spirit

of its medicine, as contrasted with the dogmatic and
scholastic teaching of Paris and other universities. In

Italy Bologna and Padua were earliest distinguished for

medica. ncudics,—the former , .eserving more of tue

Galenical tradition, the latter being more progressive aud
Averroist. The northern universities contributed little,

—

the reputation even of Paris being of later growth
The supremacy of Awibian medicine lasted till the revival

of learning, when the study of the medical classics in their

original language worked anotlicr revolution. The medical

writers of this period, who chiefly diew_ from Arabian

sources, have been called Arabists (though it is dillicult to

give any clear meaning to this term), and were afterwards

known as the neoterics.

The medical literature of this period is extremely

Voluminous, but essentially second-hand, consisting mainly

of commentaries on Hippocrates, Galen, Avicenna, and

others, or of compilations and coin/mtdin still less original

than commentaries. Among these may be mentioned the

Cunriliatoy of Peter of Abano (1250-1315), the Ac/c/regittor

of Jacob de Dondi (1 208-1359), both of the school of

Padua, and the Pamhda JMicinx of ^he Salernitan

JIatthaius Sylvaticus (nli. 13i2), a sort of medical glossaiy

and dictionary. But for ns the most interesting fact is

the first appearance ol Englishmen as authors of medical

works having a European reputation, distinguished, accord-

ing to the testimony of Haeser, by a practical tendency

characteristic of the British race, and fostered in the school

of Montpellier.

The iirst of these works is tne i^om/inuliinn JiJi-clicin-ic,

also called Laitrea or liosa Ant/ticana, of Gilbert (Gilbertu£

Anglicus, about 12'J0), said to contain good observations

on leprosy. A more important work, the Pradica seu

Lilium Medicina!, of Bernard G.^rdon, a Scottish professor

at Jlontpellier (written in the year 1307), was more widely

spread, being translated into French and Hebrew, and
printed in several editions. Of these two physicians the

first probably, tho latter certainly, was educated and
practised abroad, but John Gaddesden, tho author of Itosa

Aufflica si-u Piacii.ca Mtdicina: (between 13U5 and 1317),

was a graduate in medicine of ilerton College, Oxford, and
court physician. His compendium is entirely wanting in

originality, and perhaps mresnally destitute of common
sense, but it became so popular as to be reprinted up to

the end of the IGth century. Works of this kind became
still more abundant in the lith and in the first half ot

the 15th century, till the wider distribution of the medical

classics in the original put them out of fashion.

In surgery this period was far more productive than ii'

medicine, especially in Italy and France, but the limits ol

our subject only permit us to mention Gulielmus dc

Saliceto of Piacenza (aljout 1275), Lanfranchi of Milan

(died about 1306), the French surgeon, Guy de Chauliai

(about 1350), and the Englishman, John Ardern (about

1350). In anatomy also the beginning of a new epocl

was made by Jlondino de Liucci, or Mundinus (127i>-

1326), and his followers. Some advance was made in

chemistry by the celebrated Arnold de Villanova (1235-

1312), whose medical writings (if the Sreviaiium Pradica
he rightly ascribed to him) rise above the rank of compila-

tions. Finally, in the 13th and especially the 14th century,

we find, under the name of consilia, the first mediajval reports

of medical cases which are preserved in such a form as to be

intelligible. Collections of consi/ia were published, among
others, by Gentilis Fulgineus before 134S, by Bartolomeo

Montagnana (died in 1470), and by Baverius de Eaveriis

of Imola (about 1450). The last-named, we can say from
experience, contains much that is interesting and readable.

Period of tlie Revival of Learning.—The impulse which
all departments of intellectual activity received from the

revival of Greek literature in Europe was felt by medicine

among the rest. Not that the spirit of the science, or of

its corresponding practice, was at once changed. Tho
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basis of medicine tlirough the JliJdle Ages had been

literary and dogmatic, and it was literary and dogmatic

still ; but the medical literature now brought to light,

including as it did the more important works of Hip-

pocrates and Galen, many of them hitherto unknown,

and in addition the forgotten element of Latin medicine,

especially the work of Celsus, was in itself far superior to

the second-hand compilations and incorrect versions which

had formerly boon accepted as standards. The classical

works, though still regarded with unreasoning reverence,

were found to have a germinative and vivifying power that

carried the mind out of the region of dogma, and prepared

the way for the scientific movement which has been

growing in strength up to our own day.

Two of the most important results of the revival of

learning were indeed such as aro excluded from the scope

of this brief sketch, namely, the reawakening of anatomy,

which to a large extent grew out of the study, of the

works of Galen, and the investigation of medicinal plants,

to which a fresh impulse was given by the revival of

Dioscorides and other ancient naturalists. The former

brought with it necessarily a more accurate conception of

physiology, and thus led up to the great discovery of

Harvey, which was the turning-point in modern medicine.

The latter gave rise, on the one hand, to the modern science

of botany, on the other to a more rational knowledge of

drugs and their uses. At the same time, the discovery of

America, and increased intercourse with the East, by intro-

ducing a variety of new plants, greatly accelerated the

progress both of botany and pharmacology

But it was not in these directions that improvement was

first looked for. It was at first very uaturally imagined

that the simple revival of classical and especially of Greek

literature would at once produce the same brilliant results

in medicine as in literature and philosophy. The move-

ment of reform started, of necessity, with scholars rather

than practising physicians,—more precisely with a group

of learned men, whom we may be permitted, for the sake

of a name, to call the medical humanists, equally enthusi-

astic in the cause of letters and of medicine. From both

fields they hoped to expel the evils which were summed
up in the word barbarism. Nearly all 'medieval medical

literature was condemned under this name ; and for it

the humanists proposed to substitute the originals of

Hippocrates and Galen, thus leading back medicine to its

fountain-head. Since a knowledge of Greek was still

confined to a small body of scholars, and a still smaller

proportion of physicians,'the first task was to translate the

Greek classics into Latin. To this work several learned

I>hysicians, chiefly Italians, applied themselves with great

ardour. Among the earliest were Nicolaus Leonicenus

of Vicenza (142S-1524), Giovanni de Monte or Montanus

(1498-1552), and many others in Italy. In northern

Europe should bo mentioned Gulielnius Copus (llTl-

1532) and GUnther of Andernach (U87-1584) better

known as Guinterius Audcrnacensis, both for a time pro-

fessors at Paris ; and, among the greatest, Thomas Linacre

(about 1460-1524; see Linacre). A little later Janus

Cornarius or Hagenbut (1500-58) and Leonard Fuchs.

(1501-G6) in Germany, and John Kaye or Caius (1510-

72) in England, carried on the work. Symphorien Cham-
pier (Champerius or Campegius) of Lyons (1472-1539),

a contemporary of Rabelais, and the patron of Ser-

vetus, wrote with fantastic enthusiasm on the superiority

of the Greek to the Arabian physicians, and possibly did

something to enlist in the same cause the two far greater

men just mentioned. Rabelais not only lectured on Galen

and Hippocrates, but edited some works of the latter; and
Servetus, in a little tract Syruporum universa ratio,

defended the practice of Galen as comDarcd with that of

the Arabians. The great Aldine press made an important

contribution to the work, by editiones priucipes of Hippo-

crates and Galen in the original. Thus was the campaign
opened against the medieval and Arabian writers, till

finally Greek medicine assumed a predominant position, and
Galen toolv the place of Avicenna. The result was recorded

in a formal manner by the Florentine Academy, sometimo
shortly before 1525 : "quie, excusso Arabica? et barbar.Ts

servitutis medica: jugo, ex professo so Galenicam appcl-

lavit et profligate barbarorum exercitu unum totum et

solum Galeuum, ut optimum artis medicoe authorcm, in

omnibus se scquuturam pollicita est." Janns Cornarius,

from whom this 1& quoted, laments, however, that tho

Arabians still reigned in most of the schools of medicine,

and that the Italian and French authors of works called

Pradica were still in high repute. The triumph of

Galeuism was therefore not complete by tie middle of tho

16th century. It was probably most, so, and earliest, in

the schools of Italy and in those of England, where tlio

London College of Physicians might be regarded as an oB'-

shoot of the Italian schools. Paris was the stronghold of

conservatism, and Germany was stirred by the teachings of

one who must be considered apart from all schools—Para-

celsus. The nature of the struggle between the rival

systems may be well illustrated by a formidable contro-

versy about the rules for bleeding iu acute diseases. This

operation, according to the Arabian practice, was always

performed on a vein at a distance from the organ aflcctcd.

The Hippocratie and also Galenic rule, to let blood from, or

near to, the diseased organ, was revived by Brissot (1470-

1522), a professor in the university of Paris. His attempt

at reform, which was- taken to be, as in efl^'ect it was, a

revolt against tho authority of the Arabian masters, led to

his expulsion from Paris, and tho formal prohibition by the

parliament of his method. Upon this apparently tfifling

question arose a controversy which lasted many years,

occupied several universities, and led to the interposition

of personages no less important than the pope and tho

emperor, but which is thought to have largely contributed

to the final downfall of the Arabian medicine.

Paracelsus and Chemical Medicine.—ContemiJorary with

the school of medical humanists, but little influenced by
them, lived in Germany a man of strange genius, of whosi;

character and imjiortance the most opposite opinions have

been expressed. Tke first noticeable quality in Para-

celsus {c. 1490-1541) is his revolutionary independence

of thought, which was supported by his immense personal

arrogance. Himself well trained in the learning and

medical science of the day, lie despised and trampled upon
all traditional and authoritative teachings. He began his

lectures at Basel by burning the books of Avicenna and

others ; he afterwards boasted of having read no books for

teu years ; he protested that his shoe buckles were more
learned than Galen and Avicenna. On the other hand, ho

spoke with respect of Hippocrates, and wrote a commentary

on his Apihorisms. In this we see a spirit very difl'erent

from tbe enthusiasm of the humanists for a purer and
nobler philosophy than the scholastic and Arabian versions

of Greek thought. There is no record of Paracelsus's

knowledge of Greek, and as, at least in his student days,

the most important works of Greek medicine were very

inqierfectly known, it is probable he had little first-hand

acquaintance with Galen or Hippocrates, while his breach

with the humanists is the more conspicuous from his lec-

turing and writing chiefly in his native German.

Having thus made a clean sweep of nearly the whole of

the dogmatic medicine, what did Paracelsus put in its place ?

Certaii\ly not pure empiricism, or habits of objective

observation. He had a dogma of his own,—one founded,

according to Ids German expositors, on the views of tlie
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Neo-Platonists, of wliicli n fow disjointed specimens must
here sullice. The human body was a "microcosm" which

corresponded to the "macrocosm," and contained in itself

all parts of visible nature,—sun, moon, stars, and the poles

of heaven. To know tho nature of man and how to deal

with it, tho physician should study, not anatomy, which
Paracelsus utterly rejecteJ, but all parts of external nature.

Life was a perpetual gnrminativo process controlled by
the indwelling spirit or Archcus ; and diseases, according

to the mystical conception of Taracelsus, were not natural,

but spiritual. Nature was Bufliricnt for the euro of most
diseases ; art had only to iuterfers when tho internal

physician, the man himself, was tirod or incapable. Then
some remedy had to bo introduced which should be antago-

nistic, not to tlio disease in a physical sense, but to the

spiritual seed of tfao disease. These remedies were arcana,

—a word corresponding partly to what we now call specific

remedies, but implying a mysterious connexion between

the remedy and the " essence " of the disease. Arcana were

often shown to be such by their pliy.sical properties, not only

by such as heat, cold, kc, but by fortuitous resemblances

to certain parts of the body; thus arose the famous doctrine

of " signatures," or signs indicating the virtues and uses

of natural objects, which was afterwards developed into

great complexity. Great importance was also attached to

chemically prepared remedies as containing the essence or

spiritual quality of the material from which they wore

derived. Tho actual therapeutical resources of Paracelsus

included a large number of metallic preparations, in the

introduction of some of which he did good service, and,

among vegetable preparations, the tincture of opium, still

known by tha name he gave it, laudanum. In this

doubtless he derived much advantage from his knowledge

of chemistry, though tho science was as yet not disen-

t tagled from tho secret traditions of alchemy, and was
often mixed up with imposture.

German historians of medicine attach great importance

to tho revolt of Paracelsus against the prevailing systems,

and trace in his writings anticipations of many scientific

truths of later times. That his personality was influential,

and his intrepid originality of great value as an exaniplo

in his own country, is undeniable. As a national reformer

lie has been not inaptly compared to Luther. But his

importance in the universal history of medicine wo cannot

estimate so highly. Tho chief immediate result wo can
traco is the introduction of certain mineral remedies,

especially antimony, the use of which became a kind of

badge of tho disciples of Paracelsus. Tho uso of these

remedies was not, however, necessarily connected with a
belief in his .system, which seems to have spread little

beyond his own country. Of the followers of Paracelsus
.some became mere mystical quacks and impostors. Others,
of more learning and better repute, were distinguished

from the regular physicians chiefly by their use of cliomical

remedies, fn France the intro(luction of antimony gavo
rise to a bitter controversy which lasted into the 17th
century, and led to the expulsion of some pien of mark
from the Paris faculty. In England "chemical medicine "

is first heard of in the reign of Elizabeth, and was in like

manner contemned and assailed by the College of Physicians

and the Society of Apothecaries. But it should be
remembered that all the chemical physicians did not call

Paracelsus master. The most notorious of that school in

England, a certain Anthony, never quotes Paracelsus, but
relies ujiou Arnold do Villanova and Raymund Lully.

From this time,- however, it is always possible to traco a
school of chemical practitioners, who, though condemned
by the orthodox Galenists, held their ground, till in the

17th century a successor of Paracelsus arosn in tho cele-

brated Van Helmout.

Consequences of the Revival of Ancient Medicine.—The

revival of Galenic and Hippocratic medicine, though ulti-

mately it conferred the greatest benefits on medical science,

did not immediately produce any important or salutary

reform in practical medicine. The standard of excellence in

the ancient writers was indeed far above tho level of the 16th

century ; but the fatal habit of taking at second hand what

should have been acquired by direct observation retarded

progress more than the possession of better models assisted

it, so that the fundamental faults of medieval science

remained uncorrected.

Nevertheless some progress has to bo recorded, even if

not due directly to the study of ancient medicine. In the

first place tho 15th and 10th centuries were notable for

the outbreak of certain epidemic diseases, which were-

unknown to the old physicians. Of these the chief was the
" sweating sickness " or " English sweat," especially pre-

valent in, though not confined to, the country whence it is

named. Among many descriptions of this disease, that

by John Kaye or Cains, already referred to, was one of

the best, and of grea.t importance as showing that the

works of Galen did not comprise all that could be known
in medicine. The spread of syphilis, a disease equally

unknown to the ancieuts, and the failure of Galeu's

remedies to cure it, had a similar effect.

In another direction the foundations of modern medicine

were being laid during the ICth century, namely, by the

introduction of clinical instruction in hospitals. In this

Italy, and especially tho renowned school of Padua, took

the first step, where Do Iilonte (ilontanus), already

mentioned as a humanist, gave clinical lectures on the

patients in the hospital of St Francis, which may still be

read with interest. PapUs flocked to him from all European
countries ; Gormana are especially mentioned ; a Polish

student reported and published some of his lectures ; and
the Englishman Ivaye was a zealous disciple, who does

not, however, seem to have done anything towards trans-

planting this method of instruction to his own country.

Inspections of the dead, to ascertain the nature of the

disease, were made, though not without difficulty, and thus

the modern period of the science of morbid anatomy was

ushered in.

Medicine in the 17th century.—The medicine of tha

early part of the 17th presents no 'eaturcs to distinguish

it from that of the preceding century. The practice and
theory of medicine were mainly founded upon Hippocrates

and Galen, w'ith ever-increasing additions from the chemical

school. But the development of matliematical and physical

science soon introduced a fundamental change in the habits

of thought with respect to medical doctrine.

These discoveries not only weakened or destroyed the

respect for authority in matters of science, but brought
about a marked tendency to mechanical explanations of

life and disease. When Ilarvey by his discovery of the

circulation furnished an explanation of many vital pro-

cessus which was reconcileable with the ordinary laws of

mechanics, tho efforts of medical theorists were naturally

directed to bringing all tho departments of medicine under
similar laws. It is often assumed that the writings and
influence of Bacon did much towards introducing a more
scientific method into medicine and physiology. But,

without discu!^ hig the general philosophical position or

liistnric^xl importL.ace of Bacon, it may safely be said that

liis direct influence can be little traced in medical writings

of tho first half of the 17th century. Harvey, as is well

known, spoke slightingly of the great chancellor, and it is

not till the rapid development of physical science in

England and Holland in the latter part of the century,

that wo find Baconian principles explicitly locoguized.

The dominant factors in tho 17th ccntuvy mediciue le
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the discovery of the circulation by Harvey (published in

1628), the mechanical philosophy of Descartes and the

contemporary progress of physics, the teaching of Van
Helmont and the introduction of chemical explanations of

morbid processes, and finally, combined of all these, and
inspiring them, the rise of the spirit of inquiry and innova-

tion, which njay be called the scientific movement. Before

speaking in detail of these, we may note that by other

influences, quite independent of theories, important addi-

tions were made to practical medicine. The method of

clinical instruction in hospitals, commenced by the

Italians, was introduced into Holland, where it was greatly

developed, especially at Leyden, in the hands of the

celebrated Sylvius. It is noteworthy that concurrently with
the rise, of clinical study the works of Hippocrates were
more and more valued, while Galen began to sink into the

background.

At the same time the discovery of new diseases, unknown
to the ancientSj and the keener attention which the great

epidemics of plague caused to be paid to those already

known, led to more minute study of the natural history of

disease. The most important disease hitherto undescribed

was rickets, first made known by Arnold de Boot, a Frisian

who practised in Ireland, in 1649, and afterwards more fully

in the celebrated work of Glisson in 1651. The plague

was carefully studied by Diemerbroek (De Pest-e, 1646)

and others. Hodges, of London, in 1665 seems to have

been the first who had the courage to make a post-mortem

inspection of a plague patient. Bennet wrote an important

work on consumption in 1654. During the same period

many new remedies were introduced, the most important

being cinchona bark, brought to Spain in the year 1640.

The progress of pharmacy was shown by the publication

of Dispensatories or Pharmacopons:, such as that of the

Royal College of Physicians of London in 1618. This,

Like the earlier German works of the same kind (on which
it was partly founded), contains both the traditional

(Galenical) and the modern or chemical remedies.

Van Eelmont.—^The medicine of the 17th century was
Especially distinguished by the rise of systems ; and we
must first speak of an eccentric genius who endeavoured

to construct a system for himself, as original and opposed

to tradition as that of Paracelsus. Van Helmont (1578-
1644) was a man of noble family in Brussels, who, after

mastering all other branches of learning as then under-

stood, devoted himself with enthusiasm to medicine and
chemistry. By education and position a little out of the

regular lines of the profession, he took up in medicine an
independent attitude. Well acquainted with the doctrines

of Galen, he rejected them as thoroughly as Paracelsus did,

and borrowed from the latter some definite ideas as well as

his revolutionary spirit. The archeus of Paracelsus appears
ngain, but with still further complications,—the whole body
being controlled by the archevs inflims, and the organ of

I he soul and its various parts by the archei insiti, which are

subject to. the central archeus. Many of the symptoms
of diseases were caused by the passions and perturbations

of the archeus, and medicines acted by modifying the ideas

cf the sarje archeus. These and other notions cannot be
here stated at suflicient length to be intelligible. It is

enough to say that on this fantastic basis Helmont con-

structed a medical system which had some practical merits,

that his therapeutical methods were mild and in many
respects happy, and that he did service by applying newer
chemical methods to the preparation of drugs. He thus
liad some share, though a share not generally recognized,

i:i the foundation of the iatro-chemical schilCl, now to be
spoken of. But his avowed followers formed a small and
discredited sect, which, in England at least, can be clearly

traced in the latter part of the century.

Discovery of the Circnlalion of the Blood.—The influence

of Harvey's discovery began to be felt before the middle

of the century. Its merits were recognized by Descartes,

ainong the first, nine years after its publication. For the

history of the discovery, and its consequences in anatomy
and physiology, we must refer to the article Hakvey. In

respect of practical medicine, much less effect was at first

'

noticeable. But this example, combined with the Cartesian

principles, set many active and ingenious spirits to work
to reconstruct the whole of medicine on a physiological

or even a mechanical basis,—to endeavour to form what
we should now call physiological or scientific medicine.

The result of this was not to eliminate dogma frcm
medicine, though it weakened the authority of the old

dogma. The movement led rather to the formation of

schools or systems of thought, which under various

names lasted on into the 18th century, while the belief in

the utility or necessity of schools and systems lasted much
longer. The most important of these were the so-called

iatro-physical or mechanical and the iatro-chemical schools.

Jatro-Physical School—The iatro-physical school uf

medicine grew out of physiological theories. Its foundur

is held to have been Borelli of Naples (1608-79), whu.so

treatise De molu animalimn, published in 1680, is regarded

as marking an epoch in physiology. The tendency of the

school was to e.xplain the actions and functions of the body
on physical and especially on mechanical principles. The
movements of bones and muscles v^ere referred to the

theory of levers ; the process of digestion was regarded as

essentially a process of trituration; nutrition and secretion

were shown to be dependent upon the tension of the vessels,

and so forth. The developments of this school belong
rather to the history of physiology, where they appear,

seen in the light of modern science, as excellent though
premature endeavours in a scientific direction. But the

influence of these theories on practical medicine was not
great. The more judicious of the mechanical or physical

school refrained, as a judicious modern physiologist does,

from too immediate an aj)plica*ion of their principles to

daily practice. Mechanical theories were introduced into

pathology, in explanation of the processes of fever and the

like, but had little or no influence on therapeutics. The
most important men in this schoo], after Borelli were Steno
(1638-86), Baglivi (1673-1707), and Bellini (1643-1704).
An English physician. Cole (1660-1700), is also .usually

ranked with them. One of the most elaborate develop-

ments of the system was that of Pitcairn, a Scottish,

physician who became professor at Leyden Q652-1713),
to be spoken of hereafter.

latro-Chemiccd School.— The so-called iatro-chemical

school stood in a much closer relation to practical medicine
than the iatro-physical The principle which mainly distin-

guished it was not merely the use of chemical medicines in

addition to the traditional, or, as they were called in dis-

tinction, "Galenical" remedies, but a theory of pathologj'

or causation of disease entirely different from the prevailing
" humoral" pathology. Its chief.aim was to reconcile the

new views in physiology and chemistry with practical

medicine. In some theoretical views, and in the use of
certain remedies, the school owed something to Van
Helmont and Paracelsus, but took in the main an independ-
ent position. The founder of the iatro-chemical school wa.s

Francis de le Boe, called Sylvius (1614-72), belonging

to a French family settled in Holland. Sylvius was for

fourteen years professor of medicine at Leyden, where he
attracted students from all quarters of Europe. He made
a resolute attempt to reconstruct medicine on the two
bases of the doctrine of the circulation of. the blood and
the new views of che'mistry. Fermentation, which was
supposed to take place in the stomach, played an important
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jiart in the viu' processes. Chemical disturbances of these

processes, oalicd acridities, &c., were the cause of fevers

and other diseases/ Sometimes acid sometimes alkaline

properties predominated in the juices and secretions of the

body, and produced corresponding disturbances. In nervous

diseases disturbances of the vital "spirits" were most

important. Still in some parts of his system Sylvius shows

an anxiety to base his pathology on anatomical changes.

Tlie remedies he employed were partly Galenical, partly

chemical. He was very moderate in the use of bleeding.

The doctrines of Sylvius became widely spread in

Holland and Germany ; less so in France and Italy. In

England they were not generally accepted, till adopted

with some modifications by Thomas Willis the great

anatomist (1622-75), who is the chief Engli-sh representa-

tive of the chemical school. Willis was as thorough-going a

chemist as Sylvius. He regarded all bodies, organic and
inorganic, as composed of the three elements—spirit,

sulphur, and salt, the first being only found abundantly

in animal bodies. The " intestine movement of particles
"

in every body, or fermentation, was the explanation of many
of the processes of life and disease. The sensible properties

and physical alterations of animal fluids and solids

depended upon different proportions, movements, and com-

binations of these particle.?. The elaborate work Pharma-
eeutice Rationalis, based on these materials, had much
induence in its time, though it was soon forgotten. But
some parts of Willis's works, such as hisi descriptions of

nervous diseases, and his account (the earliest) of diabetes,

are classical contributions to scientific medicine. In the

application of chemistry to the examination of secretions

Willis made some important steps. The chemical school

met with violent opposition, partly from tho adherents of

the ancient medicine, partly from the iatro-mechanical

school. Towards the end of the 17th century appeared an
English medical reformer who sided with none of these

schools, but may be said in some respects to have sur-

passed and dispensed with them.

Sydenham and Locke.—Thomas Sydenham (1624-89)
was educated at Oxford and at Montpellier. He was well

acquainted with the works of the ancient physicians, and
probably fairly so with chemistry. Of his knowledge of

anatomy nothing definite can be said, as he seldom refers

to it. His main avowed principle was to do without

hypothesis, and study the actual diseases in an unbiassed

manner. As his model in medical methods, Sydenham
repeatedly and pointedly refers to Hippocrates, and he
has not unfairly been called the English Hippocrates.

He resembled his Greek master in the high value he set

on the study of the " natural history of disease "
; in the

importance he attached to " epidemic constitution," that

is, to the influence of weather and other natural causes in

modifying disease ; and further iu his conception of the

healing power of nature in disease, a doctrine which
he even expanded beyond the teaching of Hippocrates.

According to Sydenham, a disease is nothing more than
an effort of nature to restore the health of the patient by
the elimination of tho morbific matter. The extent to

which his practice was influenced by this and other a priori

conceptions prevents us from classing Sydenham as a pure

empiric, but he had the rare merit of never permitting

'

himself to be enslaved even by his own theories. Still less

was his mind warped by either of the two great systems, the

classical and the chemical, which then divided the medical

world. Sydenham's influence on European medicine was
very great. His principles were welcomed as a return

to natnre by those who were weary of theoretical disputes.

He introduced a milder and better way of treating fevers,

especially small-pox, and gave strong support to the use

of specific medicines, especially Peruvian barn. He was

an advocate of bleeding, and often carried it li> i-xces.-.

I

Another important point iu Sydenham's doctrine i« hi.- clear

recognition of many diseases as being what would bo now
called sjicrijic, and not due merely to uu allerutiuu in llie

primary qualities or humours of the older .-.chonls. i'rom
this springs his high appreciation of 6|iecific medicines.

One name should always be mentioned along with
Sydenham—that of his friend John Locke. Tho great

sensational philosopher was a thoroughly trained pliysi-

cian, and practised privately. He shared and defended
many of Sydenham's principles, and iu the few medical

observations he has left shows himself to be even more
thorough-going than the " English Hippocrates.'' It is

deeply to be regretted in the interests of medicine that he

did not write mora. It is, however, reasonable to sui'pose

that his commanding intellect often makes itself felt in the

words of Sydenham. One sentence of Locke's in a letter

to W. Molyneux sums up the practical side of Sydenham's
teaching.

" You cannot imagine how far a little observation carefully uiado
by a man not tied up to tlie fom- humours [Galen], or sal, f.ul]ihur,

aud mercury [Paracelsus], or to acid and aK-ali [Sylvius and ^\'illisi

which has of late prevailed, will carry a man in the curing of diseases

though very stubborn and dangerous ; and that with very littl'o aud
common thiuga, aud almost no medicine at all."

' We thus see that, while the great anatomists, physicists,

and chemists, men of the typo of Willis, Borelli, and Bojde,

were laying foundations which were later on built ap into

the fabric of scientific medicine, little good was done by
the premature application of their half-understood prin-

ciples to practice. The reform of practical medicine was
effected by men who aimed at, and partly succeeded in,

rejecting all hypothesis and returning to the unbiassed

study of natural processes, as shown in health and disease.

Sydenham showed that these processes might be profit-

ably studied and dealt with without explaining them ; and,

by turning men's minds away from explanations and fixing

them on facts, he enriched medicine with a method more
fruitful than any discoveries in detail. From this time

forth the reign of canonical authority in medicine was at

an end, though the dogmatic spirit long survived.

Tlie ISlh centuri/.—The medicine of the ISth century

is notable, like that of the latter part of the 17th, for the

striving after complete theoretical systems. The influence

of the iatro-physical school was by no means exhausted
;

and in England, especially through the indirect influence of

Newton's great astronomical generalizations, it took on a

mathematical aspect, and is sometimes known as iatro-

mathematical. This phase is most clearly developed iu Pit-

cairn (I652-I7I3), who, though a determined opponent of

metaphysical explanation.s, and of the chemical doctrines,

gave to his own rude mechanical explanations of life and
disease almost the dogmatic completeness of a theological

system. His countryman and pupil, George Cheyne, who
lived some years at Bath, published a new theory of fevers

on the mechanical system, which had a great reputation.

Their English contemporaries and successors, Freind, Cole,

and Mead, leaned also to mechanical explanations, but with

a distrust of systematic theoretical completeness, which was

perhaps partly a national characteristic, partly the result

of the teaching of Sydenham and Locke. Freind (1G75-

1728) in his Emmenologia gave a mechanical explanation

of the phenomena of menstruation. He is also one of tho

most distinguished writers on the history of medicine.

Cole (see above) published mechanical hypotheses concern-

ing the causation of fevers which closely agree with those

of tho Italian iatro-mechanical school. More distinguished

in his own day than any of these was Richard JIe:d

(1673-1754), one of the most accomplished and socially

successful physicians of modern times. Mead was the

pupil of the equally popular and successful John Eadclilfo
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(IG50-1714), who Iki.I ncquired from Sydenliam a contemiit

for book icarning, and belonged to no school in medicine but

tlie school of comn tn sense. Radcliffe left, however, uo

work requiring mention in a history of medicine. Jlead, a

man of great learning and intellectual activity, was an
ardent advocate of the mathematical doctrines. " It is

very evident," ho says, " that all other means of improv-

ing medicine have been found ineffectual, by the stand it

waa at for two thousand years, and that, since mathe-

maticians have set themselves to the study of it, men
already begin to talk so ia*elligibly and comprehensibly,

even about abstruse matters, that it is to be hoped that

mathematical learning will be the distinguishing mark
•of a physician and a quack." His Mechanical Account

«f Poisons, in the first edition (1702), gave an explanation

of the effects of poisons, as acting only on the blood.

Afterwards he modified his hypothesis, and referred the

disturbances produced to the "nervous liquor," which
he supposed to be a quantity of the " universal elastic

matter" diffused through the universe, by which Newton
explained the phenomena of light, i.e., v.'hat was afterwards

called the luminiferous ether. Mead's treatise on The Poioer

of the Sun and Moon ovef Human Bodies (1704), equally

inspired by Kewton's discoveries, was a premature attempt
to assign the influence of atmospheric pressure and other

cosmical causes in producing disease. His works contain,

however, many original experiments, and excellent practical

observations. James Keill (1C73-171S)) applied Newtonian
and mechanical principles to the explanation of bodily

functions with still greater accuracy and completeness; but
his researches have more importance for physiology than
for practical medicine.

Boerhaave.—None of these men founded a school,—a re-

sult due in part to their intellectual character, in part to the

absence in England of medical schools equivalent in posi-

tion and importance to the universities of the Continent.

Au important academical position was, on the other hand,

one of the reasons why a physician not very different in his

way of thinking from the English physicians of the age of

Queen Anne was able to take a far more predominant
position in the medical- world. Hermann Boerhaave
(1668-1738) was emphatically a great teacher. He was for

many years professor of medicine af Leyden, where he lec-

tured five hours a day, and excelled in influence and reputa-

tion, pot only his greatest forerunners, Montanus of Padua
and Sylvius of Leyden, but probably every subsequent
teacher. The hospital of Leyden, though with only twelve

beds available for teaching, became the centre of medica,!

influence in Europe. Many of the leading English
physicians of the ISth century studied there ; Van Swieten,

a pupil of Boerhaave, transplanted the latter's method of

teaching to Vienna, and founded the noted Vienna school

of medicine. As the organizer,. and almost the constructor,

of the modern method of clinical instruction, the services

of Boerhaave to the progress of medicine were immense,
and can hardly be overrated. In his teaching, as in his

practice, he avowedly followed the method of Hippocrates

and Sydenham, both of whom he enthusiastically admired.

In his medical doctrines ho must be pronounoed an
eclectic, though taking his stand mainly on the iatro-

mechanical school. The best known parts of Boerhaave's
system are his doctrines of inflammation, obstruction, and
"plethora." By the last-named especiaHy he was long
remembered. His object was to make all the anatomical
and physiological acquisitions of his age, even microscop-
ical anatomy, which he diligently studied, available for

use in the practice of medicine. He thus differed from
Sydenham, who took almost as little account of modern
.science as of ancient dogma. Boerhaave may be in some
lespects compared to Galen, but again differed from him in

that ho alw.ays abstained from attemptnig to roduco liis

knowledge to a uniform and coherent system. Boerhaave

attached great importance to the study of the medical

classics, but rather treated them historically than quoted
Ihem as canonical authorities. It almost follows from the

nature of the case that the great task of Boerhaave's life, a

synthesis of ancient and modern medicine, and the work

in wluch this is chiefly contained, his celebrated /»rfi;«<iO)is,

could not have any great permanent value. Nearly the

same thing is true even of the Aphorisms, in which, follow-

ing the example of Hippocrates, he endeavoured to sum
up the results of his long experience.

Uoffmann and Slahl.—We have now to speak of two

writers in whom the systematic tendency of the ISth

century showed itself most completely.

Friedrich Hoffmann (1660-1742), like Boerhaave, owed
his influence, and perhaps partly his intellectual charac-

teristics, to his academical position. He was in 1693

appointed the first professor of medicine in the university

of Halle, then just founded by the elector Frederick III.

Here he became, as did his contemporary and rival Stahl,

a popular and influential teacher, though their university

had not the European importance of Leyden. Hoffmann's
" system " was apparently intended to reconcile the oppos-

ing "spiritual" and "materialistic" views of nature, and
is thought to have been much influenced by the philosophy

of Leibnitz. His medical theories rest upon a complete

theory of the universe. Life depended upon a universally

diffused ether, which animals treathe in from the atmo-

sphere, and which is contained in all parts of the body. It

accumulates in the brain, and there generates the "nervous
fluid" or pncumn,—a theory closely resembling that of

Mead on the "nervous liquor," unless indeed Mead bor-

rowed it from Hoflraann. On this system are explained all

the phenomena of life and disease. Health depends on the

maintenance of a proper "tone" in the body,—some diseases

being produced by excess of tone, or "spasm "
; others by

"atony," or want of tone. But it is impossible here *to

follow its further developments. Independently of his

system, which has long ceased to exert any influence, Hoff-

mann made some contributions to practical medicine ; and
his great knowledge of chemistry enabled him to investi-

gate the subject of mineral waters. He was equally skilful

in pharmacy, but lowered his position by the practice,

which would be unpardonable in a modern physician, of

traflicking in secret remedies. Some of these are even to

•'ms day sold for the benefit of the orphanage at Halle.

George Ernest Stahl (1660-1734) was for more thaa

twenty years professor of medicine at Halle, and thus a

colleague of Hoffmann, whom he resembled in construct-

ing a complete theoretical system, though their systems

had little or nothing in common. Stahl's chief aim was to

oppose materialism. For mechanical conceptions he sub-

stituted the theory of "animism,''—attributing to the soul

the functions of ordinary animal life in man, while Iha

life of other creatures was left to mechanical laws. The
symptoms of disease were explained as efforts of the soul

to rid itself from morbid influences, the soul acting

reasonably with respect to the end of self-preservation. The
anima thus corresponds partly. to the "nature" of Sydenhan',

while in other respects it resembles the archeus of Van
Helmont Animism in its completeness met with little

acceptance during the lifetime of its author, but influ-

enced some of the iatrophysical school. Stahl was the

author of the theory of "phlogiston" in chemistry; which

in its, day had great importance.

Ilaller and Morgar/id.—From the suoileties of riviJ

systems it is a satisfaction to turn to two movements in the

medicine of the 18th century which, though they did not

extinguish the spirit of system-making, opened up paths of
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investigation by wliicli tlio sysleuis wcro ullimalely super-

seded. These are jiliysiology in llic modern sense, as dating

from Hallcr, and pathological anatomy, as dating from

Morgagni.

Albrecht von Haller (1708-77) was a man of even more
encyclopredic attainments than Boorhaave. He advanced

chemistry, botany, anatomy, as well as physiology, and

was incessantly occupied in endeavouring to apply his

Ecieutifio studies to practical medicine, thus continuing the

work of his great teacher Boerhaave. Besides all this he

was probably more profoundly acquainted with the litera-

ture and bibliogr^jhy of medicine than any one before or

since. Haller occupied in the new university of Gottingen

(founded 1737) a position corresponding, to that of

Boerhaave at Leyden, and in like manner influenced a very

large circle of pupils. The appreciation of his work in

physiology belongs to the history of- that science; we are

only concerned here with its influence on medicine.

Haller's definition of irritability as a property of muscular

tissue, and its distinction from sensibility as a property of

nerves, struck at the root of the prevailing hypothesis respect-

ing animal activity. It was no longer necessary to suppose

that a half conscious "anima" was directing every move-

ment. Moreover, Haller's views did not rest on a priori

speculation, but on numerous experiments. He was among
the first to investigate the action of medicines on healthy

persons. Unfortunately the lesson which his contempor-

aries learnt was not the importance of experiment, but only

the need of contriving other "systems" less open to objec-

tion ; and thus the influence of Hallur led directly to the

theoretical subtleties of Cullen and John Brown, and only

indirectly and later on to the general anatomy of Bichat.

The great name of Haller does not therefore occupy a very

prominent place in the history of practical medicine.

The work of Giovanni Battista Morgagni (1GS2-1771)

had and still preserves a permanent importance beyond that

of all the contemporary theorists. In a series of letters De
sedibus et causis morhornm per anatomen iiidagalis, pub-

lished when he was in his eightieth year, he describes the

appearances met with at the post-mortem examination as

well as the symptoms during life in a number of cases of

various diseases. It was not the first work of the kind.

Bonet had published his Srpulcrehnn in 1679 ; and obser-

vations of post-mortem appearances had been made by
Montanus, Tulp, Vieussens, Valsalva, Lancisi, Haller, and
others. But never before was so large a collection of cases

brought together, described with such accuracy, or illustrated

with equal anatomical and medical knowledge. Morgagni's

work at once made an epoch in the science. Morbid
anatomy now became a recognized branch of medical

research, and the movement was started which has lasted

till our own day.

The contribution of Morgagni to medical science must
lie regarded as in some respects the counterpart of Syden-

ham's. The latter had, in neglecting anatomy, neglected

the most solid basis for studying the natural history of

disease ; though perhaps it was less from choice than be-

cause his practice, as he was not attached to a hospital,

gave him no opportunities. But it is on the combination

of the two methods, that of Sydenham and of Morgagni, that

modern medicine rests ; and it is through these that it has

been able to make steady progress in its own field, inde-

pendently of the advance of physiology or other sciences.

The method of Morgagji found many imitators, both in

his own country and in others. In England the first

important name in this field is at the same time that of the

first writer ot a systematic work in'any language on morbid
anatomy, Matthew Baillie (17C1-1823), who published
his treatise in 1793.

Cidleii a;>d Broivn.— It remains to speak of (avo system-

atic writers on medicine in the 18th century, whose great

reputation prevents them from being passed over, though

their real contribution to the progress of medicine was not

great—Cullen and Brown.

William Cullen (1712-90) was a most- eminent and
popular professor of medicine at Edinburgh. The sams
academical influences as surrounded the Dutch and
German founders of systems were doubtless partly concerned

in leading him to form the plan of a comprehensivo system

of medicine. Cullen's system was largely based on the

new physiological doctrine of irritability, but is especially

noticeable for the importance attached to nervous action.

Thus even gout was regarded as a " neurosi.s." These

pathological principles of Cullen arc contained in his First

Lines of tlie Practice of Physic,^ an extremely popular book,

often reprinted and translated. More importance is to be

attached to his Nosology or.Clamficatioii of Diseases. The

attempt to classify diseases On a natural-history plan was

not new, having been commenced by Sauvages and others,

and is perhaps not a task of the highest importance.

Cullen drew out a classification of great and needless com-

plexity, the chief part of which is now .forgotten, but

several of his main divisions are still preserved.

Ic is difficult to form a clear estimate of the importance

of the last sy.stematizer of medicine, John Brown (1735—

88), for, though in England he has been but little

regarded, the w-ide though short-lived popularity of his

system on the Continent shows that it roust have contained

some elements of brilliancy, if not originality. His theory

of medicine professed to -explain the processes of life and

disease, and the methods of cure, upon one simple principle,

— that of the property of " excitability," in virtue of which

the "exciting powers," defined as being (1) external forces

and (2) the functions of the system itself, call forth the vital

phenomena " sense, motion, mental function, and passion."

All exciting powers are stimulant, the apparent debilitating:

or sedative effect of some being due to a deficiency in tho

degree of stimulus; so that the final conclusion is that " the

whole phenomena of life, health as well as disease, consist

in stimulus and nothing else." Brown recognized some

diseases as sthenic, others as asthenic, the latter requiring

stimulating treatment, tho former the reverse ; but his prac-

tical conclusion was that 97 per cent, of all diseases required

a "stimulating" treatment. In this he claimed to have

made the most salutary reform because all physicians from

Hippocrates had treated diseases by depletion and debili-

tating measures with the object of curing by elimination.

It would be unprofitable to attempt a complete analysis of

the Brunonian system ; and it is diflicult now to understand

why it attracted so much attention in its day. To us at

the present time it seems merely a dialectical con'^truction,

having its beginning and end in definitions, the words

power, stimulus, Ac, being used in such a way as iiot to

correspond to any precise physical conceptions, still less to

definite material objects or forces. One recommendation

of the system was that it favoured a milder sysiem of

treatment than was at that time in vogue ; Brown may be

said to have been the first advocate of the modern stimulant

or feeding treatment of fevers. He advocated the use of

"animal soups" or beef tea. Further he had the discern-

ment to see that certain symptoms, such as convulsionsand

delirium, which were then commonly held always to indi-

cate inflammation, were often really signs of weakness.

The fortunes of Brown's system (called, from having been

originally written in Latin, the Brunonian) form one of the

strangest chapters in the history of medicine. In Scotland,

Brown so far won the sympathy of the students that riotous

conflicts took place between his partisans and opponents.

In England his system took little root.. In Italy, on the

other hand, it receiver! enthusiastic support, and, uaturall.v.
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a corresponding degree of opposition. - The most important

acllierent to Brown's system was Rasori (17G3-1837), who
taught it as profe^isor at Pavia, but afterwards substituted

his own system of contra-stimulus. The theoretical dilt'er-

eiices between this and the " stimulus " tiieory need not be

expounded. The practical difference in the corresponding

treatment was very great, as Kasori advocated a copious use

of bleeding and of depressiiig remedies, such as antimony.

Joseph Frank, a German, professor at Pavia, afterwards

of Vienna, the author of an encyclopedic work on medicine

now forgotten, embraced the Brunonian system, though
he afterwards introduced some modifications, and trans-

planted it to Vienna. JIany names are quoted as partisans

or opponents of the Brunonian system in Italy, but scarcely

one of them has any other claim to be remembered. In
Germany the new system called forth, a little later, no less

enthusiasm and controversial heat. Girtanner first began
to spread the new ideas(though giving them out as his own),

but Weikard was the first avowed advocate of the system.

Eoschlaub (1768-1S35) modified Brown's system into the

theory of excitement (Erreynngstheorie), which for a time
v.'as extremely popular in Germany. The enthusiasm of

the younger Brunonians in Germany was as great as in

Edinburgh or in Italy, and led to serious riots in the

university of Gottingen. In America the system was
enthusiastically adopted by a noted physician, Benjamin
Rush, of Philadelphia, who was followed by a considerable

school. France was not more influenced by the new school

than England. In both countries the tendency towards
positive science and progress by objective investigation

was too marked for any theoretical system to have more
than a passing influence. In France, however, the

influence of Brown's theories is very clearly seen in the I

writings of Broussais, who, though not rightly classed with I

the system-makers, since his conclusions were partly based i

upon anatomical investigation, resembled them in his at-
|

tempt to unite theory and practice in one comprehensive
synthesis. The explanation of the meteoric splendour of the

Brunonian system in other countries seems to be as follows.

In Italy the^periud of intellectual decadence had set in,

and no serious scientific ardour remained to withstand the

novelties of abstract theory. In Germany the case was
somewhat diS'erent. Intellectual activity was not wanting,

but the great achievements of the 18tli century in philo-

sophy and the moral sciences had fostered a love of

abstract speculation ; and some sort of cosraical or

general system was thought indispensable in every depart-

ment of special science. Hence another generation had to

pass away before Germany found herself on the level, in

scientific investigation, of France and England.
Before the theoretic tendency of the 18th century was

quite exhausted, it displayed itself in a system which,

though in some respects isolated in the history of medicine,

stands nearest to that of Brown,—that, namely, of Hahne-
mann (see Homceopathy). Hahnemann (1753-1844) was
in conception as revolutionary a reformer of medicine as

Paracelsus. He professed to base medicine entirely on a
knowledge of symptoms, regarding all investigation of the

causes of symptoms as useless. While thus rejecting all

the lessons of morbid anatomy and pathology, he put for-

ward views respecting the causes of disease which hardly

bear to be seriously stated. All chronic maladies result

either from three diseases—psora (the itch), syphilis, or

Sycosis (a skin disease), or else are maladies produced by
medicines. Seven-eighths of all chronic diseases are pro-

duced by itch driven inwards.' (It is fair to say that

* The itch is really an attention produced by the presence in the

sicin of .1 species of mite {Acarus scabiei), and when tliia is destroyed or

lemoved the disease is at an end.

these views were published in one of his later works.) lu

treatment of disease Hahnemann rejected entirely the

notion of a vis inedicatrix naturse, and was guided by his

well-known principle "similia similibus curantur," whicli

he explained as depending on the law that in order to get

rid of a, disease some remedy must be given which should

substitute for the disease an action dynamically similar,

but weaker. The original malady being thus got rid of,

the vital force would easily be able to cope with and
extinguish the slighter disturbance caused by the remedy.

Something very similar was held by Brown, who taught

that " indirect debility " was to be cured by a lesser degree

of the same stimulus as had cansed the original disturbance.

Generally, however, Hahnemann's views contradict those of

Brown, though moving somewhat in the same plane. In

order to select remedies which should fulfil the indica-

tion of producing symptoms like those of the disease,

Hahnemann made many observations of the action of drugs

on healthy persons. He did not originate this line of

research, for it had been pursued if not originated by
Haller, and cultivated systematically by Tommasini, an
Italian " contra-stimulist

;
" but he carried it out with

much elaboration. His resuJts, nevertheless, were vitiated

by being obtained in the interest of a theory, and by
singular want of discrimination. Hahnemann's doctrines

met with much opposition on the part of the medical pro-

fession, and he was hence led to state his case to the " lay
"

public as a sort of court of appeal; and thus matters of

science were made the theme of much popular controversy.

This expedient, in which Hahnemann had been in a small

degree anticipated by Brown, contributed largely to the

success of his sj'stem. The appeal flattered a prevalent

belief in the right of private judgement, even in technical

and learned subjects. Hahnemann was thus able to take

up the position (and not without justification) of a victim

of professional prejudice. The anomalous position into

which professional scorn and extra-professional popularity

brought him produced a distinct deterioration in the

character of his work. In his second period he developed

the extraordinary theory of "potentiality" or dynamiza-

tion,—namely, that medicines gained in strength by being

diluted, if the dilution was accompanied by shaking or

pounding, which was supposed to " potentialize " or in-

crease tlie potency of the medicine. On this extraordi-

nary principle Hahnemann ordered his original tinctures

to be reduced in strength to oiie-fiftieth ; these first dilu-

tions again to one-fiftieth ; and so on, even till the thirtieth

dilution, which he himself used by preference, and to

which he ascribed the highest "potentiality." It is hardly

necessary to point out that even the lower dilutions involve

quantities which no analysis can weigh, measure, or even
recognize. The still greater eccentricities of Hahnemann's
later works need not be recounted. From a theoretical

point of view Hahnemann's is one of the abstract systems,

pretending to universality, which modern medicine neither

accepts nor finds it worth while to controvert. In the

treatment of disease his practical innovations came at

a fortunate time, when the excesses of the depletory

system had only partially been superseded by the equally

injurious opposite extreme of Brown's stimulant treatment.

Hahnemann's use of mild and often cjuite inert remedies

contrasted favourably with both of these. Further he

did good by insisting upon simplicity in prescribing, when
it was the custom to give a number of drugs, often hetero-

geneous and inconsistent, in the same prescription. But
these indirect benefits were quite independent of the truth

or falsity of his theoretical system.

Positive Pron'rss in the 18M Century.— In looking back
on the repeated attempts in the 18th century to construct

a universal .system of mediciue, it is impossible not tc
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regret the waste of brilliant gifta and profound acquire-

niButs which they involved. It was fortunate, however,

that the accumuhition of [lositivo linowledge in medicine

did not cease. Whilo Germany and Scotland, as the chief

homes of abstract speculation, gave birth to most of the

theories, progress in objective science was most marked in

other countries,—in Italy first, aud afterwards in England
and France. We must retrace our steps a little to enumerate

several distinguished names which, from the nature of the

case, hardly admit of classification.

In Italy the tradition of the great anatomists and
physiologists of the 17th century produced a series of

accurate observers and practitioners. Among the first of

these were Antonio Maria Valsalva (1666-1723), still

better known as an anatomist ; Giovanni Maria Lancisi

•'1654-1720), also an anatomist, the author of a classical

work on the diseases of the heart and aneurisms; and Ip-

polito Francisco Albertini (1662-1738), whose researches

on the same class of diseases were no less important.

In France Jean Baptiste Senac (1693-1770) wrote

also an important work on the affections of the heart.

Sauvages, otherwise F. B. de Lacroix (1706-67), gave

under the title Nosologia Methodica a natural-history

classification of diseases; Jean Astruc (1684-1766) con-

tributed to the knowledge of general diseases. But the

state of medicine in that country till the end of the 18th
century was unsatisfactory as compared with some other

parts of Europe.

In England the brilliancy of the early part of the

century in practical medicine was hardly maintained to

the end, and presented indeed a certain contrast with the

remarkable and unflagging progress of surgery in the same
period-. The roll of the College of Physicians does not

furnish many distinguished names. Among these should

be mentioned John Fothergill (1712-80), who investi-

gated the " putrid sore throat " now called diphtheria, and
the form of neuralgia popularly known as tic douloureux.

A physician of Plymouth, John Huxham (1694-1768),
made researches on epidemic fevers, in the spirit of

Irlydenham and Hippocrates, which are of the highest

iniportance. William Hebcrden (1710-1801), a London
physician, called by Samuel Johnson nltimus liomanorum,
" the last of our learned physicians," left a rich legacy of

practical observations in the Commentaries published after

his death. More important in their results than any of

these works were the discoveries of Edwaed Jenner
{q.v.), respecting the prevention of small-pox by vaccina-

tion, in which ' he superseded the partially useful but

dangerous practice of inoculation, which had been intro-

duced into England in 1721. The history of this dis-

covery need not be told here, but it may be pointed out

'hat, apart from its practical importance, it has had great

inlluenco on the scientific study of infectious diseases.

The name of John Pringle (1707-82) should also be

mentioned as one of the first to study epidemics of fevers

occurring in prisons and camps. His work entitled Ohser-

vations on the Diseases of an Army was translated into

many European languages, and became the standard

authority on the subject.

In Germany the only important school of practical

medicine was that of Vienna, as revived by Van Swieten

(1700-72), a pupil of Boerhaave, under the patronage

vi Maria Theresa. Van Swieten's commentaries on the

iphorisms of Boerhaave are thought more valuable than

ihe original text. Other eminent names of the same

5chool are Anton de Haen (1704—76), Anton Stiirck

fl731-lS03), Maximilian StoU (1742-88), and John
Peter Frank (1745-1821), father of Joseph Frank before-

mentioned as an adherent of the Brownian system, and

like his son can-ied away for a time by the new doctrines.

This, the old " Vienna School," was not distinguished toi

any notable discoveries, but for success in clinical teaching,

and for its sound method of studying the actual facts of

disease during life and after death, which largely contri-

buted to the establishment of the " positive medicine " of

the 19 th century.

One novelty, however, of the first importance is due to

a Vienna physician of the period, Leopold Avenbrugger
(1722-1809), the inventor of the method of recognizing

diseases of the chest by percussion. Avenbrugger's

method was that of direct percussion with the tips of the

fingers, not that which is now used, of mcrf/afe percussion

with the intervention of a finger or ples-simeter ; but the

results of hia method were the same, and its value nearly

as great. Avenbrugger's great work, the Jnventam Novum,
was published in 1761. The new practice was received at

first with contempt and even ridicule, and afterwards by
StoU and Peter Frank with only grudging approval. It

did not receive due recognition till 1808, when Corvisart

translated the Inventum Novum into Fi;ench, and Aven-

brugger's method rapidly attained a European reputation.

Surpassed, but not eclipsed, by the still more important

art of auscultation introduced by Laennec, it is hardly

too much to say that this simple and purely mechanical

invention has had more influence on the development of

modern medicine than all the " systems " evolved by the

most brilliant intellects of the 18th century.

Early Part of the 19</i Century.—It is not possible to

cari-y the history of medicine, in a sketch such as this,

beyond the early years of the 19th century, both because

the mass of details becomes so large as to require more
minute treatment, and because it is difficult as we approach

our own times to preserve the necessary historical per-

spective. It was, however, in this period that what we

regard as the modern school of medicine was formed, and

took the shape which it has preserved to our own days.

The characteristic of the modern school is the ad ption it'

medicine of the methods of research of physical science, and

the gradually declining importance attached to theory and

abstract reasoning,—hypotheses, though not neglected, being

used as means of research rather than as ultimate conclu-

sions. Its method may therefore be called the positive

method, or that of rational empiricism. The growth of

the new school was first seen in two European countries,

in France and England, and must be separately followed

ip the two. Germany entered the field later.

Rise of the Positive School in Franee.—The reform of

nJedicine in France must be dated from the great intel-

lectual awakening caused by the Revolution, but more

definitely starts with the researches in anatomy and

physiology of Marie Fran9oi3 Xavier Bichat (1771-1802).

The importance in science of Bichat's classical works,

especially of the Anatomic generate^ cannot be estimated

here ; we can only point out their value as supplying

a new basis for pathology or the science of disease.

Among the most ardent of his followers was Fran5oi3

Joseph Victor Broussais (1772-1838), whose theoretical

views, partly founded on those of Brown and partly on the

so-called vitalist school of Borden and Barthez, differed

from these essentially in being avowedly based on ana-

tomical observations. Broussais's chief aim was to find

an anatomical basis for all diseases, but he is especially

known for his attempt to explain all fevers as a consequence

of irritation or inflammation of the intestinal canal (gastro-

enterite). A number of other maladies, especially general

diseases and those commonly regarded as nervous, were

attributed to the same cause. It would be impossible now
to trace the steps which led to this wild and long since

exploded theory. It led, among other consequences, to an

enormous misuse of bleeding. Leeches were his favpurite
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instruments, and so mucli so tliat he is said to have usod

100,000 in his own hospital wards during one year. He
was equalled if not surpassed in this excess by his

follower Bouillaud, known for his important work on

heart diseases. Broussais's system, to which he gave the

name of " M^decine Physiologique" did much indirect good,

in fixing attention upon morbid changes in tlie organs, and
thus led to the rise of the strongly opposed anatomical

and patliological school of Corvisart, Laennec, and Bajde.

Jean Nicolas Corvisart (1755-1821) has already been

mentioned as the translator and introducer into France of

Avenbrugger's work on percussion. He introduced some
improvements in the method, but the only real advance
was the introduction of mediate percussion by Piorry in

1828. The discovery had, however, yet to be completed

by that of auscultation, or listening to sounds produced
ill the chest by breathing, the movements of the heart, &c.

The combination of these methods constitutes what is now
known as pliysical dicu/nosis. Heni Th^ophile Hyacinthe
Laennec {17S1-182G) was the inventor of this most
important perhaps of all methods of medical research.

E.xcept for some trifling notices of sounds heard in certain

diseases, this method was entirely new. It was definitely

e-xpounded in an almost complete form in his work
De rauscnlfatioH mediate, published in 1819. Laennec
attached undue importance to the use of the stethoscope,

and laid too much weight on specific signs of specific

diseases ; otherwise his method in its main features has

remained unchanged. The result of his discovery was an

entire revolution in the knowledge of diseases of the ch'est

;

but it would be a mistake to forget that an. essential factor

in this revolution was the simultaneous .<;tudy of the con-

dition of the diseased organs as seen after death. Without
the latter, it is difficult to see how the information con-

veyed by sounds could ever have been verified. This

increase of knowledge is therefore due, not to auscultation

alone, but to au.^cultation combined with morbid anatomy.

In the case of Laennec himself this qualification takes

nothing from his fame, for he studied so minutely the

relations of post-mortem appearances to symptoms during
life that, had he not discovered auscultation, his researches

in morbid anatomy would liave made him famous. The
pathologico-anatomical luethod was also 'followed n-ith

gieat zeal and success by Gaspa,i-d Laurent Bayle (1774-
181G), whose researches on tubercle, and the changes of

tlie lungs and other organs in consumption, are the founda-

tion of most that has been done since his time. It was of

course antecedent to the discovery of auscultation. Start-

ing from these men arose a school of physicians who
endeavoured to give to the study of symptoms the same
precision as belonged to anatomical observations, and
by the combination of both methods made a new era in

clinical medicine. Among these were Chomel (1788-

1858), Louis (17S7-1S72), Cruvcilhier (1791-1874), and
Audral (1797-1876). Loui.% by his researches on pul-

monary consumption and typhoid fever, had the chief merit

of refuting the doctrines of Broussais. lu another respect

also he aided .in establishing an exact science of medicine

by the introduction of the numerical or statistical method;

By this method only can the fallacies which iire attendant

on drawing conclusions from isolated cases be avoided

;

and thus the chief objection which has been made- to

regarding medicine as an inductive science has been

removed. Louis's method w^s improved and systematized

by Gavarret ; and its utility is now universally recognized.

Space does not permit us to trace further the history of

this brilliant period of French medicine, during which the

superiority of the school of Paris could hardly be contested.

We can only mention the names of Bretonneau (1771-
18G2\ Rostan (1790-18CG), D'Alibert (1700-1837), Bayer

(1793-1807), and Trousseau (1801-1S6G), tha eloquent

and popular teacher.

English Medicine from ISOO to 1840.—The progress of

medicine in England during this period displays the same
characteristics as at other times, viz., a gradual and unin-

terrupted development, without startling changes such as

are caused by the sudden rise or fall of a new school.

Hardly any theoretical system is of English birth ; Erasmus

Darwin (1731-1802), the grandfather of the great Charles

Darwin, alone makes an exception. lu his Zoonomia

(1794) ho expounded a theory of life and disease which

had some resemblance to that of Brown, though arrived

at (he says) by a different chain of reasoning.

Darwin's work shows, however, the tendency to connect

medicine with physical science, which was an immediate

consequence of the scientific discoveries of the end of the

18th century, when Priestley and Cavendish in England
exercised the same influence as Lavoisier in France, ffhe

English school of medicine was also profoundly stirred by
the teachings of the two brothers William and John
Hunter, especially the latter,—who must therefore be
briefly mentioned, though their own researches were chiefly

concerned with subjects lying a little outside the limits

of this sketch. "William Hunter (1718-1783) was known
in London as a brilliant teacher of anatomy and successful

obstetric physician ; his younger brother and pupil, John
Hunter (1728-1793), was also a teacher of anatomy, and
practised as a surgeon. His immense contributions to

anatomy and pathology cannot be estimated here, but

his services in stimulating research and training investi-

gators belong to the history of general medicine. They
are sufficiently evidenced by the fact that Jenuer and
Baillie were his pupils.

The same scientific bent is seen in the greater attention

paid to morbid anatomy (which dates from Baillie), and
the more scientific method of studying diseases. An
instance of tlia latter is the work of Piobert Willan

(1757-1 8 12) on diseases of the 6kin,-^a department of

medicine in which abstract and hypothetical views had
been especially injurious. Willan, by following the natural-

history method of Sydenham, at once put the study on a

sound basis ; and his work has been the starting point

of the most important modern researches. . About tha

same time William Charles W^ells (1757-1817), a scientific

investigator of remarkable power, and the author of a cele-

brated essay on dew, published observations on alterations

in the urine, which, though little noticed at the time, were

of great value as assisting in the important discovery made
some years afterwards by Blight.

These observers, and others who cannot be mentioned

here, belong to the period when English medicine was still

little influenced by the French Bchoul. Shortly after 1815,

however, when the Continent was again open to English

travellers, many English doctors studied in Paris, and the

discoveries of tlieir great French contemporaries began to

be known. The method of auscultation was soon intro-

duced into tins country by pupils of Laennec. John
Forbes in 1824, and William Stokes of Dublin in 1825,

published treatises on the use of the stethoscope. Forbes

also trauslated the works of Laennec and Avenbrugger, and

an entire revolution was soon effected in the knowledge of

diseases of the chest. James Hope and Peter Mere Latham
further developed this subject, and the former was also

known for his researches in morbid anatomy. The com-

bination of clinical and anatomical research led, as in the

hands of the great French physicians, to important dis-

coveries by English investigators. The discovery by
Piichard Eriglit (1789-1858) of the disease of the kidneys

known by his name, has proved to be one of the most

momentous of this century. It was published iu lieporls of
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'Medical Cases, 1827-31. Thomas Addison takes, some-

what later, a scarcely inferior place. The remarkable

physiological discoveries of Bell and Marshall Hall for the

first tiine rendered possible the discrimination of diseases

of tlie spinal cord. Several of these physicians were also

eminent for their clinical teaching,—!an art in which

Englishmen had up till then been greatly deficient.

Although many names of scarcely less note might be

mentioned among the London physicians of the early part

of the century, wo must pass them over to consider the

progress of fnediciiie in Scotland and Ireland. In

Eflinburgh the admiralile teaching of CuUen had raised

tlio medical faculty to a height of prosperity of which his

successor, Jami^s Gregory (1758-1821), was not unworthy.

His nephew, William Pulteney Alison (1790-1859), was
even more widely known. These great teachers maintained

"in the northern university a continuous tradition of suc-

cessful teaching, which the difference in academical and
other circumstances rendered hardly possible in I;Ondon.

Nor was the northern school wanting in special investi-

gators, such as John Abercrombie, known for his work on
diseases of the brain and spinal cord published in 1828,

and many others. Turning to Ireland, it should be said

that the Dublin school in this period produced two
physicians of the highest distinction. Robert James
'Graves (c. 1800-1853) was a most eminent clinical

teacher and observer, whose lectures are regarded as the

model of clinical teaching, and indeed served as such to

tlie most popular teacher of the Paris school in the middle

of this century, Trousseau. William Stokes (1804-1878)
was especially known for his works on diseases of the chest

and of the heart, and for his clinical teaching.

German Medicine from 1800 to -1840.—Of the other

countries of Europe, it is now only necessary to mention
Germany. Here the chief home of positive medicine was
still for a long time Vienna, where the " new Vienna
school" continued and surpassed the glory of the old.

Joseph Skoda (born 1805) extended, and in some respects

corrected, the art of auscultation as left by Laennec. Karl
Rokitansky (1804-1878), by liis colossal labours, placed the

science of morbid anatomy on a permanent basis, and
enriched it by numerous discoveries of detail. Most of the

ardent cultivators of this science in Germany in the next

generation were his pupils. In the other German schools,

tliough some great names might be found, as Romberg
(1795-1873), the founder of the modern era in the study

of nervous diseases, the general spirit was scholastic and
the result barren, till the teaching of one man, whom
the modern German physicians generally regard as the

regenerator of scientific medicine in their country, made
itself felt. Joliann Lucas Schiinlein (1793-1SG4) was first

professor at Wiirzburg, afterwards at Zurich, and for

twenty years at Berlin (from 1839-1850). Schonloin'a

positive contributions to medical science were not large

;

but he made in 1839 one discovery,' apparently small, but
in reality most suggestive, namely, that tlie contagious

disease of the head called favus is produced by the growtli

in tlio hair of a parasitic fungus. In this may be
found the germ of the startling modern discoveries in

parasitic diseases. His systematic 'doctrines founded the

so-called " natural history school ;
" but his real merit

was that of the founder or introducer of a method. In

the words of Haeser, "Schiinlein has the incontestable

merit of having been the first to establish in Germany the

exact method of the French and the English, and to

impregnate this method with the vivifying spirit of German
research," The name of Schbnlein thus brings us to the

threshold of the modern German school of medicine,

—

the most scientific and exact in Europe, and in its spirit

strikingly in contrast with the theoretical subtlety of

German systematists in the last century.
Litcraturc.^-'Ihe: earliest work of authority on the liistory of

medicine is that of Daniel le Clerc (Histoire de la Medccinc, Geneva,

1606 ; Amsterdam, 1704, 1723, kc), which ends with Galen. Freind's

Jfistory of Physidc (London, ^725-26, 2 vols.) canics on the subject

fromi Galen to the beginning of the 16th centuiy. Tlie first com-
plete history is that of Kurt Spreiigel ( Vcrsuch cincr prcujmatisAcu
Oeschichte dcr Arzneikundc, Halle, 1792 ; 3d cilitioii, Halle,

1821-28, 5 vols. ; also in French, Paris, 1815). Beside these may
be mentioned Hcokcr, GcscMcMc der Heilkunde, Berlin, 1822, and
Ocsch. der ncucren Ecilkundc, Berlin, 1839 ; Ch. Daremhcrg,
Histoire des sciences midicalcs, Paris, 1 870, 2 vols. ; Edward Mcryon,
History of Medicine, London, 1861 (left unfinished, vol. i. only
having appeared). The most recent and complete text-book is

Haeser's Lehrhueh dcr Gcschichtc der Mcdicin und dcr FpidemiscJicn

Kranlchcilcn (3d edition, Jena, 1875-79, 3 vols., in course of com-
pletion), to which the preceding sketch is very largely indebted.

In special departments of the subject the authorities are the
following :—For classical medicine : Celsus, Dc Mcdicina ; Littrc,

Oiuvrcs d'Hippocrate, Paris, 1839-61, 10 vols, (especially vol. i.);

Francis Adams, Geiimne Works of Hippocrates iranslaicd, with a Pre-

liminary Discourse, London (Syd. Soc.), 1849, and Fauhis ^tjincta,

translated, toith a Commentary, London (Syd. Soc), 1844 ; Darem-
berg, LaMMcdnc dans Homerc, Paris, 1805, and La Mcdccine ctdre

Homire ct Hippocralc, Paris, 1869 ; and W. A. Greenhill's articles
" Galen," " Hippocrates," &c., in Smith's Classical Dictionary, 1844.

For Arabian medicine : Wiistenfeld, Gcschiehte dcr Ardbisclicn Aerzte

und Natnrforschcr, Gbttingen, 1840 ; and Lueien Leclerc, Histoire

dc la MMccinc Arahe, Paris, 1876, 2 vols. For Salernitan medicine:
Collectio Salernitana, edited by Dc Renzi, Darcmbcrg, ke., Naples,

1852, 5 vols. ; liegimen Sanitatis, "with introduction by Sir A.
Croke, Oxford, 1830 ; and Daremberg, U£cole dc Salemc, Paris,

1861. For medicine in England : Sohu Aikin, Biographical ifcmoirs

of Medicine in Great Britain, to the time of Harvey, London, 1780;
Lives ofBritish Physicians, London, 1830 (chiefly by Dr Maemichacl,
partly by Dr Bisset Hawkins and Dr H. H. Southey) ; and Munk,
llollof the Royal College of Physicians of London, 2d cd., 1878,

3 vols. For the modern schools: Hirschel, Gcschichtc des Proven'

^

schen Systems und der Erregungs Theoric, Leipsie, 1846 ; Bonchut,
Histoire de la Medccinc ct des Doctrines Mldicalcs, 2 vols., Paris,

1873 (comparison of ancient and modern sch.ools) ; Buckle, History

of Civilisation in England, 1858-61. (J. F. P.)

MEDINA, or ratlicr El-Med1na (the city), or Medinat
RasiSl AllAh (the city of the apostle of God), a town
of the Hij.-^z in Arabia, in 25° N. lat., 40 E. long.,^ the

refuge of Mohammed on his fliglit from Mecca, and a

renowned place of Moslem jiilgrimage, consecrated by
the possession of his tomb. The name El-Medina goes

back to the Koran (sur. xxxiii. 60); the old name was
Yathrib, the Lathrippa of Ptolemy and lathrippa of

Stephanus Byzantius.

' Tliis can only be viewed as a very rough estimate. The road from
Yanbu on the Rett Sea, which runs somewhat north of cast, is by
Burton's estimate 132 miles. From Medina to Mecca by the inland or
high road he makes 243 miles. The usual road near the coast by
Riibigh and Kholeys and thence to W. Fitinia cannot be very differ-

ent in Isngth. Caravans traverse it in about ten or eleven days.

15—30

Medina stands in a sort of basin at the northern

extremity of an elevated plain, on the western skirt of the

mountain range which divides the Red Sea coast-lands

from the central plateau of Arabia. At an hour's distance

to the north it is dominated by Mount Ohod, an outlying

spur of the great mountains, which is now visited by the

pious as the scene of the weU-known battle (see

Mohammed), and the site of the tomb and mosque of the

Prophet's uncle Hamza. To the cast the plain is bounded
by a long line of hills eight or ten hours distaivt, over
which the Nejd road runs. A number of torrent courses

(of which W. Kandt to the north, at the foot of Mount
Ohod, and W.'Akfk, some miles to the south, are the most
important) descend from the mountains, forming consider-

able streams and pools after rain, and converge in the
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iii:ij(lilioiii'hn()fi of liip tiiwii tn unite furtlifi' west al a piace

i-iilled ZagliAba, whtr.ce tliey descend to tlie sea througli tho
" luuuntaiiis of the TiUAma "—the rough country between

^Medina and its port of Yanbu—under the name of

MV. Idam. Southwards from Medina the plain extends

unbroken, but with a slight rise, as far as the eye can

reach. The convergc^nce of torrent courses in the neigh-

bourhood of Medina makes this one of the best-watered

-spots in northern Arabia. The city lies close to one of the

great volcanic centres of the peninsula, which was in

violent eruption as late as 13GG a.d., when the lava stream

approached within an hour's distance of the walls, and
dammed up W. Kan4t. The result of this and older pre-

Jiistoric eruptions has been to confine the underground
water, so important in Arabian tillage, which can be reached

at any point of the oasis by sinking deep wells. Many of

the wells arc brackish, and the natural fertility of the

volcanic soil is in many places impaired by the .salt with

which it is impregnated ; but the date palm grows well

everywhere, and the groves, interspersed with gardens and
tnrn-fields, which surround the city on all sides except

*hc we.5t, have been famous from the time of the Prophet.

'!'lms situated, Medina was originafly a city of agriculturists,

nut like Mecca a city of merchants ; nor, apart from the

indispensable trade in provisions, has it ever acquired

commercial importance like that which Mecca owes to the

pilgrimage.^ Landowners and cultivators are still a chief

element in the population of the city and suburbs. The
latter, who are called NawAkhila, and more or less openly

profess the Shf a opinions, form a sort of separate caste,

marrying only among themselves. The townsmen proper,

on the other hand, are a very motley race.^ The
mechanical arts, which the true Arab despises, are chiefly

tiractised by foreigners. New settlers remain behind with

'"ach pilgrimage ; and the many offices of profit connected

with the mosque, the stipends paid by the sultan to every

inhabitant, and the gains to be derived by pilgrim-cicerones

(Muzawwirs) or by those who make it a business to say

prayers at the Prophet's mosque for persons who send i].

Tee from a disbimce, as well as the alms which the citizens

.ire accustomed to collect when they go abroad, especially

in Turkey, keep up an idle population greatly in excess of

that which the district would naturally support in the

present defective state of agriculture. The population of

the city and s^ibnrbs may be from 10,000 to 20,000 souls.

) The city proper is surrounded by a solid stone wall,^

with towers and four massive gateways of good architecture,

forming an irregular oval running to a kind of angle at the

north-west, where stands the castle, held by a Turkish

garrison. The houses are good stone buildings similar in

style to those of Mecca; the streets are narrow but clean,

and in part paved.'" There is a copious supply of water

conducted from a tepid source at the village of KubA,

2 miles south, arid distributed in underground cisterns in

each quarter.'' The glory of Medina, and the only im-

* The pilji-iniage to Medina, tliough highly nK'ritorious, is not obli-

gatory, .ind it is not tied to a single season, so tliat there is no great

concourse at one time, and no fair like tliat of Mecca.
- A small Lumber of families in Mecca still claim to represent the

ancient Ansar, the " defenders " of Mohammed. But in fact the bid

population emigrated en masse after the sack of Medina by Muslim in

68o, and passed into Spain in the armies of MusA. In the 13th century

one old man of the Khazraj and one old woman of the Aus tribe were

all that remained of tlie old stock in Medina (Makkari, i. 187; Dozy,

Mits. d'Espagne, i. 111). The aristocratic family of the Beni ^Toseyu,

who claim descent from tho martyr of Kerbela, and so from the

iProphet, have apparently a better e'.t.iblished pedigree.

' According to Ibn Khallikan (Slam-'s transl., ill. 927) the walls

:ir« of tho 12th century, the work of Jomal el-Din el-Ispahini.

* Tho Bftlat or great paved street of Medina, a very unusual feature

m ao Eastern town, dates from the 1st century of Islam. See Wusten-

leld'e »bstr«ct of Samhudi, p. 11.1.

" Kiibi is lamoua as the place where the prophet lived before he

ptii-tant building, is the nio.'iquc of the Prophet, in ihe

eastern part of the city, a spacious enclosed court between

400 and 500 feet in length from north to south, aiul two-

thirds as much in breadth. The minarets and the lofty

dome above the sacred graves uie imposing features, but

the circuit is hcuuned in by houses or narrow lanes, and is

not remarkable except for the principal gate (BAb el-SalAm)

at the southern end of the west front, facing the sacred

graves, which is richly inlaid with marbles and fine tiles,

and adorned with golden inscriptions. This gate leads

into a deep portico, with ten rows of pillars, running along

the southern wall. Near the further end of the portico,

but not adjoining the walls, is a sort of doorless house or

chamber hung with rich curtains, which is supposed to

contain the graves of Mohammed, Abubekr, and 'Omar.

T(j the north of this is a smaller chamber of the same kind,

draped in black, which is said to represent the house or

tomb of Filtima. Both are enclosed within an iron railing,

so closely interwoven with. brass wire-work that a glimpse

of the so-called tombs can only be got through certain

apertures where intercessory prayer is addressed to the

prophet, and pious salutations are paid to the other saints."

The portico in front of the railing is not ineffective, at least

by night light. It is paved with marble, and in the eastern

part with mosaic, laid with rich carpets; the southern wall

is clothed with marble pierced with windows of good stained

glass, and the great railing has a striking aspect ; but an

air of tawdriness is imparted by the vulgar painting of the

columns, especially in the space between the tomb a,nd tho

pulpit, which has received, in accordance with a tradition

of the Prophet, the name of the Garden (rauda), and is

decorated with barbaric attempts to carry out this idea in

colour." The throng of visitors passing along the south

wall from the Bab el-SalAm to salute the tombs is separated

from the Garden by a wooden partition about 8 feet high,

painted in arabesques. The other three sides of the interior

court have porticos of less depth and mean aspect, with

three or four rows of pillars. Within the court are tho

well of the Prophet and some palm trees said to have been

planted by FAtima.

The original mosque was a low building of brick roofed

with palm branches, and much smaller than the present

structure. The wooden pulpi; from which Mohammed
preached appears to have stood on the same place with

the present pulpit in tho middle of the south portico.

The dwelling of the I'rophet and the huts of his women
adjoined the mosque. Mohammed died in the hut of

'Aisha, and was buried where he died; Abubekr and

'Omar were afterwards buried beside him. Now in 711

A.D. the mosque, which had previously been enlarged by
'Omar and "Othnuln, was entirely reconstructed on a

grander scale and in Byzantine style by Greek and Coptic

artificers at the command of the caliph Walid and under the

direction of 'Omar ibn 'Abd el- Aziz. The eidarged plan

included the huts above named, which were pulled down.

Thus the place of the Prophet's burial was brought within

the mosque; but the recorded discontent of the city at

this step shows that the feeling which regards the tomb as

the great glory of the mosque, and the pilgrimage to it as

the most meritorious that can be undertaken except that

to Mecca, was still quite unknown. It is not even certain

entered Medina, and the site of the first mosque in which he prayed.

It lies amidst orchards in the richef-t part of the oasis

*The space between the railing and the tomb is seldom entered

except by the servants of the mosque. It contains tho treasures of

the mosque in jewels and plate, which were once very considerable but

have been repeatedly plundered, last of all by the Wabhabis iu tho

beginning of the present century.
' The^vord rauda also means a mausoleum, and is applied by Ibn

Jubair to the tomh itself. Thus the tradition that the space between

the ytulpit and toml) was called by the Prophet one of the gardens of

Paradise probably arose from .a mistake.
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what was done at this time to mark oS the graves. Ibn
Abd Rabbih, in the beginning of the 10th century (Ikd,
Cairo ed., iii. 366), describes the enclosure as a hexagonal

wall, rising within three cubits of the ceiling of the portico,

clothed in marble for more than a man's height, and above
that height daubed with the unguent called khaliik. This

may be supplemented from Istakhrl, who calls it a lofty

house without a door. That there are no gravestones or

visible tombs within is certain from what is recorded of

occasions when the place was opened up for repairs. Ibn
Jubair (p. 193 sq.) and Samhiidl speak of a small casket

adorned with silver, fixed in the eastern wall, which was
supposed to be opposite the head of the Prophet, while a

silver nail in the south wall indicated the point to which
the corpse faced, and from which the salutation of

worshippers was to be addressed (Burton misquotes).

The European fable of the cofEn suspended by magnets
is totally unknown to Moslem tradition. The smaller

chamber of FAtima is pretty modern. In the time of Ibn
Jubair and of Ibn Batilta (unless the latter, as is so often

the ease, is merely copying his predecessor) there was only

a small marble trough north of the rauda (or grave) which
" is said to be the house of FAtima or her grave, but God
only knows." It is more probable that Fdtima was buried

in the Bakf, where her tomb was also shown in the 12th
century (Ibn Jubair, p. 198 sq.).

The mosque was again extended by El-Mahdi (781
A.D.), and was burned down in 1256. Of its appearance

before the fire we have two authentic accounts by Ibn
'Abd Rabbih early in the 10th century, and by Ibn Jubair,

who visited it in 1184. The old mosque had a much finer

and more regular appearance than the present one ; the

interior walls were richly adorned with marble and mosaic

arabesques of trees and the like, and the outer walls with

stone marquetry ; the pillars of the south portico (seven-

teen in each row) were in white plaster with gilt capitals,

the other pillars were of marble. Ibn 'Abd Rabbih speaks

of eighteen gates, of which in Ibn Jubair's time; as at

present, all but four were walled up. There were then

three minarets. After the fire which took place just at

the time of the fall of the caliphate, the mosque long lay

in a miserable condition. Its repair was chiefly due to

the Egyptian sultans, especially to K4it Bey, whose

restoration after a second fire in 1481 amounted almost to

a complete reconstruction. Of the old building nothing

seems to have remained but some of the columns and part

of the walls ; and, as the minarets have also been rebuilt

and two new ones added, the architectural character is

now essentially Egyptian. The .great dome above the

tomb, the railing round it, and the pulpit, all date from
KAit Bey's restoration.

The suburbs, which occupy as much space as the city

proper, and are partly walled in, lie south-west of the

town, from which they are separated by an open space,

the halting-place of caravans. . Through the suburbs runs

the watercourse called W. ButhAn, a tributary of W.
KanAt, which the Yanbu road crosses by a stone bridge.

The suburbs are the quarter of the peasants. Thirty or

forty families with their cattle occupy a single courtyard

(hosh), and form a kind of community often at feud with

its neighbours. The several clans of Medina must have

lived in much the same way at the time of the Prophet.

The famous cemetery called Baki* el-Gharkad, the resting-

place of a multitude of the " companions " of the Prophet,

lies immediately to the west of the city. It once con-

tained many monuments, the chief of which are described

by Ibn Jubair. Burckhardt in 1815 found it a mere

waste, but some of the mosques have since been rebuilt.

History.—The story of tlio Amalekitus iu Yatlirib and of their

coBipicst by the Ucbrowa iu the time of Moses i:> purely fabulous,

BCD Noldeke, Ueber die Amakkitcr, 1861, \<. 36. Tliu o»»i.i, when i:

first comes into the light of iistory, wiw held bj Jews, among whoir
emigrants from Yemen afterwards settled. From the time of thi

fiiglit of Mohammed (622 A. n.) till the Omayyads removed the seal

of empire from Medina to Damascu.'!, the town springs into liistorit

prominence as the capital of the new power that so rapidly changec
the fate of the East. Its fall was not less rapid and tomplote, and sinct
the liattle of Harra and the sack of the city in 68.3 it lias never re
gained political importance. The history of Medina in this perioo
will be told in the articles Mohammbd and Moqam.hedan Empire
Mohammed invested the conntry round Jledina with an inviolable
character like that of the Harani round Mecca ; but this provision
has never been observed with stiictness. After the fall of the
caliphs, who maintained a governor in Medina, the native emirs
enjoyed a fluctuating measure of Independence, interrupted by the
aggressions of thesherifs of Mecca, or controlled by an intermittent
Egyptian protectorate. The Turks after the conquest of Egypt held
Medina for a time with a firmer hand ; but their rule grew weak,
and was almost nominal long before the Wahhabis took the city in
1804. A Turko-Egj'ptian force retook it in 1812, and the Turks
still maintain a pasha with a military establishment, while the cadi
and chief agha of the mosque (a eunuch) are. sent from Constanti-
nople. But the internal government is largely in Arab hands, and
is said to be much better than that of Mecca.

Sources.—.^ledina has been described from personal observation by Burckhardt,
who visited it in 1815, and Burt'in, who made the pilgrimage in 165S. Sudlicr on
his journey from ^a\it to Yanbu' (1819) was not allowed to enter the holy city.
Burclchardt was prevented by ill health from examining the city and counti-y with
ilis u.sual thoroughness. Little is added to our informaUon by the report of 'Abd
el-R.^zzak, who performed tho pilgrimage in 1878, on a medical commission from
the English Government. The chief Arabic authority besides Ibn 'Abd Rabbih
and Ibn Jubdir is Samhiidf, of whose histoiy WUatenfeM published an abstract in
the Gottinppu Ab/tandlujigen, vol. ix., 1861. It goes down to the end of the IStli
centuiy. The topogi-aphy of the countiy about Medina is intei-estmg both his-
torically and geographically ; Bekrf, Yakift. and other .\i-abic geograpliers supply
much material on this topic, but completer European accounts arc wanting to per-
mit of its full utilization. Medina now offers a more promising, but also a inoro
perilous, field for an exploier than Mecca. (W. H. S.)

MEDINA SIDONIA, a town of Spain, in the province

of Cadiz, and about 21 miles by road westward from that

city, stands at a height of 600 feet above the sea-level, on
an isolated hill surrounded by a cultivated plain. Apar„
from its picturesque airy situation it has nothing to interest

the trawUer; the streets are narrow, steep, and dirty, and
its buildings and ruins are unimportant The occupations

of the inhabitants are connected chiefly with the agriculture

and cattle-breeding carried on in the surrounding district

;

bricks and pottery are also made to some extent The
population in 1877 was 12,234.

Medina Sidonia has been identified by some with the Asiao of

Pliny, but it is uncei-tain whether Jerez is not more probably tho
locality referred to by that name. Under the Visigoths the place
was erected into a bishopric (Assidonia), and attained some im-
portrnce ; in the beginning of the 8th century it was taken by
farik. In the time of Edrisi the province of Shadt'ma or Sbidona
included, among other towns, Seville and Carnio^a ; later Arab
geographers place Shaduna iu the province of Seville. The town
gives its title to the ducal house of Guzmau el Bueno, the hero of

Tarifa (1292).

MEDITERRANEAN SEA. The southern shores of

Europe are separated from the northern shores of Africa

by the Mediterranean Sea. It extends in a generally east

and west direction from longitude 5° 21' W. to 36° 10' E.

Its length from Gibraltar to its eastern extremity in Syria

is about 2100 miles. Its breadth is very various, being

400 miles from the mouth of the Rhone to the Algerian

coast, 500 miles from the Gulf of Sidra to the entrance

to the Adriatic, and 250 miles from the mouth of the

Nile to the south coast of Asia Jlinor. From the very

indented nature of its coasts, the general mass of' the

water is much cut up into separate seas, which have
long borne distinctive names, as the Adriatic, the .^gean,

the Sea of Marmora, the Black Sea, itc. The area

of the whole system, including the Sea of AzofT,

is given by Admiral Smythe as 1,149,287 square

miles. If we deduct that of the Black Sea and Sea of

Azoff, 172,506 square miles, we have for the area of

the Mediterranean proper 976,781, or, roughly speaking,

a million of square miles.

The Mediterranean is sharply divided into two great

priucipil basins, the western aud the enstcru or Levant
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basin.! Tko western possesses a comparatively smooth and

unindented coast-line. It is bounded on the south by the

coast- of Africa and the north coast of Sicily, and it is

further enclosed by the coasts of Spain, France, and Italy,

which form a roughly arc-shaped coast-line. There are

comparatively few small islands in this basin, though some

of the more important large ones occur in it. The eastern

basin is by far the larger of the two, and extends from

Cape Eon to the Syrian coast, including as important

branches the- Adriatic and the ^gean. The latter is con-

iiectcd directly, through the Hellespont, the Sea of Marmora,

and the Bosphorus, with the Black Sea. The entrance to

the western, basin and to the sea generally from the

ocean is through the Straits of Gibraltar in 36° N. lat.

If this parallel bo drawn out through the sea it will be

found that the western basin lies almost wholly to the

northward, and the main body of the eastern one to the

southward of it, the mean latitude of the western basin

being about 39° 30', and that of the eastern basin 35°.

They communicate with each other by the channels separ-

ating Sicily from Italy and from Africa. The former is

kno\vn as the Strait of Jlessina, and is of insignificant size,

the latter is a wide channel apparently without any distinc-

tive name, and generally Shallow. The greatest depth on

the shallowest ridge j-ciifcuing from the African to the

Sicilian coast is under 200 fathoms, and agrees very closely

with the corresponding depth at the entrance to the Straits

of Gibraltar.

Depth.—So far as is at present knowiv, the maximum
depth is pretty nearly alike in' the two basins, being 2040

fathoms in the western and 2150 fathoms in the eastern.

Many lines of soundings have been run in the Mediterranean

for telegraph purposes, and they afford a very good idea

of the general configuration of the bottom. Between

Marseilles and Algiers the depth ranges generally from

1200 to IGOO fathoms; between Naples and Sardinia

from 1500 to 2000; between Alexandria and Rhodes

from 1200 to 1600 ; and between Alexandria and Cyprus

from 900 to 1100. The basin of the Mediterranean really

begins about 50 miles to the westward of Gibraltar. It is

here that the shallowest ridge ftretches across from Africa

to Spain ; the maximum depth on it is probably not more

than 180, and certainly less than 200 fathoms. From

this ridge the bottom slopes quickly westward into the

depths -of the Atlantic, and gently eastward into the

Mediterranean. The depth nowhere reaches 1000 fathoms

until beyond Alboran Island, 120 miles east of Gibraltar.

This is a small low island separated from the mainland on

all sides by water of more than 400 fathoms ; it must

therefore be considered an oceanic as distinguished from

a continental island.' Further to the north, and off the

coast of Valencia, we have the Balearic Islands,—namely,

Majorca, Minorca, Ivi^a, and Formentera. These also

must be considered oceanic islands, and indeed two

groups of oceanic islands. Iviza and Formentera are

isolated both from the Spanish coast and from the other

two islands by water of over 300 fathoms depth; JIajorca

and Minorca are connected by a bank with no more thaa

50 fathoms of water on it. Thirty miles east of Minorca

tliere are more than 1400 fathoms ; beyond that there are

no soundings between the Baleares and the large and

im.gortant group of Corsica and Sardinia. These islands

are continental, being connected with the Italian main-

land by the bank on which Elba occurs, and which is

covered by little over 50 fathoms of w.ater. The-Straits of

Bonifacio, which separate Corsica from Sardinia, are alsb

tfuito shallow, so that Corsica .and Sardinia may be looked

on as a sccondwy p'^ninsula attached to the Tuscan

' C'uiiliiu'iilnl iil.aiuls are tliosc sqi.iratcil from the niaiul.iiul liy

coiufarativcly .•iliallow se.aJj sjcucriillyjAmWr 100 fatbouis. -

shore of Italy by a shallow bank not more than 15 or 20

miles broad, the deep water coming close up all round it.

Almost the same may be said of Sicily, including the Malta

group, but excluding the Lipari group, which is purely

volcanic. From Cape Passaro, in the south-east end of

Sicily, a line can be drawn connecting it with the town of

Triiioli, and without passing over water of more than 300

fathoms. As has already been said, the west end of Sicily,

is connected with the coast of Tunis by a ridge in no part

covered by more tlian 200 fathoms of water. Between'

these two ridges lies a small but comparatively deep basiu

of COO to 700 fathoms. At the western extremity of it

lies the mountainous island of Pantellaria. The bank on

which Malta is situated stretches for nearly 100 miles

in a southerly direction from Cape Passaro in Sicily.j

Opposite, on the African shore, is a similar bank of much
larger dimensions, on which are the small islands Lampion

and Lampedusa belonging to Italy. In the deep channel

between them and JIalta is the small but lofty island;

Limosa., It is entirely volcanic, with an extinct crater on

its north-eastern side, and three smaller ones to the south-,

ward. It resembles the Lipari group off the north coast

of Sicily, which rise abruptly out of deep water, being

connected by no bauk either with the African or the Sicilian

coasts. Some of the Lipari group are still active, Stromboli

and Yulcano being of the number. Off the south coast ofi

Sicily, and between it and the island of Pantellaria, occurs

the famous Graham's shoal, the remains of what was for a

few weeks an island."

The deepest water of the Mediterranean is found in its

widest part between Malta and Crete, and the deep water

comes close up to the Italian and Greek coasts, while ou

the African shore the water shoals more gradually. In the

Strait of Messina, close to Eeggio, there are depths of over

500 fathoms, and similar depths are found inside gulfs

such as those of Taranto (nearly 1000 fathoms), of

Coriuth, Kalamata, and others. Also all through the

jEgean in its many bights and channels very deep water

is met with ; in the Sea of Marmora we have 500 fathoms,'

and in the Black Sea over 1000 fathoms. All along the

south coast of Asia Minor the water is very deep, and the

large islands of Cyprus and Crete are both separated by

very deep water from themainlaod. If we take the eastern •

basin, and run along its western and southern coasts from

the mouth of the Po .along the shore of Italy, Sicily, and

Africa to the mouth of the Nile, and even further along

the Syrian shore, we do not find a single off-lying island

of any importance except the JIalta group, while all along

the eastern and northern coasts from Trieste to Asia Minor

the coast is deeply indented, and the water broken up by

many large and important islands. These islands are

grouped along the west coast of Turkey and Greece, and

i,rregularly throughout the yEgean. The east coast of the'

Adriatic is studded with islands and inlets, aud resembles

in this respect the .lEgean ; the west coast, on the other

hand, is low, and the water off it shallow, and there are

few harbours. The Adriatic stretches in a north-westerly

direction for about 460 miles from its entrance between

- Willi rc^.-.nl to its appearance and disappearauce Admiral Sniytlie

{Mediterranean, p. Ill) says ;
—" It seems tbat, as early as tlie 2Slh

of June 1831, Captain Swinburne, in p,assing nearly over the spot,

felt seveviil shocks of a sea-quake, proving that the cause was then in

operation; but on the 19tli of the following July the crater had

accumuhated to a few feet above the level of the sea, and was in

great activity, emitting v.ast volumes of steam, ashes, and scorite.

From that time it gi-adually increased in all its dimensions till towards

the end of August its circumference was about 3240 feet and ite height

107 ; then from October various changes took place, and it enti rely dis-

ai.poan'd in December." .'^ince that time it h.as changed considerably:

In 1SC3 the least water on it w.as 1.5 feet, it li.as two heads close to.

gethcV:,iind at thodistance of about 20 yards all roVmd there are from

< 7 to 8 fatlioms ot water.
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Cape Sta Maria di Leuca and the island of Corfu to the

Venetian shore in the Gulf of Trieste. Its average width
is about 100 miles. A ridge with little over 400 fathoms

appears to run across its entrance. Inside this the water

rLaches a depth of 765 fathoms, but shoals again rapidly

towards Pelagosa Island, from which to the northward,

including quite two-third3 of the sea, the depth is under

100 fathoms; indeed no part of tho sea within 150 miles

of its northern extremity is over 50 fathoms deep. Thero

is authentic historical evidence of the encroachment of the

Italian shores on the Adriatic, causing thereby a diminution

of its area. As a consequence many towns which were

oirce thriving seaports are now many miles inland ; thus

Adria, which was a station of the Eoman fleet, is now 15

miles inland, and thero are many similar examples. The
large rivers Po and Adige, which bring the drainage of the

soutliern slopes of the Alps to the sea, deliver large

quantities of sediment in the course of the year. The dis-

tribution of this mud is affected, nut only by it.sown weight

tending to make it sink to the bottom, but also by the set

of the currents, which, running up the eastern coast, turn

to the westward and southward at the upper end of the

sea, and so tend to distribute the river mud along the

bottom in the neighbourhood of the Italian coasts. The
fact that towns which were formerly seaports are now
inland does not therefore necessitate the assumption of a

general rise of the land, it is merely a reclamation by
natural agencies of land from the sea at the expense of

the inland mountainoBs country. Precisely similar pheno-

mena are observed in the neighbourhood of the mouths of

the Ulione and of the Nile.

Specific Grai'iti/, Currents, <L-c.—On the specific gravity

Dt Carpenter reports many and interesting observations.

In round numbers, that of the surface- w.ater of the Atlantic

off tho Straits of Gibraltar is 1-0260 to 1-0270, that of the

western basin of the Mediterranean 1 -0280 to 1-0290, and
that of the eastern basin 1 -0290 to 1 -0300, while that of the

Black Sea is 1-0120 to 1-0140, It will thus be seen that

the water of the Mediterranean proper is very much Salter

than either the Atlantic on the wesf or the Black Sea on
the east, and this great density of the water affords a use-

ful means of recognizing it when investigating the inter-

change of waters which takes place at the two extremities

of the sea. Both the temperature and the specific gravity

of the water are evidences of the local climate. The great

concentration of the water shows how dry the, atmosphere

at the surface must be, and how insignificant the contribu-

tions of fresh water. With regard to the balance existing

between the two factors, evaporation and precipitation, it

would be impossible to give figures with any claim to

accuracy, but a rough estimate may be formed by taking

such data as Fischer has given. He puts the rainf-aU over

tho whole Mediterranean drainage area at 759-4 milli-

metres, or almost exactly 30 inches. If wo remember that

the average rainfall of the eastern slopes of Great Britain

is less than 30 inches, and that therefore this may be taken

as the maximum yearly supply to the. North Sea, we may be

sure that tho Mediterranean does not receive more than 30
inches of fresh water in the year. With regard to the rate

of evaporation over the area of the Mediterranean there is

but very meagre information, but wherever it has been

observed it has been found to exceed the rainfall, even as

much as three times. Thus at Madrid it is &5 inches, or

more than four times the rainfall, at Rome 105 inches, and

at Cairo 92 inches. It may therefore without exaggeration

be assumed that tlio evaporation is at least twice as great

as the precipitation. Putting the latter at 30 inches, we
should have 60 inches for tho yearly evaporation, and a

balance of 30 inches evaporation over precipitation. Were
there no provision for making good this deficiency, the

level of tho Mediterranean would sink until its eurfaoe

was so far contracted as to Ip^e no more by evaporation

than would bo supplied by rain. This condition would

probably not bo fulfilled before all the yEgean and Adriatic

and the whole of the western basin west of tho island of

Sardinia were laid dry, and what is now tlie Mediterranean

would bo reduced to two " Dead Seas," one between

Sardinia and Naples and the other between Africa and
tho mouth of the Adriatic. That the level and the

salinity of the Jlediterranean remain constant is duo to

the supply of w-ater which enters at the Straits of Gibraltar,'!

The currents in this passage have frequently engaged

attention both from their scientific and their nautical

interest. The most detailed investigation was that carried

out by Captain Nares and Dr Carpenter -in H.M.S.
" Shearwater" in the year 1871.' From these investiga-

tions it appears that there are usually two currents in tho

Straits at the same time, one su[icrposed on the other.

Both are affected by tidal influence, but, after allowing for it,

there is still a balance of infiow in the upper and of outflow

ia the under current. The waters of the two currents are

sharply distinguished from each other by their salinity.

Further, the unper current appears to affect by preference

the middle of the channel and the African coast, while the

under current appears to crop out at the surface on the

Spanish coast. This distribution, however, is much
modified by the state of the tide, and it must be

remembered that in such places the surface separating the

upper and under currents is rarely, if ever, a Iiorizontal

plape. That there is a balance of outflow over infiow at

the bottom was well shown by the result of soundings aa

much as 200 miles north-west of the entrance of the Straits^'

where, in a depth of 1560 fathoms, water of decided

Mediterranean origin was got from the bottom. Thero can

be no doubt that this outflow of warm and dense Mediter-

ranean water is largely instrumental in causing the com-

paratively very high bottom temperature in the eastern'

basin of the North Atlantic.

We have a.ssumed that the balance of water removed

by evaporation is 30 inches, or 25 'feet. ' If we take the

area of the Mediterranean to be 1,000,000 square miles,

we have the volume of water removed

—

i;=2-5x36 J<;10''=.SO xlC"iCuMcfcet.

This quantity of water has to be supplied from tho

Atlantic -without raising the total quantity of salt in the

sea.. We have seen that the only provisiop for the

removal of the surplus salt is the outward under current

in the Straits. Hence the inward upper current must be

suflicient to replace the water lost both by evaporation

and by the outflow of the under current. We may take

the Atlantic water to contain 3-6 per cent, and the

Mediterranean to contain 3-9 per cent, of salt. In order

that the under current may remove exactly as much salt

as is brought in by the upper one, their volumes must be

in the inverse ratio of their saline contents, or the volume

of the upper current must be to that of the under one ia

the ratio 39 : 36 or 1000: 923; so that only 7-7 per cent.^

of the inflow goes to replace the water removed by evapora-

tion, while the remaining 92-3 per cent, replaces the water

of the under current. We have then for the total volume

of the inward current per annum

V =— « = 1170 xlO'= cubic feet

The width of the Straits from Tarifa to Point Cires ia 8

miles, or 48,000 feet, and the average depth of the stream

may fairly be taken as 100 fathoms-; hence the sectional

area is in round numbers 29,000,000 square' feet.

Proc. Roy. Soc. (1S72), xx. 97, 414.
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pividing the volume by the area we have for the mean

annual flow

29 X 10«

Reducing this to miles per day, we find that if the above

data are correct the inflowing current at the Straits of

Gibraltar ought to be equivalent to a current 8 miles wide,

100 fathoms deep, and running with the uniform velocity

of 18-3 miles in twenty-four hours. As the currents are

revei-sed with the tides thjs is the balance of inflow over

outflow in the upper current. It is worthy of remark that

the flood tide runs to the westward at the surface and the

ebb to the eastward. The following table of tides at places

insidq and outside the Straits will show that the mere

differences of level due to the different tidal ranges at

adjacent localities are sufficient to cause strong local

currents.

MEDITERRANEAN

Platca.



M K 1) I T E R R A N E A N 82;^
wi- are not iiifomicd wIicUilt tlio s.^lf-rcgistfiuig instruments used
wclc protected from pressure or not. Mr Prestwicli,' however, who
hiis collected and critically discussed all the older deep-sea tempera-
ture ohsorvotions, concludes, from a comparison of their results with
(hose obtained by Aime with protected instiunients, that they were
so protected, and admits their results into his tables without
lorrection. In the deep water to tlie northward of the Balearic
Islands D'Urville found in April 1826 54°-5 F. in 270 fathoms, aud
in Mjirch 1829 54°7 at the same depth, and the same temperature
:51 7) in 530 fathoms. Bemrd, experimenting in the sea between
ilie Balearic Islands and Algeria, found the temperature of the deep
v.^iter neirly a degree higher, namely 55°-4 F., in depths of 500 to
1100 fathoms. Aime'' relates Ids own carsful experiments on the
u niperature of both surface and deeper water in the neighbourhood
o! Algiers, and discusses them iu connexion with those of other
observers with very great ability. He concludes from his own
observations and those of Berard that the uniform temperature at
!;reat dejjtlis is 64''-86.F. From a consideration of the general
climate of the Meditenanean, he comes to the conclusion that the
temperature in the deeper layers of the sea ought to be lower than
the annual mean of the surface, and that it ought to he not very
ditferent from the mean surface temperature in the winter months
iTom observations at Toulon and Algiers, he finds that at neither
place does the surface temperature fall below 60° F., and that the
mean surface temperatures in the months December, January
I'ebiuary, March, and April is ot Toulon 53° '06 F. and at Alciera
SO Si F. The mean of these two temperature-s ia 54°'9 F., which is
.almost exactly what he finds to be the. mean annual temperature of
tile dccptst water of the western basin. During the forty years which
havL elapsed since Aime made his experiments and speculations
further observations have only tended to confirm his theory. It is
true that the temperatures observed in the many soundings which
have been made of late years have not shown absolute identity of
temperature, aud it is probable that the greater the refinement in
the instruments used the more decided will the local differences
fipf ear. Especially it will be apparent that the bottom temperature
varies with the climate of the preceding winter, and the distribution
of U-mperature varies much with the prevalence of the winds At
the few stations where the temperature of the sea-water and that
of the air are regularly examined, it appears that the water is
generally for the greater part of the year warmer than the air and
l:i winter considerably so. The existing observations, however are
too few to justify any very definite statement on the subject At
lalermo the sea is warmer than the air throughout the whole
year with the exception of the months May and June. In Algiers
Airae found but little difference ; iu autumn and winter the water
was slightly warmer, in spring and summer slightly colder than
the air. In the eastern basin we have first Admiral Spratt's ob-
servations in July 1845 in yEgina Gulf. In all his experiments
made previous to the year 1860 he determined the temperature of
the bottom water by taking that of the mud brought up in the
dredge This is a very excellent method; in fact it is probably the

i^ I "-.c^. I
>,"'""'.'*','/ * ^"'B"''"t qunntity of mud be obtained.

t loili 1860 ho used self-registering unprotected thermometers which
gave results necessarily too high, jind it is impossible to apply any
reliable correction to them without experimentally determining it
on each thermometer which was used. By the first method
Admual Spratt found 65°-5 F. at depths between 100 and '>00
•athoms.

From these observations it seemed reasonable to conclude asAimc had done, that all over the Mediterranean a practically uni-
form temperature is found at all depths greater than 100 or 200
fatlioms and that this temperature is 54° to 56° F. In order
thoroughly to investigate this matter, as well as the biological con-
ditions of the deep water of the Mediterranean, H M S " Porcupine "
Captain Calver, with Messra Carpenter and Gwyn Jeffreys visited
the western basin of the Mediterranean in the autumn of 1870 A
arge number of temperature observations were madu in the western
basin near its southern coasts, and one sounding with temperature
observation in the eastern basin a short distance from the Sicilian
coast, the result of which was to confirm the conclusion anived atIrom earlier observations, that, however high the temperature of the
surface may be (and it m.ay reach 90° F.), the water becomes rapidly

T, /.f """ 8? ''^•"^ *<= ^"'f''™ """l we reach a depth of about
100 fathoms, where a temperature of 54° to 56° F is found and
persists without sensible variation to the greatest depths

'

The
T."'^%°' ^nil

""' '"'"°'" temperatures in the western basin was
54 S8 t. 1 hree soundings were made in the intermediate basin to
the eastward of Pantellana in depths of 266, 390, and 445 fathoms,
iuiil in each case the bottom temperature was found to be 66°-5 For about a degree and a half warmer than in the deeper western
basin. This is precisely what might have been expected from whatwe know of inland Seas divided into several basins In summer
the shallower basin has usually a higher tem].erature at the bottonv

' Phil. Trans., 1875, part ii, p. 601.
" Ann. Ckcm. ct Phys., 1845, xv. p. C.

than is found at the same depth in Iho deeper one. Only one
observation was made in the eastern basin, namely off Oxyx: j'uMaio,
in 1743 fathoms, with a bottom temperature of 56°0 F. Tliat thi-
temperature in this basin should be lower than in the Pantellana
basin is due to its greater deptli, and that it should bo higher than
IS found in the western basin is due to its lower latitude. These
researches were further prosecuted iu the autumn of 1871 in the
"Shearwater," Captain Nares, acrompanicd by Dr Carpenter, At
two stations in the eastern basin " rerial temperatures " were taken
At the first, 35° 54' N. lat., 16° 23' E. long., depth lOSOiathoms, (ho
bottom temperature was 56°, or the same as had been obseived tho
year before in 1743 fathoiys

; at the second, 32" 17*' N. laU, 26° 41'
E. long., depth 1970 fathome, the bottom temperature was 5?"7,
aud tho temperature at all intermediate depths was much higlicr
than at the first station. The mean temperature of the water ftom
the surface to a depth of 200 fathom.s was, at the first station, 63°75
F., and < the second 66°78 F., or three degrees higher. At the
fii-st station all the temperatures down to 100 fathoms uie higher
than were observed in 1870 in the western basin, but it must bo
remembered that temperature observations made in dilferent yeare
cannot with justice be closely compared, as the climates of the two
years are sure to differ considerably, and in the present case tho
difference in climate between the summers of 1870 and 1871 appears
to have been very considerable.

In the autumn of 1881 a very interesting series of observations
were made by Captain Magnaghi, hvdrographer of the Italian
navy, and Professor Giglioli, on board the Italian surveying ship
Washinglon," in that part of the western basin which is enclosed

between the islands Corsica and Sardinia on the one side and
the Italian coasts on the other. It is here that the deepest water
of the western basin was found; and, apart from the great interest
attaching to the physical results obtained, the collections niado
with the dredge in the comparatively lifeless waters were of the very
highest importance, showing, as they did, a practical identity ia
the abyssal fauna with that of the open ocean". This is the more
remarkable as we have hitherto been accustomed to consider the
similarity in the fauna of portions of the ocean remotely distant
from each other as being due to the likeness of their temperatures.
In the Mediterranean, however, the bottom temperature is quite 20°
F. higher than is found in great depths anywhere in the open
ocean. ^

For determining the temperature of the deep water Captain
Magnaghi used the half-turn reversing thermometer of Ne<T^tti
and Zambra, which in itself is a very beautiful instrument. °Tlie
mechanical arrangement, however, for reversing, even as improved
by Magnaghi, was not so satisfactory, and from certain- irregularitiesm the temperature observations reported the writer is inclined to
think that some of the remarkable results obtained, for instance
on the 11th August, are due to this instrumental imperfection.
On that day the water at 70 metres was found to have a temperature
of 25°1 C, while that at 50 metres was 20°-l C, and that at 90
metres was 16°7 C. The results obtaineJ in the deep w.ater are no
doubt (juite reliable, for the temperature is so uniform that a few
fathoms more or less in the depth at which it turned would make
no difference in the temperature registered. In the more northern
parts of this portion of the western basin, off the coast of Corsica,
we find a practically uniform temperature from 250 metres down to
the bottom in 2800 metres, the mean bottom temperature beinf
55 -96 F. Further to the south the temperature of the abyssal
water appears to be distinctly higher. Thus between the south
end of Sardinia and the Bay of Naples, in the deepest water the
practical uniformity of temperatui-e is not reached until a depth
of 1000 metres has been passed, and it is there 56°7 F. It is un-
fortunate that wo do not know what the bottom temperature in
other parts of the MeditcWaneau was. In this summer of 1881
It was quite one degree higher than that observed by Dr Caroenter
in 1870 '^

The gi-eat value of such a volume of water as an equalizer of t«m-
jierature on its shores must bo apparent, though in this respect it is
niferior to the Atlantic Ocean in its' immediate neighbourhood.
Places on the west coast of Spain and Portugal have a much hi<Ther
winter temperature and lower summfr temperature than pkces
in the same latitude in Italy. The reason of this is simple: on the
Atlantio co.ast the principal winds in winter are from the southwest
and have a warming effect, while in summer the source of the north-
east trade wind is pushed back into the Bay of Biscay, causin<r in this
season constant northerly winds along the coast of Portugal. The
winds of the Mediterranean have no seas of remote lafitudt-s to
draw on either for heating or cooling purposes, though the sanJr
deserts of Africa which bound its .southern coasts have at certain
seasons a very decided influence on the climate. The tempering
action of the sea does not extend very far inland, as is evident
from the climate of inland towns in Italy. As the Mediterranean
shores have so much importance as health-resorts, the data pre-
sented m the foUowing table are of interest. They are taken chiefly
from Theobald ¥'\sa\iar's Uludicn Uber das Klima dcr MUUlmcer'
l<:ndeT,
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Talle of mean January tai^ycraiurc (J.), of mean temperature of

thre<i winter months, Deeemba; January; and Pchruary (W.^,

also Rainfall (R.) in the sainc three months, for plaees on the

IMcditcrranean, wilh those for some othersfor comparison.

riact.
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and forged signaliues of the more pojiular De rtooch,

Metzu, Terborcli, and even of Itcmbraiidt. The honour of

Ci.st recalling the attention of the art-world to this most

original painter belongs undoubtedly to'Thor6, an exiled

Frenchman, who described his Ihiu known works in his

Musees de la UoUande (1858-60), puHished under the

assumed name of W. Biirger. The result of his researches,

continued in his Galcrie Sncrmondt and Galcrie d'Aren-

//(»•</, was afterwards given by him in a cJiarming, though

incomplete, monograph (Gazette des Jicanx-Arts, ISGG,

pp. 297, 458, 542). The task has since bo.~n prosecuted

with success by Havard {Les Artistes UolUmdais), and
by Obreen (N'ederlandsche Kunstgeschiedeiiis, Dl. iv.),

and we are now in a position to refer to Van der Meer's

works. Uis pictures are rarely dated, but, luckily for us,

one of the most important bears the date 1G5G, and thus

gives us a key to his styles. The picture referred to 4s the

only one that has figures of life size. It is the Woman
and Soldier, with other two figures, of the Dresden gallery,

and is painted with remarkable power and boldness,

great command over the resources of colour, and with

wonderful expression of life. For strength and colour

it more than holds its own beside the neighbouring

Rembrandts. To this early period of his career belong,

from internal evidence, the Reading Girl of the same
gallery, the luminous and masterly view of Delft

in the museum of the Hague, La Laitifere and the

small street view, both in the collection of M. Sis van
Hillegom at Amsterdam, Le Soldat et la Fillette qui Rit

of M. Double, the Country House in the gallery at Berlin,

and others. In all these we find the same brilliant style

and vigorous wori, a solid impasto and a crisp spark-

ling touch. His first manner seems to have been
influenced by the pleiad of painters circling round
Rembrandt, a school which we know lost favour in

Holland in the last quarter of the century. During the

last ten or twelve years of his life Van der Jlcer adopted

a second manner. We now find his painting smooth
and thin, and his colours paler 'and softer. Instead of

masculine vigour we have refined delicacy and subtlety,

but in both styles beauty of tone and perfect harmony are

conspicuous. Through all his work may be traced his

love of lemon-yellow and of blue of all shades. Of his

second style typical examples are to be seen in La
Coquette of the Brunswick gallery, in the Woman Reading
in the Van der Hoop collection at the Hague, in the Lady
at a Casement belonging to Lord Powerscourt (exhibited

at Burlington House, 1878), and in the Music Master and'

Pnpil belonging to the Queen (exhibited at Burlington

House, 1876).

^^^n der Meer's works are extremely rare. There is but one in

tlie Louvre, the Lace Jfaker ; Dresden has the two above-nieu-

tioned, wliile Berlin has three, all acquired in theSuermondt collec-

tion, aud the Czernin gallery of Vienna is fortunate in possessing a

tine picture, believed to represent the artist in his studio. In the

Areuberg gallery at Brussels tliere is a remarkable head of a girl,

half the size of life, which seems to be intermediate between his

two styles. Several of his paintings are to be found in private

(breign collections. In all his work there is a singular completeness

ami charm. In rendering momentary e.xpression he is a master, and
his pictures attract by the perfect delineation of character as well as

by the technical skill of the painter. Hia tone is usually silvery

w ith pearly shadows, and the lighting of his interiors is equal and
natural. In all cases his figures seem to move in light and air, and
in this respect he resembles greatlyhis fellow-worker De Hooch, who
entered the guild of St Luke only two years later than Van der

Rlcer. It is curious to read that, at one of the auctions in Amster-
dam about the middle of last century, a De Hooch is jiraised as

being " nearly equal to the famous Van der Meer of Delft." So
nearly are thev allied that the best judges are divided in opinion
whether the Dutch Family ("La Promenade") of the academy
of Vienna should be attributed to our painter or to De Hooch.
Doubtless many of Van der Meer's works have yet to be restored

to their proper author; but, as he is now in vogue, much care will

have to be used in judging. This t* ^fic-cially true in regard to tho

landscapes and "still life' subjects which arc attributed to him.

The task is made more difficult by the divei-sity of style of this
*' Proteaii painter," as he is called by Dr Waagen, or, as Biirger

names him, "the Sphinx of Delft." (J. K W.

)

MEERANE, a rapidly increasing industrial town in

south-eastern Saxony, lies in the district of Zwickau,

af)OHt 37 miles to the south of Leipsic. It contains an old

church, a " Realschule," and a technical school for weavers.

The leading industry is the weaving of woollen and half-

woollen cloth, employing 3000 power-looms and 15,000

hand looms, and producing goods of the annual value of

upwards of £200,000. A large proportion of the cloth is

exported to America and Japan. Meerane also possesses

several important dye-works, besides smaller industrial

establishments of various kinds. The population in 1880

was 22,203.

MEERSCHAUM. This Qerman name is applied to a

certain mineral, in consequence of its lightness, softness, and

white colour, which suggest a resemblance to " sea foam."

In like manner it is called in French ecume de mer. By the

German mineralogist Glocker it was termed sepiollte, in

allusion to its resemblance to the so-called bone of the

sepia or cuttle-fish. Possibly the fact that pieces of

meerschaum, washed out of their matrLx, are occasionally

found floating on the Black Sea, may have led to the

association of the mineral with marine products. Meer-

schaum is an opaque earthy mineral, of white, greyish, or

yellowish colour, compact in texture, and breaking with a

conchoidal or fine earthy fracture ; it adheres to the tongue,

and is so soft as to be scratched by the nail, its degree of

hardness, being about 2 or 2'5. Its specific gravity varies

from 0'988 to 1-279; hence it floats in sea-water until

saturated. Meerschaum is a hydrated silicate of mag-

nesium, represented by the formula Mg2Si30s -HjHjO. '

The value of n, according to some analyses, is 2. Most of

our meerschaum comes from Asia Minor, especially from

the plains of Eski-«hehr, where it occurs in nodular masses,

of variable size and irregular shape, distributed through

the alluvial deposits of the plain, which are systematically

worked for its extraction By means of pits and galleries.

The mineral is associated with magnesite, or carbonate of

magnesium, and has probably been derived from the neigh-

bouring mountains, where a similar carbonate is found in

connexion with serpentine. Meerschaum is found also,

though less abundantly, in Greece and in some of the

Grecian islands ; at Hrubschitz in Moravia, where it occurs

in a serpentinous matrix ; and in Morocco, where it is used,'

when soft and fresh, as a substitute .for soap; while a

coarse ivariety is found at Vallecas near Madrid, and is

employed as a building stone. Meerschaum also occurs in

South Carolina.

By far the greatest quantity of meerschaum is used in the manu-

facture of tobacco-pipes, a purpose for which it is well fitted by its

porosity. The nodnlar masses nre first roughly scraped in order to

remove the red earthy matrix ; they are then dried, scraped again,

and finally polished with wax. In this state the rudely-shaped

nodular pieces are sent from the East principally to Vienna and to

various parts of Gcrinany. The pipe-bowls, after baring been turued

and carved, are rubbed with glass-paper and Dutch rushes ; they

are next boiled in wax, spermaceti, or stearine, and afterwards sub-

jected to careful polishing with bone-ash, chalk, ic.

An imitation of meerschaum for common pipes is made of hard-

ened plaster of Paris, treated with paraflan, and coloured by gam-

boge and dragon's blood. A peculiar preparation, into which

potato largely enters, is said to have been successfully employed in

France as a substitute for meerschaum.

MEERUT, or Mlrath, a district in the division^ of

' The division lies between 27° 38' and 30° 57' N. lat., and between

77° 7' and 78° 42' E, Ion?,, and comprises the six districts of Delira

Dun, Saharanpnr, Jluzaffaniagar, Meerat, Bulamlshahr, .and Al!».arh,'

The area in 1873 was 11,133 square miles;, and the popvdationin 18r2_

4,977,173,
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Meerut and the lieutenant-governorship of the North-

Western Provinces, India, lying between 28° 28' and 29°

IS' N. lat., and 77° 10' and 78° 14' E. long., is bounded

on the N. by Muzaffarnagar district, on the E. by the

Ganges, on the S. by Bulandshahr district, and on the W.
by the Jumna. The area in 1881 was given as 2361

square miles. Meerut forms a portion of the long and
narrow plain lying between the Ganges and the Jumna,
with a very gentle slope from north to south. Though
well wooded in places and abundantly supplied with

mango groves, it has but few patches of jungle or waste

laud to brealv the general expanse of cultivated soil.

Sandy ridges run along the low watersheds which separate

the minor channels, but with this exception the whole

district is one continuous expanse of careful and prosperous

tillage. Its fertility is largely due to the system of irriga-

tion canals, which intersect it in every direction. The
eastern Jumna canal runs through the whole length of the

district, and supplies the rich tract between the Jumna and
the Hindan with a network of distributary streams. The
main branch of the Ganges canal passes across the centre

of the plateau in a sweeping curve, and waters the midland
tract. The Anupshahr branch supplies irrigation to the

Ganges slope. Besides these natural and artificial channels,

the country is everywhere cut up by small water-courses.

The Burh Gang.'i, or ancient bed of the Ganges, lies at

some distance from the modern stream ; and on its bank
stood the abandoned city of Hastinapur, the legendary

capital of the Pandavas at the period of the Mahdbkdrata,

said to have been deserted many centuries before the

Christian era, owing to the encroachments of the river.

The census of 1S72 returned tlie population of the district af

1,276,104, the Hindus numbering 991,226. Among the higher
t.istes Brahinans muster strong (109,804). The Rajputs (botli

Hindus and Mohamuiedaus) number 55,083, and enjoy great social

distinction as landholders ; the Banias, or traders (66,942), also

now hold considerable landed property. The great cultivating

castes are the Chamars (197,273) and Jats (145,514). The Gujars
(60,350) are a pastoral tribe, with an ancient character for plunder
and cattle-lifting, which is now passing away. The Mohammedans
(281,857) are for the most part the descendants of converted
Hindus. The Christian population consists of 2149 Europeans,
142 Eurasians, and 730 natives. Fifteen towns in the district con-
tain a population exceeding 5000 ; namely, Meerut, 81,386 ; Hdpur,
14,544 ; Sardhana, 12,466 ; Garlwnukhtesar, 796-1; Bagpat, 7367 :

Ghaziabid, 7365 ; Shahdara, 7257 ; Baro, 7056 ; Slawana, 6864
;

Pi.khua, 6239 ; Khekara, 6045 ; Tiki'i, 5693 : Kirthal, 5651
;

Basna, 5605 ; Chaprauli, 5594.

Meerut is one of the most flourishing and best tilled districts of
the Doab. Out of a total area of 1,505,824 acres, as many as

1,048,321 were under cultivation in 1881, 281,095 acres being
irrigated by Government works, and 303,526 by private individuals.
The grazing lands comprehended 242,091 acres, and the waste
185,400. The condition both of agricultural labourers and of

artisans and workmen in the towns has considerably improved of
late years. About one-halt the soil is cultivated by the proprietors
themselves, the remainder being about equally divided between
tenants with occupancy rights and tenants-at-will. Rents are paid
in money, and range from 18s. lOd. per acre for the best canal-
watered lands down to 23. 5.Jd. per acre for "dry" unirrigated
soils. The chief exports of the district are grain, cotton, and
indigo ; and the principal imports are Manchester goods, English
hardware, tobacco, drugs, and spices. The chief commercial
centres are Meerut, Ghaziabdd, and Bagjiat. Besides the great
waterways of the Jumna and Ganges, and the navig.able can.als,'

communication is afforded by the East Indian and the Punjab and
Delld Railways ; al.so by 1505 miles of made roads. In 1876 the
district was in tlie administrative charge of four covenanted
civilians, and contained seventeen magisterial and fifteen civil

courts. The gross revenue in 1881 was £248,754, of which
£203,977 was derived from the land-tax ; the cost of officials and
police was £27,520. In 1881 there were 214 schools, attended by
6677 pupils. The comparatively high latitude and elevated posi-
tion of Meerut make it one of the healthiest districts in the plains
of India. The average temperature varies from 57° Fahr. in Janu-
ary to 87° in June. The rainfall is small, less than 30 inches
annually. The only endemic disease in the district is malarial
ft?ver

; but small-pox and cholera occasionally visit it as epidemics.
The authentic history of the district commences with tlie

Jloslem invasions. Until the 11th century it is probable that
Meerut was mainly in the hands of predatory native tribes,

such as the Jats and Dors. The first undoubted Moh.a.mmedan
invasion was that of Kutab-ud-din in 1191, when Meerut town was
taken, and all the Hindu temples turned into mosnues. In 1398
Tiniiif swooped down upon the district, captured the fort of Loni
after a desperate resistance, and put all his Hijidu juisoners to

death. He then proceeded to Delhi, and after his raemorable sack

of that city, returned to Meerut, captured the toun, razed all the

fortifications and houses of the Hindus, and put the male inhabi-

tants to the sword. The firm establishment of the great JIughal

dynasty in the 16th century, under Babar and his successors, gave

iieerut a period of internal tranquillity and royal favour. After the

death of Auraugzeb, however, it was exposed to alternate Sikh and
Maluatta invasions. From 1707 till 1775 the country was the

scene of one perpetual strife, and was only rescued from anarchy

by the exertions of the military adventurer Walter Keinhardt,

ai^terwards the husband of the celebrated Begam Samru, who
established himself at Sardhana in the north, and ruled a large

estate. The southern tract, however, remained in its anarchic

condition under Mahratta exactions until the fall of Delhi in 1803,

when the whole of the country between the Jumna and the Ganges
was ceded by Sindhja to the British. It was foimed into a

separate district in 1818. In the British period it has become
memorable as being the place where the first outbreak of the great

mutiny of 1857 took place.

Meeeut, a city and cantonment in the above district,

is situated about half way between the Ganges and the

Jumna, in 29° 0' 41" N. lat. and 77° 45' 3" K long. The
city proper lies south of the cantonments, and although a

very ancient town, dating as far back as the days of the

Buddhist emperor Asoka {cire. 250 B.C.), Meerut owes its

modern importance to its selection by the British Govern-

ment as the site of a great military station. In 1805 it is

mentioned as "a ruined depopulated town." The canton-

ment was established in 1806, and the population rose

rapidly to 29,014 in 1847, and 82,035 in 1853. In 1872
the census returned the population (exclusive of the

military) at 81,386, viz., Hindus, 47,006; Mohammedans,
33,532 ; Christians, 248. The slight decline of population

between 1853 and 1872 may probably be attributed to

the mutiny of 1857. Most of the streets have a poor

appearance, owing to the hasty manner in which they were

erected. The cantonment, a little to the north of the city,

forms the headquarters of a military division. The prin-

cipal bnilding is the Meerut church with its handsome tall

.

spire. There are also a Pioman Catholic church, mission

chapel, asylum for the relief of Europeans and Christians,

and a club. The Jlall is one of the finest drives in India.

MEGALOPOLIS, a city of southern Arcadia, situated in

a plain about 20 miles south-west of Tegea, on both banks

of the Helisson, about 2i Qiiles above its junction with the

Alpheus. Like Messene, it owed its origin to Epamin-
ondas, and was founded in 370 B.C., the year after the

battle of Leuctra, as a bulwark for the southern Arcadians

against Sparta, and as the seat of the Arcadian federal

diet, which consisted of ten thousand men. The builders

of the city were protected by a Theban force, and directed

by ten native oecists, who likewise attended to the peopling

of the new city, which apparently drew inhabitants from
all parts of Arcadia, but more especially from the

neighbouring districts of Majnalia and Parrhasia. Forty

townships are mentioned by Pausanias (viii. 27, S-5) as

having been incorporated in it. It was fifty stadia in

circumference, and was surrounded with strong walls. Its

territory was the largest in Arcadia, extending northward

24 mile.s. The city was built on a magnificent scale, and
adorned with many handsome buildings, both public and
private. Its temples contained many ancient statues

brought from the towns incorporated in it. On the north

side of the Helisson, which divided it into two nearly

equal parts, was the agora with four porticos, the gymna-
sium, a sacred grove, temples to the Lycsean Zeus, Pan
Oinoeis, Rhea, Tyche, the great goddesses (Demeter and

Core), Zeus Philios (with a statue bv Polycletus), Aphro-
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elite, Core, Atliena Polias, and Hera Teleia. Amoug tlio

numerous statuea which stood iu tjio open air the finest

was that of Apollo Epicurius, 12 feet high, brought from

the beautiful temple of Bass;e, which was built by Ictinus,

and is still in great part standing. On the south side of the

river were the theatre, the largest in Greece, the Thersilion

©r hall for the assembly of the Arcadian diet, a house built

for Alexander the Great, with a statno of Zeus Amnion,

the stadium, temples to the Muses, Apollo, and Hermes, to

Aphrodite, to Ares, to Dionysus, to Hercules and Hermes,

to Artemis Agrotera, to Asclepius and Hygiea, to the

son of Asclepius, and to Apollo. Of all these buildings,

with the exception of the theatre, hardly a trace remains

abo>^o ground. The ruins of Megalopolis are near

Siiianou.

Tho foundations of Mcjjalopolis \vero hardly laid when Agesilaus
nii'lcrtook an expedition in the hope of breaking up the union of

\v!il..-li it was the visible sign and capital. He accomplished
notliin?, aud had hardly reached home when the Thebans and
Ihfir allies under Epaminondas and Pelopidas entered the Pelopon-
nesus and mai'ched through Laconia almost unopposed. After the
departure of Epaminondas, Lycomedes of Mantinea succeeded in

drawing the Areadian federation away from its alliance with Thebes,

in const qu'jnce cf which it had to make common cause with Athens
An attempt on tho i';irt of the federation to use the treasures of tho
temple of Zi us at Olynipia led to internal dissensions, so that ni

tlio battle of j\Iantinca (3C2) one half of the Arcadians fouglit on
the side of tlie Spartans, the other on that of the Thebaus. After
this battle many of the inhabitants of Megalopolis sought tu return

to their former homes, and it was only by the assistance of three

thousand Thebans under Pammenes that the authorities were able

to prever.t them from doing so. In the year 352, when Thebes had
her hands full with the so-called Sacred War, the Spartans made an
attempt to reduce Megalopolis ; but the Thebans promptly sent
jissistance, and the city was rescued. Not sure of this assistance,

the Megalopolitans had appealed to Athens, an appeal which gave
occasion to Demosthenes 's oration Tlepl MeyaKoiroXnaii'. The
Spartans were now obliged to conclude peace with Megalopolis f.nd

acknowledge her autonomy. Nevertheless their feeling of hostility

did not cease, and Megalopolis consequently entered into friendly
relations with Phihp of Maoedon. Twenty years later, when the
Spartans and their allies rebelled against the power of Macedon,
Megalopolis remained firm in its allegiance, and was subjected to
a siege of considerable duration. After the death of Alexander,
Megalopolis was governed by native tyrants. In the war between
Cassander and Polysperchon it took part with the former, and was,
in consequence, besieged by the latter. On this occasion it was able
to send into the field an array of fifteen thousand. In 234 E.c.

Lydiades, the last tyrant of Megalopolis, voluntarily resigned his
power, and the city joined the Aeha;an league. In consequence of
this it was once more exposed to- the hitter hatred of Sparta. In
222 C'leomenes took and plundered it, and killed or dispersed its

inhabitants, but iu the year following it was restored aud its

inhabitants reinstated by Philopoeinen, a native of the city- At
this time the circuit of its walls always too great, seems to have
Iieen contracted. At all events it never again attained political
importance, and gradually sank into insignificance. The only great
men whom it produced were Philopcemen and Polybius the his-
torian. Lycortas, the fatlier of the latter, may be accounted a thu-cl
In the time of Pausanias the city was mostly in ruins.

IMEGALOSATJRUS. See Bjiptiles.

MEGAPODE, the name given generally to a small but
remarkable Family of birds, highly characteristic of some
parts of the Australian Region, to which it is almost
peculiar. The Mer/apo'Uidx with the Cracidai form that
Jivisioii of the Order Gal/iiix named by Professor Huxley
Perhteropodes {Proc. Zool. Society, 1868, p. 29G), and
morphologically seem to be the lowest of the Order, with
which apparent fact may perhaps be correlated their singular
habit of leaving their eggs to be hatched without incuba-
tion, burying them in the ground (as many Reptiles do) or
heaping over them a mound of earth, leaves, and rotten
wood. This habit attracted attention more than three
hundred years ago,^ but the accounts given of it by various

' Antonio Pigafetta, one of the surrivors of JIagellan s glorious but
disastrous voyage, records in liis journal, un.Ier date of April 1521,
among the peculiarities of the Pliilijjpiiie Islands, then first discovered
by Europeans, tho existence of a bird there, about the si2e of a Fowl,

travellers were getierally discredited by naturalists,- and

as examples of the birds, probably from their unattractive

plumage, appear not to have been brought to Europe, no

one of them was seen by any ornithologist or scientifically

described until near the end of the first quarter of tho

present century. The Cret member of the Family to

receive authoritative recognition was one of the largest,

inhabiting tho continent of Australia, where it is known as

the Brush-Turkey, and was originally described by Latham
in 1821 under the name of the New-Holland Vulture, a

misleading designation which he subsequently tried to

correct on perceiving its Galline character. It is tho

Tale<j<illus Jaihami of modern ornithologists, and is nearly

the size of a hen Turkey. Sis smaller species of the

same genus have since been described, all from New
Guinea or the neighbouring islands, but two of them, T.

pyrrhopyfims and T. hrityni, have been separated to form a

group jEpypodhis. The Australian bird is of a sooty-

brown colour, relieved beneath by the lighter edging of

some of the feathers, but the head and neck are nearly

bare, beset with iine bristles, the skin being of a
deep piukish-red, passing above the breast into a largo

wattle of bright yellow. The tail is commouly carried

upright and partly folded, something like that of a domestic

Fowl
The next form of which we may speak is another

inhabitant of Australia, commonly known in England as

tho Mallee-bird, but to the colonists as the " Native

Pheasant"—the Lipoa ocellata, described by Gould in the

zoological Proceedings for 1840 (p. 126), which has much
shorter tarsi and toes, the head entirely clothed, and the

tail expanded. Its plumage presents a pleasiug combinar
tiou of greys and browns of various tints, interspersed

with black, white, and buff, the wing-coverts aud feathers

which laid its eggs, as big as a Duck's, i. he sand, and left them to bo
hatched by the heat of the sun {Premier Voyage autour dit, Jfotide,

ed. Amoretti, Paris, A-R. ix. p. 88). More than a hundi'ed years
later the Jesuit Nieremberg, iu his Hisioria jyaturiE, pubhshed at

Antwerp in 1635, described (p. 207) a bird called "Dale,'' and by
the natives named " Tapun," not larger than a Dove, which, n'itli its

tail (!) ar.l feet, excavated a nest in sandy places and laid therein
eggs bigger than those of a Goose. The publication at Kome iu
1651 of Hei-nandez's Mist. Avium- Novse Hispanic shews that his

papers must have been accessible to Nieremberg, who took from them
the passage j^st mentioned, but, as not unusual with him, inisprinte<l

the names which stand in Hernandez's work (p. 56, cap. 220) *' Daic
'*

and '

' Tapuni " respectively, and omitted his predecessor's important
addition "Viuit iu Pliilippicis." Not long after, the Dominican
Navanete, a missionary to China, made a considerable stay iu the
Philippines, and returning to Europe in-1673 wrote an account of the
Chinese empire, of which Chm-chill {Collection of Voyages and Travels,

vol. i.) gave an English transLation in 170i. It is therein stated

(p. 45) that in many of the islands of the Malay Archipelago "there
is a vei-y singular bird call'd Tabon,*' and that *' What I and many
more admire is, that it being no bigger in Body than an ordinary
Chicken, tho' long legg'd, yet it lays an Egg larger than a Gooses, so
that the Egg is bigger than the bird itself. ... In onler to lay its

Eggs, it digs in the Sand above a yard in depth; after laying, it tills

up the hole and makes it even with the rest ; there the Eggs hatch
with the heat of the Sun and Sand." He adds further information
which need not be quoted here. Gemelli Careri, who travelled from
1663 to 1699, and in the latter year published an account of his
voyage round the world, gives simil.ar evidence respecting this remark-
able bird, which he calls "Tavon," in the Philippine Islands (Toy.
dii tour du Monde, ed. Paris, 1727, v. pp. 157, 158). The Meg.apode
of Luzon is fairly described by Camel or Camelli in his observations
on the Bii-ds of the Philippines communicated by Petiver to the Royal
Society in 1703 {Phil. T,-.'ns., xxiii. p. 139S). In 1726 Valentyn
published his elaljorate work on the East Indies, wherein (deel hi.
hk. V. p. 320) he very correctly describes the Megapodo of Anihoiua
under the name of " Malleloe," and also a larger kind found ui Celebes,
so as to shew he had in tlie coui-so of his long residence in the Dutch
settlements become personally acquainted with both.

^ Thiu Willughby {Omithologia, p. 297), or Ray for him, irho li.ail,

however, only Nieromberg's evidence to cite, and they can scarcely be
blamed for their hesitation, considering tlie iiMinbcr of other nian'cls
narrated by tho same worthy father. Bumm also {Oiscnnx, ix. p.
430) was just .is sccpt-'al in regap' to the r.-|..qion of CarerL
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of the back bearing ench near the tip an oval or subcircular

patch, whence the trivial scientific name of the bird is

given, v.hile a stripe of black feathers with a median line

of v/hite extends down the front of the throat, from the

chin to the breast There is but one speciea pf this genus

known, as is also the case with the next to be mentioned,

which is a singular bird long known to inhabit Celebes,

but not fully described until 1846,' when it received from

Salomon Miiller(/)rcA. /. Iltaturgcschichle, xii. pt. 1, p. IIB)

the name of Macrae^ ^
kalon maleo, but, being shortly

afterwards figured by Gray and JlitcheU (Gen. Birds, iii.

pj. 123) under the generic term of ilegacephahn, has since

commonly borne the latter appellation. This is a very

remarkable form, bearing a helmet-like protuberance on
the back of Its head, all of which as well as the neck is

bare and of a bright red colour ; the plumage of the body
is glossy black above, and beneath roseate-white.

Of tlie Megapodes proper, constituting the genus
Mcgapojius, many species have been described, but authori-

ties are greatly at variance as to the validity of several,

and here it would be impossible to name allthat have been
supposed to exist. Some are only known from very young
examples—mere chickens ; and some have even been
described from their eggs alone. In 1870 ilr G. K. Gray
enumerated twenty species, of which sixteen were repre-

sented in the British Museum, and several have been
described since ; but ten years later Professor Schlegel

recognized only seventeen species, of which examples of

twelve were contained in the Leyden Museum (Mus. des

Pai/s-Bas, viii., Monogr. il, pp. 5G-86), while M. Oustalet,

in his elaborate monograph of the Family (Ann. iSc. Kat.,

Zoologie, ser. G, vols. s. and si.), admits nijieteeu species.

The birds of this genus range from the Samoa Islands

in the east, through the Tonga group, to the New He-
brides, the northern part of Australia, New Guinea and
its neighbouring islands, Celebes, the Pelew Islands, and
tli.e Ladrones, and have also outliers in detached portions

of the Indian Region, as the Philippines (where indeed
they were first discovered by Europeans), Labuan, and
even the Nicobars—though none are known from the
intervening islands of Borneo, Java, or Sumatra. Within
what may be deemed their proper area they are found.
Bays Mr Wallace (Geogr. Distr. Animals, ii. p. 341) "on
the smallest islands and sand-banks, and can evidently

pass over a few miles of sea with ease." Indeed proof of

their roaming disposition is afforded by the fact that the
bird described by Lesson (Voy. Coquille: Zoologie, p. 703)
as Aleclhelia urvillii, but now considered to be the young
of Megapodim freycineti, flew on board his ship when more
than 2 miles from the nearest laud (Guebe), in an exhausted
state, it is true, but that may be attributed to its extreme
youth. The species of Megapodiits are about the size of

small F.owls, the he^d generally crested, the tail very short,

the feet enormously large, and, with the exception of 3f.

wallacii (Proc Zool. Society, 1860, Aves, pi. 171), from
the Moluccas, all have a sombre plumage.

The extraordinary habit possessed by the Megapodes
generally of relieving themselves of the duty of incuba-
tion, as before mentioned,—a habit which originally

attracted the attention of travellers, whose stories were
on that very account discredited,—as well as the highly
developed condition of the young at birth, has been so

fully described by Gould {Ilandh. B. Australia, ii. pp. 152-
175), G. R. Gray {Proc. Zool. Society, 1861, pp. 292-296),
and Mr Wallace {Mnlny Archipelago, i. pp. 416-419; ii.

pp. 147-149), and so often repeated by other writers, as to

' As Ko Ii.ive seen, it was mentioned i.n 1726 by Tjlentyn, and a
youn^ example av.is in 1S30 descrilii^d nnd figured by Quoy and G.-^im-

.-ird (I'oy. de V AstioUibe : Oiscciux, p. 239, pi. 25) as tlie Mega-
podiiu Tiibrijics of Temminck, a wholly dUTerent bird.

be very commonly known, and here there seems no necessitj-

to enter into further details concerning it. (a. n.)

MEGARA was the name of two GreeK towns, one in

Sicily, which has been already described under Hvbla,
the other on the road from Attica to Corinth. The
country which belonged to the city was called Mcyapi? or

q MeyapiKg ; it occupied the broader part of the isthmus

between Attica, Eoeotia, Corinth, and' the two gulfs, and
its whole area is estimated by Clinton at 143 square miles.

The range of Mount Geraneia exteuds across the country

from east to west, forming a barrier between continental

Greece and the Peloponnesus. The shortest road across

this range passes along the ea.stern side of the mountains,

and the most difficult part is the celebrated Scironian-

rocks, the mythic home of the robber Sciron. The only

plain in the rugged little country was the White Plain, in

which was situated the only important town, Megara. The
town was one of the most important commercial and
colonizing centres of Greece in early times, and there is no
doubt that its trade, like that of Corinth, owed its origin to

the Phcenicians, who found its situation on the isthmus

convenient. It became a Dorian city when that tribe

conquered the Peloponnesus. Like many other cities of

Greece, Megara was formed out of five villages, which
were united on one political foundation ; and this event

must have taken place not later than the middle of the 8th

century. From this time for two centuries Megara was
among the most powerful cities of Greece. Though it had
a harbour called Pegee on the Corinthian Gulf, and
founded a Sicilian colony, ilegara Hybla;a, in 72S B.c.*,

yet it did not long compete with Corinth and Corcyra for

the western trade. Nisaea on the Saronic €tulf was a better

harbour, and gave the Megarians a stronger footing on thei

eastern seas. In order to keep their hold on the Black
Sea trafiic, they founded niunerous trading stations along-j

side of their chief rivals, the people of Miletus : Chalcedon.

aud Byzantium on the Bosphorus, and Astacus and Heraclea-

in Bithynia were colonies of Megara. Wealth and culture

increased in the city ; the country festivals were celebrated

in a mora elaborate and orderly manner, and Susarion of

Tripodiscus first gave literary form to Grecian comedy,

which was soon transferred to Attica.

The situation of Megaris on the istlimus gave it greaC

political power, inasmuch as it commanded all the roads

from the Peloponnesus into continental Greece ; and bo

long as the people continued united under an, orderly

government they maintained their high position. But
the development of education prompted the lower classes

to demand from the nobles an equal shtre in the govern-

ment, and Megara did not, like Athens and Sparta, produce

a constitution which could reconcile the contending parties.

A tyrant Theagenes raised himself to supreme power as

the leader of the popular party ; he made an aqueduct
for the city, and appears to have maintained its power
and splendour. But he was expelled by the nobks about
600 B.C., and for many years Megara was the scene of

continual struggles. The poor, who were indebted to

the rich, refused to pay what they counted exorbitant

interest, and plundered the houses of the nobles. A!

vivid picture of the state of the city in the 6th century

B.C. is preserved in the writings of the poet Theognis, who
belonged to the aristocratic party. Meanwhile Athens was
rising to power, and maintained a long war with Jlegara

for the island of Salamis. The Megarians gradually lost

strength, and finally Solon wrested the island from them'

for ever. They sent three thousand troops to fight at'

Plata;a. In the wars between Athens aud Sparta they
were impelled by jealousy of their neighbours of Corinth
to join the Athenian allianoe, 455-45 ; but tliey soon

found that they were only the subjects of Athene, and finally
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onioUod tlicniaelvcs among tlio allies of Spacta. Tlicy

mifl'ered terribly during the Pelopoimosian War : Athenian

ships blockndcd their haibours and Athenian armies ravaged

their land once or twice every year. The long famine iu

the city is referred to by Aristophanes in the Acharmaus.

'I'lie city maintained a flourishing existence throughout the

Greek and Romau periods, but played a very subordinate

part in history. In the unsettled time when the Koman
empire had decayed, it was often plundered by pirates.

) As regards literature, Megara's chief distinction, besides

the poems of Theognis and the comedy of Susarion, was

the school of phi dsophy founded there by Euclid, a

disciple of Socrates. Tlie coinage of the city is a very con-

fused and difficult subject ; no very early coins can be with

certainty attributed to it. The usual types are ApoUine.

The topography is described.by Pausanias, bk. i. Mcgara
is about four hours' carriage-drive from Athens.

» JIEGATHERIUM is the name given by Cuvier to a

large extinct animal belonging to the order Edentata (see

Mammalia, p. 384). A nearly complete skeleton, found

on the banks of the river Luxan, near Buenos Ayres, and
feent in 1789 to the Koyal Museum at Madrid, long

PTieletoii of tiie Megatherium, from the specimen

of Eughiu

remained the principal if not the only source of infor-

mation with regard to the species to which it belonged,

and furnished the materials for many descri[rtion3, notably
that of Cuvier, who determined its affinities with the

Sloths.^ In lS-32 an impoi-tant collection of bones of the

Megatherium -were discovered near the Eio Salado, and
were secured for the museum of the College of Surgeons of

England, and these, with another collection found at

Luxan iu 1837, and now in the British Museum, supplied

the materials for the complete description of the skeleton

published by Professor Owen in 18S1. Other skeletons

have subsequently been received by several of the Conti-

nental museums, as Milan and Paris, and, consequently,
our knowledge of the organization of the Megatherium, so

far as it can be deduced from the bones and teeth, is as

complete as that of any other animal, recent or extinct.

The remains hitherto spoken of are all referred to one
species, Megatha-inm americanum of Elumenbach, J/, cuvieri

^ A-\ rxcelleiii; vfigure of thi^ skeleton, which unfortun.'itely wns
tncon-octly .irticulotetl, .iml w.nnted the fjveater pnrt of the t.ail, wtis

.published by Ponder and D'Altou in 1821, and lias been frequently
fiL'ppoduced iu subsequent works.

of Desmarest, and are all from the newest or post Tertiary

geological formations of the Argentine liepublic and

I'araguay, or the lands forming the basin of the Rio de la

Plata. Dr Leidy has described, from similar formations iu

Qcoi-gia and South Carolina, bones of a closely allied

species, about one-fourth smaller, wliich he has named il.

minihile. A third species, il tanrillaidi of Lund,' is

founded upon remains found in Brazil.

The following description will apply especially to the

best-known South American form, Mcgallieyium ameri-

canum. In size it exceeded any existing land animal

except the elephant, to which it was inferior only in con-

sequence of the comparative shortness of its limbs, for in

length and bulk of body it was its equal, if not superior.

The full length of a mounted skeleton from the fore part

of the head to the end pf the tail is 1 8 feet, of which the

tail occupies 5 feet. The head, which is small for the size of

the animal, presents a general resemblance to that of the

Sloth ; the anterior part of the mouth is, however, moie

elongated, and the malar bone, though branched posteriorly

in the same way as that of the Sloth, meets the zygomatic

process of the squamosal, completing the arch. The lower

jaw has the middle part of

its horizontal ramus curiously

deepened, so as to admit of

implantation of the very long-

rooted teeth. In number the

teeth exactly resembte those

of the Sloths, being five above

and four below on each side,

and they are limited to the

lateral parts of the mouth,

front teeth being entirely

wanting. They lesemble

tho.se of the Sloth? also in

their persistent growth, and

in their composition of three

tissues— vaso-dentine, true

dentine, and cement ; but

they are of prismatic or

quadrate form, and the con-

stitnent materials of differerit

densities are so arranged

that, as they wear, two trans-

verse ridges of hard dentine

remain at a greater elevation

than the rest of the tooth,

prod".cing a very efficient

triturating ' apparatus (see figs. 35 and 3G, aiticle Mam-
malia, p. 385). The vertebral column consists of seven

cervical, sixteen dorsal, three lumbar, five sacral, and

eighteen caudal vertebrae. The spinous processes .are

much better developed than in the Sloths, and are all

directed backwards, there being no reversing of the in-

clination near the posterior end of the dorsal series, as in

most active-bodied mammals. In the' lumbar region, the

accessory zygapophyses, rudimentary in Sloths, are fully

developed, as in the Anteaters.

The tail is large, and its basal vertebrje have strong

lateral and spinous processes and chevron bones, indicating

great muscular development. The s;apula resembles that

of the Sloths in the union of the acromion with the cora^

coid, and in the bridging over of the supra-scapular notch,'

The clavicle is complete and very large much resembling

that of man on a large scale. The fore limbs are longer

than the hind limbe. The radius and ulna are both well-

developed, and have a considerable amount of freedom of

movement. The hand is singularly moditied. The first

digit is represented only by a rudimentary metacarpal, but

the nest three are large, and terminate in phalanges

"^^ia^

^ ^-^>

the Museum of the Royal College of Surgeons
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adapted for tlie support of immense claws, the middle one

being especially large. The outer or fifth digit has no claw,

and it may be considered as certain that the weight of the

foot was, in standing and walking, chiefly thrown upon this,

and that it was protected by a callous pad below as in the

existing great Auteater, while the other toes were curved

inwards towards the palm, only cumiug in contact with

the ground by their outer surfaces. Tlie mechanical

arrangements by which the weight of the body was thrown

entirely upon the outer side of the foot are very curious,

and are fully described in Professor Owen's memoir. The

pelvis is remarkably wide, even more so than that of the

Elephant, but it is formed on the same principle as in the

Sloths. The femur is extremely broad and flattened ; the

tibia and fibula are short and strong, and united together at

each end. The hind foot, contrary to the usual rule in the

Jiilentata, is even more singularly modified than the hand.

The ankle-joint is formed upon a peculiar plan, quite un-

like that of the Sloths, or of any other mammal, except the

Megatherium's nearest allies. The calcaneum projects

nearly as far backwards as the fore part of the foot does

forwards. There is no trace of great toe or hallux, or of

its corresponding cuneiform bone. The second toe is

rudimentary. The third has an enormous ungual phalanx,

which, like those of the hand, is remarkable for the immense

development of the bony sheath which is reflected from

its proximal end around the base of the claw. The two

outer toes have large and very peculiarly-shaped, meta-

tarsals, but only small phalanges, and no claws. The

creature probably walked upon the outer edge of the sole,

so that the great falcate claw of the third toe did not come

into contact with the ground, and so was kept in a state

of sharpness ready for use. The foot was therefore formed

upon quite a different principle from that of the Anteaters

or Sloths, though somewhat like the latter in having two

of the toes aborted.

Taking all the various points of its structure together,

they clearly indicate afiinities both with the existing Sloths

and with the Anteaters, the skull and teeth more resembling

those of the former, and the vertebral column and limbs the

latter. It is also not difficult to infer the food and habits

of this enormous creature. That it was a leaf-eater there

can be little doubt, but the greater size and more complex

structure of its teeth might have enabled it to crush the

smaller branches as well as the leaves and succulent shoots

which form the food of the existing Sloths. It is, however,

very improbable that it climbed into the branches of the

trees like its diminutive congeners, but it is far more likely

that it obtained its subsistence by tearing them down with

the great hook-like claws of its powerful prehensile fore

limbs, being easily enabled to reach them by raising itself

up upon the massive tripod formed by the two hind feet,

firmly fixed to the ground.by the one huge falcate claw,

and the stout, muscular tail The whole conformation of

the hinder part of the animal is strongly suggestive of

such an action. There can also be little doubt but that all

its movements were as slow and deliberate as those of its

iBodern representatives.

An idea at one time prevailed that the Megatherium -was

covered externally with a coat of bony armour like that of

the Armaddlos, but this originated in dermal plates

belonging to the Glyptodon, a totally distinct animal,

having- been accidentally associated with bones of the

Megatherium. Similar plates, on a smaller scale, have

indeed Been found in connexion with the skeleton of

both Mylodon and Scelidotherium, animals of the same

family, but never yet with the Megatherium, which we

may therefore imagine with a covering of coarse hair

like that of its nearest living allies, the Sloths and

'Anteaters.

Bibliography.—J. Garrig.a and J. B. Bry, DcscrijKion del fsqui-
Mo (U uiixCuadrtCpcdo inuy corpidento y 7-aro, que se conserva en el

Beat Gahinctc da Historia Natural tie Madrid^ con 5 lamiiias^ fol.,

1796 ; G. Cuvier, iu Aniiales du Museum, vol. v. p. 376, 1804 ^

P.ander aud D'Alton, Das Rieseiifaidthier ahgebildetund beschrielcn,

1821 ; R Owen, " Ou the Megatherium," in Philosophical Trans-
actions for 1851, 1855, 1856, and 1858, republished as a separate

work in 1861 ; J. Leidy, "Memoir on the Extinct Sloth Tribe of

North America," Smithsonian Coniribittions to Knowledge^ vol. vii.,

1855 ; H. Burmeister, Description physique de la B^-piibliqite

Argentine, t. iii. pt. 1, "Mammiferes vivauts et etcints," 1879, p.

285. (W. H. F.)

MEGHNA, a river of India, forming, in the 'lower part

of it's course, the great estuary of the Bengal delta, which
conveys to the sea the main body of the waters of the

Ganges and the Brahmaputra, which unite at Goaldnda in

Faridpur district. The united waters thence roll south

—

a mighty river of great depth and turbidness, sometimes

split up into half a dozen channels by sand-banks . of its

own formation, sometimes spreading out into a widespread

sheet of water which the eye cahnot see across. The river

enters the sea by four principal mouths, enclosing the three

large islands of Dakshin ShAhbazpur, Hatia, and Sandwip.

It is navigable by native boats of the largest burden, and
also by river steamers, all the year through ; but the

navigation is difiicult, and sometimes dangerous, on account

of shifting sand-banks and " snags," and boisterous weather

when the monsoon is blowing. The most favourable season

for navigation is between November and February.

Alluvion and diluvion are constantly taking place, especially

along the seaboard, and in NoAkhAll district the land is

said to have advanced seawards 4 miles in twenty-three

years ; while the islands fringing the mouth are annually

being cut away and redeposited in fresh shapes.

The tidal phenomena of the Heghnd surpass those of

any other Indian river. The regular rise of the tide is from

10 to IS feet, and at springs the sea rushes up in a single

wave, known as the " bore,"—on the MeghnA a justly

dreaded danger to boatmen. It ^is greatest at the time

of the biennial equinoxes, when navigation is sometimes

impeded for days together. The tidal wave is suddenly

beheld advancing like a wall topped with foam of the height

of nearly 20 feet, and at the rate of 15 miles an hour; in

a few minutes all is over, and the river has changed from

ebb to flood tide. A still greater danger is the "storm

wave," which occasionally sweeps up the Meghni in the

shape of cyclones. The latest and most destructive of

these disasters were those of May 1867 and October 1876,

when the whole islands and sea-face of the mainland were

entirely submerged. In the latter calamity it has been

oSioially estimated that about 19 per cent, of the popula-

tion in the mainland portion of NoAkhAlf, and in the islands

of Sandwip and Hatia, were drowned, and that a like

proportion subsequently died of cholera and other diseases

caused by the results of the storm.

MEHADIA, a market-town in the county of Szor^ny,

Hungary, is situated on the Bella-Eeka, or Bereka, 13§

miles north of Orsova, in 44° 55' N. lat., 22° 22' E. long'

The town is small but thriving, and contains Greek

Orthodox and Roman Catholic churches, the ruins of a

castle, and some interesting Roman antiquities. . MeliAdia

is, however, chiefly of importance as the station for the

Hercules Baths, distant about 3 miles east from the town,

and situated in a narrow pass in the romantic valley of the

Cserna. Of the twenty-two hot springs of Mehidia, nine

are now in use, the most powerful one being the Hercules,

which yields about 5000 cubic feet of water per hour.

The springs are all strongly impregnated -with salts of

sulphur, iodine, bromine, and chlorine, and their average

temperature is 70° to 145° Fahr. They are much used for

chronic rheumatism, gout, and cutaneous eruptions, and,

during the season, which usually lasts from the middle of
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>ray to the end of September, are resorted to by over

u thousand visitors. The town of MeUidia has about

2200 inhabitants, principally Roumanians and Germans.

Already in tho times of the Ro:iiaii3 famous for their healing

cfficaoy, tho Thcrmm Hcmtlis {FoiUcs Hcrciilis, Aqum Uercidis)

vcvo tlie resort of emperors, generals, and senators, whose sojourn

there is attested by various inscri|iLions and relics. The town is

tlie situ of tho aneieut Roman colony of Ad Maiiam, near whicii

the Koman roail from the Danube to Dacia passed in its course
j

through the valley of the Cserna. Subsequent to the deslructioir

of the Roman empire the baths fell into disuse until 1735
;
gi-eat

improvements have been elfeeted in them during the present cen-

tury, and recently a ;ipacimis kursaal has been built at the expense

of the Hungarian Government. Tlio fortress of M.'hidia was often

stormed during the wars with the Turks, and notably in 1716, 1738,

and 1.7S9.

MEHEMET ALI, or MoH.iM.MED 'An'. See Egypt,

Vol. vii. p. 760 s'j.

MEHUL, Et;enne Hen'ri (17G3-1817), one of the

most remarkable composers of France, was born at Givet,

in Ardennes, on the 24th of June 1783. His father being

too poor to give him a regular musical education, his first

ideas of art were derived from a poor blind organist of Givet

;

yet such was his aptitude that, when ten yeirs old, he was

appointed organist of the convent of the RiicoUets. In

il775 an able German musician and organist, Wilhelm
Hauser, was engaged for the monastery of Lavaldiou, a

few miles from Givet, and Mehul became his occasional

pupil In his sixteenth year he was taken to Paris by a

military officer, and placed himself under Edelmann, a good

musician and harpsichord player. His first attempts at

instrumental composition in 1781 did not succeed, and ho
therefore turned his attention to sacred and dramatic

music. The great composer Gluck received him kindly,

and gave him advice in his studies. After various delays

and disappointments during his e.florls for sis years to

obtain, at the Grand Opera, a representation of his Coi-a

et Aloiizo, he offered to the Op6ra Comique his Euplirosine

el Coradin, which, being accepted and performed in 1790,

at once fixed his reputation. The critics acknowledged in

it great energy of dramatic expression, and much brilliant

instrumentation, but objected to a general wjint of graceful

melody,—a strange complaint, since his style is far more
refined than that of either Hi5rold or Auber. His opera of

Stratonice had great success. After several other operas

which did not succeed, his Adrien appeared, and added
much to his fame, which was still further increased by his

three best works, Le jeune Henri, Uthal, and Joseph, the

finest of the series. He had been appointed one of the

four inspectors of the Paris Conservatory, but that ofiice

made him feel continually the insufticiency of his early

studies, a want which he endeavoured to remedy by
incessant application. Timoleon, Ariodant, and Bion I

followed Stratonice, with various success. Uthat can
scarcely be expected to live, since, by desire of Napoleon
Bonaparte, it was written for an orchestra without violins.

^jSpicm-e was composed by Mihul and Cherubini jointly

;

but tho superiority of the latter was evident. Mehul's

next opera, L'Irato, failed. After writing forty-two operas,

besides a number of songs for the festivals of the republic,

cantatas, and orchestral pieces of various kinds, his health

gdve way, from an affection of the chest, which terminated

his life on the 18th of October 1817.

MEIBOil, Heineich (1555-1625), was born at Lemgo
on December 4, 1555, and died on September 20, 1625, at

Helmstiidt, where he had held the chair of history and
poetry from 1583. He was a writer of Latin verses

{Parodiarnm Horatianarui^i Lihri III, et Stflvarum Libri

II., 15S8), and his talents in this direction were recognized

by the emperor Rudolph II., who ennobled him and made
him poet laureate in 1590 ; but his claim to be remembered
rests entirely ou his services in elucidating the mediaeval

history of Germany. His Opuscula J/islorica ud re*

Gennaiiicas spectantia were edited and published in IGGO

by his grandson, Heinrich Meibom (1038-1700), who alsj

was professor of history and poetry at Helmstiidt, and

incorporated the grandfather's work with his own AVcmhs

Genmiiiirantin Scriptorcs (1G88).

MEININGEN, the capital of the little duchy of Saxe-

Meiningen, in central Germany, and tlie seat of the pro-

vincial courts for SaxeMeiningen, Saxe-Coburg, and tUo

Prussian districts of Schmalkalden and Schleusingen, is

situated on the right bank of the Wcrra, about 40 miles

to the" south of Eisenach. It consists of an old town and
several handsome suburbs, but much of the former has

been rebuilt in a modern style since a destructive fire in

1874. The 'chief buildings are the Eli.sabethenburg, or

old ducal palace, dating chiefly from 1682, and containing

several collections ; the new palace ; the new town-house
;

the post-office ; the barracks ; and the old town church,'

with its two towers, erected in 1003. The theatre lias

lately attained a European reputation for its admirably

drilled actors and unexcelled scenic effects. The English

Garden, a beautiful public park, contains the ducai

mortuary chapel and several monuments. The industries,

consisting of brewing and the weaving of woollen and
cotton cloth, are insignificant. The population -in 1880
was 11,227.

Meiningeu, which was subject to tlie bishops of, WUrzburg for up-
wards of 500 years (1000-1542), came into the^ possession of tho
dukes of Saxony in 1583. At the partition of 1660 it fell to the
.share of Saxe-Altenburg, and in IGSO it became the capital of

Saxe-Meiningei

MEISSEN, an ancient and important industrial town
of Saxony is situated on the left bank of the Elbe, between
the streams Meisse and Triebisch, in the district and about

9 miles to the north-west of the town of Dresden. Its

irregular hilly site and numerous fine old buildings give

it a quaint and picturesque appearance, and most of the

streets are narrow and uneven. The cathedral, one of

the finest Early Gothic edifices in Germany, is con-

spicuously situated on the Schlossberg, 160 feet above the

town. It is said to have been originally founded by the

emperor Otho I., but the present building was begun in

the 13th century, and completed soon after 1400. The
lofty tower dates from the 15th century. Within the

cathedral are the tombs uf several Saxon princes of the

15th and 16th centuries, including those of Albert and
Ernest, the founders of the present reigning lines. Ad-
joining the cathedral stands the cn.stle, dating originally

from 1473-81, but restored and named Albrechtsburg in

1676. Another thorough restoration was undertaken in

1863, when a series of historical frescos by celebrated

modern artists was begun upon its walls. An old stone

bridge of the 13th century connects the Schlossberg with

the Afraberg, which owes its name to the old convent of

St Afra. The convent was suppressed by Duke ^fcurice

in 1543, and converted into the "Fiirstenschule," •ne of

the most renowned schools in Germany, counting Lessing

and Gellert among its former pupils. The other chief

buildings are the town-house, built in 1479, and restored in

1875; the finre old town church, also called the Franen-

kirche or Marienkirche ; and the churches of St Francis.'

St Nicholas (coeval with the town), and St Afra. Since

1710, immediately after Bottcher's great discovery,

Meissen has been the seat of the manufacture of the so-

called Dresden china. Till 1863 the porcelain factory

was in the Albrechtsburg, but in that year it was
transferred to a large new building in the Triebisch-

tlial, close to the town, where about sis hundred
and seventy hands are now employed. Meissen also

contains iron foundries, manufactories of earthenware

stoves and pottery, a jute-mill, sugar refineries, breweries,
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tanneries, &c. A considerable trade is carried on in

1lie wino produced in the surrov\nding' vineyards. The
liopulatiyn in 1860 was 14,166.

j\rcisscn, one of the oldest and most interesting towns in Saxony,
uas founded by the emperor Henry I. in 928 as an outpost ggainsi;

tlie Wends, and became the capital of a niargraviate, which was after-

wards merged in tire duchy >3f Saxony. Its margraves were among
the most powerful niedia;val piinccs in Ger-: oy, and were the

direct anccstoi-s of the present royal house of faaxony. Fiom 965
till 1581 Meissen was also the seat of an iui[iOrtant line of bishops,

who ranked as iirinces of the empire. The town sulfercd greatly

from the Hussites in the 15tli century, and it was captured by the

imiierial troops in the war of the Smalkaklian League, and again

in tlie Thirty Years' War. In 1637 it was .<,evcrely handled by tlio

Swedes, and in 1745 it fell into the hands of the I'russians.

MEKOXG, Mekiiono, or Makong, less frequently

Nam-Koxc, the Da-Kio of tlie Tibetans, the Lautsang-

Kiang or Lankiang of the Chinese, and the Son-Kong of

the Anamese, sometimes also called the Cambodia or

Camboja, is one of the largest and most remarkable rivers

of southern Asia. As it rises in Tibet, probably about
?4° N. lat. and 1)4° E. long., and reaches the China Sea
nbnut 10° N. lat., after a somewhat devious course through

Yunnan, Burmah, Siam, Cambodia, and Cochin-China, its

total course may be safely stated at 2000 miles. In spite,

liowever, of this great length, the Mekong must be
regarded as little more than a mountain torrent on an
unusually large scale. It certainly forms a very extensive

delta (see Cochin-China, voh vi. pp. 93, 94), and is

navigable for steamboats as far up as Cratieh (about 280
miles from the river mouth), but navigation snon becomes
difficult, not through want of water, but from the great

irregularity of the bed. At Stung-Streng the river

measures about 2 leagues from bank to bank, and its

current is strong even to violence ; it " twists into the

sharpest eddies, and drives against the banks with fury."

A little higher up are the_ great cataracts of Kong,
lieyond these the channel again becomes na\;igable as far

as Bassac, when it is still about 6500 'feet in width; but

before long the banks close in and the river, narrowed to

about 900 feet, poiirs along a current of extraordinary depth.

Above Khemarat the rapids agaiu begin. At I'aklay,

Mouhot describes the Mekong as larger than the Menam
at Bangkok, forcing its way between the lofty mountains
with a noise like the roaring of the sea. About 130
jniles farther up, at Luang-Prabang, it has again an unob-

structed channel about 3000 feet wide ; above Sien-kong

the river winds through a magnificent plain ; but soon

afterwards, in spite of its volume of water, it becomes less

navigable than before. The great French expedition of

18G6-67 touched its course only at one place higher up,

Sien-hong ; but other travellers have crossed it at various

points in Yunnan. Mr Grosvenor found it, near Yung-feng-

chang, at a height of 4700 feet above the sea, a stream of

from 60 to 80 yards wide, flowing smoothly and steadily in

the floor of a deep gorge (see Coleborne Baker, " Trav. and
Ties, in Western China," Hot/. Geoff. Soc. Siippl. Papas,
1882). It is there crossed by an iron suspension bridge, of

Chiuese workmanship, consisting of twelve chains with links

about 1 foot long (see Gill, Rirer of Golden Sand, vol. ii. p.

330). • Higher up, near Tseku mission-station, lies the ter-

rific defile to which Cooper {T)-at'. of a Pioneer of Ccnnmerce,

1871) gave the name of Hogg's Gorge. The head waters

of the Mekong have never been traced to their source
;

but Hue and Gabet saw the confluence of the two main
branches at Tsiamdo (32° N. lat.), and the abbe Desgodina

has followed the stream from that point down to Ye-tche ir»

27° 20' N. lat. (see La Misniou du Thibet, Paris, 1872, and

the abba's papers in Pull. Soc. Gear/., 1871. 1875, 1876, and'

1877). At Yerkalo he observed a curious phenomenon : a

number of wells from 12 to 24 feet deep were sunk down
among the granite pebbles which form the bed of the river,

just above njean-water mark ; and they all yielded water

with 'a greater or less degree of saltness and warmth.

They are covered when the river is in full flood. The river

basin in all the upper section is extremely narro\i, being

separated by long lines of'high mountains from the valley

of the Salwin on the west and from that of the Chin-sha-

kiaug or Piiver of Golden Sands on the east. Not till the

comparatively low country of Siam is reached are there

any affluents of considerable size. The most important are

the Se-uiun and the Udong on the right, and the Attopeu

or Se-Kong on the left. The Se-miiu or Ubon river was
explored as far as Korat by the Lagroe expedition, and its

tributary the Se-dom has been followed by Dr Uarmand
{Pull. Soc. Geoff., 1877). " Both streams have a rapid and
interrupted course. Like the Nile, the Mekong is subject

to a great annual inundation, described as early as the

16th century by Camoens, who calls the river Mecom. At
some places the dift'erence between flood-mark and ordinary

level is from 35 to 40 feet (see Cochin-China). The first

Europeans to make true acquaintance with the river course

were the Dutchman AVusthoS' and his fellow ambassadors,

who in 1641 ascended as far as AVinkyan, i.e., Vienchang;
their narrative is given by Valeutijn, and might have been

enough to suggest that the Mekong could not form a trade

route to the interior. For the French exploration which
finally settled the question, see Garnier's E.rpedition, <S:c.,

1873, and the notice of Gamier in voL x. p. 82.

MELA, PoMPONius, a Roman w-riter on geography.

His little work, though a mere compendium, is the only

systematic treatise on the subject preserved to us in the

Latin language, with the exception of that which forms

part of the encyclopaedic work of the elder Piiny, and
from this circumstance it derives a value to which it would

be little entitled from its intrinsic merits. Nothing is

known of the author except his name, and that he was
born, as he himself informs us, at a small town called

Tingentera in the south of Spain. But the date of liis

work may be fixed with little doubt from an allusion jn

the preface to a proposed expedition of the reigning

emperor to Britain, which can hardly be referred to any
other event than the visit to that island of the emperor

Claudius in 43 a.d. This conclusion is accepted by all

the recent editors ; the view of sonic earlier scholars, who
understood this passage as referring to the expedition of

Julius Ca;sar, is clearly disproved by the mention of

several facts which were not anterior to the reign of

Augustus. The little treatise is not only' a mere abridg-

ment, occupying less than one hundred pages of ordinary

print, but is so deficient in method and systematic character

that we should have supposed it to be little more than a
mere schoolbook, were it not that we find the name of the

author figuring in a prominent manner among the authori-

ties cited by Pliny for the geographical books of liis TSSt

compilation.

His general views of the geography of the earth do not

differ materially from those which were current among
Greek writers from the time of Eratosthenes to that of

Strabo, and are well known to us from the great work of

the latter author, which was, however, in all probability

unknown to Mela, as it certainly was to Pliny. But in

one of his views he stands alone among ancient writers on
geography, that after describing the division of the earth

into five zones, of which two only were inhabitable, he

states as an undoubted fact the existence of mitieht/iones,'

who inhabited the southern temperate zone, but were

inaccessible and consequently unknown to the inhabitants

of the corresponding zone in the north, on account of the

excessive heat of' the. InterveniDg torrid zone. His vieWs
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"iof the divisloii and boundaries of the tbreo continents of

Europe, Asia, and Africa coincide vvitli those of Krato-

alhones; and, in common with all ancient geographers from

the time of Alexander to that of Ptolemy, he regarded the

Caspian Sea as an inlet from the Northern Ocean, corre-

sponding to the Persian Gulf on the south. His ideas

concernias India are extremely confused and imperfect,

—

•altogether interior to those possessed by Greek writers long

before; he follows Eratosthenes in supposing that country

to occupy the south-eastern angle of Asia, whence the coast

trended northwards to Scythia, and tlien swept round

to the westward to the opening of the Caspian Sea. As
usual he places the Rhipaian. Mountains and tlie Hyper-
boreans near the Scythian Ocean, which ha of course con-

nects with that supposed to exist to the north of Europe.

With regard to the west of Europe, on the other hand,

his knowledge was somewhat in advance of the Greek
geographers, as might be expected from the extension of

the Fioman dominion and civilization in that quarter, and
from a writer who was himself a native of Spain. Accord-

ingly we find him possessing a more accurate idea than

either Eratosthenes or Strabo of the western coast-line of

Spain and Gaul, and its deep indentation by a gulf (the

Bay of Biscay) between the projecting headlands of the

two countries. Of Britain, on the contrary, he has little

to tell us, beyond what we find in Csisar or Strabo, though

he appears to have had a clearer idea of the position of the

British Islands than the Greek geographer. He is also

the first ancient writer who mentions the name of the

Orcades or Orkneys, which he correctly describes as a

large group of islands to the north of Britain. Of the

north of Europe his knowledge was still utterly imperfect

;

but he had a vague notion of the existence to the north of

Germany of a large bay, which he calls Codanus Sinus,

containing many islands, large and small, among wliich was
one much larger than the rest,, which he calls Codanovia,

—

evidently the same name that reappears in Pliny under the

form Scandinavia, which has been attached by modern
writers to the great northern peninsula of Europe.

The method followed by Slela in describing the three

continents is peculiar and inconvenient. Instead of treat-

ing each continent separately, and describing the countries

included in it, he begins at the Strait of the Columns (the

Straits of Gibraltar), which was close to his own birthplace,

and describes the countries adjoining the south coast of the

Mediterranean "from Mauretania to Egypt, and afterwards

those around the east coast of the same sea with its

tributary the Euxine, and then back along the north of the

Mediterranean from Scythia to Gaul and Spain. He then

begins again with the countries bordering the western and

northern ocean from Spain and Gaul round to India, and
from thence by Persia and .Arabia to the Ethiopians, and
thence again round Africa to the straits from which he

began. In common with most ancient geographers, he

considered Africa as surrounded by the sea, but had a very

inadequate idea of its extent towards the south.

The first edition of Poroponiiis Jlehv was published in 1471, nnil

it was very often rciniutcJ in the 15th and 16th centuries. Tho
edition of Voss in 1658, with a valuable commentary, became the

foundation of all the subsequent editions, of which those by Gron-

ovius (in 1685 and 1742) are amon;; the best-known and most use-

ful. The edition by Tzschucke, iu 6 vols. 8vo (1806), -contains an
overwhelming mass of notes and commentaries, but by far the best

text is that of the recent edition by G. Parthey (Berlin, 1867), who
has in many instances restored the original readings, which had
boen displaced by the conjectures of Voss and othere. (E. U. B.)

MELANCdTHON, Philip (1497-1560), was born at

Bretten, a town of the lower Palatinate, on February 16,

1497. His father, George Schwartzerd, was a kinsman of

the famous Reuchlin, and by profession an armourer or

cbmmissary of artillery under the Palatinate princes.

Jdi3 mother, Barbara Reuter, was a thrifty housowifs and

affectionate parent, whose pious character la evidenced by

a well-known Gorman rhyme, of which she is tho reputed

author, beginning Alniosm gebm armel uic/U. His mother's

father, John Keutcr, who was for many years mayor of

Eretten, charged himself with the education of Philip.

Taught first by John Hungarus, then by George Simlct

at the academy of Pfortzheim, where he lived in the house

of Pieuchlin's sister, young Schwartzerd exhibited remark-

able precocitj', and speedily won the regard of Ueuchlin,

who dubbed him Melanchthon (the Greek form of Schwartz-

erd), according to the fashion of that age. He lived two

years at Heidelberg, and tho next three at Pieuchlin's

university of Tubingen, where he studied law, medicine,

and theology, taking his doctor's degree in 1514. He
began soon after to give public lectures on rhetoric, and

to comment on Virgil and Terence, and ere long it be-

came known among European scholars that anew brilliant

star of learning had risen on the horizon, Erasmus pro-

phesying that he would himself be speedily eclipsed. In

1518, on Reuehlin's recommendation, Melanchthon was

appointed by the elector of Saxony professor of Greek in

the university of Wittenberg. This appointment marked
an epoch in German university education ; Wittenberg

became the school of the nation ; the scholastic methods of

instruction were summarily set aside, and in a Discourse

on Eeforminf) the Studies of ToiUh Jlelanchthon gave proof,

not only that he had thoroughly caught the Renaissance

spirit, but that he was fitted to become one of its foremost

leaders. He began to lecture on Homer and the Epistle

to Titus, and in connexion with the former he announced

that, like Solomon, he sought Tyrian brass and gems for tho

adornment of God's temple. Luther himself received a

fresh impulse towards the study of Greek, and his transla-

tion of the Scriptures, begun as early as 151?, now made
rapid progress, Melanchthon helping to collate the Greek

versions and revising Luther's translation. Melanchthon

on his part felt tho spell of Luther's lar^e personality and

spiritual depth, and he seems to iave been prepared on

his first arrival at Wittenberg to accept tho new theology,

which indeed as yet existed mainly in subjective form, and

as a living spiritual force, in the person of Luther. ' To
reduce it to an objective system, to e.xhibit it dialcctically,

tiie calmer mind of Melanchthon, with its architectural

faculty and delicate moral tact, was requisite. Theologi-

cally it is impossible to separate Melanchthon from Luther

;

" the miner's son drew forth the metal, the armourer's son

fashioned it." Luther, in whom courage and energy w'ere

too much akin to violence and zealous decision to narrow

intolei-ance, and Melanchthon, whose calm deliberation was

apt to degenerate into vacillation and whose conciliatory

temperament was too much allied to timidity, were each

the fit complement of th6 other.

Melanchthon was first drawn into tho arena of tho

Reformation controversy through the Leipsic discussion,

of which ho was an eager spectator. He had been sharply

reproved by Dr Eck for giving aid to Carlstadt ("Tace tu,

Philippe, ac tua studia cura nee me perturba"), and he

was shortly afterwards himself attacked by the blustering

Ingolstadt doctor. Melanchthon replied in a brief treatise

—a model of Christian moderation—setting forth Luther's

first principle of the supreme authority of Scripture in

opposition to the patristic writings on which Eck so boast-

fully relied. His marriage in 1520 to Catherine Krapp
of Wittenberg increased his own happiness, and gave a

domestic centre to the Reformation. In 1521, during

Luther's confinement in the Wartburg, Melanchthon occupied

the important position of leader of the Reformation cause

at the university. He defended tho action of the Augus-

tinian monks when they substituted for the celebration

of tlit nia-ss the sacrament of the sujiper partaken of bjr

KV. — loj;
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the people under both kimls ; but, on the advent oi the

Anabaptist enthusiasts of Zwickau, he had a still more

difficult part to play. Melanchthon was irresolute. In

their attacks upon infant baptism, they seemed to him to

have hit upon a " weak point " ; and in regard to their

claim to personal inspiration his position was summed up

in his own words, " Luther alone can decide ; on the one

hand let us beware of quenching the Spirit of God, and on

the other of being led astray by the spirit of Satan." In

the same year he published his Loci Communes lierum

Theologicarinn.

After the first diet of Spires (1525), where a precarious

peace was patched up for the Reformed faith, Melanchthon

was deputed as one of twenty-eight commissioners to visit

the Reformed states and regulate the constitution of

churches, he having just published a famous treatise called

the Libellus Visilatorms, a directory for the use of tlie

commissioners. At the Marburg conference (1529) between

the German and Swiss Reformers, Luther was pitted against

CEcolampadius and Melanchthon against Zw^ingli in the

discussion regarding the real presence in the sacrament.

How far the candid conciliatory spirit of Melanchthon was
biassed by Luther's intolerance is evident from the exagger-

ated and inaccurate accounts of the conference written by

the former to the elector of Saxony. At the diet of

Augsburg (1530) Melanchthon was the leading representa-

tive of the Reformation. With anxiety and tears he drew

up for that diet the seventeen articles of the evangelical

faith, which are known as the " Augsburg Confession."

He held conferences with Romish divines appointed to

adjust differences, and afterwards wrote an Apoloc/y for

the Augshurg Confession. After the Augsburg conference

further attempts were made to settle the Reformation

controversy by a compromise, and -^Melanchthon, from

his conciliatory spirit' and facility of access, appeared

to the Romanists the fittest of the Reformers to deal

with. His historical instinct led him ever to revert to

the original unity of the church, and to regard subse-

quent Romish errors as excrescences rather than proofs

of an essentially anti-Christian system. He was weary

of the rabies tkeotogorum, and fondly dreamed that the

evangelical leaven, if simply tolerated, would at length

purify the church's life and doctrine. In 15.37, when
the Protestant divines signed the Lutheran Articles of

Snialkald, Melanchthon appended to his signature the

reservation that he would admit of a pope provided he

allowed the gospel and did not claim to rule by divine right.

The year after Luther's death, when the battle of

Miihlb6rg (1547) had given a seemingly crushing blow to

the Protestant cause, an attempt was made to weld together

the iron and clay of the evangelical and the papal doctrines,

which resultedin the compilation by Pflng, Sidonius, and

Agricola of the Augsburg "Interim." This was proposed

to the two parties in Germany as a provisional ground

of agreement till the decision of the council of Trent.

Melanchthon, on being referred to, declared equivocally

that, though the Interim was inadmissible, yet so far as

matters of indifference (adiap/iora) were concerned it might

be received. Hence arose that " adiaphoristic " controversy

in connexion with which he has bueu misrepresented as

holding among matters of /indifference such cardinal

doctrines as justification by faith, the number of the

sacraments, as well as the dominion of the pope, feast-days,

and so on. The fact is that, in these tentative negotiations,

Melanchthon sought, not really to minimize differences, but

to veil them under an intentional obscurity of expression.

Thus ho .lUuwcd the necessity of good works to salva-

tion, but not in the Romish .scn.^c, i)rnposcd to allow the

seven sacrauienta, but only as rites which had no inherent

cUicacy to salvotion, and .so on. lie afterwards retracted

his compliance with the adiaphora, ana never really

swerved from the views set forth in the Loci Communes

;

but he regarded the surrender of more perfect for le.ss

perfect forms of truth or of expression as a painful sacrifice

rendered to the weakness of erring brethren. Luther,

though he had uttered certain expressions of dissatisfaction

with Melanchthon, and had more keenly defended in his

last years what was distinctively his own, yet maintained

hearty and unbroken friendship with him ; but affei

Luther's death certain smaller men arose in name of Luthej

who formed a party emphasizing the e.xtremest points of the

doctrine of the latter. Hence the later years of Melanch-

thcui were much occupied with acrid controversies within

the evangelical church ; an account of these, however,

would be out of place here. His last years were spent in

fruitless conferences with his Romanist adversaries, and
amid various controversies among the Reformed, but the

flame of his piety burnt brightly till the close. He died

in his sixty-third year, on the 19th April 1560, and his

body was laid beside that of Martin Luther.

Melanchthon 's ever ready pen, clear thought, and elegant stylo

made him the scribe of the Keloimatlon, uiost public document.s on
th.at side being drawn up 'by him. He never attained entire iu-

dependenee of Luther, though he gradual!}' luoditied some of liis

positions from those of the pure Luthensm with whicli lie set out.

His development is chiefly noteworthy in regard to these two lend-

ing points—the relation of the cvangclium or doctrine of free giace

(1) to flee will and moral ability, and (2) to the law and poniitciitia

or the good works connected with repentance. At lii'st Luther's
cardinal doctrine of grace appeared to Slclanchthon inconsistent

with any view of free \i'ill ; and, following Luther, he renounced
Aristotle and philosopliy in general, since "philosoidiera attribute

everything to human power, while the sacred writings represent

all moral power as lost by ^le fall." In the first edition, of tlio

Loci (1521) he held, to the length of fatalism, the Angvistinian

doctrine of irresistible grace, working according to God's ininiutable

decrees, and denied ifieedom of will in matters civil and religious

alike. In the Augsburg Confession (1530), which was largely due
to him, freedom is claimed for the will in non-religious matters,

and in the Loci of 1533 he calls the denial of freedom Stoicism,

and holds that in justification there is a certain causality, though
not worthiness, in the recipient subordinate to the Divine causality.

In 1535, combating Laurentius Valla, he did not deny the sjtiritual

incapacity of the will per sc, but held that this is strengthened

by the word of God, to which it can cleave. The will co-ojterates

with the word and the Holy Spirit. Finally, in 1643, he s,ays that

the cause of the dilftrenee of final destiny among men lies in the

difl'ereut method of treating grace which is, possible to believers as

to others. Slan may pray for help and reject grace. This he calls

free will, as the power of laying hold of grace. JlelHiiclithon's

doctrine of the three concurrent causes in conversion, viz., the

Holy Spirit, the word, and the human will, suggested tlie semi-

Pelagian position called Synergism, which was held bv some of his

immediate followers.

In regard to the relation of grace to repentance and good works,

Luther was disposed to make faith itself the principle of sanctifi-

cation. Melanchthon, however, for whom ethics possessed a special

interest, laid more stress on the law. He began to do this in 1527

in the Libclhis Kisitatoritcs, which urged pastors to instruct their

l^eople in the necessity of repentance, and to bring the threatenings

cf the law to bear upon men in order to faith. This brought down
upon him the opposition of the Antinoniinn John Agricola. In the

Loci of 1535 Melanchthon sought to jiut the fact of the co-cxistcnce

of justification and good works in the believer on a secuio basis by
declaring the latter necessary to eternal life, though the believer's

destiny thereto is already fully guaranteed in his justification. In

the Loci of 1543 he did not retain the doctrine of the necessity ot

good works in order to salvation, and to this he added, in the Leipsic

Interim, "that this in no way countenances the error that etcmal
life is merited by the worthiness of our own works." Melanchthon
was led giadually to lay lno*e and more stress upon the law and
moral id!e3s; but the basis of the relation of faith and good works
was never clearly brought out by liini, and he at length icU back on

his original iinsition that we have justification and inheritance of

bliss in and by Christ alone, and that good works arc ncccs.sary by
reason of immutable Pi vine command.

Hfclnnchdion's Hfo hns Ticcn written by Ciimerariiis. 5:.
. i,' V.A'.l

. P^i.

itdutichthoji, Sfin Lehen vnd Ifirie/i. 184]; Galle, C/ui>a'.' ' ' 'r -,,

o/ir/ico/cffCn.U.nlle.lSia; Jiothc^sQedachtniitredeaufAtchi; 1 u, .s.i .., i,_

Mcianrhlhoti, IfifiO ; Sclimidl, Melanclithont I^hen, Isr4. ] j.Iiy

In Encllsll Ijy K. A. Cox, 2d C<1., Lonilon. 1H17. Tic- ».. / Jli. .
!iH,nn,
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(otuiii, cdUcd by BrutacljnciUcr and Uindaeil. ^. Wi^)
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MELANESIA. This term comprises that long belt of

island groups which, beginning in the Indian archipelago

at the east limits of the region there occupied by the Malay
race, and, as it were, a prolongation of that great island

region, runs south-east for a distance of some 3500 English

miles, i.e., from New Guinea at the equator, in 130° E. long.,

to New Caledonia just within the Tropic, 167° E. long., aqd
eastwards to Fiji, in 180°. This chain of groups has a

pertain geographical as well as ethnical unity. Its curve

follows roughly the outline of the Australian coast, and

large islands occui', with a number of small ones, along

the whole length, with mountains of considerable height,

poinciding pretty closely with a line of vtolcauic action.

Melanesia is usually held to begin with New Guinea, this
' great island being then viewed as the headquarters of that

'dark Papuan race which, widely and variously modified

in all the other groups, occupies the whole region, as the

name Melanesia implies ; but the race really extends

farther west, for the large islands Flores and Timor, with

several smaller ones, are also essentially Papuan.

New Guinea, 1490 miles long, and containing aoout

303,000 square miles, the largest island in the world after

Australia, is (Slothed with almost impenetrable forests,

through which mountain ranges rise to a height of 13,000

feet. Parallel to its longer axis, 150 miles to the north, are

the Admiralty Islands, all small, with one exception, in

which the hills rise to 1600 feet, and which is. probably

of volcanic origin, as the natives use spearheads and imple-

ments of obsidian. A Polynesian element seems to be

present, and customs peculiar to both races have been

observed. Mr H. N. Moseley, of the " Challenger," found

them shrewd but honest traders, with much artistic skill

in their carvings and designs. Thej' have numerals up to

10, with an idiom for 8 and 9, viz., 10-2 and 10-1, which

is fouud also at Yap in the Carolines, and in the Marshall

Islands.

Next follow, east, the two large islands of New Britain,

about 3-10 by 23 English miles, with active'volcanoes up to

4000 feet, and New Ireland, about 240 by 22 miles. Next
comes the Solomon group, 600 English miles in length,

with seven large islands from 135 to 90 miles long, all

running north-west and sotath-east, with volcanic peaks \\{>

to SOOO feet. The forms more characteristic of the-New
Guinea fauna do not extend beyond this group. Its forest

vegetation is especially luxuriant. Then comes Santa

Cruz, a small group partly volcaniq, but with numerous coral

reef islands. Then the Banks and New Hebrides group,

over -500 English miles in length, all volcanic except the

Torres reef islands in the north. Several spots in this group

are occupied by people of purely Polynesian race, immigrants

apparently from the easl;ward. Two hundred miles south-

west from the New Hebrides lies the island of New Cale-

donia, about 240 by 25 English miles. It is in parts very

mountainous, rising to 5380 feet, the rocks being sedi-

mentary and plutonic, but there are no volcanoes. It lies

half way between Australia and Fiji, 700 miles from each.

Being outside the equatorial belt, it is much drier and more

barren than the other groups, and its fauna and flora have

many Australian and Polynesian afEnities. The small

Loyalty chain lies 70 miles east of New Caledonia, and
parallel to it. Fiji is detached from the other Melanesian

groups, and differs from them in various particulars. It

consists of two large and about 300 small islands, the

total area being about 7400 square miles.

Of the two great Pacific races—the brown Polynesian,

and the dark Melan«sian—the former, considering the

vast region it occupies, is singularly homogeneous both

in appearance and language, whereas in Melanesia even

neighbouring tribes difi'er widely from each other in both

j-esjjects. Still, all the Melanesians have certain common

characteristics which distinguish them sharply from lue

other race. They stand at a lower level of civilization, uv

is well seen at certain spots' 'iri Jlelanesia where isolated

Polynesian settlements exL-st, due probably to involuntary

migration, and where the two races, though they have Eom(

peculiar customs in common, live in bitter mutual hostility.

The Jlclanesians are mostly "negroid" in appearance,

nearly black, with crisp curly hair elaborately dressed; thf

women hold a much lower position than among the Poly;

nesians; their institutions, social, political, and religious'

are simpler, their manners ruder and often indecent; thej

have few or no traditions ; cannibalism, in different degree.?,

is almost universal ; but their artistic skill and taste, as

with some of the lower African negroes, are remarkable,

and they are amenable to discipline and 'fair treatment.

Their languages, amid considerable difi'erences, which, as

between the Jlelanesian proper' and the Papuan, are veiy

wide, have features which mark them off clearly from the

Polynesian, notwithstanding certain fundamental relations

with the latter.

The various Melanesian groups will be found described

in detail under separate headings.

MELBOURNE, the capital of the colony of Victoria,

and the most populous city in Australia, is situated at

the head of the large bay of Port Phillip, on its northern

bend known as Hobson's Bay, about 500 miles S.W. of

Sydney by land and 770 by sea, the position of the

observatory being 37° 49' 53" S. lat. and 144° 58' 42"

E. long. Along the shores, of the bay the sulnirbs

Port Pliillip ind Euvirons of Melbourne.

extend for a distance of over 10 miles, but the part

distinctively known as the " city " occupies a site about

3 miles inland on the north bank of the Yarra river.

The appearance of Jlelbourne from the sea is by no

means picturesque. The shipping suburbs of Sandridge

aud Williauistown occupy the alluvial land at the moutb
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of tlic Yarra, and, as tlic district is Ion- and flat, and covered

with factories, the prospect is not niviting. But the city

itself has a very different aspect : its situation is relieved

by numerous gentle hills, which show off to great advantage

its fine public buildings ; its streets are wide and well

kept ; and the universal appearance of prosperity, activity,

and comfort under its usually clear blue sky impresses the

visitor favourably.

That part specially known -3 the "city" had a popula-

tion in 18S1 of 65,800. It occupies the two hills of East
Melbourne and West Jfelbourue ; the valley that separates

them, once occupied by a densely wooded little stream, is

now partly filled in, and forms the busy thoroughfare of

Elizabeth Street
; parallel to this runs Swanstou Street,

and at right angles to these, and parallel to the river, are

Bourke Street, Collins Street, and Flinders Street,—the

first being the busiest in Melbourne, the second containing

the most fashionable shops, and the third, which faces the

river, being given over to maritime pursuits. These

streets are the eighth of a mile apart ; between them are

narrower streets occupied by warehouses and business

premises.

Bound the " city " lies a circle of populous suburbs.

2^orth-east is Fitzroy with 23,000 inhabitants ; farther

east, CoUingwood, 21,000 ; east of Melbourne, Richmond,

23,400; south-east, Prahran, 21,000; south, Emerald Hill,

25,300; south-west, Sandridge, 8700; north-west, Hotham,

17,800. These all lie within three miles of the general

1. nouses of rarliumLnt. I 5. St rutiicl

2. Trcuauiy. 6. Scotch Church.
J. CJovernment Offices.

|
7. Scotch Cnllcgc.

4. Sc rathck's CalbedraL - 6. Opera Hous&

post-office in Elizabeth Street ; but outside of them, and
within a radius of 5 miles, there is a circle of less populous

suburbs: to the north, Brunswick, C200; east, Kew, 4200,.

and Hawthorn, GOOO ; south-east, St Kildn, 11,600, and
Brighton, 4700 ; south-west, Williamstown, 9000, and
Footscray, COOO ; north-west, Essenden and Flemington,

5000. Numerous smaller suburbs fill up the spaces be-

tween these,—the principal being Northcote, Preston,

Camberwell, Toorak, Ca;ulfield, Elsternwick. and Coburg,

with a united population of 19,000.

Fifteen of these suburbs rank as independent muni-
cipalities, and many of them have streets which for

importance rival tlie main streets of the city.

The following table shows the growth of the population

since 1S51 :

—

Cathedral,
's House.

?3. Observatory.
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and gardens iirc si> nnnicrniis tint with only ono-lliii'tdonth

of the population .of London it occupies very nearly half

as great an area.

i'ho public buildings are generally fcituated on positions

from which they are seen to advantage. The Parliament

Houses form a great pile of brickwork with four fronts

in freestone, of which tiie.main front is not yet com-

pleted ; the interior decorations are liiirhly elaborate.

The Treasury is a well-proportioned building in free-

stone ; behind it stands a vast building kiiown as the

Government oflices. On the hill of West .Melbourne

there is a large structure, newly erected, for the law

courts; it has four very handsome fronts, each about

300 feet in length, and the whole is surmounted by a
!

lofty cupola, in the manner of the Capitol at Washington, i

The public library in Swanston Street forms one of four I

fronts of a building which was, projected on a grand scale,
!

but has never been completed. j\Iuch of the interior has

been erected, but of the fronts only the hiain one is yet in

existence, its cost having been £111,000. The lower !

story is devoted to sculpture ; on one side there are casts
'

of all the most famous statues ; on the other there is a
j

small collection of original works by modern sculptors, i

together with a gallery containing 8000 engravings and i

photographs ; to the rear is the picture gallery, a very
|

handsome hall, with oil paintings, chosen from the works

of living artists. Another of the interior portions of the

building is occupied by the technological museum, in

which are arranged about 30,000 specimens' illustrative

of the industrial arts. The upper story of the front is

devoted to the library, wdiich occupies a chamber 2-iO feet

long ; 22 recesses contain each its own special branch of

literature, the total number of volumes being 112,000.

The book shelves rise to a height of 20 feet, but they are

divided by a narrow gallery which runs all round the room,

and gives accesa to the upper tiers. The library is open to

the public ; and every visitor ranges at will, being bound

by the two conditions only that he is to replace each

book where he found it, and that he is to preserve

strict silence. During 1881 there were 2G1,8SC visits

made to the room.

The Melbourne University is a picturesque, but by no

means imposing mass of buildings, buried among the trees

of extensive and well-kept grounds about a mile from the

heart of the city. In front of it stands the " Wilson Hall,"

erected at a cost of £40,000. Behind is the Kational

Museum, containing collections of specimens of natural

history. The museum, like all public places in Melbourne,

is freely open to the people. About 98,000 visitors

entered it in 1881. The university has a staff of 10

professors and 12 lecturers', with about 400 students.

There are four courses open to students : arts, law, medi-

cine, and civil engineering. Affiliated to the Melbourne
University are the two denominational colleges. Trinity

and Ormond, in which about SO students reside, and
where provision is made for instruction in theology.

The Exhibition building consists of a nave 500 feet long

and IGO feet broad, surmounted by a dome, with two
annexes each 4G0 feet long. These are built in brick with

cement facings. The mint is a very handsome quadrangle,

erected in 1872. In the year 1881 there were three

millions of sovereigns coined in it, making a total of sixteen

millions since its erection. The governor's residence is

a large building on a hill overlooking the Yarra. The
general postothce forms only half of a magnificent pile

of buildings which will, when completed, include the

central telegraph office.

Thcr town-hall, at the corner of Swanston Street and
Collins Street, contains, besides the usual apartments for

municipal offices, a hall seated for nearly 3000 pci'sons,

and fitted with a colossal organ, on which H'e city organisl

performs ' vo nf terni'ons a week, the public being admitted
at a nominal charge. Hothnm, Richmond, Kuiorald Hill,

Prahran, and Fitzroy have their own town- halls, all costly

and somewhat pretentious buildings

The markets, erected at a cost of £80,000, stand m
Bourke Street. They aie handsome in external appear-

ance, and ingeniously contrived for convenience within.

The observatory is a liunible-looking building on the St

Kihla Uoad ; it contains an equatorial telescope, which had
for some yean the distinction of being the largest in the

W(Mld.

There are two railway stations, one being the terminus

of .all the country lines, and the other devoted to sub-

urban traffic. The s\iburbs of Williamstown, Sandridge,

Footscr.13', St Kilda, Emerald Hill, Brighton, Elsternwick,

Hawthorn, Ilichniond, and Essendon are connected by rail

with the city.

The Melbourne Hospital is in the form of an e^jtensive

.scries of brick buildings, situated close to the public

librarj'. There are beds for about 000 patients. The
Alfred Hospital, on the St Kilda Eoad, was built in com-

memoration of the visit of Prince Alfred; it has beds for

nearly 100 patients. The lying-in hospital can accom-

modate 02 persons. The blind asylum has over 100

inmates ; and there are a deaf and dumb asylum, an im-

migrants' home, and other charitable institutions.

Slelbourne contains many churches, but few of them

will compare with the jvublic buildings in appearance.

The Pioman Catholic cathedral of. St Patrick, when com-

pleted, will, however, be a consoicuous ornament to the

city. The Anglican cathedral, now (1882) in the course

of erection, is to cost about £100,000. The most striking

ecclesiastical building is the Scotch church in Collins

Street, which divides with Ormond College and the

Wilson Hall the honour of being the finest specimen of

architecture in the city.

There are in Melbourne, among its numerous state

schools, about thirty whoso size and proportions entitle them
to rank with the architectural ornaments of the city. They
have each accommodation for from GOO to 2000 scholars.

Abundant provision has been made for secondary in-

struction by the denominations and by private enterprise.

The Scotch College and the Presbyterian Ladies' College,

the W'esley College and the Wesleyan Ladies' College,

the Church of England Grammar School, St Patrick's

College and St Francis Xavier's College, are all connected

with the churches; and there are besides between twenty

and thirty good private grammar schools.

Melbourne contains the offices of numerous banks, sav-

ings banks, -and building societies.

The parks and public gardcjis of Melbourne are exten-

sive and handsome. Within the city proper there are

four gardens, which have been decorated with a lavish

expenditure. The Fitzroy Gardens are one dense network

of avenues of oak, elm, and plane, with a " fern-tree gully
"

in the middle. Casts of famous statues abound ; and

ponds, fountains, rustic houses, and small buildings after

the design of Greek temples give a variety to the scene.

The Treasury, Flagstaff, and Carltbn Gardens are of the

same class, but less costly in their decorations. Around
the central city there lie five great parks. The Royal

Park, of about 600 acres, is lightly timbered with the

original gum trees ; some portions of open la.nd are used

for recreation. About 30 acres in the centre are beauti-

fully laid out to accommodate a very superior zoological

collection. The Yarra Park, of about 300 acres, contains

the leadmg cricket grounds ; of these the " Melbourne " is

the chief, distinguished by its very large etand and the

excellence of its pitch. The Botanic Gardens occupy
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about 200 acres of land, sloping down to the backs of the

river, and laid out with great taste and skill. Albert

Park, about 500 acres in extent, is not so elaborately laid

out, but contains a small lake, which is much used for

boafing purposes, as the bay is. stormy and exposed.

Studley Park, a favourite place for picnics, is a romantic

corner on a bend of the upper Yarra, of about 200 acres

ixtent, left entirely in a state of nature.

Besides these parks each suburb has its own "gardens"
of moderate extent. At Flemington a large reserve is

devoted to racing purposes, where in November the race

for the Melbourne Cup is held, the great racing carnival

of Australia, attended by about 100,000 persons.

The shipping of Melbourne is very considerable. In
1880 about 1500 vessels entered and cleared again, their

tonnage being 900,000. Nearly aU the intercolonial and a

small proportion of the foreign vessels ascend the Yarra
and unload in the heart of the city. The river was
originally navigable for vessels of only 9 feet draught

;

but of late years the channel has been deepened so much
that vessels drawing 16 feet can ascend with safety.

Great works are now in operation by which the course is

to be straightened and further deepened ; and the quays

which line the river banks will be made accessible to the

large vessels which now have to lie in the bay off the

Sandridge and Williamstown piers.

Shipbuilding is a comparatively unimportant industry,

but a great deal of repairing is done ; the graving dock at

Williamstown is able to hold the largest vessels which
enter the port.

The total values of the imports of Melbourne for 1879
and 1880 were respectively £1 5,035,000 and £14,557,000,
and of the exports £12,454,000 and £15,954,000.

In 1881 Melbourne contained 24G9 factories, employ-
ing 38,141 hands, and converting ,£8,012,745 worth of

raw material into £13,384,836 worth of finished articles.

The leading products are leather, flour, clothing, furniture,

boots, carriages, preserved meats, ales, soap, candles, cigarSj

ironwork, jewellery, .jams, confectionery, biscuits, aud
woollens.

The city is abundantly supplied with newspapers, includ-

ing.three morning and three evening dailies. Two reviews

are published.

The climate of Melbourne is exceptionally fine, the only

drawback being the occasional hot winds which blow from
the north for two or three days at a time, and raise the

temperature to an uncomfortable extent. But the propor-

tion of days when the sky is clear and the air dry and mild
is large. The mean annual temperature is 57°, which
would make the climate of Melliourne analogous to that

of Madrid, Marseilles, or Verona, but without the extremes
experienced in those places. Snow falls every year in

Italy, while it is unknown in Melbourne ; and the highest

temperature reached there in summer is below that of the

cities mentioned.

As a field for emigration from European countries, Mel-
bourne offers many advantages to the industrious mechanic
or labourer.

The cost of living is about the same as in London.
Kents are higher, and furniture and utensils dearer ; but
butcher meat, bread, and clothes are cheaper.

There is no city where more has been done for the

working-classes or where they have made so good a use of

their advantages. Many of their efforts at government
{for they have all the power in their hands) have been ill-

advised, but individually they have exhibited a prudence
of which the community reaps the fruits. It is one of the

peculiar features of Melbourne that about three out of

every four mechanics who have reached middle life own
the neat cottages they occupy.

iliniorij. — Tliu city of Melbourne is without exception the most

striking instance of tlic aptitude of the Anglo-S.nxon rnce foi

colonization. It was not till the opening years of the presciil

century that the lirst European sailed through tlie linnow cntrailcf

to Port rhillip, and it was ouly iu 1S3.1 tliat the wliit^- uiau niadi

his habitation there. In that year Jolin Fawkiier sailed up tin

Yana in his little vc:,scl the ' Enterprise," lad.n willi materiah

for a settlement; lie w.ls stopped by e slight waterfall iu a valley

wliere dense groves of wattle trees all iu lilooiu loaded the air witl

perfume, and where flocks of white cockatoos whirled aloft whci

the first stroke of the axe resounded in tlie loiest. This spot i;

now the centre of a great city 10 miles iu length, 6 in breadth

covering an area of 45,000 acres, and pcojilcd by 253,000 persons

So rapid and solid a growth, at a distance from the mother countr

of the whole extent of the earth, is an example of colonizing entei

prise altogether without parallel.

The settlement was at first called by tno native nanu
** Dootigala," but a desire for distinguisbed patronage caused llit.

portion on the sca-shoie, which was then esteemed tlic more
important, to be called " Williamstown," after King "William IV.,

while the little collection of huts some 3 or 4 miles inland

was ii.imed "Melbourne," in. honour of the prime uriuister Lord
Melbourne.

For two years a constant stream of squatters with' their sheep

flowed in from Tasmania; then numerous " overlauders " drove

their flocks from the Sydney side across the Murray and settled

near Tort Phillip. Captain Lonsdale was sent by the Sydney
Government to act as police magistrate, but iu 183S Jlr Latrobe

was placed iu charge with the title of superintendent. As the

squatters prospered Alelbourne increased in size, so that iu 1841 it

contained 11,000 inhabitants. A pciiod of dei'iessiou occurred in

1S43, followed bv several years of the picatest prosiK-ritv, till, in

lSil,gold was d"iscovered"iu jS'cw South W.des. Tlie district of

Port Phillip became infected by the cxcitiiuent ; many parties

scouicd that part of the country iu search of the precious metal,

and six weeks after the first discovery of it there the great riches of

Ballarat wore made known. AVithili a >car from that time a hun-
dred thousand men had landed in the colony iu order to proceetl to

the diggings; for several years after the same number lauded every

twelve months; and Melbourne increased iu population from 30,000
to 100,000 in the course of two or thive years.

During the year of the gold discoveries, the Port Phillip district

was separated from New South NVales, and formed into a separate

colony with the name Victoria, In 1855 the British Government
granted to it a complete autonomy ; Melbourne became the capital

of the ne\v colony. (A. SU.)

MELBOUBNE, William Lamb, secokd Viscount
(1779-1848), second son of the first Viscount Melbourne,

was born 15th March 1779. After completing his course

at Trinity College, Cambridge, he studied law at the

university of Glasgow, entered Lincoln's Inn in 1797,

and was called to the bar in 1804. In 1805 he married

Lady Caroline Ponsonby, daughter of the earl of Bess-

borough, who after her separation from him acquired

some fame as a novelist, and was also a friend of Lord

Byron. On entering parliament the same year Lamb
joined the opposition under Fox, of whom he was an
ardent admirer ; but his Liberal tendencies were never of

n, very decided character, and he not unfrequently gave

his support to Lord Liverj)Ool during that statesman's long

tenure of office. During the short ministry of Cunning in

1B27 he was chief secretary for Ireland, but he afterwards

for a time adhered to the small remnant of the party who
supported the duke of Wellington. The infiuunce of

Melbourne as a politician dates from his elevation to the

peerage in 1828. Disagreeing with the duke of Wellington

on the question of parliamentary reform, he in 1830

entered the ministry of Grey as home secretary. For the

discharge of the diflScult and multifarious duties of this

office at such a critical time he was decidedly deficient

both in insight and in energy, but Lis political success

was totally independent of his official capacity ; and, when
the ministry of Grey was wrecked on the Irish question,

Melbourne was chosen to succeed him. Almost immedi-

ately he had to give place to a Conservative ministry under

Peel, but, the verdict of the country being in his favour,

he resumed office in 1835. The period of his ministry

was wholly uneventful, and for a considerable time before

he resigned iu 1841 he had lost the confidence of the
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country. From tho time of hi.s retirement from office he

took little interest in politics. Ho died at Melbourne
House, Derbyshire, 24th November 1848.

Lord Melbourne was without even tlie elementary qualification of

diligent attention to details, whieh in the absence of higher endow-
ments Bomt'timcs confers on a statesman the greater part of his

success. Nor can it be said that in public he ever displayed any I

of those specious autl brilliant talents which are often i'ound an
acceptable substitute for more solid acquirements. Though lie pos-

sessed a fine and flexible voice, his manner as a speaker wasinelfec-

tive, and Ins speeches were generally ill-arranged and destitute of

oratorical point, notwithstanding his occasional indulgence in in-

elegant nights of rhetoric. Indeed his political advancement was
,

>vholly due to liis personal popularity. Ho had a thorough know-
|

ledge of the private and indirect motives whicli inlluenco politicians,
|

and his gcni-al attractive manner, easy temper, and vivacious, if

occasionally coarse, wit helped to confer on him a social distinction '

|which for a time led m.any to take for granted hi.s eminence as a

statesman. The most notable and estimable feature of his political

conduct is his relation to Queen Victoria, wliom he initiated into
;

the duties of sovereign with the most delicate tact and the most
friendly aud conscientious care.

j

MELCHIADES, or Miltiades (other forms of the name
being Meltiades, Melciades, Jlilciades, and Miltides), was

;

pope from July 2, 310, to January 10 or 11, 314. He
appears to have been an African by birth, but of his

personal history nothing is known. The toleration edicts

of Galeriusand of Constantine and Licinius were published

during his pontificate, which was also marked by the hold-

ing of the Lateran synod in Rome (313), at which

Ca2cilianus was acquitted of the charges brought against

him, and Donatus condemned. Melchiades was preceded

and followed by Eusebins and Sylvester I. respectively.

MELCHITES. The name of Melchites (Syriac,

Malkdye ; Arabic, Mnlakiija, or in the vulgar pronunciation

Mitkiya) means etymologically tlie royal party, and so is

currently applied in tho East to Syrian and Egyptian
Christians of the Orthodox Greek Church, adherents of the

creed supported by the authority of the king, that is, of

the ny/.antine emperor. The Melchites therefore are t]iose

who accept the decrees of Ephesus and Chalcedon as

distinguished from the Nestorians and Jacobites, and the

name reflects in an interesting manner the way in which
the doctrinal controversies that agitated the Eastern

empire associated themselves with national feelings of

antagonism to the iiiii)erial rule."

MELCHIZEDEK (P7>-3>i?, "king of righteousness"),

king of Salem and priest of "supreme El" {M'ebjon),

brought forth bread and wine to Abram, on hi.s return

from the e.^pcdition against Chedorlaomer, and blessed him
in the name of the supreme God, possessor (or maker) of

heaven and earth. And Abram gave him tithes of all his

booty (Gen. xiv. 18-20). The Bible hi.story tells us no-

thing more about Melchizedek (comp. Hebrews vii. 3) ; but
the majestic figure of the king-priest, prior to the priesthood

of the law, to whom even the father of all -Israel paid tithes,

suggested a figurative or typical application, first in Psalm
ex. to the vicegerent of Jehovah, seated on the throne of

Zion, the king of Israel who is also priest after the order

of Melchizedek, and then, after the gosp.el had confirtned

the Messianic interpretation of the Psalm (Matt. xxii. 42

s(i.), to the kingly priesthood of Jesus, as that idea is

worlced out at length in the Epistle to the Heb|-ews.

Tlie theological intevest wliich att.irlies to the idea of the pre-

Aaronic king^pviest iu these typical applications is practically in-

dependent of tlie historical questions suggested by the narrative of

Gen. xiv. It is generally rccognir^ed tliat this chapter holds quite

an isolated place in th" Pcntat'^uchal history
; it is the only passage

which presents Abraham in tlie cliarncter of a warrior, and connects
hini with historical names and political movements, and there are

no clear marks by which it can be assigned to any one of tlie docu-
ments of which Genesis is made up. Tims, wliile one school of
in'terpreters finds in tlio cliaptcr the earliest fragment of tho politi-

cal liis'tory of western Asia, some even holding with Ewald that the
nuTalivo is probably based on old Cmaaiiite records, other ci'tics.

as Noldcke, regard the whole asunhistnrical and comparatively late

iu origin. On the latter view, whicli finds its main suppoit in tho

intrinsic ditUculties of the narrative, it is scarcely possible to avoid
the conclusion that th(^ chapter is one of the latest additions to

the Pentateuch (WcUhausen). The histoiical arguments -?/rw and
con may be seen at leiigth in recent comnientjlnes, but especially in

Tucli's essay {,Z. D. M. G,^ i. 161 57., reprinted in the second edition

of his Goicsis)^ whicli was long viewed as decisive in favour of tho
narrative, and in Nbldcke's VnUrsnchumjcn, lii69, p. 156 57., witli

which compare Wellhausen in Jahrh. f. D. Th., 187i), p. 411 sq

The Assyrian monuments offer no decisive evidence, but arc held to

confirm the historical possibility of the proper names fSchr.ader,

Kl. und A T., p. 46 sq. ; Delitzsch, I'aradic':, p. 224). Here we can
only speak of tho episode of Slelchizedek, \\iiich, though cojinccted

with the main narrative by the epithets given to Jehovah in verse

22, seems to break the natural connexion of verses 17 and 21, and
may perliaps have come originally from a separate source. As the
narrative now stands Salem must be souglit in the vicinity of *' the
king's dale," which from 1 Sam. xviii. 18 probably but not necessarily

lay near Jerusalem. That Salem is Jemsalem, as in Psalm Ixxvi. 2,

is the ancient and common view, and is necessarily followed by
those wlio ^iew Jlelchizedek as a late creation. Those who hold
the opposite view now lean to the identification with the ^a\eifi of

John iii. 23, 8 miles south of Bethshean, which Jerome {Ep. Ixxiii.

ad Evaiiffdium) confirms by a worthless tradition. In a genuine
record of extreme antiquity the union of king and priest in one
person, the worship of El as the supreme deity by a Canaanitc,* and
the widespread practice of the consecration of a tithe of booty can
present no diificulty; but, if the historical character of tlie narrative
is denied, the origin of the conception must bejilaccd as late as the
rise of the temporal authority of the high priests after the exile.

An ancient legend identifies ilelchizedeit with Shem (Palestinian
Targum, Jerome on \^. xli. , Ephraera Syrus in loco).

MELCOMBE REGIS. See Weymouth.
MELENDEZVALDES,JuAN (1754-1817), minor poet

of Spain, was born at Ribera del Fresno, Badajoz, on March
11, 1754. He was destined by his parents, who were in

good circumstances, for an official career ; and accordingly,

after having convpleted his preliminary education at

Madrid and Segovia, he went to Salamanca, and duly
graduated in laws. At an early age he had begun to write

verses in imitation of the then much admired though now
justly forgotten Eugenio Lobo ; but at Salamanca he came
under the influence of the purer literary taste of the elder

Moratin, while to the friendship of the cultivated and
well-read Cadahalso he owed his introduction to the

writings of recent English poets. At the age of twenty-six

Jlelendez obtained the prize of the Spanish Academy for

the best eclogue, one of the unsuccessful competitors being

the well-known Iriarte ; the poem ((Jiatilo : egloga en

alahanza de lavida del campo, 17 SO) continues to be highly

spoken of by native critics, who echo in various forms the

remark of one of the adjudicators, that it was "redolent

of the wild thyme." In 1781 Jlelendez went to Madrid,
where Jovellanos became his friend, and obtained for him
in 1783 the appointment of professor of the humanities at

Salamanca. In 1784, in competition for a prize offercu

by the city of Madrid, he produced his longest poem, a
" dramatic eclogue " entitled Las Bodas de Camacko
("Camacho's Wedding"), which secured the vote of the

judges, but did not add to his reputation, and soon fell

into neglect. His genius does not seem to have been at

all dramatic ; at any rate he was unfortunate in his choice

of a subject so little capable of dramatic treatment as the

well-known episode in Don Quixote. In the following

year, at the age of thirty-one, he published a little volume
of lyrics and pastorals which gave him the first place he
still holds among Spanish poets of the ISth century.

Several editions were exhausted in a single year. With
poetical fame came professional advancement, and in

1789 the' "Restorer of Parnassus" (Restaurador del

Parnaso), as Melendez is sometimes pedantically called

by his countrymen, received a judicial appointment at

Saragossa, which in 1791 he exchanged for a chancery

* On tlie other hand it is not correct to appeal to the J'u;n\Uits <A

Plautus forthe epithet 'elyOn.
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auditoreliip at Valladolid. In 1797 the publication of a
new and greatly enlarged edition of his works, dedicated

to the prince of the peace, was followed by his removal to

Madrid to a high post in connexion with the treasury.

The n'ew poems included somewhat heavy philosophical

epistles written after the manner of Young, and an
unmistakably dull epic canto entitled Caicla de L^cbel
("The Fall of Lucifer"), suggested by Milton, as well as an
Ode to Winter., which showed how well the author had made
himself acquainted with Thomson. On the fall of his

friend Jovellanos in 1798 Melendez was ordered away
from Madrid, first to Medina del Campo and afterwards to

Zamora, audit was not till 1802 that he was permitted
to settle in Salamanca. For the ne.Kt six years his literary

activity was but slight, being limited to the production of

a short poem ou " Creation " and the preparation of an
unfinished translation of the jEneid. After the revolution
of Aranjue2(1808) Melendez accepted from King Joseph
the post of councillor of state and afterwards that of

minister of public instruction, a failure of patriotism which
involved him in many indignities and even dangers ; in

1813 he was of course compelled to quit his country, and,
after sojourning successively at Alais, Nimes, and Toulouse,
he died ia considerable poverty and neglect at Montpellier,
on May 24, 1S17. During his exile he employed himself
in the preparation of a complete edition of his works, with
numerous additions and corrections ; this was afterwards
published, along with a life of the author by Quintana, at
the expense of the Government (4 vols. 8vo, Madrid, 1820

;

reprinted at Paris, 1832, and at Barcelona, 1838).
MELFI, a city of Italy, in the province of Potenza,

30 miles N. of Potenza, on the road and railway between
that city and Foggia, is built on a small liiil on the lower
slopes of Monte Volture. The castle was originally erected
by Robert Guiscard, but as it now stands it is mainly the
work of the Doria family, who have possessed it since the
time of Charles V, ; and the noble cathedral which was
founded in 1155 by Robert's son and successor, Roger, has
had to be subjected to a modern restoration in consequence
of the earthquake of 1851. In 1871 the city had 10,945
inhabitants; the commune had 9SC3 in 1861 and 12,657
in 1881.

Melli is of doubtful origin, but appears to have existed at least as
early as the 4th century. By the Normans it was made the capital
of Apuha in 1041, and provided with fortifications. The 'Council
hold by Nicholas I. in 1059, that of Urban II. in 1090, the rebellion
against Roger in 1133 and the subsequent punishment, the plunder
of the town by Barbarossa in 1167, the attack by Richard, count of
Acerra in 1190, and the parliament of 1223, in wliich Fredericlt 11.

established the constitution of the kingdom of Naples, fonn tho
princip.al points of interest in tlie annals of Melfi during the more
eventful period of its history. In 1348 Joanna I. of Naples
bestowed the city on Niccolo Acoiajuoli ; but it was shortly after-
wards captured, after a six months' siege, by tlie king of Hungary,
who transferred it to Conrad the Wolf. In 1392 GolTredo Marzano
was made count of Melfi ; but Joanna 11. granted the lordship to
the Curacciolo family, and thoy retained it for one hundred and
seven years till the time of Charles V. An obstinate resistance was
ofTercd by the city to Lautrec de Foix in 1528 ; and his entrance
«nthin its walls was followed by the massacre, it is said, of 18,000
of its citizens. As a bisliopric Jlelii is directly dependent on the
Holy See.

MELITA (McXiVjj), the classical name for Malta (q.v.),

was also tho name borne by the modern Melcda, one of.
the Dalmatian islands, situated immediately to the south
of Sabbioncello and to the north of Ragusa. It is about
24 milcp- in length, averaging about 1 i in breadth, and has
a good hv.-bour. At one time it was supposed by soilro

authors to have been the scene of the shipwreck of St
Paul, but this point has now for some time been conclu-
eiyely settled in favour of MMta. Sco Smith, Voyage and
Shipwreck of St Paul, 1848.

MELITO, bishop of Sardes, a Christian writer of the
.2d century, is mentioned bv .'E»Sf:bius {II. E., hi. 21)

along with Hegesippus, Dionysius of Corinth, ApoUinaria

of Hierapolis, Irensus, and others, his contemporaries, as a

champion of orthodoxy and upholder of apostolic tr'aditioii.

Of his personal history nothing is known, and of his

numerous works (wliich are enumerated by EusebiuS) only

a few fragments are now extant. They iocluded , an

Apologia addressed to Aufelius some time between 169 and

180 .K.i>., two books relating to the paschal controver.sy,

and a work entitled 'ExXoyat (selections from the Old
Testament), which contained the well-known catalogue of

"the books of the Old Covenant." The fragments have

been edited with valuable notes by Routh (Beliqmx Sacrse,

vol. i., 1614). It seems more than doubtful whether the

Apologia of Melito "the Philosopher," discovered in a

Syriac translation by Tattam, and subsequently edited by
Cureton and Renan, ought to be attributed to this writer

and not rather to another of the same name.

MELLONI, Macedonio (1798-1854), a distinguished

physicist, was born at Parma on April 11, 1798. From
1824 to 1531 he was professor at Parma, but in the latter

year he was compelled to escape to France, having taken

part in the revolution. In 1839 he went to Na[)Ies as

director of the conservatory of arts and handicrafts. He
was likewise director of the Vesuvius observatory, a post

which he held until 1848. Melloni received the Rumford
medal of the Royal Society in 1834. In 1835 he was

elected correspondent of the Paris Academy, and in 1839
a foreign member of the Royal Society. He died from an

attack of cholera on August 11, 1854.
From the Royal Society catalogue of papers we find that Mclkni

produced eighty-six memoirs byjliimself, as well as three in connexion
with other physicists. Th^se embrace a wide range of subjects, but
tlie reputation of Melloni as a physicist rests more especially upon
his discoveries in radiant heat. Men of science were, in the early

part of this century, very much in the dark with regard to tho nature
of the invisible heat rays. Leslie and others had indeed advanced
the subject by means of the differential therniometer, but such on
instrument was at the best a vei-y poor substitute for the liuniai;

eye. It was necessary to invent an instrument more nearly capable

of doing for the dark rays wliat the eye .docs for those of liglif

before any great increase in our knowledge of this stibjcct could

be expected to take place. This step was taken (shortly aftcl

Seebeck's discovery of thermo-electricity) in the construction of the

thermo-niultiplier or combination of thermopile and galvanoinetei

which formed the subject of a joint memoir by Nobili and Melloni
in 1831. In this memoir, after describing their instrument, these

physicists confirmed the experiments of Leslie and others. TIjey

tiled screens of glass, sulphate of lime, mica, and ice, also of water,

oil, alcohol, and nitric acid enclosed in glass, and found an instan-

taneous efTec^ produced in the index of their instiiiment exccjit for

ice and water, the source of heat being an iron ball below I'edness.

After finding that most substances when used as screens stoppei
a much larger proportion of dark heat than" they did of light,

Melloni set himself to discover some body that might be transparent
for dark heat. In this search he was rewarded with complete
success. Rock-salt was found to possess this property ; and lie

immediately proceeded to construct prisms and lenses of rock-salt

with which he proved the refraction of dark heat, that is to say,

of the heat proceeding from bodies below incandescence.

Melloni was likewise very successful in studying the action U]>on

dark heat of screens of various substances. His experiments in this

and other directions are described by Baden Powell in his report to
the British Association on Madiant Heat (1840). The rays of tlia

lamp were thrown upon screens of various materials in such a
manner that the effect transmitted from all tho screens was of a
Certain unifonn amount. This constant radiation was then inter-

cepted by a plate of alum, and it was found that very dilfcrcnt

quantities of heat were transmitted through the alum in the difTcrent

cases. Melloni concludes that the calorific rays issuing from the
various diaphanous screens are, therefore, of different qualities, and
possess what may be termed the diathermancy peculiar to each of the
substances through which they have passed. One of his screens

w.as made of green glass, and he found that a piece of .alum trans-

mitted only 1 per cent, of the heat which had passed through this

screen." Green glass and .alum form, therefore, an antagonistic

combination.
These experiments ^suggest naturally a new analogy between dark

heat and light which could not fail to strike Melloni, and accordingly
we soon find him describing an experiment witii the solar r.'»y«

transmitted through green glass and then intercepted by otl"r
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nicdia -They pass copiously througli rock-salt, l.e tells us, but feebly
Uirongh alum, (ind hcnco Melloni concludes that there are araon-rst
the .lolar rays some which resemble Uioso of terrestrial heat and^in
general that the dilToi-enccs observed between sohir and terrestrial
licat in the transmission of rays are to be attributed merely to the
mixture in different proportions of these several species of rays An
iiistrument like the theruio-nuiltiplier could not of course remain a
monopoly, apd sliortly after its completion we find Professor James
I'orbes making use of it to prove tlie polari:!atioii of heat as well
as to extend our knowledge of refraction. The brilliant researches
of this experimentalist were, like those of Jlelloni, crowned with
the Kumford ncdal of the Uoyal Society. On September 2, 1839
Arago communicated to the academy of sciences a letter by Melloui!
w-ho had found that rock-salt acquires by being smoked the power
of transmitting most easily heat of low temperature, or dark heat
I'orbes had discovered a similar property in mica si)lit by heat, and
ho now showed tiiat rock-salt rougliened and mica scratched possess
similar properties to blackened rock-salt. Melloni on his part took
up the subject of polarization, and decided in favour of the equal
polarizability of heat from dilTerent sources, a conclusion that did
not then appear to Forbes to be in conformity with liis experiments.
It IS very instructive to notice the loyalty which held both these
*.xporimciitah«ts to the results of their observations. While Melloni
differs from Forbes with regard to polarization, he will not allow the
trutli of a generalization proposed by Ampere, who had endeavoured
to explain on the theory of undulations the identity of light and
heat,—the difference of effect being dependent solely on the Sifferent
wave-lengths, those producing heat being larger than those giving
iiso to light. Melloui admits that many phenomena may be ex-
plained by this hypothesis, but he mentions some experiments in
which ho thinks that this theory will not hold. The brilliant
generahzer from without has of course a different point of view from
tho laborious experimentalist within. They are all worthy of
scientific honour—for it is by the seeming conflict, but in reality
the united efforts of workers such as these that the essential element
of stability m the structure of scientific knowledge is finally
secured.
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MELON (Cucumis Melo, L.), a most polymorphic
species of the order Cumrhitacex, the varieties of wliich
are grouped by Naudin under ten tribes, while several
other plants of less known characters probably belong to
it.1 The melon is an annual herb with palmately-lobed
leaves, and bears tendrils. It is monoecious, having male
and female flowers on the same plant. The flowers have
deeply five-lobed carapanulate corollas and three stamens.
Naudin observed that in some varieties (e.rj.,oi Cantaloups)
fertile stamens sometimes occur iu the female flowers. It
is a native of south Asia " from the foot of the Himalayas to
Capp Comorin," ^ where it grows spontaneously, but is

cultivated in the temperate and warm regions of the whole
world. It is excessively variable both in diversity of foliage
and habit, but much more so in the fruit, which in some
varieties is no larger than an olive, while in others it

rivals the ponderous fruits of the gourd {Cucurhita
maxima, L.). The fruit may be globular, ovoid, spindle-
shaped, or serpent-like, netted or smooth-skinned, ribbed or
furrowed, variously coloured externally, with white, green,
or orange flesh when ripe, scented or scentless, sweet or
insipid, bitter or even nauseous, &c. Like the gourd, the
melon undergoes strange metamorphoses by crossing its

varieties, though the latter preserve their characters when
.nlone. The offspring, however, of all crossings are fertile.

As remarkable cases of sudden chauges produced by
artificially crossing races, M. Naudin records that iu 1859
the offspring of the wild melons m. sauvage de I'lnde
{C. vielo agreslis) and m. s. d'Afrique, le petit m. de
Figari (0. macidafus f) bore quite different fruits from
their parents, the former being ten to twelve times their
size, ovoid, white-skinned, more or less scented, and with
reddish flesh ; though another individual bore fruits no
largier than a nut. The offspring of m. de Figari after
being crossed bore fruits of the serpent-melon. On the

' For generic characters sm Benth. et Hook., Qen. PI., i. 826; and
for a full account of the species of Oucttmis and of the tribes of melon,
by M. Naudin, aee Ann. rfcs Sci. NcU., 4 ser., torn. xi. p. 34.

» Naudin, I.e., pp. 39, 76; see also Oard. Chron., 1857, p. 153,
and 1858, p. 130.

other hand, the scipcnt-melon was made to bear ovoid
and reticulated fruit.^

With reference to the early cultivation of the melon;
Naudin thinks it is probable that the culture in Asia is as
ancient as that of all other alimentary vegetables. The
Egyptians grew it, or at least inferior races of melon,
which were either indigenous or introduced from Asia.'
The Komans and doubtless the Greeks were familiar with
it, though some forms nviy have been described as
cucumbers. Columella seems to refer to the serpent-
melon in the phrase ut coluber . . . ventre cubat jkxo.
Plmy describes them as peponcs (xix..23 to xx. G) and
Columella as meltynes (xi. 2. 53); see Pickering, Chron.
Ilist., bf PL, 229. The melon began to be extensively
cultivated in France in 1629, according to Olivier de
Serres. Gerard {Ilerlall, 771) figured and described in
1597 several "kinds of melons or pompions, but he has
apparently included gourds under the same name. Picker-
ing observes that the melon was carried by Columbus to
America, and by tke Portuguese to the Malayan Archi-
pelago.

The origiu of some of the chief modern races, such as
"Cantaloups," "Dudaim," and probably the netted sorts,
is due to Persia and the neighbouring Caucasian regions.
The first of these was brought to Rome from Armenia iu
the 16th century, and supplies the chief sorts grown for
the French markets; but many others are doubtless
artificial productions of West Europe.

For cultivation of the melon, see art. Hokticulttke, and also
Gard. Chron., May 6, 1882, p. 596; and for references to French
literature on the same see Naudin, ul supra, p. 82.

MELOS (Att. Gr., Sl^Xos), the modern Milo, one of the
Sporades of the jEgean Sea, situated at the south-west
corner of the archipelago, in 36° 45' N. lat. and 24° 26'

E. long., 75 miles due east from the coast of Laconia.
From east to west it measures about 14 miles, from north
to south 8 miles, and its area is estimated at 52 square
miles. The greater portion is rugged and hilly, and tho
culminating point, Mount Elias in the west, reaches a height
of 2538 feet. Like the rest of the cluster to which it

belongs, the island as a whole is of volcanic origin, with tuff,

trachyte, and obsidian among its ordinary rocks. The great
natural harbour, which, with a depth diminishing from 70
to 30 fathoms, strikes in from the north-west so as to cut
the island ipto two fairly equal portions, with an isthmus
not more than 1^ iifiles broad, is evidently the hollow of
the principal crater. In one of the caves on the south
coast the heat is still so great that one cannot remain
within more than a few minute.s, and oh the eastern shore
of the harbour there is a remarkable cluster of hot
sulphurous springs. Sulphur is found in abundance on
the top of Mount Kalamo and elsewhere. In ancient times
the alum of Milo was reckoned next to that of Egypt
(Pliny, XXXV. 15 [52]), and millstones, salt (from a marsh
at the east end of the harbour), and gypsum are still

exported. The Melian earth (y^ Mj/Xia?), employed as a
pigment by ancient artists, was probably native white-lead.

Orange, olive, cypress, and arbutus trees grow throughout
the island, which, however, is too dry to have any pro-

fusion of vegetation. The vine, the cotton plant, and
barley are the main objects of cultivation. Including
the neighbouring i.slands of Antimilos (4 square miles),

Cimolos (16 square miles), and Polinos (5i square miles),

the total population of Melos was only 5538 in 1879.
Antimilo, 5J miles north-west of Milo, is a mera

uninhabited mass of trachyte, and is often called Erio-

milo or Desert Melos. Cimolos, or Argentiera, less than
1 mile to the north-east, was famous in antiquity for its

' See also Naudin, in Nouv. rtch. sur I. hyh. dans Us^veg., ji. IIS,
1861.

XV. — io6



842 M E L -M E L
figs and fuller's earth (Kt/zuXi'a yrj), and contained a

'considerable city, the remains of which still cover the

cliff of St Andrews. Folinos, Polybos or PoHvo, and

Eaimeiii, or " Burned Island," the lie Brulce or Isola

Bruciata of the French and Italians, lies rather more

than a mile south-east of Cimolos. It was in antiquity

the subject of dispute between the Melians and Cimolians.

It has long been almost uninhabited.

In ancient times the city of Meloa, b. lit terrace fasliion round a lull

in the north-east of the main island, was a place of considerable size;

*' the western wall, of Cyclopean masonry, is traceable all the way
down from the summit to the sea," and among the ruins are a temple,

in the Corinthian style and a'beautiful little theatre cleared in 1836

by order of the king of Bavaria. Painted vases (the ancient

Melians were great makers of this kind of ware), bronzes, gold

ornaments, and similar specimens of art workmanship Lave been

recovered from the debris ; and in 1820 the " Venus of Milo," now
in the Louvre, the noblest extant representation of Aphrodite, was
found in the neighbourhood of the theatre. The top of the hill is

now occupied by Casti'o, the principal village in the island. At some
distance to the south-east, at the place called Tripiti {i.c.^ t/iuxtjttj,

" the perforated "), lies a remarkable cluster ofcatacombs containing

frescos, &c., of evidently Christian origin. Palfea Chora, about 5

miles farther south-east, is now an almost deserted village, but

down to the beginning of the last century it had about 5000 inhabit-

ants, and it continued for a time to be considered the capital of

the island.

The first occupants of Mdos were probably Phoenicians, but the

island was Hellenized at an early date by Minyans and Dorians

from Laconia. Though its inhabitants sent a contingent to the

Greek fleet at Salamis, they held aloof from the Attic league, and

sought to remain neutral during the Peloponnesian War. But in

416 B.C. the Athenians, having attacked the island and compelled

the Melians to surrender at discretion, slew all the men capable of

bearing arms, made slaves of the women and children, and introduced

a body of five hundred Athenian colonists. Lysander restored the

island to its old Dorian possessors, bnt it never recovered its former

prosperity. There were many Jewish settlers in Melos in the

beginning of the Christian era, and Christianity was early introduced.

During the " Prankish " period the island formed part of the duchy

of Naxos, except for the few years (1341-83) when it was a separate

lordship under Marco Sanudo and his daughter.
See Leycester, " The Volcanic Group of Milo, Anti-Milo, &c.," in Jour. Roy.

Oeog. Soc, 1852 ; Tournef ort. Voyage ; Leake, Northern Greece, vol. Hi. ; Prokoscli

voa Osten, Denkwiirdigkeitejiy ^c; and Bursian, Oeog. von Grieefu:nland, vol. ii.

MELROSE, a village of Roxburghshire, Scotland, on

the south bank of the Tweed, 37 miles by rail south-

south-east of Edinburgh. Its population has steadily

advanced from 956 in 1851 to 1550 in 1881. Though a

burgh of barony since 1609, it is a purely agricultural

village, and would be of little interest but for the r^iins of

its abbey, now the property of the duke of Buccleuch.

It was formerly called Little Fordell, and its present name

even dates from the foundation of the monastery by David

n. in 1136.

There had been a Columbite monastery of Melrose at

the place now known as Old Melrose, about a mile and a

lialf to the east of the village, but this establishment,

probably never of much architectural magnificence, had,

according to the Chronicle of the Picls and Scots, been

destroyed by Kenneth M'Alpin in 839, and may never have

recovered from the disaster. King David's abbey, which

he entrusted to a body of Cistercian monks from Rievaulx

(Riuall) in Yorkshire, was dedicated on Sunday 28th July

1146 ; it was laid in ruins by Edward II. of England in

1322; Bruce caused the work of restoration to be

vigorously prosecuted, but the edifice was again burned by

Richard II. in 1385, The abbey church as it now stands

consequently belongs in the main to the latter half of the

litli century and the first half of the 16th, with a good

many portions of a considerably later date.

Architecturally the abbey may tje described as a splendid example

of the Middle Pointed style, strongly affected on the one hand by

Flamboyant aiid Perpendicular tendencies, and on the other by the

individuality of some of the builders. Cruciform in plan, it measured

214i feet from east to west, th6 width of the nave being 69 feet,

and across the transepts 1154. The noble cdjfice was damaged by
the English in 1545 ; and since the Eeformation it has been altered

to suit the necessities of Presbyterian worship (1618-1810), and

plundered by builders to supply ornaments for houses. The wtolW
building is now in ruins. The west end and a good part of ths
north side have disappeared ; but the elevation of thfl^south side^

is nearly entire, both the transepts and the east end are externally
in very fair preservation, part of the central tower is standing,
and the scuIjUlured roof still covers the east end of the chancel.

Of the individual features of the building, the great eastern
window has been generally most admired since Sir Walter Scott
celebrated the moonlit aspect of its "slender shafts of shapely
stune." It has five lights ; the heif-ht is 37 feet and the width 16 ;.

and the upper poition is filled in witli delicate tracery of a geometri-
cal design. Very beautiful too is the whole gable of the south
transept. In the interior, on the north side of the nave, there still

stand four of the original square piei-s, and one of them shows a
Norman " cap. " The choir, the west end of which is shut off by a
massive rood-screen, has been largely '* spoiled by rough 17th cen-
tury work" ; but enough remains of the decorative detaU to provoke
the admiration and despair of the modern artist in stone. The
facile and at the same time elaborate rendering of vegetal)l£ forms,

such as the Scotch '*kail," is particularly striking. It was in the
abbey-church of Melrose, where Alexander II. had long before been
buried near the high altar, that the heart of Bruce found its final

resting-place ; and among the many tombs which afterwards
gathered under the same roof were those of his faithful knight
James Lord Douglas, Sir William the dark knight of Liddesdale,
and the hero of Chevy Chase.

The ambient muniments of the abbacy have been preserved ii»

the archives of the earl of Morton ; they were published by the
Bannatyne Club (2 vols. , 1837, Liber Sancte Marie de Mclros), under
the editorship of Cosrtto Innes. Among the many interesting docu-
ments is one of the very earliest specimens of the Scotch tongue.

The CkronicOi de Mailros, preserved among the Cotton MSS., has
been twice printed,—at Oxford (1684) by Fulman, and by the Banna-
tyne Club (1835), edited by John Stevenson. From about 1140 till

its close in 1265 the chronicle may be considered original ; it

was put largely under contribution by later compilers.

See Walcott, The Ancient Church of Scotland; W. Hutchinson, A View of
Northumberland, i&c., NeM'castle, 177S; Adam Milne, Desei-iption of the Parish of
ifelrose, Kelso, 1782 ; J. Bower, Description of the Abbeys of Melrose and Old
Melrose. Kelso, 1813 ; J. A. Wade, Bistory of SI Mary's Abbey, Melrose, Edin-
burgh, 18G1; Fred, Pinches, The Abbey Church of Melrose (a series of architectui-at

di-awings), London, 1879.

MELTON MOWBRAY, a market-towa of England,

county of Leicester, is pleasantly situated in a fertile vale,

at the confluence of the Wreake and Eye, 15 miles north-

east of Leicester and 101 north of London by rail. The
Eye is spanned by a bridge of four arches. The town
consists principally of two main streets, and is substan-

tially built of brick. The church of St Mary, a hand-

some cruciform structure partly in the Early English style,

and adorned by a lofty and richly ornamented tower,

was heightened and otherwise enlarged in the reign of

Elizabeth, and has also undergone modern improvements.

There are largely endowed almshouses and several other

charities. Melton is the seatof a celebrated hunting district,

in connexion with which there are stables in the town
capable of accommodating about eight hundred horses. It

is also well known for its pork pies, and has a very !arg&

trade in Stilton cheese. There are breweries and tan-

neries, as well as an important cattle market. Iron-

works hav^ lately been erected. The town possesses great

railway facilities. The population of the urban sanitary

district iu 1871 was 503."?, and in 1881 it was 57C5.

The old name of Melton was Medeltone, and the place is of con-

siderable antiquity. During the Civil War it was iu February 164*

the scene of the defeat, with great slaughter, of the parliamentary

forces by the royalists. It is the birthplace of John Henley the

orator.

MELUN, capital of the department of Seine-et-Marne,

France, 28 miles south-east of Paris by railway, occupies

a hill on the right bank of the Seine and the level ground

at its foot. It owes its rank as "chef-lieu" to its central

position merely ; for there are two other towns in the

department, Meaux and Fontainebleau, which have a larger

population. Melun is.near one of the most beautiful parts

of the forest of Fontainebleau. Among the rich estates in

its neighbourhood the most remarkable is the magnificent

chateau of Vaux-Praslin, which belonged to Fouquat,

Buperiutendr.nt of finances under Louis XIV, The church
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of Notre Damo formerly belonged to a nunnery, now

occupied by a central house of detention for twelve hundred

prisoners. On the apse of the church of St Aspais may

bo seen a modern medallion in bronze, the work of the

sculptor Chapu, representing Joan of Are as the liberator

of Melun. The population in 1881 was 12,115.

Jlnlun is a very ancient town, aud has played an important part

in history. As early as the time of CVsar's Gallic wars it was taken

possession of bj his lieutenant Labicuus, in order to attack Lntetia

with greater case by tli* right bank of the Seine. It was pillaged

by tlie Normans, and afterwards became the favourite residence of

tlic first kint;s of the race of Capet ; Robert and Philip L both died

tlicre. During the Hundred Years' AVar Melun was given up by

Jeanne oE Navarre to her brother, Charles the Bad, but was retaken

by the dauphin Charles and Dnguesclio. In 1420 it made an heroic

defence against Henry V. of England and his ally the duke of Bur-

gundy. Ten years later the people of Melun, with the help of

Joan of Arc, drove out tho English. It was occupied by the League

in 15S9, and retaken by Henry IV. in the following year. Jacques

Amyot was born there in 1504.

MELVILLE, Henry Dtodas, Viscount "(1 741-^811),

younger son of the Right Honourable Robert Dunda.'!,

lord president of the Scottish court of session, was born at

Ediuburgh in 1741; and was educated at the high school

and universit<y there. Becoming member of the faculty of

advocates in 1763, he soon acquired a leading position at

the bar. After his appointment as lord advocate in 1775,

lie gradually relinquished his legal practice to devote his

attention more exclusively to public business. On entering

parliament in 1774, he had joined the party of Lord North,

and, notwithstanding his provincial dialect and ungraceful

manner, he soon distinguished himself in the debates by

his clear and argumentative speeches. After holding sub-

ordinate offices under the marquis of Lansdowne and
Pitt, he in 1791 entered the cabinet as home secretary.

From 1794 to 1801 he was secretary at war under Pitt,

who conceived for him a special friendship. In 1802 he

was elevated to the peerage as Viscount Melville and

Baron Dunira. Under Pitt in 1804 he again entered nfiice

US first lord of the admiralty, when he introduced numerous

improvements in the details of the department. His im-

peachment in ISOG, for the appropriation of balances of

public money remaining in his hands, resulted in his ac-

quittal, but ho never again held office. He died May 27,

1811.

MELVILLE, AxDEEW (1545-1G22), a distinguished

Scottish scholar, theologian, and religious reformer, was the

youngest son of Richard Melville, proprietor of Baldovy,

near Montrose, at which place Andrew was born in 1545.

Ilis father fell at the battle of Pinkie, fighting in the van
of the Scottish army, two years after the birth of his son

;

and, his wife having soon after followed him to the grave,

tlie young orphan, then a gentle and delicate child, was
tenderly cared for by his eldest brother Richard and his

amiable and pious wife, whose memory the great scholar

ever afterwards cherished with the warmest gratitude and
affection. At a very early age Melville began to show a

strong taste for learning, and his brother did every thing

in his power to give him the best education the country

could then afford. The rudiments of Latin he obtained

at the grammar school of Montrose, after leaving which he
prosecuted the study of Greek for two years under Pierre

de Marsilliers, a Frenchman whom John Erskine of Dun
had induced- to settle at Montrose ; and such was the

proficiency Melville made Chat on going to the university

of St Andrews he excited the astonishment of both students

and professors by using the Greek text of Aristotle, which
no one else there understood, the Latin translation being
that which was alone employed in the teaching of logic.

Ou completing his course of study, Melville left St
Andrews with the character of "the best poet, philosopher,

and Grecian of any young master in the land." He then,

in 1564, being nineteen years of age, set out for France to

perfect his education at tho university of Paris. He there

applied himself especially to the study of tho Oriental

languages, but he had also the advantage of attending

the last course of lectures delivered by Turnebus in the

Greek chair, as well as those of the celebrated Ramus,

whose mode of philosophizing and plau of teaching he

afterwards introduced iuto the universities of Scotland.

From Paris he proceeded to Poitiers for the purimse of

studying civil law, and though only twenty-one years of

age he was apparently at once made a regent in the college

of St Marceon. After a residence of three years, however,

the political troubles of the country compelled him to leave

France, and he then went on to Geneva, where he was

warmly welcomed by Theodore Beza, at whose instigation

he was appointed to fill the chair of humanity in tlie

academy of Geneva, which then happened to be vacant. In

addition to his teaching, however, he also applied himself

to the further prosecution of his studies in Oriental litera-

ture, and in particular acquired from Cornelius Bertram,

one of his brother professors, a knowledge of Syriac.

While he resided at Geneva the massacre of St Bartholomew

in 1572 drove an immense number of Protestant refugees

to that city, including several of the most distinguished

French men of letters of the time, with whom Melville

had now the opportunity of intimate intercourse. Among
these were sBveral men deeply learned in civil law and

political science, and their society no doubt tended greatly

both to increase Melville's knowledge of the world and tc

enlarge his ideas of civil and ecclesiastical liberty-

acquisitions which he must have found of essential servict

when at a later period as a leader of the General Assemblj

lie had to struggle against the attempts of James VI. tc

crush the liberties of the church of the Scottish Reforma-

tion. -In 1574 Melville returned to Scotland, and almost

immediately afterwards received the appointment Of prin-

cipal of Glasgow University, which at the time had fallen

into an almost ruinous state, the college having in fact

been shut up and the students dispersed. Melville,

however, with the knowledge of academic methods of

training which he hail obtained abroad, immediately set

himself with immense energy to establish a good educa-

tional system, and in a short time his fame spread

through the kingdom, and students flocked in from all

quarters, till the class-rooms lately empty could not con-

tain those who came for admission. After labouring for

six years in Glasgow, and having brought the seminary

into a state of the most thorough efficiency, it was thought

desirable that he should undertake the same duties at St
Andrews. He accordingly proceeded there in 1580, and
was installed as principal of the new theological college.

His duties there comprehended the teaching, not only

of theology, but of the Hebrew, Chaldee, Syriac, and
Rabbinical languages, and the great ability of his lectures

was universally acknowledged, and excited quite a new
interest in the university. The sweeping reforms, however,

which his new modes of teaching necessarily involved, and
even some of the new doctrines which he began to intro-

duce, such as the non-infallibility of Aristotle, soon brought

him into collision with some of the other teachers in the

university ; and this, along with the troubles which arose

from the attempts of the court to force a bastard system

of Episcopacy upon the Church of Scotland, forced him to

flee into England in order to escape the consequences of

an absurd charge of treason which was made against him,

and which seemed to threaten a prolonged imprisonment

and not improbably even his life. After an absence of

twenty months he returned to Scotland in November 1585,

and in March 158'' resumed his lectures in St Andrews,

where he continued to fulfil the duties of bis office for
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twenty more years. During the wliole of that time,

liowuTci', his mure prominent worlc was that of contending

with unwearied energy and indomitable courage against the

encroachments of an unscrupulous and tyrannical Govero-

lucnt uj'on the liberties of the Scottish Church. Into the

details of these it is of course impossible to enter here,

liut that in the main he and his coadjutors were fighting

for the constitutionally guaranteed rights of the church is

now admitted by all candid inquirers. (See in particular

T/ie Uistory of £ni/land from 1G03 to 1616, by Samuel

Rawson Gardiner, vol. i. chap. is.). The chief charge

against Melville is that his fervour often led him to forget

the reverence due to an ''anointed monarch." Of this,

however, it is not very easy now to judge. Manners at

that time were rougher than at present. Any thing more

rnde, insolent, and brutal than James's own occasional

explosions it would be difficult to match, and a king so

undignified could scarcely expect to be treated with dignity.

Besides, wliat title had one who was acting in a purely

arbitrary and illegal manner to receive other than tlie

plainest dealing,—such as being reminded that though he

was king over men he was only " God's silly vassal ?

"

Melville's rudeness (if it is to be called so) was simply the

outburst of just indignation from a brave, true, and

upright man, zealous only for the purity of religion and

regardless of consequences to himself, and it contrasts

nobly with the grovelling sycopliancy of most of tho

English bishops towards James. The close of Melville's

career in Scotland was at length brought about by James
in characteristic fashion. In 1006 he and seven other

clergymen of the Church of Scotland were summoned to

Load jH in order " that his majesty might treat with them
of such things as would tend to settle the peace of the

church." The contention of the whole of these faithful

men was that the only way to accomplish that purpose was

a free Assembly. Melville delivered liis opinion to that

effect with his accustomed freedom and boldness, and,

having shortly afterwards written a sarcastic Latin

epigram on some of. the superstitious practices he had
observed in the chapel of Hampton Court, and some
eavesdropper having conveyed the lines to the king, he
was- committed to the Tower, and detained there for the

space of four years. On regaining his liberty, and being

refused permission to return to his own country," he was
invited to fill a professor's chair in the university of

Sedan, and there he spent the hist eleven years of his brave,

active, noble, and useful life. He died at Sedan in 1622,
at the age of seventy-seven.

MELVILLE, George John Whyte (1S21-1878), has
a right to be regarded as the founder of a school of

fciionable novels,—the fashionable sporting novel. He
was lamented on his death as the Tyrtsus of the hunting

field, the laureate of fox-hunting ; all his most popular and
distinctive heroes and heroines, Digby Grand, Tilbury

Nogo, tho Honourable Crasher, Mr Sawyer, Kate Coventry,

Mrs Lascelles, are or would be mighty hunters. The
eldest son of Major Whyte Melville, of Mount Melville,

Fifeshire, he received his school education, like so many
of his heroes, at Eton, entered the army in 18.39, became
captain in the Coldstream Guards in 1846, and retired in

1849. His first appearance in literature was made soon

ifter, with a translation of Horace into fluent and graceful

verse, published in 1850. His first novel was Di(ihij

Grand, published in 1853. Although this first effort has

a good deal more in it of Lytton's early high-flying style

than Whyte Melville's later works, the unflagging verve

and intimate knowledge with which he described spiOrting

scenes and sporting characters at once drew attention to

lilm as a novelist' with a new veia. His power of sustain-

ing interest in hunting and the things connected .with

hunting appeared more markedly in his next nojel. Tilbury
Xor)o, contributed to the Hiiorting Magazine iu 1853. He
showed in the adventures of Mr Nogo, what became ttfore

apparent in his later works, that he had a surer hand iu

humorous narrative than in pathetic description ; there are

many pathetic scenes in his novels, but t^e pathos is

sometimes rather forced, intended to poiut auoral—rather

the pathos of the preacher than the poet. The hero of

General Bounee, his next novel in order cf publication

{Fraser's Jfagazine, 1854), little as one wmld expect it

from the title, ends in a painful manner, somewhat out of

keeping with the lively middle and beginniag. When the

Crimean Vfar broke out, Whyte Melville took part in it

as a volunteer in the Turkish contingenf;; but this was
the only break in his literary career from tho time that he
began to write novels till his death in 1878. By a

strange accident, he lost his life in the hunting-field, tho

hero of many a still ride meeting his fate in galloping

quietly over an ordinary ploughed field.

Twenty-one novels appeared from bis pen after his

return from the Crimea:

—

Kate Corentri/, 18CG ; The
Intci-preter, 1858; Holmhy Hoiise, 1,860; Good for
Xotkiiig, 1861; Market Uarbbrongh, i861 ; The Gladi-

ators, 1863; Brookes of Bridlemere, 1864; The Queen's

Maries, 1864; Ca-ise, 1865; Bones and J, 1868; The
White Rose, 1868; M or N, 1869; Contraband, 1870
Sarchedon, 1871; Satanella, 1872; Uncle John, 1874
Sister Louise, 1875; Katerfelio, 1876; Bosine, 1876
Boi/'s Wife, 1878; Black but Comely, 1878. Several of

these novels are historical, the Gladiators being perhaps

tho most famous of them. As an historical novelist.

Whyte Melville cannot be put on a level with Harrison

Ainsworth for painstaking accuracy and minuteness of

detail ; he makes his characters live and move w ith great

vividness, but he obviously did not know at first hand the

history of the periods chosen by him. It is on his

portraiture .of contemporary sporting society that his

reputation as a novelist must rest ; and, though now and
then a character reappears, such as the supercilious stud-

groom, the dark and wary steeple-chaser, or the fascinating

sporting widow, his variety in the invention of incidents

is amazing. Whyte Melville was not merely the annalist

of sporting society for his generation, but may also be

fairly described as the principal moralist of that society

;

he exerted a considerable and a wholesome influence on

the manners and morals of the gilded youth of his time.

His Songs and Verses and his metrical Legend of the True

Cross, though rc:.bi"ctable in point of versification, are

hardly worth mentioninff on their own merits.

MELVILL VAN CARNBEE, Pieter, Baeok, an

eminent Dutch geographer, was born at the Hague 20th

May 1816, and died October 24, 1856. He traced his

descent from an old Scotch family, originally it is said of

Hungarian extraction. Destined for the navy, in which

his grandfather had won distinction, Melvill imbibed a

taste for hydrography ard cartography as a student under

Pilaar in the college of Medemblik, and he showed his

capacity as a surveyor on his very first voyage to the Dutch

Indies (1835). In 1839 he was again in the East, and was

now attached to the hydrographical bureau at Batavia.

With the assistance of the long-neglected documents

collected by the old company, he completed in wonderfully

short time his first great hydrographical work—a map of

Java in five sheets, accompanied by sailing directions

(Amsterdam, 1842 ; 2d revised edition, 1849),—which was

received with great applause. Melvill remained in India

till 1845 collecting materials for his second great hydro-

graphical work, the chart of the waters between Sumatra and

Borneo (two sheets, 1845 and 1846, revised edition of first

eheet 1847; compare the descriptive memoir in Tindal and
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Swart'a Journal, ISiGji On his return to Holland Melvill

was attached to tlie naval department with the special charge

of studying the history of the hydrography of the Dutch

Indies. He also undertook, in connexion with Von SieboM,

the publication of the Monitcur des Indcs, a valuable scries

of scientific papers, mainly from his own pen, on the

foreign possessions of Holland, which was continued for

three years. In 1850 Melvill returned to India as lieu-

tenant of the first class and adjutant to Vice-Admiral Van
den Bosch ; and after the premature death of this com-

mander ho was again appointed keeper of the charts at

Batavia. He was one of the founders and for a time the

president of the new society for natural science (1850). In

1853 he obtained exemption from active naval service that

he might devote himself to a general atlas of the Dutch

Indies; and under the most unfavourable irrcumstances he

prosecuted the task with incredible energy. But he was not

to see its completion. Just after he had lost his young
wife and new-born son he was called in 1850 to be director

of the marine establishment of Onrust; and there he

soon fell a victim to climate, dying after much suiTerlng.in

the hospital of Weltevreden, only forty years of age. In

spite of delays caused by the engraving of the maps in

Holland, no fewer than twenty-five sheets were already

fiuished, but it was not till 1862 tlmt the whole plan,

embracing sixty sheets, was ably brought to a close by
Lieutenant-Colonel W. F. Veretecg. The premature loss

of Melvill was severely, felt not only in Holland but in

foreign countries, whore, a.i shown by his connexion with

the geographical societies of Paris, London, Berlin, and
Bsrgen, his labours were highly esteemed. His industry

and energy were equalled only by the benevolence and
warmth of his heart. In 1843 he received the decoration

of the Netherlands Lion, in 1849 that of the Legion of

Honour.

MEMEL, the most northerly town in Germany, and
the principal seat of the Baltic timber trade, is situated

in the district of Konigsberg, Prussia, at the mouth
of the Dange, and on the bank of a sound connecting

the Kurische Haff with the Baltic Sea. On the side next

the sea the town is defended by a citadel and other forti-

fications, and the entrance to the large and fine harbour

is protected by a lighthouse. Largely rebuilt since a

destructive fire in 1854, Memel contains several churches, a
gymnasium, a school of navigation, an exchange, and various

judicial and official establishments. It also possesses large

iron-foundries, shipbuilding yards, breweries, distilleries.

and manufactories of chemicals, soap, and amber wares.

By far the most important interest of the town, however,

is its trade, the chief items in which are timber and the

grain and other agricultural products of Lithuania. The
timber is brought by river from the forests of Russia,

and is prepared for exportation by about thirty saw-raiUa.

The annual value of timber exported ia about £600,000.
In 1880 the port of Mamel was entered by 898 ships with

an aggregate burden of 164,374 tons, and cleared by 932
vessels with a burden of 164,441 tons. The population of

Memel in 1880 was 19,660.
Memel was founded in 1252 by Poppo von Ostema, grand master

of tlie Tentonio order, aud was at fast called New Dortmund and
afterwards Memmelburg. It soon acquired a considerable ti-ade,

and joined the Hanscatic League. During the 13th, 14th, and IGth
centuries it was repeatedly burned down by its hostile neighbours,
the Lithuanians and Poles, and in the 17th century it remained for

some time in the possession of Sweden. In 1767, and again in 1813,
it was occupied by Russian troops. After the battle of Jena, King
Frederick William III. retired to Memel; and there, in 1807, a
treaty was concluded between England and Prussia. The poet
Simon Dach and the astronomer,Argelander were natives of Memel.

MEMLINQ, Hans, a painter of the 15th century,

whose art gave a psssing lustre to Bruges in the period

of its Dolitical and commercial decline. Though much

has beeu written respecting the rise and fall of the school

which made this city famous, it still remains a, moot

question whether that school ever truly existed. Like

Rome or Naples, Bru;]8S absorbed the talents which were

formed and develofxl in humbler centres. John Van
Eyck first gained repute at Ghent and the Hague before

he acquired a domicile elsewhere, and Momling, we have

reason to think, was a skilled artist before he settled at

Bruges. Yet if the question should be asked where the

manner of Memling was shaped, and where ho acquired the

skill which he displayed at Bruges, we shall be greatly at a

loss to reply. The annals of the city are silent as to the

birth and education of a painter whose name was inaccu-

rately spelt by difi'erent authors, aud whose identity was

lost under the various appellations of Hans and Hau.sse, or

Hemling and Memling. But no other city of the Nether-

lands has vindicated the right which Bruges had uo means

of proving. Travellers who came to Bruges were only told

that Jlemling's masterpieces were preserved iu the hospital

of St John. In one of these pictures it was said a portrait

of the artist might be discovered; on the sculptured orna-

ments of a porch enframing one. of its subjects an incident

of the master's life might be traced,—his danger as he lay

senseless in the street, his rescue as charitable people carried •

his body to the hospital. The legend grew too. It came

to be told how the great artist began life as a soldier who
went to the wars under Charles the Bold, and came back

riddled with wounds from the field of Nancy. Wandering

homeward in a disabled state in 1477, he fainted in the

streets of Bruges, and was cured by the Hospitallers.

Unknown to them, and o stranger to Bruges, he gave

tangible proofs of his skill to the brethren of St John,

and showed his gratitude by refusing payment for a

picture he had painted. Unhappily the legend refutes

itself. The portrait of Memling is a myth ; the carvings of

the capitals of the porch represent the ordinary incidents

attending the reception of patients at an hospital Memling

did indeed paint for the Hospitallers, but he painted not

one but many pictures, and he did so in 1479 and 1480,

being probably known to his patrons of St John by many
masterpieces even before the battle of Nancy.

Memling is only connected with military operations in a

mediate and distant sense. Hia name appears on a list

of subscribers to the loan which was raised by Maximilian

of Austria to push hostilities against France in the year

1480. When he signed this list his position was that of

a resident at Bruges who had probably lived there long

enough to acquire a large practice and its advantages in

the form of lands and tenements. In 1477, when he is

said to Lave fallen, and when Charles the Bold was killed,

he was under contract to fUi-nish an altarpiece for the guild

chapel of the booksellers of Bruges; and this altarpiece, now
preserved, under the name of the Seven'Griefs of Mary, in

the gallery of Turin, is one of the fine creations of his

riper age, and not inferior in any way to those of 1479 in

the hospital of St John, which for their part are hardly

less interesting as illustrative of the master's power than

the Last Judgment in the cathedral of Dantzic. Critical

opinion has been unanimous in assigning the altarpiece of

Dantzic to Memling, and by this it affirms that Memling
was a resident and a skilled artist at Bruges in 1473 ; for

there is no doubt that the Last Judgment was painted and

sold to a merchant at Bruges, who shipped it there on

board of a vessel bound to the Mediterranean, which was

captured by a Dantzic privateer in that very year. But, in,

order that Memling's repute should be so fair as to make
his jiictures purchasable, as this had been, by an agent of

the Medici at Bruges, it is incumbent on us to acknowledge

that he had furnished sufficient proofs before that time of

the skill which excited the weirder of such higlily cultivated
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patrons; and tlius we conic to uJmit vzitliout much difficulty

the possible truth of a report made by a chronicler of the

16th century that Memliug had sittings from Isabella,

consort of Philip the Good of Burgundy, in the year H50.
It is characteristic that the very oldest allusions to

pictures connected with Memling's name are those which

point to relations with the Burgundian court. The inven-

tories of JIargaret of Austria, drawn up in 1524, allude to

a triptych of the God of Pity vf Pioger van der Weyden,
of which the wings containing angels were by " Master

Hans." But this entry is less important as affording testi-

mony in favour of the preservation of Memling's work than

as showing his connexion with an older Flemish craftsman.

For ages Roger van der Weyden was acknowledged as an

artist of the school of Bruges, until records of undisputed

authenticity demonstrated that he was bred at Tournai and

settled at Brussels. Nothing .seems more natural than the

Conjunction of his name with that of Memling as the author

of an altarpiece, since, though Memling's youth remains

obscure, it is clear from the style of his manhood that he

was taught in the painting-room of Van der Weyden. Nor
is it beyood the limits of probability that it was Van der

Weyden who received commissions at a distance from
. Brussels, and first took his pupil to Bruges, where he after-

wards dwelt. The clearest evidence of the connexion of

the two masters is that afforded by pictures, and parti-

cularly an altarpiece, which has alternately been assigned

tp each of them, and which may possibly be due to the

joint labours of both. In this altarpiece, which is a

triptych ordered for a patron of the house of Sforza, we
iind the style of Van der Weyden in the central panel of

the Crucifixion, ami that of Memling in the episodes on the

wings. Yet the whole piece was assigned to the former

in the Zambeccari collection at Bologna, whilst it was
nttributed to the latter at the Middleton sale in London
in 1872. At first, we may think, a closer resemblance

might be traced between the two artists than that disclosed

in later works of Memling, but the delicate organization of

the younger painter, perhaps also a milder appreciation of

the duties of a Christian artist, may have led Memling to

realize a sweet and perfect ideal, without losing, on

that account, the feeling of his master. He certainly

exchanged the asceticism of Van der Weyden for a senti-

ment of less energetic concentration. He softened his

teacher's asperities and bitter hardness of expression.

In the very oldest form in which Memling's style is displayeil, or

ratlier in that e.'vample which represents the Baptist in the gallery

of Slunich, we are supposed to contemplate an effort of the year 1470.

Tlie finish of this piece is scarcely surpassed, though the subject

is more important, by that of the Last Judgment of Dantzic. But
the latter is more interesting than the former because it tells how
Jlcmling, long after Roger's death and his own settlement at

Bruges, preserved the traditions of sacred art which had been applied

in the fust part of the centnry by Roger van der Weyden to the Last

Judgment of Bcaune. All tliat Memling did was to purge his mas.

tor's manner of excessive stringency, and add to his other qualities

a velvet softness of pigment, a delicate trausparencc of colours and
yielding grace of slender forms. That such a beautiful work as tho

Last Judgment of Dantzic should have been bought for thy Italian

market is not surprising when wo recollect that picture-fanciers in

th.it country were familiar with the beauties of Jlemling's composi-

tions as showTi in the preference given to. them by such purchasers

as Cardinal Grirnari and Cardinal Bembo at Venice, and the lioads

of the house of Medici at Kloreuce.
"^ But Memling's reputation was

not confined to Italy or Flanders. The Madonna and Saints which
so lately passed out of the Duchatel collection into the gallery of

the Louvre, the Virgin and Child of Sir John Donne at Chiswick,

and other noblespccimens in English and Continental private houses

show that his work was as widely known and appreciated as it

could be in the state of civilization of the 16th century. It was per-

hn^is not their sole attraction that they gave tho most tender and
ilt-licate possible impersonations of the ".Mother of Christ" that

could suit the taste of that age in any European oonntry. But tho

portraits of the donors with which they were mostly combined wero

more characteristic, and probably more remarkable as likenesses

than any that Memling's contemporaries could produce. Nor is it

on.ible to think that his success as a portrait painte
lifested in isolated busts as well as in altarpieces,

hich
rpreces, was of a

t with effect on the Venetian school, which undoubtedly
was alfected by the partiality of Antoncllo da Messina for trans-'
Alpine types studied in Flanders in Memling's time. The portraits
of Sir John Donne and his wife and children in the Chiswick altar-
jiiccc are not less remarkable as models of drawing and finish than
as refined presentations of persons of distinction; nor is any differ-
ence in this respect to be found in the splendid groups of father,
mother, and children which fill the noble altarpiece of the Louvre.'
As single portraits, the busts of Burgomaster Moreel and his wife
in the museum of Brussels, aUd their daughter the Sibyl Zam-
betha in the liospital of Binges, arc the finest and most interesting
of specimens. The Seven Griefs of Mary in the gallery of Turin"
to which we may add the Seven Joys of Mary in the Pinakothck
of Munich, are illustrations of the habit which clung to the art of
Flanders, of representing a cycle of subjects on the different pl.anes
of a single picture, wdiero a wide expanse of ground is covered with
incidents from the Passion in the form common to the action of
sacred plays. The time came, no doubt, when the players took their
cue from the painters, as in the Ghent procession, which w.as

formed on the model of Van Eyck's Adoration of the Lamb. But in
Alcmling's days tliere were still some original " players," and the
public was not averse to seeing illustrations of their work. In the
first period of the development of Belgian art too, when the Flemings
as=^igned more importance to carved work than to painting, and yet
refused to accept sculpture without colour, it was natural that tho
sculptor should multiply niridents on bas-reliefs which were coateil

with tinting in the semblance of nature. Memling's pictures
imitate reliefs so far as they abound in variety of episodes, and aro
marked by absence of contrast in light and shade or want of toning
by gradations of atmosphere. Yet with all these peculiarities his
works are very pleasant to the eye, because they aie always graceful
and quiet.

The masterpiece of Memling's later years, a sliiine containing
relics of St Ursula in the hos]>itaI of Biuges, is faiily sujq)Osed to

have been ordered and finished in 1480 after the paintei had become
acquainted with the scenery of the Rhine. This shrine is one of
the most interesting monuments of media>v.il art in Flanders, not
only because it is beautifully executed, but because it reveals some
part of the life of the painter who produced it, and illustrates the
picturesque legend of Ursula and her comrades. The delicacy of
finish in its miniature figures, the variety of its landscapes and cos-

tume, the marvellous patience with which its details are given, are
all matters of enjoyment to the spectator. There is later work of
the master in the St Christopher and Saints of 1434 in the academy,
or the Newenhovon Matlonna in the hospital of Biuges, or a largo

Crucifixion with scenes liom the Passion, of 1491, ui the cathedral
of Liibeck. But as we near the close of Memling's career wo
obser\-e that his pr.actice has become larger than he can com]<as3
alone ; and, as usual in such cases, the labour of disci]ilcs is substi-

tuted for his own. The registers of the painters' corporation at
Bruges give the names of two apprentices who served their time
with Memling and paid dues on admission to the guild in 1480 and
1486. These subordinates remained obscure.

It would be easy to form a long list of pictures by Memling in

the galleries of Berlin, Florence, London, Madrid, Paris, Rome, and
Vienna, and pieces Cfiu.iUy remarkable in many Jjrivatc collections

of England and the Continent. These have all been described, and
are widely known. The present notice must be closed with the
admission that pictures tell more of Memling's life than records.

The date of the master's death is not better certified than that of his

birth. This much, however, is certain. The trustees of Memling's
will appeared before the court of vards at Bruges on the 10th of
December 1495, and wo gather from records of that date and place

that Memling died a short time before, leaving behind several

childreu and a considerable projierty. (J. A. C.)

MEMMI. See Martini, Simone.

MEMJIINGEN, a town of Bavaria, in the district oi

Schwaben and Nenburg, is situated about 35 miles to the

Routh-west of Augsburg, near the river Iller. It is a well-

built town, still partly surrounded with walla, and contains

a Roman Catholic and three Protestant churches, a town-

house of 1580, and several schools and charitable institu-

tions. Its industrial products are yarn, calico, woollen

goods, and thread. A considerable trade is carried on in

hops, which are extensively cultiva'.ed in the neighbour-

hood, and in wool, leather, and grain. The population in

1880 was 8050.

Menmiingen, first mentioned in a document of 1010, belonged
originally to tl-e Giiyl]th family. In 1286 it became a free city'of

the empire, a position which it maintained down to 1802, when it

was allotted to B-avaria. In 1 929 Memmingen was one of the "pro-
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Testing" towns ropresented at the diet of Spires. During the

Thirty Years' War it was alternately occupied by Swedes and
Imperialists. In 1800 tlio French under Moreau gained a victory

oyer the Austriansncar filenimingcn. Couipare Dobel, Mmnviingcn
im Jlefonnationszcitaltcr, 1877-78.

MEMNON. In the Homeric mytnology (or rather the

mythology of the Troira in the much fuller form in which

it existed in tlie times of I'indar and the tragic poets) tills

hero Wi\3 called the son of Tithonus (the half-brother of

Priam) and Eos (Aurora). Tradition represented him as

an Ethiopian prince who came to assist the Trojan.s against

the Greeks, and performed prodigies of valour, but was

at length killed by Achilles, after having himself slain

Antilochus, the son of Nestor, an event alluded to in Pindar,

Pi/th., vi. 32-39. His story must have been very famous,

for more than one Greek play was composed bearing the

title.

The chief source from which our knowledge about Meni-

non as a chief is derived is the second book of the Post-

Homerir.a, by Qulntus Smyrnaius, where his exploits and
death are described at length. That Memnon was slaiu

by Achilles is more than once affirmed by Pindar (Nem.,

vi. 52 ; Isthm., iv. il, vii. 5i). He is mentioned also in

the Odijsset/ (xi. 523), with especial praise for personal

beauty ; but the allusion to him is quite casual, and is one

of many proofs that the, compilation of that and the sister

epic presupposes in the reader or hearer a full knowledge of

the whole tale of Troy. Modern philology associates Mem-
non—like Achilles, whom he so closely resembles in many
particulars, and like Sarpedon, who seems the representa-

tive of Memnon in the Iliad—with solar phenomena. He
was the son of the dawn, and, though he might vanish

from sight for a time, he could not be destroyed, and there-

fore it was said that Zeus, moved* by the tears of his

mother, granted him immortality. In this respect, as also

in wearing bright armour made by Heph.Testus, he is the

counterpart of Achilles, who symbolizes the mid-day sun
in his glory ; and that Memnon is said to have come from
the far east, i.e., from the region of sunrise, is in itself

significant. Ovid, in a beautiful elegy on the death of

TibuUus, Amor., lib. iii. 9, 3, thus associates the fates of

Memnon and Achilles :

—

Meranona si mater, mater ploravit Achilleni,

Et tangunt magnas tristia fata deas,

Flebilis indignos, Elegeia, solve capillos
;

Ah nimis ex vero nunc tibi nomen erits

Like the body of the dead hero Sarpedon (//., xvi. 681),
so that of Memnon was borne through the air, a legend

represented on Greek vases of a rather early date. This
appears to mean that the sun, the offspring of the dawn,
careers through the sky to the place of his departure in the

west. Another account represents Zeus as uavmg sent

forth birds from the funeral-pile of Memnon, which
straightway fought with each other, and many fell Dack as

victims to the soul of the hero.

The mere fact that a Memnonium, or temple in honour
of the hero, was erected both at Susa and at Egyptian
Thebes, both of which places were centres of sun-worship,

is a strong confirmation of the probability, derived from
his mythical pedigree, that he was really a sun-god. Sir

G. W. Cox remarks,^ "of Memnon's head the story was
told that it retained the prophetic power of the living.

Helios or of Surya. The story is found in the myth of

the Teutonic Wismir, and it might have been related of

Kephalos, the head of the sun ; " and again (p. 267), " Eos,
the mother of Memnon, Is so transparently the morning
thit her child must rise again as surely as the un reappears

to run his daily course across the heaven."

With respect to the meaning of the nan ,, it may pos-

sibly be the same as Agamemnon, "which has a prefix

' Mythology and Folklon, p. 13*

meaning orave.'^ It has been thought that M«'/xkui' and

fivi'ifitiiv, " mindful," are but forms of the same word, and
that the prophetic power attributed to the head of the

Egyptian Memnon, which was said to utter sounds at

sunrise, is cotmectcd with this idea. It was said that the

sound resembled the moaning noise or the sharp twang of a
harp-string, iind it may even be surmised that the 6yllable.s

man-noii imitated the resonance. The Egyptian head is

said to be a bust of King Amenophis;^ but if the Greeks
fancied it uttered the word memnon, they would have
called it by that name. The tendency, however, to give a

Greek shape and inflexion to words which sounded bar-

barous will sufficiently account for the misnaming of the

statue.

Strabo, lib. xvii. p. 816, declares that he himself heard
it in company with jElius Gallus and several of his friends,

and Pausanias (i. 42, 2) says " one would compare the

sound most nearly to the broken chord of a harp or a

lute." See also Juv., Sat., xv. 5 ; Tac, Av.h., ii. CI.

Memnon, as an Ethiopian, was of course represented as

a black ; hence Virgil (Jin., i. 493) speaks of " uigri

Memnonis arma." The figure itself was cut out of black

basalt, but that is a material not uncommon in Egypt.
Speaking quite generally, it seems reasonable to conclude
that the Memnon from Ethiopia (which the^ early Greeks
placed in the far east rather than in the south) typifies

the eastern sun summoned to oppose the enemies of dark-

ness from the west.

MEMPHIS, the capital of the old Egyptian empire,

founded by Menes, the first historical king ; see vol. vii.

pp. 731, 770. In the time of Strabo (xvii. p. 807) it was
the second city of Egypt, inferior only to Alexandi-ia, and
with a mixed population like the latter. Memphis was still

an important though declining place at the time of the

Moslem conquest. Its final fall was due to the rise of the

Arabic city of FostAt on the right bank of the Nile almost

opposite the northern end of the old capital; and its ruins,

so far as they still lay above ground, gradually disappeared,

being used as a quarry for the new city. The remains of

" Menf " were still imposing late in the 12th century, when
they were described by'Abd el-Latif. In the Old Testa-

ment Memphis is mentioned under the names of Moph
(Hos. ix. 6) and Noph (Isa. six. 13; Jer. ii. 16; Ezek.

XXX. 13, 16).

MEMPHIS, a city of the United States, and port of

entry, capital of Shelby county, Tennessee, is situated on
the east bank of the Mississippi river just below the mouth
of Wolf river, in about 35° 8' N. lat. and 90' 5' W. long.,

450 miles below St Louis and 826 miles above New
Orleans. The blufl' on which the city stands has an
average elevation of47i feet above high-water mark, with

a further fall of 36 feet to extreme low water. Memphis
is methodically and tastefully planned, and is adorned

with many elegant private residences and public build-

ing.s, conspicuous among the latter being the United
Stites custom house, located upon the esplanade between

Front Street and the river, and built of the best quality of

marble, the product of Tennessee quarries. A small park

in the centre of the city contains a bust of Andrew
Jackson. The streets are mostly well-paved, and are

supplied with water from the ".Volf river by the Holly

system. The bayou Gayoso, with several branches, inter-

sects thj city, aud prior to 1880 received most of ita

drainage. Since that date over 40 miles of sewers aud

more than that . leneth of subsoil drain-tiles have been

constructed on the Waring system, providing the city with

a superior system of drainage.

" Sir G. W. Coi, MythoIo(/y of the Aryans, p. 268, rd. 2.

3 4>aue^a)<l>, aa the Thebans thenr.elvey said, according to Feasauias,

cited below.
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,MeiEp1iis is the largest city of the State, and the most

(i-r.portant commercial city on the Mississippi between St

Louis and New Orleans, The largest sea-going vessels

ascend the river to this point, and navigation is open at

all seasons of the year. The city also possesses abundant

facilities for transportation by railway in every direction.

Memphis ranks as the largest interior cotton-market in the

United States. The receipts for the season ending Sep-

tember 1, 1881, were 470,267 bales, with a value of

$23,090,109. The aggregate receipts from the-mercantile

and manufacturing interests for the year ending September

1, 1882, amounted to about §60,000,000, of which the

trade in groceries and western products contributed nearly

$40,000,000; dry goods, clothing, boots and shoes, and

general merchandise S1.5,000,000 ; and various home
manufactures about $5,000,000. There are oil-mills and
refineries, whose annual product of about 30,000 barrels

of cotton-seed oil, together with oil-cake and re-ginned

cotton, amounts to over $1,000,000. There are also

numerous foundries, machine shops, flouring-mills, and
manufactories of carriages, furniture, and tobacco.

The city contains, besides the usual religious, educational

and commercial institutions, a public library of 9000
volnmes, three daily and ten weekly newspapers, a chamber
of commerce, and a cottcin exchange.

Memphis was laid out as a village in 1820, and incor-

porated as a city in 1831. Its population at each census

since has been as follows:—3360 in 1840, 8841 in 1850,

22,623 in I860, 40,226 in 1870, and 33,592 in 1880.

According to a census taken on October 1, 1882, ths
population within the city limits _was 47,976^(29,130
white and 18,846 coloured)-.'

During the civil w.ir Memphis was early occupied by the Unioft
'forces (June C, 1862) after a naval engagement in which Com'
niodore Davis with a fleet ol nine gunboats and rams deleated a
similar Confederate fleet of eight vessels, and captured or destroyed
all of them but one. The city was held by Federal troops to tho
close of the war, with the exception of a brief occujiation, in
August 1864, by General Forrest, who captured several hundred
prisoners, but immediately withdrew. - The decrease of populatiou
between 1870 and 1880 was due to the ravages of yellow fever

in 1873, 1878, and 1S79. Tho epidemic of 1873 resulted in over
two thous.and deaths. In 1878, according to the report of the
Howard Relief Association, the number of tho.se attacked with' the

fever was 15,000, and the number of deaths reached tlie total of

5150, of whom 4250 were whites and 900 coloured. At the return

of the fever in 1879 better care and strict quarantine arrangements
prevailed, but there were 1595 cases, with 497 deaths. During tho

epidemics of 1878 and 1879 fully two-thirds of the population fled

from the city, many of whom died of the fever at other places, and
a still larger number did not return. For tliree months during
each year business was wholly suspended, and all ingress or egress

except for the most necessary purposes was forbidden. Tho jiro-

stration of the business of the place left the city almost hojielessly

bankrupt, and as a means of relief the legislature of the State in

January 1879 repealed the city's charter, and, assuming exclusive

control of its taxation and finances, constituted it simply a "taxing
district," placing its government in tlie hands of a "legislative

council." This anomalous proceeding has been declared consti-

lution.ll by the supreme court of Tennessee. Under it Memphis is

at' least: regaining its prosperity, and by thoroughly cleansing,

repaving, and sewering its streets, and super\-ising the construction

of building, is likely to become one of the licaltTiicst cities ou the

Mississippi river.
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American Revisions and Additions, Vol. XV.

LONGSTREET-LORING

LONGSTREET, James, an American soldier, born
in 1821. In 1842 he graduated at the United

States Military Academy, and then served on fron-

tier duty till the beginning of the Mexican war.
He was then engaged in the battles of Palo Alto,
Kesaca de la Palnia, Monterey, the siege of Vera
Cruz, Cerro Gordo, San Antonio, Churubusco, and
Moleno del Kay, and was brevetted captain and
major. He then served on frontier and garrison
duty till 1858, when he became paymaster. In 1861

he resigned and was commissioned Vjrigadier-gen-

eral in tlie Confederate army. He took part in

several important liattles of the civil war, among
them being the first and second battles of Bull
Run, the seven days' battle around Richmond, the
battle of Fredericksburg, of Gettysburg, of Chicka-
mauga, and the battle of the Wilderness. After
the war Gen. Longstreet settled in New Orleans,
and was appointed surveyor of customs by Grant,
supervisor of internal revenue in Louisiana, post-
master of New Orleans, and United States minister
to Turkey by Hayes, and United States marshal of

Georgia by Garfield.

LONGTON, a municipal borough of Staflford-

shire, England, situated two and a half miles from
Stoke-upon-Trent. The prosperity of the town is

due to tlie manufacture of china and earthenware,
thougli malting, brewing, and brick-making are
carried on. Close by are iron works and collieries.

Population, 18,620.

LONGVIEW, a post-village, a railroad junction
and the county-seat of Gregg county, Texas, on
Sabine River. There is an abundance of lumber in

the vicinity and forty saw-mills are employed in

its manufacture. Longview is a shipping point for

lumber and cotton.

LONNROT, Eli AS, a Finnish philologist, born at
Sammati, near Helsingfors, in 1802, died in 1884.

After obtaining the degree of M. D. at the Univer-
sity of Helsingfors in 1832 and practicing as a phy-
sician at Kajana, he was in is.53 made professor of

the Finnish language and literature at the Uni-
versity of Helsingfors, he having for years collected
Finnish songs, proverlis. and tales, and studied the
Finnish language thoroughly. His master work is

the Kah'irala (see Britannica, Vol. IX, p. 220), a
national epic, imitated by Longfellow in his Hia-
^vatha. It is the "Iliad" of the Finns, as Dr. Lonn-
rot is the Finnish "Homer."
LOOF, the after part of a ship's bow or that por-

tion where the planks incurvate towards the cut-
water : the luff.

LOOMlS, Elias (1811-1889), an American physi-
cist. From 1S33 to 1836 he was a tutor at Yale Col-
lege, and from 1837 to 1844 was professor of mathe-
matics and natural philosophy in Western Reserve
College, Ohio. He then became professor of nat-
ural philosophy in the University of the city of
New York, holding the office till 1860, when he ac-
cepted a call to the chair of natural philosophy and
astronomy in Yale.
LOPEZ, Narciso (1799-1851), a Spanish-Ameri-

can soldier. At the beginning of the war for the
independence of Venezuela he took the popular
side, but soon afterward entered the Spanish army
and at the close had gained the rank of colonel. He
then went to Spain, and served in the first tiarlist

war. In 1839 he was made major-general, and was
appointed governor of Valencia. In 1843 lie re-

tired to private life in Cuba, and in 1843 joined the
revolutionary party. On account of the discovery
of a conspiracy against the government in which
he was interested, Lopez fled the following year to

New York. He afterwards led three filibustering

expeditions from the United States to Cuba, but
was captured and executed by the garrote.

LOQUAT (I'iintitiia JoyxjHKvi), an esteemed Chi-
nese and Japanese fruit, now abundant in Aus-
tralia, of the natural order Rosaces', suVj-order

Rosea:, and of a genus closely allied to Mespilus
(Medlar). The tree which produces it attains a
height of 20 to 30 feet. It is a beautiful evergreen,
with large oblong, wrinkled leaves, and white
flowers in terminal woolly panicles, having a fra-

grance like that of hawthorn blossoms ; the fruit is

downy, oval, yellow, and about the size of a large
gooseberry. The seeds have an agreeable flavor.

LORAIN, a post-village and railroad junction of

Lorain county, Ohio, twenty-six miles west of

Cleveland. It has car-shops, churches, a graded
school and planing mills.

LORD-LIEUTENANT OF IRELAND, the vice-

roy or deputy of the sovereign to whom the govern-
ment of Ireland is nominally committed. The
office has existed from a remote period, the ap-
pointment having been made under different des-
ignations. The lord-lieutenant is appointed under
the great seal of the United Kingdom, and bears
the sword of state as the symbol of his viceregal
office. In recent years the position of the lord-

lieutenant has become little more than an "orna-
mental" one ; and the abolition of the office is con-
templated.
LORELEI, a cliff on the right bank of the Rhine,

near St. Goar. It rises perpendicularly to a height
of 427 feet, and is penetrated by a railway tunnel.
Here is a famous echo. The name is best known
from Heine's song, founded upon the tradition that

a cave in the rock is the abode of the Lorelei, a
wicked siren, whose beauty and sweet song attract
hither boatmen, who are so enchanted by her that
they are drawn into the whirlpool at the foot of

the rock and so perish.

LORIMER (from Latin lorum, "a thong") a maker
of bits, spurs, and generally all articles of horse-

furniture. In London the lorimers, who had pre-

viously formed part of another guild, were incor-

porated bv letters-patent in 1712.

LORING.-WiLLiAM Wing (1818-1886), an Ameri-
can soldier. At thirteen he enlisted in a company
of volunteers to fight the Seminole Indians of Flor-

ida, and gained a second lieutenancy. In 1842 he was
admitted to the bar, and shortly afterwards was
chosen to the Florida legislature. At the begin-

(1023)
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ning of the Mexican war he was made captain in a
regiment of mounted riflemen, and at the close had
become a lieutenant-colonel. Some time after-

ward he was ordered to Texas, Where he remained
till 1856. acquiring the rank of colonel, and then
was engaged against hostile Indians in jN'ew Mex-
ico. In 1861 he resigned his commission and en-
tered the Confederate army as a brigadier-general.
He fought with distinction in several important
battles, and attained the rank of major-general. In
1869 he accepted the post of liwa pacha in the
army of the Khedive of Egypt, and in 1876 was
promoted to ferik, or general of division, and deco-
rated by the Khedive with the imperial order of

the Osmariah. He returned to the United States
in 1879. Gen. Loring published A Confederate Sol-
dier in Eijypt (1883).

LOHNE, John Geokge Edward Henry Doug-
las Sutherland Campbell, Marquis op, a gover-
nor-general of Canada, born in London in 1845. In
1866 he became captain of tlie London Scottish vol-

unteers, and two years later was promoted lieuten-
ant-colonel of the Argyle and Bute volunteer ar-

tillery brigade, about the same time being chosen
a member of parliament. In 1871 he married Prin-
cess Louise Caroline Alberta, sixth child of Queen
Victoria, and in 1878 was appointed governor-gen-
eral of Canada. His term of office expired in 1883.

The Marquis of Lome is the author of A Trip lo the

Tropira and Home Through America (1867); Giiido

and Lila—a Tide of the Riviera (1875); and The
Psalmn Literally Rendered in Verse (1877).

LOS ANGELES, a city of California, the chief
town and business center of the southern part of

the State. It was incorporated as a city in 1850. It

is noted for its orange groves and vineyards, and is

now a favorite winter resort for Eastern tourists.

The climate is delightful. Los Angeles is on the
Southern Pacific Railroad and at the junction of

four branch railroads. It is tlie seat of the Branch
Normal School of the State, and of the Medical
School of the University of Southern California.
The city has a large trade in oranges, wines, rais-

ins, and othci- southern fruits. Its leading manu-
facture is that of large water pipes for irrigation
works. Population in 1890, 50,394. See Britannica,
Vol. XV, p. 7.

LOSSING, Benson .Iohn (1813-1891), an Ameri-
can author. For a time he was a watchmaker in
Poughkeepsie, and then became a proprietor and
editor of the Poughkeepsie " Telegraph."' In 1836
he began the publication called the "Poughkeepsie
Casket," and later became a wood engraver in New
York City. He afterwards contributed to numer-
ous illustrated magazines. Among his works are
Outline History of the Fine Arts (\S4]).; Lives of the

Presidents of the United States (1847); Severiteeu Hun-
dred and Seventy-six, or the War for Independence
(lSi7); Life of Gen. Zachary Taylor {19,47) ; Life of
Gen. WinfieUl Scott (1847); The New W,„-ld (1847);
Lives of the Signers of the Declaration if Imli jundence
(1848) ; Pictorial Field-Book of the R,n,Iiiti,,n ( l.S.V..')

;

History of the United States for Schools (1854); Biog-
raphies of Eminent Americans (1855); Mount Vernon
and Its Assncialioiis (1859) ; Life of Washington {ISdO)

;

Pictorial Description of Ohio (1869); Our Country
(1873); Story of the United States Na'vii for Boys
(1880); Cyclopaedia of United States History (.ISSi)

;

History of New York City (1884); Two Spies: Na-
than Hate and .Mm Andre (1886); and The Empire
State (1887).
LOST PROPERTY: in law the finder of lost

property is entitled to keep it until the owner is

found; but there are circumstances in which the
kee))ing of it will amount to larceny. The rule
which seems to be laid down in recent cases is that

if the finder of the property knows the owner, or
has ready means of discovering him, then taking the
property with the intention of keeping it amounts
to larceny. On the other hand, if there be no
reasonable probability of ever discovering the true
owner there is no larceny. It has also been de-
cided that the keeping of a lost article in hopes of

getting a reward for giving it up, though the owner
be known, does not amount to larceny. There is

no obligation on the finder of lost property to incur
expense in finding the owner, though the real owner
can demand it from the one in whose possession
it is.

LOT, one of the largest tributaries of the Ga-
ronne in France. It rises in a section of the Ce-
vennes, flows in a western direction, at first as tlie

Olt, and joins the Garonne at Aiguillon, after a
course of nearly three hundred miles, almost two-
thirds of which is navigable.
LOTIONS, or Waseies, remedies, usually dilute,

applied for various conditions to circumscribed
and different portions of the body. The most im-
portant groups are antiseptic, sedative and stimu-
lating.

LOTOPHAGI (Gr. "lotus-eaters"), a. name applied
to a peaceful and hospitable people inhabiting a
district of Cyrenaica, on the north coast of Africa,
and much depending for their subsistence on the
fruit of the lotus tree. According to Homer they
received Ulysses hospitably when in the course of
his wanderings he visited them with his compan-
ions, on whom, however, the sweetness of the lotus-
fruit had such an influence that they forgot
their native country and had no desire to return
home.
LOTTERIES. By law of Congress it is forbidden

to use the United States mail fur the purpose of for-

warding lottery tickets and circulating advertise-
ments of lotteries. In twenty-nine States of our
Union the constitutions forbid lotteries, and the
statute laws of all the States, including Louisiana,
are against these schemes. Yet lotteries exist in

our large cities, are carried on clandestinely, are a
continuous temptation to the weak, and are very
demoralizing in their effect. The New York Socie-
ty for the Suppression of Vice has for the past five

years done all in its power to bring the so-called

"policy-shops" to light and to suppress them. See
Britannica, Vol. XV, p. 11.

LOTUS, a genus of leguminous plants similar to
the clovers. The most common species, Lotu.'- ctrr-

nicrilatus, is known in Great Britain as birds-foot
trefoil, and is a valuable addition to paslnre
grasses. The lotus of Barbary, described by Hon.er
in Odys. IX, 84, and Herodotus, I"\', 177, when they
speak of the Lolojdiagi (lotus-eaters), is a prickly
shrub, the jujube tree (Zizyphus lotus) whose fruit

tastes sweet, like dates. It still grows in abund-
ance and is much used as food. The sailors of

Ulysses are said to have lost all desire of returning
home after eating this fruit. The white and blue
water lilies of the Nile, Nympheea ccerrdea and N.
lotus have also been given the name lotus. They
were worshipped by the ancient Egyptians. The
"lotus flower of India is Nrlmnhinm speciostim, an-

other sacred water lily, growing in Egypt, China
and India. Its seeds and roots are eaten. A close-

ly similar American species, N. luteum, known as

the "water chinquapin," has been called loins by
American v.riters.

LOUDON, John Clauuius, a Scotch writer and
horticulturist, born at Cambuslang, near Glasgow,
inl7s:^, died at London in 1843. He went in ISd.H

to London, where he became a landscape-gardener.
In 1819 he began to publish his encyclopsedias. The
first one was Encyclopsedia of Gardening (1822) ; then
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came the Encyclopaedia of Agriculture; the Encyclo-
pmdia of Plants ; the Encyclopmiia of Cottage, Garden,
and Villa Architecture (183"2). His Arhoertum et

Fruticetum (1888), being an account of all the trees

and shrubs of (^ireat Britain was too costly for him
to publish. In his later years he lost the use of his

hands, but he continued to conduct several maga-
zines on landscape-gardening.
LOUDONVILLE,a post-village of Ashland coun-

ty, Ohio, on the Black Fork of the ilohican River,
and on a railroad. It has a scliool, cliurohes, tan-
nery, mills, carriage-shops, and a foundry.
liOUISBURG. a small village ou the southeast

coast of Cape Breton Island, in Nova Scotia. Its

excellent harbor induced tlie French, who origi-

nally inhabited the place, to build a very strong
fortress here, at an expense of thirty million franks.
During the war between France and England,
waich broke out in 1744, the New England colonists
attacked this place, as it menaced their fisheries l)y

sheltering French privateers. The New England-
er<, 4,0(X) strong, beseiged Louisburg, and the garri-
son, 1,HDD strong, had to surrender, June 28,1745.
By the peace of Aix-la-Ohapelle, in 1748, the town
was again restored to France.

In 1768 a British general, Wolfe, the subsequent
hero of Quebec, besieged Louisburg, and compelled
the French garrison to surrender as prisoners of

war. The town was then made a heap of ruins. In
17(J3 the British government destroyed every ves-
tige of the fortress. Since tliat time only a
few hundred fishermen have lived at Louisburg,
and the place remains in the hands of Great
Britain.
LOUIS D' OR, a French gold coin which was in-

trijduced in 1640, and continued to be coined till

1795. It ranged in value from about $4 to $4.60.

The name has been occasionally applied to the
French napoleon or 20-franc piece, and to certain
Gorman five-thaler pieces.

LOUISIAN.\, a city and railroad center of Pike
county, Mo., on the Mississippi River. It has a
college, gasworks, tobacco factories, and the sur-
rounding region produces lumber and fruit. Popu-
lation, 5.071.

LOUISIANA PURCHASE. Napoleon Bona-
parte in 1800 (See Louisi.\n.\, St.^tk op, in these Re-
visions and Additions) compelled Spain to cede her
Louisiana territory back to France, and immedi-
ately made preparations to send an army to take
possession. But this purpose was resisted by the
protest of the United States, which had previously
acquired possession of the adjoining territory on
the east. France, being then threatened with war
at home, yielded to this protest, and consented to
sell the vast territory west of the Mississippi to
the United States. The purchase was finally ef-

fected April 30, 1803, the agents on the part of the
ffnited States being Robert R. Livingston and
•lames Monroe. The sum paid was $11,250,000. On
the same day, in another convention, it was agreed
that the United States should assume to pay certain
debts claimed to be due from France to American
citizens ; but the amount so claimed was not to ex-
ceed the sum of $3,750,000. These claims have be-
come historic under the designation of " French
Spoliation Claims."
LOUISIANA, St.vte of. For general article on

the St.\te OF Loi!isi.\NA see Britannica, Vol. XV, p.
22. The area of the State as recorded in the census
report of 1890, is 45,420 square miles; population
1,118,587. Capital, Baton Rouge, with a population
of 10,397. The population of New Orleans, the chief
city and until 1S80 the capital of the State, in 1890
was 241,995. The areas and populations of the
several counties were as follows

:

Acadia
Asceusion
Assumption
Avoyelles
Bienville

Bossier
Caddo
Calcasieu
Caldwell
Cameron ;.

Catahoula
Claiborne
Concordia
De Soto
East liaton Rouge

East Carrol
East Keliciana
Franklin
Grant

Iberville
Jackson
Jefferson
Lafayette
Lafourche

Lincoln
Livingston
Madison
Morehouse
Natchitoches

Orleans
Ouachita
Plaquemines
Point Coupee
Rapides

Red River
Richiand
Sabine
Saint Bernard
Saint Charles

Saint Helena
Saint James
Saint John the Baptist
Saint Landry
Saint Martiu

Saint Mary
Saint Tammany
Tangipahoa
Tensas
Terre Bonne

Union
\'ermilion
\'eruon
Washington
Webster. -

West Baton Rouge
West Corroll
West Feliciana

Population.

13,2.'!1

19,545
19,629

25,112
14,108

20,330
31,5.55

20,170
5,814

12.002
23.312

14,W1
19.8110

25,922

b46
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side, "all that portion of Louisiana lying east of the

Mississippi River from its sources to the river Iber-

ville, and thence along the middle of the Iberville

and the lakes Maurepas and Pontchartrain to the

sea" was ceded to Great Britain. The province
was governed by Spain until the year 1800. By the

treaty of 1783 (at the close of the Revolutionary
war) Great Britain had placed her territory in the
United States, including her interests in the Missis-

sippi Valley, in the possession of la-jU..Itcd States.

In 1800 Spain ceded her Louisiana territory back
to France and in 1803 it was sold to the United
States by Napoleon Bonaparte for the sum of $11,

250,000, with a stipulation that the United States
should assume the claims of its citizens (French
Spoliations claims^ against the French govern-
ment. In 1804 nearly all the present areaof Louis-

iana was organized into a territory under the name
of Orleans. In 1810,some addition was made to the
southeastern part (east of the Mississippi River),

and in 1812 the whole was admitted into the Union
as a State. The State was named in honor of Louis
XIV. of France. The full list of governors is as

follows

:

Territokt of Orleans.

William C. C. Claiborne, 1804-12.

Wm. C. C. Claiborne. . .1813-16

Jacques Vlllere 1S16-30

Thos. B. Robertson . . . .1820-22

H. S. Thibodeau.'c 1822-24

Henry Johnson 1824-28

Peter Derbigny 1828-29

A. Bauvais 1829-30

Jacques Dupre 1830

Audr^ B. Roman 1830-34

Bdward D. White 1SP4-38

AndriS B. Roman ...... 1833-41

Alexander Mouton 1841-45

Isaac Johnson 1845-50

Joseph Walker 1850-54

Paul O. Hebert 18.54-66

R. C. Wickliffe 1856-60
Thos. O. Moore 1860-62
George F. Sheply l.sii2-04

Michael Hahn I,sfi4-<;ri

James W. Wells 18i;.>-i;7

Ben.i. F. Flanders l»67-(i.s

Joshua Baker 1868
Henry C. Warraouth. . .1868-72
Wm. Pitt Kellogg 1872-76
Francis T. Nieholls. . . .1876-80
I^ouis A. Wiltz 1880-82
Samuel McEnery 1882-88
Francis T. Nicholls. ...1888-92*

*The term of office is four years ; the present term expires
in May, 1S92.

For numerous items of interest relating to the

State of Louisiana, see the article United St.vtes

in these Revisions and Additions.
LOUISVILLE, the largest city of Kentucky.

The falls of the Ohio are at this point and a canal
has heen constructed tor the use of steamboats
which cannot pass over the rapids during low
water. On the opposite side of the Ohio River
stands the city of Jeffersonville, Ind., to which a
fine railroad bridge, nearly a mile long, extends
from the upper part of Louisville. From its lower
part, called Portland, another railroad bridge ex-
tends to New Albany, Ind., and steam ferry-boats
ply to both of these Indiana towns.

Louisville has wide, regular streets and substan-
tial buildings. In the fine residence streets many
hauses have lawns and shrubbery in front. Among
the prominent public buildings are the city-hall,

the custom-house, the county-court, the library,

the Roman Catholic cathedral, the State asylum
for the blind, several hospitals, orphanages, and
convents, and some commodious theatres. Among
the schools are a law school, three medical col-

leges, and a number of private academies, includ-
ing the Kentucky Seminary for young ladies.

Louisville is a port of entry and the principal

mart of trade for the lower part of the Ohio Valley.
Numerous railway lines center at this point. The
j^ouisville, Nashville & Great Southern Railway
system is one of the most extensive in the United
States, and several other trunk lines and branch
roads contribute to the business of the city. Louis-
ville's principle trade is in tobacco, grain, whiskey,

pork, flour and leather, but furniture, farm-imploi
ments, machinery, gas, and water-pipes, and ce-

ment, are also largely manufactured and shipped.
Much of the coal required for generating steam-
power comes from Pittsburgh, Pa., but there are
rich coal beds quite handy, and as yet almost unde-
veloped. Louisville's population has greatly in-

creased since the close of the civil war in 1865. Pop-
ulation, 161,005. SeeBritannica,Vol. XV, pp.22-24.
LOVAGE {Liytisticum), a genus of plants of the

natural order I'mbeUiferse, allied to Angelica; the
fruit is eliptical. Common Lovage is a native of

the south of Europe; it is sometimes cultivated in

gardens and used as a salad plant. Its roots and
seeds are aromatic, acrid and stimulant, and are
used to cure flatulency and to induce perspiration.
LOVEJOY, Enj.^H P.\RisH (1802-1837), an Ameri-

can abolitionist. In 1827 he established a school in

St. Louis, Mo., and in 1829 became editor of a polit-

ical paper. In 1833 he was licensed to preach by
the Presbyterian church, and then established a
religious paper called the "Observer" in which he
condemned slavery. Repeated threats of mob vio-

lence compelled him to remove his paper to Alton,

111., and his press was there destroyed three times
by mobs. At the fourth attack, he and his friends

defended the ofiice. and compelled the mob to with-
draw, but when Lovejoy opened the door he was
instantly pierced by five bullets.

LOVEJOY, Owen (1811-1864), an American aboli-

tionist, brother of the preceding. In 1838 he be-

came pastor of the Congregational church at

Princeton, 111., and then held anti-slavery meetings
in all parts of the State until 1854 when he was
chosen a member of the legislature. In 1856 he
was elected to Congress, and remained there until

his death.
LOVEI>L, Mansfield (1822-1884). an American

soldier. In 1842 he was appointed a lieutenant of

artillery'; and then served through the war with
Mexico, attaining the brevet rank of captain. In
1854 he resigned, and in 1858 was appointed super-

intendent of street improvements in New York
City, the same year becoming deputy street com-
missioner. In 1861 he was commissioned a briga-

dier-general in the Confederate army, and served
through the war. He then retired to a rice-planta-

tion near Savannah, Ga., but soon afterwards be-

came an assistant engineer in removing the East
River obstructions at Hellgate.'

LOWE, Sir Hvdson, a British general, born at

Galway. Ireland, in 1769, died in London. July 10,

1844. Entering the army in 1787, he served in

various parts of the Mediterranean, aided in the
conquest of the Ionian Islands and became their

first governor, and was afterwards for some timu
attached to the Prussian army under Bliicher. In
the spring of 1816 he became governor of St.

Helena, with the custody of Napoleon, who had
landed there in the previous October. The strict-

ness of Lowe's watch of his charge brought upon
him bitter attacks from Napoleon's friends ard ad-

mirers. He published a defence of his conduct in

Memorial relatif a la Coptirile de Napclecn a Ste.

Helene (2 vols. Paris, 1830). In 1825 Lowe was
appointed commander of the forces in Ceylon.
LOWELL, a city, one of the county-seats of Mid-

dlesex county, Mass., finely situated on the iMerri-

mac River, at its confluence with the Concord. It

is on the Boston, Lowell & Concord Railroad, at

the junction of branches to Salem, Lawrence, and
Ayer. It is also on a branch of the Boston &
Maine Railroad, and is the terminus of the Fram-
ingham & Lowell Railroad. The city lies on uneven
and hilly ground, but its streets are well laid out,

well paved and sewered. The Merrimac River
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falls here some thirty feet, affording great water-
power, which is utilized by means of locks and
canals. Steam-power is also very extensively em-
ployed.
Lowell is widely known as one of the greatest

manufacturing cities of this country; the cotton
and woolen mills alone number nearly one hun-
dred, and use over half a million spindles. Among
other important manufactures are machinery,
hardware, chemicals, paper, leather, carriages, and
furniture. There are also extensive bleacheries
and dyeing establishments. Fur the welfare of the
numerous operatives good homes and boarding-
houses have early been put up, good evening
schools and free reading-rooms are maintained,
lectures on technical and industrial topics are fre-

quently given, and every other thing is attended
to which may prevent strikes and lalsor troubles.
Lowell was incorporated as a city in 1836. Popu-
lation in 1890, 77,6%. See Britannica, Vol. XV,
p. 29.

LOWELL, a post-village of Kent county, Mich.,
situated at the confluence of the Grand and Flat
rivers. It has manufactories of flour, axes, and
furniture.
LoWliLL, Francis Cabot (1775-1817), an Ameri-

can merchant, son of John Lowell, the statesman.
He was the first to introduce cotton-manufacture
into the United States, and the factories at Walt-
ham, Mass.. were established by him. The city of

Lowell was named in his honor.
I^OWELI^, James Kus.sell, American poet and

essayist, born at Cambridge, Mass., Feb. 22, 1819.

In 1840 he was admitted to the Massachusetts bar,
but shortly afterwards devoted himself to litera-

ture. In 1854 he became professor of modern lan-

guages at Harvard; from 1857 to 1862 was editor of

the "Atlantic Monthly,'' and from 1863 to 1872 of

the " North American Review." In 1879 he became
United States minister to the court of St. James,
where he remained till 1885. Among his works are
Class Poem (1838); A Year's Life (1841); Poems
(1844); The Vision of Sir Launfnl (1845); Conversa-
tions on Some of the' Old Poets (1845) ; Poems (1848)

;

TJie Biglow Papers (1848) ; .4 Fablefor Critics (1848)

;

Poems (1849); Life of Keats (1854); Poems (1854);
Poetical ]Vorks (1858); ^fa.son and Slidell, a Yankee
Idi/l {\Se,2) ; Fireside Travels (1864); The President's
Policji dSQi); Ode recited at the Commemoration of
the Living and Dead Soldiers of Harvard Universili/

(1865); TheBigloio Papers (1867); Under the Willows
and other Poems (1869); Among My Books (1870);
TheCourlin' (1874); Three Memorial Poems (1876);
Among Mil Books ('1876); and Democracy, and other
Addresses (1SS7). He died Aug. 12, 1891.
LOWELL, JoHX (1743-1802), an American states-

man. In 1762 he was admitted to the Massachu-
setts bar, and in 1778 was a member of the legisla-

ture from Boston. In 1782-3 he was a member of
the continental congress, and in 1784 was one of the
commission to decide boundary disputes between
New York and Massachusetts. In 1789 he was
made United States judge for his State, and in 1801
became chief justice of the first circuit, including
Maine, New Hampshire, Massachusetts, and Rhode
Island.
LOWELL, John (1769-1840), an American politi-

cal writer, son of the preceding. He was admitted
to the practice of law at the Massachusetts bar, in

1789, but after practising with marked success till

1803 he devoted himself entirely to literature.
Among his writings are Peace Withont Dishonor—
War Without Hope; an Inquiry into the Subject of the

"Chesapeake" (1807); Candid Comparison of the
Washington and Jefferson Administrations (1810);
Diplomatic Policy of Mr. Madison Unveiled (ISIO)

;

Mr. Madison's War; A Dispassionate Pngniry Into lite

Jiensiiiis Alhi/, d III/ Madison for Declaring an Offensive
and i:iniii.ii:< ir.-,' A;pilnst Great Britain (1812); and
Are i'liii a Chnxlinn nr a Calvinislf (1815).
LOWELL, JoH.s, (1799-1836). an American philan-

thropist, son of Francis Cabot; Lowell. From 1817
to 1831 he was engaged in commerce, and then
spent the remainder of his life in travel in the
United States, Europe, Asia Minor, Egypt, Arabia,
and Hindustan. He bequeathed .f2o0,000 for the
maintenance in Boston of courses of free lectures
on religion, science, and art, and the Lowell insti-

tute since 1839 has continued its operations with
marked success.
LOWELL, Robert Traill Spence, an American

clergyman, grandson of John Lowell the states-
man, and elder brother of James Russell Lowell,
the poet, born in 1816. In 1839 he began the study
of theology, and in 1842 was ordained a priest in

the church of England. He then became bishop's
chaplain in the Bermuda Islands, and later was
rector at Bay Roberts, Newfoundland. In 1847, on
account of failing health, he returned to the United
States, and began a mission among the poorer peo-
ple of Newark, N. J. From 1859 to 1869 he was
rector of Christ church, Duanesburg, N. Y., and
then for four years was head master at St. Mark's
school, Southborough, Mass. From 1873 to 1880 he
was Professor of the Latin language and literature
in Union college. Among his publications are The
New Priest in Conception Bay ^ISbS) ; Fresh Hearts
that failed Three Thousand Years Ago, and other

Poems (1860); Antony Brade,a Story of School-Boy
Life (1874) ; Burgoyne's March (1877) ; and A Story or

Two from a Dutch Town (1878). He has also con-
tributed extensively to periodical literature.

LOAVRY, Robert, an American clergyman, born
in 1826. He entered the Baptist ministry in 1856,

and then had charges in New York City, and Brook-
lyn, N. Y., AVest Chester and Louisburg, Pa., and
Plainfield, N.J. From 1880 to 1886 he was president
of the Baptist Sunday-School union of New Jersey.
Dr. Lowry has edited Chapel Melodies (1868; ; Bright
Jewels (1869); Pure Gold and Hymn Service (1871);
Royal Diadem and Temple Anthems (1873); Tidal
Wave (1874); Brightest and Best (1875); Welcome
Tidings and Fountain of Song (1877); Cliantauqva
Carols (1^1%) ; Gospel Hymn and Tune-Book (1879)

;

Good as Gold (1880) ; Our Glad Hosanna (1882) ; Joy-
ful Lays (1884) ; and GladPefrains (1886).

LOWVILLE, a post-village, the county-seat of

Lewis county, N. Y., one and a half miles west of

the Black River, in a rich agricultural region pro-
ducing cheese, butter, and also lumber. The village

contains a noted academy founded in 1808, and also
foundries and mills.

LOYSON, Charles, formerly known under the
monastic name of Pere Hyacinthe,born at Orleans,
France, March 10, 1827. He studied at St. Sulpice,

and in 1851 was ordained priest, and taught philoso-

phy and theology at Avignon and Nantes. Subse-
quently entering the order of Carmelites, he
became known as a powerful preacher, attracting
crowded and enthusiastic audiences of all ranks of

society to the Madeline and Notre Dame in Paris.

Almost as remarkable as his eloquence was the
boldness with which he denounced existing abuses
in the church

; and in 1869 the general of his order
imposed silence on him. Hyacinthe replied by a
letter in which he called for a thorough reform of
the church, and was excommunicated by the pope.
He then became a secular priest, resuming his

family name, Loyson. In 1869 he visited the United
States, and on his return to France married an
American lady. He was afterwards for a short time
cur6 of a congregation of Liberal Catholics at
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Geneva, Switzerland, and in 1879 he establislied an
independent congregation in Paris under the name
Kglise Gallicane. He has published a number of

sermons and lectures. .

LUBBOCK, SiK JouN, baronet, an English states-

man and naturalist, born at London in 1834. At
the age of fourteen he entered his father's banking
house and in 1856 he became a partner. In 1865 he
succeeded to his father's title and business. In 1880

he was elected a member of parliament by the Uni-
versity of London, which he still (1891) represents,

and has procured the passage of important public
measures. Sir John made investigations of the

ancient vestiges of the human race, and researches
into the life of the lower animals which have be-
come classical. He published : Prehistoric Times
'1.865); Th^ Origin of Civilization and the Primitive

Condition of Mun : Origin and Metamorphosis of In-

ter.ti; On Vritii'h Wild Flowers; Ants, Bees and Wasps
(1884); The Sfni^es, Instincts and Intelligence of Ani-

mals, With Special litference to Insects. 'His Pleasures

of Life has attained its twentieth edition.

LUBECK, a free city and state of the German
Empire. For general article on this state (forming

a republic and governed as such in all local affairs)

gee Britannica, Vols. XV, p. 31 ; XI, p. 450. The latest

official reports (Dec. 1. 1885) give the area at 116

square miles, and the population at 67.658. In re-

ligion the Protestant population numbered 65,997

(97.5 per cent.) and the Roman Catholics, 805 (1.2

per cent.). The estimated revenue in 1890

amounted to 3,459,816 marks, and the expenditures

to about the same amount. Of the revenue, about

one-sixth is from public domains, chiefly forests;

one-fourth from interest and the rest from taxation.

One-fourth of the expenditures is for interest on

and reduction of the public debt, which in 1889 was
13 847,667 marks. The imports by sea were valued

at 81,828,000 marks; the exports at 109,861,000

marks.

Li'lBKE, WiLHEi.M, a German art historian, born
at Dortmund in 1826. After studying at Bonn and
Berlin, he soon attracted attention by his articles

on the history of art published in the "Deutsche
Kunstblatt." In 1855 he was made professor of the
liistory of architecture in the Berlin school of

architecture. Liibke made several journeys in

Italy, France, and Belgium for the purpose of

studying church architecture. In 1861 he became
professor of archieology and the history of art in

the Polytechnic School at ZiJTich, and in 1866 he
was called to a similar position at Stutgart. His
chief publications are : Vorschule zur Geschichte der
Kirch-enbaukimst des Mittelalters; Geschichte der Ar-
chiteclur; Grundriss der Kunstgeschichte, and Ge-
schichte der Plastik.

LUCAN, George Ch.\ri,es Bingham, Third Earl
OF, a British general, born April 16, 1800, died Nov.
10, 1888. He was educated at Westminster, and on
leaving school entered the army. He accompanied
the Russian troops under General Diebitsch as a
volunteer against the Turks in 1828 ; succeeded to
the title and large estates in Ireland in 1839; and
as commander of a division of cavalry in the Cri-

mea fought at the Alma, Balaklava, and Inkermann.
Appointed lieutenant-general in 1858, and G. C. B.
in 1809, he became field-marshal in 1887.

LUCAIvHE, a Dormer window, especially in a
a cliurch spire. See Architecture, Britannica, Vol.
11, p. 467.

LUCINA ("the light-bringing"), a name applied
til Diana and to Juno, the latter corresponding to

I he Ilithyia of Greek mythology.
LUDEWIG, Hermann Ernst(1809-56), aGerman

American author. He was born in Dresden, Sax-

ony, and in 1844 emigrated to the United States.
Among his published works are Le Livretoe des Ana
(1837) ; Zur Bibliothekcekonomie (1840) ; Literature 0/

American Local History (1846); Suj^plemcnl lielating

to Local History of New York (1848) ; De I'Historie des

Ahorigenes du Mexigne (1854); and Literature of
American Aboriginal Lingidstics (1858).

LUDINGTON, a city, the county-seat of Mason
county, Mich., on Lake Michigan, at the point
where Pere Marquette Lake and River enter the
larger lake. It is the western terminus of the
Flint and Pcre Marquette Railroad, and is con-
nected with Milwaukee, Wis., eighty-four miles
southwest, by a steamer line. It has a good har-

bor, manufactures sliingles and carriages, and con-
tains a foundry and machine-shop. Population, 7,409.

LUDLOW, a post- village in Windsor county, Vt.,

situated on Black River and on the Rutland divi-

sion of the Vermont Central Railroad, twenty-five
miles east of Rutland. It has an academy, a
foundry, and manufactories of woolen goods, car-

riages, toys, and machinery.
LUDWIG, Karl Friedeich Wilhelm, a German

physiologist, born at Witzenhausen.Hessen, in 1816.

,T.ii,ei stuaymg meuicine ai ^viarDurg ana £yriangen,

he was appointed professor of comparative anatomy
at Marburg in 1846. From 1849 to 1855 he held the
chair of physiology at Ziirich. In 1855 he was called

to Vienna, and in 1865 he became professor at I..eip-

zig. His investigations in anatomical physiology
place him in the front rank of that department of

science. Ludwig's principal work is Lehrbuch der

Physiologic des Menschen (1852-55) ; but his Arbeilen

aus der Physiologischen Anstalt zu Leipzig, and his

essays in scientific journals contain valuable con-

tributions to physiology.
LUGGER, a vessel having two or three masts

and a running bowsprit, upon which lug-sails and
two or three jibs are set. The rig is not adapted
to large vessels.

LUMBER. The lumbering industry of the United
States has steadily moved westward. Fifty years ago
Maine was the great lumbering region. The principal

competition came from New York and Pennsylva-
nia. In 1850 these two equalled Maine, and in 1860

they exceeded her. In the sixties Michigan and
Wisconsin became [irominent, and in the next dec-

ade they eclipsed Maine and New York. At pres-

ent Chicago is the greatest lumber market of this

country. But at the present rate of depletion of

the western woods their available timber of com-
mercial value will ere long disappear, and then

Chicago will lose its position as the main center of

the lumber industry. The army of the axe and the

sawmill will then again have to take up its march
westward and attack the forests of the Pacific slope

and also march southward to the forests of the Gulf

region. The original white pine forests of the East-

ern and Middle States have long since disappeared

and those of the West are now being rapidly de-

stroyed, not only by the axeman, but also by fire.

:Miirions of acres are annually swept away by forest

fires, the area burned over in the year 1880 alone

being no less than ten millions of acres. The saw-

mills and smelters use still larger quantities of

timber, the smelters especially by converting it

into charcoal for their furnaces.

White pine is the most easily worked lumber, on

account of its softness and comparative freedom

from knots. Nearly one-halt of the white pine used

in this country is now supplied b;' Michigan, Wis-

consin, and Minnesota. When the lumber of this

region gives out it must be replaced by the red-fir

of the Cascade and Coast Ranges. The redwood is

the only real substitute for white pine within the

United' States.
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Regarding tlie supply of liaril-wooil himlipr, tlie
forests of tho Mississippi basin are very important.
They furnisli at present most of tlie walnut, ash,
cherry, and yellow poplar hyiiljer. The soutliern
Aiipalachian mountains, extending through Vir-
ginia, AVest Virginia, North and South Carolina,
KenI ucky and Tennessee, also sui)ply a large quan-
(ity of oak, walnut, cherry, and yellow poplar lum-
oer. These mountains contain an abundant store
of liardwood timber. It is bound to gain importance
when the white pine, now the most valuable of our
lumber trees, loses its prominence, as it will in
course of time, the annual consumption of white
pine being, according to Prof. Sargent's calculation,
not loss than 10,000 millions of feet, while all the
white pine timber ready for the axe in 1S82 was cal-
culated to be only 85,000 millions of feet. The
yellow pine of the south is a hard, resinous wood,
not suited to replace the white pine.
The use of lumber is on the increase. It is mostly

employed in building houses, ships, bridges, and
fences; for making furniture, agricultural and
other implements, for boxes, trunks, cars, doors'
and blinds, wagon-beds, and innumerable other
things.

_
The most highly valuable of our hard-wood trees

is the black walnut. It is especially used in cabi-
net work and for the interior finish of houses.
Other woods valued for similar purposes are the
wild black cherry, the Initternut, the mountain
hazel, the white and the black ash, the chestnut and
the American holly. The sycamore is mainly
used for tobacco-boxes, and the cedar for cigar-
boxes.
In the census report for ISSO the capital invested

in the lumber business of the United States is
given as 181 millions of dollars ; the number of hands
employed as 147,95(5; the number of feet of lumber
turned out yearly as 18,000 millions, and the total
value of all the products of the lumber industry (in-
cluding laths, shingles, staves, and bobbin stock)
as 233 millions of dollars. In this production the
State of Michigan stands foremost with 50 millions
for sawed lumber alone; then comes Pennsylvania
with 22 millions ; Wisconsin with 18 millions • New
York, Indiana and Ohio with 14 millions each;
Maine and Minnesota with 8 millions each ; Iowa
with 6 millions ; Missouri, Illinois and Georgia with
5 millions each ; California, Kentucky and Kew
Hampshire with 4 millions eacli ; Teniiessee, Texas
and Virginia with 3'i millions each

; Vermont,Mass-
achusetts and Florida with 3 millions each ; North
Carolina, Alabama and West Virginia with 2i.^ mil-
lions each; South Carolina, Oregon, Jlissis'sippi,
Maryland, Arkansas, Louisiana and Washington
Territory with 2 millions each ; New Jersey with
I'.f millions, and Connecticut and Colorado with 1
million each. The other States and Territories
produced less than one million dollars worth of
sawed lumber each. The exportation of forest
products, consisting of sawed and hewed timber
boards, shingles, etc., from this country during the
year ending Sept. 30, 1885, amounted to the value of
21}4 millions of dollars. The importations during
the same year aggregated S'i millions of dollars
worth. These included woods, used for the finest
cabinet finish, of species not grown in the United
States, such as rose and satin-wood, mahoganv eb-
ony, etc.

r.UNAWARA, a small state of India, of the Rew-
acaunta agency, in the province of Gujarat, having
an area of 388 square miles, and a population o1
/o,450. The region is hilly and well wooded Tlie
capital, from which the state derives its name is
60 miles from Baroda, near the Mahi or Mh've
River. Population, 9,059.

1.1 .NDY, a granitic island of Devonshire, in the
mouth of the Kristol Channel, .30 miles from St.
Gowan's Ho'ad in Wales. It measures three and a
half miles by one, has rocky and precipitous shores,
with only one landing jilace on the south side; and
attains an altitude of 525 feet. Here, near the
southern end of the island, is a liglithouse, built in
1820. The antiquities include prehistoric kists, re-
mains of round towers and a chapel, and the ruined
castle of the Mariscoes, from whose time on into
the 17th century Lundy was a stronghold success-
ively for pirates, buccaneers, privateers and smug-
glers. Population in 1S81, 177.
LUNDY, Benjamin (1789-1839), an American phi-

lanthropist. In 1S15 he organized an anti-slavery
association at St. Clairsville, Ohio, and in 1822 be-
gan the publication of the Mt. Pleasant "Genius of
Universal Emancipation," a monthly. Afterwards
he removed his paper to Baltimore, then to Wash-
ington, and finally to Philadelphia. Lundy was
the first to establish anti-slavery periodicals and to
deliver anti-slavery lectures, and probably the first
to induce the formation of anti-slavery societies.
LUNEL, a town in the south of France, 14 miles

northeast of Montpellier, with a trade in Muscatel
wine and brandy. Interesting human remains
have been found in a cave at Pondrcs, six miles
north of Lunel. Population, 6,460.
LUNGWORT, or Oat-Lungs (Sticta pulmonaria)

a lichen with a foliaceous, leathery, spreading
thallus, of an olive-green color, pale-brown when
dry. It grows on trunks of trees in mountainous
regions in European countries, sometimes almost
covering them with its shaggy thallus. It is nu-
tritious, and when properly prepared affords a
light diet, yet it is bitter enough to be used as a
substitute for hops. It yields a good brown dye.
The name is also given to a genus of phaneroga-
mous plants of the natural order Borraginea^. The
common lungwort (Pulmonaria officinalis), of Eu-
rope, has ovate leaves and purple flowers. It is
mucilaginous and slightly emollient, and contains
niter in considerable abundance.
LUNT, Geokge (1803-1SS5), an American author.

In 1827 he began the practice of law in Newbury-
port, Mass., and soon afterwards became a member
of the legislature. Under Gen. Zachary Taylor's
administration he was United States district attor-
ney,^and just prior to the civil war edited the Bos-
ton "Courier." JIuch of his time was given up to
literary pursuits, and he wrote Poema (1839); The

- j/ New Engla....
(1857) ; Radicalism in Peligion, Philosophy and Social
Life (1858) ; The Union, a Poem (1800) ; Origin of the
Late War (1866); Old Kew England Traits (1873),
and Miscellanies, Poems, etc. (1884).
LUNT, William Paksons (1805-1857), an Ameri-

can clergyman. From 1828 to 1833 he was pastor
of the Second Unitarian Church of New York, and
from 1835 to his death was associate pastor of the
Unitarian church in Quincy, Mass. He published
Discourse at the Interinent of John Quincu Adams
(1S46); Union of the Human Ra'-e (1S50); Srrmcm on
Daniel^ Webster (1852), and Gleanings (1874).
LUSTRUjVI, the solemn offering made for expia-

tion and purification by one of the censors in the
name of the Roman people at tlie conclusion of the
census. As the ceremony was performed at the
end of every five years, the word lustrum came to
mean a period of five years.
LUTHARDT, CiiRisTOPH Ernst, a German theo-

logian, born in Bavaria in 1823! After studying
theology at Munich he spent some years in teach"
ing. In 1854 he became extraordinary professor of
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theology at Marburg, and in 1856 he was made i)ro-

fessor of theology and Ivew Testanaent exegesis in

the University of Leipzig. He belongs to the
Lutheran schoolj which accepts the Augsburg con-
fession. His principal works are Das Johanneische
Evangdium; Die Lchre von den Ictzten Dingen; Die
Lehre vomfreien Willen; Compendium dcr Dogmatih;
Die Ethih Luther's; Dcr Johanneische Ursprung des
Vicrten Evangeliums, and Apologle des Christenthums
(1864-SO). He exerted great influence by these
books and his periodical publications.
LUTTKINGHAUSEN, a town of Rhenish Prussia,

five miles southeast of Elberfeld. It has manufac-
tories of cloth, calico and silk, hardware and
brandy. Population in 1SS5, 10,216.

LUYEKNE, a village, the county-seat of Eock
county, Minn., situated on Eock Eivor, and on a
branch of the Sioux City & St. Paul Eailroad.
LUZULA, a genus of plants of the natural order

Juncacese, having a three-seeded capsule and soft

plane leaves, which are generally covered with
thinly-scattered longish hairs. Tiiey grow in woods,
pastures and elevated mountainous situations.
The field-rush (L. campestris), a plant of a very
humble growth, has flowering spikes congregated
into a close head. The species which grow under
the shade of trees preserve their verdure in winter.
LUZZATTO, Samuel David, an eminent Jewish

scholar, born at Trieste, in Istria, Aug. 22, 1800,

died at Padua in 1805. When only 15 years old he
published a volume of Hebrew verses. In 1829 he
was appointed professor of Biblical literature in

the rabbinical college of Padua. Among the He-
brews in Italy Luzzatto was celebrated for deep
learning and wise judgment. He wrote against the
Cabalists, published some volumes of Hebrew
verse and several treatises and commentaries on
Jewish theology. He was preparing a version of

the Old Testament in Italian when he died. His
son, PniLO.XENE Luzzatto (1829-1854), was distin-

guished as a linguist.

LYALL, Edna, the pen-name of Miss Ada Ellen
Bayly. She was born and educated at Brighton,
England, and commenced her literary career at an
early age. Her books have attained a widespread
popularity. They include Donovan; We Two; In the

Golden Days; The Autobiography of a Slander; Der-
rick Vauqhan;Knight Errant, and A Hardy Norseman.
LYCHNIS, a genus of plants of the natural order

Caryophyllacex, They are herbaceous plants, gen-
erally perennial, and natives of temperate
countries. The flowers of L. Vespertina are usually
fragrant in the evening. The Scarlet Lychnis (L.
Chalc.edonica), a native of Asia Minor, is a brilliant
ornament of flower-borders. Some of the species
have saponaceous properties.
LYDIAN MODE, one of the ancient Greek au-

thentic modes in music, which was retained as one
of the old church modes. Since the lieformation
the melodies of the Lydian mode have entirely dis-

appeared, and it is used only occasionally in modu-
lation from other modes.
LYGODIUM, a widely diffused genus of climbing

ferns. Of the 16 known species only one, L.palma-
tum, the climbing fern or Hartford fern, is a native
of the United States, being found from Massachu-
setts to the Gulf States. The leaf-stalk, resem-
bling a twining stem, is from 1 to 3 feet long, with
short alternate branches. It is much prized for

purposes of decoration. A number of fossil species
have been described.
LYKENS, a post-village of Dauphin county, Pa.,

25 miles from Harrisburg. It is a coal-shipping
point, and has foundries, saw and planing-mills.
LYMAN, Theodore, an American naturalist,

Jnirn in lSo.3. In 1SG3 he entered the Union army

as aide-de-camp to General G. G. Mead, with the
rank of lieutenant-colonel, and was present at
many of the most important battles of the war.
From 1865 to 1882, he ,was fish commissioner of

Massachusetts, and since 1860, has been assistant
at the museum of comparative zoology in Cam-
bridge. He has published Illustrated Catalogue oj

the Opkiuridx and Astropihytidx in the Museum of Com-
parative Zoology (]o65) ; Supplement (1S71) ; Report on
Ophiuridx and Astrophytidse Dredged by Louis F. de
Pourtales (1869) ; OldandNew Ophiuridx and Astroph-
ytidx (1874) ; Ophiuridx and Astrophytidx of the

Ilassler Expedition (1875) ; Dredging Opierationsof the

United States Steamer "Blake;" Ophiurans (1875);
Prodrome of the Ophiuridx and Astrophytidx of the

'^Challenger" Expedition (1778), and Report on the

Ophiuridx Dredged by H. 31. S." Challenger" During
the Years 1S73-6 (1S81).

LYME GEASS (Elymus), a genus of grasses,
whose species are natives of the temperate and
colder regions of the northern hemisphere. The Sea
Lyme Grass (E. Arenarius) is frequent on sandy
shores in parts of Europe; it is a coarse, grayish
perennial grass, with creaping roots very useful in

binding the sand, and on this account it is much
sown on the shores of Holland. In Iceland it is

used for thatch, and the seed is ground into meal,
which is made into porridge or into soft, thin cakes,
and is esteemed a great delicacy. Several specie^
of Elymus are known in the United States, as the
E. ]'irijinirns. Canadensis, striatns. and mollis. The
first two are common near river-banks, the third in
rocky woods, and the last on the shores of lakes
Huron and Superior, and in JIaine.

LYJIE EEGIS, a seaport and watering place of

Dorsetshire, at tlie mouth of the Lyme rivulet,

five miles southeast of Axminster. The Cobb
breakwater, dating from the 1-ith century, was re-

constructed in 1825-26. Miss INIary Anning, the dis-

coverer of the Ichthyosaurus and Plesiosaurus in

the Lias rocks here, which are largely quarried, was
a native of this place. Population in 1881, 2,048.

LYNCH, Patrick Nilson (1817-1882), an Ameri-
can Eoman Catholic bishop. In 1840 he became as-

sistant pastor at the cathedral of Charleston, S. C,
and from 1844 to 1855, was pastor of St. Mary's
church, of that city. In 1858 he was consecrated
bishop. His articles on the Vatican Council, and
TTie Blood of St. Januarius were published in book
form.
LYNCH, Thomas (1749-1779), a signer of the Dec-

laration of Independence. On tlie organization of

the first regiment of South Carolina provincials in

1775 he was commissioned a captain, and in 1776

was elected to a seat in the continental Congress. On
account of failing health he emliarked in 1779 for

the south of France, but the sliip in which he sailed

was seen for the last time when a few days out at

sea.
LYNCHBUEG, a city of "Virginia, in Campbell

county, on the James River. Population in 1870,

6,825 ; in 1890, 19,779. See Britannica.Vol. XV, p. 105.

LYNN, a city of Essex county, Mass., located on
the north side of Massachusetts Bay, near the foot

of the Nahant Peninsula, about ten miles northeast

of Boston, with which city it is connected by several

railways. Lynn is noted for the manufacture of

boots and shoes, mostly women's and children's

shoes which are sent all over the United States.

The Thomson-Houston electric factory is located

here. It employs some fifteen hundred men and
turns out machinery for many electric lighting and
power plants. Population, 55,727. See Britannica,

Vol. XV, p. 109.

LYNN.Mauv (1797-1849), an American educator.

From 1814 to 1S37, the most of her time was devoted
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to teaching in various schools, and in the latter
year she lounded Mount Holyoke seminary, at
South Hadley, Mass. From that date to lier death
she served as its principal. She publislied Tindci.-
ries uf the I'riiicipU's Kmhraced and tli, Sustim Adopted
in the Mount Holyoke Heminary (1840),"and Missio7i-
ary Offering^ (1843).
LYON, Nathaniel (1818-1861), an American sol-

dier. He entered the United States army in 1841,
and served in the Florida and Mexican wars, re-
ceiving the brevet of captain. He then served on
frontier duty until the beginning of the civil war,
when he was put in command of the arsenal at St.
Louis, and broke up a camp of secessionists, whom
he routed at Boonesville, June 17, 1861. On August
2, being then brigadier-general of volunteers, he
defeated the Confederate forces at Dry Spring, Mo.
He was killed while commanding in the battle of
Wilson's Creek.
LYONNAIS, a former province of France,

bounded on the west by Auvergne and on the south
by Languedoc. Its territory coincides nearly with
the present department of the Rhone, Loire, Haute-
Loire, and Puy-de-D6me.
LYONS, a city and railroad center of Clinton

county, la., situated on the Mississippi River. It
has extensive nurseries, several excellent schools,
and manufactories of wrapping-paper, fJour, oil-
cans, and carriages. Population, 5,791.
LYONS, a city, the county-seat of Rice county,

Kan., situated twenty-one miles east of Ellin-
wood.
LYONS, a post-village, the county-seat of Wayne

county, N. Y., midway between Syracuse and
Rochester, on the New York Central Railroad. It
is a peppermint-oil market, and manufactures fan-
ning-mills, and farm-implements. A musical acad-
emy is located here.
LYONS, Richard Bickerton Pemell (1817-1887),

a British diplomatist. From 1857 to 1865, he was
minister to the United States, from 1865 to 1867,
ambassador to Turkey, and from 1867 to 1887, am-
bassador to France. In 1865 he became a mem-
ber of the privy council, in 1881 was made a vis-
count, and in 1887 an earl.

LYSIMACHIA, a large genus of erect or creep-
ing herbaceous perennial plants, belonging to the
natural order I'rinmlaccic. The entire leaves are
opposite, alternate, or whorled

; the flowers have a
five or six parted corolla with the stamens affixed
to the base, and are generally solitary in the axils
or in racemes. The European L. mnnmnlaria, or
moneywort, is an ornamental trailing vine with
bright-yellow flowers, commonly cultivated in gar-
dens. L. 7Marfc(/o?(o, the crosswort, is an ornamen-
tal American species.
LYTHRACEyE, a natural order of exogenous

plants, mostly herbs, and rarely shrubs (.r trees,
chiefly natives of the tropics; a few are found in
Europe and in North America. Loosestrife Lt/th-
rum Salicarid), with an abundance of purj.le flow-
ers, grows abundantly on the margins of ponds and
streams in Britain. The Henna of Egypt is pro-
duced by Lawsonia alba, a plant of this order. Tlie
leaves of Ammaunia Vesicaloria, an East India aqua-
tic plant, are very acrid and are sometimes used as
blisters. Physoralymma Floribiinda, a Brazilian
tre.e of this order, growing about 30 feet high, fur-
nishes the valuable rosewood (the American tulip-
wood) of commerce.
LYTTON, Edward Robert Bolwer-Lytton,

Marquis of, an English poet, the only son of Lord
Lytton, the novelist and dramatist, born 1831. After
being educated at Harrow and Bonn, he entered
(1849) the diplomatic service. In 1863 he was sec-
retary of legation at Copenhagen, and the next
year he served in the same capacity at Athens. He
subsequently became Charges d'Affaires at Lisbon,
at Madrid, and at Vienna ; and iii 1872 he was ap-
pointed secretary of the embassy to Paris. White
at Paris he inherited his father's estates and titles.
Two years later he was sent as ambassador to Lis-
bon, and in 1876 was appointed viceroy of India. In
1887 he became ambassador to Paris. Lord Lytton
published in 1855, Clypteninestra and Other Poems
Under the nam de plume of "Oweyi Meredith," he a.\so
wrote Lucille; Tannhauser; Orval; Fables in Song;
Glenaveril, and Life and Letters of his father (1883),
in which he incorporated his father's autobio-
graphical notes. He died at Paris Nov. 24, 1891.
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MAB (Cymric "a child"), an imaginary being cele-

brated by Shakespeare and other English poets. In
English folk-lore she shares with Titania the honor
of being queen of the fairies.

MACADAM, John Lotdoun, a Scottish construc-
tor of roads, born at Aye in 1756, died at Dumfries-
shire in 1836. He lived at New York from 1770 to

1783, and was a loyalist during our Revolutionary
war. After the war he returned home, and about
1810 became known as the inventor of "metalled"
or "macadamized" roads. His system consisted in

completely covering the road-bed with small
broken'stones without using a substratum of larger
stones, as in Tclferd's more expensive system. The
stones he used were from 1 to 6 ounces in weight.
He wrote Practical Essay on the Scientific Re-
pair and Preservation of Public Roads, and Re-
marks on the Present State of Roadmaking; also Ob-
servations on Roads (1822). See Britannica, Vol.
XX, p. 582.

MACAPA, a town of Brazil, in the province of

Para, on the left bank of the Amazon, three miles
north of the equator. It has a good harbor, and
considerable trade in timber and ornamental
woods. Population about 7,500.

MACAW-TREE, Great (Acrocomia sclerocarpa),

a palm of the same tribe as the cocoa-nut, a native
of the AVest Indies and the warm parts of America.
It is called Maco>ia in Guiana and Macahuba in

Brazil. It is from 20 to .30 feet liigh, with pinnate
leaves from 10 to 15 feet long. The fruit yields an
oil of a yellow color, of the consistence of butter,
with a sweetish taste and an odor of violets.

MACCALUBA, a remarkable mud volcano, 138
feet in height, situated six miles north of Girgenti
in Sicily. The sides are studded with numerous
small cones, which usually emit hydrogen and occa-
sionally mud and stones, often sending them to a
great height.
MAC CONNELLSVILLE, a post -village, the

county-seat of Morgan county, Ohio, situated on the
Muskingum River. It contains a woolen factory,
a foundry, and a tobacco factory. There are ex-
tensive salt-works in the vicinity.

MACE, a heavy club about 5 feet long, surmounted
by a metal head, frequently spiked, which was used
as a weapon by knights and warlike cluirchmen in

the Middle Ages. The ornamental maces borne as
an ensign of authority, may be traced to the 12th
and 13th centuries, when princes armed their
guards with spikeless maces against the sudden at-

tacks of the assassins. The need passed away, but
the maces remained as symbols of rank. In the Con-
gress of the United States the sergeant-at-arms has
a silver mace.
MACHyERODUS, a genus of fossil carnivorous

mammals distinguished by extremely long upper
canine teeth. See Mammalia, Britannica, Vol. XV,
p. 435.

MACHIAS, the county-seat of Washington
county, ]Me., on Machias River, at the head of navi-
gation. It is a port of entry, and contains a
custom-house, foundry, sash and blind factory, and
many good schools. Lumbering and ship building
are important industries.
MACK-\ Y. Chari.es, a Scotch poet, born in Perth,

in 1814, died in 1889. The publication of a small

volume of poems in 1834 led to his becoming assis-
tant editor of the "Morning Chronicle." From
1844-47 he was editor of the "Glasgow Argus;" he
acted on the literary staff of the "Illustrated Lon-
don News." and filled the post of New York corres-
pondent of the London "Times,"during the civil war.
The "London Review," a weekly journal which he
established in 1860, was not a success. Down to the
time of his death, Dec. 24, 1889, he issued many vol-
umes of poetry and prose, and was a contributor to
"Blackwood's Magazine," the "Nineteenth Cen-
tury," and other periodicals. Two of Mackay's
songs, "There's a Good Time Coming," and "Cheer,
Boys, Cheer," had an extraordinary vogue. Four
hundred thousand of the first having been sold,
without putting anything into his pocket. Gos-
samer and Snowdrift, his posthumous poem was
published in 1890.

MACKENZIE RIVER, in North America, has
its origin as the Athabasca in the Rocky Mountain
Lake in British Columbia, flows over 600 miles to
Lake Athabasca, and 240 as the Slave River to

Great Slave Lake, conveying the waters of the Great
Slave Lake to the Artie Ocean at Mackenzie Bay,
after a final course which is reckoned at 1,045 miles,
making a total river system of nearly 2,000 miles. It

drains an area of little less than 600,000 square
miles. The Mackenzie received its name from Sir
Alexander Mackenzie (1755-1820), by whom it was
discovered and first navigated in 1789.

MACKEREL. See Britannica, Vol. XV, pp. 159,

160.

MACKEREL, Fishery. See Britannica, Vol. IX,
p. 223.

jNIACKEY, Albert G., an American writer on
Freemasonry, born at Charh-ston, S. C, in 1807. In
1838 he became demonstrator of anatomy in the
medical college of South Carolina. In 1844 he gave
himself up to tlie pursuit of literature. His princi-

pal work is an Kncyclopscdia of Freemasonary.
MACKINAW, or Mackinac, an island three miles

long by two broad, in the Strait of ^lackinaw, which
connects Lakes Huron and Michigan ; on tlie

island is the village of Mackinaw, and on an emi-
nence 200 feet above it is Fort Mackinaw.
MACLE, a term employed in mineralogy to des-

ignate what are also called twin crystals, crystals

united according to some precise law, yet not hav-
ing their faces and axes parallel, so as to render the
one a mere continuation of tlie other.
MACLEANSKOROUGII, a village, the county-

seat of Hamilton county. 111., situated in the center
of the county, and fifiy miles soutlieast of Centra-
lia. It is the trade center of a prosperous agricul-

tural district.

MAC MINNVILLE, a post-village, the county-
seat of Warren county, Tenn. It contains wool«>n
and cotton mills, an iron foundry, and the Mac
Minnville Female Academy.
MACOMB, a city, the county-seat of McDonough

county, 111., 200 miles southwest of Chicago. It

contains a foundry, excellent schools, and is the

seat of McDonough Normal ('ollege.

MACOMB, Alexander (1782-1841), an American
soldier. He entered the army in 1799, became cap-
tain in 1805, and major in 1808. In 1813 he was
made colonel of the 3rd regiment of artillery, and
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in 1814 brigadier-general. In 1828 he became
major-general and general-in-chief of the army.
He wrote .1 Treatise on Mailial Iifiw and Coiirl-

MaHials <u Practiced in the I'liilnl Slntes (1809),

and ,'1 Treatiseon the Frarliee ,,( i nnrl-Marlials (1840).

MACOMB, WiM.i.vM IIkn'kv ( 1,S18-1H7i'), a United
States naval officer, son of .Uexander. In 1834 he
enti'i-cMl llie navy as midshipman, was made lieuten-

ant in 1847, commander in 1862, captain in 1806 and
commodore in 1870. lie commanded in numerous
important naval actions, always exhibiting great
courage and good judgment.
MACJON, a city in (leorgia. beautifully located in

the middle of the State. Nine railroads meet here
and give excellent connections in all directions
Macon lias extensive manufactories of iron, machin.
ery, cotton-goods, cotton-seed oil, etc., and a large
wholesale and retail trade. Population in 1800,

22,608. See Britannica, Vol. XV, p. 166.

M.\C()N, a village, tlio county-seat of Noxubee
county. Miss., 198 miles north of Mobile. The Mo-
bile &, Ohio Railroad shops are located here.

MACON, or Macon City, a railroad center and
the county-seat of Macon county. Mo., 170 miles
northwest of St. Louis. It has manufactories of

farming-implements, wagons, etc.

MACON, NATir.\NiEL (1757-1837), an American
statesman. He served as a private throughout the
Revolution, although several offices were urged on
him, and then became a member of the North Car-
olina senate. From 1791 to 1815 he was a United
.States Congressman, and then till 1828 a United
States Senator.
MAC PHERSON, a city, the county-seat of Mac

Pherson county, Kan., thirty-six miles south of Sa-
lina. It has flour-mills and the chief industries of

the region are sheep-raising and agriculture.
MacCARTHY, Denis Florence, an Irish poet

and translator, born in Dublin in 1817, died April 7,

1882. He first became known through liis contri-
butions to the "Nation." His collected Ballads,
Poems and Lyrics, founded upon the patriotic tradi-
tions of the Irish, appeared in 1850, and in 1853 he
published six of Calderon's dramas translated in

the metres of the original. Further installments
of the latter followed in 1861, 1867, 1870 and 1873.

In 1872 appeared Shelh/s Early Life, and in 1879 he
wrote the ode for the Moore centenary. In recog-
nition of literary merit he received a pension in

1871, and in 1881 a medal from the Royal Academy
of Spain.
MacCUNN, Hamish, a Scotch composer, born in

Greenock, March 22, 1868. After study under local
teachers, in 1883, he won a scholarship at the Royal
College of Music. His progress there was so rapid
that in the following year he was able to resign it.

In 1888 he was appointed a junior professor of har-
mony at the Royal Academy. He is regarded as
one of the most promising composers of the day.
He is a pronounced upholder of nationality in
music, and his works are distinctly Scottish in
character and subject.
MacDONALD, Sir John Alexander, an eminent

Canadian statesman, was born in Glasgow, Scotland,
Jan. 11,1815, died in 1891, and with his parents emi-
grated five years later to Canada. He was edu-
cated at Kingston, called to the bar in 1836, and
appointed a Q. C. in 1846. He represented Kings-
ton in the Canada assembly from 1844 till tlie union
of the provinces in 1867, and in the Dominion parli-
ament till 1878, when he was defeated; but he
afterwards sat for Victoria, British Cohimbia, and
for Carleton and Lennox, and was again returned
liy his old constituency in 1887. Before the union
he had been receiver-general in 1847, commission-
er of crown-lands in 1847-48, attorney-general for

I'pper Canada in 1854-58, succeeding Sir Allen
Macnab as leader of the conservatives and premier
in 1856, and again attorney-general in 1858-62 and
1864-67. In 1807, when the new constitution came
into force, he was called upon to form the first gov-
ernment for the new dominion, and was minister
of justice and attorney-general of Canada until he
and his cabinet resigned in 1873. He was again re-

turned to power in 1878, and was successful in the
elections of 1882 and 1887. In 1878 his success was
owing to the adoption of a policy of protection for
native industries, which discriminates against the
productions of all other countries, not even except-
ing Great Britain. Sir John was mainly instru-
mental in bringing about the confederation of the
British North American provinces, in securing the
construction of the Inter-colonial and Pacific rail-

ways. He was chairman of the London colonial
conference, 1866-67, when the act of union was
passed by the imperial parliament; and in 1871 was
appointed one of the British commissioners for the
settlement of the Alabama claims. He was made
a privy-councilor in 1872, K.C.B. in 1867, and G.C.B.
in 1884. He received the degree of D.C.L. from Ox-
ford in 1865, and afterwards doctorates from three
Canadian colleges.
MacDONOUGH, Thomas (1783-1825), a United

States naval officer. He entered the navy as mid-
shipman in 1800, was promoted lieutenant in 1807,
and master-commander in 1813. In August. 1814,
he gained a victory over the British fleet for which
he received a gold medal from Congress, and num-
erous civic honors from cities and towns. The
Mediterranean squadron was his last command
and he died while on board a trading vessel sent
by the government to bring him home.
MacFARREN, Sir George Alexander, an Eng-

lish composer, born in London, IMarch 2. 1813, died
Oct. 31, 1887. He studied at the Royal Academy of
INlusie, where he became professor of harmony in

1838. In 1875 he was appointed principal of the
academy, and also professor of musical Cambridge
L'niversity. He was knighted in 1883. Macfar-
ren's earliest dramatic work. The Deiil's Opera, was
produced in 1838, and he afterwards brought out a
long series of operas, cantatas, oratorios, overtures,
and sonatas,besides some hundreds of songs, many of
which were popular. He stands higher, however, as
a writer on the theory of music than as a composer.
He yvrote Hitdiments of Harmony; Lectures on Har-
mony; Counterpoint; A Musical History, and Ad-
dresses and Lectures; besides editing Otd English
Ditties; Moore's Irish Melodies; Scottish Ditties, and
the second edition of Day's Treatise.

MacGEEGOR, a city of Clayton county, la., on
the Blississippi River. It has good schools, and
manufactories of wagons, carriages, and wind-
mills.

MacGREGOR, John, an English canoeist and
philanthropist, born at Gravesend, Jan. 24, 1825,
and educated at Dublin, and at Trinity College,
Cambridge, w'here he graduated as a wrangler. In
1847 he entered the Inner Temple and was called
to the bar in 1851. He made a tour of Europe,
Egypt, and Palestine (1849-50) ; and a subsequent
visit to the United States and Canada bore fruit in

Our Brothers and Cousins (ISbQ). He published an ac-
count of a canoe journey in 1865, and under the
title of ^4 Thousand Miles in the Rob Poy Canoe.
Other narratives of canoe voyages on the Baltic,
Zuyder Zee, and Jordon followed, all of which have
been very popular.
JNlArH.VLE, John, an Irish archbishop and

author, born at Tubbernavine county, Mayo, in

1791, died in 1881. After being educated at the
Roman Catholic college of Maynooth, he was made
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professor of theology there in 1814, and was raised

ro the episcopate in 1825. In 1834 he became arch-

bishop of Tuam. He was very active in politics, in

church building, in opposing the state schools, and
establishing parish scliools instead. He strove zeal-

ously to rehabilitate the Irish language as a liter-

ary vehicle, and translated into it many of Moore's
popular melodies, six books of the Iliad, and a
large part of the Bible.
Mackenzie, Alexander Slidelt. (1803-1848), a

United States naval officer. He entered the navy
in 1815 as midshipman, was made lieutenant in

1825, and commander in 1841. ,He was on active

duty in the Jlediterranean, the West Indies, the
Brazilian waters, and the Pacific, and in 1846 was
sent on a private mission to Cui^a. In the Mexican
war he was at the siege of Vera Cruz and the
storming of Tabasco. He was the author of A Year
in Spai)i, hy a Young American (1829); Popular Es-
says on Naval Subjects (1833); The American in

England (1835) ; Spain Revisited (1836) ; Life of John
Paul Jones (1841) ; Life of Commodore Oliver H. Perry

( 1841 ), and Life of Commodore Stephen Decatur ( 1 846)

.

MACKENZIE, Sir Moeell, INf. D., was born at
Leytonshone. Essex, in 1837, and educated at the
London Hosjiital Medical College, Paris and Vi-
enna. He founded the Hospital for Diseases of the
Throat, Golden Square, London, in 1863, and in the
same year obtained the Jacksonian prize from the
Eoyal College of Surgeons for his essay on "Dis-

eases of the Larynx." He was soon afterward
elected assistant physician to the London Hos-
pital, Ijecoming in due course full physician, and
being appointed lecturer on diseases of the throat,

an appointment which he held at the time of his

death. Dr. Mackenzie was in attendance on the
late German Emperor Frederick during his last

illness. To vuidicate his treatment of the
case Dr. Mackenzie published in 1888 Tlie

Fatal Illness of Frederick the Noble. Sir Jlorell

Mackenzie was a corresponding member of the
Imperial Royal Society of Pliysicians of Vienna,
and of the Medical Society of Prague and an hon-
orary fellow of the American Laryngological As-
sociation. He was the author of numerous publi-

cations on laryngological subjects, and in particu-

lar of a systematic treatise in two volumes on
Diseases of tlie Tliroat and iV'o.sc, which is acknowl-
edged to be a standard work. It has been trans-

lated into French and German, and is well known
in America.
He also wrote monographs on diphtheria and

hay fever, and he published an article on Specialism

in Medicine, in the June number of the "Fortnightly
Review" (1865), which excited considerable atten-

tion. In 1889 he contributed to the "Contemporary
Review" some essays, entitled The Voice in Singing
and Speaiing.
He was the author of the most exhaustive work

on throat disease. Although the first volume ap-

peared over twenty-two years ago it is yet stand-

ard. He was a very conservative man in operative
work, l>ut was exceedingly skillful. He had in-

vented many new instruments, and improved
numerous old ones. Personally he was exceed-
ingly amiable to everybody, rich or poor, and made
people at once feel at home with him. Being a
great linguist he was very fond of addressing
people in their own language. He sjioke German,
French and Italian fluently, and was a thorougli

classical scholar. He died in TiOndon, Feb. 3, 1892,

from influenza, from wliich he had been sufifering

but a few days.
McALEER, William, an American statesman,

born in County Tyrone, Ireland, .Tune 6, 1K38. He
came to Philadelphia with his parents iu 1851 ; was

educated in the public and private schools; was
president of the commercial exchange, and a di-

rector of the chamber of commerce of Pliiladel-

phia. In politics he is a Democrat, and served two
years as a member of the common council. In
1873 he was elected a member of the Board ot

Guardians of the Poor of Philadelphia for a term of

three years, and was reelected for five consecutive
terms ; was elected a State senator in 1876, serving
four years. In 1890 was elected a Representative
from the 3rd Congressional district of Pennsyl-
vania to the 52nd Congress.
McALL MISSION, the largest Protestant mission

in France. It was started in 1871 by the Rev. R.
W. McAU and his wife, and is there known as "Mis-
sion Populairp Evangeliquede France." Mr. 31cAll
was a Scotch clergyman in charge of a parish. He
and his wife visited Paris after the Commune was
suppressed and distributed tracts among the people
there. In November of the same year they moved
to Paris and lived there. They opened meeting-
houses, preached exhorted, prayed and sang, and
taught Sunday-schools and Bible-classes. The
mission grew, the stations increased, so that the
McAU Mission possesses now over 100 stations
(some forty-odd in Paris alone). It is indorsed by
the clergymen of all Protestant churches, and sup-
ported by Protestant Cliristians in England, Scot-
land, America, Canada, Australia and Switzerland.
McCABE, CiiAKLES C., an American clergyman,

popularly known as "Chaplain McCabe," born at
Athens, Ohio, Oct. 11, 1836. He became a travel-

ing ^Methodist minister in I860; cliaplain cit in

fantry in 1862; was taken prisoner at the battle of

Winchester in 1863, and upon his release made; the
tour of the Union in the interest of the Chri.'itian

Commission. Since the war he has traveled in the
interest of the Board of Church Extension, and in

1884 he was elected missionary secretary oiE the
Methodist Episcopal church.
McCALL, George Archibald (1802-1868), an

American soldier. From 1831 to 1836 he served as
aide to Gen. E. P. Gaines, and then in the Florida
and Mexican wars, receiving the brevets of major
and lieutenant-colonel. From 1850 to 1853 he was
inspector-general of the army. In 1861 he was
made brigadier-general, and after two years of

active service resigned on account of poor health.
He wrote Li Iters from the Frontier (1868).

McCarthy, JfrsTix, an Irish journalist, author
and statesman, born in Cork, Nov. 22, 1830. He
became attached to the staff of the "Northern
Times," Liverpool, in 1853, and in 1860 entered the
reporters' gallery of the house of commons for the
"Morning Star," becoming its foreign editor the fol-

lowing autumn and chief editor three years later.

He resigned his post in 1868 and devoted the next
three years to an unusually complete tour of the
United States. Soon after his return he became
connected with the "Daily News," but he has also

contributed among other magazines to the "Lon-
don," the "Westminster" and the "Fortnightly Re-
view." He entered the house of commons in 1879

as member for Longford, and has identified himself
throughout with the Home-rule party. In 1890 he
was chosen as leader of the Irish Parliamentary
party in place of Mr. Parnell. JlcCarthy's novels
have, perhaps, extended his name farther than hi.;

political triumphs. His other works are Co7i

Amore, a collection of essays. Critical Notice of
George Sand; Prohibitory Legislation in the United

States; Modern Leaders, and ,1 History of our Own
Times, an exceedingly readaWe work, clear and
useful, though neither erudite nor exhaustive. In
1889 he published his popular History of the Four
Georges.
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A rCMRYNR, Robert Murray, an eminent

w?-f ,• ,'y'"f '
"''"^ lias been called "the George

_
WiHle,elciof Scotland," l.orn at Edinburgli, May
21, 1M3, died at Dundee, March 25, 184:1 tie waseducated at the high school and university of his
native town and licensed as assistant preacher in
-Lar bet and Dunipace in 1835. The scene of his life-
vvorlc was Dundee

; he was elected minister of thenew cliurch of St Peter's tl,ere in 1836, and labored
in the same parish until his death. In 1839 he vis-
ited 1 alestine as one of a mission of four ministers
sent out by the church of Scotland to inquire into
the condition of the Jews, and on his return pub-
lished in conjunction witli A. A. Bonar, Xarratire'
of a .y,x,w,i of E„qu!r,j to the Jews. Besides beingan eio.iuent preacher, a man of saintly piety and imost exemplary parisli minister, McCheyne wrotehymns and published sermons, both of consider-
abJe merit.
McCLELLAN, George (1796-1847), an Americansurgeon In 1819 he began the practice of med-cine m Philadelphia, and from 1S26 to 1838 was pro-

r^^"''-,?L!"''^®''y '" Jefferson Medical College.Irom 1830 to 1843 he held a similar office in themedical department of Pennsylvania College. Dr.McC ellan left m manuscript The Principles and
i^ract:ci' qt Surgfry.
McCLELLAX, George Brinto:^ (182(5-1885). an

m!.7'?p^°tJ A wn '^r
B"tannica,Vol. XXIII, p.VsO.-HtCl.EKNAND, John Alexander, an American

lawyer, born m 1812. In 1832 he beg^n the practice
o law 111 Shawneetown, 111., and in 1835 establishedthe bhawneetown '-Democrat." From 1836 to 184'^

mqTn f"f
"'''" ?f.tlie State legislature, and from

1843 to 1851 served in Congress. In 1859 he was
Sn'Jonr°-^M"^''^''',^'"i ^^'"""^ till the be-ginning of the civil war, when he resigned and wasappointed brigadier-general of volunteers in the

ba rleV'^nJ- ?^ ;':f
P''^^'^"^ '^t '"^"y important

battles, and gained the rank of major-|eneraI. Inl&bl he resigned from the army
McCLINTOCK, Sm Fr.ancis Leopold, a Britishexplorer, born m 1819. At the age of 12 he entered

ancv "'S'/w
'" '"'"

T"^
P/'""°t«'J to a lieuten-ancy He was a member of an Arctic expeditionsent in search of Sir John Franklin in 184^ and o"another sent out in 1849. In 1851 he was pmmotedto the rank of commander, and put in charge ofthe Intrepid," one of the five vessels sent to thepolar regions under Sir Edward Belcher. In 1857i-ady Franklin gave him the command of the expe-dition sent out by her, which resulted in solvi^ngthe mystery of Sir John Franklin's fate. In 1860 hiwas knighted; in 1871 was made rear-admiral; n18, / vice-admiral, and in 1884 full admiral He is

ivLaseo) °' '"" ^^'""''' '''"'* "-^"•'-•"
"'

"'''•• ^'^

eSt/\n'if'^,^'\' (1814-1870), an Americaneaucator. In 1835 he began to preach in the New
chu'rcli ri'in"rs36°'.

''"
''h''''' Episcopalcnuron,_ and in 1836 became professor of mathe-matics in Dickinson College, Carlisle, Pa. I 1840he exchanged the mathematical cha r for t at of

^/ff*" ^'^? ¥^""' *"d f'-o™ 18^« to 1856 was editorof the "Methodist Quarterly Keview'' In ]S57 hebecame pastor of St. Paul's church, New York Citv

chapeTi;; 'Ss° He'tr"^ l^f*°'-
i^

tl7e Ameri2i'

of St Pi ,1-; chn. V .* f"
'•etu'-ned to the pastorateot bt. Paul s church but was compelled to resign in

McCbntnT"""*,''^
failing health. In 18(/ Dr

Thpnln • ^ c'^'
?''"''" the first president of DrewTheological Seminary at Madison, N. J He is theauthor of a Cydopwdia of Biblical, r/i.o?o"< J "

dEccU^^ashcal L,teral,ur; Sketches of Eminent Meltdist Ministers, and The Temporal Power of the Ponebesides numerous translations ^ '

Eomfn^r.f/;^^^'' ''T ('«10-'«'^'^). «" AmericanKoman Catholic cardinal. In 18.34 he was ordained
priest, and m 1,8.3, was appointed pastor of St. Jo-seph s Church xNew York City. In 1841 he becamcj

h,';.^''i,'^r'"''",l'°'i
Kordham College, New York.but held the post only a year., In 1844 he was con-secrated bishop and made coadjutor of the diocese

01 iNew \ ork. In 18(54 he was made archbishop, andin 18,0 was created cardinal.
McCOOK, Alex.vnder McDowell, an American

soldier, born in 1831. He entered the army in 1852

^Sw f ''I'^^M
t8^'"st the Apaches till 1857. From

1808 to 1861 he was instructor of infantry tactics atUest loint, and then became a colonel of the 1st

f D IT?.""''"'- ,^^° commanded in the first battle
ot Bull Kun, in the Tennessee and Mississii.pi cam-paign, and in the campaigns of Perry ville StoneKiver.Tullahoma, and Chickamauga, and was en-gaged in the defense of Washington. In 1880 hewas appointed colonel of the 6th infantry, and laterbecame commandant of the school of 'instruction

Km " ^" ^^ cavalry at Fort Leavenworth.

McCOOK, Daniel (1834-1864), an American sol-
dier. He was admitted to the Ohio bar in I860, andthen_ removed to Leavenworth, Kan. At the be-gmning of the civil war he became a captain in alocal company of volunteers, and served at Wilson's
Creek. He then served as chief of staff of the 1st
division of the army of the Ohio in the Shiloh cam-paign and in 1862 became colonel of the 52nd Ohio
I'nl^u J- <-

' -'^'^^
H^

'"^^ selected to lead the as-sault tliat was made on Kenesaw Mountain, and
;°nilc n "^'''^1 directly up to the Confederate

L w;=^'V''n''°'^''"^'H^^°P°f"^e enemy's works

late^
wounded and died a few days

McC(DOK, Edwin Stantox (1837-1873), an Ameri-can soldier. When the civil war began he raided acompany for the 31st Illinois regim?nt, and servedat Fort Henry Fort Donelson, in the VicksburgChattanooga Atlanta, and other campaigns, andin the march to the sea under Shennan Gen.

ni?, o°H°H "f ^"!^
'J'"''^

severely wounded, and re-ceued the brevet of major-general of volunteersHe was shot and killed in Yankton, Dak., whilepresiding over a public meeting. .

"mio

McCOOK Hexry CnRisTopiiER, an American

^LT!^h'^'.'-
^'?™

' ^?f • "*= ^^"^'d ••»« first lieuten-ant and chaplain m the army, and then held nas
torates at Clinton, HI., and St. Louis Mo In Fseg

ofphiri 'f*IP'''^ u °/ *''^ ' th Presbyterian churchof Philadelphia. He has written Object and Outline

^
r.' ' / ,f - ^"y^ of Jesus (1872) ; The Tercenten-ary £ooi 1873)

;
The Mound-Making Ants of the illlghemcs (18,7); Historic Ecclesiastical Emblems ofPan-Presbiiln-unusvillSm; Tl,e Natural Ilistom of

7Lf^r?'l\''£.&'l°^
^'''"' ^l^SO)

;
Ifoney and Occi-dent Ants (1882); Tenants of an Old Farm (1884)-Ihe Woman Friends of Jesus (1884); The Gospel in

Mc(j()OK, Robert Latimer (1827-lS62),an Ameri-can soldier. He acquired a large law practice in
Cincinnati, Ohio. In 1861 he organized the 9thOhio regiment, and was made its colonel. Heserved with distinction in several battles, and waspromoted brigadier-general of volunteers. He wasshot while lying in an ambulance on the battle-
field near Salem, Ala.
McCOOK, Roderick Sheldon (1839-1886) a

,?"i's^Q S^'''*^'
"?.''''' ^'t^^'"'"- He entered the navy

rJ^.nH
' ^-""fSif

I'eutenant in 1861, lieutenant-com-mander in 18(35, and commander in 1873. Durin.'
the civil war he served with distinction in sever^
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important engagements. On account of failing

health he retired from active service in 1885.

McGOHMICK, Cyrus H., the inventor of the
reaping-machine, born at Walnut Grove, Va., Feb.
15, 1809, died in 1884. He went to Cincinnati in

1845, and to Chicago in 1S47. His reaper, patented
in 1834, won him wealth and distinction. He was
a liberal promoter of education, and founder of the
Theological Seminary of the Northwest.
McCORMIGK, Richard C, an American author

and statesman, born in New York City in 1832,

where he was successively a man of business, a
journalist, and trustee of public schools. In 1862
he became chief clerk of the department of agricul-
ture. He was governor of Arizona 1866-69, and
delegate to Congress 1869-75. In 1878 he was com-
missioner-general of the United States to the Paris
Exposition, and received the decoration of the
Legion of Honor.
McCOSH, James, an American educator, born in

Scotland in 1811. la 1835 he was ordained minister
of the Church of Scotland, and lield pastorates i]i

various places till 1862 when he became professor
of logic and metaphysics in Queen's College, Bel-
fast, Ireland. Here he remained till 1868 when he
removed to the United States, having been elected
president of Princeton College. He resigned the
presidency of the college in 1888, but retained the
chaiY of philosophy. Dr. McCosh has written }hth-
oi! of Divine Government, Phi/sical and iforal (l&oO)

;

Tiipical Forms and Special Ends in Creation {\9ai))

;

Intuitions of the Mind Inductively Investigated (1860)

:

Tlie Supernatural in Relation to the Natural (1862)

;

Examination ofMill's Philosophy, being a Defense of
Fundamental Truth ( 1866 ) ; Laws of Discursive

Thought, being a Treatise on Formal Logic (1869);
Christianity and Positivism (1871) ; Tlie Scottish Phil-

osophy, Biographical, Expository, Critical from
Hutchison to Hamilton (1874) ; A Reply to Prof. Tyn-
dall's Belfast Address (1875) ; The Development Hypo-
thesis (1876); The Emotions {1880) ;a,nd Philosophical
Series (1886).

McCULLOCH, Ben (1811-1862), an American
soldier. He supported the Texan revolutionists in

their struggle for independence, and in 1839 was
elected to the congress of Texas. In 1845 he be-
came a member of the first legislature, and was
made major-general of tlie state militia. At the
beginning of the Mexican war he raised a company
of Texas rangers, and later showed great courage
as a spy. In 1852 he was appointed United States
marshal, and in 1857 was appointed a commissioner
to adjust the difficulties with the ilormonsof Utah.
In 1861 he was made a brigadier-general in the
Confederate army, and did good service in several
engagements. He was killed by the bullet of a
sharp-shooter while reconnoitering.
McCULLOCH, Hugh, a Secretary of the United

States Treasury, born in 1808. He studied law in

Boston, and then went to Fort Wayne, lud., where,
in 1835, he became cashier of a branch of the State
bank. From 1856 to 1863 he was president of the
bank of the State of Indiana, and then became
comptroller of the currency. In 1865 he was ap-
pointed Secretary of the Treasury, and held office

till 1869. From 1871 to 1878 he was engaged in

banking in London, and in 1884 was again ap-
pointedto the office of Secretary of the Treasury,
holding the post till the end of Arthur's Adminis-
tration.

McCULLOUGH, John Edward (1837-1885), an
American actor. In 1855 he made liis first appear-
ance in Philadelphia, in a minor character in "The
Belle's Stratagem," and then cliose the stage as a
regular profession. From 1866 to 1868 he traveled
with Edwin Forrest, and from 1S69 to 1872 man-

aged the Bush street theatre in San Francisco.
From 1873 to 1884 the tragedian appeared through
the United States in the heroic roles of "Brutus,"
" Jack Cade," "The Gladiator," "Virginius," and
"Damon and Pythias." He then became prostrated,
mentally and physically, and ended his days in a
lunatic asylum.
McDonald, Edward F., an American states-

man, born in Ireland, Sept. 21, 1844. He came to
the United States with his parents while an infant
and received a common school education. In poli-

tics he is a Democrat. In 1874 he was elected a
member of the New Jersey assembly, and in 1877
and 1879 was a member of the board of Chosen
Freeholders of Hudson county, N. J. In 1889 he
was elected a State senator, and in 1890 was elected
a Representative from the 7th Congressional dis-

trict of New Jersey to the 52nd Congress. He
served in the Union army during the war of the
Rebellion.
McDonald, George, a British poet and novel-

ist, born at Huntley, Aberdeenshire, in 1824. He
studied theology with tlie intention of becoming a
Congregational minister, but he decided afterwards
to devote himself entirely to literature. His views
are extremely broad and liberal, and his style of

writing has a peculiar charm. His best known
works are David Elginbrod (18&2) ; Alec Forbes of
Howglen; Annals of a Quiet Neighborhood; Seaboard
Parish; Robert Falconer; Wilfried Cumbermede; The
Portend, a Story of Second Sight; Thomas Winfield,

Curate; Tlie Marquis of Lossie; At the Back of the

North-iuind; Tlie Gifts of the Child Christ; and The
Miracles of our Lord. In 1877 he received a pension
of £100, in consideration of his literary services.

Dr. McDonald is also an eloquent preacher and lec-

turer, and pays annual visits to England from
Bordighera where he resides. All his works are
full of poetry, and of high moral and religious

purpose.
McDowell, Irvin (1818-1885), an American

soldier. In 1838 he became a 2nd lieutenant in

the 1st artillery of the United States army, and
served till 1841 on the northern frontier. From 1841

to 1845 he was instructor of infantry tactics at the
United States military academy, and then became
aide-de-camp to General John E. Wool. In 1848

he was appointed adjutant-general in the war de-
partment in Washington, and in 1856 attained the
rank of major. In 1861 he was made brigadier-
general, and commanded the department of north-
eastern Virginia, and the defenses of Washington,
and also the army of the Potomac at tlie battle of

BullRun. In 1864 he was given the command of the
department of the Pacific; in 1866 of California; in

1868 of the East, and in 1872 of the South. In 1882

he retired from active service, having gained the
rank of major-general.
McDUFFIE, George (1788-1851), a governor of

South Carolina. He was admitted to the bar in

1814, and in 1818 was sent to the South Carolina
legislature. In 1821 he was chosen to Congress as

a Democrat, and served until 1834. He was then
elected governor of his State, which office he held
till 1836, when he retired to private life. From
1842 to 1846, he was a United States Senator. He
published, besides numerous addresses, an "Eulogy
on Robert Y. Hayne" (1840).

McGEE, Thomas D'Aroy (1825-1868),a Canadian
statesman. For a time he was editor of the Boston,
Mass., "Pilot," and then went to Ireland where he
was on the staff of the Dublin "Freeman's Journal,"
and later of "The Nation." In 184S he established
in New York "The American Celt," and then "The
Nation." Subsequently he settled in Canada, and
established a paper called "The New Era." In 1857
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he was chosen to the Canadian parliament, and
from 1864 to l.S()7, was president of the executive
council. On the evening of April 7, ISliS, when re-

tiiriiiiig from a night session of parliament, he vms
atisassinated at the door of his hotel. He wrote
Ilinhirical Slcftclics iif O'VoiDicll and his Friends

(1815); Frisk Wrilefs of the tievenlecnlh Centunj
(IShi)

;
Memoir of the Life and Conquests of MacMur-

rouijh. King of Leinster' {-[847) ; Irish Letters (1852)

;

Life of I'Alirard Medina, Coadjutor Bishop of Demj
(1857) ; Canadian Ballads (1858) ; Popular History of
Ireland (18G2), and Sjieeches and Addresses on the

Britisli American Union (1865).

McCrLYNN, Edward, an American clergyman,
born in 1837. In 1860 he was ordained to the Roman
Cathcilic priesthood, and in 1866 became pastor of

St. Stephen's church in New York City. In 1886, on
acci)unt of his ignoring the papal demands to ap-
pear at the Vatican on a charge of his support of

Henry George's land theories, he was excommuni-
cated. In 1887 Doctor McGlynn became president
of the anti-poverty society, and in behalf of his

economic opinions, lie has lectured in nearly all of

the principal cities of the United States.
McGUFFEY, Willi.vm Holmes, an American ed-

ucator, born in Washington county, Pa., in 1800,died

at Charlottsville, Va., May 5, 1873. He became pro-
fessor in Miami University in 1836

;
president of

Ohio University in 1839,and professor of moral philo-

sophy in the University of Virginia in 1845. He is

best known for his school books, especially his pop-
ular series of readers.
McILVAINE, Charles Pettit (1799-1873), an

American Protestant Episcopal bishop. In 1820 he
was made deacon, and in 1821 jtriest. He became
pastor of Christ church, Georgetown, D. C, and lat-

er was appointed professor of ethics in the United
.states military academy. In 1827 he was called to
St. Ann's church, Brooklyn, N. Y., and in 1831 was
made professor of saci'ed antiquities in the univer-
sity of the City of New York. In 1832 he was
elected bishop, and chosen president of Kenyon
College. He published Lectures on the Evidences of
Christianity (1832); Oxford Divinity Compared With
That of the Roman and Anglican Churches, With a
Special View of the Doctrine of Justification by Faith
(1841); The Holy Catholic Church (184i) ; No Priest,

no Altar, 710 Sacrifice, but Christ (1846), and iJeaso-i.s

for Refusing to Consecrate a Church Having an Altar
(1846), besides numerous sermons and addresses.
McINTOSH, James Simmons (1787-1847), an

American soldier. In 1812 he entered the United
States army as lieutenant, and served throughout
the Greek war. In 1817 he became a captain, in 1836
major, and in 1839 lieutenant-colonel. He partici-
pated in several important battles of the INIexican
war, and was mortally wounded in the assault on
Molino del Rey.
McINTOSH, John, an American general, born in

Mcintosh county, Ga., in 1755, died there in 1826.
He served in the Revolutionary war as a lieuten-
»nt-coIonel of the Georgia militia, defending the
fort at Sunbury, in Liberty county, when it was
aesieged by a strong British force. At the battle
of Briar Creek, March 3, 1779, he displayed great
bravery, surrendering only when further resist-
ance was impossible. During the last months of
the war of 1812-14, he served under Jackson as
major-general of the Georgia militia.

McINTOSH, Lachlan (1725-1806), an American
-oldier. At seventeen years of age he entered a
counting-house in Charleston, S. C, and subse-
i|uently became a land-surveyor at Inverness (now
Darien), Ga. In 1776 he was appointed brigadier-
general of militia, and two years later accepted a
command in the central army under Washington,

doing good service throughout the war. In 1784
he was a member of Congress.
McINTOSH, Maria Jane ( 1803-1878), an Ameri-

can authoress. Her first work was Blind Alice,
published in 1841 under the pen-name of "Aunt
Kitty," and from that time she devoted her life to
liti'rature. Among her most popular works are
Conquest and Self-Conquest (1844); Praise and Prin-
cipal (\»ib) ; Two Lives, to Seem and to Be (1846);
Charms and Counter Charms (1848) ; Woman in
America, Her Work and Reward (1850); T}ic Lofty
and the Lowly (1852) ; Evenings at Donaldson Manor
(1852); Emily Herbert (1855); Violet, or the Cross
and Crown (1856); Meta Gray (1858), and Two Pict-
ures (IS(5:?).

Mc):KAN, TiioMAs (1734-1817), a signer of the
Declaration of Independence. In 1754 he was ad-
mitted to tlie Delaware bar, and the following year
became deputy attorney-general of Sussex county.
From 1762 to 1779, he was a member of the general
assembly, and in 1765 was elected to the stamp-act
Congress. The same year he became judge of the
court of common pleas, collector of the port of New
Castle in 1771, Speaker of the House of Representa-
tives 1772, and from 1774 to 1783, was member of
the Continental Congress. From 1799 to 1808, he
was governor of Pennsylvania.
McKEESPORT, a borough of Allegheny county.

Pa., on the Monongehela River, fifteen miles south-
east of Pittsburgh. It has flour, saw, and rolling
mills, large manufactories of iron-pipes, glass works
foundries, machine-shops, and a distillery. Natural
gas is used for fuel to some extent. Population in

1880, 8,912; in 1890, 20,711.

McKENDREE, William, an American Methodist
bishop, born in Virginia, July 6, 1757, died in 1835.
Originally a revolutionary officer, he became a
preacher in 1788, presiding elder in 1796, and bishop
in 1808 He was largely instrumental in planting
Methodism west of the Allegheniesand in founding
McKendree College at Lel:)anon,Ill.,to which institu-
tion he bequeathed 480 acres of land. After 1816 he
was senior bishop for 19 years. He was elo-
quent in the pulpit, and careful in the administra-
tion of discipline, and introduced system into all

the operations of the church.
McKINLEY, W^illiam, an American statesman,

born at Niles, Ohio, Feb. 26, 1844. He enlisted in
the United States army in May, 1861, as a private
soldier in the 23d Ohio Volunteer Infantry, and was
mustered out as captain of the same regiment and
brevet-major in September, 18G5; was prosecuting
attorney of Stark county, Ohio, 1869-71 ; was elect-
ed to Congress in 1877; lost his seat by vote of the
House in 1884; was reelected and sat continuously
as a member of Congress from 1885 to March 4,

1891. He is author of the protective tariff bill

passed by Congress in 1890. See Tariff and
United States, in these Revisions and Additions.
McKINNEY, a village, the county-seat of Collin

county, Texas. It has large flour-mills and is sit-

uated in a grain and stock-raising locality.

McKINNEY, LuTHEK F., an American statesman
and divine, born in Licking county, Ohio, April 25,
1841. He received a common school education

;

served as a sergeant in the Union army from 1861-
1863 ; removed to Iowa in 1865, and spent two years
in farming and teaching. In September, 1867, he
entered tlie Saint Lawrence University, New York,
graduating in 1870; removed to Jlaine and entered
the ministry; removed to New Hampshire in 1873.
In politics he is a Democrat, and was elected a
Representative from the 1st Congressional district
of New Hampshire to the 50th Congress. In 1890
he was elected from the same district to the 52nd
Congress.
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McLANE, Louis (1786-1857), an American states-

man. From 1798 to 1801 he was in the United
States navy, and then studied law and was ad-

mitted to the Delaware bar in 1807. From 1817 to

1827 lie was a Democrat in Congress, and then till

1829 served as a United States Senator. From 1829

to 1831 he was minister to England, and then be-
came Secretary of the Treasury. In 1831 he retired

from political life, and from 1837 to 1847 was
president of the Baltimore & Ohio Railroad Com-
pany. In 1845-6 he again served as minister to
England.
McLANE, Robert MiLT-iGAN, an American diplo-

matist, born in 1815. In 1837 he joined the army
and took an active part in the Seminole war as a
lieutenant. In 1839 he was on a military survey
of the Dorthern lakes, and in 1841 went to Europe
to examine the system of dykes and drainage in

Holland and Italy. In 1843 he began the practice of

law at the Delaware bar, and in 1845, 1847, and 1849

was elected to Congress. From 1854 to 1856 he was
United States commissioner to China, and in 1859
was appointed minister to Mexico. In 1877 he was
elected to the United States Senate, and in 1888 to

the House of Representatives, receiving a reelection
in 1S80. In 1883 he became governor of Maryland,
and in 1885 was appointed minister to France.
McLAWS, L.\FAYETTE, an American soldier, born

in 1821. He entered the United States army in 1842
and was in active service till 1861, when he became
a colonel in the Confederate army. A little later

he was commissioned a brigadier-general, and in

1862 was promoted major-general. He participated
'.n nearly all the important battles of the civil war,
and at the close went into business at Savannah,
Ga. In 1875 he was appointed collector of internal
revenues in that city, and the following year was
made post-master. In 1886 he opened a series of

lectures in Boston by northern and southern mili-

tary leaders, his subject being "The Maryland
Campaign."
McLEAN, John (1785-1861), an American jurist.

In 1807 he began the practice of law at Lebanon,
Ohio, and in 1812 was elected to Congress, receiv-

ing a reelection two years later. From 1816 to 1822
he was judge of the State supreme court, and then
was appointed commissioner of the general land
office. From 1823 to 1829 he was postmaster-gen-
eral, and in 1830 became associate justice of the
United States Supreme Court. He wrote Reports of
the United States Circuit Court (1829-1855) ; and
Eulogy on James Monroe (1831), besides several ad-
dresses.
McMAHON, Marie Edme Patrice Maurice db.

Due DE Magenta, marshal of France and second
president of the French Republic, born at Sully
Saone-et-Loire, in 1808. He came from an Irish

Catholic family settled in France. He was edu-
cated at the military school of St. Cyr, and took
part in the expedition to Algiers. McMahon dis-

tinguished himself in the assault on Constantine in

1837. In 1845 he rose to be colonel; in 1848 general
of brigade, and in 1852 general of division. During,
the Crimean war he captured liy a spirited assault
the Malakoff, whicli was the key to the defenses of

Sebastopol. For this achievement he was made a
Senator in 1859. At the opening of the Italian war
in 1850 he commanded the second corps of the army
of the Alps. At the battle of i\Iagenta, on June 4,

he arrived just in time to make it a decisive vic-

tory. For this service he was created Duke of Ma-
genta and marshal of France.

In 1870 when the Franco-Prussian war broke out
McMahon commanded the first army corps which
had lo defend Alsace. But he was defeated at
Wcirth and afterwards at Sedan. At the latter

place he was chief in command, but was wounded
at the beginning of the engagement. In 1871, a^
chief of the army at Versailles, he wrested Paris
from the commune. When Thiers resigned the
presidency in 1873, McMahon was chosen to suc-
ceed him ; but he was too conservative for tlie ma-
jority of the Republicans. AVhen the latter de-
manded the removal of some Bonapartist generals,
McMahon resigned the presidency, Jan. 30, 1879.
He has since lived in retirement.
Mc.N'AB, Sir Allen Napier, a Canadian states-

man, born at Niagara in 1798, died at Toronto in

1862. In the war of 1812 he served as midshipman
in expeditions against Sackett's Harbor and other
American ports on Lake Ontario, and afterwards
as ensign in the army. After that war he studied
law. Subsequently he was made clerk in the assem-
bly of Upper Canada, and finally he became speaker
of that body. In the insurrection of 1837 McNab
was colonel of the militia on the Niagara frontier
and routed the insurgents near Toronto. AVhen
their leader, W. L. JIackenzie, took Navy Island
and received reinforcements and supplies by the
steamer Caroline from the American side. McNab
seized and burnt the steamer and sent her adrift
over the falls. He was speaker of the united prov-
inces of Canada in 1844, prime-minister, 1846-56,
and a member of the legislative council in 1860.
He was made a baronet in 1858.

Mcpherson, James Birdseye (1828-1864) an
.•Vmerican soldier. He entered the army in 1853.
became 2nd lieutenant in 1854, lieutenant in 1858,
captain and lieutenant-colonel in 1861, colonel,
brigadier-general of volunteers, and major-general
of volunteers 1862, and brigadier-general in the
regular army, 1863. He took part in many import-
ant battles of the civil war, always displaying a
correct judgment, coolness in danger, quick per-
ception, knowledge of ground, and untiring energy.
He was killed near Atlanta, G:i., while in command
of the Army of the Tennessee. His statue in bronze
stands in one of the public parks of Washington.
McTYEIRE, Holland Nimmons, an American

bishop of the Methodist Episcopal church. South,
born in 1824. He joined the Virginia conference
in 1845, and the following year took charge of St.

Francis street church. Mobile, Ala. Afterwards he
was stationed at Demopolis, Ala.. Columbus, Miss.,

and New Orleans, La. In 1851 he became editor of
the New Orleans "Christian Advocate," and in 1858
of the Nashville "Christian Advocate." During the
civil war he was pastor at Montgomery, Ala.,

and in 1866 was elected to the episcopate. In 1873
he became president of the board of Vanderbilt
University. He has written Duties of Christian Mas-
ters (1851); Catechism on Church Government (1^(39) \

Catechism on Bible History (1869); Manuel of Disci-

pline (1870) And History of Methodism (1884).

McVEAGH, Wayne, born in Phwnixville, Pa.
April 19, 1833; admitted to the bar in 1856; captain
of cavalry, 1862 ; minister to Constantinople, 1872;
member of the commission to investigate the af-

fairs of Louisiana in 1877 ; appointed attorney-gen-
eral of the tinited States in 1881 ; resigned in 1881.

]McAVHINNEY, Thomas Martin, D. D., an Amer-
ican minister, born in Ohio in 1823, and educated
at Oxford University, Ohio, and at the Meadville
Theological School, Pa. During the civil war he was
appointed chaplain of the 57th Indiana Volunteers.
He has been editor of the "Herald of Gospel Lib-
erty." He was called to the pastorate of St. Paul's
Evangelical church, 34th Street, New York City in

1881, which position he occupied for six years. He is

now (1891) pastor of the First Christian church of

Marion, Ind. Union Christian College, Ind., con-
ferred upon him the degree of Doctor of Divinity.



M A (' W II I R T E R— M A F F I T T 1039

He is (lie author of Crimi' Legalized; Heui'enly Rec-
oeinilitiii, and Unison and liereUilioii, which latter
work lias irorie througli several editions.
Mai'WUIRTKK, John, artist, was born in 1839

near Ivtiiiljursli. Apprenticed early to a bookseller
and [iul)lisher, he ran away in disgust, ajid com-
menced his artist life. His early studies of wild-
tlowers at lionie and abroad were selected by Rn.s-
kin as examples for -his Ctxford class. In ISIU lie

was elected Associate of the Scottish Academy, and
in 1870 -V.K.A. He excels in depiciting Highland
scenery, but he has traveled much, and one of his
most admired works is a view of Constantinople
and, the Golden Horn (1889). As favorites may be
mentioned The Vanguard, The Lady of the Woods,
The Three Graces and Out in the Cold.

iI.A.DAGASOAK. For general article on M.vda-
G.\sc.vR see Britannica, Vol. XV, pp. 168-176. The
area of the island is noAv estimated at 228,500 square
miles ; total length, 975 miles, breadth at widest
point 358 miles. Population, about 3,500,000.

No census has ever been undertaken by the native govern-
ment, and it reseuts any attempt at census taking l>y foreign-
ers. It is therefore only by vague and uncertaiu estimates
that any idea cau be formed of the population of the Island as
a whole or of that of particular districts!.

There are rcM~.iM~ u-t- m iiki!i:j ii.., tin' population of
lm6riua was dtc ' i

:
:i j !

— ;. reign of Queen
RaDav:'llona I. (i^ ,;

- .1 that it is now
slowly increasiii;; in -m'i-,'. : i.i i n, - in .nd of education,
civilization, and Christian te;i'-'hii!^j. The female population
seems in excess of the male. A number of foreign residents
live on the coasts, chiefly Creoles from Mauritius and Bour-
bon, mostly Euglish subjects. The most powerful, intelli-
gent, and enterprising tribe is the Hova, whose language
allied to the Malayan and Oceanic tongues, is understood over
a large part of the island, aud who have heen dominant for
the last tifty years. The people are divided into agreat many
clans, who seldom intermarry. The Hocas are estimated to
number 1,000,000; the otlier races, more or less mixed, are the
Sakalavas in the west, 1,000,000; the Betsileos, 600,000; Bavas,
200,000; Betsimi Sakaras, 400,000; Antatiavas, 200,000. In the
coast towns are many Arab traders and tliere are be-
sides many negroes from Africa introduced as slaves. The
capital. Antananarivo, in the interior, is estimated to have,
with suburbs, a population of 100,000. The principal port is
Tamatave, on the east coast, with a population of 10,000. Mo-
jaiigu. the chief port on the north-west coast, has about
U.OOO inhabitants. Slavery exists in a patriarchal form.
Peese.nt Reigning F.imily and Government.— Queen

Ranavalona (or Rinavftlona) III. was born about ISOl; ap-
pointed successor by the late Queen Rdnavalona II. ; suc-
ceeded to the throne on her death, July 1:?, 1883; shortly after
she married the prime minister, Eainilai;lriv6ny, and was
crowned Nov. 22, 1883.
The present queen is great-granddaughter of Rah6ty, sister

of King Andrianampoinimi^riua (1787-lSlO). At various peri-
ods, 1820.. 1861, 186.5, and 1868. treaties have been concluded
with Great Brit.iin, the United States, and France. By a
treaty signed at Tamatave, Dec. 12, 1885, a French reside"nt-
general, with a small military escort, resides at the capital,
and the foreign relations of the country are regulated by
France, which occupies a district around the Bay of Diego-
Suarez as a colony. But the native government has retained
the right of receiving the exequntcrs of foreign consuls, and
has maintained its right of direct negotiation with foreign
powers in all commercial matters; and retains absolute in-
dependence in all domestic legislation and control of the
other tribes of the country.
The government is an absolute monarchy, modified and

tempered by customs and usages having the force of law

;

and during the last riuarter of a century the power of the
sovereign has been gradually limited and controlled.
Revknue .\nd F1N.1NCE.—The chief source of revenue is the

customs, and a small poll tax is paid ; but the personal serv-
ice which every Malagasy has to render is the mainstay of
the government. The only fixed payments are those made
to the queen, the prime minister, and the armv. In 1886 the
Malagasy government borrowed from the Paris Comntoir
(r&ccirap(e a sum of 15 millions francs, of which 10 millions
went to pay the indemnity to France. No statistics of public
revenue are obtainable.

MADISON, a village, the county-seat of Morgan
county, Ga., about seventy miles from Atlanta.
The cotton trade is the chief business, and granite
and iron ore are found here.
MADISON, a citv of Indiana. Ponulation in 1870,

10,709 ; in 1880, 8,945 ; in 1890, 8,923. See Britannica,
Vol. XV, p. 181.

MADISON, a post-village of Morris counly, N. .1.,

twenty-eight miles from New York. It is the home
of many New York business men. It manufac-
tures screws and contains Drew Theological vM.E.)
Seminary.
MADISON, the capital of Wisconsin and seat of

justice of Dane county, lies toward the south of the
State, seventy-five miles west of Milwaukee. In tlie
beauty of its situation it has few rivals, occupying
jisitdoes the undulating isthmus between Men-
dota and Menoa, two of the lakes which give name
to the Four-Lake Region, connected with the :Mis-
sissippi by Yahara or Catfish River and Rock River;
and tlie cool summer climate, which it owes to the
lact that it stands 788 feet above the level of the
sea and 210 feet above Lake Michigan, renders it a
health resort of some value, especially for consump-
tive patients. The State capitol, situated in the
midst of a finely wooded park of thirteen acres, is
a rather imposing but hybrid edifice of whjte lime-
stone crowned by a central dome rising 200 feet
above the level of the liasement;it was originally
built in room of an earlier capitol in 1860, at a cost
of .$400,000, and has since been greatly enlarged.
Population 1890, 13,302.

MADISONVILLE, a post-village, the county-seat
of Hopkins county, Ky. It is situated in a tobacco
growing region, and contains tobacco-stemmeries,
a pearlash and potash factory, flour and planing
mills, a cotton gin, and wagon and carriage manu-
factories. Coal fields are in the vicinity.

MADLER, JoHANN Heixrich, a German astrono-
mer, born at Berlin in 1794, died at Hanover, in
1874. While a teacher in the normal school at Ber-
lin he constructed a map of the moon, which was
published in 1836. After this he became success-
ively director of the observatory at Berlin, and at
Dorpat, Russia, where he made important observa-
tions on Mars and Jupiter, and on double and vari-
able scars. He published Popiildre Astronomie
(1841) ; Allgemeine Selenographle, and Geschichte der
Ilimmelskunde (1873). In his work Die Centralsonne
he presented the hypothesis of a central sun,
around which the whole stellar universe revolves.
He named the star Alcyone as the central sun.
MADOC, a post-village in Hastings county, On-

tario, twenty-eight miles north of Belleville. It
has good water-power, and marble, iron and gold
are found in the vicinity.
MADSTONE, a stone popularly reputed to be a

cure for hydrophobia and snak3 bites. The stone
is applied to the wound, from which it is supposed
to absorb the virus. Gladstones are credited with
remarkable cures by many people, but the be-
lief in their value has no scientific sanction.
MADVIG, JoHANN Nikolai, a Danish statesman

and philologist, of Jewish descent, born at Svaneke,
Bornholm, in 1S04, died in 1886. After being edu-
cated at the University of Copenhagen he was
made professor of the Latin language and litera-
ture there. He published editions of Lirii.Jurenal,
Cicero, and Lucretius, a Latin Grammar, and Adrer-
saria Critica ad Scriptores Gru-cos et Latinos (1871-
84) ; also Die Verwaltung des romischcn Staales (1882).
In 1848 Madvig was minister of public worship, and
in 1852 minister of public instruction. Afterwards
he was again professor of classical philology at the
University of Copenhagen. He excelled in the
knowledge of the classics.
MAFFITT, John Newland (1795-1850), an Ameri-

can clergyman. Born in Ireland, in 1819 he emi-
grated to America and in 1822 entered the New-
England conference of the ilethodist Episcopal
church. In 1832 he became a local preaclier in
New York City and an evangelist. In 1833 he es-
tablished at Nashville, Tenu., the "Western Metho-
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dist," afterwards the "Christian Advocatp," and
later was for a sliort time professor ol elocution in

La Orange College, Ala. In 1841 he became chap-
lain to the National House of Representatives, and
in 1145-46 edited at Auburn, N. Y., the "Calvary-
Token." Toward the close of Ids life his popularity
waned, and his mind was troubled by charges which
were brought against his moral character. He
wrote Tears of Contrilion (1821); Pulpit Sketches

(1828) ; and a volume of Poems (1839).

MAFIA, or Maffi.\ a secret Italian organiza-
tion with a history dating its origin probably in

Sicily, and having for its present object the enforce-
ment of private vengeance.* In Southern Italy,

and specially in Sicily, its membership was largely
made up of murderers and assassins. Its ramifica-

tions extended into some cities and towns of the
United States, and in New Orleans, where a large
Italian population has gathered during several
years past, the murderous work of the JMafia in
1888, 1889, and 1890, was constantly on the increase
and in June, 1890, culminated in a desperate fight

between two factions of the streets of New Orleans.
This determined the municipal authorities to break
up the organization. In order to prevent this, the
Mafia, in October of that year, murdered Hennes-
sey, chief of police. Arrests were made, but owing
to the secrecy and influence of the conspirators,
the criminals after great delays were brought to

trial before a jury whicli failed to convict. In
March, 1891, six of the arrested men had escaped
conviction by the jury, and ten were in jail with
the prospect also of a similar escape from justice.

Multitudes of the people were incensed over there-
suits of the trial, and an indignation mass meeting
was called, and after exciting speeches were made,
an excited populace, under determined leaders,

broke open the jail, and in defiance of all law, shot
the Italian prisoners who liad been charged witli

the assassination of chief Hennessey. This in

brief is the incipient story of the "Mafia incident,"

which led to an exciting controversy between the
Italian government and tliat of the United States.
MAGADOXO, or MuKDisnA, a commercial town

on the east coast of Africa, in tlie Somali country,
in Lat. 2° 2' N. It belongs to the Imaum of Mus-
cat. The town is divided into two parts; one com-
posed wholly of tombs, the other comprising about
150 houses, a mosque, and several minarets of
Aral)ian architecture. The exports are dhurra,
beans, peas, cattle, cotton, spices, etc.

• A letter In an old English magazine tells the following
story of the origin of tlie Mafia organization:
The "Mafia" society is over six hundred years old, having

its origin at the revolt of Palermo which took place during
an Easter ceremonial in the suburbs of that city in the year
liS'i. A beautiful young girl and her betrothed, m accord-
ance with the quaint and primitive customs of that people,
approached the Church of the Holy Ghost to be united in
marriage at its altar; and while the lover sought the vener-
able padre in the little room at the rear of the building, his
bride paused upon its threshold. As she stood, expectant

—

graceful as a fawn, fair as a dream, her innocent heart throb-
Ding with Its new-born happiness—a drunken sergeant of the
Frohch garrison, Druct by name, strode up behind her, threw
his arm about her waist, and thrust a huge,- brutal hand
into her pure, snowy bosom. With a cry of horror and fear
tlie poor child tore herself from his polluting grasp and
turned to fly, but the heel of her dainty slipper caughtin the
coping of the stone pavement and she fell, striking her head
against a sharp projection of the church cornice.
At that instant the returning lover's eyes fell upon his

beautiful mistress—lying lifeless, her white brow gaping with
its cruel wound, lier'long tresses dalibled with her blood.
With the savage fury of a wild beast ho threw himself upon
Druot, bore him to the earth, and drove liis stiletto to tlie

wretch's heart crying "Morte alia Fraucial" "Death to the
French!" 'I'here was a momeut, a pause of silence, and then
that maddened cry became the roar of infuriated thousands.
It swelled and deepened; it took more solemn meaning—be-
came nationalized—and then burst fortli : "Morte alia Frau-
cia Italiaanelal" "Death to the French is Iraiy'scry 1" For

JIAGDEBUIIG HEMISPHERES, an instrument
invented l)y Otto von Guericke consisting of two
hoUov,' hemis- ^ „
pheres, gener- xl" \

ally made of

copper or brass,

with their
edges accurate-
ly fitted to-

gether, and one
of them fur-
nished with a MAGDEBITRG HEMISPHERES.

stopcock. When the edges are rubbed over with
grease, pressed tightly together, and the globe
thus formed exhausted of air through the cock,
the hemispheres, which fell asunder before ex-
haustion, are now pressed together with immense
force.

MAGELLANIC CLOUDS, or Nubecul.e Major
AXD MixoK, two cloud-like masses of nebulous stars
in the sky of the southern hemisphere. See As-
tronomy, Britannica, Vol. II, p. 821.

MAGENDIE, Fbax^ois, a French physiologist,
born at Bordeaux, Oct. 15,1783, died Oct. 7, 1855.

He studied at Paris; in 1819 became a member of

the Academy of Sciences ; and in 1831 professor of

anatomy in the College de France. He practiced
vivisection extensively, and by this and other
means of observation made important additions to
knowledge of nerve-physiology, the veins, and the

physiology of food. He was the author of Elements
de Pliysiologie; Lecons sur les Phenomene.i ])ln/s!quci

de la Vie; Lecons siir les Fonctions et les Maladies du
Systemc Nerveti.r; and Lecons sur le Sang. He was
also the founder, and for ten years the editor, of

the Journal de la Phijsiologie Experimentole.

^lAGEROE, the most northerly of the larger
European islands, belonging to Norway and lying
close to the coast of Finmark, in the Arctic Ocean.
It terminates, towards the North Cape, 950 feet in

height. Magero6 is twenty-two miles in length,
fifteen miles in breadth, and is deeply indented by
bays. It supports a few Norwegian and Lappish
families.
MAGILP, or Megilp, a composition used by

artists in oil-colors as a medium and for glazes. It

is made of linseed-oil and mastic varnish.
MAGILUS, a remarkable gasteropod found on

the coral reefs of warm eastern seas. The young
animal settles on the growing coral at the obvious
risk of being gradually surrounded and smothered.
This is avoided, however, by an entire change in

the form of the shell, which is diverted from its

original spiral type and grows out into a long ir-

regular tube. "A neck and neck race is kept np
until the mollusk or the coral dies."

MAGINN, William, an Irish author, born at
Cork, Nov. 11, 1793, died at Walton-on-Thames,
Aug. 21, 1842. He was educated at Trinity College,
Dublin, where he won a brilliant reputation for

precocious scholarship; taught in Cork for ten
years ; and in 1823 removed to London to pursue a

seventy two hours armed bauds, headed by the father and
betrothed of tlie hapless girl, hunted down the haled
French, and their search was as the quest of the tiger and
bloodhound.
But retribution was to come after this carnival of blood

and in dread of the vengeance of the French nation these
unhappy people formed themselves into secret organizations
with the password and name of the society made np of the
initial letters of the words which compose that fateful death
cry, thus form in;; "Mafla." Its object .was reslstence to op-
pression, an. i ,. iIm lai'^e of years added to its power and
influence it

mighty in I"

it is but til'

assassin of the

irth its hands against the rich and
Mior and tlie down-trodden. To-day
loak. of the creeping thug and this
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life of letters. Ilis first contributions to "Black-
wood's Magazine" appeared in 1819, and from that
date for nine years scarcely a number appeared
without an article from his pen. In 1824 Murray
started the short-lived " Kepresentative," a daily

newspaper, and MajS^inn was sent to Paris to act as

foreign correspondent. In 1828 he joined the staff

of the " Standard," and was one of the originators

of "Fraser's Magazine" in 1830. Me also contribut-
ed luinierous papers to the " tjuarterly Review,"
to " Bentley's Miscellany," and to "Punch," and
wrote two romances. His writings were character-
ized by learning and wit, but his habit of intem-
perance gained the mastery over him and ren-
dered Ilis career a failure. His critical and miscel-
laneous essays. IfiDnrric lialhifh, and Shakegpfun-
Papiix were collected in the United States and ed-
ited by Dr. R. S. Mackenzie (l,S55-'57).

MAGNIFItlAT, the " Song of the Virgin Mary,"
which, in the Vulgate, begins with Magnificat.

MACtNI'SEX, Kin'.v, a Danish archieologist, born
at Skalholt, Iceland, in 1781, died at Copenhagen
in 1847. After lieing educated at Copenhagen he
became a lawyer in Iceland in 1803, but was in 1815
appointed as professor of northern antiquities and
afterwards as keeper of the archives in Copenha-
gen He prepared a dictionary of Scandinavian
mythology and a full exposition of its system. But
his chief work is a translation of the older ICddu

which he published with abundant commentaries
in 1821-'23. All his writings indicate excellent
judgment and extensive learning.
MAGRUDEK, .Ioiin B., an American general,

born in Virginia about 1810, died in Texas in 1871.

He graduated at West Point, and won -distinction
in the Mexican war; he was wounded at the tiattle

of Chepultepee. He entered the Confederate army
in 1861, and served in the Yorktown and Chicka-
hominy campaigns. He was put in command of

the Western Department as major-general in 18(i2,

and was distinguished as an able general.
MAHAFFY, .loHx Penti,.\nd, an Irish educator,

born at Chafonaire, Switzerland, in 1839. After lie-

ing educated in Germany and at Trinity College,
Dublin, he was a tutor aiul lecturer at the latter
college, and became a professor t)f ancient liistory

there in LSBlt, and Donellian lecturer in theology
for 1873-74. He is a very able teacher, thorough
scholar and has progressive ideas on education.
His most meritorious writings are Lerturrs on Prim-
ilivi- Cirilizalion: Pralfgnmuna In Ancinit Hixtijni.

which treats on Egyptian antiquities; (lre,k Social
Life, from Homer to Mcnandcr: Jxamhics ((ml Stadlcx
in'Greecf; IIii!tor(i of Greek Classical Literature ( 1880)

;

and A'a^r-s- Crit'icdl PIdlosophii for En(ilish Readers.
MAHDI, El, Arabic for " The Well Directed," the

title of an Arab, whose proper name is supposed to
Iiave been Mahommed Ahmed, who was born near
Dongola, Nubia, about 1842; became a monk or
dervish, and in 1881 announced himself as the
Mahdi or Messiah of the Mahommedan faith. After
the overthrow of Arabi Pasha in Egypt, in 1882. the
Mahdi raised a very large body of troops in the Sou-
dan, with-whioh he annihilated the Egyptian army
under the command of Hicks Pasha. By 1884 he
had extended his power to Suakim and the Red
Sea, and threatened the frontiers of Egypt. The
English, who had for purposes of their own adopted
a protectorate over Egypt, found themselves
threatened by an insurrection which at any cost
had to be suppressed. They sent General Ch.\ki.es
Gordon (</. c), unarmed and alone, to Khartoum,
who assumed command of the Egyptian troops at
that point where the JIahdi speedily blockaded him.
The history of the Khartoum expedition, with all

its disasters, is told elsewhere, but finally, in .Janu-

ary, 1885, Khartoum was captured, and (iordon
slain. The British evacuated the entire territory,
with the exception of Suakim, and the Mahdi
formed a government with its capital at Khar-
toum. A few months later he died, it is said, of
small-pox, and was succeeded by one of his gen-
erals, who still (1892) holds the country.
MAllONE, William, born in Virginia, Dec. 21,

182(3; graduated at the Virginia Military Institu-
tion in 1847, and engaged in civil engineering. In
1861 he joined the Confederate army, took part in
the capture of Norfolk navy yard, and engaged in

nearly every battle of the Peninsular campaign, on
the Rappahannock, and in the campaign around
Petersburg. He won the reputation of a fearless
fighter, became brigadier and major-general, and
commanded a division in A. I*. Hill's corps. After
the war he returned to engineering and became
president of the Norfolk and Tennessee railroad.
He entered politics about 1878, and Vjecame the
leader of the party which aimed at the "readjust-
ment" (a mild equivalent for repudiation) of the
State debt of Virginia. In 188(3 he was elected
Ignited States Senator, and served from March.
1881, to 1887, but was defeated for reelection.
MAHANOY CITY, a borough of Pennsylvania,

near the watershed between the Delaware and Sus-
quehanna rivers. It has about 20 collieries, and an
active trade with the other coal-mines in the neigh-
borhood. Population in 1890, 11,291. See Britan-
nica. Vol. XX, p. 285.

MAIIIM, a town of the island of Bombay, 10
miles north of the city of Bombay. The town is

ill-built and inhabited chiefly by Christians of Por-
tuguese descent, who have here a church and some
other relics of former prosperity. The inhabitants
are chiefly employed in fishing, the place being
famous for its oysters. Population, 9.000.

5IAH0NY, Fr.vntis, better known by his famous
pen-name, "Father Prout," was born at Cork in

1805, and educated for the priesthood at a Jesuit
c<illege in Paris, and subsequently in Rome,
where he remained for seven years and received
ordination. He abandoned the clerical calling
about 1834 and joined the staff of "Fraser's Maga-
zine," Ilis contributions to which were republished
under the title of Hel((i(tes Father Pront in 1836.

He contributed also to "Bentley's Magazine" from
1837. For some years he acted as Roman corre-
spondent to the "Daily News," and his letters were
collected and published in 1847 as Facts and Figures
from Italy, by Don Jeremy Savonarola, lienedictinf

Monk. During the last years of his life he lived in

Paris, and was correspondent to the "Globe"' news-
paper, till, in 1864, he retired to a monastery, where
he remained till his death. May 19. 1.8(i(i.

MAIGRE (Scia-na aejidla), a fish of the acanthop-
terous family Sciicnid.r, common in the Mediter-
ranean. It attains a large size, and much resem-
bles a large bass.
MAILED CHEEKS {Sclerogenid.r or Triglid.r), a

family of acanthopterous fishes, characterized by
an extension of certain sub-orbital bones to the
gill-covers' to form a bony armor for the cheeks.
The species are widely distributed in the seas of all

parts of the world.
MAIMATCHIN, a Chinese trading town on the

northern boundary of Mongolia, opposite Kiachta,
from which it is separated by a narrow strip of

neutral territory. Population, 3.000.

MAINE, Sir Henrv Sumner, an English jurist,

born in 1822. After graduating at Pembroke Col-
lege, Cambridge, he became professor of civil law
there, and was afterwards reader on jurisprudence
at the Middle Temple, London, until 1862. In 1870
he was professor of jurisprudence at Oxford I'ni-
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versity, and since 1877 he has been master of

Trinity llall, Cambridge. His most Important
T\'orks are Ancient Law, Its Connection with '.he Earlxf

Jliistori/ of Society; Vilhige Communities in the East
and West, and Early History of Institutions (1875).

He has iiroved the inaccuracy of the theories which
had long prevailed in regard to the institutions of

civilized society. He died in 1888.

MAINE LAW, a law passed by the legislature of

the State of Maine, in 1851, prohibiting in that

State, in stringent terms, the sale of intoxicating

liquors as a beverage.
MAINE, State of. For general article on the

State of Maine, see Britannica, Voi. XV, pp. 297-

S02. The census reports of 1890 record the revised
figures showing the area and population as follows:

Area, 33,010; population, 651,086, a net gain during
the last decade of 12,150, or 1.87 per cent Capital,

Augusta, with a population of 10,-521. The total

area here given includes 29,895 square miles of land
area and 13,145 of water area.

Tiie population of other cities and towns of the
state which had each 8,000 inhabitants or over were
as follows

:

Cities.
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centonial exliiliition in Philadelphia. It is now in

the Berlin national i^allerj'. Among his other
works are Iloman Ruuik; 'Ihr J'ldguf at Florence;
C/eopatr(i,a.nA /Entrance of diaries V. i7ito Antwerp.
Ho also painted many scenes from Shakespeare.
All his large canvases are brilliant in coloring, but
often too crowded; and some of his themes are
sensuous.
MAKEMIE, Francis, an American clergyman,

died in 1708. He was licensed to preach in IfiSl,

and subsequently engaged in trade with the West
Indies. In 1699 he returned to preaching and
traveled through many of the colonies, delivering
sermons wherever he could find an audience. He
wrote <'<iteehisiii (1691) ; An Answer to George Keith's
Libel (Ui92) ; Truthina New Light (1699); A Plain
anil Loving Persuasive to the Inhabitants of Indiana
and Virginia, etc. (1704), and a Letter to Lord Corn-
ban/ (1707).

MALACHI. See Britannica, Vol. XY, p. 313.

MALACOLOGY (Gr. Malakos, "soft"), a name
sometimes employed to designate that branch of
natural history which has moUusks for its subject.
MALAN, Cesar Henry Abraham, a Swiss clergy-

man, born at Geneva, in 1787, died there in 1S64.

While studying theology at Geneva, ho was a
rationalist; but in 1817 he became an Evangelical
Trinitarian. He held Calvinistic views that were
not tolerated at the time, and he was therefore ex-
cluded from that pulpits. Malan was a man of a
deeply spiritual nature. He made missionary tours
in various Protestant countries and produced re-

markable revivals. His hymns Les Chants de Lion,
with music, were very popular. His works, The
Church of Rome; Stories for Children, and Pictures
From Switzerland have been translated into Eng-
lish.

MAL.\N, SoLOMAN Cesar, an English clergyman,
son of the preceding, born at Geneva, in 1812. He
graduated at St. Edmund's Hall, Oxford, went to
Calcutta as classical professor in Bishop's College
in 1838, and took orders in the church of England.
After his return to England he became vicar of

Broadwindsor, Dorsetshire, in 1845, and was made
prebendary at Sarum in 1870. Malan has written
.many works on ecclesiatical subjects, British birds,
travels, etc., and has translated many books from
Russian, Chinese, Ethiopic, and other languages.
He understands many languages and is considered
the greatest polyglot scholar now living.

I\1AL.\RIA, Swamp-Fever. See Britannica, Yol.
XV, pp. 316-320.

MALCOM, Howard (1799-1879), an American
Baptist clergyman. He held pastorates in Hud-
son, N. Y., and Boston, JIass., and from 1839 to 1849,
was president of the college in Georgetown, Ky.
From 1851 to 18.58, he was president of the Univer-
sity of Lewisburg, Pa., and from 1874 to 1879, of
Hahnemann medical college, Philadelphia. He pub-
lished Dictionary of the Bible (1828) ; Nature and Ex-
tent of the Atonement (1829) ; Christian Rule of Mar-
riage (1830) ; Travels in Southeastern Asia (1839), and
an Inde.v to Religious Literature (1869).

MALDEGHEM, a town of East Flanders,Belgium,
twelve miles by rail east of Bruges. Population,
8,522.

MALDEN, a city of ^Massachusetts. Containing
the villages of Linden and Maplewood. Population
In 1890, 22,984. See Britannica, Vol. XV, p. 327.

MALIBRAX, Maria Felicita (1808-1836), one of
the most celebrated mezzo-soprana singers of
recent times, born at Paris, March 24, 1808, the
daugliter of Manuel Garcia, a Spanish singer and
teacher of singing. When she was still very young,
her reputation extended over Europe. Her father
attempted to establish the Italian opera in New

York, but without success. She married M. Mali-
bran, a Frenchman, who soon became bankrupt, and
she went again upon the stage, and was received
with great enthusiain in France, England, Germany
and Italy. Her first marriage having been dissolved,
she married Jl. Boriot, a famous violinist, in 1836;
but, in September of that year, she died at Man-
chester, whither she had gone to take part in a
musical festival. She was a woman of noble heart
and high intellect, and her conversation possessed
an ex<juisite fascination.
MALIXGEHIXG, feigning disease in order to es-

cape duty or to excite pity. As defined in the Eng-
lish army act of 1881, it implies some overt act,
such as the previous application of a ligature, or
the taking of some drug, which produces the ap-
pearance of the disease said to exist.
MALLOCH, William Hirrell, an English

author, born in Devonshire, in 1849. He is a
nephew of J. A. Froude. At Oxford he obtained a
prize for an English poem in 1871. He wrote Every
Man his Gun Poet, and New Republic (1876). The
last is a dialogue in which representative English
persons are brought forward in a very realistic way.
It established his reputation as a satirist. Then
followed his New Paul and Virginie,or Positivism on an
Island (1878). He excited still further sensation
liy his essay Is Life ]yorlh Living, which is a forci-
ble statement of pessimism.
MALLORY, Stephen Rtssell (1813-1873), an

American statesman. In 1839 he was admitted to
the Florida bar and became judge of probate, and
in 1745 was appointed collector of customs at Key
West. In 1851 he was chosen to the United States
Senate, and continued to represent his State until
1861, when he resigned to take part with the south-
ern States. He was then appointed liy Jefferson
Davis secretary of the navy, and held the post
during the war. From 1866 until his death l:e prac-
ticed law at Pensacola, Fla.
MALMESBURY, James Howard Harris, Third

Earl of, born in London, March 25, 1807, died May
7, 1889. He was educated at Eton and at Oriel Col-
lege, Oxford, graduating in 1827. In 1837 he stood
as a Tory for Portsmouth, and in 1841 had just been
returned for Wilton, when his father's death called
him to the House of Lords. He was foreign secre-
tary under Lord Derby in 1852, and again in 1858-
59 ; and was lord privy seal in 1866-68, and again
in 1874-76. In 1884 appeared his Memoirs of an
Ex-Minister.
MALONE, a post-village, the county-seat of

Franklin county, N. Y., on Salmon River, sixty
miles from Ogdensburg. It is the center of a large
agricultural trade and carries on several manu-
factures.
MALTA. For general article on Malta, see Bri-

tannica, Vol. XV, pp. 339-43. The latest figures
place the area at 95 square miles, and that of the
neighboring island, Gozo, 20, making a total of 115
square miles. Population in 1888, 162,423. Chief-
town and port, Valetta. In 1888 there were a uni-
versity, a lyceum, and two secondary schools. The
governor is appointed by Great Britain ; salary
$25,000. Revenue in 1888, 240,156/; expenditures,
212,313/; chief sources of income: Customs, 156,-

600?.; land-tax, 14,957/.; rents, 22.744/.; postage,
9,710/.; interest, 9.163/.; licenses, 3,915/. Branches
of expenditure: Establishments, 90,477/. ; services,
etc., 121,836/.

MALTESE CROSS, a cross of eight points, of the
form worn as a decoration by the Hospitalers and
other orders of knighthood.
MAURITIUS. For general article, see Britan-

nica, A'ol. XV, pp. 639-42. The latest reliable re-
ports place the area of JIauritius and its depend-
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encies at 705 square miles. Population in 1.S90,

372,664.

The government of the British colony of Mauri-

tius, with its dependencies, Kodrigues, Diego,

Garcia, and the Seychelles Islands, is vested in a

governor, aided by an executive council, of which
the officer in command of her majesty's troops, the

colonial-secretary, the procureur-general, the re-

ceiver-general, and the auditor-general, and two
elected members of the council of government are

ex-officio members. There is also a council of

government, consisting of the governor and twenty-

seven members, ten being elected, eight ex-officio,

and nine nominated by the governor. The official

councillors comprise the five executive members,
the collector of customs,the protector of immigrants,

and the surveyor-general. The constitution was
altered by letters-patent dated Sept. 16, 1885, which
introduced an elective element into the legislature.

Under a moderate franchise ten members are now
elected, one for each of the following districts :

—

Moka, Plaines Wilhems, Grand Port, Flacq,

Savanne, Riviere Noire, Pamplemousses, Riviere

du Rempart, and two for Port Louis.

The governor receives a salary of 50,000 (Indian)

rupees, and the colonial secretary a salary of 13,500

rupees.
MALURUS, a genus of Australian birds, having

generally a long tail. It gives its name to a large

subdivision of the family Syh'iadx, in which are

contained many Asiatic and African species, and
some that are natives of the south of Europe. One
of the most noted Mciluri is M. cyaneus, the blue

wren or superb warbler of Australia, gorgeously

attired in black, blue, white, and brown.
MAMELI, GoFAREDo, an Italian patriot and poet,

author of the stirring national hymn "Fratelli

d'ltalia," born at Genoa in 1826, died fighting against

the French upon the walls of Rome in 1849. Maz-
zini, his most tender admirer, said of the young
hero : "JIameli was beautiful and graceful in per-

son, of a very fair and ruddy complexion, with hair

inclining to blonde. His eyes were flashing and
full of command, and his expression, naturally

sweet, became stern and determined whenever his

mind was resolutely bent to accomplish an ob-

ject."
MAMIANI Bella Roveue, Count Teuenzio, an

Italian scholar and statesman, born in 1799 at Pe-

saro, in the Romagna, died at Rome, May 21, 1885.

He took a prominent part in the futile outbreak at

the accession of Gregory XVI., and was compelled
to flee to Paris, whence he returned to Rome in

1848 after the unconditional amnesty of Pius IX.,

and actually held office for three months in the

papal ministry. He next withdrew to Turin, where
he founded his society for promoting Itab'an unity.

On the flight of Pius IX. from Rome to Gaeta he
re-entered the political arena, and was for a short

period foreign minister in the cabinet of Galetti.

On the fall of Rome he retired to Genoa ; in 1856 he
was member of the Sardinian parliament, and in

1860 entered Cavour's ministry as minister of in-

struction. He was appointed ambassador to

Greece in 1861, to Switzerland in 1865.

MAMMEE APPLE {Mnmmca Americana). aWi^h-
ly esteemed fruit of the West Indies and of tropical

America, produced by a boauliful tree, 60 to 70 feet

high, of the natural order (htlliunr. The fruit is

roundish, from the size of a hen's egg to that of a

small melon, with a leathery rind, and a delicate

bitter inner rind adhering closely to the yellow

pulp. A similar fruit is produced by Mammea Afri-

cana, an African species.

MANATID.E, a family of Crtnern, including iill

the herbivorous section "of the order. It has been

supposed that some of the stories of mermaids may
have originated in the females of some of the Mana-
tid;e being seen with the head and breasts raised
out of the water. There are several genera of
Man(itid;r described in the articles Dl'gong and
Manatee.
MANBY, GEoKiiE William, inventor of life-sav-

ing apparatus for shipwrecked persons, born in 1765,

at Hilgay. England, died Nov. 18, 1854. He served
in the militia, and became barrack-master at Yar-
mouth in 1803. In 1808 he succeeded, with appar-
atus designed by him, in saving the lives of the
crew of the brig "Elizabeth." A career of useful-
ness was thus commenced, which he followed for

the remaining forty-six years of his life. It was es-

timated that, by the time of his death, nearly 1,000

persons had been rescued from stranded ships by
means of his apparatus.
MANCHESTER, a post-village, one of the county-

seats of Bennington county, Vt. It contains Burr
and Barton Seminary, a classical school, and is a
pleasant summer resort.

MANCHESTER, a post-town of Chesterfield
county, Va., on tlie south bank of James River,
opposite Richmond. It is a manufacturing town.
Population, 9,229.

MANCHESTER, a post - village of Delaware
county, la., on the west branch of the Maquoketa
River, forty-seven miles west of Dubuque. Farm-
ing is the chief business.
SlANCHESTEK, a post-village and railroad junc-

tion of Washtenaw county, Mich., fifty-five miles
west of Detroit. It has medicinal springs, a brew-
ery, foundry, saw and iilaning mills.

MANCHESTER, the largest city of New Hamp-
shire, and one of the greatest manufacturing cen-
ters of New Pingland, The Merrimac River falls

here 54 feet (Amoskeag Falls), and supplies ample
water-power for driving a number of mill and ma-
chine works. In the value of its cotton and woolen
fabrics Manchester ranks the fourth city in the
United States. Population in 1870, 23,536: in 1880,

S2,630; in 1890, 43,983. See Britannica, "Vol. XV,
p. 465.

MANCHESTER, a post-village of Adams county,
Ohio, on the north bank of the Ohio River. It is a

shipping point for farm produce, and has manufac-
tories of furniture.
MANCHINEEL (Hippomanc Mancinella), a tropi-

cal .Vmerican tree of the natural order Enphorbia-
of,T, celebrated for the tioisonous properties of its

acrid milky juice. The Indians of tropical Ameri-
ca use it for poisoning their arrows. The fruit is

not unlike a small apple, and the wood is well

suited for cabinet-making.
M.\NCINI, Pasquale, an Italian statesman, born

at Naples in 1820. After graduating in his native

city he became professor of jurisprudence there.

As a member of the Neapolitan parliament he op-

posed the king and had in 1848 to flee to Turin,

where he became professor of international law.

In 1860 he became minister of justice and religion

in the new Italian government. He was a leader

of the liberal party in the first Italian parliament

in 1861, and in the next year he was also minister of

education. Mancini resides at Rome where he is

professor in the university as well as deputy in

parliament. He has published DjV/Ho Intnnazionale

(1873). His wife Laura Beatrice Oliva JIancini

(1723-1869) was a noted poetess. Many of her

poems had reference to the political condition of

Italy.

M.\ND.4N. a thriving town, the county-seat of

Morton county, N. Dak., about five miles west of

Bismarck. It is the seat of the Siate Reform
School.
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MANDANS, a small tribe of North American In-

dians, living now on a reservation on the Yellow-
stone Kiver, in northwestern North Dakota and
pawtern Montana. Being of light complexion they
have ac(]iiired the name of the "White Indians."
They live by agriculture, and are peaceful and
friendly, but have made no great steps towards
civilization. 8ee Indians, Noktii Amkrican, in

these Revisions and Additions.
MANDAKA, or Wandai.a, an African kingdom,

capital Doloo, with a population of 30,000 Moham-
medan negroes.
MANDAVEE, or Mandivee, the principal sea-

port town of Cutch, India, on the Gulf of Cutch,
about 35 miles from Bhooj, or Bhuj. It is fortified,

has an open roadstead and an active trade with
Sinde, Malabar, the Persian Gulf, Arabia, and the
west coast of Africa as far as Zanzibar, besides a
large inland trade. Its exports comprise cotton,
silk and other piece-goods. Its imports are bullion,
ivory, hides, dates, cocoa-nuts, grain and timber.
Population, 50,000.

MANGAN, James Clarencr, a gifted Irish poet,
born in 1803, died at Meath Hospital, Bublin, June
20, 1K49. He was for many years employed in copy-
i^u' in an attorney's office. His heart was framed

for suffering, and his whole life was a tragedy of

hapless love, poverty and intemperance, until he
found rest in death. There is fine quality in his
original verse, as well as in his translations from
the German, but more especially from the old
Irish, as in the impassioned ballad of Jhn-k Hosa-
leen. Hia German A htliolorjy was published in two
volumes in 1845, and a complete edition of his
poems at New York in 1870, with a biographical in-

troduction l)y John Mitchel.
MANGANESE. Besides the black and brown

oxides of manganese the "bog manganese" has re-

cently become an article of commerce in the
United States. It is found in earthy or kidney-like
masses. The bog ore is the common one from
Maine to Pennsylvania; whereas from ^Maryland to
Georgia the black ore is the most common one.
The latter is mined at the Crimora mine of Au-
gusta county, Ya., and the mines of Barton county,
Ga. Deposits on Red Rock Island, in San Fran-
cisco Bay, are also worked. About 75 per cent, of
all the native manganese ore comes from the Cri-
mora mine.
Prodi'ction op Manganese Ores in the United

States since 1880.—The production of manganese
from 1880 to 1889, inclusive, was as follows

:

States.
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served ; she survives only in her redoubtable Ques-
tions, the pride and terror ot several generations of

school-girls. She 'ivas an amiable and excellent
woman, but as a writer she has been well called
"the very high-priestess of the great god Cram."
Of the popularity of her schoolroom encyclopEedia,
compiled entirely by herself, there can, however,
be no doubt ; an impression, printed in 1857 in

America, was taken from tlie S4th London edition.

It has been reprinted ill England and the United
States as recently as 1886.

MANHATTAN, a railroad center, a city and the
county-seat of Riley county, Kan., situated at the
junction of the Big Blue and Kansas rivers. It

has manufactories of boots, shoes, carriages, wag-
ons and cigars. The Kansas State Agricultural
College is located here. Population, 2,972.

MANHEIM, a post-borough of Lancaster coun-
ty. Pa., ten miles northwest of Lancaster, on the
Reading & Columbia Railroad. It has manufac-
tories of flour, carriages, cigars, and lumber.
MANIFESTO, a public declaration, issued usu-

ally by a sovereign, a prince, or a government on
some state emergency, expressive of intentions,
opinions, or motives.
MANISTEE, a city of Michigan, the terminus

of a branch of the Flint Pere Marquette Rail-
way. It has several foundries, ten salt-works, and
a large number of lumber-mills. Population in

1890, 12,799. See Britannica, Vol. XV, p. 490.

MANITOWOC, a city of Wisconsin. Population
in 1890, 7,52.5, See Britannica, Vol. XV, p. 491.

MANKATO, a city of Minnesota. Three lines of

railway pass here, and small steamboats can ascend
the Minnesota River as far as this point. Popula-
tion, 8,805. See Britannica, Vol. XV, p. 491.

MANLINS, a post-village of Onondaga county,
N. Y., about twelve miles east of Syracuse. It is

the seat of St. John's Military School, and contains
manufactories of paper, iron, flour, woolen goods
and cement.
MANLY, Basil (1798-1868), an American Baptist

clergyman. He was ordained in 1822, and then was
pastor of churches in Edgefield Court House and
Charleston, S. C. From 1837 to 1855 he was presi-

dent of the University of Alabama and then en-
gaged in missionary travels throughout Alabama.
He wrote Thr Baptist Psalmody (1850).

MANNERS, .loHN J.\mes Robert, an English
statesman, second son of the fifth Duke of Rutland,
born at Belvoir Castle, near Grantham, Leicester-
shire, in 1818. He took part in the movement for

reviving the chivalric spirit of the Middle Ages.
In furtherance of this object he published a volume
of poems called Eni/land's Trust (1841), in which
the famous couplet occurs

:

"Let wealth and commerce, law and learning die,

But leave us still our old nobility."

It expresses the aims of that movement, the ad-
vocates of which were known as "Young England."
In parliament he opposed the repeal of the Corn
Laws and identified himself with the Conservatives.
Under Lord Derby's administration he was first

commissioner of works, and under Disraeli he was
postmaster-general. Manners published a Plea
for National Holidays; Notes of an Irish Tour;
Notes of a Cruise in Scotch Waters in 1848; and
English Ballads and Olhn- Poems.
MANNING, Henry Ebward, an English car-

dinal, born at Totteridge, Hertfordshire, in 1808. Af-
ter graduating as double first he was in 1834 ap-
pointed rector of Lavington and GrafTham in Sus-
sex, and in 1840 he was made arch-deacon of Chi-
chester. In 1851 he left the Church of England and
joined the Roman Catholic Church. After study-

ing for some years in Rome he was ordained priest
in 1857, and founded the congregation of the Oblates
of St. Charles fcorromeo, at Bayswater, London.
On the death of Cardinal Wiseman in 1865 he was
appointed archbishop of Westminster. Being a
zealous supporter of the papal infallibility. Dr.
Manning was made a cardinal in 1S75. He is the
foremost spirit in all Catholic movements in Eng-
land, has organized many parochial schools, pro-
motes temperance, started many benevolent so-

cieties among tlie poor, and takes a lively interest
in all practical reforms. He wrote The Temporal
Power of the Pope; England and Christendom; Petri
Privilegivm : and Tlie Internal Mission of the Holy
Ghost (1875), besides many sermons and pamphlets.
MANNING, James (1738-1791), an American

clergyman. In 1763 he was ordained to the Bap-
tist ministry, and in 1765 became president of
Rhode Island College (now Brown UniversityJ. He
held this position until his death, and from 1771
was also pastor of the First Baptist Church in Prov-
idence.
JIANRENT, or Manred, Bonds of, agreements

which used to be entered into in the Highlands of
Scotland between the greater and lesser magnates,
where protection on the one hand was stipulated
in return for allegiance on the other ; vassalage.
JIANSARD, or Mansart, Francois, a distin-

guished French architect, born at Paris in 1598,
died in 1662. He initiated the peculiar roof known
by his name.
This roof (Mansard) is constructed with a

break in the slope, so that each side has two
planes, the lower being steeper than the upper.
The framework ought to be so arranged that its

parts shall be in equilibrium. This kind of roof
has the advantage over the common form of giv-

ing more space in the roof for living room.
MANSION HOUSE, the ofhcial residence of the

Lord INIayor of London, built on the site of the
Old Stocks Market in 1739, at a cost of about
$215,000. It is an oblong building, and at its

farthest end is the Egyptian Hall. Four hundred
guests can dine in this grand banqueting-room,
which was designed from the description of an
Egyptian chamber given by Vitruvius. All the
great banquets, public and private, given by the
Lord Mayor take place here, and there are also
fine ball and reception rooms. At the close of
exhibition of 1851 the Corporation of London
voted $50,000 to be expended on statuary for the
adornment of the Mansion House; and there is

also a fine gallery of portraits and other pic-

tures. Among its curiosities may be mentioned
a state bed which cost $15,000, and a kitchen and
culinary utensils extraordinary for their vast
size. The Mansion House is often a centre of be-
nevolent enterprise in the collection of money
for sufferers by war, famine, flood, pestilence, and
earthquake abroad, or by colliery explosions,
shipwrecks, and lack of employment at home;
and Mansion House Funds are also raised for

memorials to heroic worth.
MANSFIELD, a post-village and a railroad

junction of Bristol county, ]\Iass., where cutlery,

baskets, gold, shell and horn jewelry are manu-
factured. The town also contains foundries,

spindle-works, and straw-works.
MANSFIELD, a city of Ohio. Population in

1890, 13,542. See Britannica, Vol. XV, p. 498.

MANSFIELD, a post-borough of Tioga county.
Pa., on the Tioga River. It has a State normal
school, school lor soldiers' orphans, a planing-
mill, a bedstead factory, and an iron furnace.
MANSFIELD, Edward Deering (1801-1880), an

American author. In 1825 he was admitted to the
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Connecticut bur, and in 1835 became professor of

constitutional law in Cincinnati (Ohio) ColleRe.
From liSai to 1849 lie was editor uf the "Cincinnati
Chronicle," from 184it to 1S5l> of the "Atlas," and
from 1854 to 1872 of the "Railroad Record." He
published A Discourse on the Vtility of Mathematics
(1835) ;,-l Treatise on Conslitntinn/'il /.nic (1835) ; .1

Putiliral (h-amiiiar of the Ctiitnt Slntrx (\K\:)) ; The
Leijal Rliihls. Dnti.nl ai,<} l.i.il.ilii;.^ .,( M.irri.d Wo-
(,k-u(lS45); Tlf Life if (;,„. \\'n,ji,l,'l S,:,fl (1848);
The. History of the Mexican H'ric (1849) ; Aiaerican
Eilnration (1851); Tlie Memoirs of Daniel Drake
(1855) ; and A Popular Life of Gen. Ulysses S. Grant
(186S).

MANSFIELD, Jared (1759-1830), an American
mathematician. From 1777 to 1802 he taught in

New Haven, and Philadelphia, and then entered
the army as captain of engineers. In 1805 he was
made major, and in 1808 lieutenant-colonel. From
1803 to 1812 he was United States surveyor of Ohio
and the Northwest Territory, and then till 1828

was professor of experimental and natural philoso-
phy in the United States military academy. He
wrote Essai/s, Mathematical and Physical (1802).

MANSFIELD, Joseph King Fenno (1803-1862), an
American soldier. He entered the army in 1822,

and was assigned to the engineer corps. In 1832
he became 1st lieutenant, and in 1838 captain. He
took part in the Mexican war, and received the
brevet of colonel for meritorious conduct. In 1853
he was appointed inspector-general of the United
States army, and in 1861 was placed in command
of the department of Washington. Later he was
assigned to Suffolk, Va., where he acted as mili-

tary governor. At the battle of Antietam he was
mortally wounded. He had previously been pro-
moted major-general of volunteers.
]MAN'r, Richard, an English prelate, born at

Southampton in 1776, died at Ballymony, Ireland,
in Isis. He was educated at Oxford, and, after
holding curates at Southampton and London, he
became successively bishop of Killaloe (1820) and
of Down and Connor (1828). He is best known by
an Annoluted i?i'6/«, which he prepared in partner-
ship with George D'Oyly;an Annotated Book of
Common Prayer; and a History of the (Jhnrch of Ire-

land, which he published in 1839-41. His metrical
version of the Book of Psalms, and Ancient Hymns of
the Roman Breviary have considerable merit.
MANTES, a town in the French department of

Seine-et-Oise, on the left bank of the Seine, thirty-
six miles from Paris. It has a fine tower (1344) and
a Gothic church, a reduced copy of Notre Dame at
Paris. Mantes in 1083 was burned by William the
Conqueror, who here received the injury that
caused his death. Population, 6,607.

MANTEUFFEL, Edwin Hans Karl, Freiherr
Von, a Prussian general and administrator, born
at Dresden, Feb. 24, 1809, died at Carlsbad, .lune 17,

1885. Entering the Prussian guards in 1827,he rose
to be colonel by 1854, and three years later was
nominated head of the military bureau at Berlin,
a post which he held until 1865. Having been ap-
pointed commander of the Prussian troops in Sles-
wick, he protested against the summoning of the
Ilolstein estates by marching his men into that
duchy. On the outbreak of hostilities Manteuffel
commanded a division of the army of the ilain,
which was destined to act against the south Ger-
man allies of Austria. He took part in the battle
of Langensalza, which brought about the capitula-
tion of the Hanover army, and on the 19th of July
succeeded Von Falckenstein as commander-in-chief
of the ^lain army, and by winning the battles of
Werbach, Taubenbischofsheim, Hemstiidt, and
Kossbrunn over the Bavarians and others, he

brought that part of the campaign to a successful
issue. He entered the war of 187'0 as commande.'"
of the first corps, but was soon promoted to the
command of the first army, which fought success-
fully at Amiens and other places. Transferred in

January, 1871, to the command of the army cf the
south, operating against Bourbaki, Manteuffel as-
sailed the enemy's rear near Belfort, and dro\e 80,-

000 men across the frontier into Switzerhtnd.
When peace was proclaiu.vu he was placeu at the
head of the army of occupation in France, and in

1879 was appointed imperial viceroy of the newly-
organized provinces, Alsace-Lorraine.
MANTI, a city, the county-seat of San Pete

county, Utah, situated near the center of the State,
twenty-three miles southeast of Nephi, in a beauti-
ful and fertile valley.
MANTIGER, Maxtichora or Maktegre, a fabu-

lous monster with the body of a beast of prey and
a human head.
MANTLET, a shield or screen to protect the men

working guns in embrasures, casements or port-
holes from the bullets of sharp-shooters, or to pro-
tect besiegers in making attacks.
MAN-TKAPS, engines for the terrifying of tres-

passers and poachers (formerly often indicated by
the warning notice "man-traps and spring-guns set

here"), resembled gigantic rat-traps 4 feet long.
MANURES. SeeBritannica, Vol. XV, pp. 505-

512.

MAPLE, a tree, the best known species of which
is the sugar-maple {Acer saccharinxim). It is most
abundant in the New England States, and Canada.
Together with the beech it forms sometimes whole
forests. The extraction of the sap does not injure
the trees. They yield for many years. To obtain
the sap the tree is tapped in February, March, or
April, according to the locality and the season.
Frosty nights followed by warm days favor the flow
of the sap. An incision is made in the trunk with
an auger or axe, at first i.j-inch deep, and is in-

creased by degrees to 2 inches. A tube made of

sumach or elder is then inserted i., inch within the
wood. As many as 20 such tubes are sometimes in-

serted into one tree. The sap flows through these
spouts into a trough, whence it is daily conveyed
into a large receiver. From this, after being
strained, it is carried to a boiler. As it is liable to
ferment the sap cannot be kept long after it is col-

lected. The boiling and refining processes are the
same as those in the manufacuire of cane-sugar.
A single tree yields from two to six pounds of suj^ar

in a season, good vinegar is made from it, and a
kind of molasses, called "maple-syrup," which is

much superior to that from the sugar-cane, and is

much used along with buckwheat cakes, etc. Be-
side New England, the States of Indiana, Jlichi-

gan, New York, Ohio, and Pennsylvania produce
considerable quantities of maple-sugar. The entire
product of the United States has reached nearly
35 millions of pounds in one year.
The wood of the sugar-maple has a satiny appear-

ance when polished, and is therefore often used for

cabinet-making. Sometimes it is finely marked
with undulations of fibre, and is then known as
"bird's-eye maple." This kind makes excellent
veneers. Maple timber makes also superior saddle-
trees. The average height of the maple trees is from
60 to SO feet. But the dwarf-maple of the Rocky
Mountains and the vine-maple of the Pacific Coast
are much smaller. See Britannica, Vol. XV, pp.
523, 524.

MAQUI (Aristotelia Mar/ui), the only known spe-
cies of the genus, which belongs to the natural
order Tiliace.r. It is an evergreen shrub of consid-
erable size, a native of Chili, where wine is made
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from its berry and administered in malignant
fevers. The wood is used for making musical in-

struments, and the tough bark for their strings.

MAQUOKETA, a city, tlie county-seat of Jackson
county, Iowa, in the eastern part of the State, on
Maquoketa River, and on the Davenport & St. Paul
and the Iowa Midland railroads.

M.\R.\CAYBO, or M.\r.\caibo, Gulp of, a wide
inlet of the Caribbean Sea, extending from the

peninsulas of Paraguana and Guajira to the strait

by which it is connected with the lake. The latter

forms the floor of a great valley shut in by lofty

mountains. Its waters are sweet, and deep enough
for the largest vessels; but the bar at the mouth,
where a swift current runs, makes entrance diffi-

cult. The gulf and lake were discovered in 1499 by
Ojeda, who found here houses built on piles, and
so gave the district the name Venezuela ("Little

Venice"), which was afterwards extended to the

entire country. See Britannica, Vol. XIV', p. 222.

MARAJO, an island of Brazil, situated between
the estuaries of the Amazon and the Para, with an
area of nearly 1S,000 square miles. It is for the
most part low and covered with grass and bush, but
in the east and south with dense forest. The soil

is fertile, and large herds of cattle are reared in the

northeast
MaRATEA, an Italian town of tlie province of

Basilioata. Population, ti,480.

MARATHON, a post-village of Cortland county,
N. Y., 50 miles south of Syracuse. It is a shipping
point for butter, cheese and live stock. Carriages
and cheese-boxes are here manufactured.
.MARAVEDI, an old Spanish copper coin in use

from 1474 to 1S48, worth about one-thirteenth of a

penny. There were also at an earlier period mara-
vedis of gold and of silver.

MARBLE, a limestone or carbonate of lime of

many varieties. Pure white marble without any
clouds, streaks or spots is very scarce in the United
States. The best marble quarried in West Rut-
land, Vt., comes nearest to it. It is used for statu-

ary work. The white marble quarried at Brandon,
Vt., is in too thin layers for statuary. Of mottled,
clouded and colored marbles there is an abundance
in this country. The most beautiful of .Vmerican
colored marbles are those of eastern Tennessee,
which are now quite extensively used for ornamen-
tal purposes. They have, for instance, been em-
ployed in the capitols at Washington, Ohio, Illinois

and Iowa, and the Lake Champlain region yields

large quantities of colored marble. California has
quarries of wliite marble on the McCloud River,

near Copper City. But none has been found yet

equal to the Carrara marble for statuary. In ISSO

there were 61ti quarries being worked in the United
States for producing marble and limestone for

building purposes. The quantity mined was 66'2

millions of cubic feet per annum at a value of

$7,0l)O,tX)O. See Britannica, Vol. XV, pp. 528-530.

MARBLEIIEAD, a town and port-of-entry of

Massachusetts, on a rocky promontory 18 miles
!iortheast of Boston. It is largely engaged in the

shoemaking business. Population in 1890, 8,200.

See Britannica, Vol. XV, p. 530.

MARCEAU, Fkan^ois Sevbrin Desor.vviers
(1769-1796), a French general, born at Chartres
Marcli 1, 1769. On the outbreak of the revolution

he was appointed inspector of the national guard
in liis native town, and in 1792 helped to defend
Verdun with a body of volunteers till its surrender.

Sent to join the Republican army in La Vendee, he

was promoted to the rank of general of division.

He commanded the right wing at Fleurus, and
after the allies retreated occupied Coblenz. During
the campaign of 1796 he was given command of the

first division of Jourdan's army, and sat down to

invest Mainz, Mannheim and Coblenz. But whilst
covering the retreat of the French at Altenkirc!ien
he was shot on the 19th of September, and died
four days later. His body was buried in the en-
trenched camp at Coblenz, but was transferred to
the Pantheon in Paris in 1889.

MARCET, Jane, born at Geneva in 1785. died in

London June 2S, 1858. She was the daughter of a
rich London merchant and the author of a popular
introduction to chemistry entitled Coiwersations on
Chemistry, through which Faraday made his first

acquaintance with the subject. She married Alex-
ander Marcet, a Genevan, who settled in London as
a doctor in the last years of the 18th century, and
later in life devoted himself to experimental chem-
istry. Besides the book on chemistry, she wrote
Convergalio7is cm Political Economy, which was
warmly praised by Macaulay ; Conversations on Nat-
ural Philosophy, a.ud similar books on botany, be-
sides numerous charming Stories for Very Little

Children.
MARCH, a market-town of Cambridgeshire, from

which the Earls of March took their title, is on t^">

Nene, 14 miles east of Peterborough and 16 north-
west of Ely. Ils church has a fine perpendicular
clerestory, with splendid roof. Population of
parish, 6,190.

MARCH, Francis Andrew, an American philolo-
gist, born at Milbury, Mass., in 1825. He graduated
at Amherst College in 1845, and after serving as
tutor there for two years, he studied law at New
York and was admitted to the bar in 1850. In 1855
he became tutor in Lafayette College, Easton, Pa.,

where he was made professor of the English lan-
guage and comparative philology in 1858, and in

1877 lecturer in the law department, ilarch takes
rank as one of the first of American philologists.

Among his published writings are -1 Method of Phi-
lological Study of the English Language; An Anglo-
Saxon Grammar ; Latin Hymns; Parser a7id Ai>alyscr

for Beginners; Etisehius; Trrtullian; Justin Martyr,
and many contributions to the Princeton Review. In
1873 March was elected president of the American
Philological Association.
MARCHES, the border districts that run con-

tiguous on each side of the boundary line between
England and Scotland, and between England and
Wales. The lords of the marches were the nobles
to whom estates on the borders were given on con-
dition that they defended the country against the
aggressions of the people on the other side. Under
the Norman and Plantagenet kings of England
there was almost chronic war between the English
lords of the marches and the Welsh. The corre-
sponding German word mai-k was in like manner
applied to the border countries or districts of the
German Empire conquered from neighboring na-
tions, as the marks of Austria, of IJrandenburg,
Altn^ark, Steiermark, etc.

MARCHETTI, Filippo, an operatic composer,
born at Rome in 1835, became in 1881 president of

a musical college in Rome. His best-known operas
are Romeo e Giulietia and Ruy Bias.

MARCIANISI, an agricultural town of Sicily,

situated in a marshy district 12 miles north of

Naples. Population, 11,083.

MARCOU, Jules, a French geologist, born in

1824. In 1846 he was appointed assistant in the
mineralogical department of the Sorbonne, and a
year later became traveling geologist for the Jar-

din des plantes. He visited the United States, gath-
ering much important information, and making
valuable collections of minerals. In 1853 he en-
tered the United States service and did good work
until his health compelled him to return to France.
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From 1855 to 1850 lie was prnfi'ssor of j^colugy in

the Polytechnic school at Ziiricli, but in 1S61 re-

turned to the United States and was associated
with Louis Agassiz in the foundation of the MnscMini
of (Comparative Zoi'ilotty, havinsj: charge of the palo-

ontological d«partnicnl till 1S()4. In 1875 he again
entered the United States service. He is the
author of Recherchrs ii/nhniii/iifs anr la Jura Saliihiin

(1848); Geology uf Xniih \itin-i,;i (isns); l.,ilnx siir

(Vs Roches du Jura it If m- llislrihulinii ,i,\,(ir'i plmiiir

dan.H /cs deaj: liPiin:<plin;'s llSHtlJ; GivliNjiral Map
of the ir('/-/(Mlsi;i ;

/', /,, Srimvc en France {\md);
A (.'atalo.j,,, ,,/ (....lu.jiral Majn: of America (1884),

and The Tiu-nnir Si/sleni and its Position in Strati-

graphic ileologt/ (1885).

MARGY, Randolph Barnes (1812-1887), an
American soldier. He entered the army in 1832,

and served in the Black Hawk expedition, on the
frontier, in the Mexican war, and in the hostilities

against the Seminole Indians. In 1861 he was made
brigadier-general and was assigned to inspection
duties in the departments of the Northwest, Mis-
souri, Arkansas, Mississippi and the Gulf until

1865, when he was made inspector-general of the
division of the Missiouri. From IStiii to 1881 he was
inspector-general of the United States army. He
wrote Exploration of the Red River in 1852 (1853)

;

The Prairie Traveler, a Handbook for Overland Emi-
grants (1859); Thirti/ Years of Army Life on the Bor-
der (18(56), and Border Remiiiincences (1871).

MARCY, William Learned (1786-1857), an
American statesman. See Britannica, Vol. XXIII,
p. 789.

MAREY, Etienne Jules, a French physiologist,
born at Beaune, in the department of Oote-d'Or,
France, in 1830. He studied medicine at Paris, ob-
taining his degree in 1859. In 1867 he was made
professor of natural history in the College de
France. Dr. Marey has invented several instru--

ments for recording the movements of the heart,
lungs, arteries, muscles and other parts of the hu-
man body, and made many experiments with them.
He has written Plii/siolixiie nudicale dc la rirrnialion

du sang; Da Mi.ntvetnenl ilans les fonrtinna de la vie;

La Machine aniinah, of which an English transla-
tion has ajipeared in New York in 1874 under the
title Animal Mechanism; Physiologie experirnentale

(1876), and La Methode graphique dans les Sciences
exp^rimentales (1878).

MARDI GRAS, a festival preceding the first day
ot Lent, or Ash Wednesday ; specially observed in

New Orleans, and lamiliarly called "Fat Wednes-
day ;" observed by a uni((ue and gorgeous proces
sion under the direction of "King Carnival."
MARENGO, a flourishing manufacturing town of

Illinois, about 65 miles northwest of Chicago. It

is the trade-center of a rich agricultural district.

MARENGO, a manufacturing town, the county-
seat of Iowa county, Iowa. It is well situated in

the midst of an excellent farming and grazing
region.
MARGRY, Pierre, a French historian, born at

Paris in lfel8 Being one of the archive-keepers ot

the marine department he was in 1842 commis-
sioned to make researches regarding French expe-
ditions to America. The result of his labors ap-
peared in a series of volumes. Among these are
Les Indian Rewards (1854) ; La Navigation dn Missis-

sippi (1859) ; Les Normans datis les Vallees de I' Ohio et

du Mississippi (ISGO.) ; M^moires sur les decoarertes et

les etablissements des Franfais (1879). Dr. Margry
has also published Les Navigateurs Franrais el la

Revohilinn Maritime du XlVe an XVIe sit'eie (1867),
and other works relating to French explorers.
MARHEINEKE, Philipp Conrad, a Protestant

theologian, born at Hildesheim, May 1, 1780, died

May .il, 1S46. lie began to teach at Giittingen in

1804, was apiiointed a theological professor and uni-
versity preacher at Krlaiigeri in 1805, and subse-
quently held theological chairs at Heidelberg and
Berlin. After Hegel's death Marheineke was the
chief tigure among the right wing of that philoso-
pher's disciples.

MARIA CHRISTINA, queen of Spain, born at
Naples in 1806, died at Ste. Adresse, near Havre, in
1878. She was the second daughter of King Fran-
cis I. of Naples. In 1829 she became the fourth
wife of King Ferdinand VII. of Spain. She bore
two daughters, one of which was the future tiueen
Isabella II. The king died in 1833 after declaring
the crown inheritable in the famale line and ap-
pointing the queen as regent in his will. After
three months she married a soldier of the royal
guard named IMufioz. In 1840 she abolished the
municipal liberties of Spain. This produced a gen-
eral insurrection, which compelled her to abdicate
in favor of Marshal Espartero as regent. She re-
tired to Paris. When Isabella was declared of age
in 1843 Christina returned to Madrid, took part in

public affairs, and was ten years afterwards again
driven from Spain. After September, 1864, she
again resided in Madrid for four years. She was
then driven out of the country in company with
her daughter Isabella.
MARIANNA, an episcopal city of Brazil, three

miles east of Ouro Preto. The neighboring gold-
mines are exhausted. Population, 5,000.

MARIE GALANTE, a French island in the West
Indies, discovered by Columbus in 1493. It lies 1"

miles southeast of Guadeloupe. Its area is 5S
square miles. Population, 15,000. See Britannica,
Vol. XI. p. 229.

MARIENWERDER, a town of West Prussia,.

picturesquely situated three miles east of the Vis-
tula and 55 miles by rail south of Danzig. It was
founded in 1233 by the Teutonic Knights, and has
an old castle and a domkirche (138^). Population,
8,079.

MARIETTA, a prosperous manufacturing town,,

the county-seat of Cobb county, Ga. It is the seat
of several educational institutions. Kenesaw
Mountain is about two miles distant. Population
in 1890, 3,376.

MARIETTA, a city of Ohio, the oldest town in

the State. It has varied manufactures, and re-

markable traces of the mound-builders. Popula-
tion in 1890, 8,308. See Britannica, Vol. XV, p.

542.

MARIETTA, a post-borough of Lancaster county.
Pa., on the Susquehanna River and on the Colum-
bia branch of the Pennsylvania Kailroad, 25 miles
southeast of Harrisburg It has rolling-mills, fur-

naces, large hollow-ware and enameling works and
lumber mills. It is a market for lumber. Popula-
tion 2,385.

MARIGOLD, a plant. See Britannica, Vol. XV,
p. 544.

MARINE CITY, a post-village of St. Clair

county, Mich., seven miles below St. Clair, and on
St. Clair River. Salt is found here and ship-build-

ing is an important industry of the town.
MARINE HOSPITAL SERVICE. This is the

medical bureau of the United States Treasury De-
partment, which is charged with the duty of pro-

viding relief for the sick and disabled seamen and
employes of the United States merchant marine,
the management of the national quarantine, exam-
ination of the United States merchant marine pilots

for color-blindness, examination of officers and men
of the L^nited States revenue cutter service as to
physical condition, examination of cadets of that
service as to their fitness for appointment, physi-
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cal examination of surfmen of the life-saving ser-

vice as to tlieir ability to perform the duties as-

signed them, and the physical examination of

olflcers and crew of any United States merchant
vessel whose master desires such examination. In
1870 an act of Congress was passed that reorgan-
ized this service, increased the tax on seamen to

forty cents per month, and authorized the Secretary
of the Treasury to appoint a "supervising surgeon"
to manage all business connected with this service.

In 1875 the title of supervising surgeon was changed
by act of Congress to "supervising surgeon-gen-
eral," and tho appointment made a Presidential
one. In 1884 the montly tax on seamen was abol-

ished, and a tonnage tax substituted, which is now
supplemented by a small annual appropriation.

Since the service has been reorganized in 1871,

the surgeon-general has made annual reports to
the Secretary of the Treasury, which give detailed
statements of the operation of the service, describe
interesting cases of diseases and injuries, and give
other valuable information, especially in regard to

quarantine, hygiene, hospital construction, etc.

The medical corps of the servics consists of a super-
vising surgeon-general, a number of hospital sur-

geons, passed assistant surgeons and assistant
surgeons. Hospital stewards are assigned to duty
at all the marine hospitals and larger stations, and
are graded into three classes, according to effici-

•ency. Acting assistant surgeons are on duty at
stations where tiiere are no marine hospitals, and
wliero but few seamen apply for relief.

MARINE LEAGUE, a distance of three miles
generally acknowledged as the shore distance over
•which the nations severally may have exclusive
right upon the sea water abutting against their re-

spective coasts, ^yith respect to the limitation of

urisdiction on the sea coast there are two principles
universally admitted—first, that the sea is open to
all nations; and second that there is a portion ad-
jacent to every nation over which the sovereignty
of that nation inay riglitly extend to the seclusion
of every other political claim.

It is difficult in many cases to define the limits of

these waters.* Such portions as harbors and
waters above low water mark are recognized as
within the ?ec hici, and those persons on board of
ships are subject to the local laws and regulations
as fully as if they were residing on the land. With
reference to parts more seaward, the question is

more complicated. The cannon-shot limit is the
popular rule : ^'Finitur tert^x dominium ubi finitur
annoruin ris." For all practical purposes this is

the marine league of three miles. The United
States and Great Britain have agreed to this claim
as between themselves but other nations have not.
Norway spscified in one case four miles, England
six miles under an act of George IV., and again
twelve miles under the "Hovering Acts." Tlie
United States in 1875 claimed the same for revenue
purposes, and even as far as the Gulf Stream for

the exclusion of belligerints. Spain claimed a six-

mile belt round Cuba. Great Britain has been
granted by China jurisdiction over British subjects
on vessels up to one hundred miles from the coast
of China. The question of jurisdiction over bays
has been much disputed. St. George's Channel
has been diplomatically acknowledged to be Britisli

territory, and the Bay of Newfoundland h.as been
legislated for as if JBritiuh terriiory. Generally
speaking, however, the threo-mile limit is ack;iowl-
edged as the limit. Foreigners hare a right of use

* See Gnvernmnit Year Book, edited by Lewis gareent, ifSO;
i"~1 "Commentaries on International Law" by Sir Robert Phil-

orei- such wati?rs subjirt io definite iimitations. Bellig-
erent acts must not be carried on there

;
piracy and

smuggling can be stopped, and quarantine regula-
tions enforced. The one general rule is that the
State may exercise any rights over these waters in
defanse of herself and her own interests, or in
maintaining the right of free jiassage to all others.
It is commonly acknowledged that tlie "fructus" of
the waters l>elongs to tlie country, but much differ-
ence of opinion exists as to how the nations are to
be protected in its enjoyment.
The most conspicuous illustrations of the principle

of free navigation of inland seas are to be found in
the opening up of the Sea of Marmora and the
Black Sea, and in the liberation of the Sound from
the toll formerly collected by Denmark—which, as
a kind of concession to a small state without ene-
mies, was effected in 1857 by a payment from the
European powers of a sum approaching to three
and a half millions of pounds sterling. The princi-
ple of free navigation has been still further ad-
vanced, so as to include navigable rivers. The
Congress of Vienna claimed freedom for rivers
bordering or separating several States ; and first

the Ehine, then the Scheldt, Meuse, Po, Vistula,
and other rivers were freed from toll and prohibi-
tion._ The Danube was not liberated until 1S56.
From navigation it is but an advance of principle

to the other channels of intercommunication.
Much remains to be achieved in regard to interna-
tional railway lines, postal and telegraphic services,
and possibly an international free press. In the
meantime something has been done by the Postal
Union, and the various telegraphic treaties and
conventions, to prepare the way for a more liberal
and liarmonious system.
MARINE STORE: in England, a place for the

buying and selling of old ships' materials. Dealers
in tliese articles are bound, under jienalty of iflOO,

to have their name and the words "Dealer in Ma-
rine Stores" distinctly painted over their shop; to

keep books stating the names of buyers and sel-

lers; not to purchase marine stores from any per-
son apparently under the age of sixteen; and not
to cut up any cable or article exceeding five fath-
oms in length without a permit from justices of the
peace.
MARINETTE, the county -seat of Marinette

county, Wis., at the mouth of the Menonionee
River. The chief business is lumbering. The town
contains saw and planing mills, also iron-works.
Population, 11,513.

IMARINO, a town on the Alban Hills, twelve
miles southeast of Rome. It has a castle belonging
to the Colonnas, who took it from their rivals, the
Orsinis. in 1424, and a cathedral and churches with
pictures by Guide, Domenichino, and Guercino. It

produces wine and has manufactories of soap,
leather, etc.

MARIO, Giuseppe, a famous Italian tenor, by
birth the Caviliere di Candia and son of General di

Candia, born at Cagliari in 1810, died at Rome, Dec.
11, 1883. He served in the army for some years, but
a youthful escapade -led to his forsaking* Italy for

Paris, where he quickly won his way into the most
exclusive circles both by the charm of his manners
and his exquisite voice. Having contracted debts,
however, he accepted the ap])ointnient of first tenor
of the opera, with a salary of 1,500 francs per
month, changing his name at the same time from
De Candia to ?iIario. He made his debut as Robert
in Robert Ic Diable, ai.d achieved the first of a long
series of operatic triumphs in Paris, London, St.

Petersburg, and America. By the famous singer
Giulia Grisi he was the father of six daughters. In
liis later years he lost his fortune through disas-
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trous speculations. In May, 1S78, a benefit concert
in liDiulon yielded him as much as $5,0(10.

IM.VKION, the county-seat ut' Perry county, Ala.

It has railroad repair-shops, carriage-factory, two
collegos and two female seminaries.

jM.iUION, a railroad center and the county-seat
of Linn county, la. It contains factories and mills

for the manufacture of lint, flour, beer, carriages,

furnilure, and farm-implements.
MARION, a railroad center and county-seat of

Grant county, Ind. It contains wood-working fac-

tories, flax factories, a foundry, and flour-mills.

Population, 8,73-t.

M.VRION, or Marion Centre, a city, the
county-seat of Marion county, Kan., situated near
the center of the State, about fifty miles west of

Emporia.
MARION a railroad center and county-seat of

Marion county, Ohio, forty miles north of Colum-
bus. It contains grain elevators, machine-shops,
and manufactories of carriages, wagons, rakes, and
chains. Population, 8,308.

M.VRITZA (anc. Hebrus), a river of European
Turkey, rising in the Balkans, and flowing east by
south past Philippopolis to Adrianople, where it

bends and flows south by west to the Gulf of Enos
in the ^Egean. It is 270 miles long, and is naviga-
ble for small boats to Adrianople.
MARKIIAM, a village of York county, Ontario,

situated twenty-three miles northeast of Toronto,
on the Toronto & Nipissing Railroad.
MARKHAM, Clements Robert, C. B., F.R.S.,

F.S.A., geographer and author, son of the Rev. D.
Markham, canon of Windsor, born at Stillingfleet,

England, in 1830, educated at Westminster, and en-
tered the navy in 1844. In 1851 he left the navy,
and in 1855 became a clerk in the board of control.

In 1863 he was elected secretary of the royal geo-
graphical society, and in 1867 became assistant-

secretary in the India oflice. In 1868 he was
placed in charge of the geographical department
in that office. He served in the Arctic expedition
in search of Sir John Franklin. He explored Peru
and the forests of the Eastern Andes; he intro-

duced the cultivation of the cinchona plant from
South America into India; served as geographer in

the Abyssinian expedition, and was present at the
storming of Magdala. His numerous publications
include many translations from the Spanish, and
several antiquarian and genealogical works. He
edited the "Geographical Magazine" from 1872 to
1878.

MARL, a clay containing a large proportion of

lime. If it contains many shells or shell fragments,
it is called "shell-marl." Marl is frequently used as a
fertilizer. The name "marl" is sometimes also ap-
plied to friable clays, or mixtures of clay and sand
which are used for the same purpose. But the pres-
ence of a notable proportion of lime is essential to
marls, properly so called. The green-sands of New
Jersey are largely mined for fertilizing purposes
under the name of marl. It contains green silicate of
iron and potash, which forms its bulk. But some
phosphate of lime is also present. Its value de-
pends upon these ingredients. The bulkiness of
marl confines its use to the neighborhood in which
it is found.
The marles of the United States belong to the

cretaceous, the tertiary, and the recent geological
formations. The first of these are green sand and
marine calcarious marls. The second add to these
argillaceous and phosphatic marls. The recent
marls are fresh-water calcareous deposits. The
first and second kinds of marl occur in great depos-
its from the upper New Jersey coast "throughout
nearly all the Atlantic and Gulf States to Texas.

Recent marls are found in small deposits in the
New England States, hnl in very large deijosits in

Central New York and along the valley of the
Hudson. Extensive V)cds are also found in Ohio.
The green-sand bed of New Jersey is the most

important. It is ninety miles long and from six

to ten miles wide. The New Jersey farmers use it

very largely, some of them using over 1,000 tons
each year, strewing it upon their lands as manure.
It is sold at fifty cents per ton at the pits. The
granular marl loosens the texture of stiff soils and
opens them to the air and moisture. The phos-
pliate of lime and potash contained in the marl of

New Jersey are a very valuable plant-food. De-
posits of phosphate marls have recently also been
opened in Alabama, which are claimed to be very
valuable on account of their large contents of phos-
phoric acid.

MAR LITT, Eugene, whose real name was Eugene
John, a German novelist, born at Arnstadt iuThur-
ingia, Dec. 5, 1825, died at Arnstadt, in 1SS7. Her
beautiful voice and musical talent gained her the
favor of the jjrincess of Schwarzburg-Sonders-
hausen, who sent her to Vienna, W'here, after three
years of study, she appeared on the stage. But a
successfully-begun career was cut short by an af-

fection of the ear, and Friiulein John acted as
reader to her patroness till 1863. Retiring in that
year into private life, she spent her time in writing
romances.
MARRIAGE IN THE UNITED STATES. For

article on the general subject of M.\rri.\ge, see
Britannica, Vol. XV, pp. 56.5-69. Jlarriage as de-
fined in statutes and courts of the United States is

first, the legal union of a man with a woman for

life; and, secondly, a mutual agreement formally
declared, by which a man and a woman of the pro-

per resi)ective ages and conditions join one another
in wedlock. As far as the parties themselves
are concerned, it isacivil"contract" implying free

consent on both sides ; and as far as the State is

concerned, the parties must have certain qualities

with respect to age, mutual relationship, and free-

dom from any previous connection. The State sees

to it that the contract is not rescinded either by
mutual consent nor one-sidedly ; because interests

of the State and of the children, if there are any,

require the affixing of certain permanent duties

and obligations upon the contracting parties.

In most of the United States marriage does not
require any special formalities. If a man and a
woman promise and agree by word of mouth to

take each other as husband and wife, the contract
and the resulting legal status of marriage are per-

fected. Their marriage is valid. Such is the de-

cision of the highest courts. Solemnization by a
clergyman, or by a civil magistrate, the presence
of witnesses, and all the ceremonies usually ob-

served on such occasions, even those provided for

by statute, are only means to perpetuate the evi-

dence of the contract made between the two
spouses, which itself constitutes the marriage.
These ceremonies are not in the least essential to

the efficacy of the contract. In States where a li-

cense, public notice ("bann"), or other preliminary
steps are prescribed by statute, a failure to coniplj

with these provisions does not impair the marriage
if it has been contracted without their presence.

It merely subjects the delinquent parties to a pen-

alty. The words of the contract by which the par-

ties take each other as husband and wife, must be
of present force and operation (in prcsenti). If they
are only mutual promises of a future force and
operation (in futtiro), it i<! held in New York and
several other States that no marriage arises, even
if it is followed by immediate cohabitation.
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EPITOME OF STATUTES RELATING TO MAKKIAGE.

The subjoined table presents, in brief and convenient form, an epitome of tl-.e sluiiites of the differ-

ent States and Territories of the United States relating to marriage. The interested reader will do well
to consult, on any mooted question which may arise, the special requirements of the latest laws and court
decisions relating to marriage in the particular State in which the question is raised:
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EPITOME OF STATUTES RELATING TO MXUUJAGE—(Concluded).

New Meiico .

New York

N'th Carolina.

Minim iim Age 1

Kcquired. Degrees of Coiisaiigui
' ity IToliibited.

Male. Fm'e.

Ohio
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MARROW CONTROVERSY, one of the most
\

strenuous and memorable struggles in the religious
history of Scotland. It took its name from a book
entitled the Marrow of Modern Divinity, written by
a Puritan soldier in the time of the commonwealth.
The highly evangelical character of this work had
made it a great favorite with the few zealous and
pious ministers in the Church of Scotland, and in

1718 an edition was published by the Rev. James
Hogof Carnnck. A committee of the general as-
sembly reported against the work as too free in its

offer of salvation, and the assembly formally con-
demned the book. Twelve ministers protested
against this decision and were ultimately robuked
by the assembly, the national sympathy being on
whole with the "Representers" or "Marrow-men."
The controversy was substantially the same that
in 1733 resulted in the deposition of Ebenezer Ers-
kine, and the origination of the "Secession" body.
MARS, Mademoiselle. Anne Fran(;oise Boutet-

Mouvel (1779-1S47), a great favorite at the Theatre
Franfais during the first forty years of the 19th
century. She was born in Paris, February 5, 1779,
the illegitimate daughter of an actor Moutet and
an actress Mars. She began to act before she was
thirteen, joined the Th&ltre Franeais in 1799, and
died at Paris, March 20, 1847.
MARSEILLES, a thriving town of Illinois, situ-

ated on the north bank of the Illinois River, about
eighty miles southwest of Chicago. It has an ex-
cellent water-power, and manufactories of paper,
flour, and agricultural-implements.
MARSH, James (1794-1842), an American clergy-

man. In 1824 he was ordained as a Congregational
clergyman, was professor of languages and Biblical
literature at Hampden Sidney College, Va., until
1826, and then till 1833 was president of tlie Uni-
versity of Vermont. From 1833 till his death he
was professor of moral and intellectual philosophy.
His principal published work was Selections from
the Old English Writers on Practical Theology (ISoO).
MARSH, Othniel Charles, an American natur-

alist, born in 1831. In 1S6G he became professor of
paleontology at Yale, which position he still holds.
He has since devoted himself to the original inves-
tigation of extinct vertebrate animals, and in his
various explorations above 1,000 new species have
been brought to light. He has published descrip-
tions of more than 300 of the more important ones.
Prof. Marsh is a member of numerous scientific so-
cieties.

MARSHALL, the county-seat of Clark county,
111. It is a railroad junction and contains flour
mills.

MARSHALL, a city, the county-seat of Calhoun
county, Mich., on the Michigan Central Railroad.
Population, 3,957.

MARSHALL, the county-seat of Saline county,
Mo., sixteen miles west of the Mississippi River, in
a fine agricultural region where anthracite coal
abounds. Population, 4,258.

MARSHALL, a town, the county-seat of Harri-
son county, Texas, at the junction of three rail-

roads. The town has several foundries, car-wheel
works, railway machine-shops, and a good trade in
cotton and other products. Population in 1890,
7,196.

MARSHALL, Humphrey (1812-1872), au Ameri-
can soldier. He entered the army in 1832, and
served in the Black Hawk expedition. In 1846 he
became colonel of the 1st Kentucky volunteer cav-
alry, and distinguished himself in the war with
Mexico. From 1849 to 1852 he was a Congressman
from Kentucky, and from 1852 to 1854 United
States minister to China. From IS55 to 1859 he was
again in Congress. At the beginning of the civil

war he recruited a large body of men for the Con-
federate army, and accepted a commission as brig-
adier-general. He won disrinction by his gallantry
in several battles, but in 1802 resigned, and set-
tled in Louisville, Ky., where he acquired a large
law-practice.
MARSHALL, Thomas Alexander (1794-1871), an

American jurist. He began the practice of law in
Frankfort, Ky., and in 1819 removed to Paris, Ky.
In 1827-28 he was a member of the legislature, and
from 1831 to 1835 was in Congress. From 1835 to
185G he was judge of the court of appeals, and from
1836 to 1849 was professor in the law-school of
Transylvania. In 1866-'67 he was chief justice of
the court of appeals.
MARSHALL, Thomas Francis (1801-1864), an

American lawyer. He began the study of law in

Versailles, Ky., and from 1832 to 1836, and again in

1838-39 he was a member of the legislature. From
1841 to 1843 he was a member of Congress, and in

184G raised a company of cavalry and served in the
Mexican war. His last years were devoted to the
study of geology and history.

MARSHALL. William Calder, a Scotch sculp-
tor, born at Edinburgh in 1813. After studying art
in Edinburgh, Loiuloii, and Rome, he settled in

London in 1839, was elected an associate of the
Royal Academy in 1844 and an academician in 1852.

He devoted himself chiefly to poetic sculpture.
Among his works are TIic Broken Pitcher; Dancing
Girl Reposing; Sabrina; Zcpher and Aurora, and
many statues, as those of Lords Clarenden and iSom-

ers for the houses of parliament, of Sir Robert Peel,

at IManchester, and of Jcnner, at Kensington Gar-
dens.
MARSHALLTOWN, a city of Iowa, finely situ-

ated on high ground. It has a high-school, railway-
shops, flour, and oil-mills, foundries, large grain
elevators, and two factories for making steel fenc-

ing-wire. Its trade in wheat and flour is consider-
able. Population, in 1880, 6,240; in 1890, 9,308. See
Britannica, Vol. XV. p. 574.

MARSllFIELl), a city of Wood county. Wis.,
having large lumber manufactories.
MARSII-MAUIGOLD (Ca?(7ifl).agenus of plants

of the natural order Ranuneulacese, having about
five petal-like sepals, but no petals ; the fruit con-
sists of several spreading, compressed, many-seeded
follicles. C. pfilustris is a British plant with kidney
shaped, shining leaves, and large yellow flowers.

It is often called Cowslip in the L'niled States.

MARSIVAN, a town of Asia Minor, in the vila-

yet of Sivas, twenty-three miles northwest of

Amasia, With a silver mine. Population, 11,000.

MARSTON, AVestland, dramatic poet, born at
Boston, England, Jan. 30, 1820, died in London,
Jan. 5, 1890. In 1842 his Patrician's Daughter -v/sls

brought out at Drury Lane by IMacready. Al-

though his house had once been the gathering place

of several of the most prominent literary men in

London, JMarston died in (hat city alone iwife, chil-

dren, grandchildren, all dead before him).
MARTELLO TOWERS, solid round towers for

coast defense, about 40 feet high, situated on the

beach. They were so called because at Mortella
Point in Corsica a small round tower stood admira-
bly an immense cannonade from an English fleet un-

der Lord Hood in 1794. They were mostly erected at

the end of the 18th century as a defense against

French invasion, and are now regarded as obsolete.

MARTENSEN,Hans Lassen (1808-1884), a Danish
theologian, born at Flensburg, in 1808. He studied

at the universities of Copenhagen, Berlin, Vienna,
Munich, and Paris, and v,-as made professor of phil-

osophy at Copenhagen, in 1840, !)ut afterwards
transferred to the department of tlieology. In 1845
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he became court-preacher, and in 1853 was madeb.shop of Zealand. He was a leader in the great r.-
Iigioiis movenienr of his time. He piil)lished )/, s/,t
hrl:a,-f; Ontti,,.- „f a S.^.tnu ,.f Kthirs, a„d S,.}r,n „f(^h,;>,l,an hthu; (18,:,',. His CkrUia,, JIn.pnaUcs andbermoiiK were much read in Denmark "

MAKTIAL LAW the exercise of arbitrary powerby the mi itary authorities of a district or countrywherein tlie ordinary administration has ceased tobe operative either on account of civil disturbanceor because ot ilie presence therein of a hostile force
It IS not tiie same as "military law." The latter is

Wmis'w !,'»•
^^'''"I-'^''''

''?y ^"'^ «°'diers at alltimes but aflects civilians only when they accom-pany a military force on active service. Martial]awis, in tact, no law at all, but simply the will ofthe supreme authority. No rules can be laid don°ifor Its application. The regulations of the UnitedS ates army s.ve some of the conditions underwhich martial la^y may be exercised and by which
Its functions are limited.

"
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of peace, and avowedly intended to r n,^fn'^*"r'""^ 1° ""e
ol «ar between tl.e contracth?K powers ft duJ'T'''' '°„'^'««
tortions and other tran.sactionsW i1,Hi,./i

''7«'"''"^ "" «»-
of private revenge, or conn ?an™aJ«,^,^""', «H" • "" <^^»
the contrary shall be severelvrmnfllH'^'' 5^'^- flenses to
committed bv officers ^ Pumshed,and especially so if

of',^d;';;sr„!^;fffV.?d"?!.^'^yriii{ri 'Toi^rf^?«?
°'" '° "--

death shall be executed onWwtVthP.fn'' =
""', se^'enccs of

executive, provided the u?gLcy of the n^L™^:?'
°^ '.'><' "'""^

»t£=B£Si5Sr--^

,3. "Martial law in a hostile countrv pnn«iata .-r, fi,„
sion, by the occupying military autl,,H?vr,fH, '!"^ .suspen-
civil law, and of the dXS a^imh/i Vrfn

''' "''?'°'''''°<J

cf^^-fc^ii-^-^^-^SIS^vW-^'
fuJC/?v" °^P^''^^' ""^--''^^"'i- o'rXre'd°il^h°e iShCy

cuted by a military fores it i= in„„„'i ? martial law 13 e.xe-

minMter it to be^-uictl%'guided bv t^e^P^Sl > °n1
'''°,'"'-

honor and humanity- virtues adnrninl'^fiP'^^ °' justice,
than other men, for the ve?y reasoi fh»f S

''''^° ""'^

P^?4°f.^'^^i"^''"?'°«' 't'« unarmed^" "^^ P''^^^^^'^^ '^«

co'antrie ' S Iv occuted and fairlv cn'^'°^'^°i '?, P'^««^ »°d
severity mav be exerciserin ,,lijp=°n.^'i^'''?''-

^'^'^'^ greater
hostilities ekist, or are IxDP^teH SnH°^

regions where actual
Its most complete sway il'kllowed-ev?n?n .Y

•^''epared for.

own country--wheu face to Vopo wH^S fi
'° "^'^ commander's

the absolute nl?ess tts'of the case andT't,?'
''*''='"'''= "'

duty to defend the country a"liS?t inv„,?„
tl^e Paramount

country is.paramount t"o affotG^con der1?"ons^°
'^^^ ""'

co'krs^lirh;"e^n°e'mFs''pSicTs l^ ^r^^"'" '»V ''^—

'

law unless interrTptelo 'stopped by ord"r'of tbf'.'
'""'^""

military power; but all the fuuctinns nf thf i*®.-?'^''"P''''°S
ment-legislative expcntivo „^ „5 •

'he hostile govern-
a general provincilfSr local °L'i^""°'*'"'a«ve-whether of
law, or con'^tinue only with the sane foi 'ofIf^S"^" '"i""'"

''T^^arHf,",'""?"""" °f the occup^Tir Irn^der
"""^ °''-

wLth'^ri'hly'^;; s'lfSi o\° tffe™""-'^--
"°^ »° p~.

government.
''"OJects of the enemy or aliens to that

noidi&'t%l?e°ntlX-i'rt!Jefe°s IZTn'^ °''"°!i^'
-«

sons will be subjected to m.rtiof 1
'^ oflices and per-

necessityonIv;theirp?opmy^ndh.,= ?;» '° ""''^'' °' """se^*
Any delinquency thercSu against ?re''est','hf'^f^^tary ru emay be Dunisheri o=ir, fv^r; '°P established mili-
tant, and such punishment fnrn5?hi"'"' °' ""^ °"^e'' i°5>abi-
for international complaint °° reasonable ground

dlpl^'S^aMc'TeZ' a?LeSft^f^g^o^n'euS'f^''^^- °^ o'^-
hostile government cease"ofnr„=?'™L P°i'''^''^ 'o the
governmint: but he fonqiu^Hifro/' "'I'Vl.'^^

'he dispLaced

'^''n°^.';',!?"^^''??^
'^« '--^m^or^lri - aecred itecfto ftfeTf'"

"'"""^

P;^!^iic^^l^i-J^S;^- ti;^V Uie^^ |,ection Of

Tort a-;.'3'e1^e?en'j;^f%tlf^f-ft^ -?r"4' '° '^e'^-'^^e
its operations '^^"'"''^•"^ safety, and the safety of

^.^;w;;^::^i^haS^sf^'^->f^%-->^,^--™,a„

lal mn.f L« h'^'^

Stat_es at the time of peace, martial

ntV-^ .. H iff'^^'^'^'^
by proclamation by the exe

of tle Un 'e'd sfife°'"-f n'""'^' °' '^^ the^President

o^oh^S^l-:'^/^-l-a^'^>n--c^^

tl::,i*!:nS;L^i;[;'r^^
--^ '^—tiv^ 1^^i°!

MARTIGXY LA VILLE, a town of Switzerland

J-'ec. 14, 1883 He wrote dramas and historicalovels or a while; but about 1830 he gave hir^sel

"BiWiopliir'/'ofb '' ''f"'"^''
^'""""^ ^aufLac'S

of Franie in 4^ ' 1'" ^"^''''^ P"'*J«'°t fora history
01 i. ranee n 48 volumes, consisting of extractsfrom historians and chronicles froni the earbes?

I's33°andh''°- f"'' ^"i"'^'"^'^
»''« first voCefn

dfrtakht wlnVh"'^'^''*^
'°'^"^ ^^""^ ^^ '^'^ v-ast un-

Sin IsV, Vt
''''' c°".^Pleted on a smaller

JlliV,^ i 1.?® "°^' ^'^'^ himself to a still moregigantic task, his great Ilistoire de France A thilland much improved edition earned tl e Gobertprize; the fourth edition was awarded by the inst.tution in 1SG9 the great prize of 20 OUO laVcTThis magnificent work comes down only to 1789 ft<;continuation to the author's own time formed theless admiraole Ih.toire <h- France Moderne Tlartinacted for a time as maire of one of the ar

iTsne ?n"lT-i'
°'

"^T' ' ""^ ^"^'^ chosen deputy for"Aisne m 18/1, senator in 1876. He was elected amember of the French academy in 1878 IWrote
sons VaniHMunin, and Jeanne d'Arc. Martin wa.;

by'Al?^u°t n T^
^""'^

°f
^'^'^^'' Wstory InflV/enledDy Augustin Thierry, who a med atconinrphenriin^the whole field within their range of s'udyTbf

ce^rinHv'''
'"'"''"1 impartiality and in [ghtVis ex!cellently arranged, and admirably writren-the

vin^«t f""

^"""^
P'^'t""*' ^"'l if a Chauvinist, a Chau!vmist of genius. It is beyond doubt the best woHcdealnig.n detail with thi history of France Is a

Fraifce ?n'TsnP''M
' '^ Canadian author, born ini: ranee in 1804. He was sent to Canada in 1S4'> as aJesuit missionary, and was stationed first at Alont

'^^-^ i'^^- ^- Isaac Jogues aS7^)

ican inw ^ ^'^'-'"«
-V^"=« fl764-1846), an Amer-ican jurist He was admitted to the bar in Xew

S the wV"^'«^'^nd in 1806-7, was amenibeT
qL/ •^^"''i?'"'"*'-

In 1809 he became United
1810 of'"nn'

^°' "'? '''"'''"y °f Mississippi, and in

-eneral JT'- -^^
^^^^J"^

^'^^ mad'e attorney-general of Louisiana, and n 1815 iud^e of fhe

T\tT "T'. V^ ^^ became chilf Justice.and
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MARTIN, Luther (1748-1826), an American law-

yer. In 1771 he was admitted to thie bar, and set-

tled in Somerset, -Md., where he attained a large

practice. In 1778 he was appointed attorney-gen-

eral of Maryland, resigning in 1805. From 1814 to

1816 he was chief judge of the court of oyer and
terminer in Baltimore, and from 1818 to 1820, was
again attorney-general. In 1804 he appeared as

council for the defense in the impeachment of

Samuel Chase before the United States Senate,

and in 1807 lor Aaron Burr in the latter's trial at

Richmond.
MARTIN, SiK Theodore, born in Edinburgh in

1816, educated there at the high-shool and uni-

versity, and in 1846 settled in London and became
a prosperous parliamentary solicitor. Among his

earliest writings were the well-known Bon GauUkr
ballads, written in conjunction with Professor

Aytoun. This was followed by numerous transla-

tions of GiJthe and other poets. In 1863 he issued

a volume of original and translated poems, and in

1870 an admirable little book on Horace in the

Ancient Classics for English Headers. In 1875 he waa
made C. B., in 1880 K. C. B., and in November of

that year was elected Lord Rector of St. Andrews
University. Lady Martin, well-known as an act-

ress by her maiden name, Helen Faucit, born Oct.

11, 1820, made her professional d6but as Julia in the

Hunckback at Covent Garden in January, 1886.

After her marriage.in 1851 she left the stage; but
appeared occasionally for charitable purposes. In

1885 she published a volume of studies On Some

of Shah'spcarc's Female Characters.

MARTINEAU, Harriet (1802-1876), an English

authoress. See Britannica, Vol. XV, pp. 583-584.

MARTINEAU, James, an English theologian,

brother of Harriet, born at Norwich, April 21, 1805.

He was educated at the grammar-school of his na-

tive city, and was appointed professor of mental
and moral philosophy at IManchester New College.

He removed to London when that institution was
transferred thither in 1857. He became principal

of the college in 1868, and held the office till his re-

tirement in 1885. Martineau was recognized for

fifty years as one of the profoundest thinkers and
most effective writers of his day. He received the

degree of LL. D. from Harvard in 1872. Doctor in

Theology from' Leylen in 1875, and D. D. from Edin-

burgh in 1884.

MARTINSBURG, a town in West Virginia.

Population in 1890, 7,207. See Britannica, Vol. XV,
p. 587.

MARTIN'S FERRY, or Martinsville, a village

of Belmont county, Ohio, celebrated for its iron,

glass and mill machinery. Population, 6,247.

MARTINSVILLE, a post-village, the county-seat

of Morgan county, Ind.,31 miles southwest of In-

diananolis on White River. It has a large grain

trade and contains a foundry, a machine-shop, a
woolen factory, a flour-mill, a pork-house and saw-

mills.

MARUT, in Hindu mythology, the god of wind.

MARVIN, Enoch M., a bishop of the M. E..

Church, South, born in Missouri in 1823, died Nov.

26, 1877. He was elected bishop in 1866, and com-
pleted a missionary tour "round the world" in 1877.

MARX, Karl, a German socialist, born at Co-

logne in 1818, died in London in 1883. After study-

ing law and philosophy at Bonn and Berlin, he

edited in Cologne the "Rhenish Gazette" in 1842,

which was suppressed the next year for its radical

utterances. He tlien went to Paris and there be-

gan in the Dcutsch-Franzosischc Jahrlmcher that

course of literary activity, which, varied by agita-

lion. constituted the work of liis life. Expelled
from France in 1845 ho settled in Brussels, where

he wrote his attack on Proudhon's Philosophie de la

Misire, entitled Misire de la Philosophie. In 1848
Marx took an active part in the revolutionary
movement on the Rhine, and after its failure

finally settled in London in 1849. Here he acquired
his great knowledge of the economic development
of modern Europe. The early fruits of his studies
appeared in a work: Zur Kritik der polilischen

Oekonomie (1859).
' The theories underlying it were

3arried forward into the first volume of his Kapital
(1867). Before that year Jlarx had, in 1864, re-

sumed his work as agitator. He had the foremost
part in founding the "International Workingmen's
Association," commonly called the "International"
(see Britannica, Vol. XIII, p. 189). After LozaJles
death he had practical control of the social-demo-
cratic movement in Germany. His works leave'us

in no doubt that he was a man of extraordinary
knowledge, which he handled with masterly skill.

His style is lucid and powerful, and the march of

thought is varied by humor, unsparing invective

and Hashes of light'from unexpected quarters.

MARY MAGDALENE, or Mary of Magdala, so

named from a town on the Sea of Galilee, a woman
out of whom Jesus cast seven devils and who be-

lieved on and followed him. She was one of the
women \\ ho stood by his cross, and one of those

who went with sweet spices to the sepulcher. To
her he first appeared after his resurrection. In

consequence of an unfounded notion identifying

her with the woman mentioned in Luke VII, 36-50,

who anointed our Lord's feet with ointment and
wiped them with the hairs of her head, Mary Mag-
dalene has been long and generally regarded as a
woman wliose early life bad been jrofligate, al-

though of this there is no hint whatever in the nar-

ratives of the evangelists, and the Magdalenes so

frequent among works of art represent her accord-

ing to this prevalent opinion
MARYLAND, State of. For general article on

the State of Maryland, see Britannica, Vol. XV,
pp. 602-605. The census of lefO reported the area

and population as follows: Total area of the Slate

(including 2,350 square miles of water surface)

12,210 square miles. Population, 1.042,380, again
during the decade of 107,447, or 11.49 per cen(.

Capital, Annapolis, with a population of 7,676,

a gain during tlie decade of 1,033, or 15.58 per

cent.
Brief Historic Record of Maryland.—The trst

white settlement was made on Kent Island in Ches-

apeake Bay, by William Claybore, from Virginia in

1631. In 16.32 a charter was granted to Cecilius Cal-

vert, second Lord Baltimore. In 1633 he sent out

his brother, Leonard Calvert, as governor. In 1645

there was a rebellion starting in Kent and Lord

Calvert fled to Virginia. In 1651 commissions from

England fully reestablished authority. A civil

contest ensued and the proprietary party was de-

feated and driven out of the country m 16o5.

In 1658 Lord Baltimore regained his proprietary

rights, and his brother, Philip Calvert, was ap-

pointed governor in 1061. At this date the colony

began to prosper rapidly. In 1750 the boundary

between Maryland and Pennsylvania was deter-

mined by the survey of Commissioners Jlason and

Dixon. The constitution of the State was adopted

Aug 14, 1776. Maryland ratified the constitution

of the United States April 28, 1788, by a vote of 63

to 11. In 18.51 the State constitution was remodeled

and still further revised in 1864 and 1867 The

name of tlie State was derived from that of Henri-

etta Maria, Queen of Charles I., of England.

For numerous additional items of interest, see

the article United States in these Revisions ana

Additions.
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Pkooress of the State op JVIaryI/And in Popula-
riiiN iiY Decades—Population in 1790, 319,7''8; 1800,

,M 1,518; 1810,380,546; 1820, 307,350; 1830, 447,040;

1840, 470,0111 ; 1850, 583,034 ; 1860, 687,049 ; 1870, 780,-

894; 1880, 934,943; 1890, 1,042,390.

Tlu^ popiiUition of the chief cities and towns in

IS'.KI were as follows: Baltimore, 433,547 ;Cuinberland,
Ul,03(); Frederick, 9,621 ; Hagerstown, 11,698; Cam-
hridge, 4,16.i; Havre de Grace, 3,219; Kaston, 2,938;

Salisbury, 2,905.

The following figures show the land areas in

square miles and the populations of the several

counties of the State in 1890:

Alleijiiuy
Anne Arnmlol
Baltimore
Dnltimoi^e city.
Calvert

Caroline
Carroll
Cecil
Charles
Dorchester.

Frederick. ,

.

Garrett
Harford
Howard
Keut

Montgomery. .

.

Prince George.
Queen Anne .

.

Saint Mary....
Somerset

Talbot
Washington..
Wicomico
Worcester.. .

,

Population.

1S90.
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gree of latitude in America in the neighborhood of

Pennsylvania, and in 1869 Mason observed the
transit of V^enus at Uavan, Ireland. He was sub-
sequently employed by the Bureau of Longitudes
to verify the lunar tables of Tobias Mayer.
MASON, George (1725-1792), an American states-

man. In 1776 he drafted the declaration of rights

and the constitution of Virginia, which were unan-
imously adopted, and in 1787 was a member of the
convention that framed the constitution of the
United States. He was twice elected to the Conti-
nental Congress, but declined to serve ; and was
chosen the first United States Senator from Vir-

ginia, refusing also to act in this capacity. He
then retired to his home on the Potomac, where he
resided till his death.
MASON, James Murray (1798-1871), a United

States Senator. He began the practice of law in

Winchester, Va., was a member of the house of del-

egates from 1826 to 1832, and from 1837 to 1839 was
a member of Congress. In 1847 he was chosen to

the United States Senate, and was twice reelected,

serving till 1861. He was then appointed Confed-
erate commissioner to England. He returned to

Virginia in 1868 and resided there until his death.
MASON, .Ieremiah (1768-1848), a United States

Senator. In 1791 he was admitted to the New
Hampshire bar, and in 1802 became attorney-gen-
eral of the State. From 1813 to 1817 he was a
United States Senator, and then for several sessions

was a member of the legislature. From 1829 to

1832 Mason was president of the Portsmouth, N. H.,

branch of the United States bank. He then settled
in Boston and continued his practice of law until

70 years of age.
M.\SON, John, the founder of New Hampshire,

died in 1635. In 1616 he was sent to Newfoundland
from England as governor, and during the war with
Spain from 1624 to 1629 was treasurer and paymas-
ter of the English forces, He then procured a
grant of territory on the coast between th3 Merri-
mack and Piscataqua rivers, which was designated
as New Hampshire, and soon afterwards formed a
colony there. .Just before his death he was ap-
pointed vice-admiral of New England.
MASON, John (1600-1672), an American soldier.

In 1635 he aided in founding the town of Windsor,
Conn., and in 1637 commanded a successful expe-
dition against the Pequod Indians, in which he an-
nihilated, witli a handful of whites, a powerful
tribe, and secured a general peace with the Indi-
ans, which remained unbroken for forty years.
Mason then settled in Saybrook and later in Nor-
wich, and was major of the colonial forces more
than thirty years. From 1642 to 1668 he was a mag-
istrate, and from 1660 to 1670 the deputy governor
of Connecticut.
MASON, John Mitchell (1770-1829), an Ameri-

can Calvinistic clergyman. In 1792 he became
pastor of the Cedar street Associate Reformed
Church, New York City, resigning in 1810 to form
a new congregation. In 1811 he was chosen pro-
vost of Columbia College, and in 1821 president of
Dickinson College, Pa. He resigned in 1824 on ac-
count of failing health, and was never again able to
assume any official employment. Dr. Mason pub-
lished a number of orations, addresses and sermons,
and among other works A Plea for Sacramental
Communion on Catholic Principles (1816).
MASON, John Young (1799-1859), a United

States cabinet officer. In 1819 he began the prac-
tice of law in Southampton county, Va., and was a
member of the legislature in 1829. From 1831 to
1837 h > was a memlier of Congress, and later was
judge of the United States district court and of the
"circuit court of Virginia. In 1844 lie became Sec-

retary of the Navy, and in 1845 was appointed
United States attorney-general; but the follow int;

year was again placed at the head of the navy de-
partment. From 1853 till his death he was United
States minister to France.
MASON, Sir JosiAH, an English philanthropist,

born at Kidderminster, Feb. 23, 1795. died at Er-
dington, June 16,1881. He began life by selling
cakes on the street, and after turning his hand to

various employments took the split-ring business
of Mr. Harrison at Birmingham. He began to make
pens for Perry & Co., and his business increased
till he became the largest penmaker in the world.
Partner with Elkington in the electro-plating trade
he gave Dr. C. W. Siemens his first start in life by
paying him .$8,000 for a patent; and he paid Krupp,
founder of the works at Essen, $50,000 for the pat-
ent for machinery to roll the metal "blanks" from
which spoons and forks are made. Mason erected
and endowed almshouses, and an orphanage at
Erdington, at a cost of $1,300,000, and was the
founder of the Josiah Mason College at Birming-
ham.
MASON, Lowell (1792-1872), an Amerioan mu-

sician. At the age of sixteen he was so proficient
in vocal music that he was the leader of a Massa-
chusetts village choir, and a teacher of singing-
classes. From that time until his death he devot-
ed his entire time to music, and probably did more
to popularize vocal music than any other Ameri-
can. Among the books that he compiled are
Juvenile Psalmist (1829); Juvenile Lyre (1830); Tlie

Choir, or Union Collection (1832) ; Manual of Instruc-
tion in Vocal Music (1834) ; The Boston Academy Col-

lection (1835); Lyra Sacra (1837); Occasional Psalm-
ody (1837) ; Songs of Asaph (1838) ; Tlie Seraph (1838

;

The Modern Psalmist (1839) ; Carmina Sacra (1841);
Tlie Gentleman's Glee Book (1842); American Salt-

bath-School Singing Book (1843); Boston Academy
Collection of Choruses (1844); Song-Book of the School
Room (1845); Primary-School Song-Book (1846); The
National Psalmist (1848) ; The Hand-Book of Psalm-
ody (1852); Tlie Hallelujah (1854); The Normal
Singer (1856), and Mammoth Musical Exercises
'1857).

MASON AND DIXON'S LINE, popularly sup-
posed to have been a line dividing the slavehold-
ing from the non-slaveholding States, and to have
run due east and west. In reality it ran for more
than one-third of its length between two slave
States, Maryland and Delaware, and a small part
of it is an arc of a circle. It was run by two Eng-
lish engineers, Charles Mason and Jermiah Dixon,
between the years 1764 and 1767, for the purjiose of

settling the disputed boundaries between JMary-
land on the one side and Pennsylvania and Dela-
ware on the other. Their instructions were to be-
gin at the most easterly point on the Atlantic
Ocean, and run due west to a point midway between
the Atlantic and the Chesapeake Bay ; tlience
northward, so that the line should become a tan-
gent to the northwestern boundary of Delaware,
which was a circle described from New Castle
Court-house as center, with a radius of twelve
miles. The line was then to follow the curve in a
westerly direction until it reached a point due
north of the point of tangency ; thence due north
until it intersected a line run due west from a point
fifteen miles south of Philadelphia ; and tlience due
west until it intersected a line running due north
from the most western source of the Potomac
River. The work was done with such skill and ac-

curacy that a revision in 1849, with instruments of

nuich greater precision disclosed no error of im-
portance See Britannica, Vci. XV p. 605; XVIII,
p. 504.
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MASON CITY, a town of Mason county, 111.,

situated in the best corn-growing region of the
State.

MASON CITY, an incorporated town, the coun-
ty-seat of Cerro Gordo county, la. It has flour-
mills, limestone quarries, good water-power, and is

situated in a good agricultural region. Population,
4,002.

JIASONIC TEJIPLE, CnicAGo. This new and
imposing edifice (now in process of erection,
Aug. 18, 1891), is located on the corner of State
and Kandolph streets, Chicago, 111. The site, all of
which will be covered by the temple, measures 170
feet on State street and 114 feet on Randolph street,
and is surrounded by streets and alleys. The corner
stone was laid with imposing ceremonies in
1890, and the contractors are to hand over the
keys of the completed structure to the repre-
sentatives of the Masonic order. May 1. 1892.

MASONIC TEMPLE, CHICAGO, ILL.

The new building will rest on cement and Iron foundations,
extending far out into the adjacent thoroughfares, and the
superstructure will be of steel and perfectly flre-proof from
Dottom to top. It will have twenty stories, and the heightU
of the building will be nearly -m feet. The first three stories
will be faced with dressed red Montello granite from Wiscon-
sin, with glimpses of carving, the corners being ornamented
with electral layers. The remaining stories will be faced with
gray buck that is indistinguishable from granite, eacli
measuring four by five by fourteen inches. Between the six-
teenth aud seventeeth stories terra cotta of the same shade
will be used. No particular style of architecture can be pre-
dicted of this building, though the arches visible on some
parts of the gigantic facade suggest the Romanesque. The de-sign presents a taint semblance of a main building in the
center with wings at each side. These wings terminate in
steep gables on tiie east and west fronts, connected by thesteep roof of the central portion of the structure. There are
seventeen stories below the coroice and three above it All

four fronts will be finished In exactly the same costly and
elegant style. There will b« three tiers of deeply recessed bay
windows on each front, extending from the third to the
fifteenth story, both inclusive. The windows of the second
and sixteenth stories are combined In groops of two, within
deep Xiqman arclies. The seventeenth story is treated
separately from the rest of each far;ade. The entrance will be
through an immense granite arch twenty-eight feet wide and
forty-two feet high iu the center of the State street front.
This gorgeous edifice will have an interior court, some-

thing lilie that of the chamber of commerce building the
floor of which will measure 9U feet north and south by 45
feet east and west. The walls of this court will be faced from
bottom to top, with different colored marble, and at the east
side of it a magnificent bronze staircase will ascend from the
ground floor to thereof. The interior finish of the building will
be mosaic floors.raarble and onyx walls.and all oali woodworli.
East of the court, disposed in a semicircle, will bu fourteen
passenger and two freight elevators, running from the base-
ment to the attic, and making a round trip every three min-
utes. The whole building will be heated by steam, and sup-
plied with electrical aud pneumatic connections in great
profusion. The basement will be devoted to an immense
caf6 with its appurtenances.and waiting-rooms, toilet-rooms,
coal-rooms and boiler-rooms. Perhaps the most surprising
thing that can be said concerning this immense building is
that every floor of it from the pavement to the eleventh floor
inclusive, will be fitted up for shops. There will also be four
shop-like booths on the floor of the court. The floors from
the eleventh to the sixteenth inclusive will be fitted up as
business offices.
Above the sixeenth floor and beneath the roof everything

will be sacred to masonry. On the seventeen floor, the en-
tire south wing, 50 by 109 feet in size, will be devoted to a
drill hall. The similar space in the north wing will be divid-
ed between the blue lodge rooms. The Intermediate room,
on the State street front, 40 by «0 feet In size, will be a ban-
queting hall. On the eighteenth floor, over the drill hall,
will be a georgeons consistory room, with arched roof and
galleries on three sides. Over the banqueting hall will be
parlors. Over the blue lodge rooms will be the Apollo com-
mandery preceptory. In tho remaining two stories will be
a number of smaller rooms. Even here the description does
not end, for on the roof of the building are to be hanging
gardens, covered with glass roof and walls that are to rival
the abode of the gods. It is given out that there may he re-
freshments up there, but everything that inebriates will be
remorselessly banished.

It is estimated that the cost Of the building will be. In
round numbers $2,000,000, and that thepropertv including the
ground and building will represent about |3,50'0,000.

MASON WASP (Odynerus Murarius), a species of
wasp which makes its nest by boring a cylindrical
hole in hard sand, or in the plaster of walls, on
which an exudation from the mouth seems to act
so as to soften it sufliciently. At the orifice an
outer tube is construced, sometimes two or three
inches in lenghth, of pellets formed in the excava-
tion. In the interior an egg is deposited, with a
number of little caterpillars ready for food for the
larvse when hatched.
MASPERO, Gastox Camille Charles, an Egypt-

ologist, born at Paris, of Italian parents, June 23,
1846. He began to lecture on Egyptology at the
school of higher studies in Paris, in 1869, and in
1873 was appointed professor of Egyptology at the
colloge of France. In 1881 he founded a school of
Egyptian archseology at Cairo, and succeeded
Mariette as director of explorations and custodian
of the Boulak museum. In 1886 he became profes-
sor at the institute of Paris. As an explorer he has
excavated or opened the pyramids of the kings be-
longing to the 5th and 6th dynasties.and the buiial-
flelds of Sakkara and Dashilr, and discovered new
sepulchral sites of great value at Deir el-Bahari,
near the entrance to the valley of the Tombs of the
Kings, at Ekhmim, 130 miles soath of Thebes, and
at other places.

MASQUERADE, or Masked Ball, a festive
meeting in which the host and guests assume fic-

titious characters, and disguise themselves more
or less for the occasion, the name being derived
from the use of the mask. The public mummeries
of former times, Easter Plays, Festival of Fools,
etc., which were frequent in Europe, probably sug-
gested the idea of the masquerade. Catherine de
Medici introduced the regular masquerade at the
French Court. It found its way to England in the
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reign of Henry VIII, but did not reach any of the
courts of Germany till the end of the 17th cen-
tury.
MASSACHUSETTS, State op. For general ar-

ticle en the State of Massachusetts, see Vol. XV,
pp. 611-616. The census report of 1890 gave the re-

vised figures as to the area and population of Mass-
achusetts as follows : Total area, 8,315 square miles,
including 275 square miles of water; population,
2,238,94.3, a net gain during the last decade of 4-55,-

858, or 25.56 per cent. Capital Boston, with a pop-
ulation in 1890 of 448,477, a gain during the decade
of .S5,638 or 23.60 per cent.
The populations of the chief cities and towns of

the State which in 1890 had each over 8,000 inhab-
itants, are as follows, in the order of ranii

:

Cities and Towns

Boston city
Worcester city. -

Lowell citv. .,'...

Fall River city..
Cambridge city.

Lynn city
Lawrence city
Springfield city...
New Bedford city.
Somerville city."..

Holyoke citv..
Salem city. ...

Chelsea city ..

HaverliiU city.
Brocttoa city

Taunton city. . .

.

Gloucester city.
Newton city. ..'.

.

Maiden city
Fit'^hburg city.

.

Waltham city
Pictstield city
yumcy city
North Adams town.
Northampton city.

.

Chicopce city
Newburyport city .

Marlborough town.
Woburn city
Brookline town . .

.

Medtord town
Everett town. ..

Weymouth town
Beverly town. . ..

Clinton town

Hyde Park town. .

Peabody town
Westfield town. .

.

Amesbury town....
Farmingnam town.

Adaraa town. .

.

Natick town. ..

Miltord town..
Spencer town.
Melrose town.

Pop.
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Williiu.i Duin
Williuui ISiini

William Duni
WiUi.naTalle

. 17:!:l-2« IThomas GoKe 1774

IT-JK A Provincial Congress,
.172S-:;o 1774-75

. . . . 17:;ii 1 The Council 1775-80

GovEKNOBS Under the U. S. Constitution.

John Davis ).S41-43

Marcus Morton 1S43-14

Oeorjje N. BrijES l.-ilj-il

George S. liouuvuil )Nj1-."..j

Jolin H. Clifford
Kmory Wiisliburri ....

Henry J. Gardner
Nathaniel P. Banks...
John A. Andrew..
Alexander H. Bullock
William Claflin
Wm. B. Washburn
Thomas Talbot 1874

William Gaston. 1874-76

Alexander H. Rice 1876-79

Thomas Talbot 1879-80
John D. Loug 1880-83
Benjamin F. Butler 1883-84

George D. Robinson 1884-87

Oliver Ames 1887-90
John Q. A. Bracket 18913-91

lSL-,:-;-.-)l

.1866-69

.1869 72
.187ii-74

John Hancock 1780-K5

James Bowdola 17.S5-S7

John Hancock l787-;«
Samuel Adams 17i'i3-'.ii

Samuel Adams 17'.i4-'.)7

[ucroaso Sumner 1797-'J9

Moses Gill I7M-1SO0
Caleb Strong 18iin-7

James Sullivan Isi)7-8

Levi Lincoln isos 9
Christopher Gore 1S09-10
Eibridge Gerry 1810-13

Caleb Strong I8r2-16
John Brooks 1816-23
William Eustls 1,823-25

Marcus Morton 1825

Levi Lincoln 1S2)-31
John Davis 183J-3o
Samuel T. Armstrong... 1835-30
Edward Everett 18:)6-4U

Marcus Morton 1810-41
William E. Russell 1891^92.

Governor Russell's oflieiai term expires Jan. 6, 1892. Sal-
ary, ^.OUO.

MASSAGE (Fr. "kneading"), the term used in
medicine to denote a system of treatment in which
the manipulation and exercise of parts ("passive
movement") are employed for the relief of morbid
conditions. The term is used in an elastic sense,
and comprises a variety of forms of treatment ex-
tending in the one direction towards the composite
gymnastic exercises of Swedish origin, so useful in

Favoring a sound pliysical development in children,
and in the other towards the jerking and wrench-
ing movements, empirisally employed, and familiar
in Great Britain under the name of "bonesetting."
For the most part, however, massage corresponds
to the application of kneading, stroking and rub-
bing, separately or combined with each other.
Massage is as old as, if not older than, any other

form of medical treatment. Hippocrates (600 b.

c), the "Father of Medicine," has left in his writ-
ings a description of its application and uses ; ob-
serving that "it loosens stiff joints and gives tone
and strength to those which are relaxed ;" further,
tliat "it must be applied with soft hands and in all

cases delicately." In the Greek world, and also in
the Roman, massage formed a necessary comple-
ment to the toilet of the liath ; but, apart from tlia

slaves who were specially trained for such duties,
there appears to have been a regular profession of
"rubbers" competing witli and often superseding
the pliysicians^f the period. The Chinese and the
early races of India seem to have known the value
of massage from a remote period, for it is fre-
quently referred to in the ancient writings of Ijoth
peoples. During the dark ages this method of
treatment seems to have fallen into disrepute in
Europe ; and it is only within the latter half of tlie

19th century that its practice has been thoroughly
reestablished, and that on a scientific basis. It is

largely due to Dr. Mezger, a physician of Amster-
dam, tliat massage has become once more a sys-
tematized mode of medical treatment. He began
to treat sprains by this method in 185.3, and from
that time to the present his system has attracted
much attention, and has spread widely over the
European and American continents.
Two cliief methods of application are employed:

(1) Stroking, or rubbing with a gliding movement,
affecting chiefly the superficial parts (cfflcnrage).

(2) Pressing, tapping or kneading, affecting chiefly
the deeper tissues, and in one locality at a time
itapotemeni) . To these may be added an important

combination of the two, viz: (3) Friction with
kneading ipetrisaage), in \ihich the tissues are at
the same time rubbed longitudinally and squeezed
laterally, both superficial and deeper tissues being
tliereby equally affected. In applying tliese meth-
ods the hand and fingers of tlie manipulator alone
are used. As a rule, if the liands are soft and
moist no emollient substance is reqiiired. and the
best elTects are produced without such aid. In all

cases tiie movements follow a direction towards the
trunk. In stroking {ejjlcuragc) the finger-lips pass
first ligiitly over the affected surface, followed by
tlie outspread palm of the hand, whicli exerts a
slightly firmer pressure. In tapping (tapotement)
the finger-tips, the knuckles, or the edges of the
jKilm are firmly thrust against the affected areas,
so as to act chiefly on the deeper tissues, by com-
pressing them firmly against the bony framework
of the part. In friction (petrissage) the tissues are
grasped and raised between the fingers and thumbs,
and slightly compressed laterally as well as longi-

tudinally as the manipulator's hands pass upwards
over the part. The total time taken up in the ap-
plication of one of these methods, or in a combina-
tion of any of them, should not exceed 20 minutes,
and as a rule one such secince is sufficient in the 24
hours.
The chief vital effects produced by massage are

soothing of pain by reduction of the sensibility of

the nerves of the skin ; an acceleration in the cir-

culation both of blood and lymph in the parta
operated on ; and, as a result of this, increased nu-
trition of healthy tissues and accelerated removal
of morbid products. General and local applica-
tions of massage are practiced in medicine ; the
former when some general corporeal effect is aimed
at, as in nervous emaciation, narcotic poisoning,
and in the treatment of the apparently drowned;
the latter, in local injuries, as sprains and bruises,
and in local manifestations of constitutional condi-
tions, as rheumatic joint affections, neuralgia, tic,

and sciatica. In purely local joint and bone dis-

eases it is, however, as a rule inapplicable and
likely to do harm.
MASSEY, Gerald, an English poet born near

Tring, Hertfordshire, in 182S. "When he was a boy
of eigiit years he worked in a mill, and when he
was fifteen he went to London to work. In 1849 he
published a weekly newspaper called the "Spirit of
Freedom," in company with some fellow workmen.
He lectured in many places in Great Britain for
the lienefit of the working classes, and visited the
United States in 1873. His first poem of special
merit is the Ballad of Babe Chtislabel (1854). His
later works are Craigcrook Castle; Voices of Freedom
and Lyrics of Love; Shakespeare's Sonnets Xever Be-
fore Interpreted (1866), and A Tale of Eternity.

MASSILLON, a city of Ohio, on four lines of

railway and on the Ohio Canal. Population in

1890, 10,068. See Britannica, Vol. XV, p. 617.

MASSON, David, a British author, born at Aber-
deen, Scotland, Dec. 2, 1822. He was educated at
Marischal College of Aberdeen, and at the Univer-
sity of Edinburgh. At 19 he became editor of a
Scotch provincial paper, and later joined the liter-

ary staff of AV. & R. Chambers. In 1847 he settled
in London, writing for the reviews, the Encyclope-
dia Britannica and the English Ehciiclopn-dia. In
1852 he succeeded Clough in the chair of English
literature in University College, and held it till his

appointment in 1865 as professor of rhetoric and
English literature in the University of Edinburgh.
Masson edited ^faclnilla>l's Magazine from 1859 to

to 1868. His first published work was his Essays,
Biographical and Critical (18.56). reprinted with
later essays in 3 vols. (1874-76) entitled respectiveU
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fVordsworth, Shelley and Keats; The Three Devils—
Luther's, Milton's and Gothe's, and Chaiterlon, A
Slory of the Year 1770. His great work is his pon-
derous Life of John Milton, narrated in connection
with the Political, Ecclesiastical a7id Literary History

of his Time (6 vols. 1859-80), the most complete
biography of any Englishman, and of great value
for the contemporary history. Other works are
British Novelists and Their Styles (1859) ; Recent Brit-

ish Philosophy {1865) ; Driimmond of Hawthornden:
Tlie Story of His Life and Writings (1873) ; the "Cam-
bridge" edition of Milton, with introductions,
notes and an essay on Milton's English (3 vols.

1874; new ed. 1890), the "Golden Treasury" edi-

tion (2 vols. 1874), and the "Globe" edition (1877).
Later works are an excellent study on De Qain-
cey (18781 in the "English Men of Letters" series,

and a new edition of De Quincey's works in 14
volumes (1880-91). He was Rhind lecturer in
18S5, and after 1879 he edited the Register of the
Privy-council of Scotland, contributing the intro-

ductions to the volumes.
MASSORAH, or Masora ("tradition"), a collec-

tion of critical notes on the text of the Old Tes-
tament, its divisions, accents, vowels, grammati-
cal forms and letters.

MASTER, an officer in the navy. In recent
years the title has been changed to "navigating
lieutenant." See Britannica, Vol. XVII, p. 293,

under Navigating Officer.
MASTERWORT (Peucedanun Ostruthium), a pe-

rennial herb of the natural order Umbelliferx, a
native of the north of Europe and America. The
root has a pungent taste, and often affords relief

in toothache. Astrantia major, an herb belonging
to the same natural order and having similar
properties, is also named Masterwort.
MATERIALISM, the theory of the world which

professes to find in matter, or in material entities

or in material qualities and forces, a complete ex-
planation of all life and existence whatsoever.
Early philosophies are generally either theogonies
or cosmogonies. Cosmogonies tend to postulate
animated or living matter (hylozoism). Out of the
earliest hylozoistic philosophemes of the lonio
school in (rreece arose the atomistic materialism
of Leuoippus and Democritus, explaining the cos-
mos as an aggregation and segregation of ultimata
indivisible material entities or atoms. The atomic
theory of Democritus became the basis of the sen-
sationalistic psychology and ethics of Epicurus, and
was transmitted in the going verses of Lucre-
tius' great didactic poem, De Rernni Xatnrd, on to
the later Roman period. Materialism as a basis
for scientific research we find revived in history
wherever a movement arose in favor of the meth-
ods and aiins of experimental or natural science, as
in the Renaissance period in Europe generally. Gas-
sendi, though, it is who must be regarded as the re-

newer pe/r excellence, in modern times, of systematic
materialism. Redeveloped the doctrine of Dem-
ocritus, by endowing the atoms with force and even
with sensation. Lamettrie, by his materialistic ac-,

count of the functions of tlie mind, prepared the
way in France for the comprehensive materialism
of Baron Holbach, whose S'/steme de la Nature is the
chef-d'irnvre of French materialism. In Holbach
materialism reaches its high-water mark. Apply-
ing materialism to antliropology, he seeks to show
that man is only a physical being, and that moral-
ity or virtue is independent of the supports of posi-
tive religion and of theism.
The empirical method of Bacon and Locke, tak-

en along with some thing Locke said about matter
being possibly made to think, and eagerly caught
up by men like Voltaire, had countenanced in Eng-

land as well as in France a materialistic tres./Dii.nt

of the mental and spiritual powers of ir.i»u, u.ii in

the works of Hobbes, Hartley and Priest]/. In
Germany philosophy was in the main idealistic and
speculative until the death of Hegel, but Vogt
about 1850 applied the principles of materialism to
psychology, holding that physiology pronounced
definitely and categorically against the idea of in-
dividual immortality, as indeed all notions founded
on the idea of the independent existence of the
soul. Moleschott and Biichner are associated with
Vogt as upholders of materialism. Biichner's Kraft
rind Staff ("Force and jMatter") is the Bible of Ger-
man materialism. Feuerbach and Strauss may be
mentioned as philosophers who exchanged the
spiritualistic monism of Hegel for materialistic
monism.
The form in which materialism naw appears has

been determined by the doctrir.e of evolution.
Materialism indeed might be said to have been ab-
sorbed in the wider theory of evohition, which goe&
beyond the mere antitheism or atheism of mater-
ialism, and seeks positin-li/ to shew ho.r the diversi-
ties and differences in the world can be accounted
for by natural as opposed to supernatural or cre-
ative process. Haeckel is perhaps the most prom-
inent upholder of the Darwinian hypothesis on the-

Continent.
Materialism may be examined from many points

of view, (i; Materialism is scientific realism. It

believes in real physical entities, such as atoms and
forces, and spaces and times. Now a belief in atoms
leads, in physics, in chemistry, and in astronomy,
to insoluble contradictions ; atoms for example, for

physical purposes must be at once absolutely im-
penetrable and unalterable, and yet absolutely
elastic and alterable. It would be more correct, to
reduce matter to forces than to atoms, as many
theorists have done. But it is difiicult to think of
forces existing without some sort of substrate.
Spaces and times too are not physical things. Thus
science is full of hypotheses; nor can it dispense
with hypotheses. Complete physical realism or
materialism is, in short, theoretically impossible.

(2) Even granting—which in strictness we cannot

—

the existence of "mere matter," science has as yet
found insuperable difficulty in passing from unor-
ganized to organized matter. (3) Psychology has
as yet been unable to regard organic state as ac-

counting for physical or mental states. The two
are totally different, and, though correlated, can-
not be said to be causally connected. (4) Mater-
ialism cannot furnish a complete or consistent
ethical theory. If a man is entirely the product
of natural forces, and in fact the sport of natural
forces, it is meaningless to think or speak of him
as morally obliged either to follow or to resist

nature. Man not only follows and resists nature,
but in mechanical and artistic construction com-
mands and anticipates and surpasses nature. Of
course to materialism the belief in human free-

dom, which practically makes history, is an illu-

sion, but it is difficult to see how on the mater-
ialistic hypothesis even this illusory belief could
have arisen. (5) Although materialistic evolution
may succeed in showing that we ought not to re-

gard certain natural adaptations and productions
as special and final creations, it cannot and does
not avoid the question of teleology. Neither hylo-

zoism nor mechanism, nor unconscious selection

and adaptation accounts for that relativity to

everything, which is really what at bottom is

meant by teleology. There must be a world-soul
or world-thought for whom the universe is real-

ized end. (G) There is the philosophical question
about mere matter. It has again and anain been
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confessed by scientists as well as by philosophers
that liy matter can only, in the last resort be
meant, what J. S. Mill calls the |iermanent possi-
bility of sensation. There is in fact no object (or
objective thing) without a subject (or conscious-
ness;. If the materialist at once replies that there
•3 no subject without an object, he is in the right
as against the thesis. The idealist, in short, and
the materialist are in the right as against each
other. Subject and object imply each other. AVe
cannot brgin with either in order to explain from
it the other.
Materialism brings prominently before us that side

of the universe which is compassed by the meth-
ods of physical science. But physical science like
economic or theological or mental science, takes a
one-sided or "abstract" view of experience. All
sciences "abstract" from the concrete whole of ex-
perience certain facts which they propose to in-
vestigate in detail. Physicists, like metaphysicians
and theologians, are apt to become dogmatical
about spheres of inquiry of which they know pro-
fessedly nothing,
MATERIA :MEDICA, that department of the

science of medicine which treats of the materials
employed for the alleviation and cure of di-
sease, their properties, physiological actions, and
uses.

MATHEMATICIANS ( Lat. mathematici }, the
name given by the Romans to the professors of as-
trology, from the fact that those who practiced as-
trology to some extent cultivated mathematical
science. The Romans, unlike the Greeks, appeared
not to comprehend the attractions of mathematical
studies, and, being unable to distinguish between
the student of pure science and the fanatic enthus-
iast who attempted to derive knowledge of future
events on this earth from the position of the stars
joined them together in a common condemnation
under the name of "mathematici."
MAT.SUMAI, a seaport of Japan, situated at the

southwest extremity of tlie Island of Yesso.at the
western entrance to the Strait of Tsugaru Form-
erly the principal town of the island, it has in re-
cent tnne.-^ been outstripped by Hakodate. Ponu-
lation in 18S7, 31,037.

^

MATTEA WAN, a post-village of Du tchess county
r^. \., on Fishkill Creek, li.< miles above Fishkill
Landing. Here felt goods, hats, lawn-mowers,
wood-workmg machinery and files are manufac-
tured.
MATTHEWS, St.«lev, an American statesman

ffion^"?r^*'
'^°™ '" Cincinnati, ,Tuly 21, 1824, died in

i^A- ,ou^^u^°^'^^'^
law for a lime in Tennessee;

^"h"J^"*'',V?,°»S«'
assistant editor of the Cincin-

offil= *?
"^^ ^'^

^rK"^
''*"""'' important judicial

offices, and commanded a brigade in the early partot the civil war. He was elected United StatesSenator in 1877, and became as.^ociate judge of thiSupreme Court in ISSl
^

TI^^^I™^^'^^^'^^^^^'^^- a religious impostor.He was a country merchant in Washington county,
N. Y., named Robert Matthews, and alter failing
In business he removed to Albany in 1827 Claim-
ing to have received a revelation he took to street-
preaching. He failed to convert Albany, prophe-
sied Its destruction, and removed to New York
City, where he involved several respectable fami-

M/f.^11
* delusions He was finally exposed, and

his followers then dispersed. • "
MATTISOiY, Hiram, an American clergyman and

IshN
^*

H-
'^'" =*' ^^<?™-ay.N.Y., in isll dTedInihbb He became a Methodist preacher in 1836-

fss' to"J^[*^"^•H'H^P''^'" Ne/York Citv froml8&.itol861 withdrew from the .M. E church onaccount of slavery, but returned to it in 1868 and

1063

became secretary of the American and Foreign
Christian Union. He was author of The Doctrine oj
tlu- Irinity, Astronomy, ^piril-Rappinqs, Resurrection
nf the Bod,,, and was editor of Burritt's Geography ol
the Heavens. •> f j i

MATTO GROSSO ("dense forest"), an inland
state of Brazil, bordering on Bolivia. Within this
vast territory several great rivers rise, including
the JNIadiera andParagua. The vegetation is gener-
ally scanty, high trees and rich vegetation being
confined to the river valleys. The gold and dia-monds of 3Iatto Grosso have been exhausted and
agriculture (insuthcient for the wants of the state-and cattle raising are the principal industries'
Ihe former capital, Matto Grosso, decayed with
*"e|oW-mining industry. SeeBritannica, Vol. IV

l8qn^«^j9Q^^<^^i?'^y °* ^""^"^- Population in
1890 6,829. See Britannica, Vol. XV, p 635
^^/FSHu^^^^^K,a mining town, the countv-

seat ot Carbon county, Pa., situated among pictur-
esque hills on the Lehigh River, ninety miles bv
rail north-northwest of Philadeljihia. There is a
switchback railway, nine miles long, from the towntobummit Hill—a place famous for its 'burning
mines, which have been on fire since 1858. Podu-
lation in 1890,4,098.

^
MAUCHLINE.a town of Ayrshire, twelve miles

from Ayr, and ten miles from Kilmarnock Here
is a monument (1830) to five martyred Covenant-

^^ll\ ?Mf ,'i'iL''
"°:?*'' '^ Mossgiel, Burn's farm from

1784 till 1,88, and in the village itself the scene ot
his JoUy Beggars and of his Holy Fair
MAUDSLEY, He.vry, an English student of

mental pathology, born near Giggleswick, Feb. 5,
18d5, and educated at University College Lon-
^"•-. ^?> ^'^f

^°'" ^ f''"s physician to the Man-
chester Royal Lunatic Asylum, but returned toLondon in 1862 to be a consulting physicianFrom 1869 to 1879 he filled the chai? of medical
jurisprudence at University College. His works
are The Physiology and Patholoqy of the Hind; Be-
sponsibility in Mental Disease; Body and Will, and
J^atural Causes and Supernatural Seemings.
MAUNDER, S.1MUET., an English compiler bornabout 1790, died April 30, 1849.^ He was a brother"m-law of Samuel Pinnock, assisted him in the

preparation of his catechisms and amongst other
works which he compiled are Biographical Trea^-
iiry; Scn-ntijic a,,d Literary Treasury; Treasury ot
Anou'ledge, and Treasury of History.
MAUPASSANT Guy de, a clever French writer

born August 5, 1850, at the castle of JSIiromesnil
ni Normandy. After carrying a musket through the
J?ranco-German war, he was initiated by Gustave
Jlaubert into the craft of letters. He attached
tiiniself to the younger branch of the naturalistic
school, and wrote himself in by a story contrib-
uted to the SoM.-s de Medan. He next produced
a play and a striking volume of lyrics. But hewon his real reputation as a novelist and story-
teller, with La iVaison Tellier; Les Soeurs Rondoli-
C antes du Jour; Cnntes et Mtivelies; Monsieur Par-
ent; Bel-Aim; La Petite Roque, Pierre et Jean, and
I'ort comme la Mart.

1-M^^^^P''^''^- J''"-^^' Fkederic Phei-vpeaux (1701-
1781), a irench statesman. When 14 years of ai^e
he was appointed minister of marine, and in 173S
became minister of state. In 1774 he was made
minister of the council.
MAURER, KoNRAD von, a German archwologist

born at Frankenthal, in Rhenish Bavaria, in lS2a
After being educated at Munich, Leipzig and Ber-
Pt. • j^?,* " ^^"*" "^^''^ professor of jurisprudence

at Heidelberg. He has devoted a great deal of
time and study to the early Scandinavian history
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MAUSOLEUM.

laws, languages and literature. He has published
Die Ealslehang des islandischen Staats und seiner

Verfnssitng; Die Sekehrung des nonvegischen Stammes
zum Clirisienthum (2 vols.), and has edited Isliin-

dische Volksagen (1860).

MAVROCORDATOS, Alexander, a Greek states-

man, born at Constantinople in 1791, died at Aegina
in 1865. He took a prominent i)art in the struggle
for the independence of Greece, presided in the
first national assembly, and was afterwards distin-

guished as a general. When Otho was made king
of Greece, he was several times prime minister,
and also ambassador to Prussia, England and
France, holding the latter post 1850-54. Towards
tlie close of his life he lost his sight.

MAAV'-SEED, a name by which the seed of the
opium poppy is sold as food for cage-birds when
moulting.
MAUSOLEUM, a sepulchral monument of large

size, containing a chamber in which urns or coffins
v.^ are deposited. The name
^-* is derived from the tomb
Jj, erected at Halicarnassus

' to Mausolus, king of Caria,
by his widow, Artemisia,
in 35.3 B. c. (See Halicar-
NASsus, Britannica, Vol.
XI, pp. 383, 884.) It was

' esteemed one of the seven
wonders of the world. Al-

though apparently in good condition as late as
the 12th century, it fell into decay during the
following two centuries. The ruins were ran-
sacked for building materials by the Knights of
St. John in the 16th century. The site was re-dis-
covered in 1857 by Newton, who was instrumental
in getting the remains carried to the British Mu-
seum. The mausoleum consisted of a basement 65
feet high, on wiiich stood an Ionic colonnade '2i%
feet high, surmounted by a pyramid, rising in steps
to a similar height, and on the apex of that stood a
colossal group, about 14 feet in height, of Mausolus
and his wife in the quadriga; these statues are sup-
posed to have been the work of the celebrated
Scopas. Later instances of large and magnificent
mausoleums are Metella's tomb, Hadrian's (Castle
of San Angelo) and that of Augustus at Rome, the
mausoleum of Frederick William III. and Queen
Louisa at Charlottenburg near Berlin, that of the
House of Hanover at Herrenhausen, of the Prince
Consort at Frogmore in Windsor Park, of Napoleon
III. at Farnborough and of A. T. Stewart at Garden
City, Long Island, N. Y., in the United States. The
neighborhood of San Francisco is studded with the
mausoleums of American millionaires, one instance
being the Lick observatory ; while magnificent
structures mark the burial-places of such promi-
nent men as Lincoln, Grant and Garfield.
MAUSTON, a post-village, the county-seat of

Juneau county, Wis., 124 miles west of Milwaukee.
It has excellent schools, good water-power, and
manufactures lumber, barrels and carriages.
MAX-MULLER, FRiEDRicir, philologist, born at

Dessau, Dec. 6, 1823. His father, Wilhelm Mtiller,
was librarian of the ducal library, hut died prema-
turely in 1827. Max-Miiller received the elements
of his education at Dessau, and then went to Leip-
zig, where he studied Greek and Latin and took
his degree in 1843. He began the study of Sanskrit
and chose it as his special pursuit. The first fruits
of his labors appeared in a translation of the Hilo
padesa. In 1844 he went to Berlin to study and to
consult the Sanskrit IMSS. to be found there. In
Paris, whither he repaired in 1845, he began to pre-
pare for an edition of the Rig-Veda, with the com-
mentary of Sayanacilrya. With tliis view he went

to England in 1846, to examine the MSS. in the
East India House, London, and the Bodleian Li-

brary at Oxford. The East India Company com-
missioned him to edit the Rig-Veda at their ex-
pense. In 1850 Max-Miiller was appointed profes-

sor of modern languages at Oxford; and in 1858 he
was elected a Fellow of All Souls. While pursuing
his labors connected with the Rig-Veda, Max-
Miiller has published treatises on a variety of

philological topics, which have done more than the
labors of any other single scholar to awaken a taste
for the science of language in its modern sense.

He has at command such a felicity of illustration

that subjects dry under ordinary treatment be-

come in his hands attractive. He is one of the
eight foreign members of the Institute of France,
and one of the twenty knights of the Ordre pour le

M^rite. He has received the degree of LL. D. from
Cambridge, Edinburgh and Bologna.
MAY, Samuei, Joseph (1797-1871), an American

reformer. In 1822 he became pastor of a Unitarian
church in Brooklyn, N. Y., and from 1836 to 1842
had charge of the church at South Scituate, Mass.
From 1845 to 1868 he was pastor of the Unitarian
society in Syracuse, N. Y. He was early interested
in the anti-slavery cause, and wrote and preached
on the subject. He published Education of the Fac-
ulties (1846) ; Revival o/ Education (1855), and Recol-

lections of the Anti-Slavery Conflict (1868).

MAY, Sir Thomas Erskine (1815-1866), assistant-

librarian of the House of Commons in 1831, and
clerk of the House in 1871. He was called to the
bar in 1838, was made in 1860 Companion, and in

1866 Knight Commander of the Bath, and shortly
after his retirement from office in 1866 was raised

to the peerage as Baron Farnborough, but died
May 18 of that year. His most important works
are A Treatise on the Law, Privileges, Proceedings,

and Usage of Parliament; Constitutional History of

England since the Accession of George III; and De-
mocracy in Europe.
MAYAS, a race of Yucatan Indians, supposed to

be the descendants of those civilized nations who
built Uxmal, Chichen, Itza, Copan, Palenque, and
other towns and temples in Yucatan which have
excited the admiration of arch^ologists in a high
degree. Some of the latter think that the Mayas
have originated from the Toltecs, who were driven
from the table-land of Mexico by the Aztecs in the
11th or 12th century, A. D. They were Christian-

ized in the latter half of the 16th century, and led

the lives of peaceful and loyal agriculturists until

the year of 1S48. At that time there was a terrible

outbreak in Southern Yucatan. The Mexican rule

was overthrown, hundredsof white citizens of Span-
ish descent were massacred, and several flourish-

ing towns laid in ashes. The Mayas have asserted

and since then maintained their independence,
carrying on an often repeated warfare with the
frontier settlements. They are, however, on friend-

ly terms with the English settlers of Belize, from
whom they obtain arms and ammunition. See Bri-

tannica, Vols. XII, p. 828, ; XVI, p. 208 ; XXIV, p.

758.

MAYER, Alfred Marshall, an American phys-

icist, born in 1836. In 1856 he was made professor

of physics and chemistry in the University of

Maryland, and from 1859 to 1861 held a similar posi-

tion in Westminster College, Mo. He afterwards
held professorships in Pennsylvania College, and
Lehigh University, until 1871 when he accepted the
professorship of physics in the Stevens institute of

technology, Hoboken, N. J. Besides numerous con-
tributions to cyclopaedias and journals, he has
published Lecture Notes on Physics (ISGS) ; The Earth
a Great Magnet (.1872) ; Light (1877); Sound (1S7S);
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and Sport vilth im and Rod in American Woods and
Waters (1883).
MAYER, Brantz { 1809-1879 ), au American

author. He was admitted to the Maryland bar in
1829, and in 1843 was appointed secretary of Ifiga-
tion to Mexico. In IS()3 lie became a paymaster in
the United States army, and served until 1871 wlien
he retired with the rank of colonel. He wrote
Mexico as it Was, and as it Is (1844); Mexico, Aztec,
Spa-nish, arid Republican (1851); Captain Canot, or
Twenty Years of an African Slaver ( 1854) ; Observa-
tions on Mexican History and Archeology (1856);
Mexican Antiquities (lSo8) ; Memoir of Jared Sparks
(1867); and Baltimore as it Was, and as it la
(1871).

MAYFIET.D, a city, the county-seat of Graves
eounty, Ky., on Mayfield Creek, twenty-six miles
south of Padncaii. It lias tobacco houses and manu-
factures flour and woolen goods.
MAYHEW, Augustus (1820-1875), an English

author, wrote in conjunction with his brother Hen-
ry ("the Brothers Mayhew") several notable works
of humorous fiction. In addition he wrote several
stories which were popular at the time.
MAYHEW, Experience (1673-1758), an Ameri-

ean missionary, great-grandson of Thomas May-
hew. He had charge of several Indian congrega-
tions, and translated the Psalms and the Gospel of
John into their language. He also wrote Indian
Converts (1727), and Grace Defended (1744).
MAYHEW, Henry, an English journalist and

lltteralenr, born in London in 1812. He ran away
from Westminster school, was sent on a voyage to
Calcutta, and on returning was articled to his
father, a solicitor. Mayhew's first adventure in
literature was the starting, in conjunction with
Gilbert a Beckett, of The Cerberus, the production
•t which was stopped by -X Beckett's father. The
two youths in disgust left their homes, and with but
ifteen shillings between them walked to Edin-
burgh, hoping to make fortunes there as actors and
authors at the theatre of which Mayhew's brother
Edward was lessee ; this failed, for they were at
•nee sent back. In 1831 they started FigaroinLon-
rfon, and the. year following The Thief^ which was
the prototype of the "Bits" journals of to-day. In
)-.S41 Mayhew produced The wandering Minstrel, a
'arce, and shortly after joined with his brother
Augustus in one of the most successful of literary
partnerships, during which (as "the Brothers May-
hew"), they produced some remarkably clever
works of fiction. One of the originators and first
editor of "Punch," Mayhew was from early in the
forties a voluminous writer on many subjects
His brother Horace (1816-72), also made some markm literature, more especially of a humorous and
ephemeral kind. He was a constant contributor
to "Punch," of wliich he was at one time sub-
editor. He died in 1887.
MAYHEW, JoN.^THAN (1720-1766), an American

elergyman, son of E.xperience Mayhew. From 1747
till his death he was pastor of the West church in
Boston, Mass. From his youth he pleaded fervent-
ly in behalf of colonial freedom in church and
state from the English oppression. He published
keven Sermons (1749); Discourse Concerning Unlimit-
td Submission and Non- Resistance to the higher
^wers (1750); Sermons (1751), and Sermons on
Young Men (1767).
MAYHEW. Thomas (1592-1682), a governor of

Martha s Vineyard. He was for some time an Eng-
lish merchant, but having obtained a grant ot'a
large portion of Martha's Vineyard, with the title
of governor, emigrated in 1641 to Massachusetts,
and the following year settled in Edgartown, where
he organized a mission to convert the Indians. His

influence among the natives became so great that
during King Philip's war they took no part in the
conflict.

MAYO. Amory Dwight, an American clergyman
born in 1823. From 1816 to 1854, he was pastor of
the Independent (Christian church at Gloucester
j\Iass., of a church in Cleveland, Ohio, from 1S54 id
1856, and then till 1879 of Unitarian churches in
Albany, N. Y., Cincinnati, Ohio, and Springfield
Mass. He has since been engaged in educational'
work in the southern States. He ha« published The
Balance (1847); Graces and Powers oj the Christian
f»/e(1850); Symbols of the Capital (1859); Reliqion

"iSTsT"'""'
'''''''""''' ^^^^^^' ''"'^ ^"^^'^ "'''/' Teachers

MAYO, AViLLiAM Starbuck, an American author,
born in 1812. He practiced medicine in Ogdensburg
S-'

,-'^°'" several years, and then settled in Kew
York City, to devote himself to literature. He is
author of Flood and Field, or Tales of Battles on Sea
and Lcmd (1844) ; Kaloolah, or Jonrneyinqs to the
LjebelKumri (1849); The Berber, or the Mountaineer
of the Atlas (1850); Romance Dust from the Historic
J'lacer (IHbl), and Never Again (1873).
MAYSVILLE, a city of Kentucky, the river port

of a rich territory. It contains some flour and liim-

1 Ion"! JIa
distilleries, car sliops, etc. Population in

1890, 5.350. See Bntannica. Vol. XA', p. 651.MAZAERON, or Almazaerok, a seaport town ofSpam, twenty-seven miles from Cartagena. Pon-
ulation. 11,002. " "• -^"P"

MAZUEKA, a lively Polish dance, the music of
which is ?4 time with a strong accent on the
second beat. It is danced by four or eight couples
and IS much practiced in the south of Germany and
in Poland, from whose province Mazovia it gets its
name.
MAZZAEINO, a town of Sicilv, fifteen miles

southeast of Caltanisetta. Popula'tion, 12,964.MEAD, Larkik Goldsmith, an American 'sculptor
born in 1835. He displayed talent for modeling at
an early age, and in 1855 produced the Recording
Angel. After completing several other works he
went to Florence, Italy, where he has since residedHe has modeled numerous statuettes, and the
groups The Returned Soldier; Columbus's Last Ap-
peal to Queen Isabella; America; Venice, the Bride of
the Sea; Hie Discovery of America; Cavalry; Infantry-
Artillery, ani Kavy. ^ j m
MEADE, George Gordon (1815-1872), an Amer-

''''^?il'?'^i?''V,
^^® Britannica, Vol. XXIII, p. 790.

_
MEADE, Richard Kidder (179.D-1862), an Amer-

ican politician, William Meade's brother. He be-
gan the practice of law in Petersburg, Va and
from 1847 to 1853, was a member of Congress
From 1857 to 1861, he was United States minister
to Brazil.

51EADE, Richard WoKSAM (1807-1870), a United
States naval oflicer, brother of George Gordon
Meade. He entered the navy in 1826 as midship-
man, became lieutenant in 1837, commander in
1855, and captain in 1862. He was retired in 1867
with the rank of commodore. In 1861 he was given
command of the receiving-ship "Korth Carolina,"
and in 1864 of the steam sloop-of-war "San Jacinto."
MEADE, EicHARD WoRSAJt, a United States

naval officer, son of the preceding, born in 1837. He
entered the navy as midshipman in 1850, and was
promoted lieutenant in 1858, lieutenant-command-
er in 1862, commander in 1868. and captain in 1880.
During the civil war he served with distinction on
the Mississippi Eiver, and in the South Atlantic
and \\ estern Gulf blockading squadrons
:\IE.\DE, William (1789-1862), an American

Protestant Episcopal bishop. He was made deacon
in 1811, and ordained priest three years later. In
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1811 he became deacon of Christ church, Alexan-
dria, Va., and in 1813 went to Millwood, where he
remained till 1829, then becoming assistant to

Bishop Richard Cbanning Moore. In 1841 he suc-

ceeded Dr. Moore as bishop of Virginia. He wrote
Famil!/ Prayers (1834) ; Pastoral Letters on the Duly of

Afording Religious Instruction to those in Bondage
(1834); Companion to the Font and to the Pulpit

(1846); Lectures on the Pastoral Office (1849); Rea-

sons for Loving the Episcopal Church (1852); Old

Church Ministers, and Families of Virginia (1857);

and The Bible and the Classics (1861).

MEADVILLE, a city, the county-seat of Craw-
ford county, Pa. Population in 1890, 9,502. See
Britannica, Vol. XV, pp. 656-57.

MEAGHER, Thomas Fr.\ncis (1823-1867), an
Irish-American soldier. From 1843 he devoted
himself to the cause of Ireland, and in 1848 was ar-

rested and sentenced to death on the charge
of treason. The sentence was afterward com-
muted to banishment, and he was transported

to Van Diemen's Land, but in 1S52 he escaped to

the United States. At the beginning of the civil

war he organized the "Irish brigade," and was
chosen its brigadier-general. He was afterwards
made brigadier-general of volunteers. In 1865 he
became secretary of Montana, and the following
year while acting as governor pro tempore he fell

into the Missouri River and was drowned. He was
the autlior of t^peeches on the Legislative Independ-
ence of hrhmd (1852).

MEASLES. See Britannica, Vol. XV, pp. 657-8.

MEATS. The production of meats is a subject
of special Americai: interest because it is grow-
ing to be one of the most important industries of

this country, In the following table we give the
yearly production of beef, mutton, pork, and fowl
in the most important European countries, as well
as in the United States and Canada, for 1880 (the
census figures for 1890, have not yet been published
at the time of going to press). The figures are
here given in thousands of tons.

A.

—

Phoduction and Consumption of Meats.

Countries.



M E D E A 11 — M E D I C A L COL L 1'] G E S 106

1

MEDEAH, a town of Algeria, forty miloa south-
west of Algiers. It is supplied with water by
means of an aijueduct. Population, 3,ti20.

JIl'^DIATE, in the old German Empire, a term
applied to those possessions which were held by
feudal tenure under one of the greater vassals,

and so only innVudely under the emperor as the
supreme feudal lord.

MEDIATOR, a term applicable to any person
who endeavors to reconcile parties at variance.
In theology, it is employed to denote Christ, both
with respect to his sacrifice of Atonement, and to

his continual intercession.

MEDICAL ASSOCIATION, Ameeic.\n. The num-
ber of physicians belonging to the school repre-
sented by this organization in 1S90 is estimated at
75,000. It comprises 100 medical colleges, 1,800 pro-

fessors and Instructors, and about 10,000 students
in attendance in the colleges. About 3,000 of the
latter received the degree of M. D. in 1890. The
president of the association is Dr. William T.

Briggs. of Tennessee, and the permanent secre-

tary is Dr. William B. Atkinson, of Philadelphia,
Pa. The colleges had libraries equalling 45,000
volumes. Their buildings, lands, and scientific ap-
paratus amounted to three millions of dollars in

value.
Forty States have State medical societies. The

American Medical Association, the parent body,
80 to speak, has a membership of over 5,000. In
addition, there are a number of special organiza-
tions such as the American Academy of Medicine,
composed only of medical graduates who have re-
ceived a degree in letters prior to graduation

;

membership, about 500; American Association for

the Study and Cure of Inebriates, American Cli-

matological Association, American Dermalological
Association, American Gynaecological Association,
American Larynological Association, American
Neurological Association, American Ophthalmo-
logical Association, American Otological Associa-
tion, American Association of Paidiatrics, and Amer-
ican Public Health Association.
In many of the States the county medical socie-

ties alone are represented in the State body, but in
others, particularly those of the West, the counties
are poorly organized, and the State body is made
up independently. The aggregate membership of
these State societies at present is not far from
40.000. The aggregate number of county and dis-
trict medical societies is 650. All these are in as-
sociation with and entitled to send delegates to the
American Medical Association. The number of
hospitals, whether attached to colleges or other-
wise, is about 720.

MEDICAL COLLEGES op the United St.\tes.
There are at present (1891) over 100 medical schools
in active operation in the United States, with about
1,800 professors. To this number we must add 10
colleges of eclectic and 13 of homeopathic medi-
cine, 18 dental, and 17 pharmaceutical colleges,
making a total of 148. In 1885 the number of pro-
fessors in all the medical schools (as returned by
commissioner of education) was 2,235; of students,
15,300; and of graduates, 4.617.

The following list gives the most notable of the
medical colleges in the United States in the order
in which they have been organized

:

It must be remarked here, that Philadelphia, the
seat of the first medical college in the United
States, is also the seat of the first Woman's Medi-
cal College. After Philadelphia come Boston, New

Medical Colleges.

Medical Department of the University of Pennsylvania, Philadelphia
Harvard Medical School, Boston
College of Physicians and Surgeons, New York
School of Medicine of the University of Maryland
iledlcal CoUese of Ohio
Jefferson Medical College, Philadelphia
Medicial Department of the University of Virginia
Medical Department of the University of Louisville
Medical Department of the University of the City of New York
Missouri Medical College. St. Louis
Rush Medical College. Chicago
Woman'sMedical College of Pennsvlvania,- Philadelphia
Cincinnati Collegr of Medicine and Surgery
New Eugland Fennile Medieal CoIU'L-e, Boston '.'...'..

Bellevue Hosnitnl Medical College. New York
Woman's Medical College of New York Infirmary,
College of Physicians and Surgeons, Baltimore
Woman's Medical College of Chicago
Woman's Medical College of Baltimore

1765
178J
1807
1807
1S19

182.1

18S7

1840
1840
iSiS
185Q
1851
1756
1801
1868
1872

York, Chicago, and Baltimore in establishing col
leges for women.
Ot the now existing homeopathic schools in the

United States the tirst one, in point of time, is the
"Hahnemann Medical College of Philadelphia." It

was founded by Dr. Constantino Hering, and in-
corporated in 1S4S as the '-Homeopathic IMedical
ot Pennsylvania." The first class consisted of 15
students. In 1867 a rival institution was organized;
entitled the "Hahnemann Medical College of Phil-
adelphia." These two schools were combined in
1869, retaining the name of the latter, but working
under the charter of the former. Since that time
the college has been prosperous, it graduated 1,643
students up to 1886.
A third school ot medicine in America is the

"Eclectic." It claims to adopt all that is of prci-ed

value in either of the other two systems, and to
hold itself free to vary in accordance with every
new discovery. To this it adds the employment of
"specifics" which are nearly always from the vege-
table kingdom, and are directed to special patho-
logical conditions, on the principle that certain
diseases generate similar morbid products which
may be excreted from the system by the use of
these "specifics." The first regular Eclectic school
was instituted at Cincinnati in 1S43, under the title

of the "Eclectic 'Medical Institute." Up to 1875 this
school had matriculated 5,375 students and gradu-
ated 1,804. In 1882 it had 8 professors and 272 stu-
dents, of whom 100 graduated. In 1866 followed
the establishment of the Eclectic Medical College
of the Citv of New York with 9 professors, and m
1878 that of the United States Medical College of
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New York, with i8 professors. .Similar colleges ex-

ist now in Chicago, St. Louis, Atlanta and Oakland,
Cal. In the year ISSei the Eclectic system had in

all about 100 professors and on an average of 312

graduates per annum. Yet eclecticism cannot be
said to be in a very flourishing condition.

The best-known homeopathic colleges of the

United States, are the following, with dates of their

organization, up to 1876:

Colleges.

Hahnemann Medical College of Philadelphia
Cleveland Homeopathic Hospital CoUeKe
Pennsylvania Medical University, Philadel-

phia
Hahnemann Medical College of Chicago
Homeopathic Medical College of St. Louis, Mo
New York Homeopathic Medical Colleg:e .' ..

New York Homeopathic Medical College foi

Women
Boston University School of Medicine
Homeopathic Medical College of Detroit .. ..

Pulte Medical College, Cincinnati
Homeopathic Medical College of the University

of Michigan.
Chicago Homeopathic College

The great drawback of many of the medical col-

leges is tlie fact that they cannot give any valua-

ble clinical instructions, because they have no ac-

cess to the large hospitals, only those of the largest

cities being connected with such hospitals. Many of

them draw students by low prices and easy examina-
tions. These inducements, together with the desire

of many young Americans to become doctors at little

cost of money, time, and study, has forced some of

the best medical schools to make their courses less

thorough and their examinations comparatively
easy; for they have to compete with the third-rate

colleges for patronage and their existence depends
on the public patronage. The consequence is that
the United States have now more physicians in pro-

portion to the population than any other country
in the world. In 1880 there was one physician for

every 584 inhabitants. The first-class medical col-

leges, as those in New York, Philadelphia and Bos-
ton, have instituted a three years' course of study.
But the maiority of these colleges throughout the
country have only a two years' course of about
twenty weeks' duration eacli.

MEDICAL TREATMENT, Speci.^l Methods op.

In this article we do not refer to the standard (al-

lopathic) and the homeopathic and eclectic med-
ical treattnents, but to some of those popular meth-
ods witli which many of the educated physicians
will have nothing to do, such as water cure, oxygen
treatment, electrical applications, massage, etc.

Water-Cure (Hydropathyi consists in using water at dif-

feren t temperatures and in various forms,as having it douched
In solid streams, from a height, being wrapped in wet sheets,
and so rrbbed, raking clysters of tepid water, putting the feet
firstintc (old, then into hot water, etc It is credited with re-
ducing local or general inflammation, and stimulating re-
laxed or eufeebled tissue. The "steam-bath" produces sweat-
ing and assists in depurification, but it also debilitates the
rijstem.
Air-Cure consists in inclosing the body up to the neck

In a compartment filled with compressed air, and alsom inhal-
ing various gases or medicated vapors. The vacuum treatment
is the inclosing of a limb or the body in an air-tight box from
which the air has.been exhausted. This expands the vessels,
makes the capillairies wider, and forces more blood into the
parts so inclosed.
The compressed air treatment acts in the opposite way.

Both methods are ii«ed in paralysis, rheumatism, anthrophy,
e''<'- . .

Oxvc.EN Tkeatme.nt is the inhalation of oxygen, pure, or
combined with air, or with nitrous oxide (laughing gas).
Oxygen inhalations are for stimulating resiiiration and for
purifying the blood; and the nitrous oxide is used as an
anoesthetic, mnstlv for the purpose of suspending pain.

Electrical Treatment may be galvanic, faradic. or
Jranklinic. A galvanic current cau tie used for cauleriz
ing, if we make a platinum wire red hot and apply this

to the tissue which is to be burnt away. Applied to the
principal nerve leading to a muscle, the current causes
a powerful contraction of that muscle. It is used to stim-
ulate the nerves of the special senses and in various
other ways. The faradic or induced current is alternat-
ing. It passes through the secondary circuit of an induction
coil. Whiiever it is applied it produces local heat. It is of-

ten used in rheumatism, paralj^sis, dyspepsia, and simi-
lar diseases. Frauklinic or static electricity is now little

used.
Movesient-Ccre. — The claim is made that exercising

the shoulders and arms arrests cough and lung dis-
orders. Movements about the w'alst and abdomen help
the stomach and bowels. Movements about the joints re-

duce stiftnes-?, swelling, and deposits by increasing the
activity of the absorbents. Nerve affections are relieved
by muscular exercise, because they are mostly produced
by congestion, and the muscular action draws the blood
supply awav from the nerves by causing a greater de
mand m the exercised muscles. Lung congestion is re

lieved by vibrating the extended ai-ms by two attend-
ants, the surcharge of blood being drained off to meet the
call of the agitated arms. The peristaltic action of the bow-
els is promoted by kneading and percussion of the liver. Ma-
chinery is often employed to give a great variety of mo'e-
mentand vibrations in the parts of oui body, and it is

claimed that in producing heat and tissue changes, these
movements are much more effective than hand movements
alone, ^ .

,

LiFT-CURE is a single movement. The Inter stauds with
spine erect, but the knees bent 3 or 4 inches, upon a
platform resting upon spiral springs, and grasps with
his hands a cross-bar connected w-ith springs and ad
justed weights. The operation consists m straighteniug
the bent knees, preserving the spine, erect-shoulders,
hips, and ankles plumlj—and slowly raising the weights
through a space of H or 4 inches, and as slowly return-
ing them, then raisiu.T up again, drawing a deep inspira-
tion. By the action of the springs the muscles are caused to

act very gradually so that all strain is prevented. This lift-

movement brings all the muscles into play, and causes the
blood to flow from center to circumference, thus filling the
capillaries of the superficial jiarts. warming the extremities,
inducing sleep, relieving sluggish digestion, etc. It gives
the greatest amount of exercise with the least nervous ex
haustion, and in the shortest possible time.
Massage.—See the article on this subject m these Revis-

ious and Additions.
Mind-Cure utilizes the effects of the various emotions of

the mmd upon the part of the body for the purpose of

curing disease. Faith-cure is a special form of mind-cure,
the effects of religious emotions being utilized for healing

bodily ailments.
. . a., j. .

Oolor-Cl'RE induces certain bodily coudilious by expos-
ing the person to the eflecis of certain colors. It main-
tains that red walls in our rooms, or red light coming in

through a window, etc., stimulate and excite our nerves.
whilebUie ones depress us etc.. and claim that neuralgia,
rheuniati.^m and other disorders can be cured by using cer-

tain colors on walls or windows.
Si'n-Cuke is the healing of certain diseases bv exposing

the affected parts to the direct rays of the sun. The effects

of the sun's rays are as beneficient to man as to plants, We
have seen a caricer apparently cured by this means.

MEDICK (Mediragn), a genus of plants of the

natural order Legumivos.T sub-order Papiliuiiacea;.

nearly allied to clover, but distinguished from that

and kindred genera by the sickle-shaped, or, in

most species, spirally twisted legume. Tiie species,

which are very numerous, are mostly annual and
perennial lierbaceous plants, with leaves of three

leaflets like tliose of clover, and are natives of tem-
perate and warm climates. They afford good green
food for cattle, and some of them are cultivated

like the clovers for this use, amongst which the

most important is the Purple Medick, of Lucerne.
Besides this, the Black Medick or Nonsuch (J/.

hiptilina) is one of the most generally culti-

vated.
MEDINA, a post-village of Orleans county, N.

Y., on the Erie Canal. It has manufactories of

flour, carriages, pumps and farming tools.

MEDINA, a post-village, the county-seat of Jle-

dina c.ounty, Ohio. It contains a normal school,

flour, saw, and planing mills, a foundry and otlier

manufactories.
MEEK, Fielding Bradford, an American paleon-

tologist, born at Madison, Ind., in 1817, died at

Washington, D. C, in 1876. He first engaged in
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mercantile pursuits until I.S4S, when lie became an
assistant in the United States geolo<jiea] survey of
Iowa, Wisconsin and Minnesota. During 1.S52-58
he assisted .lames Hall in his paleontological work
of till' State of New York, except in summers, when
he was engaged in field-ucirk. After ISfiS he resided
in Washington, D. C, and devoted his time to inves-
tigating the f)rganic riMnains gathered by the gov-
.'^nimcnt exploring exppilil ions. The invertebrate
puleoui(,logy of the Kocky .Mountains, as developed
by liie survey of I'rof. Uayden, was entrusted to Mr
Meek. He also studied the paleontology of Illinois,
Ohio, California, and of several of the territories'
With Ferd. V. Hayden he published through the
Smithsonian Instituticm: l'nhoiit,,l,iiiit of thr I'npir
Mhsoiiri (IStio); and alone ('lirck-Li'ai nf tlie Lin'rte-
hrate Foxsih of Xorth America (18(54), and also Rfporl
on III,- Iiireiiihnil,', Cretaceous, and Tertiary Fossils of
the Upiier MissoHri Country (1876).
MEG.VLoNYX, a large fossil edentate of the

United States, smaller than the Megatherium.
MEGKIM, the popular term for neuralgia occu-

pying one half of the head, or more commonly only
the brow and forehead of one side. It is often peri-
odical, but may be induced by any cause that
debilitates the system.
MEGRIMS .A.ND VERTIGO, terms usually em-

ployed when a horse at work reels, and then either
stands for a minute dull and stupid, or falls to the
ground, lying for a time partially insensible. These
attacks come on suddenly and are most frequent
during hot weather when the animal is doing heavy
work. Liabilitv to megrims constitutes unsound-
ness, and usually depends upon the circulation
through the brain being temporarily disturbed by
the presence of tumors, or by weakness of the
heart s action.
MEIAPONTE, a town of Brazil, sixty-five miles

east of Goyas, on the river Almas. It has five
churches, a hospital, a Latin and primary school
and many distilleries and potteries, and is well sit-uated for trade.

.r„*n?^*^^v'"^''''''9^"-^^^^^'a" Ameri,?an con-
tractor. For several years he was in the lumber

nH«!-« o?i«L^''?'''^X°''''
^'ty- t*"' 'n the financial

crisis of 1854 his debts amounted to $1,000,000 and
u-,^-

'^°''.°"'h America. He then engaged in
building bridges on the Valparaiso and Santiago
road in Chili and later constructed railroads in

Ii ^Ao nn,?*'"^^™"'
"^'^''"^ h** realized a profit of over

*1,500,000. He next undertook the building of .six
railroads in Peru, three of which he completedand the remainder were in course of construction'when he died. One of these, the Callas, Lima, andOroya road ranks among one the most daring
achievements of modern engineering. Before hitdeath Mr,Meiggs met all of his former obligations
in the United States.
MEIGS, Ch.^rlesDelucen.v (1792-1869), an Amer-

ican physician. He began the practice of medi-
cine in Augusta.Ga., but in 1814 went to Philadelphia.
J<roin 1841 to IShl he was professor of obstetrics and
the diseases of women and children in Jeflferson
Medical College. He published, besides numerous

l'«qs^",r"'
^'"' ™' ''"''''?'"" P'-'^ctice of Midwiferi,

U8d8); II o«,„„. //,., Disrases and Remedies (1847):
Ohstetrws thr .s,„ ,;,,„,„/ Art (1849)

; Observations on
Certain Disra^-. „; ( h>hlrenaS50) Treatise on Acuteand Chrome Ihsnises of the Neckof the Uterus (1854),and On "" :A''<«r^, Signs and Treatment of Child-
±Sed Fevers (1S54).
MEIGS, MoxTGo.MERv Cu.VNI^'Gn.\.^r. an American

soldier, son of Charles Delucena Meigs, born in 1816He entered the United States army in 1836, andserved on the corps of engineers till 1861 when hewas appointed to organize an expedition to relieve

'ort Pickens, Ma., which was besieged by the Con-federate forces. The same year he was madecolonel of the Uth infantry, and a litU» later
quartermaster-general of the United States armywhich post he held until his retirement in 1882He has published the annual reports of the quar-termaster s department from 1861 to 1882, besides
°!>'f^T?'c','^T

""""'' reports. He died in 1892MEIGS, Return ,ToxATH.\.N(l740-182.S), an Ameri-can soldier. He entered the American army at thebeginning of the Revolutionary war. became a ma-jor and in 1m , a colonel. In that year at the headof 1/0 men he attacked the British troops at SagHarbor, L. I., captured ninety prisoners and de-stroyed twelve vessels without the loss of aman.
MEIGS, Return Jonathan (1765-1825), a United

States Senator, son of the preceeding. He be^ran
the practice of law in IMarietta, Ohio, in 1788
and in 1803-4, was chief justice of the State supreme
court. In 1807 he was appointed judge of the
United States district court of Blichigan, and in
1809-10, was a United States Senator from OhioFrom 1810 to 1814, he was governor of his State He
then became Postmaster-General in President .Aladi-

fo"^.,*
Cabinet, and continued to hold the office until

1823, when he retired at Marietta, to pass the re-
mainder of his life.

• 'Vo^J^^l^^' ^ ^'«'"ch playwright, born in Paris,
in 1831. He was trained as an artist, and published
his first dramatic work in 1855. He has subsequent-
iy produced a long serious of light comedies—some

thro'irih nff°V?'^ "'^^'^yy- .^o'^e are well-knownthrough Offenbach's music. His Chef-d' CEurre is
1' rou-rrou.
MEISSONIER, Jean Louis Ernest, figure pain-ter born at Lyons, Feb. 21, 1813, died Jan. 31 1891

l^in-,!"if
"'3-"«*'"" a "^Jiild his father establishedhimself as a druggist in Paris; and the son, having

T^iles^P^'*"" f^'"'^^
profession, studied unde?

Jules Potier and Leon Cogniet. His drawings werepraised by Johannot, and about 1833-34, he was em!ployed by Curmer the pulilisher on designs for theRoyaument Bible and other works. He first madeadistinct mark in 1S38. and by his illustrations toP«^' and T irgvma and the Chaumi-err Indiennr In
18o4 he began to contribute to the Salon. Two years

I

'?;e'-
^'^,

exhibited the first of his various groups of
(hess-P!o.yers It was followed by a long series ofelaborate and successful genre-pictures? in whichwith he most careful and finished execution, and
j\

ith the most perfect verisimilitude of costume andlocal coloring, the artist depicted the civil andmilitary ife of the 17th and 18th centuries Pass-ing to subjects of genre or history taken from thenineteenth century. Among the most celebrated
ot his military scenes may be named La Hire pur-chased by Queen Victoria. He also executed somestriking portraits. Finally, we may refer to his de-sign for the decoration of the Panth.«on—"the apo-
theosis of France"—the cartoons of which were ex-nitnted to the commission in 1889 He became acommander of the Legion of Honour in 1867, grand
cross 1889, and a member of the institute in 1861and he was an honorary member of the EovalAcademy. •'

n«^I,i¥^'H^^^^^' ^ ^«""^ °^ t^ees of the
f^,^'J''^l,'>'-^<:\Anarardiace.r. To this genus be-longs the black varnish tree (M. rsitatissima) of

^^TcrTf 'J"!^^ l^''
"o'-theast of India. It attains aheight of 100 feet, with large, leathery, entire

leaves, and axillary panicles of flowers. It yields aviscid rust-colored juice, which becomes black onexposure to the atmosphere, and is valued as avar"

^ klin"'' Pf ".f"?,^ boats, and also as a size-glue ingUding. A similar varnish is yielded in India by
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the fruits of HoUgmia Longifolk,, also of the natural

order [narariliacea;. .,. ,

MEL\-K<1!^A, a fruit of the genus Cj(™s, and

probal.ly a variety of the Lime, cultivated m Italy.

^ MELASTUMAGE.E, a natural order of exo-

genous plants, containing about 1,200 known

fpecies; trees shrubs, and herbaceous plants.

Sly natives of warm climates although a few

^•e found in the temperate parts of North America

They have opposite undivided leaves, destitute of

dot/ The flowers are regular. None of the Melas-

toviacfif. possesses poisonous properties ;
some are

used in dying, and the fruit and leaves of others as

articles of food.
, i , „* ^ua

MELICOCCA,agenusof trees or shrubs of the

natural order Sapmdace:c. with alternate, abruptly

pinnate leaves, and elongated raceme^ or panicles

of many small whitish flowers. M. bijaga, a native

of the West Indies, is there universally cultivated

?or its fruit. It is called the Honey Berry and the

Jamaica Bullace Plum. It is from 16 to 30 feet

hi-^h The fruit is jet black, about the size of a bul-

lace and the seeds are roasted and eaten like

chestnuts. Other species of Mehcocca yield eat-

^ MELlkoFF, LoRis, a Russian general born at

Lori, Jan. 1. 18-26, died in 1888. He served with Ais-

tinction in the Crimea, and was made a count. Ue

was successively governor of Astrakan and govern-

or of Kharkov. In 1880 he was appointed chief of

a commission to which was granted extraordinary

power to deal with Nihilism. Subsequently he be-

came minister of the interior.

MELILOT {MMlotas), a genus of clover-like

plants of the natural order L^gammosx TheOom-

mon Melilot, a yellow-flowered annual, ha. when in

flower the peculiar sweet odor oi/onka Bemi. 1 he

flowers and seeds are used in flavoring Lxruy^re

cheese The Blue Melilot (.V. cxrulea), a native of

the north of Africa, witli short racemes of blue

flowers, is cultivated in many parts ot Europe.

The uame Bokhara Clover has been given to one or

"^'mEl'oDRA:MA, strictly a half-musical drama, in

which declamation is interrupted from time to

time l)y instrumental music. The name, however,

which was first applied to the opera, has come to

desTgnate a romantic play, depending mainly on

sensational incidents, thrilling situations, and an

effective denouement. The expression "transpon-

tine drama" refers to a time when such plays were

identified with houses on the Surrey side of the

MELON, the common name for fruits of vines

of the Cacnrbit<icc!e or gourd family. In speaking

of melons in America we always mean either

"water-melons" or "musk-melons." Both of these

varieties are grown in enormous quantities, ana

are very popular as dessert-fruits. Among musk-

melons (cantaloupes) the small netted torms are

The sweetest and most popular. Water-melons

grow best in the sandy soils of the seaboard of

fouUiern countries. In South Carolina they have

reached 45 lbs. Their flesh is red, very luicy, and

waterv As many as 160,000 water-melons have

passed over the ferries to New York City m a sin-

gle dav Where the ground is richly manured, the

culture of water-melons pays very handsomely,

often over $500 per acre. See Britannica, Vol. XV,

^'MELROSE, a city of Middlesex county, Mass.,

nine niiles north of Boston. It has manufactories

Tboots and- shoes furniture silver polish, and

sewing-machine needles. Population, 8,500.

MELTING-POINT. The following are some of

the most important melting-points, which may also

be regarded as the freezing-points of the corres-

ponding liquids:

Suliihur
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the Confederate government was formed, he be-

came secretary of the treasury, and held this post

until 18ii4. After the civil war he lived in retire-

ment.
MEMPHIS, a post-village, the county-seat of

Scotland county. Mo., containing flour-mills.

jSlKMPHIS, a city of Tennessee, the commercial
metropolis of West Tennessee, and the most im-
portant commercial city between St. Louis and New
Orleans. In addition to the facilities afforded by
the Mississippi Kiver, on which it is situated, nu-
merous lines of railroads bring the products of a
large section of country to its wharves. The city is

handsomely built on a bluff overlooking the river.

It is one of the most extensive cotton markets of

the country, the shipments of cotton amounting to
over 400,000 bales per annum. The principal man-
ufactures are iron, iron-goods, cotton-seed oil, lum-
ber, tobacco, farm-machinery, etc. IMemphis has a
number of excellent public and private schools
and seminaries. Population in 1880,33,592; in 1890,

64,586. See Britannica, Vol. XV, pp. 847, 848.

MENABREA, Liioi Federico, Marquis Vall-
DoRA, an Italian statesman, born at Chambery,
France, in 1809. He was professor of engineering
in the military academy at Turin. Afterwards he
served in the Italian ministry of w'ar and of the
interior. In the war against Austria in 1859 he
was chief of staff, and fortified Bologna and other
cities, and conducted the siege of Gaeta. In 1861
he was made count and appointed minister of the
marine, and in 1867 he was minister of foreign
affairs. In 1875 he was created Marquis of Vall-
Dora, and in 1876 he served as ambassador to
England. He is an accomplished mathematician
and engineer, and has published Le Genie Italien
dans la Campagne 1860-61 ('1866).

JIENAGERIE, see Zoological Garden in these
Revisions and Additions.
MEXASHA, a city an(^ railroad center of Winne-

bago county, Wis., eighteen miles north of Osh-
kosh. It has a number of manufactories. • Popula-
tion, 4,569.

MEXDE, the capital of the French department
of Lozere, on the Lot, in a valley surrounded by
high hills, sixty-six miles from Nimes, has a catne-
dral, and manufactures serges and coarse cloths.
Population, 6,740. See Britannica, Vol. XV, p. 31.,

MENDELEEFF, 1>mitri Ivanoviti'h, a Russian
chemist, horn at Tobolsk, Feb, 7, 18;W, studied at
St. Petersburg, and, after having taught at Simfer-
opol, Odessa, and St. Petersburg, became professor
of chemistry in the University of St. Petersburg in
1866.

MENDOTA, a city of La Salle county. 111., con-
taining an organ-factory and iron-foundry.
MENIER, Emilb Justin, a French manufacturer

and writer, born at Paris, IMay, 18, 1826, died at
Noisiel-sur-Marne, February 17, 1881. He estab-
lished at Noisiel the celebrated chocolate factory,
chemical works at St. Denis, and a sugar manufac-
tory at Roye, besides a caoutchouc factory, and in
Nicaragua a cocoa plantation. A warm advocate
of free trade, he expounded his views in Economie
Rui-ale and in L'Arenir Economique.
MENIPPUS, a satirist who lived in the first half

of the 3rd century, b. c, was born a Phoenician
slave and became a cynic philosopher. His works
in Greek have perished, and he is known only
through the imitations of JIarcus Tarentius Varro.
See Britannica, Vol. XXIV, p. 9.S ; Vol. IX, p. 655.
MENOMINEE, a city, the county-seat of Menom-

inee county, Mich., situated on Green Bay, at the

mouth of the Menominee River. Iron-mining,
marble-quarrying, and lumber-shipping are the
chief industries. Population in 1890, 10,606.

MENOMONIE, a city, the county-seat of Dunn
county. Wis., about twenty-five miles northwest of
Eau Claire. It is extensively engaged in the fur-
trade, has manufactories of iron, machinery, car-
riages, sash and blinds, and enjoys excellent edu-
cational facilities.

MENZEL, ADoLi'ii,a (Terman jiainter, lithograph-
er, illustrator, and engraver, born at Breslau, Dec.
8, 1815. He is best known for his drawings and oil-

paintings illustrative of the times of Frederick the
Great and William I., emperor—pictures charac-
terized by historical fidelity, strong realistic con-
ception, originality, and humor. His Adam and
Eve; Christ Among the Doctors, and Christ Expelling
the Money-changers, are also notable pictures.
MEPPEL, a town in the Netherlands province of

Drenthe, eighteen miles from Zw olle. It has a trade
in butter and linen manufactures. Population,
8,418.

MERCADANTE, Saverio (1798-1870), an Italian
composer, born at Altamura, June 26, 1797, studied
music at Naples, and began his career as a violin-
ist and flutist. In 1818 he produced the first of
some sixty operas. From 1827 to 1831 he was in
Spain ; in 1833 he was appointed musical director
in the cathedral at Novara, and in 1840 of the con-
servatory of music at Naples. He died in that city
Dec. 17, 1870—blind since 1861.

MERCED, a city, the county-seat of Merced
county, Cal., on the Central Pacific Railroad, 152
miles southeast of San Francisco.
MERCER, a post-borough, the county-seat of

Mercer county. Pa., sixty miles northwest of Pitts-
burgh. Population, 2,134.

MERCER, Charles Fexton (1778-1858), an Amer-
ican soldier. In 1798 he was commissioned captain
in the United States army, but subsequently prac-
ticed law in Fredericksburg. Va. From 1810 to 1817
he was a member of the legislature, and then until
1840 was a member of Congress. During the war of
1812 he was aide to the governor of Virginia, and in
command of the defenses at Norfolk.
MEKCER, Hugh (1720-1777), an American sol-

dier. He served in the French and Indian war of
1755, and in 1758 was made a lieutenant-colonel. In
1776 he was appointed colonel of the 3rd Virginia
regiment, and the following year was chosen by
Congress brigadier-general. He was mortally
wounded in the night march on Princeton in whicb
he commanded the advance.
MERCEKSBURG, a post-borough of Franklin

county, Pa., ten miles northwest of Crreencastle. It
contains Mercersliurg College, and was formerly
the seat of JIarshall College and aTheological Sem-
inary of the German Reformed church.
^lEREDITH, George, an English novelist and

poet, born in Hampshire, Feb. 12, 1828, and made
his first appearance as an author in 1S51 in a little

volume of poems. This was followed by The Sharing
of Shagpat: an Arabian Entertain)nent, a highly origi-
nal tale, in burlesque imitation of the manner of
the Eastern story-teller. The series of Mr. Mere-
dith's greater and more characteristic works began
in 1859 with The Ordeal of Bichard Fererel: A His-
toni of a Father and a Son, a tragic romance, deal-
ing with the larger problems of education, especially
in its ethical aspects. Bcauchamp's Cdfccr is per-
haps the most perfectly constructed of all the
series. Diana of tlie Crossient/s is by general consent
the most charming of Mr. Jleredith's novels.
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