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PREF¥ACE.

Tre rapid progress of the science of agtronomy, for the ius:
few years, has again rendered it necessary to revise the Ges
graphy of the Heavens—a work, the popularity of which is suffi-
ciently proved by a sale of 300,000 copies. The editor has,
therefore, availed himself of the occasion to make such improve-
ments, both in the book and maps, as seemed to be demanded by
the progress of the science, and the most approved methods of
instruetion. Among these improvements we may mention the
following :—

1. The matter of the book has been thoroughly assorted ; the
most important paragraphs being printed in large type, and
numbered, as in most modern text-books; while that which
seemed in the main explanatory of the more important portions,
is lefi in small print. By this means an agreeable variety is
afforded to the eye, while the book is made to contain far more
matter, and is, consequently, far more complete, than it conld
otherwise have been.

2. A new set of Questions has been prepared throughout.
These are brief, topical and suggestive ; and numbered to
answer to the paragraphs to which they relate.

3. A complete list of Telescopic Objects in each constellation
bas been inserted ; giving the Right Aseension and Declination
of each object; with a brief description of it ; and easy land-
marks and directions by ‘which it may be found ; and references
to telescopic views of the same in the new maps. The color and
reiative magnitude of the components of the double stars, are
also given. These Telescopie Objects, compiled with great labor
from Smyth’s Cycle of Celestial Ol jects, will be found especially



W PREFACE.

valuable to all institutions baving an equatorial telescops
Indeed, they greatly enhance the value of the work for al
classes of stndents.

4. Scveral small constellations that were delineated on the
maps, but were not described in former editions of the book,
have been described, and their history given in the preseni
edition.

5. The page of the hook has been greatly enlarged, for the
double purpose of printing more matter and in larger type :
and to afford scope for wood-cut illustrations. Of these, great
numbers bave been introduced into the second part of the work,
gdapting it, in this respect alse, t« the wants of both teacher -
and student. :

6. Still further to illustrate the second part of the work, the
first map of the atlas has been re-drawn and re-eagraved, so as
to illustrate more and detter than the old map.

1. Two entirely new maps have been introduced into the Atlas,
containing views of eighty different celestial ohjects ; such as
Double Stars, Clusters, Nebule, Comets, &c. These are
all referred to in the book, and in turn rcfer from the objects
back to the page of the book where they are described. These
maps and the corresponding descriptions in the book will be
tound not only extremely interesting, but of incalculable value
to the student.

8. A chapter on the history, structure and use of Telescopes,
Transit Instruments, &c., has been introduced—a subject which
every student of astronomy should understand, but one to which
no attention was given in the previous editions,

Such are some of the principal new features of the present
edition—larger type, new questions, telescopic objerts, new maps,
uew matier, and mimerous illustrations, making 1v the most per-
leet and complete text-book of astronomy ever offered to the
American publie.

H. MarrisoN
New York, iy 1868,
REVISED 1N 1873.
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INTRODUCTION

1. AsrtroNouy is the science of the heavenly bodics—the Sun,
Moon, Planets, Comets, and Fixed Stars.

2. In entering upon this study, the phenomena of the hea.
vens, as they appear on a clear evening, are the first objects that
demand our attention. Our first step is to learn the names and
positions of the heavenly bodies, so that we can identify, and
distingunish them from each other.

In this manner they were observed and studied ages before books were written, and [t
was3 only after many carefut and repeated observations, that systems aad theories of
Astronomy were formed. To the visible heavens, then, the attention of the pupil shou!d
be first directed, for it is only when he shall have become, in some measure, familiar
with them, that he will be able to locate his Astronomical knowledge, or fuily compre-
Lend the terms of the science.

3. For the sake of convenient reference, the heavens were
early divided into constellations, and particular names assigned
to the constellations and to the stars which they contain. A
constellation may be defined to be a cluster or group of stars
embraced in the outline of some figure. These figures are, in
many cases, creations of the imagination ; buv in others, the
stars are in reality so arranged as to form figures which have
some resemblance to the objects whose names have been assigned

to them.

These divisicns of the celestial sphere bear a striking analogy to the clvil divisions o!
the globe. The constellations answer to states and kingdoms, the most brilllant clus-
ters to towns and cities, and the number of stars in each, to their respective population.
The pupil can trace th2 boundaries of any constellatlor, and name all its stars, one by
one, as readily as he can trace the boundaries of a state, or name the towns an4 citics
from a map of New England. In this sense, there may be truly said to be a Geography
of the Heavens.

4. The stars are considered as forming, with referencc te

1. What is Astronomy? 2. What first studied? First step? 8. How are the
Leavens divided, and why? What is a constellation? What of these figures? In what
sense may there really be o “ Geography of the heavens 4, How are the stars
vlassified, as respects their magnitnd<o? What expedient for uesignating thelr places
‘n the heavens?
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their magnitudes, sixteen classes ; the brightest being called
stars of the first magnitude, the next brightest, stars of the
second magnitude, and so on to the sixth class, which consists
of the smallest stars visible to the naked eye. The next ten
classes are seen only throngh telescopes.

In order to be able to designate with precision their sitna
tions, imaginary circles have been considered as drawn in the
heavens, most of which correspond to, and are in the same plane
with, similar circles, supposed for similar purposes, to be drawn
on the surface of the Earth.

5. In order to facilitate the study of Astronomy, artificial
representations of the heavens, similar to those of the surface of
the Earth, have been made. Thus, a Celestial Atlas, composed
of several maps, accompanies this work. Before, however, pro-
ceeding to explain its unse, it is necessary to make the pupil
acquainted with the imaginary circles alluded to, called the Cir-
cles of the Sphere.

CIRCLES OF THE SPHERE.

6. The Axis of the Eartk is an imaginary line, passing through
its centre, north and south, about which its diurnal revolution is
performed.

The Poles of the Earth are the extremities of its axis.

The Azis of the Heavens is the axis of the Earth produced
both ways to the concave surface of the heavens.

The Poles of the Heavens are the extremities of their axis.

The Equator of the Earth is an imaginary great circle pass-
ing round the Earth, east and west, everywhere equally distant
from the poles, and dividing it into northern and southern hemi
spheres.

The Equator of the Heavens, or Equinoctial, is the great circle
formed on the concave surface of the heavens, by producing the
plane of the Earth’s equator.

A plane is that which has surface but not thickness. The plane of a circle is tha{ma-
ginary superficies which is bounded by the circle.

7. The Rational Horizom is an imaginary great circle, whose
plane, passing through the centre of the Earth, divides the hea-
vens into two hemispheres, of which the upper one is called the

5. What helps to facilitate the study of the heavens? Circles? Cuailed what?
4. Axis of the Earth? Poles? Axis of the heavens? Poles of the heavens? Equatot
~f the Karth? Equator of the heavens, or Equ toctial? 7. Rational horizon ?  Scnal
ble o1 apparentt
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visibte hemisphere, and the lower one, the invisible hemisphero.
v is the plane of this eircle which determines the rising and set-
ting of the heavenly bodies.
The Seusiblc or Apparent Horizom, is the circle which termi
nates our view, where the Earth and sky appear to meet.

T s a person standing on n plain, this circle is but a few miles in diameter. If the eye
bs elevated five feet, the radius of the sensible horizon will be less than two miles and
three quarters; if the eye be elevated six feet, it will be just three miles. The observer
being always in the centre of the sensille horizon, it will move as he moves, and enlarge
or goutract, as his station is elevated or depressed.

8. The LPoles of the Horizon are two points, of which the one is
directly overhead, and is called the Zenith ; the other is directly
underfoot, and is called the Nadir. ;

Vertical Circles are circles drawn through the Zenith and
Nadir of any place, catting the horizon at right angles.

The Prime Vertical is that which passes through the cast and
west points of the horizon.

9. The Ecliptic is the plane of the Eartl’s orbit; or the great
circle which the Sun appears to describe annually among the
stars. It crosses the Equinoctial, a little obliquely, in two oppo-
site points, which are called the Egquinozes. The Sun rises in
one of these points on the 21st of March ; this point is called
the Vernal Equinox. It sets in the opposite point on the 23d
of September ; this point is called the Antumnal Eqainox. One
half of the Ecliptic lies on the north side of the Equinoctial, the
other half on the south side, making an angle with it of 231°,
This angle is called the obliquity of the Ecliptic. The axis of
the Ecliptic makes the same angle with the axis of the heavens;
so that the poles of each are 234° apart.

This angle is perpetually decreasing. At the commencement of the Christian era, it
was about 23° 45'. At the beginning of 1836, it was only 28° 27’ 83°, showing an annual
diminution of about half a second, or 45°'.70 in a hundred years. A time will arrive,
however, when this angle, having reached its minimum, will again increase in the same
ratio that it had before diminished, and thus it will continue to oscillate at long periods,
between certain limits, which are said to be comprised within the space of 20° 42,

10. The Ecliptie, like every other circle, contains 360°, and 1t
i3 divided into 12 eqnal arcs of 30° each, called signs, which the
ancicnts distinguished by particular names. This division com-
mences at the vernal equinox, and is continued eastwardly round
to the same point again in the following order: Aries, Taurus,
Gemini, Cancer, Leo, Virgo, Libra, Scorpio, Sagittarius, Capry

8. Poles of the horizor? Vertical circles? Prime Vertical? 9. Ecliptic? Equl
oxes} How is the Ecliptic situated with respect to the Equinoctial? Obliquity cf
foriptic? - Is this angle permanent? 10. How is the Ecliptic divided? Wlere com
menced, and how reckoned? Name siga 3 in order? How does the Sun proceed thr ,ugh
. gigns?

1¥
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cornus, Aquartus, Pisces. The Sun, commencing at the first
degree of Aries, about the 21st of March, passes, at a measr
rate, through one sign every month.

11. The Zodiac is a zone or girdle, about 16 degrees in breadth,
extending quite round the heavens, and including all the heavenly
bodies within 8° on each side of the ecliptic. It includes, also,
the orbits of all the planets, except some of the asteroids, cince
they are never seen beyond 8° either north or south of the ecliptic.

12. Parallels of Latitude are small circles imagined to be
drawn on the Earth’s surface, north and south of the equator,
and parallel to it.

Parallels of Declination are small circles, imagined to be drawn
on the concave sarface of the heavens, north and south of the
equinoctial, and parallel to it; or they may be considered as
circles formed- by producing the parallels of latitude to the
heavens,

18. The Tropic of Cancer is a small circle, which lies 234°
ncrth of the Equinoctial, and parallel to it. The Tropic of
Capricorn is a small circle, which lies 231° south of the Equi-
noctial, and parallel to it. On the celestial sphere, these two
circles mark the limits of the Sun’s farthest declination, north
and south. On the terrestrial sphere, they divide the torrid from
the two temperate zones. That point in the ecliptic which
touches the tropic of Cancer, is called the Summer Solstice ; and
that point in the ecliptic which touches the tropic of Capricorn,
is called the Winter Solstice.

The distance of these two points from the equinoctial, s always equal to the obliquity
of the ecliptic, which, in round numbers, is 28¢c°® ; but, as we have seen, the obliquity of
the ecliptic is continunally changing; therefore the position of the tropics must make o
correspondent ch.nnge.

14. The Colures are two great circles which pass through the
poles of the heavens, dividing the ecliptic into four equal parts,
and mark thc seasons of the year. One of them passes through
the equinoxes at Aries and Libra, and is thence called the Equi-
noctial Colure; the other passes through the solstitial points or
the points of the Sun’s greatest declination north and south, and
is thence called the Solstitial Colure.

The Sun is in the equinoctial pointa the 21st of March and the 28d of September. He
& 1n the solstitial points the 22d of Jur.e and the 22d of December.

15. The Polar Circles are two small circles, each about 661°

11. What 18 the Zodiac? 12. Parallels of latitude? Of declination? 18. Thi
tropics? Cuancer? Capricorn? What do these circles mark in the celestlal sphere.
Oa “e terrestrial ? 14. The Colutes? Where situated? When is the fun at the equf
boctias p., 0ta?  The solsticial? 15. What are the Pola~ Circles?
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iroiw the equator, being always at the same distance from the poles
that the tropics are from the equator. The northern is called
the Arctic circle, and the southern the Antarctic circle.

i6. Meridians are imaginary great circles drawn through the
poles of the worid, cutting the equator and the equinoctial at
right angles.

Every place on the Earth, and every corresponding point In the heavens, is considered
&8 having a meridian passing through it; although astronomers apply but 24 to the
heavens, thus dividing the whole concave surface into 24 sections, each 15* in width,
These meridians mark the space which the heavenly bodies appear to describe, every
hour, for the 24 hours of the day. They are thence sometimes denominated Hour Circles.

In measuring distances and determining positions on the Earth, the equator and some
fixed meridian, as that of Greenwich, contain the primary starting points; In the hea-

vens these points are in the ecliptic, the equinoctial, and that great meridian whicl
passe# through the first point of Aries, called the equinoctial colure.

17. Latitude on the Euarth, is distance north or south of the
tquator, and is measured on the meridian.

Latitude in the Heavens, is distance north or south of the eclip-
tic, and at right angles with it.

Longitude on the Earth, is distance either east or west from
rome fixed meridian, measured on the equator.

Longitude in the Heavens, is distance east from the first point
of Aries, measured on the ecliptic.

18. Declination is the distance of a heavenly body either north
or south of the equinoctial, measured on a meridian.

Right Ascension is the distance of a heavenly body east from
the first point of Aries, measured on the equinoctial.

1t is more convenient to describe the situation of the heavenly bodies by their decli-
nation and right ascension, than by their latitude and longitude, since the former eor.
* responds to terrestrial latitude and longitude.

Latitude and declination may extend 90° and no more. Terrestrial longitude may
extend 180° either east or west; but celestial longitude and right ascension, being reck-
oned in only one direction, extend entirely round the circle, or 360°.

It is easy to convert right ascension into time, or time into right ascenslon, for if a
heavenly body is one hou: in passing over 15°, it will be one fifteenth of an hour, or four
minutes, In passingover 1°.

If the first point of Aries be on the meridian at 12 o’clock, the next hour line, which
is 18° E. of it, will come to the meridian at 1 o’clock; the second hour line at 2 o’clock ;
the third at 8, &c. Of any two bodies whose right ascensions are given, that one wid
pass the meridian first which has the least right ascension.

19. In consequence of the Earth’s motion castward in iis
orbit, the stars seem tc have a motion westward, besides their
apparent diurnal motion caused by the Earth’s revolution on ita
axis ; so that they rise and set sooner every succeeding day by
about four minutes, than they d'd on the preceding. This is

18. Meridians? How many? What other name? Ilow measure distances on tae
earth? In the heavens? 17. What is latitude on the earth? In the heavens}
Longitude »n the earth? In the heavens? 18. Declination? Right ascension
WLy describe by D. and R. A.? Extent of latitude? Declination{ Longitude and R
AT How gonvert R. A. into time? Which of two bodics given will first pass the meri
Jdiau? 19 What a parent mation of stars? Cause? Results?
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called their duily acceleration. It amounts to just fwo hours a
_month. On this account we have not always the same constel
lations visible to us throughout the year. While some, that were
not visible before, are successively rising to view in the east, and
ascending to the meridian, others sink beneath the westorn
horizon, and are scen no more, until, having passed through the
Yower hemisphere, they again reaopeur in the east.

DESCRIPTION AND USE OF TIHE MAPS.

29 Due first map of the atlas represents, upon a large scale,
a general view of the solar system. This will be more fully
described in the second part of the work,

The next six maps represent different sections of the concave
surface of the heavens. The first of these exhibits the prineipal
constellations visible to us in October, November, and Decem-
her ; the second, those visible in Jauuary, February, and Mavch;
the third, those visible in April, May, and June ; and the fourth,
those visible in July, August, end September ; with the exeep-
tion, however, of the constellaticzs whizh lie beyond the 50th
degree of north and south decl»:tion, of which, indeed, those
around the North Pole are acioayz, and those around the South
Pole, never visible to ns.

21. These constellations are vepresented on the sixth and
seventh maps, called circumpelar maps, which are an exact con-
tinuation of the others, and if joined {o them at their correspond-
ing degrees of right ascension aud declination, they might be
cousidered as constituting one map. The scale on which all the
above-mentioned maps are drawn is that of a 16-unch globe.
The lines drawn on the maps have been already defined ; and
their use, being nearly the same with those in geography, will
be readily understood. Those which are dvawn from right to
left, on each side of the equinoctial and parallel to it, are called
Parallels of Declination. Those which are drawn up and down
through the maps, at intervals of 15°, are called Meridians of
Right Ascension, or Hour Circles.

The scale at the tcp and bottom of the first four maps, and in the circumference of

fhe circumpdolar maps, indicates the daily progress of the stars in right ascension, and

f;howis on what day of the month any star will be on the meridian at 9 o'clock in the
c7ening

$0. What sail of maps? First? Next six? 21, Si;t.b and seventhb! Bcu;
Describe lines?  $-ale indicates what
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22. The first four maps of the heavens are so constructed
that the pupil in using them must suppose himself to face the
south, and to hold them directly overhead in such manner that
the top of the map shall be towards the north, and the bottor
towards the south ; the right hand side of the map will then be
west, anc the left-hand east. 1In using the circumpolar maps he
must suppose himself to face the pole, and to hold them in such
+ manner that the day of the given month shall be uppermost.

The constellation called the Great Bear is an exception to this rule; in this constel
otion the principal stars are marked in the order of their right ascension,

That point of projection for the maps which would exhibit each successive porticn of
the heavens directly overhead at 9 o’clock in the evening, was chosen, because in sum-
mer at an earlier hour the twilight would bedim our observation of the stars, and a\
other scasons of the year itis easier to look up to stars that want an hour of their
wmeridian aititude than to those which are directly overhead.

CLASSIFICATION OF STARS, NEBULLE, &ec.

23. For purposes of convenience in finding or referring to par-
ticular stars, recourse is had to a variety of artificial methods
of classification. First, the whole concave of the heavensg is
divided into sections or groups of stars, of greater or less extent,
salled Constellations—(Of the origin of thesc figures see page
148). Next, they are classified according to their magnitudes,
(as already stated art. 4), and designated on the maps accord-
ingly. Thirdly, the stars of each constellation are -classified
according to their magnitudes in relation to each other, and with-
out reference to other constellations. Thus, for instance, the
largest star in Taurus is marked @, Alpha ; the next largest (3,
Belw; the next, 7y, Gamma, &c., till the Greek alphabet is
exhausted. Then the Roman (or English) is taken up, and
finally, if necessary, recourse is had to figures.

This useful method of designating particular stars by the use of the Greek and Roman
alphabet, was invented by John Bayer, of Augsburg, in Germany, in 1603. It has been
adopted by all succeeding astronomers, and extended by the addition of the Arabig
notation 1, 2, 8, &c., wherever the stars in a constellation outnumber both alphabets.

As Greek letters so frequently occur in catalogues and maps of the stars and on ths
¢elastial globes, the Greek alphabet is here introduced for the use of those who are
unacquainted with it. The capitals are seldom used for designating the stars, but are
here given for the sake of regularity.

22, How use the first fonr maps of the heavens? Circumpolar., What exception}
What point of projection chosen, and whyf§ 28, Ulassification or designation o
wtars? By whow invented, and when? J
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THE GREEK ALPHABET.

A a Alpha N v Nu

B B Beta E 3 Xi

R Y Gami.a o 0 Omiicron
A d Delta I ™ Pi

F € Epsilon P p Rhbo

Z 4 Zeta z ¢ Sigma
H 7 Eta T T Tau

[2) 0 Theta by v Upe:lon
i ¢ lota [ ¢ Phi

K I Kappa X X Chi

A A Lambda ¥ P Psi

M I Mu Q © Omega

24 As a further aid in finding particular stars, and especially
{n determining their number, and detecting changes, should any
occur, catalogues of the stars have been constructed, one of
which is over two thousand years old. Several of the principa.
stars have specific names, like the planets, as Sirius, Aldebaran,
Regulus, &e.

25, The stars are still further distinguished, as single, doube,
triple, multiple, binary, variabl, ne:s, and nebulous.

A single ster is one that appesvy as a unit under the most
powerful telescopes. Doubic, trapis, and mulivple stars, are those
that appear single to the naked ty2, but by the aid of telescopes
are found to consist of two oc riove stars. Dinary stars are
deuble stars revolving arcund cich other, often called Binary
Systems.  Variable stars are tbose that are found to undergo
certain fluctuations in their brightness, sometimes becoming quite
invisible, In most cases these changes are periodical and
regular, on which account they are called Periodical stars
New stars are those that suddenly blaze forth in some portion
of the heavens previously void. Nebulous stars are those whicb
are surrounded by a faint nebula, or halo of light or mist.

26. A cluster of stars is an assemblage or group, thrown
promiscuously together, like the Pleiades and IHyades in Taurus,
and the Bec Hive in Cancer. A Nebula is a cluster so remote
as to appear only like a faint cloud or haze of light. Resolvable
Nebule, are those that can be resolved into distinct stars by the
aid of a telescope. = Irresolvabie Nebule are those that have not

24. What further aid? Age? Names of stars? 25, Stars, how further distin

nisked? Single stars? Double, &c.? Binary? What other name? Variable stars.

‘hat other name and why? Newstars? Nebulous? 26, What are clusters? Nebu
Lo? Resolvable Nebuism? Irresolvable? Aonula? Planetary?
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s gez been thus resolved.  Annular Nebule are those that have
the form of an annulus or ring. Planetury Nebule are those
that resemble planets in form, and in the sharpness of vheir out-
line  Stellar Nebule are those with a star in the centre, the
same as nebulous stars, already described (25).

A raore d2tailed account of the double stars, clusters arv! nebulm, will be given after
he student has become somewhat familiar with the constsilations,

27. We may now imagine the pupil ready to begin the study
of the visible heavens. The first thing of importance is to fix
upon the proper starting point. This, on many accounts, would
seem to be the North Polar Star. Its position is apparently
the same every hour of the night throughout the year, while the
other stars are continually moving. Many of the stars also in
that region of the skies never set, so that when the sky is clear,
they may be seen at any hour of the night. They revolve abont
the pole in small circles, and never disapvear below the horizon

On this account they are sald to be within the circle of perpetual apparition. On the,
other hand, the identity of the Nerth Polar Star, strange as it may appear, is not so
casily determined by those who are just entering upon this study, as that of some others.
For this reason, the point direclly overhead, called the zenith, is preferakble, since upon
this pint every one can fix with certainty in whatever latitude he may be. 1t will be
alike to 21l the central point of the visible heavens, and to it the pupil will learn imper-
ceptibly to refer the bearing, motion, and distances of tne heavenly bodies.

That mevidional point in each map, whose declination corresponds with the latitude
of the place of observation, represents the zenith of the heaveuns at that place; and
thnse constellations of stars which occupy this position c¢n the maps, will be seen directly
overhead at 9 o’clock in the evening of the day through which the meridian passes.
Thus in Georgia, for instance, the starting point should be those stars which are cituated
in this mervidian near the 834 degree of north decliration, while in New England it
should be those which ave situated in it near the 42d degree.

28. We might, however, begin with the stars near either ot
the meridians represented on the maps, the only rule of selection
being to commence at that which approaches nearest to being
overhead at the lime required. We have chosen for our starting
point in this work that meridian which passes through the vernal
equinox at the first point of Aries, not only because it is the
meridian from which the distances of all the heavenly bodies are
measured ; but cspecially because the student will thus be
enabled to observe and compare th> progressive motion of the
constellations according to the order in which they are always
arranged in catalogues, and also to mark the constellations of
the Zodiac passing overhead as they rise one after another in
their order, and to trace among them the orbits of the Karth
and cf the other planets.

27. Whst first important in commencing study of the heavens? What star weuld
seem best starting point? Why? Why nof the best? What point preferable, ang
why? Illustration from map. 28. With what stars might we begin? What merilinx
shosen by the author? Why?



PART L
THE CONSTELLATIONS

CHAPTER L

CONSTELLATIONS ON THE MERIDIAN IN NOVEMBER

ANDROMEDA.—MAP. IL*

29. Ir we look directly overhead at 10 o’clock, on the 1 ik
of November, we shall see the coustellation eelebrated in fable
by the name of A~promepa. It is represented on the map by the
figure of a woman having her arms extended, and chained by
her wrists to a rock. It is bounded N. by Cassiopeia, L. by
Perseus and the head of Medusa, and S. by the Triangles and
the Northern Fish. It is situated between 20° and 50° of .
declination. Its mean right ascension is nearly 15°; or one
hour E. of the equinoctial colure.

30. It consists of 66 visible stars, of which three are of the 2d
magnitude, and two of the 8d ; most of the rest are small. . The
stars directly in the zenith are too small to be seen in the pre-
sence of the moon, but the bright star Almaack (y), of the 2d
magnitude, in the left foot, may be seen 13° due E., and Merach
(B), of the same magnitude, in the girdle 7° sovth of the
zenith. This star is then nearly on the meridian, and with two
others N.W. of it forms the girdle. ,

The three stars forming the girdle are of the 2d, 3d, and 4th
magnitude, situated in a row, 83° and 4° aparf, and are ealled
Merach, Mu, and Nu.

31. If a straight line, connecting Almaack {with Merach, be

* As the eastward motion of the earth in her orbit causes the{ sun to pass eastward
wairually aronnd the heavens, and the constellations to rise earlidr and earlier (19), the
eiadent will ind it necessary to proceed eastward around the hegvens, in studying tte
vonstellations, And as the right hand of the map is west, and the left hand east, ¢
begin with the equinoctial eolare, map IL, and proceed %o ‘he left|in the ~rder in whick
the conxtellations successively arise.

99. What constellation? Mups, and why? (Note.) How Arndfomeda represented
Boundaries? Situation? Right ascension ana declination? 40. Number of stars
Magnitude? Almaack? Merach? “ Girdle?”  81. Rituation of Delta? Magnitude
How vtherwisc known? Alpheratz? Substanci of note (fine print)¥
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produced south-westerly, 8° farther, it will reach ‘o () Ikita,
a star of the 3d magnitude in the left breast. 'T'his star may be
otherwise known by its forming a line, N. and S., with wwa
smaller ones on either side of it ; or, by its constituting, wita
two others, a very small triangle, S. of it. :
Nearly in a line with Almaack, Merach and Delta, but curv.
ing a little to the N. 7° farther, is a lone star of the 24 magni-
tude, in the head, called Alpheratz (a). Thisis the N.E. zo1
ner of the great  Square of Pecasus,” to he hereafter describud.

1t will be well to have the positic.. . .apheratz well fixell in the mind, becaunss it is
3.t one minute west of the greit equinoctial colure, or first meridian of the heavens,
and forms nearly a right line with Algenib, in the wing of Pegasus, 14° 3. of it, and witk
Reta in Cassiopein, 80° N, of 1t. If a line, connecting these three stars, be produced, it
will terminate in the pole. These three guides, in connection with the North Polar Star,
noint out to astronomers the position of that great circle in the heavens from which the
right ascension of all the heavenly bodies i3 measured.

MYTHOLOGICAL HISTORY.

32. The story of Andromeda, from which this constellition derives itsname, is as follows:
She was daughter of Cepheus, King of Ethiopia, by Cassiopeia. She was promised in
marriage to Phineus, her uncle, when Neptune drowned the kingdom, and sent a sca
monster to ravag > the country, to appease the resentinent which his favorite nymphy
bore agaiust Cassiopeia, because she had boasted herself fairer than Juno and the
Ncrevides, The oracle of Jupiter Ammon was consulted, and nothing could pacify the
anger of Neptune unless the beautiful Andromeda should be expused to the sea monster,
8he was accordingly chained to a rock for this purpose, near Joppa (now Jaifa, in Syria),
ant at the moment the monster was going to devour her, Perseus, who was then return-
ing through the air from the conquest of the Gorgons, saw her, and was captivated by
her beauty.

*Chained to a rock she stood ; young Perseus stay’d
1is rapid flight, to woo the beauteous maid.”

He promised to deliver her and destroy the monster if Cepheus would give her to
him in marriage. Cepheus consented, and Perseus instantly changed the sea monster
icto a rock, by showing him Medusa’s head, which was still reeking in his hand. The
earaged Phineus opposed their nuptials, and a violent battle ensued, in which he, also,
was turned into a stone, by the petrifying influence of the Gorgen’s head.

‘T'he morals, maxims, and historical events of the ancients, were usually communicated
in fable or allegory. The fable of Andromeda and the sea monster raight mean thatshe
was courted by son:e monster of a sca-captain, who attempted to carry her away, but
was prevznted by another more gallant and successful rival.

TELESCOPIC OBJECTS.

33. Under the head of Telescopic Objects, will be included clusters and nebule that
are visible to the naked eye, as well as the principal objects of interest that are strictly
telescopic. In describing the location of these objects, R. A. will denote Right Ascen
sion; and Dec., Declindtion. The initials N. and 8. will indicate whether tke
declination is North or South of the equinoctial.

In describing the location of the telescopi¢ object, the R. A. will be given in fime,
viz., in hours, minutes, and seconds, insteadl of degrees, minutes, and secon?z; ¢xch
hour answering to 15°, The hour circles are listinctly drawn on all the maps, the frst
being 15° east of the equinoctial colure (Map 11.), and so on eastward to the same pc It
again,  The hours will be seen marked just under the equinoctial, which is marked ©
into degrees, each of which answers to four minutes of time. The student will soon £-.
i mnuch move convenient to reckon R. A. by Zowrs, on the maps, than by degrees, &c.

22. 111sTORY.—What may it have meant ?

83. Whatincluded among Telescopie Objects? What meant by R, A,? Dec.? N.and
8.7 ilow R.A.laid down? llow on map? What mode of describing components of
Jdonkle stars?  (OF ¢ Andromeda? Of discrepancies between R. A. given, and loca-
tion of stars on the weps? low is R. A.given in locating objects® Why? Hov
&6 Boure marked on the maps? The mlnutes?
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84, In consequence of the perp:itual recession of the equinoxes westward, the R. A
of objects is constantly increased by about 50° per year, Itisvain, therefore, to attemp\
tc give R. A. for the time when a book will be used; or to construct maps that wil:
sl.ow objects in their true place, for different years to come. The necessary allowance
2ust be made in all cases ; 80 that the R. A, for one epoch is about as good as another,
The R. A, here given is from Smyth's Celestial ('ycle, epoch Jan. 1, 1840. Maps shoul)
be re-engraved every fifty years, but for all shorter periods allowance can be made by
the student. As the maps accompanying this work were drawn and engraved in 158Z,
their present R. A. (1854) is about 17’ or 4m. of time east of their places on the maps.

35 The order in which the telescopic objects will be arranged is first the double stars ;
secondly, clusters; and lastly the nebula. The double stars will be classed according
%0 thelr order in the respective constellations; i.e., @ first, 3 next, &c. Thus, as the
‘argest objects are first named, the student can begin with those :asiest found, aand
sejuiring the least telescopic power; and proceed from the easier to those more ciffi-
sult, The same plan is g2nerally pursued with the clusters and nebulz,

TELESCOPIC OBJECTS IN ANDROMEDA.

1. @ AN"rOMEDE (Alpheratz)—A star with a minute companion, R. A. Oh. Om. 08s..
Dec., N. 26° 12 05°. A. 1, bright white ; B. 11, purplish. On the map it is west of the
equiuoctial, the map having been engraved some twenty years; but the equinox having
constantly receded westward, had passed Alpheratz before 1840, some §8'. Similar dis-
crepancies between the R. A. given and the location of different stars on the map, are
due to the same cause.

2. 3 ANDROMEDZ (Merach)—A bright star with a distant telescopic companion, R. A.
1h. 00m. 47s. ; Dec., N. 84°46' 08°. A. 2, fine yellow; B. 12, pale blue, with several smalt
stars in the field.

3. ¥ ANDROMEDE (Almutack)—A SPLENDID DOUBLE STAR on the right foot, R. A. 1h. 54m.
J63; Dec. N, 41° 83" 06°. A. 8%, orange color ; B. 5%, emerald green. Found by a linc
from { to (3, and about twice as fur beyond. (Map VIIL, PFig. 1.

4. ¢ ANDROMEDA—A bright star on the right breast, with a distant telescupic coma
panion, R. A. Oh. 80m. 47s. ; Dec., N. 29° 59 01*. A. 8, crange; B. 11%, dusky ; with the
small etars in the southern part of the field.

5. k ANDROMEDE—A wide, but delicate TRIPLE STAR, in the northern hand; midway
petween 3 Pegasi and @ Cassiopeia ; or about 18° from each; R. A. 23h. 82m. 83s; Dec.,
N 48°27° 0. A. ), brilliant white; B. 14, dusky; C. 12, ash-colored.

G. AN ELONGATED NEBULA on the lady’s right foot, R. A, 2h. 12m. 85s. ; Dec., N.41° 86°.
It was discovered by Miss Caroline Herschell, in 1783, Sir William Ilerschell described
it as having *“a black division or chink in the middle.” Ile regarded it as a flat ring
of enormous dimensions, seen very obliquely. Captain Smyth says: “In my telescope
It is certalnly brighter at the edges than along the central part.,” Sece map VIIL, Fig. 21.

7. About 2° from Nu at the north-western extremity of the girdle, R. A. 00° 84m. 05s.,
N. Dec., 40° 28’ 06", is n remarkable nebula of very minute stars, and the only one of
the kind which is ever visible to the naked eye. It resembles two cones of light, joined
at thetr base, about %° in length, and %° in breadth. It was known as far back as A.D.
905, is of an oval shape, and is described by Smyth as * an overpowering nebula, with
a companiou about 25" in the south vertical.,” Sir William Herschell considered this the
nearest of all the gredt nebulwe, and yet so remote tha! it would require 6,000 years for
light to pass from it to our system, though flying at the rate of 190,000 miles per second {
Fig. 22, map VIIL, is a representation of this object. s

PISCES (trE FismEs)—MAP V.

36. This constellation is now the first in order of the twelve
constellations of the Zodiac, and is usually represented by two
fishes tied a considerable distance apart, at the extremities of a long
undulating cord, or ribbon. It occupies a large triangular space

84, What said of tb 2 change of R. A of objects? Caunse? Epoch of R. A. glven lv
ook ? Of that marked on maps? Allowance to be n.ade in finding objects by maps
%5. Order in which objects are presented? Advantage of this arrangement?

Y'RLESCOPIO OBJECTS. —What doubls stars? a? (? 3? What clusters (r nebmm

@drown on map, or not?
28 Pisces? Where situated? What ncw zalled?
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m the heavens, and its outline at first is somewhat difficult to he
traced.

1n consequence of the annual precession of the stars, the constellation Pisces has novw
ocme to occupy the 8ign Aries; each constellation having advanced one whole sign i1-
tze order of the Zodiac. The Sun enters the sign Pisces, while the Earth enters that of
Virgo, about the 19th of February, but he does not reach the constellation Plsces before
L 6th of March., The Fishes, therefore, are now called the “ Leacers of the Celestial
Hosts.”— See Aries.

37. That loose assemblage of small stars directly south of
Merach, in the constellation of Andromeda, constitutes the
Northern Fish, whose mean length is about 16°, and breadth,
7°. Its mean right ascension is 15°, and its declination 25° N.
Consequently, it is on the meridian the 24th of November ; and
from its breadth, is more than a week in passing over it.

38. The Northern Fish and its ribbon, beginning at Merach,
may by a train of small stars, be traced in a 8. S. easterly direc-
tion, for a distance of 33°, until we come to the star El Rischa,
of the 3d magnitude, which is situated in the node, or flexure of
the ribbon. This is the principal star in the constellation, and
is situated 2° N. of the equinoctial, and 53 minutes cast of the
meridian.

S8even degrees 8. E. of El Rischa, passing by three cr four very small stars, we come to
Mira, in the whale, a star of about the 8d magnitude, and known as the *“ Wonderfal
8tar of 1596.” EI Rischa may be otherwise identified by means of a remarkable cluster
of five stars in the form of a pentagon, about 15° E. of it.—See Cetus.

39. From El Rischa the ribbon or cord makes a sudden
flexure, doubling back across the ecliptic, where we meet with
three stars of the fourth magnitude situated in a row 3 and 4°
apart, marked on the map Zeta, Epsilon, Delta. From Delta
the ribbon runs north and westerly along the Zodiac, and termi-
nates at Beta, a star of the 4th magnitude, 11° S. of Markah
in Pegasus.

This part of the ribbon, including the Western Fish at the end of it, has a mean
declination of 5° N., and may be seen throughout the month of November, passing the
meridian slowly to the W., near where the sun passes it on the 1st of April.

40. Twelve degrees W. of this Fish, there are four small stars
situated in the form of the letter Y. The two Fishes, and the
cord between them, make two sides of a large triangle, 30° and
10° in length, the open part of which is towards the N. W
When the Northern Fish is on the meridian, the Western is
rearly two hours past it. This constellation is bounded N. by

87. Northern Fish? Length? Dec.? When on the meridian? 88, How trace the
Northern Fish? To what star? Magnitude? Wheresituated?  89. From El Rischa
from Delta® Mean declination of this part of the ribbon? 40. What 12° west of
this Ash? W.at do the two fishes, &c., make . Boundarics of Pisces?
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Andromeda, W, by Andromeda and Pegasus, S. by the Cascade
und E. by the Whale, the Ram and the Triangles.

When, to enable the pupil to find any star, its direction fream another is given, tke
latter is always understood to be on tke meridian.

° After a little experience with the maps, even though unaccompanied by directiong,
the irgenious youth will be able, cf himself, t~ devise a great many expedients and facili
ties for tracing the constellations, or selectiug out particular stars.

In using a circumpolar map, face the pole, and hold it up in your hsrde i» such a
ganner that the part which contains the name of the given month shall be uppermos*,
wnd you will have a portraiture of the hcavens as seen at that time.

The constellations about the Antarctic Pole are not visible In the United Statey;
those about the Arctic or Northern Pole, are always visible.

HISTORY.

41, The ancient Greeks, who have some fable to account for the origin of almoa
every constellation, say, that as Venus and her son Cupid were one day on the banks ot
the Euphrates, they were greatly alarmed at the appeurance of a terrible giant, named
Typhon. Throwing themsclves into the river, they were changed into fishes, and by
this means escaped danger. To commemorate this event, Minerva placed two fishes
smong the stars.

According to Ovid, Homer, and Virgil, this Typhon was a famous giant. Hehad & hun-
dred heads, like those of a serpent or dragon. Flames of devouring fire darted from his
mouth and eyes. lle was no sooner born, than he made war against heaven, and so
frightened the gods, that they fled and assumed different shapes. Jupiter became a
sam ¢ Mercury, an 1bis; Apollo, a crow; Juno, a cow; Bacchus, a goat; DMiana, a cat;
“enus, a fish, &e. The father of the gods, at last, put Typhon to flight, and crushed hiw

ader Mount Ztna. :

[he sentiment implied In the fable of this hideous monster, is evidently this: that
4 ‘re is in the world a description of men whose rmouth is so * full of cursing and bitter-
ness,” derison and violence, that nuodest virtue is sometimes forced to disguise itself.
or fice from their presence.

1In the Hebrew Zodiac, Pisces is allotted to the escutcheon of Simeon.

No sign appears to have been considered of more malignant influence than /'isces.
Me astrological calendar describes the emblews of this constellation as indicative of
violence and death Both the Syrians and Egyptians abstained from eating fish,
out of dread and abhorrence; and when the latter would represent anything as odious,
or express hatred by hieroglyphics, they painted a fish.

TELESCOPIC OBJECTS.

1. a Pisciom (L Rischa)—A close double star in the eastern extremity of the ribbon,
R. A. Lh. 53m. 46s. ; Dec. N. 1° 69 08". A. 5, pale green; B. 6, blue; a splendid object,
and easily found.

2. & PisciuM—A neat donble star in the ribbon, about 18° north-west of @, R. A. 1h.
5in. 218.5 Dec. N. 6°43° 07". A. 6, silveTy white; B. §, pale gray; a fine object.

8. ¢ PisciuM—A oclose double star in the epace between the two fishes, about half-way
between 7 Andromeda and ¢ Ceti; R. A. 1h. 2m. 8le.; Dec. N. 8° 42. A. 8, white;
B. 14, pale blue.

4. A neat DOUBLE STAR, about 4° south of Algenid, in the wing of Pegasus, R. A, Ou
Im. 53s.; Dece. N. 10° 14’ 06", A, 6, silvery white; B. 182, pale blue.

5. A FAINT NEBULA in the eye of the western Fish, about 10" south-half-east ol Mar:
kab, near y Piscinm; R. A. 23h. 06m. 86s. ; Dec. 8° 89" 7": a very ditHcult object.

CASSIOPEIA.—MAP VL

42. Cassiopeia is represented on the celestial map in regal state
scated on a throne or chair, holding in her left hsnd the branch

41, Hietory ?—Greek account? Ovll’s and others? Sentiment or moral? Hebre?
Zodlac? Astrology?

Tm.rgoor1c OBszcTS.~—Double stars  QOlusters? Nebulm? Showa on map, or notf

42. Cassiopein? How represented Head?




TASSIOPETA. Q23

of & palm wee,  Iler head and body are scen in the Milky Way
Her foot rests upon the Arctle. Circle, upon which her chair is
placed  She is surrounded by the chief petsonages of her roya’
family. 'The king, her husband, is on her right hand—DPerseus,
her son-in-law, on her left— and Andromeda, her daughter, Jjust
ghove her, {

£3. This consteHation is sitnated 26° N. of Andromeda, and
aidwiy between it and the North Polar Star. It may be seen
from our latitrde, at all hours of the night, and 1ay be traced
out at almest any scason of the year. Its mean dcclination is
60° N. and its right ascension 12°, It is on our meridian the
22d of November, but does not sensibly change its position for
several days ; for it should be remembered that the apparem
motion of the stars becomes slower and slower, as they approxi
mafe the poles. ¢

44, Cassiopeia is a beautiful constellation, containing 55 stars
that are visible to the naked eye ; of which four are of the 84
magnitude, and so sitnated as to form, with one or two smaller
ones, the figure of an inverted chair.

““ Wide ner stars
Dispersed, nor shine with mutnal aid improved ;
Nor dazszle, brilliant with contiguous flame:
Their number fifty-five.”

45, Capr, in the garland of the chair, is almost exactly in the

equinoctial colure, 30° N.of Alpheratz, with which, and the
Polar Star, it forms a straight line. Caph is therefore on the
meridian the 10th of November, and one hour past it on the
24th. It is the westernmost star of the bright cluster.  Sheder,
in the breast, is the uppermost star of the five bright ones, and
is 5°.8. k. of Caph : the other thiee bright ones, forming the
chair, are easily distingmshed, as they meet the eyc at the first
glance.
? There i3 an importance attached to the position of Caph that
concerns the mariner and the surveyor. It is used, in connec-
tion with observations on the Polar Star, for determining the
latitude of places, and for discovering the magnetic variation of
the ncedle. g

46. It is generally supposed that the North Polar Star, so
salled, is the real immovable pole of the heavens; but this is a
mittake. It is so mear the true pole that it has obtained the

48, Situation? Mow seen? R. A.and Dec.? When on meridian? 44, Numbes of
stars? Magultndes? Figure? Character of this constelation? 45. Caph? How
sltuated? When on merid'an? Shedir? Importance attached to Caph? 48, Pol«
siar? 1s it the trve pole? What variat ont  How pole star situated with referenco w

v
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appellation of the North Polar Star ; but it is, in reality, more

than a degree and a half distant from it, and revolves abozt the

true pole every 24 hours, in a circle whose radius is 1° 31°. It
will consequently, in 24 hours, be twice on the meridian, once
above, and once beiow the pole ; and twice at its greatest elonga-
ion B and W,

The Polar Star not being exactly in tne N. pole of the heavens, but one degree ana

3 mmiszutes on that zide of it which 1s towards Caph, the position of the h.gter becomes
imortant, as it always shows on which side of the ¢rue pole the polar star is.

There iz another important fact in relation to the position of this star. It is equidis-
snd froin the pole, and exactly opposite another remarkable star in the sguuré of the
Great Bear, on the other side of the pole. [See Megres.] 1t also serves to mark a spot
in the starry heavens, rendered memorable as being the place of a lost star. Two hun.
dred and fifty years ago, a bright star shone §° N. N. E. of Caph, where now i3 a
dark voidl )

On the 8th of November, 1572, Tycho Brahe and Cornelius Gemma saw a star In the
constellation of Cassiopeia, which became, all at once, so brilliant, that it surpassed the
splendor of the brightest planets, and might be seen even at noonday. Gradually,
this great brilliancy dimlnished, until tho 15th of March, 1578, when, without woving
from its place, it became utterly extinct. .

1ts color, during this time, exhibited all the phenomena of a prodigious flame—first,
it was of a dazzling white, then of a reddish yellow, and lastly of an ashy paleness, in
which its light expired. It is lmpossible, says Mrs. Somerville, to imagine anything
more tremendous than a conflagration that could b2 visible at such a distance. It was
seen for sixteen months. Some astronomers imagined that it would reappear again
after 150 years ; but it has never been discovered since. This phenomenon alarmed all
the astronomers of the age, who beheld it; and many of them wrote dissertations ocon-
cerning it.

Rev. Professor Vince, one of the most learned and plous astronomers of the age, has
this remark :—* The disappearance of some stars may be the destruction of that system
at the tinie appointed by the Deity for the probation of its inhabitants ; and the appears
ance of new stars may be the formation of new systems for new races of beings then
called into existence to adore the works of their Creator.”

Thus, we may conceive the Deity to have been employed from all eternity, and thus
he may continue to be employed for ¢ndless ages; forming new systems of beings to
adore him; and transplanting beings already formed into happier regions, who will con-
tinue to rise higher and higher in thelr enjoymeuts, and go on to contemplate- system
afier system through the boundless uaiverse.

LA Prace says:—As to those stars which suddenly shine forth with a very vivid light,
and then iinmediately disappear, it is extremely probabie that great conflagrations, pro-
duced by extraordinary causes, take place on their surface. This conjecture, continues
he, is confirmed by their change of celor, which is analogous to that pr:sented to us on
the earth by those bodies which are set on fire, and then gradually extinguished.

The late eminent Dr. Good also observes that—Worlds, and systems of worlds, are pot
only perpetually creating, but also perpetually disappeariog. 1Itisan extraordinary fact,
that within the period of the last century, not less than thirteen stars, in different con-
stellations, seem to have tetally perished, and ten new ones to have been created. In
many instances it is unquestionable, that the stars themselves, the supposed habitation
of other kinds or orders of ntelligent beings, together with the different planets by
which it is probable they were surrounded, have utterly vanished, and the spots which
they occapied in the heavens have become blanks! What has befallen other systems wili
sesuredly befall our own. Of the time and the mani er we know nothing, but’ the fact is
incontrovertible ; it is foretold by revelation; it is inscribed in the heavens; it is fait
through the earth. Such is the awful and daily text; what then ought to be the commes t?

The great and good Beza, falling in with the superstition of his age, attempted to prove

hat this was a ccmet, or the same luminous appearance which conducted the magt, or
fise men of the East,into Pulestine, at the birtk of our Saviour, and that it now appeared
£ Announce his second coming.

Caph? YWhat other important fact in relation to the position of Csph? What remari-
ible fact stated? By whom attested? Describe phenomenon? Mrs. Somerville’s
remark? Other asironomers’? Professor Vince's remarks? The author's? Ila
Place’s? Dr. Good's? Bexa's? .

.
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HISTORY.

Casstopela was the wife of Cepheus, King of Kthlopia, and mother of Andromean. She¢
was a queen of matchless beauty, and seemed to be sensible of it ; for she even boasted
herself fairer thun Juno, the sister of Jupiter, or the Nereides—a name given to the sea-
nymphs. This so provoked the ladies of the sea, that they complained to Neptune cf the
‘nsult, who sent a {rightful monster to ravage her coast, as a punishment for her ingo.
lence. But the anger of Neptune and the jealousy of the nymphs were not thus appeascd
Yhey demanded, and it was finally ordained that Cassiopeia should chain her daughter
Andromeda, whom she tenderly loved, to a desert rock on the beach, and leave her
exposed to the fury of this monster. She was thus left, and the monster 3 proached,
#ut just as he was going to devour her, Perseus killed him,

% The saviour youth the royal palr confess.

And with heav’d hands, their daughter’s bridegroom bless.”
Eusden’s Ovid.

TELESCOPIC OBJECTS.

1. & Cassiorex (Shedir)—A bright star, with a companion in the bosom of the figure,
R. A Oh.8lm 29s.; Dec. 65°89 05". A 8, pale rose tint; B 10, small blue. S.yth
and lerschell note Shedir as variable.

2. 3 Cassioreg (Caph)—A bright star on the left side, with a minute compaaicn ;
R. A. Oh, Om. 42s.; Dec. N.58°16' 08°. A 2%, whitish; B 11%, dusky. Leok directly
opposite Megris, in the great dipper, through the pole star, and about as far beyond.

8. y Cassiorex—A bright star with a distant companion on the right side of the figure ;
R. A. Oh. 47w, 05s.; Dec. N, 59° 50" 08°. A 8, brilliant white; B 13, blue. Maryg small
stars in the field.

4. 77 CASSIOPE#—A BINARY STAR, aboutr 4° from a towards Polaris; R. A. Oh. 89m. 27s.,
Deec. N. 56° 57° 09°. A. 4, pale white; B. 7%, purple. Estimated period 700 years.

5. 4 Cassiopk&—A coarse TRIPLE STAR in the right elbow; R. A.Oh. 5Tm. 23s.; Dec. N,
'}i4° 08 01°. A b$, deep yellow; B 14, pale blue; C 11, bluish. Several small slars in the
field.

6. 0 CassiorEx—A beautiful double star in the left elbow; R. A. 23h. 50m. 55s.; Dec.
N. 54° 51' 08°. A 6, flushed white; B 8, smalt blue; the colors clear and distinct.

7. A coarse QUADRUPLE STAR, just south of Cepheus’ right hand; or about 27° south-
mouth-west of Polaris, on a line drawn over y Cephei. R. A.23h. 17Tm. 43s.; Dec. N. 64°
24’ 08°. A b, pale yellow; B 9, yellowish; C 11, and D, 18, both blue.

8. A LARGE AND STRAGGLING CLUSTER, between the footstool of Cassiopeia and the head of
Cepheus; R. A, Oh. 18m. 10s.; Dec. N, 70° 80° 08°. A line from y Cassiopez, %5 the dis
tance to y Cephei, will fall upon this object. A coarse double star in the field.

9. A RiCH, BUT SOMEWHAT STRAGGLING CLUSTER; R. A. Oh. 24m. 5s.; Dec. N. 62° 23" 09",
Vicinity splendidly strewed with stars—a double star in the centre. Look near the
star g.

10. A LOOSE CLUSTER, including a small double star; R. A. Oh. 84m. 15s.; Dec. N. fi0*
54°07T°. A 8%, B 11, both pale. Situated just half way between y and k.

11. A LoOsSE CLUSTER of small stars; R. A.0h.58m. 19s.; Dec. N.60° 44°. On a line from
y towards g, about ¥ the distance.

12. A cLusTER and neat double star on a line from g through ¢, and about 2%° beyond.
In an elegant field of large and small stars.

18. A FINE GALAXY CLUSTER of minute stars, about 8° south-west of 3, and about the
3ame distance west of a. R. A.23h. 49m. 07s.: Dec. N. 55° 49" 06°. A glorious assem-
hlage, both in extent and richness. Resembles a corab, having spangled rays of siare,
spreadir g over many flelds Map VIIL., Fig. 23.

CEPHEUS.—MAP VL

41. Cepheus is represented on the map as a king, in his roysl
tobe, with a sceptre in his left hand, and a crown of stars upon

Hwrory ?—Who was Cassiopeia{ Personal appearance? Sadconsequences ¥ Rescud ¥
Trig<copic OnsEcTS —Double and multiple stars? Clusters? What shown cn map?
1. How is Cepheus represented?  Whers situated ?
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his head. He stands in a commanding posture, with his lef
foot over the pole, and his sceptre extended towards Cassiopeia,

as if for favor and defence of the queen.

‘ ¢ Cepheus illumes
The neighboring heavens; still faithful to his queen,
With thirty-five faint luminaries mark’d.”

This constellation is about 25° N. W, of Cassiopeia, near the 2d coil of Draco, and s on
e meridian at & o’clock the 8d of November; but it will linger near it for many days
Lixe Cassiopeia, it may be seen at a.l hours of the night, when the sky is clear, for to us it
never sets.

'y reference to the lines on the map, which all meet in the pole, it will be evident that
8 rtar, near the pole, moves over a 22uch lesg space in one hour, than one at the equi-
no itial ; and generally, the nearer the pole, the narrower the space, and the slower
he motion.

The stars that are 8o near the pole may be better described by their polar distance,
thzn by their declination. By polar distance is meant, the digkince from the pole, anl
13 what the declination wants of 90°.

48. In this constellation there are 35 stars visible to the
naked eye ; of these, there glitters on the left shoulder, a star
of the 3d magnitude, called Alderamin, which with two others of
the same brightness, 8° and 12° apart, form a slightly curved
line towards the N. E. The last, whose /lefter name is Gamuua,
is in the right knee, 19° N. of Caph, in"Cassiopeia. The middle
one in the line is Alphirk, in the girdle. This star is one-third
of the distance from Alderamin to the pole, and nearly in the
same right line.

It cannot be too well understood that the bearings, or direction of one star from,
another, a5 given in this treatise, are strictly applicable only when the latter one is on,
or near tke meridian. The bearings given, in many cases, are not the least approxima-
tions to what appears to be their relative position; and in some, if relied npon, will lead
to errors. For example ;(—It is said in the preceding paragraph, that Gamma, In Cepher:s,
beurs 19° N. of Caph in Cassiopeia. This is true, when Caph is on the meridian, but at
this very moment, while the aunthor is writing this line, Gamma appears to be 19° due
west of Caph; and six months hence, will sppear to be the same distance east of it.
The reason is obvious; the circle which Cepheus appears to describe about the pole, is
within that of Cassiopeia, and consequently when on the east side of the pole, will be
within, or between Cassiopeia and the pole—that is, west of Cassiopeia. And for the
same reason, when Cepheus is on the west side of the pole, it is detween that and Cassio-
peia, or euast of it. >

Let it also be remembered, that in speaking of the pole, which we shall have frequent
occasion to do, in the course of this work, the North IPolar Star or any imaginary point
very uear it, is always meant; and not, as some will vaguely apprehend, a point in the
horizon, directly N. of us. The true pole of the heavens is always elevated just as many
degTees above our horizon, as we are north of the Equator. If we live in 42° N. latitude,
the N. pole will be 42° ubove our horizon. (See North Polur Stur.)

49. Theve are also two smaller stars about 9° E. of Aldera-
«in and Alphirk, with which they form a square ; Alderamir
being the upper, and Alphirk the lower one on the W. 8° apart.
In the centre of this square there is a bright dot, or semi-visiLle
star. -

‘The head of Cepheus is in the Milky-Way, and may be krown

4—-8. Number of stars visible? Principal stars? Situation? 49, What other l_i:tr_l

acd situation ?  Situation of the eud, and how known? Distance of this Asterism frotw
the pole star ?
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hy three stars of the 4th magnitude in the crown, which form a
small acute triangle, about 9° to the right of Alderamin. The
mean polar distance of the consteilation is 25°, while that f
Alderamin is 28” 10'. The right ascension of the forme- is
338° ; consequently, it is 22° E. of the equinoctial colure.

The student will understand that right ascension is reckoned on the equinoctial, fram
“he first point of Aries, E., quite round to the same point again, which is 860°. Now,
$38* measured from the same point, will reach the same point again, within 22°; which is
the difference between 860° and 838°.  This rule will apply to any other case.

HISTORY.

Thia constellation immortalizes the name of the king of Ethiopia. The name of hig
queen was Cassiopeia. They were the parents of Andromeda, who was betrothed te
Perseus. Cepheus was one of the Argonauts who accompanied Jason on his perilous
expedition in quest of the golden fleece. Newton supposes that it was owing to this
circumstance that he was placed in the heavens; and that not only this, but all the
ancient constellations, relate to the Argonautic expedition, or to persons some way ¢on-
cected with it. Thus, he observes, that as Musaus, one of the Argonauts, was the first
Greek who made a celestial sphere, he would naturally delineate on it thos« figures whick
nad some reference to the cxpedition. Accordingly, we have on our globes to this day
the (Folden Ram, the ensign of the ship in which Phryxus fled to Colchis, the scene o
the Argonautic achievemeuts. We have also the Bull with brazen hoofs, tamed by
Jason ; the 7'wins, Custor and Pollux, two sailors, with their mother Lede, in the form
of a Swun, and Argo, the ship itself; the watchful Dragon, Hydra, with the Cup of
Medea, and a raven upon its carcase, as an emdlem of death; also Chiron, the Master
of Jason, with his Altar and Suaerifice; Ilercules, the Argona,ut with his club, his dart.
and vulture, with the dragon, erab, and lion wlnch he glew ; and Orpheus, one of the
company, with his hargn All these, says Newton, refer to the Argonauts.

Again; we have Or the son of Nepume. or, as some say, the grandson of Minns
with his dogs, and Akare, and » iver, and 8corpion. We have the story of Perseus in the
constellation of that name, as well as in Cassiopeia, Cephens, Andromeda, and Cetus*
that of Calisto and her son Arcas, in Ursa Major; that of Icarius, and his daughter
Erigone, in Bootes and Virgo. Ursa Minor relates to one of the nurses of Jupiter:
Auriga, to Erichtonius ; Ophiuchus, to Phorbas ; Sugittarius, to Crolus, the son of one
of the Muses; Capricorn,te Pan, and Aquarius to Ganymede. We have also Ariadne’s
crown, Bellerophon’s horse, Neptune’s dolphin, Ganymede’s e«gle, Jupiter's goat, with
her kids, the asses of Buechur, the fishes of Venus and Cupid, with their parent, the
southern Jish, These, according to Deltoton, comprise the Grecian constellations men-
tioned by the poet Aratus; aud all relate, as Newton supposes, remotely or immediatcly
to the Argonauts.

It may be remarked, however, that while none of these figures refer to any transactions
of a later date than the Argonautic expedition, yet the great disagreement which appears
in the mythological account of them, proves that their invention must have been o:
greater antiquity than that event, and that these constellations were recelved for soms
time among the Greeks, before their poets referred to them in describing the particulaay
of that inemorable expedition.

TELESCOPIC OBJECTS.

1. a Ceprri (Alderamm)— A FINE STAR, With a distant companlen on the left shouldar
of Cepheus; R. A., 21h. 15m.; Dec., 61° 54. It is about half way between Polaris and
Deneb, and 8 south west from 3 Cepbei. A 3, white; B 10, pale blue, with a companiot
< ‘he same magnitude and color.

2. + Crpnxt (Alphirk)—A DOUBLE STAR on the left slde of the girdle of Cepheus, twn
thirde of the distance from Polaris to Alderamin. A 8, white; B8, blne, with a very
'inite double star preceding.

8 y Cepmei (Er Rai;—A DoUBLE STAM In the knee of Cepheus, with a distant telescoj i¢
rewvarion on the preceding parallel. A 3, yellow; B 14, dusky. R. A., 28h. 82m. 47T
Veo., N. 76” 44' 7°.  Thls star will be the Pole starin about 2360 years,

HrsToRY.—Who was Ceptens?  Why placed in the heavens? Wtat said of the ortgro
+f other constellations ?

TrrLksooric Ooirers.—Alpha?  Beta, &e.?  What clustery ?

B.G. 2
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4. 0 Cepaxi ( Var) in the crown of Cepheus, a fine, though wide pouBLESTAR; R. A. 22h,
28m, 14s.; Dec, N. 57° 85’ 9°. A 4%, orange tint; B 7, fine blue—the coiors in fine con-
trast. This star is variable, with a period of 5d. 8h, 30m.

5. A LARGE AND RICH CLUSTER on ihe left elbow; R. A., 20h. 28m. 17s.; Dec., N. 60° 08
2°. It is 12° due north of @ Cygni; and 8° west-south-west of 7 Cephei. * A grand but
gistant collocation of suns bound together by mutual relations.”

3. AN IRREGULAR CLUSTER between the head of Cephcus and the chain of Andromeda;
R®. A., 28h. 1Tm. 10s.; Dec., N. 60° 43' 1°. It is about one-third of the distunce from
B Cassiopes to a Cephei; and may be seen on Map VI, near the sceptre of Cephcus
For a telescopic view, see Mag VIIL., Fig. 24.

CHAPTER IL
CONSTELLATIONS ON THE MERIDIAN 1} DECEMBER.

ARIES (1ue ram).—MAP IL

50. TweNTY-Two centuries ago, as Ilipparchus informs us,
this eonstellation occupied the first sign in the ecliptic, com-
mencing at the vernal equinox. But as the constellations gain
about 50" on the equinox, at every revolution of the heavens*
they have advanced in the ecliptic nearly 31° beyoud it, or more
than a whole sign: so that the Fishes now occupy the same
place in the Zodiac, that Aries did in the time of Hipparchus
while the constellation Aries is now in the sign Taurus, Taurus
in Gremini, and Gemini in Cancer, and so on.

ARIES is therefore now the second constellation in the Zodiaw. It is situated next east
ef Pisces, and is midway between the Trlangles and the Ky on the N. and the head of
Oetus on the S. It contains 66 stara, of which, one is of the 2d, one of tke 3d, and two of
the 4th magnitudes.

4 Hirst, from the east, the Ram conducts the year;
Whom Ptolemy with twice nene stars adorns,
Of which two only claim the second rank;

The rest, wken Cynthia fills the sign, are lost.”

Aries Is readily distinguished by means of two bright stars in the head, about 4° apart,
the brightest being the most north-easterly of the two. The first, which is of the 84
magnitude, situated i1. the right horn, is called Alpha Arietis, or simply Arietis; the
other, which is of the 8d magnitude, lying near the left horn, is called Sheratan, and may
%e known by another star of the 4th magnitude, in the ear,1%° 8. of it, called Mesarthim,
#bhleh is the first star in this constellation.

Arietls and Sheratan, are one instanee out of many, where stars of more than ordinary
drightness are seen together ¢n pairs, as in the Twins, the Little Dog, &c., the brightest
war being cominonly on the east.

* Bee “ Precession of the Equinoxes,” page 270.

*0. Oonsteliatlons In this chepter? Aries22 centurics ago? Now; and why? [low.
{etinguished?  Arletls and Sheratan?
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§). The position of Arietis affords important facilities to
nantical science. Difficult to comprehend as it may be, to the
anlearned, the skilful navigator who should be lost upon an
anknown sea, or in the midst of the Pacific ocean. could, hy
measuring the distance between Arietis and the Moon, whick
often passes near it, determine at once not only the spot he was
in, but his true course and distance to any known meridian o
karbor on the earth. See Part II., page 206.

Arietis comes to the meridian about 12 minutes after Sheru-
tan, on the 5th December, near where the sun does in midsmn-
mer. Arietis, also, is nearly on tlie same meridian with Almaack,
in the foot of Andromeda, 19° N. of it, and culminates ouly
four minutes after it. The other stars in this constellation arc
quite small, constituting that loose cluster which we see between
the Fly on the north, and the head of Cetus on the south.

When Arietis is on the meridian, Andromeda and Cassiopeia
are a little past the meridian, neatly overhead, and Perseus with
the head of Medusa, is as far to the east of it. Taurus and
Auriga are two or three hours lower down ; Orion appears in
the S. E,, and the Whale on the meridian, just below Aries,
while Pegasus and the Swan are seen half-way over in the west.

The manner in which the ancients divided the Zodiac into 12 equal parts, was both
simple and ingenious. Having no instrument that would measure time exactly, ¢ they
took a vessel, with a small hole in the bottomn, and having filled it with water, suffered the
same to distill, drop by drop, into another vessel set beneath to receive it, beginning at
the moment when some =tar rose, and eontinuing till it rose the next following night, wlien
{t would have performed one complete revolution in the heavens. The water falling down
into the receiver they divided into twelve equal parts; and having twelve other small
vessels in readiness, each of them capable of containing one part, they again poured all
the water into the upper vessel, and observing the rising of some star in the Zodiac, at
the same time suffered the water to drop into one of the small vessels. And as soon as it
was full, they removed it, and set an empty one in its place. Just as each vessel was full,
they took notice what star of the Zodiac rose at that time, and thus continued the process
through the year, until the 12 vessels were filled.” 4

‘Fhus the Zodiac was divided into 12 equal portions, correspondi~ g to the 12 mouths of
the ycar commencing at the vernal equinox. Each of these j irtions served as the
visible _presentative or sign of the month it appeared in.

Al' those stars in the Zodiac which were observed to rise while tre first vessel was fill-
ing, were constellated and ineluded in the first sign, and called A7ies, an animal held in
great esteem by the shepherdsof Chaldea. All those stars in the Zodiac which rose while
the second vessel was filling, were cot stellated and included in the second sign, which,
for a similar reason, was denominated 7¢urus; and all those stars which were observed
to rise while the third vessel was filling, were constellated in the third sign, and called
Gemini, in allusion to the twin season of the flocks.

Thus each sign of 80" in the Zodiac, received a distinctive appellation, according to the
fancy or superstition of the inventors; which names have ever since been retaired,
although the constellations themselves have since left their nominal signs more than 8¢°
pehind. ‘The sign Aries, therefore, included all the stars embraced in the first 30° of the
Zodiac, and no more. The sign Taurus, in like manner, included all those stars embra el

51 Position of Arietis? Importance to mariners? When come to meildian? Where
And ~~eda and Cassiopeia then? Perseus? Tanrus, Auriga, Orion, Pegasus and Swan
What » other stars in Aries? Ancient method of dividing the Zod w? Nawes
dgne ¥
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I the next 80° of the Zodiac, ur those between 80° and 60°, and so of the rest. Of thoog
who lmag.ne that the twelve constel atins of the Zodiac refcr to the twelve tribos of
fsrael, same ascribe Aries to the tribe of Suneon, and others, to Gad,

HISTORY.

Acce:ling to fable, this 15 the ram which bore the golden fleece, and carried Phrysus
and hig sister Helle through the air, when they fied to Colchis from the persecution of their
siepmother Ino. The rapid motion of the ram in his aerial ight high above the earth,
eaused the head of Helle to turn with giddiness, and she fell from his back into that paré
of the sea which was afterwards called [lellespont, in commemoration of the dreadful
event. Phryxus arrived safe at Colchis, but was soon murdered by his own father-in-law
ZEtes, who envied him his golden treasure. This gave rise to the celebrated Argonautic
expeditior under the command of Jason, for the recovery of the golden fleece.

Nephele, Queen of Thebes, having provided her children, Phryxus and Helle, with this
moble animal, upon which they might elude the wicked designs of those who sought their
I}fe, was afterwards changed into a cloud, as a reward for her parental solicitude; and
the Greeks ever after called the clonds by her name. But the most probabls acsount of
the origin of this constellation is given in a preceding paragraph, where 1% is referred to
the flocks of the Chaldean shepherds.

During the campalgns of the French army in Egypt, General Dessaix discovered among
the ruins at Dendera, near the banks of the Nile, the great temp!: supposed by some to
have been dedicated to Isis, the female deity of the Egyptians, wl.o believed that the ris-
fng of the Nile was occasioned by the tears which she continuai y shed for the loss of her
brother Osiris, who was murdcred by Typhon. Others suppcae this edifice was erected
for astronomical purposes, from the circumstanece that two Zodiacs were discoverad,
drawn upon the ceiling, on opposite gides. On both t? r.27, Zodiacs the equinoctial points
are in Leo, and not in Aries; from which it has bexr zoncluded, by those who pertiua-
ciously endeavor to array the arguments of science ngainst the chronology of the Bible
and the validity of the Mosaio account, that these Zodiacs were constructed when the sun
entered the sign Leo, which must have been 9720 ycars ago, or 4000 years before tbe
inspired account of the creation. The infidel writers in Frunce and Germany make it
10,000 years before. But we may * set to our seal,” that whatever is true in fact and cor-
~eut In inference on this subject will be found, in the end, not only ccnsistent with the
Mosaic record, but with the common meaning of the expressions it uses.

The discovery of Champollion has put this question for ever at rest; and M. Latroane,
& most learned antiquary, has very satisfactorily demonstrated that these Egyptian
Zodiacs are merely the horoscopes of distinguished personages, or the precise sitnation
of the heavenly bodiZs in the Zodiac at their nativity. Theidea that such was their pur-
pose and origin, ilrst suggested itself to this gentleman on finding, in the box of a mummy,
a stmilar Zodiae, with such inscriptions and characters as determined it to be the horo-
scope of the deceased person.

Of all the diseoveries of the antiquary among the relics of ancient Greéce, the ruinso.
Palmyra, the gigantic pyramids of Egypt, the temples of thelr gods, or the sepulchres of
heir kings, scarcely one so aroused and riveted the curiosity of the learned, as did the
fiscovery of Champollion the younger, which deciphers the hieroglyphics of ancient

ypt.

The poteney of this invaluable discovery has already been signally manifested in set-
ding a formidable cont »versy between the champions of infidelity and those who main-
min the Bible account f the creation. It has been shown that the constellation Pisces,
since the days of Hipp:archus, has come, by reason of the anuual precession, to cupy
the same apparent place in the heavens that Aries did two thousand years ago. The
Christian astronomer and the infidel are perfectly agreed as to the fact, and the amount
of this yearly gain in the apparent motion of the stars. They bothbelicve, and both can
demonstrate, that the fixed stars have gone forward in the Zodiac about 50" of a degree
in every revolution of the heavens since the creation ; so that were the world to light
ftpon any authentic inscription or record of past ages, which should give the true posi-
tion or longitude of any particular star at that time, it would be easy to fix an unques-
tionable date to such a record. Accordingly, when the famous ‘ Egyptian Zodiacs,”
which were sculptured on the walls of the temple at Dendera, were brought away en
wmusse, and exhibited in the Lonvre at Paris, they enkindled a more exciting interest in
the thousands who saw them, than ever did the entrance of Napoleon. * Educated men
uf every order, and those who had the vanity tc think themselves fuch,” says the com-
mentator of Champollion, *rushed to behold the Zodiacs. These Zodiacs were imme-
diately published and commented upon, with more or less good faitn and decorum.

Hierory.—Discovery in Egypt? Use raade of the Zodiacs? What did they prove ¢4
! How ascertained? Who most z2alous t opposing revelation? Means employed §
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Ectence struck out ito systems very bold ; and the spirit ¢f Infllelity, seleing upon the
discovery, tluttered itsclf with the hope of drawing from thence new s pport. 1)t wa.
wnjustifiably taken for granted, that the ruins of Egypt furnishe.d astronimy with menu-
n:ents, containing observations that exhibited the state of the heavens in the most
remote periods. Starting with this assumption, a pretence was made of demonstrating
by means of calculations received as infallible, that the celestial appearances assigned
to these monuments extended back from forty-five to sixty-five centuries; that the
Zodiaeal system to which they must belong, dated back fifteen thousand years, and must
reach far beyond the limits assigned by Moses to the existence of the world.” Among
those who stood forth more or less bold as the adversaries of Revelation, the motst pro
minent was M. Dupuis, the famous anthor of L'origine de tous les Cultes.

The infidelity of Dapuis was spread about by means of pamphlets, and ths advocatas
of the Mosaic account were scandalized ‘ until a new Alexander arose to cul the Gordiar
gnct, which men had vainly sought to untie. This was Champollion the yo woger, armad
with his discor 3ry.” The hieroglyphics now speak a language that all car nnderstand,
and no one gainsay. “ The Egyptian Zodiacs, then,” says Latronne, “ relate ‘n no respect
to astronomy, but to the idle phantasies of judicial astrology, as connected «ith ‘he dcs
tinies of the emperors who made or completed them.”

TELESCOPIC OBJECTS.

1. o ARIRTIS—A DOUBLE STAR in the Ram’s forehead; R. A. 1h. 58m. 10s, Dec. N. 22
42' 02", A 2, yellow; B 11, purple.

Twn thousand years ago the first meridian or Vernal Equinox passed through th"
star : but the recgssicn of the equinox at the slow rate of 50" per year, has, in that lengtl
of time, carried the equinoctial nearly 60° to the west, where we now find it. See thi
subject explained in the second part of the book.

2. 3 Amizris (Sheralan)—A BRIGHT STAR with a distant companion in the coil o the
sight horn; R. A. 1h. 46m. 49s.; Dec. N. 20° 01" 04". A 8, pearly white; B 11, duskv.

3. z ARIETIS il!lesarthim)—a DOUBLE BTAR juat south of 3; R. A. lh. 44m. 45s.; Dec. N.
18° 80’ 06°. A 4J¢, bright white; B 5, pale grey. A fine object. Map VIl Fig. 2.

4. € ARIETIS—A VERY CLOSE DOUBLE STAR near the root of the tail, and between it and
Musca; R. A. 2h. 50m. 04s.; Dec. N. 20" 41" 08°. A 5, pale yellow; B 6%, whitish. It
requires a good telescope to separate them.

5. T ARIETIS—A neat TRIPLE STA® in the haunch, about one-third of the distance from

3 Arietis to Aldebaran; R. A. 2h. 40r. 22s.; Dec. N. 16°47° 0S". A 5, pale yellow; P
8%, flushed; C 11, dusky. A beautiful trio.

6. A QuaDAUPLE STAR half way between @ and y under the right horn; R. A. 1h. 50m.
43s.; Dec. N. 20° 16' 07", A 6, tapaz yellow; B 15, deep blue; C 10, lilac; D, pale bluc
An exquisite objeet.

7. A RODND NEBULA near Y Arietis, and just east of it; R. A. 1h. 50m. 84s.; Dec. N
18°18' 06°. It is large and pale, and lies among some small stars, some of which form »
curve across \he south part of the field.

TRIANGULA (tur trRIANGLES).—MAP II.

52. The Triangles are situated between the head of Aries on
the north, and the feet of Andromeda on the south. R. A.
2h.; Dec. N. 30°. They contain two stars of the 4th magni-
tnde, and two of the 5th ; with several smaller. A line from
Bheratan in Aries, to Almaack, will pass through the fucida
Trianguly, about midway between them.

TrLEscorly OBsgcts? What a Arictis? Other double stars? Triple? Quedruplef
Aoy clusters? Nebulae?
£2. Situation of the Triangles? Number and size of stars? 1low find tbeir jusida?



33 ASTRONOMY.

HISTORY,

The upper or Northern Triangle is one of the ancient 48 asterismt ; and Hevelius tooh
three other stars between it and the head of Aries, to form Triungulum minus. The
iatter igure, however, is discontinued, though shown on the map.

TELESCCPIC OBJECTS.

1 @ 1'1ANGULI—A bright FOURTE MAGNITUDK STAR, with a Telescople companion; R. A
ih. 43w, 58s.; Dec. N. 25 47" 08°. A b, yellow; B 11, lilac.

?. &€ TRIANGULI—A MOST DELICATE DOUBLE STAR; R. A, 1h. 52m, 3Ss.: Dec. N. 33* 8( 5"
A 8, bright yeliow ; B 15, dusky.

8. A lurge and distin >t but faint PALE WHITE NEBULA, between the Triangles and tha
bcad of the Northern Fish; R. A. 1h, 24m. 5ls,; Dec. N.29° 51' 08°. A bright star a
litile north-west, and five others mwore remote in the east.

MUSCA (mne rry).—MAP IL

53. This very small constellation lies directly between the
back of Aries on the south, and the head of Medusa on the
north. It has one star of the 2d, two of the 4th, ‘and two of
the 5th magnitudes. An unimportant asterism, and not always
mentioned in the catalogues, though shown on the map.

TELESCOPIC OBJECTS.

1. A FINR DOUBLE 8TAR over the back of Aries, nearly midway between the Pleiasdes ana
3 Andromeda; R, A. 2h. 31m. 20s.; Dec. N. 26° 22' U2°. A 6, pale topuz; B 9, light blue.
An easy object.

2. @ MUSCA—n COARSE QUADRUPLE STAR. in the body of the figure, and forming ita
ncida; R Al 2h. 40w, 84s.; Dec. N. 26° 85 09", A 3, white; B 13, deep blue; C 11, lurid;
D 9, pale grey. Both these objects are usually classed as belonging to Aries.

CETUS (rue wnaLg).—MAP II

54. As the whale is the chicf monster of the deep, and the
largest of the aquatie race, so is it the largest constellation in
the heavens. It occupies a space of 50° in length, E. and W,
with 2 mean breadth of 20° from N.to S. It is situated below
Aries aud the Triangles, with a mean declination of 12° 8. It
s represented as making its way to the E., with its body below,
ind its head elevated above the equinoctial ; and is six weeks in
sassing the meridian. Tts tail comes tothe meridian on the 10th
f Novcuber, and its head leaves it on the 22d of December.

55. This constellation contains 97 stars; two of the 2d mag-
uitude, ten of the 3d, and nine of the 4th. The head of Cetus

YisTorRY.—Which ancient? Who formed the other? Now recognized, or not?

TerLescoric OBJECTS? Double stars? Nebule ?

88, Situstion of Musca? Stars? Rclative importance? Is it always recognized as &
soustellation ? 54. Cetus? Comparative siz¢? Situation? How representedt
. Number of stars® Magnituder? IIo™ may the beald of Cetus be known? Brightest
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mny be readily distinguished, abezt 20° S. E. of Aries, by means
of five remarkable stars, 4° and 5° apart, and so situated as to
form a regular pentagon. The brightest of these is Menkar, of
the 2d magnitade, in the nose of the Whale. It occupies the
S. E. augle of the figure. It is 34° N. of the equinoctial, and
15° E. of El Riseha in the bight of the cord Letween the Two
Fishes. It is directly 37° S. of Algol, and nearly in the same
direction from the Fly. -1t makes an equilateral triangle with

* Arietis and the Pleiades, being distant from cach about 23° S,
and may otherwise be known by a star of the 3d magnitude in
the mouth, 3° W. of it, called Gamma, placed in the south mid-
dle angle of the pentagon.

56. Nu is a star of the 4th magnitude, 4° N. W. of G umma,
and these two constitute the 8. W. side of the peatagon ‘n the
bead of the Whale, and the N. E. side of a similar oblong Ggure
in the neck. -

Three degrees S. S. W. of Gamma, is another star of the 3d
magnitue in the lower jaw, marked Delta, constituting the E.
side of the oblong pentagon ; and 6° S. W. of this, is a noted
star in the neck of the Whale, called Mira, or the “wonderful
star of 1596,” which forms the S. E. side. This variable star
was first noticed as such by Fabricius, on the 13th of August,
1596. It changes from a star of the 2d magnitude so aa to
become invisible once in 234 days, or about 7T times in 6 years.
Herschel makes its period 331 days, 10 hours, and 19 minutes ;
while Hevelius assures us that it once disappeared for 4 years *
so that its true period, perhaps, has not been satisfactorily deter
mined. :

The whole number of stars ascertained to be variable amounts to only 15; while thos-
which are suspected to be variable, amount to 87.

57. Mira is 7° S. S. E. of El Rischa, in the bend or knot o
the ribbon which connects the Two Fishes. Ten degrees 5. of
Mira, are 4 small stars, in the breast and paws, about 3° apart
which form a square, the brightest being on the E. Ten degrees
S. W, of Mira is a star of the 3d magnitude, in the heart
called Baten Kaitos, which makes a scalene triangle with twa
other stars of the same magnitude 7° and 10° W. of it ; alsg,
an equilateral triangle with Mira and the easternmost one in
vhe square.

mar? VYosition? Name? 56. Size and Position of Nn? Delta? Mira? Position?
Peculiarity ? When, and by whom first noticed? Period and extent of variability,
Whole number of variable stars?  87. Baten Kaitos? TDusition with regard to Mirs,
G2 atiskr stars ?



34 ASTRONOMY.

A great number of geometrical figures may be formed from the stars iu this, and in
most of the other constellatic ne, merely by reference to the maps; but it is better that
the student should exercise his own ingentity in this way with reference to the stars
themselves, for when once he has constructed a group Into any letter or figure of his own
invention, he never will forget it. .

Tke teacher should therefore require his class to commit to writing the result of thel,
ewn observations upon the relative position, maguaitude and figures of the principal stars
in each constellation. One evening's exercise in this way will disclose to the student a
surprising multitude of crosses, squares, triangles, 2rcs and letters, by which he will be
better able to identify and remember them, than by any instructions that could be given.

For example: Mira and Baten in the Whale, about 10° apart, make up the 8. E. o1
tho-ter side of an irregular square, with El Rischa in the node of the ribbon, and another
3tar in the Whale as far to the right of Baten, as El Rischa is above Mira. Again, )

There are three stars of equal magnitude, forming a straight line W, of Baten; from
which, to the middle star is 10°, thence to the W. one 12% ; and 8° or 9° 8. of this lin#,
fn a triangular direction, is & bright star of the second magnitude in the coil of the tail,
valied Diphda.

1n a southerly direction, 25° below Diphda, is Alpha in the head of the Phenix, and
ahout the same distance 8. W. is Fomalhaut, in the mouth of the Southern Fish, forming
together a large triangle, with Diphda in the vertex or top of it.

That fine cluster of small stars 8. of the little square in the Whale, constitutes a part
of a new coustellation called the Chymical Furnace. The two stars N. E., and the
three to the southward of the little square, are in the river Eridanus.

HISTORY.

This constellation is of very early antiqulty : though most writers consider it the
famous sea-monster sent by Neptune to devour Andromeda because her m~'her Cassio-
peia had boasted herself fairer than Juno or the Sea Nymphs; but slain .y Perseus ana
placed among the stars in honor of his achicvement.

“The winged hero now descends, now soars,
And at his pleasure the vast monster gores.
Deep in his back, swift stooping from above,
His crooked sabre to the hilt he drove.”

It is quite certain, however, that this constellation had a place in the heavens long
prior to the time of Perseus. When the equinoctial sun in Aries, which is right over the
head of Cetus, opened the year, it was denominated the Preserver, or Deliverer, by the
«lolaters of the East. On this account, according to Pausanius, the sun was worshipped,
at Eleusis, under the name of the Preserver or Saviour.

* With gills pulmonic breathes the enormous whale,
And spouts aquatic columns to the gale;
Sports on the shining wave at noontide hours,
And shifting rainbows crest the rising showers.”’—Darwin

TELESCOPIC OBJECTS,

ib El OEeTI—A DOUBLE STAR; R. A, Oh. 85m. 84s.; Dec. 8. 18° 51' 9°. A 2), yellcw; B 13,
palz blue.

2. ¥ Cez1—A 01.0SE DOUBLE STAR in the Whale’s mouth; R. A. 2h. 85m. 0ls.; Dec. N.
2°88°5". A3, pale yellow; B 7, lucid blue; the colors finely contrasted.

8. ¥ A povbLE 8TARIn the Whale’s eye; ¥ R. A 2h. 27m. 29s. ; Dec. N.4° 5 5°. A 43,
pale yellow ; B 15, blue. ¥

4. A LONG NARROW NEBU: \,cf a pale, milky tint; R. A. Oh. 89m. 45s.; Dec. S. 26
10' 1%, Itis situated In the space south of the tail of Cetus, near a line drawn from
a Andromeda to 3 Ceti. Discovered by Miss Herschel, in 1788.

5. A PLANETARY NEBULA; R. A. 2h. 19m. 25s.; Dec. 8.1°51' 6'; in the middle of the
Whbale’s neck.

6. A BRIGHT ROUND NEBCLA; R. A. 1h. 28m, 20s.; Dec. 8. 7° 41°8*. Registered ky 8k
W. Herschel, 17685, 1Itis justv above the Whale’s back, v "

HiBTORY.~-Antiquity? Its original name? When, and why? What worship in rew
wquence ?

TELESOOPIO OBJECTS.—Beta? Gamma? Nu? Nebulm?
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7, A ROUND STELLAR NEBULA, near J in the Whale’s lower jaw, and about 2%° from ¥

o & line towards €, or south by west. A very distant object, classed by 8ir W, Herschal,
s 910 times as distant as stars of the first magnitude.

PERSEUS, ET CAPUT MEDUSAE.~MAP III. AND 1V,

58. Perseus is represented with a sword in ois right bard,
the head of Medusa in his left, and wings at his feet. It i¢
situated directly N.- of the Pleiades and the Fly, between
Andromeda on the W. and Auriga on the E. Its mean decli-
nation 1s 46° N. It is on the meridian the 24th of December,
1t contains, including the head of Medusa, 59 stars, two of
which are of the 2d magnitude, and four of the 3d. According
to Eudosia, it contains, including the head of Medusa, 67 stars

————————— % Perseus next,
Brandishes high in heaven his sword of flame,
And holds triumphant the dire Gorgon’s head,
Flashing with fiery snakes! the stars he counts
Are sixty-seven; and two of these he boasts,
Nobly refulgent in the second rank—

One in his vest, one in Medusa’s head.”

59. Tae Heap or MEepusa is not a separate constellation,
nut forms a part of Perseus. It is represented as the trunkless
nead of a frightful Gorgon, crowned with coiling snakes, insteac
of hair, which the victor Perseus holds in his hand. There are,
in all, about a dozen stars in the head of Medusa ; three of the
4th magnitude, and one, varying alternately from the 2d to the
4th magnitude. This remarkable star is called Algel. It is
sitnated 12° E. of Almaack, in the foot of Andromeda, and may
be known by means of three stars of the 4th magnitude, lying a
few degrees S. W. of it, and forming a small triangie. It is on
the meridian the 21st of December ; but as it continues above
the horizon 18 hours out of 24, it may be seen every evening
from September to May. It varies from the 2d to the 4th
magnitude in about 3} hours, and back again in the same time ;
after which it remains steadily brilliant for 22 days, when the
same changes recur. ‘

The perlodical variation of Algol was detcrmined in 1788, by John Goodricke, of York
(Bug.), to be 2 days, 20 hours, 43 minutes, and 56 seconds, Dr. Herschel attributes the
variable appearance of Algol to spots upon 1ts surface, and thinks it has a moti>a on :ts
axis similar to that of the sun. e also observes, of variable stars generally:~-“Ths
rotary motion of the stars upon their axis is a capital feature In their resemblaace t2
the sun. It appears to me now, that we cannot refuse to admit such a motion, and that
tndeed it may be as evidently proved as the diurnal motion of the earth. Dark spots,

58. Perseus? How represented? When on the meridian? Number of stars? Else
#9. Head of Medusa? How represented? Number of stars? What remarkable eas!
Bituation? Variableness and period? When and by whom determined? BSuppesed
cauge of variability? Lalando?

2*
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or large portlons of the surface ess luminous than the rest, turned alternately in certata
directions either toward, or ficm us, will account for all the phenomena of periodica.
changes in the lustre of the stars, so satisfactorily, that we certalnly need not look out
for any other cause.”

It is said that the famous astronomer Lalande, who died at Paris in 1807, was wont te
vemain whole nights, in his otd age, npon the Pont Neuf, to exhibit to the curious (he
variations in the brilliancy of the star Algol,

60. Nine degrees E. by N, from Algol, is the bright star Alge-
nib, of the 2d magnitude, in the side of Perseus, which with Al-
maack, makes a perfect, right angle at Algol, with the open part
towards Cassiopeia. By means of this strikingly perfect -igure,
the three stars last mentioned may always be recognized withcut
the possibility of mistaking them. Algenib may otherwise be
readily distinguished by its being the brightest and middle one
of a number of stars lying four and five degrees apart, in a large
semicircular form, curving towards Ursa Major.

Algenib comes to the meridian on the 21st December, 15 minutes after Algol, at which
time the latter is almost directly overhead. When these two stars are on the meridian,
that beauntiful cluster, the Pleiades, is about half an hour E. ot it; and In short, the
most brilliant portion ef the starry heavens is then visible in the eastern hemisphere.
The glories of the scene are unspeakably magnificent; and the student who fixes his
eye upon those lofty mansions of being, cannot fail to covet a knowledge of their order
and relations, and to “reverence Him who made the Seven Stars and Orion.”

61. The Milky Way around Perseus is very vivid, being undoubt-
edly a rich stratum of fixed stars, presenting the most wonder
ful and sublime phenomenon of the Creator’s power and great-
ness. Kohler, the astronomer, observed a beautiful nebula near
the face of Perseus, besides eight other nebulous clusters in dif
ferent parts of the constellation.

The head and sword of Perseus are exhibited on the circumpolar map. That very
bright star 28° E. of Algol, is Capella in the Charioteer.

HISTORY

Perseus was the son of Jupiter and Danae. He was no sooner born than he was cast
Into the sea, with his mother; but being driven on the coasts of one of the {slands of the
‘Cyclades, they were rescued by a fisherman, and carried to Polydectes, the king of the
place, who treated them with great humanity, and intrusted them to the care of tha
priests of Minerva’s temple. His rising genius and manly courage scon made him a
favorite of the gods, At a great feast of Polydectes, all the r.obles were expected to
present the king with a superb and beautiful horse ; but Perseus, who owed his benefac-
tor muck, not wishing to be thought less munificent than the rest, engaged to bring him
the head of Medusa, the only one of the three Gorgons, who was subject to mortality.
The names of the other two were Stheno and Euryale. They were represented with ser-
pents wreathing round their heads instead of hair, having yellow wings and brazen
hands; their bodies which grew Indissolubly together, were covered with impenetrabla
scales, and their very looks had the power of turning into ‘stones all those on whor
they fixed their eyes.

To equip Perseus for this perilous enterjrise, Pluto, the god of the infernal regions,
went him his helmet, which had the power of repdering the wearer invisibe. Minerva,
the goddess of wisdom, furnished him with her buckler, which was as resplendent a3 a
polished mirror ; and he received fromn Mercury wings fur his feet, and a dagger made

60. Algenib? Howknown? When on the meridian? Where, then, are the Pleladea
What the general aspect of the l.eavens? 61. Milky Way around Perseus? Observs
vion of Kohler?

UisTORY.—Who was Perseus? What fate at birth, &c.?
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of diamands.  fhus equipped, he mounted iuto the air, condncted by Minerva, and cam¢
apan the monsters who, with the watchful snakes about their heads, were all asleep. Ha
approaclied them, and with a courage whick amazed and delighted Minerva, cut off with
one blow Medusa's head. The noise awoke the two Immortal sisters, but Piuto’s helmet
rendered 1’crscus invisible, and the vengeful pursuit of the Gorgons proved fruitless.
* In the mirror of his polished skield

Reflected, saw Mcdusa slumbers take,

And not one serpent by good chance awake ;

Then backward an unerring blow he sped,

And from her body lopped at once her head.”

Parseus then made his way through the air, with Medusa'’s head ye! zeeking in by
hscd, and from the blood which dropped from it as he flew, sprang all thoss innumerabie
#:rzeats that have ever since infested the sandy deserts of Libya.

¢ The victor Perseus, with the Gorgon head,
O’er Libyan sands his airy journey sped,
The gory drops distilled, as swift he flew,
And from eachdrop cnvenomed serpents grew.”

The destruction of Medusa rendered the name of Perseus imwiortal, and he was
thanged into a constcllation at his death, and placed among the stars, with the hzad of
Medusa by his side.

TELESCOPIO OBJECTS.

1. @ PEBSEI—A FINE DOUBLE STAR; R. A. 8h. 12m. 558.; Dec. N. 49° 17" 2. A 2%, bril-
gant lilac; B9, cinereous. This is AlgeniD, In the hero’s left side.

2. B Pursil, or Algot; R. A, 2h. 5Tm. 46s.; Dec. N.41° 20°. A variable DOUBLE STAR.
A2 to 4, whitish ; B 11, purple. The former varies in brightness periodically, from the
2d to the 4th magnitude, and back again to the 2d magnitude, period being 2d. 20h. 4Sm.
D6s.; an object of great interest.

8. y PERSEI—A WIDE UNEQUAL DOUBLE STAR in the hero’s left shoulder; R. A. 2h, 53in.
14s.; Dec. N.52°52' 4°. A 4, flushed white ; B 14, clear blue.

4. 0 PERSEI—A BRIGHT STAR With a companion in the hero’s hip; R. A., 8h. 81m. 83s.;
Dec., N. 47° 16" 2.  About 8° south-west of @ Persei. A 8, white; B 11, pale blue.

5. ¢ PERSEI—A NEAT DOUBLE STAR in the right kree; R. A. 8h.47m. 08s.; Dec. N. 89°
82" 4°. A 3%, pale white; B9, lilac; a fine delicate object.

6. £ PERSEI—A DELICATE QUADRUPLE STAR; R. A. 8h. 44m. 05s.; Dec. N. 81° 24 2°
A 8%, fiushed white; B 10, smalt bl.e; C 12, ash-cedored; D 11, blue. It is situated in
the rght foot, and is designated by Smyth as * an elegant group.”

7. 7 PERSRI--A FINE DOUBLE STAR in the head of the figure; R. A. 2h. 89m. 04s.; Dec.
N. 55 18' 5". A B, orange; B S, smalt blue; the colors in fine contrast.

8. A GORGEOUS CLUSTER in the sword handle of Perseus; R. A. 2h. 08m, 58s.; Dec. N
66° 24' 4°. It may be seen with the naked eye, anG when seen through a good telescope
is one of the most magnificen* objects in the heavens. Map VIIL, Fig. 25.

9. An EXTENSIVE AND RICH CLUSTER on the right side of Perseus, in a rich portion of
the galaxy. R. A. 8h. 04m. 01s.; Dec. N. 46* 87' 9". Smyth says ‘1t has a gathering
spot about 4'in diameter, where the star-dust glows among minute points of light.”
Herschel says, *the large stars are arranged in lines like interwoven letters.

10. An ELONGATED NEBULA; R. A. 2h. 80m. 25s.; Deo. N. 88" 21" 8"; supposcd to be a
wast ring, seen obliquely. Map VIIL, Fig. 26.

11. A pretty compressed OVAL GROUP OF STARS, in the left knee of Perseus, nearly mid
way betwcen A and #; R. A. 8h. 5Sm. 11s.; Dec. N. 49° 04' 05°. A well-marked object,
surrounded by a curve of larger stars, somewhat 1n the form of the letter D. Mep VIIL-
¥ig. 27.

‘TeLESCOPIC Ossmcrs.—Alpha? Peta? Gamma? Delta? Epsilon? Zetx? Zim¢
Tiusters? Nebula? Which shown on the map?
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CHAPTER Il

CONSTELLATIONS ON THE MER B{AN N JANUARY,

TAURUS (tne nrip).—MAP IIIL

62 Taurus is represented in an attitude of rage, as if abewy
to plunge at Orion, who seems to invite the onset by provoea
tions of assault and defiance. Only the head and shoulders of
the animal are to be seen; but these are so distinetly marked
that they caunot be mistaken.

The constellations which pass our meridian in the months of January, February and
March, present to us the most brilliant and interesting portion of the heavens; embras-
ing an annual number of stars of the highest order and brightness, all so conspicuously
situated, that the most inexperienced can easily trace them out.

63. Taurus is now the second sign and third constellation of the
Zodiac; but anterior to the time of Abraham, or more than
4000 years ago, the vernal equinox took place, and the year
opened when the sun was in Taurus; and the Bull, for the space
of 2000 years, was the prince and leader of the celestial host.
The Ram succceded next, and now the Fishes lead the year.
The head of Taurus sets with the sun about the last of May,
when the opposite constellation, the Scorpion, is seen to rise in
the S. E. It is situated between Persens and Auriga on the
north, Geemini on the east, Orion and Eridanus on the souch, and
Aries on the west, having a mean declination of 16° N.

64. Taurns contains 141 visible stars, including two rcmark-
able clusters called the PLErapes and Hyapes. The first is now
on the shoulder, and the latter in the face of the Buli. The
names of the Pleiades are Alcione, Merope, Maia, klectra,
Tayeta, Sterope and Celeno. Merope was the only one who
married a mortal, and on that account her star is dim among her
sisters. Althougb but six of these are visible to the nahed eye,
yet Dr. Hook informs us that, with a twelve feet telescope, he
saw T8 stars; and Rheita affirms that be counted 200 stars in
this small cluster. For its appearance through an ordinury tele
scope, see Map VIIIL., Fig. 28,

The most ancient authors, such as Homer, Attalus, and Geminus, counted only &
Flelades; but Simonides, Varro, Pliny, Aratus, Hipparchus, and Ptolemy, 1.%on then

62. How is Ta1rus represented? How mueh of him seen? What constetiations most
dritiant? 68. In what gign is Taurus? What constellation? How 4000 rears ago?
What next led the year? What now? At what time does Taurus set wit:. the sun?
How situated? 64, How many visible stars in Tautus? Clusters? How situated?
Nawes of the Pleiades? Wlat said of Merope? Hcw many of the Pleladcs visible t4
the nuked eye? Dr, Hook and Rheita? Anciert authers?
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»even in numoer; and it was asserted, that the seventh had been seen before the tarn-
ing of Troy; but this difference might arise from the difference in distingwmsbing thew
with the naked eye.

65. The Pleiades are so called from the Greek word, mAeeww
peecin, 10 sail; because at this season of the year, they were
considered “ the star of the ocean” to the benighted mariner.

‘Virgil who flourished 1200 years before the invention of the magnetic necdle, eays
tLat the stars were relied upon, in the first ages of nautical enterprise, to guide the rude
back over the seas.

“ Tunc alnos primum fluvli sensere cavatas;
Navita tum stellis numeros, et nomina fecit,
Pleiadas, Hyadas, claramque Lycaonis Arcton.”

“ Then first cn seas the shallow alder swam;
Then sailors quarter’d heaven, and found a name
For every fix'd and every wand’ring star—
The Pleiades, l{yades, and the Northern Car.”

The same poet-also . escribes Palinurus, the renowned pilot of the Trojan fleet, as
watching the face of the nocturnal heavens.

¢ S.dera cuncta notat tacito labentia ceelo,
Arcturum, pluviasque Hyadas, geminosque Triones,
Armatumque auro circumspicit Oriona.”

¢ QObserve the stars, and notes their sliding course,
1he Pielades, Hyades, and their wat’ry force;
And both the Bears is careful to behold,
And bright Orion, arm’d with burnished gold.” ~

Indeed, this sagacious pilot was once so intent in gazing upon the stars while at the
belm, that ke fell overboard, and was lost to his companions.
¢ jleadlong he fell, and struggling in the main,
Cried out for helping hands, but cried in vain.”

66. Alcyone, of the 3d magnitude, being the brightest star m
shis cluster, is sometimes called the light of the Pleiades. 'The
other five are principally of the 4th and 5th magnitudes. The
Pleiades, or, as they are more familiarly termed, the seven stars,
come to the meridian 10 minutes before 9 o’clock, on the even-
ing of the 1st of January, and may serve in place of the sun, te
indicate the time, and as a guide to the surrounding stars.

According to Hesiod, who wroie about 900 years before the birth of our Savior, the
heliacal rising of the Pleiades took place on the 11th of May, about the time of harvest

¢ When, Atlas-born, the Pleiad stars arise
Before the sun above the dawning skies,
'Tis time to reap ; and when they sink below
The morn-illumined west, ’tis time to sow.”

Thus, in all ages, have the stars been observed by the husbandman, for “ signs and
for seasons.”

Pliny says that Thales, the Miletan astronomer, determined the cosmical setting of
the Pleiades to be 25 days after the autumnal equinox. This would make a difference
‘Petween the setting at that time and the present, of 35 days, and as a day answers %
about 59’ of the ecliptic, these days will make 84° 25'. This divided by the annual pre-
cessions (50%°), will give 2465 years since the time of Thales. Thus does astronowmy
become the parent of chronology.

65. Why Pleiades so called? Remark, and quotations from Virgil? 66. What sa'd
of Aleyons? Of the other ive? When on the meridian? Serve what purpose? Period,
and remark of Hesiod? Of Pliny? What calculation respecting the passage of the
Pleiades over the meridian ?
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If it be borne in mind that the stars uniformly rise, come to the meridian, and set about
four minutes earlier every succeeding night, it will be very easy to determine at what
time the seven stars pass the meridian on any night subsequent or ant lent to the
1st of January. For example: at what time will the seven stars culinate on the 5th
of January? Multiply the 5 days by 4, and take the result fromn the time they culminate
or the 1st, and it will give 30 minutes after 8 o’clcck in the evening.

67. The Pleiades are also sometimes called Vergilie, or the
“ Virgins of Spring ;” because the sun enters this cluster iu the
“ season of blossowns,” about the 18th or May. He who mads
them alludes to this ecircumstance when he demands of Job :
*“ Canst thou bind the sweet influences of the Pleiades,” &c¢ —
{Job 38: 31.)

The Syrian name of the Pleiades is Succoth, or Succoth-Benutk, detived from a Chai-
daic word, which signifies *to speculate, to observe,” and the * Men of Sucerth”
{2 Kings 17: 80) have becn thence considered observers of the stars.

68. The Hyades are situated 11° 8. E. of the Pleiades, in the
face of the Bull, and may be readily distinguished by means of
five stars so placed as to form the letter V. (Map VIII,, Fig.
29.) 'The most brilliant star is on the left, in the top of the
letter, and called Aldebaran ; from which the moon’s distance is

computed.

“ A star of the first magnitude illumes
His radiant head ; and of the second rank,
Another beams not far remote.”

The ancient Greeks counted seven in this cluster :—

¢ The Bull’s head shines with seven refulgent flames,
Which, G'recia, Hyades, from their showering names.”

69. Aldebaran is of Arabic origin, and takes its name frora
two words which signify, “ He went before, or led the way”—
alluding to that period in the history of astronomy when this
star led up the starry host from the vernal equinox. It comes
to the meridian at 9 o’clock on the 10th of Jaunuary, or 484
minutes after Alcyone, on the 1st. When Aries is about 27°
high, Aldebaran is just rising to the east. So MaxiLius :—

¢ Thus, when the Ram hath doubled ten degrees,
And join’d seven more, then rise the Hyades.”

A line 15%° E. N, E. of Aldebaran will point out a bright star of the 2d magnitude in '
tLs extremity of the northern horn, marked Beta or El Nath ; (this star is also in the
foot of Auriga, and is common to both constellations.) From Beta in the northern horn,
to Zeta, in the tip of the southern horn, it is 8°, in a southerly dlrection. This star
forms a right angle with Aldebaran and Beta. Beta and Zeta, then, in the button of the
horns, are in a line nearly north and south, 8° apart, with the brightest on the north
That very bright star 1725° N. of Beta, is Capeila, in the constellation Auriga.

67. What other namehave the Pleiades, and why ? Citation from Job? Syrian name?
38. Where are the Ilyades situated? How known? Where the wmost brilliant star?
Name? Ar:theyshown or the map?  69. Origin and import of the name Aldebaran ¥
When does it come to the meridian at 9 o’clock p.m.? Where Is Beta? In wiat other
coastelation? Zeta, and its distance? How situated with reference to AlQzbarar. and

+Betat How Beta and Zeta? Capella?
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a:‘rding to the Grecian mythology, this is it . animal which bore Eurcpa over thie
seas to that country which derived from her its name. Shie was the daughter of Agenor
and princess of ’'heenicia. She wasso beautiful that Jupiter became enamoured of he~
and assuming the shape of a snow-white bull, e mingied with the herds »f Agenos
while Europa, with her female attendants, were gathering flowers in the meadows
Furopa care-sed the brautiful animal, and at last had the courage to sit upon his back,
The god now took advantage of her situation, and with precipitate steps retived towards
the shore, and crossed the sea with Knropa upon his back, and arrived safe in Crete.
}-me suppose she lived about 1552 yeurs before the Christian Kra. Itis probable, however,
il.au this constellation had a place in the Zodiac before the Greeks began to cuitivate a
%nowledge of the stars; anil that it was rather an invention of the Egyptians or Chal-
leans. Both the Egyptians and Persians worshipped a deity ander this figure, by the
came of Apis; and Belzoni is said to have found an ¢mbalmed bull in one of the notabls
1epulchres near Thebes.

In the Hebrew Zodiac, Taurus is ascribed to Joseph.

Th. Pieiades, accordiug to fable, were the seven danghters of Atlas 2nd the nympfs
Pleione, who were turned into stars, with their sisters the Hyades, on account of their
amiable virtues and matual affection.

Thus we everywhere find that the ancients, with all their barbarism and idolat: 7,
entertained the belie® tha. unblemished virtue and a meritorious life wonld meet their
rewat | in the sky. Thus Virgil represents Magnus Apollo as bending from the sky t¢
ndddrese the youth Iulus:—

41

“ Macte nova virtute puer; sic itur ad astra;
Diis genite, et geniture Deos.”
‘* Go on, spotless boy, in the paths of virtne; it is the way to the stars; offspring of
the gods thyself—so shalt thou become the father of gods.”
Our disgust at their superstitions may be in some measure mitigated, by seriously
reflecting, that had some of these personages lived in our day, they had been orna-
ments in the Christian Church, and models of social virtue,

TELESCOPIC OBJECTS.

1. @ Taort (Aldebaran)—A star of the first magnitude with a telescopic companion
R. A. 4h. 26m. 8.5 Dec. N. 16° 10'9°. A 1, pale rose tint; B 12, sky blue.

2. 3 Tavrt (E} Nuth)—R. A. 5h. 16m. 1ls.; Dec. N. 26° 28'. A fine star, with a
distant companion. A 2, brilliant white; B 10, pale grey.

8. y Tauri—One of the 1fyades; R. A. 4h. 10m. 41s.; Dec. 11° 14° 1°, A bright star,
with a distant telescopic companion; A 8%, yellow; B 11, pale blue.

4. 7 TACRI (Alcyone)y—One of the Pleiades; R. A, 8h. 8Tm. 57s.; Dec. N. 28° 86° 8°,
A 3, greenish yellow ; B, pale white and distant,

5. A NEBOLOCS STAR; R. A, 8h. 59m. 06s.; Dec. N. 80° 20" 5°. A star of the eighth
magnitude, with a faint luminous atmosphere surrounding it, and about 8’ in diateter,
This star aml nebula led Sir William Ierschel to adopt kis Nebula Theory, or theory of
condensation of gas or nebulous matter, into snns and worlds.

6. A LARGE NERULA; R. A. Bh. 24m. bls.; Dec. N. 21° 54' 2°, It is about one degres
vorth-west of {in the tip of the Bull’s southern hern, Itis an oval form, with several
miinute telescopie stars in its vieinity. For drawing, see Map VI11., Fig 80,

Of the 'leiudes and Ilyudes, two prowinent clusters, we have spoken at 64, 65.

ORION.—MAP IIL

70. Whoever looks up to this ccnstellation and learns its
oame, will never forget it. It is too beautifully splendid to need
a description. When it is on the meridian, there is then above

HrsTorY.—Story of Europa and Jupiter? What probabillty? What said of tha
Lgypilans and Persians? Hebrew zodiacs? Fabulous paternity of the laelades? Why
urned into stars? What remarks respecting the ancients?

Trrescoric OpJrcTs.—Alpha? Beta? Gamma? Eta? Nebulz? Point out on the

48P,
70. What is said of Orion? Of the view when on the meridisa? How Is Crion repre
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the horizon the most magnificent view of the celestial bodies
that the starry firmawent affords ; and it is risible to all the
habitable world, because the equinoctial passes through the
middle of the constellation. It is represented on celestial maps
by the figure of a man in the attitude of assaulting the Buall,
with a sword in his belt, a huge clab in his right hand, and the
skin of a lion in his left, to serve for a shield.

Munilius, a Latin poet, who composed five books on astronomy a short time before tas
airth of our Saviour, thus describes its appearance :—

4 Firs! next the Twins, see great Orion rise,
Hig arms extended stretch o’er half the skies
His stride as large, and with a steady pace
He marches on, and measures a vast space ;
On each broad shoulder a bright star display’d,
And three obliquely grace his hanging blade.
In his vast head, immers’d in boundless spheres,
Three stars, less bright, but yet as great, he bears,
But farther off removed, their splendor’s lost ;
Thus graced and arm’d he leads the starry host.”

71. The centre of the constellation is midway between the
poles of the heavens and directly over the equator. Itis also
about 8° W. of the solstitial colure, and comes to the meridian
about the 23d of Janaary. The whole number of visible stars
in this constellation is 78 ; of which, two are of the first magni-
tude, four of the 2d, three of the 8d, and fifteen of the 4th.

72. Those four brilliant stars in the form of a long square or
parallelogram, intersected in the middle by the ¢ Three Stars,”
or “Ell and Yard,” about 25° S. of the Bull’s horns, form the
outlines of Orion. The two upper stars in the parallelogram are
about 15° N. of the two lower ones ; and, being placed on each
ghoulder, may be called the epaulets of Orion. The brightest
of the two lower ones is in the left foot, on the W., and the
other which is the least brilliant of the four, in the right knee.
To be more particular ; Bellatrix is a star of the 2d magnitude
on the W. shoulder ; Betelguese is a star of the 1si magnitude,
74° B. of Bellatrix, ou the E. shoulder. It is brighter than
Bellatrix, and lies a little farther toward the north ; and comes
to the meridian 30 minutes after it, on the 21st of January.
These two form the upper end of the parallelogram.

73. Rugel is a splended star of the 1st magnitude, in the left
foot, ou the W. and 15° 8. of Bellatrix. Saiph is a star of the
3d magnitude, in the right knee, 84° E. of Rigel These two
form the lower end of the parallelogram.

tenled on the maps? How described by Manilius ¢ 71, Situatisn of Orion? Number

3 visible stara? Magnitudes? 72. What is the £l and Yard? What constitutes the

tg:lt}ilze’ of Or'on? Whese is Bellatrie? Beelguese and icagnitude? 8. Rigell
Y
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—¢ First in rank
The martiat star upon his shoulder flames*
A rival star illuminates his foot;
And oc his girdle beams a luminary
Which, in vicinity of other stars,
Might claim the proudest honors.”

74. There is a little triangle of three small stars in the head
of Orion, which forms a larger triangle with the two in nis
shoulders In the middle of the parallelogram are three stars
of the 2d magnitude, in the belt of Orion, that form a straight
line about 3° in length from N, W. to S. E. They are usually
distinguished by the name of the Three Stars, because there are
no other stars in the heavens that exactly resemble them in
position and brightness. They are sometimes denominated the
Three Kings, because they point out the Hyades and Pleiades
on one side, and Sirius, or the Dog-star, on the other. In Job
they are called the Bands of Orion; while the ancient husband-
men called them Jacob’s rod, and sometimes the Rake. The
University of Leipsic, in 1807, gave them the name of Napoleon.
But the more common appellation for them, inclnding those
in the sword, is the Ell and Yard. 'They derive the latter name
from the circumstance that the line which unites the three
stars” in the belt measures just 3° in length, and is divided by
the central star into two equal parts, like a yard-stick ; thus
serving as a graduated standard for measuring the distances of
stars from each other. When, therefore, any star is deseribed
as being so many degrees from another, in order to determine
the distance, it is recommended to apply this rule.

1t is necessary that the scholar should task his ingenuity ouly a few evenings in apply-
ing such a standard to the stars, before he will learn to judge of their relative distances
with an accuracy that will seldom vary a degree from the truth.

75. The northernmost star in the belt, called Mintika, is less
than 4° S. of the equinoctial, and when on the meridian, is
almost exactly over the equator. Itison the meridian, the 24th
of January. The ¢ three stars” are situated about 8° W. of
the solstitial colure, and uniformly pass the meridian one hour
and fifty minutes after the seven stars, There is a row of stars
of the 4th and 5th magnitudes, S. of the belt, runnmg down
obliquely towards Saiph, which forms the sword. 'This row is
also called the El because it is once and a quarter the length
of the Yard or belt.

74. What constitutes the kead of Orion? What in the middle of the parallelogramt
Names, and why? “Three stars?” ¢ Three Kings?”’ ‘Bands of Orion," ¢ Jacob%
Rod,” Napolebn,” “EN and Yardf Use of tve Ell and Yard? 75. What said of Min

tika? Of the “three stars?” What other row of stars? Forms what? Called what
and why?
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76. About 9° W of Bellatrix, are eight stars, chiefly of the
4th magnitude, in a curved line running N. and S. with the con
cavity toward Orion; these point out the skin of the lion iL
his left hand. Of Orion, on the whole, we may remark with

Eudosia:—-
“ He who admires not, to the stars is blind.”

HISTORY.

According to some authorities, Orion was the son of Neptune and queen Earyaie a
‘amous Amazonfan huntress, and possessing the disposition of his mother, he besumna
the greatest hunter in the world, and even boasted that there was not an anlmal«¢u
easth which he could not conquer. To punish this vanity, it Is said that a scorpicn
sprung up out of the earth and bit his foot, that he died; and that at the request of
Diana he was placed among the stars directly opposite to the Scorpion that caused his
death. Others say that Orion had no mother, but was the gift of the gods, Jupiten
Neptune, and Mercury, to & peasant of Boeotia, as a reward of piety, and that he wus
invested with the power of walking over the sea without wetting his feet. In strength
and stature he surpassed all other mortals. He was skilled in the working of iron, frow
which he fabricated a subterranean palace for Vulcan; he aiso walled in the coasts of
Sicily against the inundations of the sea, and built thereon a temple to its gods.

Orion was betrothed to the daughter of (Enopion, but he, unwilling to give up his
daughter, contrived to intoxicate the illustrious hero and put out his e¢yes, on the sea-
shore where he had laid himself down to sleep. Orion, finding himself blind when he
awoke, was conducted by the sound to a neighboring forge, where he placed one of the
workmen on his back, and, by his directions, went to a place where the rising sun was
scen with the greatest advantage. llere he turned his face toward the luminary, and,
as it is reported, immediately recovered his sight, and hastened to punish the perfidions
cruelty of (Enopion.

As the constellation Orion, which rises at noon about the 9th day of March, and sets at
aoon about the 21st of June, is generally supposed to be accompanied, at its rising, with
great rains and storms, it became extremely terrible to mariners, in the early advi:n.
tures of navigation. Virgil, Ovid, and Horace, with some of the Greek poets, make
mention of this.

. Thus Eneas accounts for the storm which cast him on the African coast on his way to
taly :— y
“To that blest shore we steer’d our destined way,

When sudden, dire Orion rous’d the sea;

All charg’d with tempests rose the baleful star,

And on our navy pour’d his wat'ry war.””

To induce him to delay his departure, Dido’s sister advises her to

¢ Teil him, that, charged with deluges of raln,
Orion rages on the wintry main,"”

The name of this constellation is mentioned in the books of Job and Amos, and 1n
Homer. The inspired prophet, penetrated like the psalmist of [srael with the ommni-
science and power displayed in the celestial glories, utters this sublime injunction: * Scek
1lim that maketh the seven stars and Orion, and turpneth the shadow of death inta
morning.” Job also, with profound veneration, adores his awful majesty who * comn-
reandeth the sun and sealeth up the stars; who alone spreadeth out the heavens, and
maketh Arcturus, Orion, and Pleiades, and the chambers of the south:” and in anothe"
tlace, the Almighty demands of him—** Knowest thou the ordinances of heaven? Canst
thou bind the sweet influencesof the Pleiades, or loose the bands of Qrion; canst thou
bring forth Mazzaroth in his season, or canst thou guide Arcturus with his sons?”

Calmet supposes that Mazzaroth is here put for the whole order of celestial bods.s ir
the Zodiac, which, by their appointed revelutions, produce the various scasons of thy
year, and the regalar succession of day and night. Arcfwrus is the name of the prin
cipal star in Bootes, and is here put for the constellation itself. The expression, %ig sons
doubtless refers to Asterion and Chara, the twn greyhounds, with which he seems to bg
pursuing the Great Bear around the North pole.

76. What stars mentioned west of Bellatrix? Remark respecting Orion ?

llisToav.—8tory of parentage? Disposition and loasting? Punishment? Whai
otber account? What mention of by Virgil? By Jcb and Homer? Supposition of
Calmet? Wha weant by ‘“ Arcturus and his sons "
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TELESCOPIC OBJECTS.

1. a Omionis (Betelguese)—R. A. 5h. 46m. 80s. ; Dec. N. 7 22'8". A !, orange tint;
8 11, tluish.

2. B ORI0NIS (Rigel)—R. A. 5h, 6m. 51s ; Dec. S.8°23' 5°. A 1 pale yellow; B
rapphire blue. Map VIIL Fig. 8.

3 7 ORr10N1S (Bewlalrizy—R. A, Sh. 16m. 83s,; Dz2c. N. 6° 12. A FINE STAR, with a
m.nute d’stant companion. A 2, pale yellow; B 15, grey.

4. J OrioN1s (Mintakd)—A coarse DOUBLE STAR in the girdle of the figure; R. A. 5h
80 50s.; Dec. S. 0° 25" 4'. A 2, white; B 7, pale violet.

b. & Ouioxis (Aénilurd) in the centre of his belt; R. A, 5h. 2Sm. 06s.; Dec. 8.1° 18 6"
4 2}, white and nebulous; B. 10, pale blue. .

3. o OwioNis (Alnitual) the last or lowest in the belt; R. A. 5h.82m. 41s.; Dec. 8. 2° 0%
A fine TRIPLE STAR. A 8, topaz yellow; B 6%, light purple; and C 10, gray.

7. A minute porsl # sTAR and cluster, in Orion’s left hand; R. A.5h. 5%m. 23s.; Deso.
. 18°58 6. A 7%, B S, both lucid white.

8. Another DOUBLR STAR in a cluster, in the left shoulder; R. A. 6h. 08m. 85s.; De:. N,
5* 28 9°. A9 and B 1y, both pale yellow. A tolerably rich cluster, with numerous
stragglers. J

9. A PLANE1\Y NEBULA, of a bluish white tint, on the nape of Orion’s neck—small, pale,
but quite distinet. R. A. 5h. 83m. 21s.; Dec. N. 9° 00" 2°,

10. Two stars ‘“‘in a WISPY NEBULA,” just above the left hip; R. A. 5h. 38m. 83s.; Dec.
N.0° 00 7°. A 8% and B. 9, both white. A singular mass, between two small stars, about
equi-distant, in a blankish part of the heavens.

11, The GREAT NEBULA oF ORriON—The most conspicurus nebula in all the heavens. It
Is situated in the sword of Orion, helow the middle star of the belt; R. A. 5h. 2Tm. 25s.;
‘Dec. 8. 5° 80°. For its position in the constcllation see Map VILL., Fig. 81. It may be
8eeu with a common telescope. There is an apparent opening in one side of this nebula,
through which, as through a window, we seem to get a glunpse of other heavens, and
brighter regions. (Map VIIL, Fig. 82.)

12. The middle star in the sword is in the midst of this nebula, and with powerful tele-
scopes is found to be sextuple. The writer has often seen the fifth star with a 6-inch
refractor.  These stars constitute the 7rupezinm o Orion. The region around this
uebula is rich in stars, as shown on Map VIII., Fig. 83.

LEPUS (tnE #are).—MAP IIIL

71 This constellation is situated directly south of Orion, and
conies to the meridian at the same time ; namely, on the 24th
of Tanuary. It has a mean declination 18° S., and contains 19
small stars, of which, the four principal ones are of the 3d magni-
tude. . It may be readily distingnished by means of four stars
of the 3d magnitude, in the form of an irregular square, or
trapezium.

78. Zda, of the 4th magnitude, is the first star, and is
situated in the back, 5° S of Saiph, in Orion. About the same
distance below Zeta are the four principal stars, in the legs and
fect. Thesc form the square. They are marked Alpha, Beta,
Gamma, Delta.

TeLESCOPIO OBJECTS.—Alpha? Beta? Gamma? Delta, &c.?7 What donble stars !
Nebuleo?  Point out on the map ?

77. Location of Lepus? Number and magnitude of stars? How may it be distin-
guished f’ 78. Size and situation of Zeta? Other priucipal stars? How marked ox
‘ne map
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79. Alpha, otherwise called Arneb, and Beta form the N. W.
end of the trapezium, and are about 3° apart. Gamma and
Delta form the S. E. end, and are about 24° apart. The upper
right-hand one, which is Arneb, is the brightest of the four, and
is near the centre of the constellation. Four or five degrees S.
of Rigel are four very minute stars, in the ears of the Hare.

HISTORY.

This constellation is situated about 18° west of the Great Dog, which, from the motion
of the earth, seem.s to be pursuing it, as the Greyhounds do the Bear, round the Circuit
of the skies It was one of those animals which Orion is said to have delighted In hunt-
ing, and which, for this reason, was made into a constellation and placed near him
among the stars.

TELESCOPIC OBJECTS,

1. a Lercris (Arneb)—A distant DuUBLE STAR ; R. A. Bh. 25m. 40s.; Dec. 8. 17° 56' 05",
A 8%, pale yellow; B 9%, grey.

2. 8 Lrroris (Nihal)—A sTAR with a distant telescopic companion ; R. A. 5h. 21m. 23s.;
Dec. 8. 20° 53 05". A 4, deep yellow; B 11, blue.

8. ¥ LkPoris—A wide TRIPLE STAR in a barren field; R. A. 5h. 87m. 48s.; Dec. S. 22°
80" 02°. A 4, light yellow; B 6, pale green ; C 18, dusky.

4. ¢ LEPORIS—A delicate DOUBLE 8TAR in the Hare’s left ear ; R. A. 5h. 04m. 50s.; Dec.
8.12% 08' 09°. A 46, white; B 12, pale violet, with a reddish distant star nearly north.

5. & LEPORIS—A close DOUBLE BTAR, at the root osthe left ear; R. A. 5h. 5m. 51s.; Dec.
8.18" 08'. A b, pale white; B 9, clear grey.

6. A bright STELLAR NEBULA, under the Hare’s feet; R. A. 5h. 17m. 50s.; Dec. 8. 24° 89’
09". A fine object of a milky white tinge, and blazing towards the centre. Hersche\
describes it as “a beautiful cluster of stars, nearly 8' in diameter, of a globular form,

and extremly rich.” An imaginary Jine run from Betelguese before @ Leporis, and over
3, will hit this object about 4° south-west of the latter.

COLUMBA (voan’s pove).—MAP IIL

80. This constellation is situated about 16° S. of thv Hare,
and is nearly on the same meridian with the “Three Stars,” in
the belt of Orion. It contains only 10 stars; one of the 2d,
one of the 3d, and two of the 4th magnitudes ; of these Phaet
and Beta are the brightest, and are about 24° apart. Phaet,
the principal star, lics on the right, and is the highestof the
two ; Beta may be known by means of a smaller star just east
of it, marked Gamma. A line drawn from the easternmost star
in the belt of Orion, 32° directly south, will point out Phaet ; it
18 also 114° 8. of the lower left-hand star in the square of the
Hare, and makes with Sirius and Naos, in the ship, a large equi-
lateral triangle.

H
}

19. What other name kas Alpha; and with Beta what does it form? What further
fescription ? 2

H{erR\'.—Wh,V was Lepus placed in the heavens?

TeLESCOPIC OBJKCTS.—Alpha? Beta? Gamma? Iota? Kappa? Nebula?

80, Bituaticn of Columba? Number and size of stars? The two brightest, and situs-
Son? ifow find Phaet? What figure does it help to form? With what other stars$
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HISTORY.

This coustellation is 80 called in commemoration of the dove wh ch Noah ¥ sett fortk
to see if the waters were abated from off the face of the ground,” after the ark had
rested on mount Ararat. ‘* And the dove came in to him in the evening, and lo, in her
msatk was a2 olive leaf plucked off.

. ‘' The surer
A dove sent forth once and again to spy
Green tree or ground, whereon his foot may light :
The second time returning in his bill
An olive leaf he brings, pacific sign !’

ERTDANUS (tne river po).—MAP IIL.

81 This constellation meanders over a large and very irregan
lar space in the heavens. ' It is not easy, nor scarcely desirable,
to trace out all its windings among the stars. Its entire length
is not less than 130°; which, for the sake of a more easy refer-
ence, astronomers divide into two sections, the northern and
the southern. That part of it which lies between Orion and the
Whale, including the great bend about his paws, is distinguished
by the name of the Northern stream ; the remainder of it is
called the Southern stream.

82. The Northern stream commences near Rigel, in the foot of
Orion, and flows out westerly, in a serpentine course nearly 40°
to the Whale, where it suddenly makes a complete circuit, and
veturns back nearly the same distance towards its source, but
bending gradually down toward the south, when it again makes
a similar circait to the S. W., and finally disappears below the
horizon.

West of Rigel there are five or six stars of the 8d and 4th magnitudes, arching up in a
semi-circular form, and marking the f£rst bend of the northern stream. About 8° below
these, or 19° W. of Rigel, is a bright star of the 2d magnitude, in the second bend of the
northern stream, marked Gamma. This star culminates 18 minutes after the Pleiades,
and one hour and a quarter before Rigel. Passing Gamma, and a smaller star west of
it, there are four stars nearly in a row, which bring us to the breast of Crtus. 8° N. of
Gamma, is a small sta1 named Aed, which is thought by some to be consiasrably nearer
the earth than Sirius.

Theemim, in the southern stream, is a star of the 8d magnitude, about 17° 8. W. of
the gquare in Lepus, and may be k:.cwn by means of a smaller star 1° above it. Acher-
Rar is a brilliant star of the 1st mnagnitude, in the extremity of the southern stream;
but Eaving 58° of 8. declination, can never be seen in this tatitude.

83 The whole number of stars in this constellation is 84 ; of
which, one is of the 1st magnitude, one of the 2d, dind eleveu
are of the 34 Many of these cannot be pointed ont by verbal
desciiption ; they must be traced from the map.

History —Grigin of this constellation ?
S1. What said of Eridanus? Length? How divided? 82. Trace ‘the: Northern
vtream? QGamma? Theemim? Achernar? $3. Whele number of stars in Eridanua f
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84 In the upper part ¢f the Northern stream, near the feet
of Taurus, may be seen a modern, but now discarded constella-
tion, of which Captain Smyth says: “ Abbé Hell (who alse
placed Herschel’s Telescope among the celestials) has squeezed
in his Harpa Georgii,to compliment a sovereign of those realms ;
having filched from Wridanus about thirty or forty stars, some
of the 4th magnitude, for the purpose.

HISTORY.

¥ridanus is the name of a celebrated river in Cisalpine Gaul, also called Padus. It
mudern name is Po. Virgil calls it the king of rivers. The Latin pocts have rendered
't memorable from its connection with the fable of Phaeton, who,being a son of Pheebus
and Clymene, became a favorite of Venus, who intrusted him with the care of onc of
her temples. This favor of the goddess made him vain, and he sought of his father a
public and incontestahle sign of his tenderness, that should convince the world of hig
origin. Pheebus, after some hesitation, made oath that he would grant him whatever
be required, a3d ao sooner was the cath uttered, than—

¢ The youth, transported, agks without delay,
To guide the sun’s bright chariot for a day.
The god repented of the oath he took,
For anguish thrice his radiant head he shook ;—
My son, says he, some other proof require,
Rash was my promise, rash was thy desire—
Not Jove himself, the ruler of the sky,
That hurls the three-forked thunder from above,
Dares try his strength; yet who as strong ag Jove?
Besides, consider what impetuous force
Turns stars and planats iv. a difft rent course.
I steer against their motions; nor am I
Borne back by all the current of the sky:
But how could you resist the orbs that roll
In adverse whirls, and stem the rapid pote ?”

Pheebus represented the dangers to which he would be exposed in vain. He under-
took the adrial journey, and the explicit directions of his father were.forgotten. JNg
.ooner had Phaeton received the reins than he betrayed his ignoraice of the manner
¢f guiding the chariot. The flying coursers became sensible of the confusion of their
driver, and immediately departed from the usual track. Phaeton repented too late of
his rashness, and already heaven and earth were threatened with a universal confla-
gration as the consequence, when Jupiter, perceiving the disorder of the horses, struck
the driver with a thunderbolt, and hurled him leadlong from heaven into the river
Eridanus. His body, consumed with fire, was found by the nymphs of the place, whe
hionored him with a decent burial, and inscribed tliis epitaph upon his tomb :—

“Hi: situs est Phaeton, currus auriga paterni:
Quene st non tenwit, magnis tamen excidit dusis.”’

His sisters mourned his unhappy end, and were changed by Jupiter into poplars.

“ All the long night their mournful watch they keep,
And all the day staci round the tomb and weep.”—OviD.

It is said the tears which they shed turned to amber, with which the Pheenicians
and Carthaginians carried om in secrecy a most lucrative trade. The great heat pro-
duced on the occasion of the sun's departing out of his usual course, is said to have
dried up the blood of the Ethiopians, and turned their skins black; and to have pro
2aced stevility and barrenness over the greater part of Libya.

‘At once from life and from the chariot diiven,
Th’.ambiti:ms boy‘fell thn:nders truck tro:n heaven,”
* -

” Sl.t ‘;Ihat discarded constellation mentioned? Isit on the map? Remark of Oapé
myta

Hiwsrorv.—Named after what? Modern name? Fable of Phacton? Tte evideat
altasion®
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“The breathless Phaeton, with laming hah,
8hot from the chariot like a falling star,
That in a swinmer’s evening from the top
Of heaven drops down, or seems at least to drop,
Till un the Po his blasted corpse was hurl’d,
Far from his country, in the western world.”

Tne fable of Phaeton evidently alludes to some extraordinary heats whisyl waes
sxperienced in a very remote period, and of which only this confused tradition bus
Jeacended to later times.

TELESCOP1C. OBJECTS.

1. 3 ErmpaNi—A bright star with a distant telescopic companion, on the shin bsre af
Orion; R. A. 4h. 53in. 59s.; Dec. 8.5° 17" 9°. A 3, topaz yellow; B 12, pale blue. FLie
atal {s fust above Rigel, in the direction of the Iiyades.

2. Y EampaNi—A star with a distant companion; R. A. 8h. 50m. 84s.; Dec. S. 18* 58',
A €%, yellow; B 1C pale grey.

8. A MILK WHITE N&BCLA ; R. A. 8h. 83m. 02s.; Dec. 8. 19° 04'8°. Pale, distinct, round,
and bright In the centre.

4. A PLANETARY NEBULA; R. A. 4h, 06m, 50s.; Dec. S.18° 09" 1°. About 4%° from
in the direction of Rigel. A splendid though not very conspicuous object, of a greyis‘
white color. Map VIIL., Fig. 84, represeats it in its best aspects, highly magnitled,
with feur telescopic stars in the field, two of which point exactly towards the nebula.

SCEPTRUM BRANDENBURGIUM (SOEPTRE OF BRANDENBURG).
MAP III.

85. This is a slender constellation, situated between the twn
streams of the River Po. It was constructed by Kirch, in 168¢,
and recognized by Bodea century afterwards; but is now gene-
rally discarded, though retained on the map. It is composed of
four stars of the 3d, 4th and 5th magnitudes, running north and
sJuth; and is usually included in Eridanus.

AURIGA (1nE omartorrer).—MAP III,

86. The Charioteer, called also the Wagoner, is represented
on the celestial map by the figure of a man in a reclining posture,
resting one foot upon the horn of Taurus, with a goat and ber
kids in his left hand, and a bridle in his right.

It is situated N. of Taurus and Orion, between Perseus on
the W. and the Lynx on the E. Tts mean declination is 45°
N.; so that when on the meridian, it is almost directly overhead
in New England. It is on the same meridian with Orion, and
cniminates at the same hour of the night. DBoth of these con-
stellations arc on the meridian at 9 o’clock on the 24th of

T¥ir200PIC OBJECTS.—Beta? Gamma? Nebula? Point out on the map.

85. Describe the Sceptre of Brandenburgh? Situation? When and by whowmn consti.
mted? Is it recognized by astronomers? Nuwber ard magnitude of stars? 36. How
15 Auriga represented? Situation? When on the wmeridian?
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January, and 1 hour and 40 minutes east of it on the Ist o!
January.

87. The whole number of visible stars in Auriga, is 66,
including one of the 1st and one of the 2d magnitude, which
mark the shoulders. Cagpella is the prineipal star in this con-
stellation, and is one of the most brilliant in the heavens. Tt
takes its name from Capella, the goat, which hangs upon the
left shoulder. Tt is situated in the west shoulder of Auriga, 24°
B of Algol, and 28° N. Ii. of the Pleiades. It may be known
by a little sharp-pointed triangle formed by three stars, 3° or 4°
this side of it, on the left. 1t is also 18° N. of Kl Nath, which
is common to the northern horn of Taurus, and the right foot
of Auriga. Capella comes to the meridian on the 19th of
January, just 24 minutes before Rigel, in the foot of Orion,
which it very mueh resembles in brightness.

Menkalina, in the east shoulder, is a star of the 2d magnitude, 7%° E. of Capella, and
culminates the next minnte after Betelgnese, 87%° 8. of ft. Thetq, in the right arm, is a
star of the 4th magnitude, 8° directly seuth of Menkaiina. :

Tt may be remarked as a curious coincidence, that the two stars in the shoulders of
Auriga are of the same magnitude, and just as far apart as those in Orion, and opposite
to them. Again, the two stars in the shounlders of Auriga, with the two in the shoulders
of Orion, mark the extremities of a long, narrow parallelogram, lying N. and 8., and
whose length is just five times its breadth., Also, the two stars in Auriga, and the
two in Orion, make two slender and similar triangles, both meeting in a common point,
1alf way between them at El Nath, in the northern horn of Taurus.

Delta, a star of the 4th magnitude in the head of Aurlga, is about 9° N. of the two in
the shoulders, with which it makes a triangle, about half the height of those just alluded
to, with the vertex at Delta. The two stars in the shoulders are therefore the base of
two similar triangles, one extending about 9° N. to the head, the other 18° £. to the heel,
on the top of the horn : both figures together resembling an elongated diamond.

Delta in the head, Menkalina in the right shoulder, and Theta in the arm of Auriga,
make a straight line with Betelguese in Orion, Delta in the square of the Hare, and Beta
iu‘Noah’s Dove; all being very nearly on the same meridian, 48 W. of the scistitial
wolure.

¢ See next the Goatherd with his kids; he shines
With seventy stars, deducting only four,
Of which Capella never sets to us.
An1 scarce a star with equal radiance beams
Upon the earth: two other stars are seen
Due to the second order.”— Eudosi

HISTORY.

I'he Greeks glve various aecounts of this constellation ; some supposed it to be Ericn.
honius, the fourth king of Athens, and son of Vulcan and Minerva, who awarded hlm a
rla.e among the consteilations on account of his many useful inventions. 1le was of
monstrous shape. He is said to have invented chariots, and to have excelled all ~ther:
o the management of horaes. In allusion to this, Virgil has the following lines '~

¢ Primus Erichthonius currus et quatuor ausus
Jungere equos, rapidisque rotis insistere victor.”
Georgic. Lib. til p. 118,

% Bold Erichthonius was the first who join’d
Four horses for the rapid race design’d,
And o’er the dusty whevls presiding sat.”—Dryden.

97. Number of stars visible? Magnitude and situation of Cupella? How know?
tlenkalina? Delta compared wih Theta?
Hsyrorv.—The first supposition? Securad? Third? Opinion of Jamieson ®
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Other writers say that Bootes invented the chariot, and tha’ Auriga was the son o
Mercury, and charioteer to (Enomaus, king of Pisa, and so experienced, that he rendered
his horses the swiftest in ull Greece. But as neither of these fables seems to account for
the goat and her kids, it has been supposed that they refer to Amalthaea and her sister
Metissa, who fed Jupiter, during his infancy, with goat’s milk, and that, as a reward for
their kindness, they were placed in the heavens. But there is no reason assigned for
their being placed in the arms of Auriga, and the Inference is unavoidable, that
aythology is at fault on this point.

Jamiesca is of opinion that Auriga is a mere type or scientific symbol of the beautify
tehle of Phaeton, because he was the attendant of Pheebus at that remote puriod when
Ta1rus opened the year.

TELESCOPIC OBJECTS.

1. @ AvriGE (C’apellag——A fine star with two distant companions, on the right shounlder-
blade of Auriga; R. A. Sh. 04m. 53s.; Dec. N. 45° 49’ 07°, A 1, bright white; B 12, pale
blue; C 9, grey.

2. B Avrigx (Menkalina)y—A bright star in the left shoulder, with a distant come
panion ; R. A. 5h. 47m. 48s.; Dec. N. 44° 556" 8°. A 2, yellow; B 10%, bluish.

8. A RicH CLUSTER of minute stal., on the left thigh; R. A, 5h. 18m. 41s.: Dec. N. 85*
44' 9" A singular figure, somewhat like # cross. Find by a line from Rigel, northwards

through 3 Tauri, and about 7° beynand.
4. A RESOLVABLE NEBULA ; R. A..20m, 51s.; Dec. N.84°06’ 9°, Situated {n a rich
fleld of minute stars.

OAMELOPARDALUS (rne cAMELOPARD).—MAP VI.

88. This constellation was made by Hevelins out of the
unformed stars which lay scattered between Perseus, Auriga,
the head of Ursa Major, and the Pole star. It is situated
directly N. of Auriga and the head of the Lynx, and occupies
nearly all the space between these and the pole. It contains 58
small stars ; the five largest of which are only of the 4th mag-
nitude.

89. The principal star lies in the thigh, and is about 20° from
Capella, in a northerly direction. It marks the northern boun-
dary of the temperate zone ; being less than one degree S. of
the Arctic circle. There are two other stars of the 4th magni-
tude, near the right knee, 12° N. E. of the first mentioned.
They may be known by their standing 1° apart and alone.

The cther stars in this constellation are too small, and t{co much scattered to invite
skservation.

HISTORY.

The Camelopard is so called from an animal of that name, peculiar to Ethiopia. This
anir.al resembles both the camel and the leopard. Its body is spotted like that of the
oopard. Its neck is about seven feet long, its fore and hind legs from the hoof to tae
s¢ond joint, are nearly of the same length; but from the second joint of the legs to the
body, the fore legs are £3 long in comparison with the hind ones, that no person cculd sit
tigon ‘ts back without instantly sliding off, as from a horse that stood up on his hind feet.

TRLESCOPIC OBJECTS.—Alpha? Beta? Ciuster? Nebulam?

88. Origin of Camelopardalus? Situation a:d extent? Number and size of its starai
"W. Where is its prinipal stur? The next two? How known?

Amrony. —Any mythological story?  What suid of the aunimal?

3
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TELESCOPIC OBJECTS.

3. @ CAMEI OPARDALI—A neat DOUBLE STAR between the hind feet of the animal, haif way
vetween @ Persei and d in the head of Auriga R. A. 4h, 19m. 28s.; Dec. N. 55* 88 8’
A 7%, white; B 8%, sapphire blue. :

2. Another close DOUBLE STAR, between the hind feet; R. A. 4h. 2Tm. 18s.; Dcc. N. 58*
99°. A D, yellow; B. 7, pale blue,

8, A very delicate DOUBLE STAR in the animal’s hind hoof; R. A. 4h. 44m, 28s,; Dec. N
98° 29' 8". A b, white; B 18, orange.

4. A fine DOUBLE STAR in the lower part of the back of the neck; R. A. 4h. 46m. 19s.
Dec. N. 79° 01’ 8°. A 5, light yellow; B 9, pale blue.

5. A bright PLANETAY NEBULA, of a bluish white tiat, about 60° in diameter, in the
sind flank of the animal, R. A. 4h, 53m. 29s. Dec. N. 60° 28' 5°. A curious body, in s
‘ich tield of small stars.

CHAPTER IV,
CONSTELLATIONS ON THE MERIDIAN IN FEBRUARY.
TUHE LYNX.—MAPS III. AND VI

30. Tuis constellation, like that of the Camelopard, exhikits
ne very interesting features by which it can be distinguished. 1t
co.tains only a moderate number of inferior sturs, scattered
over a large space N. of Gemini, and between Auriga and Ursa
Major.

91. The whole number of stars in this constellation is 44,
including only three that are so large as the 3d magnitude.
The largest of these, near the mouth, is in the solstitial cslure,
144° N. of Menkalina, in the E. shoulder of Auriga. Tho other
two principal stars are in the brush of the tail, 34° S. W. of
another star of the same brightness in the mouth of the Lesser
[ion, with which it makes a small triangle. Its centre is ou
the meridian at 9 o’clock on the 23d, or at half-past T on the Ist
of February.

TELESCOPIC OBJECTS.

1. A ciose DOUBLE STAR, in the nose of the Lynx; R. A. 6h, 0Tm. 51s.; Dec. N.59° 25 8°
Abcut 80° from the Pole star, on a line toward Sirius. A 6,and B 7%, both white. At
elegant bat difficult object.

2. A t.28e DOUBLE STAR in the eye of the Lynx, between Dubhi and Capella; R. A.8h
Sg;n 57s.; Dec. N. 59° 87' 6°. A D)4, golden yellow; B 7, purple. A delicate and preity
sbject.

3. A coarse TRIPLE STAR on the animal's lower jaw; R. A. 6h. 12m. 50s.; Dec. N. 58
29 7", A. 6, orange tinge; B 18, blue; and C 9, pale garnet.

4. A ROUND NEBULA, in the Lynx, or forc paws of Leo Minor; R. A, 9h. 14m. 82s.
Dec. N 85° 1} 9°, 1t is pale white, sparkling in the centre.

TrLESCOPIC OBJECTS.~—~Alpha? What other double stars? Nebula®
. 90, Descrile the Lynx? Bituation?  91. Numberand size of its stars! Where ls tht
igryest sitiusted? The other two prineipal vtars?

TeLrscoric OrEoTs.—~What double stars  Triple? Nebula
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TELESCOPIUM HERSCHELLII (HERSCHEL'S rELESCOPE).
MAP III.

92. About midway between the body of the Liynx and Gemiui,
may be seen the rude figure of a refracting Telescope, with its
stand. It was made out of a few unformed stars, by Abbé
Hell, in honor of Sir William Herschel, but is now generally
discarded. It isreta ued on the map more as a matter of history
thau to perpetuate it as a constellation,

GEMINI (rme Twins).—MAP 1L

93. This constellation represents, in a sitting posture, the twin
brothers, Castor and Pollux. It is the tkird sigm, but fourth
constellation in the order of the Zodiac, and is situated south of
the Liynx, between Cancer on the east, and Taurus on the west.

94. The plane of the Ecliptic passes through the centre of
Gemini ; and as the earth moves round in her orbit from the first
point of Aries to the same point again, the sun, in the mean-
time, will appear to move through the opposite signs, or those which
are situated right over against the earth, on the other side of her
orbit. Accordingly, if we could see the stars as the sun appeared
to move by them, we should see it passing over the constellation
Gremini between the 21st of June and the 23d of July; but we
seldom see more than a small part of any coustellation through
which the sun is then passing, because the feeble lustre of the
stars is obscured by the superior effulgence of the sun.

When the sun is just entering the outlines of a constellation castward, its castern limit
may be scen in the evening twilight, just above the setting snn. 8o when the sun has
arrived at the eastern limit of a constellation, the western part of it may be scen rising
In the morning twilight, just before the rising sun. Under other circumstances, when
the sun is said to be in. or to enter, a particular constellation, it is to be understood that
that constellatlon is not then visible, but that those opposite to it are. For example:
whatever constellation sets with the sun on any day, it is plain that the one opposite to
It must be then rising, and eontinue visibie through the night. Also, whatever constel-
lation rises and scts with the sun to-dny, will, six months henee, rise at sun-setting, and
set at sun-rising. For example: the sun is in the centre of Gemini about the 6th of July,
snd must rise and set with it on that day; consequently, six months from that time, or
ghout the 4th of Jannary, it will rise in the east, just when tho sun is setting in the
weset, and will come to the meridian at midnight; being then exaectly opposite tho sun.
And as the stars gain upon the sun at the rate of two hours every month, it follows that
tke certre of this econstellation will, on the 17th of February, come to the meridian three
hours carlicr, or at 9 o'clock in the evening.

The sun isin the vernal equinox about the 21st of Mareh, from whence it advancea

92. What said of Herschel's Telescope ? W‘h‘z perpetuated on the map? 938. How iy
Berini_represented? Its order in the signs, &e.? Sltnatlon? 94. How with respect
o the Ecliptle? What result from this fact? What remarks respecting the sua snd
» mtellitions ¥
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through one sign or constellation every succeeding nonth thereafier, and tlat eash
ronstedlation is one month in advance of the #ign of that uame: wherefore, recksa
Pisces In March, Aries in April, Taarus in May, and Gerwini in Juue, &c., beginning with
pack constellation at the 21st, or 22d of the montk,

95. Gemini contains 85 stars, including two of the 2d, three
of the 3d, and six of the 4th magnitudes. It is readily recog:
rized by mecans of the two principal stars, Castor and Polluz,
of the st and 2d magnitudes, in the heads of the Twins, about
41° apart.

Thare Seing ouly i1 minutes’ difference in the transit of these twu stars over the meri-
@lan, th2y may both be considered as culminating at 9 o’clock about the 24th of Febru.
ury. (astor, in the head of Castor, is a star of the Ist magnitude, 4%° N. W. of Pol-
ux, and is the northernmost and the brightest of the two. Poliua is a star of the 2d

wmagnitude, in the head of Pollux, and is 4%° 8. B, of Castor. This is vne of the stars
froin which the'moon’s distance is calcuiated in the Nautical Almanac.

——4 Of the famed Ledean pair,
One most illustrious star adorns their sign,
And of the second order shine twin lights.”

96. The relative maguitude or brightness of these stars has
undergone considerable changes at different periods ; whence it
nas been conjectured by various astronomers that Pollux must
vary from the 1st to the 3d magnitude. But Herschel, who
observed thesc stars for a period of 25 years, ascribes the varia-
tion to Castor, which he found to cousist of two stars, very
close together, the less revolving about the larger once in 342
years and two months.

Bradley and Maskelyne found that the line joining the two stars whizsh form Caster

was, at all times of the year, parallel to the line joining Castor and FPollux; and that
beth of the former move around a common centre between them, in orkita nearly cireu-
‘ar, as two balls attached to a rod would do, if suspended by a string a238ved to the cen-
tre of gravity between them.

¢ These men,” says Dr. Bowditch, “were endowed with a sharpness of visicn, and a

yower of penetrating into space, almost unexampled in the history of asivornomy.”

97.. About 20° S. W. of Castor and Pollux, and in a line
nearly parallel with them, is a row of stars 3° or 4° apart,
chiefly of the 3d and 4th magnitudes, which distinguish the feet
of the Twins. The brightest of these is Alkena, in Pallux’s
upper foot ; the next small star 8. of it, is in his other foot ;
the two upper stars in the line next above Gamma, mark Cas-
tor’s feet.

This row of feet is nearly two-thirds of the distance from Pollux to Betelguese in Onen,
and a line connecting them will pass through Alhena, the principal star in the feet.
About two thirds of the distance from the two in the head to those in the feet, and nearly
gv\‘{ai &ty the, there is another row of three stars about 6° apart, which mark the

nees.

5. Namber of stars in Gemini? Magnitudes? How recognize this constellation
What t1id of the culmination of Castor, and of Pollux ? ©6. Are they variable? Wha
did B:radley and Maskelyne ascertain? Remark of Bowdifch ? 97. What constituts
%o feet of Gemini? Alhena? Mow stuated? What mark the &nees?
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€8, There are, in this constellation, two other remurk-ble
parallel rows, lying at right angles with the former ; one, lead
ing from the head to the foot of Castor, the brightest star being
in the middle, and in the knee ; the other, leading from the
head to the foot of Pollux, the brightest star, called Wasat,
being in the body, and Zeta, next below it, in the knee.

‘Wasat is in the ecliptic, and very near the center of the constellation. The two stsrs,
Hu and Tejat, in the northern foot, are also very near the ecliptic; Tejat is a small stas
of between the 4th and 5th nagnitudes, 2° W. of Mu, and deserves to be noticed because
it marks the spot of the summer solstice, in the tropic of Cancer, just where the sun is on
the longest day of the year, and is, moreover, the dividing limit between the torrid and
the N. temperate zone.

Propus, also in the ecliptic, 2%* W. of Tejat, is a star of only the 5th magnitude, but
rendered memorable as being the star which served for many ycars to deierminc the
position of the planet Herschel, after its first discovery. -

HISTORY.

Castor and Pollux were twin brothers, sons of Jupiter, by Leda, the wife of Tyndarus,
king of Sparta. The manner of their birth was very singular. They were educated at
Pallena, and afterwards embarked with Jason in the celebrated contest for the golden
fieece, at Colchis; on which occasion they behaved with uuparalleled courage and
bravery. . Pollux distinguished himself by his achievements in arms and personal
prowess, and Castor in equestrian exercises and the management of horses; whence they
are represented, in the temples of Greece, on white horses, armed with spears, riding
side by side, their heads crowned with a pefusus, on whose top glitters a star. Among
the ancients, and especially among the Rowans, there prevailed a superstition that
Castor and Pollux often appeared at the head of their armies, and led on their treops ta
nattle and to victory.

¢ Castor and Pollux, first in martial force,
One bold on foot, and one renown’d for horse.

Fair Leda's twins in time to stars decreed,
One fought on foot, one curb’d the fiery steed.””— Virg#.

% Castor alert to tame the foaming steed,
And Pollux strong to deal the manly deed.”—Martial.

The brothers cleared the Hellespont and the neighboring seas from pirates after then
return from Colchis; from whicl: circumstance they have ever since been regarded as
the friends and protectors of navigation. In the Argonautic expedition during a violent
storm, it is said two flames of fire were seen to play around their heads, and immediately
the tempest ceased, and the sea was calmi. From this circumstance; the sailors inferred,
that whenever both fires appeared In the sky, it would be fair weather; but when only
2ne appeared, there would be storms.

St. Paul, after being wrecked on the island of Melita, embarked for Rome “in a ship
whose sign was Castor and Pollua ;" so formed, no doubt, in accordance with the popu-
lar belief that these divinities presided over the science and safety of navigation.

They were initiated into the sacred mysteries of Cabiri, and into those of Ceres at
Fleusis. They were invited to a feast at which Lynceus and Idas were going to celebrate
their nuptials with Phaebe and Telaria, the daughters of Leucippus, brother to Tyndarus.
They became enamored of the daughters, who were about to be married, and resolved ta
suppiant their rivals: a battle ensued, in which Castor killed Lynceus, and was himself
kiiled by Idas. Pollux revenged the death of his brother by killing Idas; but being him-
self émmorial and most tenderly attached to his deceased brother, he was unwilling to
survive him; he therefore entreated Jupiter to restore him to life, or to be deprived him-
self of immortality ; wherefore, Jupiter permitted Castor, who had been slain, tc share
the immortality of Pollux; and consequently as long as the one was upra earth, so lcng
was the vther detalned in the infernal regions, and they alternately lived and died every
day. Jupiter also further rewarded their fraternal attachment by changing them otk

98. What other remarkable rows of stars in Gemini? Situation of Wasat? Of Zejatt
Ot Propus? 3

HierOry.—-Myth of the parentage of Gemini? Their achievements? Roman supersti
tjou? That of sailors? Allusion of St. Paul? Story of the futal wedding ?
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Into a constellation under the n:ume of (Femind, Twins, which, it Is strangely pretended
pever appear together, but when one rises the other sets, and so on, alternately.
“ By turrce they visit this ethereal sky,
And live alternate, and alternate die.”—Homer.
“ Pollux, cffering his alternate life,
Could free his brother, and could daily go
By turns aloft, by turns descend below.”— Virgil.
Qastos and Pollux were worshiped both by the Greeks and Romans, who sacrificed
white 'a1abs upon their altars. In the Hebrew Zodiac, the constellation of the Twin,
1efers 1o the tribe of Benjamin.

TELESCOPIC OBJECTS.

1. @ GeyiNoruM ((astor)y—A neat DOUBLE STAR; R. A. Th. 24m. 28s.; Dec. N. 82° |4
A 8. bright white; B 81g, pale white; with a third star of the 11th magnitude about 74
distant. A Binary System, with a probable veriod of 232 years. A beautiful object, an
casily found. Map VIIL, Fig. 4.

2. (3 GEMINORUM —A QUADKUPLE STAR in the eye of Pollux, R. A. Th. 85m. 81s.; Dec
N. 28°25'4". A 2,orange tinge; B 12, ash-colored; C 11, pale violet, with another
minute companion visible with tue best instruments.

8. ¥ GeMINORUM (Alhend)—A coarse TRIPLE STAR, in the right foot of Pollux: R. A
6h. 2Sm. 23s. ; Dec. N. 16° 81’ 8".; A 8, brilllant white; B 18, and C 12, both pale plum
color, 1tis on a line {rom Rigel to 3 Geminorum, and nearest the former.

4. ¢ GexiNoruM ( Wasat)—A pouBLE STAR on the right hip of Pollux; R. A. 7h, 10m.
34s.; Dec. N, 22° 16’ 8". A 8, pale white; B9, purple.

5. ¢ GexiNorey (Melucta)—A star with a distant companion, on Castor’s right knee ,
R. A. 6h. 34m. 05s.; Dec. N. 25°16' 9°. A 8, white; B 9%, cerulean blue.

8. 7 GEMINURUM—A coarse TRIPLK STAR on the right knee of Pollux; R. A. 6h.54m. 27s.;
Dec. N. 20° 47" 9". A 4, pale topaz; B 8, violet; C18, grey.

7. A CLUSTER, near the right foot of Castor; R. A, 5h. 59m. 01as.; Dec. N. 24° 21°' 8°. A
gorgeous field of stars from the 9th to the 16th magnitudes.

8. A cLUSTER in the calf of Pollux's right leg; R. A. 6h. 45m. 56s.; Dec. N. 18° 10’ 5°
A faint angular group of extremely small stars, in a rich region, but seen with difficalty.
See Map VIII., Fig. 85. : ]

9. A cOMPRESSED CLUSTER under the left sLoulder of Pollux; one-third the distance
from 3 Geminorum, to 3 Canis Minoris; R. A. Th. 2Sm. 57s.; Dec. N.21°55° 7. A
fuint object about 12 in diameter, with a small star near the centre. Map VIIL, Fig. 36.

CANIS MINOR (ruE LrrTLE poG).—MAP III.

99. This small constellation is situated about 5° N. of the equi-
nuctial, and midway between Canis Major and the Twins. It
contains 14 stars, of which two are very brilliant. The brightest
star is called Procyon. 1Tt is ot the 1st magnitude, and is about
4° 8. E. of the nzxt brightest, marked Gomelza, which is of the
3d magnitude. These two stars resemble the two in the had
of the Twins. Procyon, in the Little Dog, is 23° S. of Pollux
(m Gemini, and Gomelza is about the same distance S. of Castor.

100. A great number of geometrical figures may be formed
of the principal stars in the vicinity of the Little Dog. Teor
example : Procyon is 23° 8. of Pollux, and 26° E. of Betcl

TrLESOUPIO OBJECTS.—Alpha? Beta? Gamma? Delta, &7 Clusters? Whick
stown on the map?

99. Where is Canis Minur situated? Number of stars? Name of brightest? Mag
tude? Next brightest? What do these two resemble ? 100. What said of geoma
rical figures? Of the name Frocyon? Its import?
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zuese, and forms with them a large right-angled triangle
Again, Procyon is equi-distant from Betelguese and Sirius, and
forms with them an equilateral triangle whose sides are each
about 26°. If a straight line, connecting Procyon and Sirius,
he produced 23° farther, it will point out Phaet, in the Dove.

Procyon is often taken for the name of the Little Dog, or for the whole constellatian,
83 Sirius is for the greater one; hence it is common to refer to either of these constel
{ations by tl:e name of its principal star. Procyon comes to the merldian 53 winuts
«@fter Rivius, on the 24th of February; although it rises, in this latitude, about 1 alf ar
hor before it. For this reason, it was called /’rocyon, from two Greek words whick
nguily (Ante Canis) “ before the dog.”

HISTORY.

The Little Dog, according to Greek fable, is one of Orion's hounds. Some suppose i
refers to the Egyptian god Anubis, which was represented with a dog’s head ; others ta
Diana, the goddess of hunting ; and others, that it is the faithful dog Meera, which
belonged to learus, and discovered to his daughter Krigone the place of his burial
Others, again, say it is one of Actseon’s hounds that devoured their master, after Dians
had transformed him into a stag, to prevent, as she said, his betraying her.

“ This said, the man began to disappear

By slow degrees, and ended in a deer.

Transform’d at length, he flies away in haste,

And wonders why he flies so fasi

Rut as by chance, witiun a neighb’ring brook,

1le saw his branching horns, and alter’d look,

Wretched Actcon! in a doleful tone

He tried to speak, but only gave a groan}

And as he wept, within the watery glass,

He saw the big round drops, with silent pace,

Run trickling down a savage, hairy face.

What should he do? or seek his old aboiles,

Or herd among the deer, and skulk in woods ?

As he thus ponders, he behind him spies

His opening hounds, and now he hears their eries.

From shouting men, and horns, and dogs he flies.
L4 When now tue fleetest of the pack that press’d

Close at his heels, and sprung before the rest,

Had fastened on him, straight another pair

Hung on his wounded side, «nd held him there,

Tiil all the paek came up, and every hound

Tore the sad huntsman groveling on the ground.”

1t is not difficult to deduce the moral of this fable. The selfishness and caprice of
Lun.an friendship furnish daily illustrations of it. While the good man, the philanthro-
pist, or the public benefactor, is in affluent circumstances, and, with a heart to devise,
has the power to minister blessings to his numerous beneficiaries, his virtues are the
generul theme ; but when adverse storms have changed the ability, though they could
not shake the will of their benefactor, he is straightway pursued, like Acteeon, by his own
hounds; and, like Acteeon, he is *‘torn to the ground” by the fangs that fed upcn his
bounty.

It isy most probable, however, that the Egyptians were the inventors of this cor.-
stellation , and as it always rises a little before the Dog Star, which, at a particula
jeason, they so much dreaded, it is properly represented as a little watchful crea:
ture glving notize like a faithful sentine! of the other’s approach.

TELESCOPIC OBJECTS.
1. « Cax:8 MiNoris (Procyon)—A bright star in the lolns of the dJog with a distan
snpamon, R. A. Th. 80m. 55s; Dec. N. 5° 87" 8°. A 1%, yellowish white; B 8, orang
dnt. Beveral small stars in the field.

istorv.- What is the Little Dog supposed to represent? Fable of Actwount I
moral 7 Who probably invented this constellation? To represent what?
Tr1 uscoric Opsects.—Alpha? Beta? Double star? Triple?
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%. B Caxis MINURIS (Gomelza)—A wide TRIPLE BTAR in theneck; R. A 7n. 18m. 238
Dec. N. 8° 86' 4°. A 8, white; B 12, orange; C 10, flushed—the last coarsely ¢suble with
one of the same magnitude. Other stars in the field,

8. A close DOUBLE ETAR, in a fine vicinity in the loing; R. A, Th, 81m. 87s ; Dec. N. 8¢
B5 7°. A7, white; B S, ash-colored, with a minute blue star 2’ distant.

4. A WIDE TRIPLE STAR, 6° 8. E. of Procyon; R. A. Th. 50m. 033.; Dec. N. 2°88' 8°. A
€, pile white; B 8, bluish; C 9, blue.

MONOCEROS (rue uniooes).—MAP III

101. This is a modern constellation, made out of the unformed
stars of the ancients that lay scattered over a large space of
the heavens between the two Dogs. It extends a considerable
distance on ecach side of the equinoctial, and its centre is on the
same meridian with Procyon.

102. It contains 81 small stars, of which the seven principal
ones are of only the 4th magnitude. Three of these are situ-
ated in the head, 8° or 4° apart, forming a straight line N. E.
and S. W. about 9° E. of Betelguese in Orion’s shoulder, and
about the same distance S. of Albena in the foot of the twins.

The remaining stars in this constellation are scattered over a
large space, and being very small, are unworthy of particular
notice.

HISTORY,

The Monoceros is a species of the Unicorn or Rhinoceros. It is about the size of a
horse, with one white horn growing out of the middle of Its forehead. It is sald to exist
in the wilds of Ethiopia, and to be very formidable.

Naturalists say that, when pursued by the hunters, it precipitates itself from the
tops of the highest rocks, and pitches upon its horn, which sustains the whole force of
its fall, 8o that it receives no damage thereby. Sparmann informs us, that the figure of
the unicorn, descrihed by some of the ancients, has been found delineated on the surface
of a rock in Caffraria; and thence conjectures that such an animal, instead of being
*ubudous, as some suppose, did once actually exist in Africa. Lobo affirms that he has
seen it.

The rhinoceros, which Is akin to it, is found in Bengal, Siam, Cochin China, part of
China Proper, and the isles of Java and Sumatra.

TELESCOPIC OBJECTS.

1. A most delicate DOUBLE STAF. (f), in the Unicorn’s ¢ye; R. A. 6h. 26m. 06s.; Dec. N.
7°41' 06°. A 6, yellowish whitc: B 16, dusky. A difficult object.

2. A neat DOUBLE STAR (b)), in the nostril, T%° east of Betelguese; R. A, 6h. 15m. 17¢.;
Dec. N. 4° 40" 01°. A 5%, golden yellow ; B 8, lilac.

8. A fine TRIPLE STAR in the right fore-leg; R. A. 6h. 21m. 04s.; Dec. 8. 6° 56 01". A
€%, white; B 7, and C 8, both pale white. A ray shot from the Bull's eye througn Bella-
trix, and rather more than as far again, will pick it up. Supposed by Herschel to be a
tripie system, periods A B 17,000 ys. B C 1000, Shown double only on the map of
the constellations. Telescopic view, Map VIIL., Fig. 5.

4. A delicate TRIPLE STAR, in a magnificent stellar field, between the Unicorn’s ears®
R. A, 6F. 82m. 10s.; Dec. N. 10° 02' 02". One-third the distance from Procyen to dlle
farar, A 6, greecish; B 9%, pale grey; C 15, blue. A fine object.

101. Character and situation of Monoceros? Extent?  102. Number and sige of s
stars ? How three of the largest situated ?

Hisrpy —What said of the animal itself? Is it not wholly fabulous ?

TrLrscorIC OBJuCTS.~-Double stars ? Triple? Any shown on the mawr?
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OANIS MAJOR (THE GREAT DOG).—MAP III.

103. This interesting constellation is situated southward and
eastward of Orion, and is universally known by the brilliance
of its priteipal star, Sirius, which is apparently the largest and
brightest in the heavens. It glows in the winter hemisphere with
a lustre which is unequaled by any other star in the firmament.
Its distance from the earth, though computed at 20 milliors
of millions of miles, is supposed to be less than that of any other
star : a distance, however, so great that a cannon ball, which
flies at the rate of 19 miles a minute, would be two millions of
years in passing over the mighty interval ; while sound, meving
at the rate of I3 miles a minute, would reach Sirius in little less
than three millions of years.

It may be shown in the same manner, that a ray of light, which occupics only 8 minutes
and 18 seconds in coming to us from the sun, which is at the rate of nearly two liundred
thousand miles a second, would be 8 years and 32 daysin passing through the vast space
that lies between Sirius and the earth. Consequently, were it blotted from the heavens,
its light would continue visible to us for a period of 8 years and 82 days after it had
ze?l? igetgag;}eat stars give such astonishing results, what shall we say of those which are
situated a thousand times as far beyond these, as these are from us?

104. In the remote ages of the world, when every man was
nis own astronomer, the rising and setting of Sirius, or the Dog
Star, as it is called, was watched with deep and various solici-
tude. The ancient Thebans, who first cultivated astronomy in
Egypt, determined the length of the year by the number of its
risings. The Egyptians watched its rising with mingled appre-
hensions of hope and fear; as it was ominous to them of agri-
cultural prosperity or blighting drought. It foretold to them
the rising of the Nile, which they called Siris, and admonished
them when to sow. .

105. The Romans were accustomed yearly to sacrifice a dog
%0 Sirius, to render him propitious in his influence upon their
herds and fields. The eastern nations generally believed the
tising of Sirius would be productive of great heat on the earth.

Thag Virgil i

“ Tum steriles exurere Sirius agros;

Ardebant herba, et victum seges sgra negabat.”

“ Parched was the grass, and blighted was the corn:
Nor ’scape the beasts; for Sirius from on high,

With pestilential heat infects the sky.”

108, Situation of Caniz Major? How known? Supposed distance of 8irius? TLas
trated by the speed of a cannox ball? Of light? 104. How was Sirius regarded by ths
ancients? Uss made of it by the Thebans? The Egyptians? 105. Practice of ks
Romans ?

3*
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106. Accordingly, to that season of the year when Sirius ross
with the sun and seemed to blend its own influence with the
heat of that luminary, the ancients gave the name of Dog-davs,
{ Dies caniculasis.) At that remote period the Dog-days com-
menced on the 4th of August, or four days after the summer
solstice, and lasted forty days, or until the 14th of Septembor.
At present the dog-days begin on the 3d of July, and continue
to the 11th of August, being one day less than the ancients
reckoned.

107. Hence, it is plain that the Dog-days of the moderns
have no reference whatever to the rising of Sirius, or any other
star, becanse the fime of their rising is perpetually accelerated
by the precession of the equinoxes: they have reference then
only to the summer solstice, which never changes its position in
respeet to the seasons.

The time of Sirius’ rising varies with the latitude of the place, and in the same latitude,
is sensibly chungea after a course of years, on account of the precession of the equinouxes.
This enables us to determine with approximate accuracy, the dates of many events of
antiquity, which cannot be well determined by other records. We do not know, for
.nstance, in what precise period of the world llesiod flourished. Yet he tells us in his
Opera et Dies, lib. ii. v. 185, that Arcturus in his time rose heliacally, 60 days after the
winter solstice, which then was in the 9th degree of Aquarius, or 39° beyond its present
position. Now 39°: 50%°=2794 years since the time of Hesiod, which correspounds very
nearly with history.

108. When a star rose at sun-setting, or set at sun-rising, it
was called the Achronical vising or setting. When a planet or
star appeared above the horizon just before the sun, in the morn-
ing, it was called the Heliacal rising of the star ; and when it
sunk below the horizon immediately after the sun, in the evening,
it was called the Heliacal setting.

According to Ptolemy, stars of the first magnituie are seen rising and setting when the
sul is 1%° below the horizon; stars of the 2u maguitude require the sun’s depression ¢
be 13°; stars of the 8d magnitude, 14', and so on, allowing one degree for each magni-
tude. The rising and setting of the stars described in this way, since this mode of
description often occurs in Hesiod, Virgil, Columella, Ovid, Pliny, &c., are called po.tical
rising and setting. They served to mark the times of religious ceremonles, the seasoni
allotted to the several departments of husbandry, and the overflowing of the Nile.

109. The student may be perplexed to understand how the
Dog Star, which he scldom sees till mid-winter, should be asso-
ciated with the most fervid heat of summer. This is explained
by considering that this star, in summer, is over our heads in
the daytime, and in the lower hemisphere at night. As “ thick
the floor of heaven is inlaid with patines of bright gold,” by day,

108, Origin of the phrase Dog-days? When did they begiu in the time of Virgil? At
#hat time now ? 107. What inference from these facts? What variation ir tke time
of Sirjus’ rising? What calculat on by knowing the time when Sirius rose, at any pe. iod {
10S. What are the Ackrowical and Heliacal rising or setting of » star or planet? Re
mark of Prolemy in regard to rising and setung of the stara? 109. Hew ia fl that
Yirius a winter star, is associated with the heat of summer ?
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as by night ; but on account of the superior splendor of the sun,
we cannot see themn.

110 Sirius is situated necarly S. of Alhena, in the feet of the
Twins, and about as far S. of the equinoctial as Alhena is N.
of it. It is about 10° E. of the Hare, and 26° S. of Betel:
guese in Orion, with which it forms a large equilateral triangle.
1t also forms a similar triangle with Phaet in the Dove, and
Naos in the Ship. These two triangles being joined at their
vertex in Sirius, present the figure of an enormous X called by
some, the Eevprran X. Sirius is also pointed out by the direc-
tion of the Three Stars in the belt of Orion. Its distance from
them is about 23°. It comes to the meridian at 9 o’clock on
the 11th of February.

111. Mirzam, in the foot of the Dog, is a star of the 2d mag-
nitude, 53° W. of Sirius. A little above, and 4° or 5° to the
left, there are three stars of the 3d and 4th magnitudes, forming
a triangular figure somewhat resembling a dog’s head. The
brightest of them, ou the left, is called AMuwliphen. 1t entirely
disappeared in 1670, and was not seen again for more than 20
years. Since that time it has maintained a steady lustre.

112, Wesen is a star of between the 2d and 3d magnitudes,
in the back, 11° 8. S. E. of Sirius, with whieh, and Mirzam in
the paw, it makes an elongated triangle. The two hinder feet
are marked by Naos and Lambda, stars of the 3d and 4th
magnitudes, situated about 3° apart, and 12° directly S. of the
fore foot. This constellation contains 31 visible stars, including
one of the lst magnitude, four of the 2d, and two of the 3d;
all of which are easily traced oat by the aid of the map

HISTORY.

Manilius, a Latin poet who flourished in the Augustan afge, wrote an admirable poem,
. 4ve books, upon the fixed star+, in which he thus speaks of this constellation:

“ All others he excels; no fairer light
Ascends the skies, none sets so clear and bright.”

bu! Erposta best 2ezcribes it—

¢ Next shines the Dog with sixty-four distinet;
Fained for pre-eminence in envied song,
Theme of Homeric and Virgilian lays;
His flerce mouth flames with dreaded Sirfus.
Three of his stars retire with feeble beama.”

Azcol iy to some mythologists, this constellation represents one of Grlon’s houndy,
stich ¥a: ylaced In the sky, near this celebrated huntsman. Others say it received ita
o2 i ot of the dog given by Aurora to Cephalus, which surpassed it £geed all the

110, Sitw,ber of Sirlus? What triangles? 111. Position azz size of Mirzami
ther starg *  Ghu ~hen? 112. Wesen® What other stars? Whole number? b
HisTony. —W.a assical description of Canis Major? What diflerent sccounta of its
g ¥ ‘
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anunals of his sjecies. Cephalus, it 1s said, attempted to prove this by runaing him
against a fox, which, at that time, was thought to be the flectest of all ailimals. Afver
they had run together a long time, without either of them obtaining the victory, It is
said that Jupiter was so much gratified at the fleetness of the dog, that he assigned him
a place in the heavens.

Rut the name and form of this constellation are, no doubt, derived from the Fgyp.
tians, who carefully watched its rising, and by it judged of the swelling of the Nile,
which they ca.ied Siris, and, in their hieroglyphlcal manner of writing, since it was, as
it were, the sentinel and watch of the year, represented it under the figure of a dog
They observed that when Sirius became visible in the east, just before the morning dawr,
the overflowing of the Nile immediately followed. Thus it warned therc; like a faithfu]
dog, to escape from the region of the inundation.

TELESCOPIC OBJECTS,

1, a CaN18 MaJonris—A brilliant star, with a distant companion ; R. A. 6h. 85in. 0ta,
geo. 8. 16°80” 1. A 1, brilliant white; B 10, deep yellow, other distant small stars in
Ko field.

2. 0 CaxI8 MAJORIS—A star with a distant companion in the loins ; R. A. Th. Ohin. 53s.
Dec, 8. 26° 08’ 6*, A 8%, light yellow ; B 7%, very pale. Oth:r small stars in the ek,
A line from Betelguese through Sirius intercepts it 12° below the latter star.

8. € Caxis MaJoris (8 dhara)—A star with a distant companion in the belly; R. A
8h. 52m. 20s. Dec. 8. 28° 45’ 5°. A 2%, pale orange: B 7, violet. Found by running ¢
Iine from the middle of Orion’s belt through [ just west of Sirius, to about 14° beyond
the latter star.

4. A cLUSTER In the back of the head; R. A. 6h. 52m. 10s.; Dec. 8. 18° 29" 2°. Tole.
rubly compressed; stars of the Sth to 11th magnitudes, of which the four principal
form the Jetter Y.

5. A CLUSTER between Sirius and Monoceros; R. A. Th. 10m. 85s.; Dec. 8. 15° 21" 4°
Btars principally of the 10th magnitude. Discovered by Miss Herschel in 1785.

CHAPTER V.

OCONSTELLATIONS ON THE MERIDIAN IN MARCH

ARGO NAVIS (tue suip arco).—MAP IIIL

113. Tais constellation occupies a large space in the southern
nemisphere, though but a small part of it can be seen in the
United States. It is situated 3. K. of Canis Major, and may
be known by the stars in the prow and deck of the ship.

114. If a straight line joining Betelguese and Sirius, be pro-
duced 18° to the southeast, it will point out NVaos, a star of the
2d magnitude, in the rowlock of the ship. This star is in the
8. E. corner of the Egyptian X, and of the large equilateral
triangle made by itself with Sirius and the Dove. When on the
meridian, it is seen from this latitude about 8° above the south-

TrLrscoPic OBJECTS.—Alpha? Delta? Epsilon? What clusters?
118, Size and situation of Argo Navis? How knrwn? il4. How tind Naws, aud
where situated  ow high when on the meridian?
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ern horizon. It comes to the meridian on the 3d of Mareh,
abuut half an hour after Procyon, and continues visible but a
tew hours

115. C/amma, in the middle of the ship, is a star of the 2d
mugnitude, about 7° 8. of Naos, and just skims above the south
ern horizon for a few minutes, and then sinks beneath it. The
principal star in this constellation is called after one of the
pilots, Canopus; it is of the st magnitude, 36° nearly S. of
Sirius, and comes to the meridian 17 minutes after it’; but hav-
g about 53° of 8. declination, it cannot be seen in the Northern
States, The same is true of Miaplacidus, a star of the 1st magui-
tude in the oars of the ship, about 25° E. of Canopus, and 61°
S. of Alphard, in the heart of Hydra.

An obgerver in the northern hemispherc, can see the stars as many degrees south of
the equinoctial in the southern hemisphere, as his own latitude lacks of 90°, and b
more.

116. Markeb, is a star of the 4th magnitude, in the prow of
the ship, and may be seen from this latitude 16° 8. E. of Sirius,
and about 10° E. of Wesen, in the back of the Dog. This star
may be known by its forming a small triangle with two others
of the same magnitude, situated a little above it, on the E., 3°
and 4° apart.

117. This constellation contains 64 stars, of which two aru
of the 1st magnitude, four of the 2d, and nine of the 3d. Mosc
uf these are too low down to be seen in the United States.

HISTORY.,

This constellation is intended to perpetuate the mcmory of the famous ship which car-
ried Jason and his 54 companions to Colchis, when they resolved upon the periloud
expedition of recovering the golden fleece. The derivation of the word Aryo has been
often disputed. Some deriveit from Argos, supposing that this was the name of the
person who first proposed the expedition, and built the ship. Others maintain that it
was built at Argos, whence its name. Cicero calls it Argo, because it carried Grecians,

commonly called Argives. Diodorus derives the word from ¢py0:, which signifies swift.
Ptolemy says, but not truly, that Hercules built the ship, and called it Argo, after a son
0. Jason, who bore the same name. This ship had fifty oars, and being thus propelled
must have fallen far short of the bulk of the smallest $2ép craft used by moderns, It is
e:'ien said that the crew were able to carry it on their backs from the Danube to the
Adriatic.

According to many authors, she had a beam on her prow, cut in the forest of Dodona
by M xerva, which had the power of giving oracles to the Argonauts. This ship was the
first, it is said, that ever ventured on the sea. After the expedition was finished, and
Jason had returned in triumph, he ordered her to be drawn ashore at th: isthmus of
Corinth, and consecrated to Neptune, the god of the sea.

Sir Isaac Newton endeavors to settle the period of this expedition at about 80 years

115. Size and situation of Gamma? Name the principal star in this sonstellation t
fts magnitude? Is it ever seen in the U.8.? What said of Miaplacidus? Remark in
Jne print? 116. What said of Markeb? low known? 117, Number of stare i=
Argo Navis? Magnitudes? 2

f11sToky.—Design of this constellation? Import of the term Argo? Size and strao.
ture of the ship? What myth respecting this ship? What remark respectrag b
tsaac Newton? Dr. Brya t's opinion?
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Yetore the destruction of Troy, and 43 years after the death of 3olomon. Di Bryunt
powever, rejects the history of the Argonautic expedition as a mere fiction of the tirecks,
wud supposes that this group of stars, which the poets denowinate Argo Navis, refera to
Noual’s ark and the deluge, and that the fable of the Argonautic expedition is founded
on ¢4 *ain Egyntiar traditions that related to the preservation of Noah and his family
fanng the flood.

" TELESCOPIC UBJECTS.

. ARGO NAVIS—A star with a distant companion; R. A. Sh. 00m. 44s,; Dec. 8 20~
80 8°. A 8%, pale yellow; B 10, greyish. Other small stars in the field.

2. A SMALL GALAXY CLUSTER; R. A. Th. 8Tm. 44s; Dec. 8. 28* 29" 1°.

3 A neat DOUBLE STAR over the ship’s stern; R. A. Th 88m. 08s.; Dec. 8. 14° 18 8"
2 7, silvery white; B 726, pale white.

4 A close DOUELE STAR over the Argo’s stern; R. A. Th. 40m. 27s.; Dec. 8. 11° 48’ 8~
A 1%, pale yellow; B 9, light blue.

5, A bright PLANETARY NEBULA ; R. A. Th. 34m. 46s. ; Dec. 8. 17° 54°2°. A fine object,
pule bluish white, and may be identified by several swall sturs in its vicinity, See Map
VoLl Fig. 31

CANCER (rue orap)—MAP 1)

118. Cancer is now the fifth constellation and fourth sign o!
the Zodiac. It is situated in the ecliptic, between Leo on the
E. and Gemini on the W. It contains 83 stars, of which one is
of the 3d, and seven of the 4th magnitude. Some place the first-
mentioned star in the same class with the other seven, and cou-
sider none larger than the 4th magnitude.

119. Bela is a star of the 3d or 4th magnitude, in the south-
western claw, 10° N. E. of Procyon, and may be known from
the fact that it stands alone, or at least has no star of the same
magnitude near it. It is midway between Procyon and Acubens,

120. Acubens, is a star of similar brightness, in the soutl-
eastern claw, 10° N. E. of Beta, and nearly in a straight line
with it and Procyon. An imaginary line drawn from Capella
through Pollux, will point out Acubens, at the distance of 24¢
from Pollux. It may be otherwise distinguished by its standing
between two very small stars close by it in the same claw.

121. The southern Asellus, marked Delta, is sitnated in the
line of the ecliptic, and, in connection with Wasat and Tejat,
marks the course of the earth’s orbit for a space of 36° from
the solstitial colure.

A few degrees 8. of Cancer, and about 17° E. of Procyon, are four stars of the 4ih
@agnitude, 8° or 4° apart, which mark the head of Hydra. The rest of tkis constellatiow
Is delineated on Map IV.

m'l‘nmsc;)mo Ossecrs.—Iota? What cluster? Double stars? Nebula? Polnt eu{ on/
he map ?

118. Place of Canccr in the Zodlac? In other respects? Number and size of i
stars ? 119. Beta? How known? 120. Acubens? How found? 121, Situatios
of Reltat Remarks respecting Hydra? Resvecting the sign Cancer?
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The veginning of the sign Cancer (not the constellation) is calle:l the Tropt of Cun
s2r, and when the sun arrives at this point, it has reached its utmost limit of north declje
nation, where it secms to remain statlonary a few days before it begins to dectine again
ta the south. This stationary attitude of the sun is ealied the sunnuer solstice ; from twe
latin woids signifying the sun’s standing still. The distance frow the first pcint of
Can.er to the equinoctial, which, ut present, is 23° 27%;", is called the obliquaty uf the
ecliptie, 1t is a remarkable and well ascertained fact, that this is continually growing
‘ess and less. The tropics are slowly and steadily approaching the equinoctial, at the
“at> of abeut half a secoud every year; so that +he sun does not now come so far north
-f the « quator in summer, nor d+cfine so far south in winter, as it must have done at the
+r:ativa, by nearly a degree.

HISTORY.

in the Zodiacs of Esne an. Dendera, and in most cf the astrological remains of Fgzpi,
a Scarubwus, or Beetle, is used as the symbol of this sign; but in Sir William: Jones!
Orieutal Zodiac, and in some others found in India, we weet with the £ rure of a crab
As the dindoos, in all probability, derive 1 their knowledge of the stars from the Chal-
deuuls, it is sup~ *sed that the figure of the crab, in this place, is more ancient than th»
Benile,

In some ea stern representations of this sign, two animals, like asses, are found in this
divisico of t e Zodiac; and as the Chaldaic name for the ass may be translated muddi-
ness, itis supposed to allude to the discoloring of the Nile, which river was rising when
the sun euteed Cancer. The Greeks, in copying this sign, have placed two asses as the
appropriate symbol of it, which st.i. remain. They explain their reason, however, for
adopting this figure, by saying that these are the auimals that assisted Jupiter in Lis
victory over the giants.

Dopuis ac:ounts for the origin of the asses in the following words:—* Le Cancer on
sont les étoiles appellées les anes, forme empreinte du pavillon d° Issachar que Jacob
assimile a Pdne.”

Mytholog sts give different accounts of the origin of this constellation. The prevai.
ing opinion s, that while Hercules was engaged in his famons contest with the dreadful
Lemzan monster, Juno, envious of the tame of his achievements, sent a sea-crab to
bite and an 10y the hero’s feet, but the crab being soon dispatched, the goddess, to reward
its services placed it among the constellations.

¢ The Scorpion’s claws here clasp a wide extent,
And here the Crab’s in lesser clasps are bent.”

TELESCOPIC OBJECTS.

1. 0 CANCRI—A very delicate DOUBLE STAR, under the Crab's mouth; R. A. Sh. 85m.
£88.; Dec. 1.18° 44 04°. A 42, straw color; B 15 blue, ouly seen by glimpses.

2. £ CaNCRI—A star with a distant companion, on the Crab’s body; R. A, Sh, 81m,
16s.; Dee. N. 20° 06° 02°. A 63, and B 7, both pale white; and a third star in the field
of nearly ihe same magnitude.

8. § CaNcri—A fine TRIPLE STAR, just below the after claws of the Crab; R. A. Sh. 08m.,
02s.; Dec N, 18° 0T 05°. A 6, yellow; B 7, orange tinge; C T, yellowish. = Supposed
to ke a Ternary system. .

4. Abotrt 7° nortiteasterly from Tegnine, is a nebulous cluster of very minute stars, in
the crest of Cancer, sufficiently luminnas to be seen by the naked eye. Itis sitx.w.l.ed in
a triangular position with regard to the head of the Twins and the Little D'ug. It is about
20° W. of 2ach. 1t may otherwise be discovered by means of two conspicuous stars of
the 4th magnitnde, lying one on either side of it, at the distance of about 2°, called the
northern and southern Aselli. By some of the Orientalists, this cluster was denominated
Prasepe, he Manger, a contrivance which their faucy filled up for the accommodation
of the Aselli or Asses; and it is so called by modern astronciuers. The appearance of
this grouyp to the unxssisted eye, 13 not unlike the nucleus of a comet, and it was repeat
edly mistaken for ithe comet of 1432, which, in the month of November passed in Ita
neighborhood, Map VIII., Fig. 88.

5. A P'CH BUT LOOSE CLUSTER in the Cral’s southern claw, where a line from Rige:
tirongh Procyon, into the east-aortheast, will find it about 5° north of € in the lyales,
R. A. Sh. 42in. 26s.; Dec. N 12°23' 06", Stars mostly of the 9th and 10th mugnitudes.
Ree Map VIIL., Fig. 89.

Hiao' .. —What other figures for Cancer? Egyptian? Hindoo? Greek? Origin >
Whig cor “ellation ? 1
Trakecopic OBsscTs.—Delta? Ejsilon? Zeta? What Clusters? Point out on the May
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CHAPTER VL 2
CONSTELLATIONS ON THE MERIDIAN IN APRIL

LEO (tHE LION).—MAP IV,

122 Leois one of the most brilliant constellations iz the
ster hemisphere, and contains an unusual number of very
bright stars. It is situated next E. of Cancer, and directly S.
»¢ Leo Minor and the Great Bear.

The Hindoo astronomer, Varaha, says, * Certainly the southern solstice was once in
he middle of Asleha (Leo); the northern in the first degree of Dhanishtua® (Aquarius).
Since that tirze, the solstitial, as well as the equinoctial points, have gone backward on
he ecliptic 75°. This divided by 503", gives 5378 years; which carry us back to the
year of the world 464. Sir W. Jones says, that Varaha lived when the solstices were in
the first degrees of Cancer and Capricorn; or about 400 years before the Chrlstian era.

123. Leo is the fifth sign, and the sizth constellation of the
Zodiac. The mean right ascension of this extensive group is
150°, or 10 hours. Its center is therefore on the meridian the
sixth of April. Its western oatline, however, comes to the
meridian on the 18th of March, while its eastern limit does not
reach it before the 3d of May. .

This coustellation eontains 95 visible stars, of which one is
of the 1st magnitude, one of the 2d, six of the 3d, and fifteen of
the 4th.

¢ One splendid star of highest digpity,
One of the second class the Lion boasts,
And justly figures the fierce summer’s rage.”

124. The principal star in this constellation is of the 1st mag-
pitude, situated in the breast of the animal, and named Regulus,
from the illustrious Roman consul of that name.

It is situated almost exactly in the ecliptic, and may be
readily distinguished on account of its superior brilliancy. It is
the largest and lowest of a group of five or six bright stars
which form a figure somewhat resembling a sickle, in the neck
and shoulder of the Lion There is a little star of the 5th mag-
nitude, aboat 2° 8. of it, and one of the 3d magnitude 5° N. ot
it, which will serve to point it out.

Creat use is made of Regulus by nautical rien, for determining their longitude at sea.
Uts latitude, or distance from the ecliptic, is less than %°; tut its declination, or lis
\w ce from the eguincctial, is nearly 18° N.; so that its meridian altitude will be just

122, Describe Leo. Its situatlon? What remarkab e statement of Varaha? Calnla
{i.08 upon it? 123. Position of Leo in the Zodiac? When on the meridian? Number
and size of its stars ? 124. Its principal star? Situation? How distinguished? Wha:
nee wade of Regulus? When on the meridian, where are Castor and Pollux ?
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oynal to that or the sun on the 19th of August. Its right ascension Is very nearly 150°,
1t therefore culininates about 9 o’clock on the 6th of April.

When Regulus is on the meridian, Castor and Pollux are seen about 40° N, W. of It,
and the two stars in the Little Dog are about the same distance in a 8, W, direction
K“h which, and the {wo former, it makes a large isosceles triangle whose vertex is at

egulus,

125. The next considerable star is 5° N. of Regulus, marked
Eta, situated in the collar ; it is of between the 3d and 4tk
magnitudes, and with Regulus constitutes the handle of the
sickle. Those three or four stars of the 3d magnitude, N. and
W. of Eta, arching round with the neck of the animal, describe
the blade. '

126. Al Giebu is a bright star of the 2d magnitude, situated
in the shoulder, 4° in a N. E. direction from Kta, and may be
easily distinguished by its being the brightest and middle one of
the three stars lying in a semicircular form curving toward the
west; and it is the first in the blade of the sickle.

127. Adhafera is a star of the 3d magnitude, situated in the
neck, 4° N. of Al Gieba, and may be known by a very minute
star just below it. This is the second star in the blade of the
sickle.

128. Ras al Asad, situated before tlie ear, is a star of the 3d
or 4th magnitude, 6° W. of Adhafera, and is the third in the
blade of the sickle. The next star, Epsilon, of the same magni-
tude, situated in the head, is 24° 8. W. of Ras al Asad, and a
little within the curve of the sickle. About midway between
these, and a little to the E., is a very small star hardly visible
{0 the naked eye.

129. Lamhda, situated in the mouth, is a star of the 4th
magnitude, 33° S. W. of Epsilon, and the last in the sickle’
point. Kappa, situated in the nose, is another star of the same
magnitude, and about as far from Lambda as Epsilon. Epsilon
and Kappa are about 44° apart, and form the longest side of a
triangle, whose vertex is in Kappa.

130. Zozma, situated in the back of the Lion, is a star of the
3d magnitude 18° N. E. of Regulus, and midway between it and
Coma Berenices, a fine cluster of small stars, 18° N. E. of
Zozma

131. Theta, situated in the thigh, is another star of the 3d
magnitude, 5° directly S. of Zozma, and so nearly on the same
weridian that it culminates but one minute after it. This star

125. Next principal star—size dnd position ? 126. Al Gieba? 1low known}?
127. Adhafera? 128. Ras a Asad? Epsilon? 129. Situatlon and size of Lambdat
Of Kyppa?  180. Of Zozma. 181. Of Theta? What triangle? What other stars
mentiouned ?
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makes a right-angled triangle with Zozina on the N. and Dene
bola on the E., the right angle being at Theta.

Nearly in a straight line with Zozma and Theta, and south
of them, are three or four smaller stars. 4° or 5° apart, which
mark oue of the legs.

132. Dencbola is a bright star of the first magnitude, in the
brush of the tail, 10° S. K. of Zozmna, and may be distinguished
by its great brilliancy. It s 5° W. of the equinoctial colure,
and comes to.the meridian 1 hour and 41 minutes after Regulus,
on the 3d of May ; when its meridian aliitude is the same as
the sun’s at 12 o’clock the next day.

When Denebola is on the meridian, Regulus fs seen 25° W. of it, and Phad, in the
square of Ursa Major, hears 89° N. of it. It forms, with these two, a large right-angled
triangle; the right angle being at Denebola. [t is so nearly on the same meridian witk
Phad that it culminates only fonr minutes before it.

Denebola is 8535° W. of Arcturus, and about the same distance N. W. of Spica Vir-
ginis, and forms, with them, a large equilateral triangle on the 8. E. 1t also forms with
Arcturus and Cor Caroli a similar figure, nearly as large on the N. E. These two
triangles, being joined at their hase, constitute a perfect geometrical figure of the form
of a Rliombus, called by some, the DiaMOND OF VIRGO.

A line drawn from Denebola through Regulus, and continued 7° or 8° further in the
same direction, will point out Xi and Omécron, of the 8d and 4th magnitudes, situatel
in the foreclaws, and about 8° apart. 3

There are a number of other stars of the 3d and 4th magnwawcs ia this constellation,
which require no description, as the scholar will easily trace them out from the map.
The position of Regulus and Denebola are often referred to in the geograply of the
heavens, as they serve to point out other clusters in the same neighborhood.

HISTORY.

According to Greek fable, this Lion represents the formidable animal which infesies
the forests of Nemaa. It was slain by Hercules, and placed by Jupiter among the stars
in commemoration of the dreadful conflict. Some writers have applied the story of the
twelve labors of Hercules to the progress of the sun through the twelve signs of the
ecliptic; and as the combat of that celebrated hero with the Lion was his first labor,
they have placed Leo as the firat sign. The figure of the Lion was, however, on the
Egyptian charts long before the invention of the fables of Hercules. It would seem,
tnoreover, according to the fable itself, that Hercules, who represented the sun, actually
slew the Nemazan Lion, because Leo was already a zodiacal sign.

In hieroglyphical writing the Lion was an emblem of violence and fury; and the
representation of this animal in the Zodiac, signified the intense heat occasioned by the
sun when it entered that part of the ecliptic. The Egyptians were much annoyed by
lions during the heat of summer, as they at that season left the desert, and haunted thc
banks ot the Nile, which had then reached its greatest elevation. it was therefcre
patural for their astronomers to place the Lion where we find him in the Zodiac.

The figure of Leo, very much as we now have it, is in all the Indian and Egyptian
Zediacs. The overflowing of the Nile, which was regularly and anxiously expected every
year by the Egyptians, took place wheu the sun was in this sign. They therefore pa’d
more attention to it, it i3 to be presumed, than to any other. This was the prinripa
reason, Mr. Green supposes, why Leo stands first in the zodiacs of Dendera.

In the llebrew Zodiac, Leo is assigned to Juduh, on whose standard, according to ©1
{raditions, a Lion is painted. This is clearly intimated in numerous passages of tt¢
Hebrew writings : Ex.—* Judah is a Lion’s whelp; he stooped down, he couck :d as &

132. 8ize and position of Denebola? How known? When does it come to the mer|
dian as compared with Regulus? What sail of its meridian altitude? When on ths
meridian where is Regulus seen? Phad? What triangle? How is Derebolo situated
with respect to Arcturus and Spica Virginis? To Cor Caroli? What other large figures

Ullls,'roav.-(}reek fable? Egyptian? licbrew Zodiacs? Scripture allusions to th
on
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Llon, and as an Uld lLion; who shall rouse him up?” Gen. xlix. 9. * The Lion of tte
tribo of Judah hath prevailed.” Rev. v. 5.

TELESCOPIC OBJECTS

L. g Lkosis (lc‘egutu:?—A bright star with a distant companlon; R. A. 9h. 59m. Bls.
Dec. N. 12° 44 0S". A 1, flushed white; B 8%, pale purple.

2. 3 Leomis (Demeboluy—A fine star with a distant companion; R. A. 11h. 40m. bis.;
e N 15°22 0°. A 2%, bluish; BS, dull red.

3. y Luoxts (Al Giebuy—A splendid pOUBLE 8TAR; R. A.10h. 11m. 08s.; Dec. N. 200
30° 0°. A 2, bright orange; B 4, greenish yellow. A most beautiful object—binary-
peritd suppused akout 1000 years. Map VIL., Fig. 6.

4 0 Lroxis (Zozri@)—~A cosrse TRIPLE STAR; R. A.11h. 05m. 85s.; Dec. N. 21° 24’ 1°,
A 3, pale yellow; B 13, bluz; 29, violet.

5. € LroNIS—A star with a distint companion in the mouth of Leo ; R. A. 9h. 30m. 46s ;
Dee. N. 24° 80° 5", A 8, yellow; B 10, pale grey.

6 ¢ LEONI>—A BINARY 8TAR in the flank, 7° 8. W. of Denebola (F on map); R. A. 11h,
\5m. 858.; Dec. N. 11° 24’ 8*, It forms a neat scalene triangle with 3 and 9. A 4, pale
yellow; B 7. light Jlue; a beautiful object.

7. pt Leonis (Ras Al Asad)y—A pouBLE STAR; R. A. 9h. 43m. 89s.; Dec. N. 26° 46’ 5.
4 §, orange; B 10, pale lilac.

8. A neat DOUBLE STAR near Zozma; R. A. 11h, 05m. 178.; Dec. 21° 00’ 8°. Components
soth 7%, and both faint yellow; a benutiful object.

9. A BRIGHT NEBULA near the hind paws; R. A. 10h. 57m. 87s. ; Dec. N. 0° 49" 6°. Large,
elongated, well-defined—an enormous mass of luminous matter—one of a vast number
of spherical nchulze in the vicinity.

10. A bicentral WHITE NEBULA in the lower jaw, 2° south of A Leonls; R. A. 9h. 23m,
072, 5 Dee.N.22°12' 1°. May be classed as double——small stars in ficld ; difficult object.
See Map VIII., Fig. 40.

11. A lucid wWHITE NEBULA on the Lion’s ribs, about 9° due east of Regulus; R. A. 10h.
¢om. 81s.; Dec. N. 12°381' 9. Round and bright, with two smail stars in field. Another
large pale white nebula, ahout 1° east of it.

12. A PAIR OF BKIGHT CLASS NEBULZ in the Lion’s helly; R. A. 10h. 8%mn. 49s.; Dec. N,
18" 28", Found south of line joining Regulus and ¥ Leonis, about 10° east of, and
nearly on a parellel with the latter.

18. A LARGE, FLONGATED NEBULA, With a bright nucleus on the Lion’s haunch; R. A,

11h. 11m. 48s. ; Dec. N, 18° 52' 4°; just 8° southeast of 19, with another smal'er ncbula,
and several sta.s in the field, Map VIII,, Fig. 41.

LEO MINOR (tuk LiTTLE LioX).—MAP IV,

133. Leo Minor contains 53 stars, including only one of thu
8d magnitude, and five of the 4th. The principal star is situated
in the body of the animal, 13° N. of Gamma Leonis, in astraight
line with Phad, and may be known by a group of smaller stars,
a little above it on the N, W,

It forms an _equilateral triangle with Gamma and Delta Leonis, the vertex being in
Leo Minor. This staris marked with the letter /, in modern catalogues, and being the
gl'ihcipal representative of the constellation, is itself sometimes called the Little Lion:

® E. of this star (the Little Lion) are two stars of the 4th magrltude, in the last paw
of Ursa Major, and about 10° N. W. of it are two other stars of the 8d magnitude, in the
Brst hind paw. X
“The Smaller Lion now succeeds; a cohort

Of iifty stars attend his steps;

Ang three, to sight unarm’d, invisibl «**

Txuescoric OBJECTS.—Alpha? Beta? Gamma? Point out on the map. Delty
Bpoilon? Iota? Mu? What nebule? Whish shown on the map? Point out,
183. Descr'Le Leo Minor? Its principal star? Helps form what uriangle P
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134 This constell:tion was formed by Hevelius, ont of the
Stelle informes, or unformed stars of the ancieuts, which lay
scattered between the Zodiacal constellation Leo on the S., and
Trsa Major on the N. Its mean right ascension is the same
with that of Regulus, and it comes to the meridian at the same
time on the 6th of April.

The modern constellations, or those which have been added to our celestial mapa
ence the adoption of the Greek notation, in 1608, are referred to by the lettzts of the
Englis) alphabet instead of the Greek. Thisis the case in regard to Les Mincr, and all
other constellations whose origin {s subsequent to that period.

TELESCOPIC OBJECTS.

A BRIGHT OVAL NERULA vetween Lynx and Cancer, but given to Leo Minor; R. A. 8h.
42m. 44s. ; Dec. N. 84° 00’ 6°. Direct telescope 16° north by east of Presep: in Cancer

SEXTANS (rne sexTaNt).—MAP IV.

135. Sextans contains 41 very small stars, including only one
&s large as the 4th magnitude. This is situated very near the
equinoctial, 13° 8. of Rcmulns and comes to the meridian about
the same time on the 6th of Apnl. The other stars in this con-
stellation are too small to engage attention. A few of the
largest of them may be traced out from the map.

The SEXTANT, called also URAXNiA’S SEXTANT, is a modern constellation that Hevelius
made ont of the unformed stars of the ancients, which lay scattered between the Lion
In the N,, and Hydra on the 8,

Urania was one of the muses, and danghter of Jupiter and Mnemosyne. She pre-
sided over astronomy. She was represented as a young virgin, dressed in an azure-
colored robe, crowned with stars, holding a robe in her hands, and having many mathe-
matical instr uments about hu.

A sextant, in mathenatics, is the sixth part of a circle, or an arc comprehending 60
degrees. But the term is more particularly used to denote an astronomical instroment
well known o mariners. Tts use is the same as thut of the qaadrant: namely, to mea-
sure the angular distance, and take the allitude of the sun, moon, planets, and fixed
stars. It is Indispensable to the mariner in finding the latitnde and longitnde at sea,
und shonld be in the hands of every surveyor and practical engineer. It may serve the
purpcse of a theodolite, in measuring inaccessible heights and distances. It may gra-
tify the young pupil to know, that by means of such an instrument, well adjusted, and
with a clear cye and a steady hand, he could readily tell, within a few hundred yards
how far north or south of the equator he was, and that from any guarter of tke world.
kuown or unknown. This constellation is so called, on account of a supposed risein-
blance to this instrument.

TELESCOPIC OBJECTS,

1. A DOUBLE STAR on the nght fore leg of Leo, though crimped into the sextant; R. A
9l 45m. 45s.; Dec. N.5° 41’ 8°. It lies about one-third of the way from Eegulns ta
Alphard. A 7, and B. 9, both blue, and well-defined.

3 i%4. Or;gin of Leo Minor? Mean R. A.? What remark respecting the nclation of
ihe stars

TrLEsCOPIC OBJRCTS.—What nebula? Situation? How find?

135 Describe Sextans? Sitnation of its principal star? What said of the remainder
What suid of the age of this constellation? Of Urania? Of the Sextant as a nzutlea
instrum ‘ot ?

TeLRaCOPIC OBJkCTS.—What doutle stars? What pibula? What =unarkable sigh
scen uear this nevula b
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%. A neat nOUBLE S8TAR on the nortn extreme of the graduated lmb of the lizstrutaent;
and three-fifths of the distance oetween Alphard and Denebola ; R. A. 10h, 85m. 02s. *
Dec. N. 5° 85 8. AT, topaz yellow; B 8, smalt blue ; a fine object.

8. Abright class ROUND NEBULA on the frame of the instrument; R. A. 10h, 05m. 53s.;
Dec. N.4° 15’ 1°. A good telescope shows another large but faint nebula near by.

This object is on or near the spot where the Capuclin, De Rheita, fancied he saw tha
aapkin of 3t. Verarica, in 1783. Captain Smyth has a picture of this wonderful napkin ;
snd Rir J Herschel remarks that “ many strange things wers seen among the stara
sefere the use ¢ powerful telescopes became common,”

HYDRA AND THE CUP.—-MAP 1IV.

186. Hyora, (the Water-Serpent,) is an extensive constella:
tion, winding from E. to W. in a serpentine direction, over a
space of more than 100 degrees in length. It lies south of
Canccer, Leo and Virgo, and reaches almost from Canis Minor
to Libra. It contains sixty stars, including one of the 2d mag-
nitude, three of the 3d, and twelve of the 4th.

137. Alphard or Cor Hydre, in the heart, is a lone star of
the 2d magnitude, 23° 8. S. W, of Regulus, and comes to the
meridian at the same time with Lambda, in the point of the
sickle, about 20 minutes before 9 o’clock on the Ist of April.
There is no other considerable star near it, for which it can be
wistaken. An imaginary line drawn from Gamma Leonis
through Regulus, will point out Cor Hydrz, at the distance
of 23°.

138. The head of ITydra may be distinguished by means of
four stars of the 4th magnitude, 24° and 4° apart, situated 6°
8. of Acubens, and forming a rhomboidal figure. The three..—
upper stars in this clnster form a small arch, and may be known
by two very small stars just below the middle one, making with
it a very small triangle. The three western stars in the head
also make a beautiful little triangle. The eastern star in this
group, marked Zeta, is about 6° dircetly S. of Acubens, and
culminates at the same time.

139. When Alphard is on the meridian, Alkes, of the 4th mag-
nitude, situated in the bottom of the Cup, may be seen 24° S E.
of it, and is distinguished by its forming an equilateral triangle
with Beta and Gamma, stars of the same maguitude, 6° . and
E. of it. Alkes is common both to Iydra and the Cup. Beta,
on the S, is in Hydra, and Gamma, on the N. E,, is near the
willdle of the Cup. A liue drawn from Zozma, through Theta

186, Describe \Iydra? Ttssituation? Numberand magnitude of itsstars? 187. Po
siticn and magnitude of Alphard? How pointed out? 128, How ls the kead of Hydra
distinguished ? 189. What said of Alkes? Of Beta and Gamma? 1low i3 Rety
found ¥ o
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Leonis, sud continued 384° directly S. will reach Beta ; it ix
thercfore on the same meridian, and will culminate at the saa
time on the 23d of April.

140. The Cup itseif (called also the Crafer), may be easily
distinguished by means of six stars of the 4th magnitude, form-

ing a beautiful crescent, or semicircle , opening to The W. The
seater of this group is about 15° below the equinoctial, aud
dircetly S. of the hinder feet of Leo. The crescent form of the
stazs in the Cup is so striking and well defined, when tho moon
is absent, that no other description is necessary to peint then,
out. Its center comes to the meridian about two hours after
Alphard, on the same evening ; and consequently, it culminates
at 9 o’clock, onc mouth after Alphard does. The remainder of
the stars in this constellation may be easily traced by aid of
the map.

141. When the head of Hydra is on the meridian, its other
extremity is many degrees below the horizon, so that its whole
length cannot be traced out in the heavens until its center, o1
the Cup, is on the meridian.

¢ Near the equator rolls

The sparkling Hydra, proudly eminent

To drink the Gulaxy's refulg:ut sea;

Nearly a fourth of the encirct ng eurve

Which girds the ecliptic, his vast folds involve;
Yet ten the nunber of his stars diffused

O’er the long track of his énorinous spires ;
Chief beams his llbdl’t, sure of the second rank,
But emulous to gain the first.”’—FEudosia.

HISTORY.

. he astrologers of the east, in dividing the celestial hosts into varions compartments
assigned a popular and allegorical meaning to each. Thus the sign Leo, which passes
the meridian about midnight, when the sua is in Pisces, was called the Honse of the
Lions, Leo being the dowicil of Sol.

The mtroducuon of two serpents into the constellations of the ancients, had its origia
it is supp , in the cir ances that the pol,u- one represented the oblique course of
the stars, while the Hydra, or Great Snake, in the southern hemisphere, symbolized the
moon’s course ; hence the Nodes are called the Dragon's head and tuil to this duy,

The hydra wus a terrible monster, which, according to mythologists, infested th
neighborhood of the lake Lerna, in the Peloponnesus. It had a hundred heads, accord.
ing to Diodorous; fifty, according to Simonides; atd nine, according to the more com
mnuly received opinion of Apollodorus, Hyginus, and others. As soon as one of these
heads was cut off, two immediately grew up if the wound was not stopped by fire

¢ Art thon proportion’d to the hydra’s length,
Who by his wounds received augmented strength?
He raised a houdred hissing beads in air,
When one I lopp’d, up sprang a dreadful pair.”

To destroy this dreadful monster, was one of the labcrs of Hercules, and this he casly
uffected with the assistance of Iolaus, who applied s burning iron to the wounds a1
a)0on as one head wascut off. While Hercules was destroying the hydra, Juno, jealous of
1!s glory, sent a sea-crab to bite his foot. This new enemy was soon despatched; an}

140. How is the Cup distinguished ? Is it easily fond ? 141. What 14 82id of tha
catznt of Hydr« east and west?  History of Hydrs?
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Juno was unable to succeed in her attempts to lessen thc fame of 1lzrcules. The con
gueror dipped his arrows in the gall of the Hydra, which ever after rendered the wounds
{nflicted with them incurable and 1aortal. .

This fable of the many-headed hydra may be understcol to mean nothing more than
that the marshes of Lerna were infested with a multitude cf serpents, which seemed ¢o
wmultiply as fast a3 they were destroyed

TELESCOPIC OBJECTS.

. @ OaATERIS—A star with two very distant companions in the base of the cup; R. A
il‘;h. 52m. 00s; Dec. 8. 17°26' 9°. A. 4, orange tint; B 8, intense blood color; C 9, pile

ue

2. Y CRATERI®—A close DOUBLE STAR, In the center of the cup; R. A. 11h. 16m. ids.;
Dec. 8. 18° 48 8°; A 4, bright white; B 14, grey, with a star of the 11th magnitzde fcl-
lowing, or. a line with A, B. 25 distant.

8. 0 CraTERIS—A star with a very distant companion, on the cup, midway betwecn
Alphard and Spica, but a little south of the line joining them; R. A. 11h. 11m. 21s.;
Dec. 8. 18° 54' §*. A 8%, pale orange; B 11, pale blue—other small stars in the field.

4. a Hyprx (Cor Hydre)— A bright star in the heart of Hydra with a distant com-
panion; R. A, 1h. 19m. 44s.; Dec. S. 7°58' 1°, A 2, orange tint; B 10, pale green.

5.  HypRE—A star with a distant companion in the head of Hydra; R. A. 8h. 2%n.
s, ; Dec. N, 6° 15" b°. A 4, light topaz; B 9, livid—several other stars in the field.

6. ¢ HyorE—A double star in the head; R. A. 8h. 88m. 18s.; Dec. N. 7°00' 2. A 4,
pale yellow; R 8%, purple.

7. A PLANETARY NEBULA in the middle of the body; R. A.10h.17m, 0ls.; Dec. 8. 17°
60' 6°; greyish white.

CHAPTER VIIL

CONSTELLATIONS ON THE 'MERIDIA.\T IN MAY.

URSA MAJOR (THE GREAT REAR).—MAPSIV. AND VL

142, Ursa MaJor is situated between Ursa Minor on the north,
and Leo Minor on the south. It is one of the most noted and
conspicuous in the northern hemisphere. It has been an object
of universal observation in all ages of the world.

The priests of Belus and the Magi of Persia, the shepherds of Chaldea, and the Phee:
uician navigators, seem to have been equally struck with its peculiar outlines. And i
s scmewhat remarkable, that a remote nation of American Aborigines, the Iroquois,
and the earliest Arabs of Asia, should have given to the very same constellatlon the
name of “Great Bear,” when there had probably never been any communication
betwecn them; and when the name itself is so perfectly arbitrary, there being no resem-
banze whatever to a bear, or to any other animal.

143, It is readily distinguished from all others by means of a
remarkable cluster of seven bright stars, forming what is fami-
liarly termed the Dipper, or Ladle. In some parts of England
il is ealled “ Charles’ Wain,” or wagon, from its fancied resem-

TeLESCOPIC OrseCTS.—Alpha? Gamma? Delta? Alpha Hydrs? Delta Hydrael
Btz Hydre? What Nebula? .

142, Deseriby Ursa Major? What remarkable fact as to 1ls name? 143, How dis:
tirgnished?  What other names for the Dipper?  What remark in small type?
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wlanze to a wagon drawn by three horses in a line. Others cal
“ih the Plough. The cluster, however, is move frequently put for
" {he whole constellation, and called simply the Great Bear.

We see no reason to reject the very appropriate appellation of thz shepherds, for the
r:semblance is certainly in favor of the Dipper; the four starsin the square forminy the
bow’, and the other three the handle.

144 When the Dipper is on the meridian, above the pole, the
hottom lies toward us, with the handle on the right.

Benctnasch is a bright star of the 2d magnitude, and is the
first in the handle. The second, or middle star in the handle is
DMizar, 1° distant from Benetnasch. It may be known by means
of a very minute star almost teuching it, called Alcor.

145. The third star in the handle is called Alioth, and is about
44° W. of Mizar. Alioth is very nearly opposite Shedir in Cas-
siopeia, and at an equal distance from the pole. Benetnasch,
Mizar, and Alioth constitute the handle, while the next four in
the square form the bowl of the Dipper.

146. Five and a half degrees W. of Alioth is the first star in
the fop of the Dipper, at the junction of the handle, called
Megrez ; it is the smallest and middle one of the cluster, and is
used in various observations both on sea and land for important
purposes.

When Megrez and Caph have the same altitude, and are seen in the same horizonta
lize east and west, the polar star is then at its greatest elongation from the true pole of
the heavens; and this is the proper time for an observer to take its angle of elevation,
in order to determine the lafitude, and its azimuth or angle of declination, in order to
determine the magnetic variation.

147. At the distance of 4§° S. W. of Megrez is Phkad, the
first star in that part of the bottom which is next the handle.

The stars In this cluster are so well known, and may be so easily described witl:out
reference to their relative bearings, that they would rather confuse than assist the
student, were they given with ever so much accuracy. The several bearings for this
cluster were taken when Megrez was on the meridian, and will not apply at any other
time, though their respective distances will remain the same.

148. At the distance of 8° W. of Phad, is the westcrnmost
star in the bottom of the Dipper called Merak. 'The bright star
5° N. of it, toward the pole, is called Dubke. These two, are.
by common consent, called the Pointers, because they always
point toward the pole; for, let the line which joins them be cou-
tinuced in the same direction 28%° further, it will just reach the
north pole.

The names, positions, and relative distances of the stars in this cluster should ve wel

144. How is the handle of the Dipper situated, when the Dipper is above the pole?
Describe Benetnasch? Migar? 1low known? 145. Alioth? Megrez? Rerark
tespecting? Phad? Remark in small print? 148. Merak and Dubhe? Ccnstitute
what? Remark respecting the names, positions and distances of the stary in Urse
Mujor ?  Why shonld these d’stances be well understood?
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*omo hbered, as they will be frequently adverted to. The distance of Dubhe, or tLe
Pointer neaiest to the noith pole, is 23%;°. - The distance between the two upp=2r stars iv
the Dioper is 10°; betweea the two lower ones is 8°; the distance from the brim to tne
bottom next the handle, is 4%°; between Megrez and Alioth, is 5%°; betweer Al'cth
and Mizar, 4%°; and between Mizar and Benetnasch, 7°. 4

The reason why it is important to have these distances clearly settled in the ming ig,
that these stars, being always in view, and more familiar than any other, the studeanf
#ill never fall to have a standard measure before him, which the eye can easily ma%e
2se of in determining the distances between other stars.

149. The position of Megrez in Ursa Major, and of Caph ir
Cassiopeia, is somewhat remarkable. They are both in the equi-
aoctial colure, almost exactly opposite each other, and eqnally
distant from the pole. Caph is in the colure, which passes
through the vernal equinox, and Megrez is in that which passes
through the autumnal equinox. The latter passes the meridian
at 9 o’clock, on the 10th of May, and the former just six months
afterward, at the same hour, on the 10th of November.

150. Ps:, in the left leg of Ursa Major, is a star of the 4th
magnitude, in a line with Megrez and Phad, distant from the
latter 123°. A little out of the same line, 8° farther, is another
star of the 4th magnitude, marked Epsilon, which may be dis-
tingnished from Psi, from its forming a straight line with the two
Pownters.

151, The right fore-paw, and the two hinder ones, each about
15° from the other, are severally distinguished by two stars of
the 4th magnitude, between 1° and 2° apart. These three
duplicate stars are nearly in a right line, 20° 8. of, and in a
direction nearly parallel with Phad and Dubhe, and are the only
stars in this constellation that ever set in this latitude.

There are a few other stars of equal brightness with those just described, but amidet
vne more splendid and interesting group with which they are clustered, they seldom
engage our observation.

The whole number of visible stars in this constellation is 87; of which five are of the
2d, two of the 8d, and about twice as many of the 4th magnitude.

HISTORY. b

URsA MaJor is sald to be Calisto, or lelice, daughter of Lycaon, king of Arcadia. She
was an attendant of Diana, and mother of Arcas, by Jupiter, who placed her among the
ronstellations, after tbe jealousy of Juno had changed her into a bear.

“ This said, ver hand within her hair she wound,
Swung her to earth, and dragg’d her on the ground;
The prostrate wretch lifts up her hand in prayer;
Her arms grow shaggy, and deform’d with hair,
Her nails are sharpen’d into pointed claws,

Her hands bear half her weight, and turn to paws;
Her .ps, that once could tempt a god, begin
To grow distorted in an ugly grin;

140, What said of Mcgrez and Caph? 150, Of Psi and Epshion? 151, How fln}
l%elfcd of the figure? Number of stars in Ursa Major? Magnitudes?

HierorY,—Who was Ursa Major before she became a bear? What other supposition
How are the two bears representzd by the kigyptians? What further remarkst

B.G. 4
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And lest the supplicating brute might reach
The ear: of Jove, she was deprived of speech.
* * * * * .

How did she fear to lodge in woods alene,

And haunt the fields and meadows, once her own !

1low often would the deep-mouth’d dogs pursue, 4
Whilst from her hounds the frighted hunters flew.” — Ovid's Mat.

Mome snppose that her son Arcas, otherwise called Bootes, was changed inte Grea
Minor, or the Little Bear. It is well known, that the ancients represented both these
ponstellations under the figure of a wagon drawn by a team of horses; hence the appul
Intion of Charles’ Wain, or wagon. Thig is alluded to in the Phenomena of Aratus, 8
@reek poem, from which St. Paul quotes in his address to the Athenians :—

4 The one call’d Helix, soon as day retires,
Observed with ease lights up his radiant fires.
I'he other, smaller, and with feebler beams,
In a less circle drives its lazy teams;

But more adapted for the sailor’s guide,
‘Whene’er, by night, he tempts the briny tide.”

In the Egyptian placispheres of remote antiquity, these two constellations are repze
sented by the tigures of bears, instead of wagons; and the Greeks,who derived most of th:i.
astronomical symbols fromn the Xgyptians, though they usually altered them to emblems
of their own history or superstition, have, nevertheless, retained the original form of
the two bears, It is said by Aratus, that the Pheenician navigators made use of Ursa
Minor in directing their voyages :—

¢ Observiug this, Pheenicians plongh the main;”

while the Greeks confined their observations to Ursa Major.

Some imagine that the ancient Egyptians arranged thLe stars near the North Pole,
within the outlines of a bear, because the polar regions are the haunts of this an.mal,
and also because it makes neither extensive journeys nor rapid marches.

At what period men began to sail by the stars, or who were the first people that dié
80, i3 not clear; but the honor is usually given to the Pheenicians. That it was prac-
ticed by the Greeks, as early as the time of the Trojan war, that is, about 1200 year.
B. C., we learn from Homer ; for he says of Ulysses, when sailing on his raft, that

¢ Placed at the heln he sate, and mark’d the skies,
Nor closed in sleep his ever watchful eyes.”

It is rational to suppose that the stars were first used as a guide to travellers Ly land,
for we can scarcely iipagire that men would venture themselves upon the sea by night,
before they had first learned some safe and sure method of directing their course by
land. And we find, according to Diodorus Siculus, that iravellers in the sandy rlains of
Arabia were accustoned to direct their course by the Bears.

That people travelled in these vast deserts at night by observing the stars, Is directly
proved by this passage of the Koran:—‘ God has given you the stars, to be guided in
the dark, both by land and by sea.”

TELESCOPIC OBJECTS.

1. « Ursa Majows (Dubke, one of the pointers)—A fine star with a distant compa
nion; R. A. 10h. 53m. 48s.; Dec. N. 62° 86" 8", A 1, yellow; B 8, yellow.

2. /3 Ursa MaJori3 (Merak)—A bright star with a distant companion; R. A. 10h. 52m.
38°; Dec. N, 57° 14’ 2". A 2, greenish white:; B 11, pale grey—other stars in tield.

8. {1 Ursa MaJoris (Phad)—A star with a distant companion; R. A. 11h. 46m. 23s.;
gecﬁ ‘-df)‘l‘ 85 1". A2, topaz yellow; B9, ashy paieuess, with a fine group of sta:s ix

1€ feld,

“4. J Ursa MaJoRis ( Megrez)—A fine star, suspected of variability, with a distant com-
?ansn; R, A.12h, 0Tm. 28s.; Dec. N. 57° 556'8". A 8, pale yellow; B9, ash colorey,
with other stars in field.

E. { Ursa Masouns %){izar.)—A splendid double star in the middle of the tail; R. A
1¥h. 1/m. 2€s.; Dec. N. b5° 45 8°. A 8, brilliant white; B 5, pale emerald. Alcor am
sther stars in the field. Map VIIL. Fig. 7.

TELESCOPIC OBJECTS.—Alpha? Beta? Gamma? Delta? Zetat Eta? Tota? Hs
Wla‘ nebula?  Which shown on the map?
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9. 17 Ursa MAJoRIS (Ben<stnasch)—A DOUBLE STAR in the tip of the tail; R. A.18h.41m
«da.; Dec. N. 50° 06" 5°. A 2, brilliant white; B 9, dusky.

T. L Ursa Masoris (A2 Kaghrah)—A DOUBLE STAR in the right foe paw; R. A.8h. 48
14s.; Dec. N.4S8° 89' 9°. A 84, topaz yellow; B 13, purple, S8ir J. Herschel supposed A
might be a satellite, shining only by reflection.

8. v Ursa MaJoris—A delicate DOUBLE STAR in the left aind toot, just above & (1
El Acola; R. A.11h, 09m. 49s.* Dec. N. 80° 58 0". A 4, orange tint: B 12, cornelian blue;
a close but elegant object.

9. A beautiful PLANETARY NEBULA, just south of 3; R. A, 10h. 25w. 45s.; Dec. N. 34’
P20’ 4", A small, well defined object, bluish white, and brightens towards the center.

10. A BRIGHT NEBULA in the right fore leg; R. A. 9h. 10m. 54s.; Dec. N. 51° 40' 5°. Of g
pale creamy whiteness, with several bright stars in the northern part of the field,
Nebula large, elliptical and nucleated.

11. A bright-class ROUND NEBULA above the Bear’s ear; R. A. 9h.84m. 82s. ; Dec. N. 78*
01’ 2°. Several stars in field, of 9th to 12th magnitude.

12. A FINE OVAL NEBULA in the ear; R. A. 9h. 42m. 10s.; Dec. N. 69° 51 8°.

18. A LARGE MILK-WHITE NEBULA on the body, about 1° south of 3 or Merak ; R. A. 11h,
0210. 02s.; Dec. N. 56° 81’ 8",

14. A LARGE PLANETARY NEBULA on the flank, with several stars in the field, one of
which is pretty close; R. A. 11h. 05m. 24s.; Dec. N. 55° 52' 9" About 2° to the 8. E. of
B3, and just south of a line from B to y; asingular object, circular, uniforp, and seem
ingly of the size of Jupiter. W. llerschel assigned this object to the 980th order of dis
tance. Map VIIL,, Fig. 42.

15. A BRIGHT-CLASS NKBULA in a poor field, behind the left hind leg, one-third the dis-
tance from J towards Denebola: R. A. 11h, 58m. 51s.; Dec. N. 48° 57" 8°, Of & lucd
white, various and elongated. Map VIIL., Fig. 43,

16. A LARGE WHITE NEBULA near the haunches; R. A. 12h. 11m. 04s.; Dec. N. 48° 11" 1",
A voble-sized oval, with a bright nucleus, the lateral edges better defined than the ends

Found by running a diagonal line across the square, from @ through y, and about 7%
beyund, into the 8, E.

COMA BERENICES (BEReNICE'S HAIR).—MAP IV.

152. This is a beautiful cluster of small stars, situated about
5° E. of the equinoctial colure, and midway between Cor Caroli
on the northeast, and Denebola on the southwest. If a straight
line be drawn from Benetnasch through Cor Caroli, and pro-
duced to Denebola, it will pass through it.

153. The principal stars are of between the 4th and 5th mag-
nitudes. According to Flamsted, there are thirteen of the 4tih
magnitude, and according to others there are seven; but the
student will find agreeably to his map, that there is apparcatly
but ome star in this group, cntitled to that rank, and this is
situated about 7° 8, E. of the main cluster.

Although it is not easy to mistake this group for any other in the same rqgkm qf the
skies, yet the stars which compose it are all so small as to be rarely disllngl_ushed in the
full presence of the moon. The confused lustre of this assemblage of smali stars sorua.
what resembles that of the Milky Way.

162 Descrlbe Coma Berenices? How find it  158. Its principal stars. their nambe,
&6.? Whbat remark In fine print?
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154. The whole number of stars in this constellation is 43 ;
its mean right ascension is 185°. It consequently is on the
meridian the 13th of May.

——— ¢ Now behold
The glittering maze of Berenice's uir;
Forty the stars; but such as seem to kiss
The flowoing tresses with a lambent fire,
Four to the telescops alone are seen.”

HISTORY.

Bereaice was of royal descent, and a lady of great beauty, who married Ptolemy Soter,
er Lverge'es, one oi tue kings of Egypt, her own brother, whom she loved with much
i:ndercess  When he was going on n dang wous expedition against the Assyrians, she
vowed to dedlcate her hair to the goddess of beauty, if he returned in safety. Some
time after tre victorious return of lier husband, Evergetes, the locks, which, agreeably
to her oath, she had deposited in the temple of Venus, disappeared.. The king expressed
great regret at the loss of what he so much’ prized ; whereupon Conon, his astronomer,
publicly reported that Jupiter had taken away the queen’s locks from the temple and
placed them among the stars.

“There Berenice’s locks first rose so bright,
The heavens bespangling with dishevelied light.”

Conon being sent for by the king, pointed out this constellation, saying, * There behold
the locks of the queen.” This groap heing among the unformed stars until that time,
and not kpown as 4 constellation, the king was satisfi-d with the declaration of the
astronomer, and the queen became reconciled to the partiality of the gods.

Callimachus, a historian and po:t, who flourished long before the Christian era, bas
these lines as translated by 1'ytler :—

¢ Immortal Conun, blest with skill divine,
Amid the sacred skies behold me shine:
E'en me, the bequteous hair, that lately shed
Refulgent beams frem Berenice’s head;
The lock she fondly vowed with lifted arms,
Imploring all the powers to save fron rrarms
Her dearer lord, when from his bride m: flew,
To wreak stcrn vengeance on the Assyrian crew.”

TELESCOPIC OBJECTS.

1. A TRIPLE STAR, between the tresses and Virgo’s northern wing; R. A. 12h. 43m. $5s.,
Dee. N. 22° 07" 0°. A 5, pale yellow; B, indistinct; C 10, cobalt blue. About 7° souths
east of @ Berenices, and 20° west of Arcturus.

2. A GLOBULAR CLUSTER, between the tresses .und the Virgin’s left hand, with a coarse
pair and one single star in the field; R. A. 11h. 05m. 08s.; Dec.N.19°01'8°. A brilliant
mass of minute stars trom the llth to the 15th May; compressed at center. A line
through J and ¢ Virginis, northward, meeting another from Arcturus over 77 Bootes, falls
apsn this magnificent object.

8 A CONSPICUDUS NEBULA between the tresses and the virgin's left arm; R. A, 12h,
48m. 52s. 5 Dec. N. 22° 83’ 2°. A magnificent object, both in size and brightness, with
several small stars in the fleld. Elongated, compressed in the centre, and was Jikened
by Sir Charles Blagdon to a “ bluck eye.” Map VIIL., Fig. 44.

CORVUS (tue orow).—MAP IV,

155. This small constellation is situated on the eastern part
of Hydra, 15° E of the Cup, and is on the same meridian with

154. What nuwber of stars?

{i8TORY..—Who was Bereniece? Story of the loss of her hair, &c.?

TkLESCOPIC OBIRCTS.—What triple stars? Cluster? Nebula? Point out on the Map
165. Where is Corvus situatedf Number of visitle stars?
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Coma DBerenices, but as far S. of the equinoctial as Coma Bere
nices is N. of it. It therefore culminates at the same time, on
the 12th of May. It eontains nine visible stars, including three
of the 3d magnitude, and two of the 4th.

156. This constellation is readily distinguished by means of
three stars of the 3d magnitude and one of the 4th, forming a
trapezium or irregular square, the two upper ones being about
34° apart, and the two lower ones 6° apart.

157. The brightest of the two upper stars, on the left, is
called Algorab, and is situated in the E. wing of the Crow ; it
has nearly the same declination S, that the Dog Star has, and
is on the meridian about the 13th of May. It is 213° E. of
Alkes in the Cup, 143° S. W. of Spica Virginis, a brilliant star
of the 1st magnitude, to be deseribed in the next chapter.

158. DBeta,on the back of Hydra, and in the foot of the Crow,
is a star of the 3d magnitude, nearly 7° 8. of Algorab. If is
the brightest 0o° the two lower stars, and on the left. The right-
hand lower one is a star of the 4th magnitude, situated in the
neck, marked Epsilon, about 6° W. of Beta, and may be known
by a star of the same magnitude situated 2° below it, in the eye,
and ealled A/ Chiba. Epsilon is 212° 8. of the vernal equinox,
and if a meridian should be drawn from the pole through
Megrez, and produced to Epsilon Corvi, it would mark the equi-
noctial colure.

159. Gumma, in the W.-wing, is a star of the 3d mugnitude,
33° W. of Algorab, and is the upper right-hand on~ in the
square. It is but 1° E. of the equinoctial colure.

10° E. of Beta is a star of the 3d magnitude, in the tail of
Hydra, marked Gamma ; these two, with Algorab, form nearly
a right-angled triangle, the right angle being at Beta.

HISTORY.

The Crow, It is sald, was once of the purest white, but was changed for tale-beariny ty
its present color. A fit punishment for such a fault.

#The raven once in snowy plumes was drest,
White as the whitest dove's unsullied breast,
Fair as the guardian of the capitol,
Soft a5 the Swan ; a large and lovely fowl; 3
His tongue, his prating tongue, had changed him quie,
To sooty blackness from the purest white.”
According to Greek fable the Crow was made a constellation by Apallo. This g1
being jealous of Coronis (whom he tenderly loved), the daughter of Phlegyas and

156. How fs it found?  157. What said of Algoraﬁ? 158. Of Beta? Epsilonf
Al Chiba? What sald of the Pole, Megrez, and Epsilon? 159 Of Gamma? What
trlangle ?

Hxss'ro“.—Story of the original color of Corvus? Greek fable ol (ke origin ot thr
scastellationf What other accouni?
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mother of Asculapius, sent a crow to watch her bebavior; the bird perceived her cri
minal partiality for Ischys the Thessalian, and immediately acquainted Apollo with Lea
conduct, which so fired bis indignation that he lodged an arrow in her breast, and killed
Yer instantly.
% The god was wroth; the color left bis look,

The wreath his head, the harp his hand forsook

the silver bow and feathered shafts he took,

And lodged an arrow in the tender breast,

That had 8o often to his own been prest.”

To reward the crow, he placed her among the constellations.

Others say that this constellation takes its name from the daughter of Corongeuy,
ting of Phocis, who was transformed inte a crow by Minerva, to rescue the malc frexm
the pursuit of Neptune. The following, from an eminent Latin poet of the Augustan
:ﬁ‘, is her own account of the metamorphosis as translated into English verse by Mr,

ison :—

¢ For as my arms I lifted to the skies,

I saw black feathers from my fingers rise;
Istrove to fling my garment on the ground ;
My garment turned to plumes, and girt me reund;
My hands to beat my naked bosom try;
Nor naked bosom now, nor hands had I
Lightly I tripp’d, nor weary as before
Sunk in the sand, but skinm’d along the shore ;
'Till, rising on my wings, I was preferr’d
To be the chaste Minerva's virgin bird."

TELESCOPIC OBJECTS.

1. /3 Comvi—A fine bright star nearly midway between two distant companions. A 2%
raddy yellow; B7, greenish yellow; C S, dull grey. [ is actually the lucida, or brightest
star of the constellation.

2. J Corvi—A DOUBLE STAR in the right wing; R. A. 12h. 2m. 85s.; Dec. 8. 15° 87" (4°
A 8, pale yellow; B 8, purple.

VIRGO (tne viraN).—MAP IV.

1#). This is the sixth sign, and seventb constellation in the
ccliptic. 1t is situated next east of Leo, and about midway
between Coma Berenices on the N. and Corvus on the S, It
occupies a considerable space in the heavens, and contains,
according to Flamsted, one hundred and ten stars, including one
of the 1st, six of the 3d, and ten of the 4th magnitudes. Its
mean declination is 5° N., and its mean right aseension is 195°,
Its center is therefore on the meridian about the 23d of May.

The sun enters the sign Virgo, on the 28d of August, but does not enter the constella~
tion vefore the 15th of Scptember. When the sun is in this sign, the eartn is in Pisces;
and vice versa.

161. Alpha, or Spica Virgims, in the ear of corn which the
virgin holds in her left hand, is the most brilliant star in this
constellation, and situated nearly 15° E. N. E. of Algorab in
the Crow, about 35° S. E. of Denehola, and nearly as far S. S.

Txi.es00Pic OBIRCTS.~—Beta? Delta ? 4
160. Order and position of Virgo? Exten.? Number of stars? Magnitudes? M..-‘al
declination of Virge? RBemark in fine print ? 161. What said of Alpha, or Spica Vir
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W. of Arcturus—three very brilliant sters of sunilar magnitude
rhat form a large cquilateral triangle, puinting to the S. Are
turus and Denebola are also the base of a similar triangle on
the north, terminating in Cor Caroli, which, joined to the former
eounstitutes the Diamond of Virgo

162. The length of this figure, from Cor Caroli, on the north,
to Spica Virginis on the south, is 50°. Its breadth, or shorter
diameter, extending from Arcturus ou the east to Denebola on
the west, is 354°. Spica may otherwise be known by its soli-
tary splendor, there being no visible star near it except one of
the 4th magmtude, sitnated about 1° below. it, on the left.

The position of this star in the heavens, has been determined with great exactness for
the benefit of navigators. 1t is one of the stars from which the moon’s distance is taken
for letermining the Jongitude at sea. Its situation is highly favoral'e for this purpose,
18 it lies within the moon’s path, and little more than 2° below the eat *h's orbit.

Its right ascension being 199°, it wul come_ to our meridian at 9 o’clock about the 25th
»f May, in that point of the heavens where the sun is at noon about the 20th of October.

163. Beta, called also Zarijava, is a star of the 3d magni-
tude, in the shoulder of the wing, 73° W. of Eta, with which
and Gamma it forms a line near tho Eartl’s orbit, and parallel
tv it. Beta, Eta, Gamma and Spica, form the lower and longer
smide of a large spherical triangle whose vertex is in Beta,

164. Vindemiatriz, is a star of the 3d magnitude, in the right
arm, or northern wing of Virgo, and is situated nearly in a
straight line with, and midway between Coma Berenices and
Spica Virginis. It is 194° S. W. of Arcturus, and about
the same distance S. E. of Coma Berenices, and forms with these
two 1 large triangle, pointing to the south. It bears also 18°
S. 8. E. of Denebola, and comes to the meridian about 23
minutes before Spica Virginis. ‘

165. Zeta, is a star of the 3d magnitude, 113 N. of Spica,
and very near the equinoctial. Gamma, situated near the left
side, is also a star of the 3d magnitude, and very near the equi-
noctial. It is 18° due west of Zeta, with which and Spica it
forms a handsome triangle. Eta, is a star of the 3d magnitude
‘n the southern wing, 5° W. of Gamma, and but 23° E. of the
autumnal equinox.

The other stars In this figure may be easily traced by means of the map. About 18° E,
of Spica, there are two stars of the 4th magnitude, 8° apart, which mark the foot of Virgc,
These two stars are on nearly the same meridian with Arcturus, acd culmlnate.nearly
at the eame time. The lower one, marked Lambda, is on the soutb, and but 8° W. of
i+ principal star ir. Libra. Several other stars of the 8d magnitude lie scattered about
Jo tkis constellation, and may be traced out by the map.
guig? Diamonds 162. Length of Virgo? Breadth? Iow may Splca be known?!
Note in fine print? 163. Describe Beta? What triangle? ;64. V ndemsatrix .
65, Zeta, Gamma and Eta? What other stars and how found?
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* Her lovely tresses glow with starry light;
Stars ornament the bracelet on her hand;
1ler vest in ample fold, glitters with stars:
Beneath her snowy feet they shine; her eyes
Lighten, all glorious, with the heavenly rays,
But first the star which crowns the goiden sheal.”

HISTORY.

Agcording to the ancient poets, this constellation represents the Virgin Aslcma, .t
goddess of justice, who lived upon the earth during the golden age; but being offc.sded
at the wickedness and impiety of mankind during the brazen and iron ages of the world,
+he returned to heaven, and was placed among the constellations of the zodiac, with a
2air of 3cales (Libra) in one hand and a sword in the other.

Iesi~d, who flourished nearly a thousand years before the birth of our Saviour, and
ater writers, mention four ages of the world; the golden, the silver, the brazen, and the
«: n age. In the beginning of things, say they, all men were happy, and all men were
goocd; the earth brought forth her fruits without the labor of man; and cares, and
wants, wars and diseases, were unknown. But this happy state of things did not last
long. To the golden age, the silver age succeceded ; to the silver the brazen; and to the
brazen, the iron. Perpetual spring no longer reigned; men continually quarreled with
each other; crime succeeded to crime; a:d blasphemy and murder stained the history
of every day. In the golden age, the gods did not disdain to mix familiarly with the
sons of men. The innocence, the integrity and brotherly love which they found among
as, were a pleasing spectacle even to superior natures; but as mankind degenerated,
one god after another deserted their late beloved haunts; Astraea lingered the last; but
finding the earth steeped in human gore, she herself flew away to the celestial regluns.

“ Victa jacet pietas; et virgo cede madentes
Ultima ccelestum terras Astrza relignit.”
Met. Lib. {. v. 149,

¢ Falth flevs, and piety in exile mourns;
And Justice here oppress'd, to heaven returns.”

Some, however, maintain, thut Erigone was changed into the constellation Virgo. The
leath of her ‘ather Icarus, an Athenian, who perished by the hands of some peasants,
whom he had intoxicated with wine, caused a fit of despair, in which Erigone hung her-
self; and sl ¢ was afterward, as it is said, placed among the signs of the zodiac. She
was directed by her faithful dog Mara to the place where her father was slain. *The
first bough on which she hung herself breaking, she sought a stronger, in o1der to effect
her purposc.

¢ Thus once in Marathon’s Impervious wood,
KErigone beside her father stood,
When hastening to discharge her pious vows,
She loos’d the knot, and cull’d the strongest boughs.”
Lewis* Statius, B. xi.

The famous zodiac of Dendera, as we have already noticed, commences with the sigg
Leo; but another zodiac, discovered among the ruins at Esne, in Egypt, commences with
Virgo; and from this circumstance, some have argued, that the regular precession of
the equinoxes established a date to this at least 2000 years older than that at Dendera.
The discoveries of Champollion, however, render it probable that this arcient relic of
astrology at Esne was erected during the reign of the Emperor Claudius, and conse-
quently did not precede the one at Dendera more than fourteen years.

Of this, however, we may be certain: the autumnal equinox now corresponds with
the first degree of }irgo, and, consequently, if we find a zodiac in which the summer
solstice was placed wilere the autumnal equinox now Is, that zodiac carries us back 90°
on the ecliptic; this divided by the annual precision 50%° must fix the date at about
6450 years ago. This computation, according to the chronology of the Sacred writings,
carries us back to the earliest ages of the huinan specics on earth, and proves, at least,
that astronomy was among the first studies of mankind. The most rational way of
accounting for this godiac, says Jamieson, is to ascribe it to the family of Noah; or per.
haps to the patriarch himself, who constructed it for the benefit of those who should live
after the deluge, and who preserved it as a monument to perpetuate the actnal state of
the hearens imwediately subsequent to the creation.

Hwrory.-~Account of the poets? 1llesiod’s accouct? What ciher supposition? Why
sodiacs meationed, and what calcuations, &c. ?
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TELESCOPIC OBJECTS,

1. a Vmma:Ns (Spica)—A splendid star with 2 minute companion R. A. 18h. 16m. 473
3ec. 8.10°19° 5. A 1, brilliant flushed white; B 10, bluish tinge.

2. 3 Vizginis (Zarijan)—A bright star with a small companion; R. A. 11h, 42m, 22s.
Dec. N. 2°40°0". A 83, pale yellow - B 11, light blue.

8. g‘VIn\‘.mm-—A fine BINARY STAR in the Virgin’s right side; R. A.12h. 33m. 33s,; Dz¢
8.0°%4' 3". A 4, silvery white; B4, pale yellow. A Binary System with a period of
abcat 157 years. Map. VIII. Fig. 8.

4. § ViraiNis—A star with a distant companion, .n the left side, about 17° north-nor:ir
west of Spica, and nearly midway between y and ¢ Virginis; R. A, 12h. 47Tm. 83s.; Dee
N.4°16'1". A 8%, golden yellow; B 10%, reddish; several small stars in the field.

5. &€ VirGiNS ( Vendemiatrim)-—~A star with a minute distant companion, on the uppet
ex r3:mity of the Virgin’s left wing; R. A. 12h, 54m. 18s.; Dec. 11°49 03", A 84, bright
yellow; B 15, intense blue. This last color on so small an object is very striking.

. 6. A TRPLE BTAR in the lower part of the southern wing, 7° northwest of Spica; R. A.
i8h. Olm, 40s.; Dec. 8.4° 41’ 0". A 45, pale white; B9, violet; C 10, dusky.

7. A LARGE, BUT RATHER PALE NEBULA, between Virgo’s left wing and Leo’s tail; R. A.
12h. 061:. 01s.; Dec. N. 15° 47" 02°. About 6%° from (3 Leonis, towards Arcturus, on the
outskirts of a vast region of Nebula in the Virgin's wing. It is elongated in the directicn
of two telescopic stars.

8. A LONG PALE-WHITE NEBULA, among telescopic stars, on the upper part of the Vir.
gin’s left wing ; K. A. 12h. 0Tm. 87s.; Dee. N. 14° 02’ 08°. Situated one-third of the way
from G Leonis to & Virginis, on the border of the vast nebulous reglon in Virgo. A
curious object in the shape of a weaver's shuttle.

9. A LUCID WHITE ELLIPTICAL NEDBULA, between the Virgin’s right elbow and the Crow ;
R. A. 12N, 81m. 40s.; Dec. S.10° 43' 07". Map VIIL., Fig. 45.

10. A poUBLE NEBULA in the center of Virgo’sleft wing; R. A.12h. 85m. 83s.; Dec. N.
12° 26’ 01°. It is b° west of Vendemiatrix, toward Regulus, in a wonderful nebulous
region. Map VIIL., Fig. 46, shows it on the right, with two other nebul®, and several
stars in the figure.

11. A PALE ELLIPTICAL NEBULA, in the middle of the left wing; R. A.12h. 44ia. 50s
Dee. N. 12° 05’ 09". It looks like a paper Xkite, under an arch formed by three teseswopdc
stars. Map. VIIL., Fig. 47.

12. A WONDFRFUL NEBULOUS REGION, about 2%° from north to south, and 8° from east to
west, is found on the left wing. Itincludes several of the objects described. For a
arawing of this remarkabl: field, see Map VIIL, Fig. 48.

CANES VENATICI (tHE ekrEYIOUNDS).—MAP IV.

166. This modern constellation, embracing two in one, wasd
made by Hevelius out of the unformed stars of the ancicnts
which were scattered between Bootes on the east, and Ursa
Major on the west, and between the handle of -the Dipper cu the
north, and Coma Berenices on thie south.

These Hounds are represented on the celestial sphere as being in pursuit of the Great
Bear, which Bootes is huntlng round the pole of heaven, while he holds In his haud the
leash by which they are fastened together, The northern one is calle 1 Asterion, anul
the southern one, Chara.

TELEsCOPIC OBsECTs.—Alpha? Beta? Gammal  Delta? Epsilon? What triple etaz |
Nebula? Point out on the map.
166. Situation of Canes Venatici? By whom formed? How represented? Named &

*he bounds ?
4*
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167. The stars in this group are considerably scattered, and
are principally of the 5th and 6th magnitudes ; of the twenty.
fivo stars which it contains, there is but one sufficiently large to
engage our attention. Cor Caroli or Charles Heart, so named
by Sir Charles Scarborough, in memcary of King Charles the
First, is a star of the 3d magnitude, in the neck of Chara, the
southern Hound.

‘When on the merilian, Cor Caroli s 17%° direct.y S. of Alloth, the third star in the
handle of the Dipper, and is so nearly on the same meridian that it culminates only ¢ns
minute and a half after it. This occurs on the 20th of May.

A line drawn from Cor Caroli through Alioth will lead to the N. polar star. This star
may also be readily distinguished by its being in a straight line with, and midway between
Benctnasch, the first star in the handle of the Dipper, and Coma Berenices ; and also by
the fact that when Ccr Caroli is on the meridian, Denebola bears 28° S. W, and Arcturus
26° 8. E. of it, forming with these two stars a very large triangle, whose vertex is at the
north; it is also at the northern extremity of the large Diamond already described.

The remaining stars in this constellation are too small and too much scattered to excite
our interest.

TELESCOPIC OBJEOTS.

1 A pouBLe sTAR near Chara's mouth; R. A. 12h. 08m. 06s.; Dec. N. 41° 83' 01", A 6,
ellow; B 9, blue. 1t is about 9° south of Cor Caroll, and one-third of the distance
etween that star and § Leonls. Map VIII., Fig. 10.

2. A MAGNIFICENT CLUSTER, between the southern Hound and the knee of Bootes; R. A,

%rslllll 84lm. 42; A splendid group, supposed to contain not less than 1,000 stars. Map
.y Fig. 49.

8. A PAIR OF LUCID WHITE NEBULZE, near the ear of the northern Hound ; R. A. 18h. 23m.,
06s. ; Dec. N. 48" 01' 07",

4. A LARGE BRIGHT NEBULA, 2%6° north by west of Cor Caroli; R. A.12h. 43m. 22s.; Deo.
N. 41° 59’ 07". A fine pale-white object, coinpressed toward the center, and with seversl
small stars in the field.

CHAPTER VIIL

CONSTELLATIONS ON THE MERIDIAN IN JUNE.

BOOTES (rne BEAR DRIVER).—MAP IV,

168. TrE Brar-DRrIvER is represented by the figure of s hunts-
man in a running posture, grasping a club in his right hand, and
holding up in his left the leash of his two greyhounds, Asterion
and Chara, with which he seems to be pursuing the Great Beax
round the pole of the heavens. He is thence called Arcte
phylax, or the ¢ Bear-Driver.”

167. Dcscribe the stars in this grovp? Cor Caroli?

TeLESCOPIC OBJECTS.—What double star? Show on the map? Clusters? Pointostos
the map? Nebule? .

168. Describe Bootes? Why called the Bear-Driver ?
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169. This constellation is situated between Corona Borealis
on the east, and Cor Caroli, or the Greyhounds, on the west
1t contains fifty-four stars, including one of the 1st magnitude,
seven of the 3d, and ten of the 4th. Its mean declination is 20*
N., and its mean right ascension is 212° ; its center is there-
fore on the meridian the 9th of June. It may be easily distin:
gaished by the position and splendor of its principle stav, Are
tarus, which shines with a reddish luster, very much resembling
that of the planet Mars,

170. Arcturus is a star of the 1lst magnitude, situated near
the left knee, 26° S. E. of Cor Caroli and Coma Berenices, with
which it forms an elongated triangle, whose vertex is at Are
turas, It is 353° E. of Denchola, and nearly as far N. of Spica
Virginis, and forms with these two, as has already been observed,
a large equitateral triangle. It also makes, with Cor Caroli and
Denebola, a large triangle whose vertex is in Cor Caroli,

A great varlety of geometrical figures may be formed of the stars in this bright region
of the skies. For example: Cor Caroli on the N., and Spica Virginis on the S., constitute
the extreme points of a very large figure in the shape of a diamond; while Deneboia on
the W, and Arcturus on the E., limit the mean diameter at the other points.

171. Arcturus is supposed by some to be nearer the Earth
than any other star in the northern hemisphere.

Five or six degrees S. W, of Arcturus are three stars of the 84 and 4th magnitudes,
lying in a curved line, about 2° apart, and a little below the left knce of Bootes; ax;d
about 7° E. of Arcturus are three or four cther stars of similar magnitude, situated in
the other leg, making a larger curve N. and 8.

172. Mirac, in the girdle, is a star of the 3d magnitude, 10°
N. N. E. of Arcturus, and about 114° W. of Alphacca, a star in
the Northern Crown. Seginus, in the west shoulder, is a sta:
of the 3d magnitude, nearly 20° E. of Cor Caroli, and about the
same distance N. of Arcturus, and forms with these two, a right.
angled triangle, the right angle being at Seginus. The samg
star forms a right-angled triangle with Cor Caroli and Alioth,
in Ursa Major, the right angle being at Cor Caroli. y

113. Alkaturops, situated in the top of the club, is a star of
the 4th magnitude, about 104°in an easterly direction from
Seginus, which lies in the left shoulder ; and about 43° S. of
Alkaturops is another star of the 4th magnitude, in the club,
near the east shoulder, marked Delta. Delta is about 9° dis-
tant from Mirac, and 74° from Alphacca, and forms, with these
*wo, a regular triangle.

129, How situated? How many stars, and their magnitude? Declination? How dis
tinguished ? 170, Describe Areturus, and Its position? What triangles? What dia
ncend ? 171. Supposed nearness of Arcturus? 172. Describe Mirac and Seginus
Vi:at triangles? 178. Situation and magnitude of Alkaturops? Of Delta?
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174, Nekkar is a star of the 3d magnitude, situnted in the
fiead, and is about 6° N. E. of Seginus, and 5' W. of Alkatu
rops; it forms, with Delta and Seginus, nearly a right angled
triangle, the right angle being at Nekar.

These are the priucipal stars In this constellation, except the three stars of the 4th
magnitude situated in the right hand. These stars may be known by two of them being
close together, and about 5° beyond Benetnasch, the first star in the handle of the Dijw
per. Abont 6° E. of Benetnasch is another star of the 4th magnitude, sitnated ir ‘he
arm which forms, with Benetnasch and the thiree in the Land, an equilateral triangle.

175. The three stars in the left hand of Bootes, the first in
the handle of the Dipper, Cor Caroli, Coma Berenices, and
Denebola, are all situated nearly in the same right line, ruuning
from northeast to southwest.

¢ Bootes follows with redundant light;
Fifty-four stars he boasts; one guards the Bear,
Thence call'd Arcturus, of resplendent front,
The pride of the first order : eight are veil’d,
Invisible to the unaided eye.”

Maxwrvs thus speaks of this constellation :—

¢ And next Bootes comes, whose order’d beams
Present a figure driving of his teams.
Below his girdle, near his knees, he bears
The bright Arcturus, fairest of the stars.”

176. Arcturusis mentioned by name in that beautiful passage
m Job, already referred to, where the Almighty answers *‘ont
of the whirlwind,” and says :—

¢ Canst thou the sky's benevolence restrain,
And cause the Pleiades to shine in vain?
Or, when Orion sparkles from his sphere,
Thaw the cold seasons and unbind the year?
Bid Mazzaroth his wonted station know,
And teach the bright Arcturus where to'glow?"
Young's Paraphrase.

HISTORY.

The ancient Greeks called this constellation Lycaon—a name derived from Avkos,
which signifies a wolf. The Hebrews called it Culeb Anubach, the ¢ Barking Dog;”
while the Latins, among other names, called it Canis. If we go back to the time when
Taurus opened the year, and when Virgo was the fifth of the zodiacal signs, we shall
find that brilliant star Arcturus, so remarkable for its red and fiery appearance, corres-
ponding with a period of the year as remarkable for its heat. Pythagoras, who intro-
duced the true system of the universe into Greece, received it from Enuphis, a priest of
On, iz Egypt. And this college of the priesthood was the noblest of the east, in cultivat.
ing the studies of philosophy and astronomy. Among the high honors which Pharaok
gonferred on Joseph, he very wisely gave him in marriage * a daughter of the priest of
On].glsThe supposed era of the book of Job, in which Arclurus is repeatedly mentioned,
is B.C.

Bootes is supposed by some to be Icarus, the father of Erigone, who was killed by
shepherds for intoxicating them. Others maintain that it is Erichthonius, the inventor
of chariots. According to Grecian fable, as well as later authorities, Bootes was the son
¢f Jupiter and Calisto, and named Arcas. Ovid relates, that Juno, being incensed at
Jupiter for his partiality to Calisto, changed her inte a bear, and that her son Arcas, whe
became 4 famous hunter, one day roused a bear in the chase, and not knowing that §¢

174. Of Nekkar? Any other stars? 175, What said of three stars in the hand of
Bootes? 178. What star in Bootes mentioned in the Scrip.tures? Poctic quotation ?
HisTory.—Greek name of this constellation? lebrew? “irecian fable? Ovid:
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was his mother, was about t kill her, when Jupiter snatched them both ap to hsaves
nad placed then among the constellations. Met. b. ii. v. 496-508.

¥ But now her son had fifteen summers told,
Fierce at the chase, and in the forest bold ;
‘When as he beat the woods in quest of prey,
de chanced to rouse his mother where she lay.
She knew her son, and kept him in her sight,
And fondly gazcd : the boy was in a fright,
And aim’d a pointed arrow at her breast;
And would have slain his mother in the beast:
But Jove forbade, and snatch’d them through the air
In whirlwinds up to heaven, and fix’d 'em there-
‘Where the new constellations nightly rise,
And add a luster to the northern skies.”
Garth’s Translation.
Locax, it his Pharsalia, says—

“ That Brutus, on the busy times intent,
To virtuous Cato’s humble dwelling went,
"Twas when the solemn dead of night came on,
‘When bright Calisto, with her shining son,
Now half that circle round the pole had run.”

This constellation is called Bootes, says Cicero (Nat. Deo. Lib. ii. 42), from a Gretk
word signifying a wagoner, or ploughman ; and somectimes Arctophylax from two Gruck
words signifying bear-keeper or bear-driver.

¢ Arctophylax, vulgo qui dicitur esse Bootes,
Quod quasi temone adjunctum prz se quatit Arctum.”

The stars In this region of the skies seem to have attracted the adiniration of almoasf
all the eminent writers of antiquity. Claudian observes, that 5

“ Bootes with his wain the north unfolds;
The southern gate Orion holds.”

And Aratus, who flourished nearly 8§00 years before Claudian, says,

* Behind, and seeming to urge on the Bear,
A-ctophylax, on earth Bootes named,
Sheds o’er the Arctic car his silver light.”

This is the poet whom St. Paul refers to when he tells the Athenians, Acts xvil. 23, that
“gome of their own pocts have said, *Tov yap sat yevos eouev:® For we are aleo
his offspring.” These words are the beginning of the 5th line of the *“ Phenomena ” of
Aratus, a celebrated Greek poem written ir. the reign of Ptolemy Philadelphus, two
thousand one hundred years ago, and afterward translated into Latin verse by Cicero.
Aratus was a poet of St. Paul’s own country. The apostle borrows again from the same
poet, both in his Epistle to the Galatians, and to Titus, The subject of the poem Was
grand and interesting: hence we find it referred to in the writings of 8t. Clement, St.
Jerome, St. Chrysostom, Bcumenius, and others, As this poem describes the nature and
motions of the stars, and the origin of the constellations, and Is, morcover, onc of the
oldest compositions extant upon this interesting subject, the author has taken some
pains to procure a Polyglot copy from Germany, together with the Astronomicon of
Manilius, and some other works of similar antiquity, that nothing should be wanting on
his part which could impart an interest to the study of the constellations, or illustrate
the frequent a'lusions to them which we meet with in the Scriptures.

Dr. Doddridge says of the above quotation, that ¢ these words are well known to te
found in Aratus, a poet of Paul’s own country, who lived almost 800 ycars before the
apostle’s time; and that the same words, with the alteration of only one letter, are o
Dbe found in the Hymm of Cleanthes, to Jupiter, the Supreme God; which is, beyond
comparison, the purest and finest plece of natural religion, of its length, which 1know
in the whole wor'd of Pagan antiquity; and which, so far as*1 can recollect, col.tainy
nothing unworthy of a Christian, or, [ had almost said, of an inspired pen. The apostle
might perhaps refer to Cleanthes, as well as to his countryman Aratus.” s

Many of the elem2nts and fables of heathen mythology are so blended with th?

account? Lucan and Cicero? Claudian? Aratus? Who was Aratus? What remark
able quot.“teL *  Reraark of Doddridge? What other passage cited by St.P#21? Frouw
shom?
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Inspired writings, that they must needs be studied, more ot lss, in order to have & mcra
proper understanding of numerous passages both in the Old and New Testament.

The great apostle of the Gentiles, in uttering his Inspired sentiments, and in penning
his epistles, often refers to and sometimes quotes verbatim from the fistinguished writers
who preceded him.

Thus, in 1 Cor. xv. 83, we have *‘ My mAavasfe < ®fepovory 7y xpnod’ optiia.
tgkat.’ Be not deceived; evll communications corrupt good manners;” which isa
jtaral quotation by the apostle from the Thais of Menander, an inventcr of cireem
somedy, and a celebrated Athenian poet, who flourished nearly 400 years before the
spestle wrote his epistle to the Corinthians. Thus Paul adopts the seutiment of the
so1aedian, and it becomes hallowed by “the divinity that stirred within hin.” Terta.-
fan remarks, that «in quoting this, the apostle hath sanctified the poet’s sentiment.’

TELESCOPIC OBJECTS,

1. a Booms (Arcturus)—A pounLe STAR; R. A. 14h. 08m. 22s.; Dec. N. 20°00°9", A 1,
aeddish yellow; B 11, lilac.

2. B Bodmis { Nekkary—A star with a distant companion in the head of the figure; R. A.
14h, 55m. b5s. ; Dec. N. 41°01' 5°. A 8, golden yellow: B 11, pale grey.

3. ¢ Bootis—A star with a distant companion in the left shoulder ; R. A . 15h. 09m. 03s.;
Dec, N. 53°54' 9", A 8%, pale yellow; B 82, light blue.

4. € BooTis (Mirac)—A DOUBLE STAR in the left hip; R. A. 14h. 88m. 00s.; Dec. N. 27°
45" 1°. A 3, pale orange; BT, sea green, A lovely object—colors distinct, and strongly
contrasted. :

5. { BooTis—A close DOUBLE STAR on the left leg; R. A, 14h. 83m. 81s.; Dec. N. 14° 25’
1°. A 8%, bright white; B 4, bluish white,

6. 7 BooTis (Mufride)—A star with a distant companion on the right leg; R. A. 13h,
4Tm. 04s.; Dec. N. 19° 12' 0°. About 5}° west by south of Arcturus. A 8, pale yellow;
B 10%, lilac. i

7. ¢ BodTIS—A DELICATE TRIPLE STAR in the right hand (Map VL); R. A, 14h. 10m. 80s.;
Dec. N. 52° 06' 4°. A and B 4, pale yellow; C 8, creamy white.

8. & BoGTIS—A BINARY STAR on the left knee; R. A.144. 44m. 00s.; Dec. N. 19° 46° 1*
A 8%, orange; B 6, purple. Supposed period 400 years.

9. A RICB GROUP of stars in the vicinity of Arcturus, and surrounding that star. May
be seen with small telescopes. Map VIIIL,, Fig. 50.

10. A PALE WHITE NEBULA in a nebulous field, 5° north northeast of Alkaid; R. A.
13h. 5Tm. 81s.; Dec. N. b5° 08’ 8'. About 5° southeast of Mizar. A difficult object
except with a good instrument.

11. A WHITE ROUND NEBCLA near the right shoulder; R. A. i4h. 11m. 44s.; Dec. N, 87*
14' 4°. Pale, except at the center~—telescopic stars in the field.

NOCTA (tue owr).—MAP IV,

177. This small asterism is situated between the feet of Virgo.
on the north, and the tail of Hydra, on the south. It has bat few
stars, and those only of the 5th and 6th magnitudes. It is often
omitted altogether from the constellations.

CENTATURUS (reE OENTAUR).—MAP IV, AND VIIL.

178 This fabnlous monster is represented by the figure of a
mun, terminating in the body of a horse, holding a wolf at arm’s

TrRLESCOPIO OBJRCTS.—Alpha? Bets? Delta? Epsilon? Zetat Ewa? Iota? Xi
What rich group? Point out on the map. What net-la?
171, Deseride Nocta, its situatin, stars, &c.
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length in one hand, while he transfixes its body with a spear in
the other.

Althongh this constellation occupies a large space iu the
sonthern hemisphere, yet it is so low down that the main part
ol it eannot be seen in our latitude. It is situated south of
8}ica Virginis, with a mean declination of 50°, It coutainy
Mirty-five stars, including two of the Ist magnitude, one of the
27 and six of the 3d ; the brightest of which are not visibe in
he Uniled States

i19. Tweiu 1s a . .tar of between the 2d and 3d magnitude, in
the east shoulder, and may be seen from this latitude, during the
month of June, being about 27° S. by E. from Spica Virginis,
and 12° or 13° above the southern horizon. It is easily recog-
nized in a clear evening, from the circumstance that there is no
other star of similar brightness in the same region, for which it
can be mistaken. It is so nearly on the same meridian with
Arcturus that it culminates but ten minutes before it.

f5ta s a star of between the 4th and 5th magnitude, in the west shoulder, 9%° W. of
Theta. It is about 26° almost directly south of Spica Virginis, and is on the nieridian
uearly at the same tline.

Muand Nu are stars of the 4th magnitude, in the breast, very near together, and form
a regular triangle with the two stars in the shoulders.

A few degrees north of the two stars in the shoulders, are four small stars in the head.
The relative position of the stars in the iead and shoulders is very similar to that of the
stars in the head and shoulders of Orion.

HISTORY.

Centaurs, in mythology, were a kind of fabulous monsters, half men and half horses.
This fable is, hvwever, differently interpreted; some suppose the Centaurs to have been
a body of shepherds and herdsmen, rich in cattle, who inhabited the mountains of Area-
dia, and to whom is attributed the invention of pastoral poetry. But Plutarch and Pliny
are of opinion that such monsters have really existed. Others say, that ander the reign
of Ixion, king of Thessaly, a herd of buils ran mad, and ravaged the whole country,
rendering the mountaing inaccessible ; and that some young men, who had found the ari
f taming and mounting horses, undertook to expel these noxious animals, which they
pursuea on horseback, and thence obtained the appeliation of Centuurs.

This success rendering them insolent, they insulted the Lapithze, a people of Thessaly ;
and becanse, when attaeked, they fled with great rapidity, it was supposed that they
were half horses and hialf men; men on horses being at that peried a very uncommon
ght, and the two appearing, especially at a distance, to constitute but one animal. Se
the Spanish cavalry at first seemed to the astonished Mexicans, who imagined the horse
+nd his rider, like the Centaurs of the ancients, to be some monstrous animal of a tcr-
ridle form.

Tte Centaurs, in reality, were a tribe of Lapithe, who residea near Mount Pelion, aud
Arst invented the art of breaking horses, as intimated by Virgil.

¢ The Lapithas to chariots add the state
Of bits and bridles ; taught the steed to bound
To turn the ring, and trace the mazy ground:
To stop, to fly, the rules of war to know*
To obey the rider, and to dare the foe.”

Centaurus i3 so law down in the south that it would be of no service to describe its tele
.xepic objects.

173, How is Centaurvs repres2niad ? Its situation? Numbcer o® stars, &:.F 179, Theta
fota, Mu, Nu, &c.?

v Ry —What waas Centaurust Diffaent opinions t
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LUPUS (tE worr).—MAPS V. AND VII.

180. This constellation is situated next cast of the Ceuntunr
and south of Libra; and is so low down in the southern hemt
srhere, that only a few stars in the group are visible to us. 1t
¢t ntains twenty-fow stars, including three of the 3d maguitude,
aod as many of the 4th; the brightest of which, when on the
neridian may be seen in a clear evening, just above the soutliern
horizon, Their particular situation however, will be better
sraced ont by reference to the map than by written directions.

The most favorable time for observing this constellation is
toward the latter end of June.

HISTORY.,

This constellation, according to fable, 1s Lycaon, king of Arcadia, who lived about 8600
years ago, and was changed into a wolf by Jupiter, because he offered human victims on
the-altars of the god Pan. Some attribute this metamorphosis to another cause. The
sins of mankind, as they relate, had become so enormous, that Jupiter visited the earth
to punish its wickedness and impiety. He came to Arcadia, where he was announced as
a god, and the people began to pay proper adoration to his divinity. Lyeaon, however,
who used to sacrifice all strangers to his wanton cruelty, laughed at the pious prayers
of his subjects, and to try the divinity of the god, served up human flesh on his table,
This impiety so offended Jupiter, that he immediately destroyed the house of Lycaon,
and changed him into a wolf.

¢ Qf these he murders one; he boils the flesh,
And lays the mangled morsels in a dish
Some part he roasts; then serves it up so dress’d,
And bids me welcome to his human feast.
Moved with disdain, the table I o’erturned,
And with avenging flames the palace burn’d.
The tyrant in a fright for shelter gains
The neighboring fields, and scours along the plains:
1lowling he fled, and fain he would have spoke,
But human voice his brutal tongue forsook.
1lis mantle, now his hide, w#‘h rugged hairs,
Clexnves to his back : a famish’d face he bears *
His arms descend, his shoulders gink away
To multiply his legs for chase of prey;
He grows a wolf.”—Ouvid. AMet. B. i.

TELESCOPIC OBJECTS.

1. a Lopt—A star with a distant companion, in the tail of Lupus, &. a.Sh. 2m
40s. ; Dec. 8. 17°56' 5°. A 8, pale yellow; B 9%, grey. To find, draw a line from &
the central star of Orion’s belt, through ¢/ and its nebulous patch on the sword, a3 low
down, and Sirius, and you meet @ Lupi.

2. 3 Lu?i—A DOUBLE STAR; R. A. 5h. 21m. 28s.; Dec. 8. 20° 53 5. A4, deep yel-
0w ; B 11, blue.

8. y Lupi—A wide TRIPLE STAR in a barren field; R. A. 5h. 87m. 4Ss.; Dec. 22°
80'2" Ad4,light yellow; B 6%, pale green; C 18, dusky. A line from & Orionis throngt
the second cluster, and carried 16° beyond, falls upon it.

4. A bright STELLAR NEBULA, of a milky white tinge; R. A. 5h. 1Tm §0s. Dec. 8. 24°
# 9°. A fine object blazing towards the centre.

78v. Situation of Lupus  Nuraber and magnitude of Its stars? Best time to observe
HistorY,—What was Lupus orlginally? Why changed and by whom? Describe 1 by
ghat poet?
Teukscoric OBJELTS.—Alpha? Bete? Gamma? Wha. Nebuli?
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LIBRA (rne soargs).—MAP IV. AND V.

181. This is the seventh sign, and eighth constellation, fiom
the vernal equinox, and is situated in the Zodiac, next east of
Yirgo.

The sun enters this sign, at the autumnal equinox, on the 23l
of September ; but does not reach the constellation before tl.e
£9th of October. When the sun enters the sign Libra, the
days and nights are equal all over the world, and seem to
observe a kind of equilibrium, like a balance. 1

When, however, it is said that the vernal and autumnal equinoxes are in Aries and
Libra, and the tropics in Cancer and Capricorn, it must be remembered that the signs
Aries and Libra, Cancer and Capricorn, and not the constellations of these names, are
meant: for the equinoxes are now in the constellations Pisces and Virgo, and the tropics
in femini and Sagittarius; each constellation havingsgone forward one sign in the

iptic.

About 22 centuries ago, the constellation Libra coincided with the sign Libra; but
having advauced 30° or more in the ecliptic, it is now in the 8ign Scorpio, and the con-
stellation Scorpio is in the sign Sagittarius, and so on.

While Aries is now advang¢=d a whole sign above the equinoctial point into north decli-
nation, Libra has descended as far below it into south declination.

182. Libra contains fifty-one stars, including two of the 2d
nagnitude, two of the 3d, and twelve of the 4th. Its mean
declination is 8° south, and its mean right ascension 226°. Its
center is therefore on the meridian about the 22d of June.

It may be known by means of its four principal stars, forming
a quadrilateral figure, lying nortlieast and southwest, and
having its upper and lower corners nearly in a line running north
and south. The two stars which form the N. E. side of thu
square, are situated about 7° apart, and distingnish the Northern
Scale. The two stars which form the S. W. side of the square
are situated about €” apart, and distinguish the Southern Scale.

Zubeneschamall, in the Southern Scale, about 21° E. of Spica, and 8° E..of Lambda
Virginis, is'a star of the 2d magnitude, and is situated very near the eclipiic, about 42%*
E. of tlic antumnal equinox. The distance from this star down to Theta Centauri is
about 23°, with which, and Spica Virginis, it forms a large triangle, on the right.

Zubenelgeniabi, the uppermost star in the Northern Scale, is also of the 2d magnitude,
9%° above Zubeneschamali, toward the northeast, and it comes to the meridian about
twenty-six minutes after it, on the 23d of June. Zubenelgemabi is the northernmost of
the f;l)urfl;right stars in this figure, and is exactly opposite the lower one, which is 11°
south of it.

Zubenhakrabi is a star of the 8d magnitude in the Northern Scale, 7° 8. E. of Zubenel-
gemabi, and nearly opposite to Zubeneschamali, at the distance of 11° on the east.

hese two mnake the diagonal of the square east and west.

Jota iz a star of the 4th magnitude, and constitutes the sout) ernmost corner of the
square. It Is about 6° 8. E. of Zubeneschamali, and 11° 8. of Zuvenelgemabi, with which
it forms the other diagonal north and south.

Zebenelgubi is a star of the 8d magnitude, situated below the Southern Scale, st the

181. Order ar 1 situation of Libra? What circumstance suggesting a buiance? Wkas

smarks respecting the distirction between the signs and the constellations? 182. Nunx
er of stars in Libra? Its mean declination? Right ascension? When on the mert
an? How may it be known? Describe the four stars. Closing remarks?




02 i ASTRONOMY.

distance of 6° from Iota, and marks the southern limit of the Zodiac. It is situated In a
right line with, and nearly midway between Spica Virginis and Beta Scorpionis: and
comes to the meridian nearly at the same moment with Nekkar, in the head of Boutes.

The remaining stars in this constellation are too small to engage attention.

The scholar, In tracing out this constellation in the heavens, will perceive that Lambda
and Ma, which lie in the feet of Virgo on the west, form, with Zubeneschamall and
Zubenelgemabi, almost as handsome and perfect a figure, as the other two stars In the
Ralance do on the east.

HISTORY.

Virgo was the goddess of justice, and Libra, the scales, which she is usually rep.¢
sentad as holding in her left hand, are the ag propriate emblem of her office.

The Libra of the Zodiac, says Maurice, in his Indlan Antiquities, is verpetually seen
upon all the hieroglyphics of Egypt; which is at once an argument of the great antiquity
of this asterism, and of the probabili.y of its having veen originally fabricated by the
astronamical sons of Misraim. In some few zodiacs, Astraca, or the virgin who Lolds the
balance in her hand as an emblem of equal justice, is not drawn. Such are the zodacs
of Esne and Dendera. Humboldt is of opinion, that although the Romans introduced
“his constellation into their zodiao in the reign of Julius Caesar, still it might have been
used by the Egyptians and other nations of very remote antiquity.

1t is generally supposed that the figure of the balance has been used by all nations to
denote the equality of the ilays and nights, at the period of the sun’s arriving at this
sign. It has also been observed, that at this season there is a greater uniformity in tha
temperature of the air all over the earth’s surface.

Others affirm, that the beam only of the balance was at first placed among the stars,
and that the Egyptians thus honored it as their Nilometer, or instrument by which they
measured the inundations of the Nile. To this custom of measuring the waters of the
Nile, it is thought the prophet alludes, when he describes the Almighty as meusuring
Vie waters in the hollow of his hand —Isa. x1. 12

The ancient husbandinen, according to Virgil, were wont o regard this sign as indi
tating the proper time for sowing their winter grain:—

" But when Astraea’s balance, hung on high,
Betwixt the nights and days divides the sky,
Then yoke your oxen, sow your winter grain,
Till cold December comes with driving rain,”

The Greeks declare that the balauce was placed among the stars to perpetuate the
memory of Mochus, the inventor of weights and measures.

Those who refer the constellations of the Zodiac to the twelve tribes of Israel ascribe
the Balance to Asher.

TELESCOPIC OBJECTS.

1. @ LiBRE—A wide DOUBLE STAR; R. A. 14h. 42m. 02s.; Dec. 8. 15° 22’ 8". A 8, pala
yeilow; B 6, light grey. Carry a line from Avcturus to Spica; and from thence a "rect-
ungular one about 22° to the eastward.

2. (3 Lipr&—A loose DOUBLE STAR; R. A. 15h. 0Sm. 24s.; Dec. 8. 8° 47" 4°, A 2%, pal?
emerald ; B 12, light blue.

8 ¢ lem—A fine TRIPLE STAR, between Libra and the right leg of Ophiuchus, 16° from
Antares, towards Serpentis; R. A. 15h. 55m. 35s.; Dec. 8. 10° 55’ 6°, A 4}§ bright
white ; B 5, pale yellow; C 7%, grey. Map VIIL, Fig. 11.

4. A cLOSE CLUSTER, over the beam of the Scales; R. A. 15h. 10m. 26s.; Dec N.2°41'8",
A superb object, with a bright central blaze, and outlines in al' directions. Map IX,
Fig. 51. Appears nebulous throngh small instruments.

5. A LARGE COMPRESSED CLUST:R of minute stars; R.A.15h. 08m. 06s.: Dec.8.20' 26’ 1"
Faint and pale.

HwBToRY,—Who was Virgo, &c.? Reniark of Maurice? What generai supposition
'What other explanations?
TrLmecorio OBJECTS.~~A'pha? Beta? What triple star? Map? Clustes ‘and Map{
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SERPENS (tue serpext).—PLATE V.

183. There are no less than four kinds of serpents placed
among the constellations. The first is the Hydra, which is situ-
ated south of the Zodiac, below Cancer, Leo and Virgo; the
second is Hydras, which is sitnated near the south pole; the
third is Draco, which is situated about the north pole; and the
fourth is the serpent called Serpens Ophiuchi, and is situated
chicfly between Libra and Corona Borealis. A large part of
this constellation, however, is so blended with Ophinchus, the
Serpent-Bearer, who grasps it in both hands, that the concluding
description of it will be deferred until we come to that constel-
e “The Serpens Ophiuchi winds hls spire

Immense: fewer by len his figure trace;
One of the second rank; ten shun the sight;
And seven, he who bears the mouster hidea.”

184. Those stars which lie scattered along for about 25°, in u
serpentine direction between Libra and the Crown, mark the
hody and head of the Serpent.

About 10° directly S. of the Crown there arc three stars of
the 3d magnitude, which, with several smaller ones, distinguish
the head.

185. Unuk, of the 2d magnitude, is the principal star in this
‘constellation. It is situated in the heart, about 10° below those
in the head, and may be known by its being in a line with, and
between, two stars of the 3d magnitude—the lower one, marked
Epsilon, being 23°, and the upper one, marked Delta, about 53°
from it. The direction of this line is N. N. W.and S. S. E
Unuk may otherwise be known by means of a small star, just
above it, marked Lambda.

In that part of the Serpent which lics between Corcna Borealis and the Scales, about
» dozen stars may be counted, of which five or six ars conspicuous.
For the remainder of this constellation, the student is referred to Serpentarius
 Vast as the starry Serpent, that on high
Tracks the clear ether, and divides the sky,
And southward winding from the Northern Wain.
Shoots to remoter spheres its glittering train.” —Stat{ue.

HiSTORY.

The Hivites, of the Old Testament, were worshipers of the ferpent, and were calied
Uohites. The idolatry of these Ophites was extremely ancient, and was connected with

188. How many serpents among the constellations? Describe each. Which hers
referred to? Is it fully described? 184 What stars mark the body and head? 185,
Name the principal star. Where situated and how known ?

. HisTorY —What sald of the Hivites? Tradition respecting Ophiuchus? Supposed
B:ripture reference ?
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Sabeism, or the worship of tha host of heaven. The Leresy of the Op:utes, mentioned .
by Mosheim, in his Ecclesiastical History, originated, perhaps, in the admission into the
Christlan church of sowe remwnant of the ancient and pupular sect of Sabeists, who
adored the celestial Serpent.

According tc ancient tradition, Ophiuchus is the celebrated physician Asculapius, son
of Apollo, who was instructed In the healing art by Chiron the Centaur; and the ser-
pent, which is here placed in his hands, is understood by some to be an emblem of hig
sagacity and prudence; while others suppose it was designed to denote his skill in heals
ing the bite of this reptile. Biblical gritics imagine that this constellation is alluded to
in the following passage of the book of Job:—

¢ By his spsirit He hath garnished the Heavens; his hand hath formed the crooked zer-
pent.”? Mr. Green supposes, however, that the inspired writer here refers to Draco
because it is a more obvious constellation, being nearer the pole where the constellation.
were more universally noticed ; and morev ver, because it is 2 more ancient constellation

IL]lan the Serpent, and the hieroglyphic by which the Egyptians usually represented the
icavens.

TELESCOPIC OBJECTS.

1. @ SeaPENTIS (Unuk)—A star with a minute companion on the heart of the Serpent;
R. A. 15h. 86m. 28s.; Dec. N. 6°55'9°. A 2, pale yellow; B 15, fine blue. An extremely
delicate object.

2. 3 SERPENTIS—A delicate DOUBLE STAR in the Serpent's ander jaw; R. A. 15h. 88m.
48s.; Dec. N.15° 55 7. A 8%, and B 10, both pale blue.

8. J SkrPENTIS—AD elegant DOUBLE STAR in the hend of the neck ; R. A.15h. 27m. 10s.;
D;:% N.kll' 04 7°. A 8, bright white ; B 5, bluish white. A fine object, about 5* N. W,
of Unak.

4. 77 SERPENTIS—A star with a minute companion in the Serpent’s body, nearly midway
petween 7 Ophiuchi and @ Aquilee; R. A. 18h. 18m. 02s.; Dec. 8. 2° 56’ 0°. A 4, golden
yellow; B 18, pale lilac. A delicate and difficult object.

5. v SERPENTIS—A wide DOUBLE S8TAR in the middle of the Serpent, 4° northeast of %5
R. A.17Th. 11m, 49s.; Dec. 8. 12° 40° 7" A 4%, pale sea-green; B 9, lilac, with a third
star in the field.

6. A delicate DOUBLE STAR; R. A.15h. 11m. 08s.; Dec. N, 2° 22' 6°. A 5)4.pale yellow
B 102, light grey. Look 9° southwest of a Serpentis, 24° southeast of Arcturus.

CORONA BOREALIS (THE NORTHERN oRowN).—MAP V.

186. This beautiful constellation may be easily known by
means of its six principal stars, which are so placed as to form
a circular figure, very much resembling a wreath or crown. It
is situated directly north of the Serpent’s head, between Bootes
on the west, and Hercules on the east.

This asterism was known to the Hebrews by the name of Ataroth, and by this name
the stars in Corona Borealis are called, in the East, to this day.

181. Alphacca, of the 2d magnitude, is the brightest and
middle star in the diadem, and about 11° E. of Mirac, in Bootes.
It is very readily distinguished from the others both on aceount
of its position and superior brilliancy. Alphacca, Arcturus, ard
Seginus, form nearly an isosceles triangle, the vertex of which is
at Arcturus. 3 ~

Tr1E4COPIC OBJECTS.—Alpha? Beta? Delta? Eta? Nu? &c.
186, Jlow may Corona Borealis be known? Where situatcd? Its Hebrew nawe)
187, Describe Alphacca? How distingunished ! What triangle ®
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188. This constellation contains twenty-one stars, of which
only six or eight arc conspicuous; and inost of these are not
larger thar the 3d magnitude. Its mean declination is 30°
north, and its mean right aseension 235°; its center is therefors
¢2 the meridian ahout the last of Jnne, aud the first of July.

“ And, near to fel ce, effulgen: rays
Beam, Ariadne, from thy starry crown:
Twenty and one her stars; but eight alone
Conspicuous ; one doubtful, or to claim
The second order, or accent the third.”

HISTORY.

This beautiful little cluster of stars is said to be in commemoration of a crown pre-
sented by Bacchus to Ariadne, the daughter of Minos, second king of Crete. Theseus,
king of Athens (1235 B. C.), was shut up in the celebrated labyrinth of Crete, to be
devoured by the ferocious Minotaur which was confined in that place, and which usually
fed upon the chosen young men and maldens exacted froin the Athenians as a yearly
tribute to the tyranny of Minos; but Theseus slew the monster, and being furnished with
a clew of thread by Ariadne, who was passionately enamored of him, he extricated
himself from the difficult windings of his confinement.

He afterward married the beantiful Ariadne according to promise, and carried her
away; but when he arrived at the island of Naxos, he deserted her, notwithstanding he
hai received from her the most honorable evidence of attachment and endearing teaders
ness. Ariadne was so disconsolate upon being abandoned by Theseus, that, as some say,
she hanged herself; but Plutarch saysthat she lived many years after, and was espoused
to Bacchus, who loved her with much tenderness, and gave her a crown of seven stare
which, after her death, was placed among the stars.

% Resolves, for this the dear engaging dame
Should shine forever in the rolls of fame;
And bids her crown among the stars be placed,
And with an eternal constellation graced.
The golden circlet mounts; and, as it flies,
Its diamonds twinkle in the distant skies;
There, in their pristine form, the gemmy rays
Between Alcides and the Dragon blaze.”

Manitius, in the first book of hid Astronomicon, thus speaks of the Crown.

% Near to Bootes the bright crown is view’d,
And shines with stars of different magunitude:
Or placed in front above the rest displays
A vigorous light, and darts surprising rays.
This shone, since Theseus first his faith betray’d,
The monument of the forsaken maid.”

TELESCOPIC OBJECTS.

. @ CcroNzE BOREALIS (Alphacca)—A bright star with a distant companion; R. a
bh Wm. 543.; Dec. N. 27° 15" 2°. A 2, brilliant white; B 8, pale violet.

2 y CoroNE BOREALIS—A most difficult BINARY STAR, 2%° from Alphacca; R. A. 15h.
23m 0ls.; Dec. N. 26° 48’ 4°; with a distant companion. A 6, flushed white; B, uncer-
tuin; C 10, pale lilac.

&. 7 CorONE BOREALIS—A fine DOUBLE STAR, 10° north and a little easterly frov: Alphacca;
R. A 15h. 83m. 21s.; Dec. N. 87° 09" 6. A b, bluish white; B 6, smalt blue A beauti-
ul - fject.

4 1 CorON& BOREALIS—A BINARY STAR, midway between the Northern Crown und the
»uk >f Bootes; R. A. 15k, 16m. 86s.; Dec. N. 80° 52' 2". A north-northwest ray from q@
) .rons, through 3, and half as far again, will hit it. A 6, white; B 635, golden yeliow.

188. How many stars in this constellation? Their magnitudes? Mean declinatioy
and right ascension ?

HiwsTory.—Story respecting Theseus and Ariadne? ;

VELESCOPIC OBJRCTS.—Alpha? Gamma? Zeta? Eta?
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8ir John Herschel considered this the mest remarkable binary star known, and the ¢ aty
sne that had completed a whole revolution since.its discovery. Kstimated period
7ears

URSA MINOR (Tne LEssErk BEAR).—MAP VI,

139, This constellation, though not remarkable in its appear
w2, aad coutaining but fev conspicuous stars, is, nevertheless,
jus'ly distinguished from all others for the peculiar advantage
which its position in the heavens is well known to afford to naw
tical astronomy, and especially to navigation and surveying.

The stars in this group being situated near the celestial pole,
appear to revolve about it, very slowly, and in circles so small
as never to descend below the horizon. Hence Ursa Minor wil
be above or below, to the right or left of the pole star, accord:
ing to the hour; as he makes the entire circuit from east to west
every 24 hours. :

190. In all ages of the world, this constellation has been more

niversally observed, and more carefully noticed than any other,
o account of the importance which mankind early attacled to
the position of its principal star. This star, which is so near the
trae pole of the heavens. has from tirmie immemorial been deno-
minated the Norte Porar Star. By the Greeks it is called
Cynosyre ; by the Romans, Cynosura, and by other nations,
Alruccabak. In most modern treatises it bears the name of Po-
larts, or Alpha Polaris.

191 Polaris is of the 3d magnitude, or between the 2d and
3d, and situated a little more than a degree and a half from the
true pole of the heavens, on that side of it which is toward Cas-
siopeia and opposite to Ursa Major. Its position is pointed out
by the direction of the two Pointers, Merak and Dubhe, which
lie in the square of Ursa Major. A line joining Beta Cassio-
peise, which lies at the distance of 32° on one side, and Megrez,
which lies at the same distance on the other, will pass through
the polar star. .

Of the Pole Star Capt. Smyth observes: At present it is only 1° 83’ from the polar poiut,
and by its northerly precession in declination will gradually aPpr(ach to within 26’ 80°
3f it. This proximity to the actual pole will occur In A. D. 2095, but will not recur for
12,860 years, The period of the revolution of the celestial equinoctial pole about the
wole ¢f the ecliptic, is nearly 26,000 years; the north celestial pole, therefore, will be
sbout 13,000 years ; hence, nearly 49° from the pregent polar star.

189. Fer what is Ursa Minor distinguishrd? What eaid of its situation and change o1
tos'tion § 19). What said of the notice taken of it? Position of its principal star!
its Greek and Latin names, &c.? 181 Describe Polatls? How found? Reroarts of
Capt. Smyth respecting ¥
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192. So general is the popular notion, that the North Polar
Star is the true pole of the world, that even surveyors and navi-
gators, who have acquired considerable dexterity in the use ol
the compass and the quadrant, are not aware that it ever had
any deviatior, and consequently never make allowance for any,
All calculations derived from the observed position of this star,
which are fouuded upon the idea that its bearing is always due
north of any place, are necessarily erroneous, since it is in this
position only twice in twenty-four hours ; once when above, and
onze when below the pole.

193. Hence, it is evident that the surveyor who regulates his
zompass by the North Polar Star, must take his observation
when the star is on the meridian, either above or below the pole,
or make allowance for its altered position in every other situa-
tion. For the same reason must the navigator, who applies his
quadrant to this star for the purpose of determining the latitude
he is in, make a similar allowance, according as its altitude i3
greater or less than the true pole of the heavens; for we have
seen that it is alternately half the time above and half the time
below the pole.

194. The method of finding the latitude of a place from the
altitude of the polar star, as it is very simple, is very often
resovted to. Indeed, in northern latitudes, the sitmation of this
star is more favorable for this purpose than that of any other of
the Leavenly bodies, because a single observation, taken at any
hour of the night with a good instrument, will give the true lati-
tude, without any calculation or correction, except that of its
polar aberration.

If the polar star always occupied that point in the heavens which is dircctly of, .s1te
the north pole of the earth, it would be easy to understand how latitude could be deter-
mined from it in the northern hemisphere; for in this case, to a person on the equator,
the poles of the world would be seen in the horizon. Consequently, the star would
appear just visible in the northern horizon, without any elevativn. Should the person
now travel one degree toward the north, he would see one degree below the star, and ks
would think it had risen one degree.

And since we always see the whole of the upper hemisphere at one view, when there
is nothing in the horizon to obstruct our vision, it follows that if we should travel 10°
north of the equator, we should see just 10° below the pole, which would then appear to
have risen 10°; and should we stop in the 42d degree of north latitude we should, in like
mt ner, have our horizon just 42° below the pole, or the pole would appear to have an
clevation of 42°. Whence we derive this general truth : The elevation of the pole of the
equator is always equal to the latitude of the place of observation.

Any Instrument, then, which wili give us the altitude of the north pole, will give us
also the latitude of the place.

The method of illustrating this phenomenon, is given In most treatises on the globe,

192. What popular error? 193. When §s the pole star a safe gulde for the surveyor
ov mariner? What allowances shou!d be made by each? 194, What sald of finding
the fatitude by observations upon the pole star? What general rule stated? Wha!
frror  ommitted ?
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und as adopred by teachers generally, is to tell the scholar that the mcrth pole risci
uvigher and higher, as he travels farther and farther toward it. In other words, what.
ever number of degrees he advances toward the north pole, so many degrees will it rise
A>cve his horizon. This is not only an obvious error in principle, but it misleads the
a-prebension of the pupil. It is not that the pole s elevuted, but that our herizon ia
depressed as we advance toward the north. The same objection lies against the artifi-
tlal globe ; for it ought to be s0 fixed that the horizon might be raised or depressed, and
i7e polz remain in its own ipvariable position.

195, Ursa Minor contains twenty-four stars, including three
if the 8d magnitude and four of the 4th. The seven principal
stars are so situated as to form a figure very much resembling
that in the Great Bear, only that the Dipper is reversed, and
about one half as large as the one in that constellation.

196. The first star in the handle, called Polaris, is the polar
star, around which the rest constantly revolve. The two last
the bowl of the Dipper, corresponding to the Pointers in the
Great Dear, are of the 3d magnitude, and situated about 15°
from the pole. The brightest of them is called Kochab, which
signifies an axle or hinge, probably in reference to its moving so
near the axis of the earth.

Kochab may be easily known by its being the brightest and middle one of the three
conspicuous stars forming a row, one of which is about 2°, and the other 8° from Kochab.
The two brighest of these are situated in the breast and shoulder of the animal, about
8° apart, and are called the Guards or Pointei s of Ursa Minor. They are on the meri-
dlian about the 20th of June, but may be seen at all hours of the night, when the sky ts
clear.

197, Of the four stars which form the bowl of the Dipper,
one is so small as hardly to be seen. They lie in a direction
toward Gamma in Cepheus ; but as they are continually chang-
ing their position in the heavens, they may be much better traced
out from the map, than from description.

Kochab is about 25° distant from Benetnasch, and about 24°
from Dubhe, and hence forms with them a very nearly equi-

lateral triangle.
et The Lesser Bear
Leads from the pole the lucid band: the stars
‘Which form this constellation, faintly shine,
Twice twelve in number; only one beams forth
Conspi in high splendor, named by Greece
The Qynosure; by us, the POLAR STAR.”

HISTORY.

1ts prevalling opinion is that Ursa Major and Ursa Minor are the nymph Calisto aud
%er gcn Arcas, and that they were transformed into bears by th enraged and imper!' ug
funo, and afterward translated to heaven by the favor of Jupiter, lest they migh: te
Aestreyed by the huntsmen.

The Chinese claim that the emperor Hong-t{, the grandson of Noah, first discovered

195. Numbar of stars in Ursa Minor; Their magnitudes? How situated ? 196. De.
scribe Polaris, Kochab, and the Guards or Pointers? 197. Are all the sturs distinctly

visible? Direction? What triangle ? )
History.—What prevailing opinion, or myth? Chinese claim? Phenicians? Greeks
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the polar star, and applied it to purposes of navigation. Itis certain that it was used
for this purpose in a very rcmote period of antiquity. trom various passages in the
ancients, it is wanifest that the Phenicians steered by Cynosura, or the Lesscr Bearg
whereas, the mzriners of Greeee, and some other nations, steered by the Greater llear,
called Helice, or Ifelix. 3

Lucan, ? Latin poet, who flourished about the time of the birth of our Savicur, thay
adverts {o the practice of stecring vessels by Cynosura :—

¢ Unstable Tyre now knit to firmer ground,
With Sidon for her purple shells renown'd,
Safe in the ("ynosure their glittering guide
With well-directed navies stemn the tide,”
Rowx’s Translation, B, fif.

Tho following extracts from other poets contain- allusions to the sam.e fact:

“ Phenicia, spurning Asia’s bounding strand,
By the bright Plole stur’s steady radiance led,
Bade to the winds her daring sails expand,
And fearless plough'd old Ocean’s stormy bed.”
MauriCE’s Elegy on Sir W. Jones,

# Ye radiant signs, who, from the ethereal plain
Sidoniansgguide, and Greeks upon the main,
Who from your poles all earthly things explore,
And never set beneath the western shore.”

Ovi’s 7ristia.

4 0Of all yon multitude of golden stars,
Which the wide rounding sphere ineessant bears.
The cautious mariner relies on none,
Bui keeps him to the constant pole alone.”
LucAN's Pharsalia, B. viii. v. 225.

Ursa Major and Ursa Minor are sometimes called 7'riones, and sometimes the Greatel
and Lesser Wains. In Pennington’s Memoirs of the learned Mrs. Carter, we kave the
foliowing beautiful lines :—

“1lere Cassiopeia fills a jucid throne,
There, blaze the splendors of the Northern Crown ;
While the slow Cur, the cold T'riones roll
O’er the pale countries of the frozen pole :
Whose faithful beams conduct the wandering ship
Through the wide desert of the pathless deep.”

Thales, an eminent geometrician and astronomer, and one of the seven wise men of
Greece, who tiourished six hundred years hefore the Christian era, is generally reputed
to be the inventor of this constellation,and to have tuaught the use of it to the Phenician
navigators ; it is certain that he brought the knowledge of it with him from Phenice into
Qreece, with many other discoveries both in astronomy and mathematics,

Until the properties of the magnet were known and applied to the use of navigation,
and for along time after, the north polar star was the only sure guide. Atwhat time the
attractive powers of the magnet were first known, is not certain; they were known in
turope about six hundred years before the Christian era; and by the Chinese records, i
iy said that it3 polar attraction was known in that country at least one thousand years
carlier.

TELESCOPIC OBJECTS.

1. @ Ursx MiNORIS (S0laris)—A pousLe STAR; R. A. 1h. 2m, 10s.; Dec. N, 88° 27" 4°,
A 2%, topaz yellow; B 9, pale white. Map VIIL, Fig. 12,

2. 13 Ursz MiNoris (Aochab)—A star with a distant companion in the left shoulder ;
R A.14h. 51m. “4s.; Dec. N. 74°48' 2°, A 38, reddish; B 11, pale grey—several smal
‘ars in the fie.

3. 0 Ursa MiNokia—A star with a very distant telescoplc companion in the middle of
rhiZtail of the figure; R. A. 18h. 28m. 56s.; Dec. N. 86° 35" 4°. A 8, greenish tinge,
B 12, grey.

What proofs from the pocts? What other names for Ursa Major and Ursa Minor? Wby!
nid of Thales? Use of the pole star? The magnet?
TULESCOPIC OBIRCTS.— Alphia?  Show an tie mup, Beta- - Delta— Epsilon— Zeta.

0
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4. ¢ Ursx M.Joris—A star with a minute companior, at the root of the $ail; R. A
ITh. 02w. 87s.; Dec. N.82°17' 01", A 4, bright yelow; B 12, pnle blue; three cthe:
telescopic stars in the field. It is easily found, being the third star from Polaris

8. { Ursx MINORi®—A DOUBLE STAR in the middle of the body; R. A.i5h. Ym. 5.}
Dec. N, 78° 16’ 07°. A 4, flushed white; B 11, bluish* with a yellow star of the 9th wag
vitude {n the field.

CHAPTER IX.

CONSTELLATIONS ON THE MERIDIAN IN JULY.

SCORPIO (rnE scorrion).—MAP V.

198. Tais is the eighth sign, and ninth constellation, in the
»der of the Zodiac. It presents one of the most interesting
groups of stars for the pupil to trace out that is to be found in
the southern hemisphere. It is situated southward and east
ward of Libra, and is on the meridian the 10th of July.

The sun enters this sign on the %3d of October, but does not reach the constellution
before the 20th of November. When astronomy was first cultivated in the East, the twe
solstices and the two equinoxes took place when the sun was in Aquarius and Leo, Tau-
rus and Scorpio, respectively,

199. Scorpio contains, according to Flamsted, forty-four stars,
including one of the 1st magnitude, one of the 2d, and eleven of
the 3d. It is readily distinguished from all others by the pecu-
liar luster and the position of its principal stars.

Antares is the prinecipal star, and is situated in the heart of
the Scorpion, about 19° east of Zubenelgubi, the southernmost
star in the Balance. Antares is the most biilliant star in that
region of the skies, and may be. otherwise distinguished by -its
remarkably red appearance. Its declination is about 26° §
It comes to the meridian about three hours after Spica Virginis,
or fifty minutes after Corona Borealis, on the 10th of July. Tt
is one of the stars from which the moon’s distance is reckoned
for computing the longitude.at sea.

There are four great stars in the heavens, Fomalhaut, Aldebaran, Regulus, and
Antares, which formerly answered to the solstitial and equinoctial points, and which
rere much noticed by the astronomers of the East.

200. About 81° northwest of Antares, is a star of the 2d

198. Order of Scorpio among the signs, &c.? Its comparative interest? Sitnation|
When does the sun enter this sign? When the con:tellation ? 1low with the solstices
ard equinoxes anciently? Why not-so now? 199. Number and magnitudes ¢f the
stars in Scorpio? How distinguished? Name and position of its principal star? Hoa
kxown? What use made of it? What three other stars muntionad ? 2 1 What sthear
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magnitude, in the head of the Scorpion, called Graffias. It is
but one degree uorth of the earth’s orbit. It may be recogunized
by means of a small star, situated about a degree northeast of
it, and also by its forming a slight curve with two other stars
of the 3d magnitude, situated below it, each about 3° apart.
The broad part of the constellation near Graffias, is powdered
with numerous small stars, converging down to a point at
Antares, and resembling in figure a boy’s kite.

201. As you proceed from Antares, there are ten conspicnous
stars, chiefly of the 3d magnitude, which mark the tail of the
kite, extending down, first in a south-southeasterly direction
about 17°, thence casterly ahout 8° further, when they turn,
and advance about 8° toward the north, forming a curve like a
shepherd’s crook, or the bottom part of the letter S. This
crooked line of stars, forming the tail of the Scorpion, is very
conspicuous, and may be easily traced.

The first star below Antares, which is the last in the back, is of only the 4th magni-
bude. It is about 2° southeast of Antares, and is denoted by the Greek name of T.

Epsilon, of the 8d maguitude, is the second star from Antares, aad the first in the
tail It s situated about 7° below the star T, but inclining a little to the east.

Alu, of the 34 magnitude, is the 3d star from Antares. It is situated 45° below Epsi-
ton. It may otherwise be known by means of a small star close by it, on the left.

Zeta, of ubout the same magnitude, and situated about as far below Mu, is the fourth
star from Antares. Here the line turns suddenly to the east.

Eta, also of the 3d magnitude, is the fifth star from Antares, and about 8%° east of
Zeta.

Theta, of the same magnitude, i3 the sixth star from Antares, and about 4%° east
of Eta. Ilere, the line turns again, curving to the north, and terminates in a coupl¢
of stars. ;

Jota is the seventh star from Antares, 8%° above Theta, curving a little to the ie.
it is a star of the 8d magnitude, and may be known by means of a small star, almost
touching it, on the east.

Kappa, a star of equal brightness, is less than 2° above Iota, and a little to the right.

Lesuth, of the 8d magnitude, is the brightest of the two last, in the tail, and is situated
about 3° above Kappa, still further to the right. It may readily be known by means of
a smaller star, close by it, on the west.

202. This is & very beautiful group of stars, and easily traced
out in the heavens. It furnishes striking evidence of the facility
with which most of the constellations may be so accurately
delineated, as to preclude everything like uncertainty in the
knowledge of their relative situation.

“ The heart with luster of amazing force,
Refulgent vibrates; faint the other parts,
And ill-defined by stars of meaner note.”

HISTORY,

This slgn was anciently represented by various symbols, sometimes by a snake, and
scmetities by a crocodile; but most comnmonly by the scorpion. This last symktoel iv

star described ? Size and posltion? How recognized? What said of the broad part c7

body of Scorpio? 201. What stars form the tail of Scorplo? Are they conspicuous

Name and describe in detail? 202, General remarks respecting this constellatlon?
istoey.—~IHow was Scorpio anclently delineated? How regarded by anclent astro'c
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found on the Mithraic monuments, which is pretty good evidence that thse monumenty
vrere constructed when the vernal equinox accorded with Taurus.

On "oth the zodiacs of Dendera, tlere are rude delineations of this animal; that @+
flie purtico differs considerably from that on the other zodiae, now in the Louvre.

Scorpio was considered by the ancient astrologers as a sign accursed. The Egyptlans
fixed the entrance of the sun into Scorpio as the commencement of the reign of Typhon,
when the Greeks fabled the death of Orion. When the sun was in Scorpio, in the montk
of Athyr, as Plutarch informs us, the Egyptians inclosed the body of their god Osiris ‘n
an ark, or chest, and during this oercmony a great annual festival was celebruated.
Three days after the priests had inclosed Osiris in the ark, they pretended to have found
him again. The death of Osiris, then, was lamented when the sun in Scorpio Jescended
to the lower hemispliere, and when he arose at the vernal ¢quinox, then Osiris was said
to be born anew.

The Egyptians or Chaldeans, who first arranged the Zodiac, might have placed Scorpio
in this part of the heaveus tc denote that when the sun enters this sign, the diseases
Inzident to the fruit season would prevail ; since Autumn, which abounded in fruit, often
prought with it i great variety of diseases, and might be thus fitly represented by that
venoinous animal, the scorpion, who, as he recedes, wounds with a sting in his tai.

Mars was the tutelary deity of the Scorpion, and to this circumstance is owing all that
largon of the astrologers, who say that there is a great analogy between the malign
influence of the planet Mars and this sign. To this also is owing the doctrine of the
slchemiats, that iron, which metal they call Mars, is under the dominion of Scorpio; so
what the transmutation of it into gold can be effected only when the sun is in this sign.

The constellation of the Scorpion is very ancient. Ovid thus mentions it ip his beau-
tiful fable of Phaeton :—

“There is a place above, where Scorpio bent,
In tail and arms surrounds a vast extent;
In a wide circuit of the heavens he shines,
And fills the place of two celestial signs.”

According to Ovid, this is the famous scorpion which sprang out of the earth at the
command of Juno, and stung Oriou; of whick wound he died. It was in this way the
imperious goddess chose to punish the vanity of the hero and the hunter, for boasting
that there was not on earth any animai which he could not conquer,

% Words that provoked the gods once from him fell,
¢ No beasts so fierce,’ said he, ‘but T can quell ;’
When lo! the earth a baleful scorpion sent,

To kill Latona was the dire intent

Ovion saved her, though himself was slain,

But did for that u spacious place obtain

In heaven: ‘fo thee my life, said she, ‘1was dear,
And for thy merit shine illustrious there.”

Although both Orion and Scorpio were honored by the celestials with a place among
the stars, yct their situations were so ordered that when one rose the other should set,
and vice versa,; so that they never appear in the same hemisphere at the same time.

In the Hebrew zodiac this sign is allotted to Dan, because it is written,  Dan shall be
a serpent by the way, an adder in the path.”

TELESCOPIC OBJECTS.

L. a Scoreir (Antares)—A bright star with a companion in the heart of Scorpio; R, A
16h. 19m. 86s.; Dec. 8. 26° 04' 8". A 1, ficry red; B 8, pale. Very close.

2. 3 Scorpu §Gr(l_ﬁna)—A star with a companion in the head; R. A. 15h, 56m. 08.
Dec. S.19° 21° 7°. A 2, pale white; B 5%, lilac tinge.

8. v SCORPII—A neat DOUBLE STAR, east by north from 3 about 2°; R. A. 1oh. 02n. 42s, ;
Dec. 8.19° 02" 8. A 4, bright white; B 7, pale lilac. Professor Mitchell registers this
23 a triple star.

4. 0 Scorpii—A delicate DOUBLR STAR in the body of the figure; R. A. 16h. 11m. 28s.;

gers? Egyptian myth respecting Typhon, &c.? Supposed reason why Scorpio was placed
wuere it 3? Why do astrologers conunect Mars with Scorpio? The Alchemists? What
{oetic proof of th,  ~tiquity of Scorpio? Ovil’s myth respecting? Relative posilion of
Vion and Scorpio: E'sce of Scorpio in the Hebrew Zodiac, and why

Tryescoric Osukcrs.—-Alpha? Betaf Nu? Sigma? Whatcluster? Point out on the
cap.  What Nebula ? >
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Bes. s 16°12°2. About 2° west by north of Antares. A 4, creamy white; B 94
illac tint.

5. A CUMPRESSED GLOBILAR CLUSTER In the right foot of Ophluchus, or the Scorpion’s
back ; R. A, 16h. 07m. 28s. ; Dec. 8. 22° 85’ 4°. Half way between @ and (3 Scorpii, or 4
east of 0. A fine bright object, in an open space, with a few telescopic stars in the
field. Pronounced by Herschel “the richest and most condensed wmass of stars which
the firmament can offer to the templation of astr s.” Map IX., Fig. 52.

6. A compressed mass of very small stars, in the middle of the body, with outlay- rs
and a few stellar companlons in the field ; R. A. 16h. 13m. 51s.; Dec. 8. 26° 07'5°, 1t iz
12° west of Antares. Elongated and bright in the center.

7. Afine large RESOLVABLE NEBULA at the root of the tail, about 7° southeast from
Actares; R. A, 16h. 5lm. 04s. ; Dec. 8. 29° 50’ 6*. A mass of small stars running up1o 8
olaze 7 the center—has been mistaken for a comet

HEROULES.—MAP V,

203. Hercules is represented on the map invested with the
skin of the Nemsan Lion, holding a massy club in his right
hand, and the three-headed dog Cerberus in his left. He oeeu
pies a large space in the northern hemisphere, with one foot rest-
ing on the head of Draco, on the north, and his head nearly
touching that of Ophiuchus, on the south. This constellation
extends from 12° to 50° north declination, and its mean right
ascension i3 255°; consequently its centre is on the meridian
about the 21st of July.

204. Hercules is bounded by Draco on the north, Liyra on the
east, Ophiuchus or the Serpent-Bearer on the south, and the Ser-
pent and the Crown on the west. It eontains one hundred and
thirteen stare, including one of the 2d, or of between the 2d and
3d magnitudes, nine of the 3d magnitude, and nineteen of the
4tk. The principal star is Ras Algethi, and is situated in the
head, about 25° southeast of Corona Borealis. It may be
readily known by means of another bright star of equal magni-
tude, 5° east-southeast of it, called Ras Alhague. Ras Alhague
marks the head of Ophiuchus, and Ras Algethi that of Her-

- cnles. These two stars are always seen together like the bright
pairs in Aries, Gemini, the Little Dog, &c. They come to our
meridian about the 28th of July, near where the sun does the
last of April, or the middle of August.

About midway between Ras Algethi on the southeast, and Ariadne’s Crown on the
porthwest, may be seen Beta and Gamma, two stars of the 8d magnitude, situatel in
the west shoulder, about 8° apart. The northernmost of these two is called Rutilicus.

Those four starsin the shape of a diamond, 8° or 10° southwest of the tws in thsa
shuulder of Hercules, are situated in the head of the Serpent.

208. Describe Hercules? His magnitnde aud position? When on the meridian
04. How bounded? Number of stars? Their gize? Principal star, and how knownf{
#hat sald of Ras Albague, and Ras Algethi? Of Beta and Gamma ?
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205, About 12° E. N. E of Ratilicus, and 104° directly ncrth o
Ras Algethi, are two stars of the 4th magnitude, in the east
snoulder. They may be known by two very minute stars a little
above them ob the left. 'The two stars in each shoulder of Tler
cales, with Ras Algethi in the head, form a regular triangle.

The left, or east arm of Hercules, which grasps the triple-headed monster Cerverus,
may he traced by means of three or four stars of the 4th magnitude, situates in a row,
8° and 4° apart, exter ding from the shoulder, in a northeasteriy direction. That smal
Sluster, situated in a triangular form, about 14° northeast of Ras Algethi, and 18° east.
coutheast of the left shoulder, distinguish the head of Cerberus.

Eighteen or 20° northeast of the Crown, are four stavs of the 8d and 4th magnitudes,
forming an irregular square, of which the two southern ones are about 4° apart, and ir
a line 6° or 7° south of the two northern ones, which are nearly 7° apart.

Pi, in the northeast corner, may be known by means of one or two cther small stars,
¢lose by it, on the east. ZKta, in the northwest corner, may be known by its being in a
row with two smaller stars, extending toward the nortbwest, and about 4° apart. The
stars of the 4th magnitude, just south of the Dragon’s head, point out the left foot and
aukle of Hercules.

Several other stars, of the 8d and 4th magnitudes, may be traced out in this constella-
tion, by reference to the map.

HISTORY.

This constellation 13 Intended to mmortalize the name of Hercules, the Theban, so
celebrated in antiquity for his heroic valor and invincible' prowess. According to the
sncients, there were 1many persons of this name. Of all these, the son of Jupiter and
Atcmena is the most celebrated, and to him the actions of the others have been gene-
rally attributed.

The birth of Hercuies was attended with many miraculous events. He was brought
up at Tirynthus, or at Thebes, and before he had completed his eighth month, the jealousy
of Juno, who was intent upon his destruction, sent two snakes to devour him. Not ter-
rified at the sight of the serpents, he boldly seized them, and squeezed them to death,
while his brother Iphicles alarmed the house with his frightful shrieks.

He was early iustructed in the liberal arts, and soon became the pupil of the centaur
Chiron, under whom he rendered himself the most valiant and accomplished of all the
heroes of antiquity. In the 18th year of his age, he commenced his arduous and glorious
pursuits. He subdued a lion that devoured the flocks of his supposed father, Amphi-
tryon, After he had destroyed the lion, he delivered his country from the annual tri-
¢ote of a hundred oxen, which it paid to Erginus.

As Hercales, by the will of Jupiter, was subjected to the power of Eurystheus, and
obliged to obey him in every respect, Eurystheus, jealous of his rising fame and power,
ordered him to appear at Mycenz, and perform the labors which, by priority of birth,
he was en:powered to impose upon him. Hercules refused, but afterwards consulted
the oracle of Apollo, and was told that he must be subservient, for twelve years, to the
will of Eurysiheus, in compliance with the commands of Jupiter; and that, after he had
achieved the most celebrated labors, he should be reckoned in the number of the gods.
So plain an answer determined him to go to Mycenz, and to bear with fortitude what-
ever gods or men should impose upon him. Eurystheus, seeing so great a man totally
subjected to him, and apprehensive of so powerful an enemy, commanded him to achieve
a number of enterprises the most difficult and arduous ever known, generally called the
TweLVE LaBors oF HercoLes. Being furnished with complete armor by the faver of the
gods, he boldly encountered the imposed labors.

1. He subdued the Nemzan Lion in his den, and invested himself with his skin.

2, 1lle destroyed the Lernaan Hydra, with a hundred hissing heads, and dipped big
srrows in the gall of the monster, to render their wounds incurable.

8. lle took alive the stag with golden horns and brazen feet, so famous for its increr
dible swiftness, after pursuing it for twelve months, and presented it, unhurt, t¢
Burystheus.

4. He took alive, the Erymanthiaa Boar, and killed the Centaurs who opposed him,

205. What {wo other stars, and what triangle? How trace the left or ¢ast arm of Hen
cales? What four stars, and forming what? Describe Pi; and how known, Eta? Aay
other stars?

TisTorY.— Deslgn of this constellation? 8tory of the birth of Hercules? His wonderfu/
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5. He cleansed the stables of Augias, in which 8,000 oxen had been confined for many

ears.
z 6. He killed the carnivorous birds which ravaged the country of Arcadia, and fed om
human flesh, .

1. He took alive, and brought into Peloponnesus, tbe wild bull of Crete, which ne
mortal durst look upon.

8. He obtainedl for Eurystheus the mares of Diomedes, which fed ou human flesh after
baving given their owner to be first eaten by them. :

v 9. e obtained the girdle of the queen of the Amazons, a formidable nation of warlike

Toles.

10, 1+ %illed the roonster Geryon, king of Gades, and brought away his numercus
¥ k3, wosch fed upon human fAesh. o

11. He obtained the golden apples from the garden of the 1lesperides, which were
w1tched oy a dragon.

2. And finally, he brought up to the earth the three-headed dog Cerberus, the guar-
dian of the entrance to the infernal regions.

Accordlng-to Dupuis, the twelve labors of Hercules are only a figurative representation
of the aunual course of the sun through the twelve signs of the Zodiac; Hercules being put
for the sun, inasmuch as it is the powerful pianet which animates and imparts fecundity
to the universe, and whose divinity has been honored, In every quaster, by temples and
altars, and consecrated in the religious strains of all nations.

Thus Virgil, in the eighth book of his Zneid, records the deeds of Hercules, and cele .
brates his praise :—

“ The lay records the labors, and the praise,
And all the immortal acts of Hercules.
First, how the mighty babe, when swath’d in bands,
The serpents strangled with his infant hands;
Then, as in years and matchless force he grew,
The Behalian walls and ’l‘rnjan\,ﬂpverthruw,
Besides a thousand hazards they relate,
Procured by Juno’s and Burystheus’ hate,
Thy hands, unconquer’d hero, could subdue
The cloud-born Centaur, and the monster crew*
Nor thy resistless arm the bull withstood ;
Nor he, the roaring terror of the wood.
The triple porter of the Styglan seat
With lolling tongue lay fawning at thy feet,
Auil, seizeda with fear, forgot the mangled meat.
The infernal waters trembled at thy sight:
Thee, god, no face of danger could affright;
Nor huge Typhzaus, nor the unnumber’d snake,
Increased with hissing heads, in Lerna’s lake.”

Besides these arduous labors which the jealousy of Eurystheus iz guwsed upon him, ne
also achieved others of his own accord, equally celebrated. Before he delivered himeell
up to the king of Mycenz he accompanied the Argonauts to Colchis. He assisted the
gods in their wars against the giants, and it was through him alone that Jupiter obtained
the victory. He conquered Laomedon and pillaged Troy.

At three different times he experienced fits of insanity. In the second, he slew the
brother of his beleved lole; in the third he attempted to carry away ¢he sacred tripod
from Apollo’s temple at Delphi, for which the oracle told him he must be soi1 as a slave.
11e was sold accordingly to Omphale, queen of Lydia, who restored him to liberty, and
married him, After this he returned to Peloponnesus, and re-established on the throne
of Sparta his frlend Tyndarus, who had been expelled by Hippocoon. He became
enamored of Dejanira, whom, after having overcome all his rivals, he married; but was
obliged to leave his father-in-law’s kingdom, because he had inadvertently killed a man
with a blow of his fist. He retired to the court of Ceyx, king of Trachina, and in his
way was stopped by the streams of the Evenus, where he slew the Centaur Nessus, for
presuming to offer indignity to his beloved Dejanira. The Centaur, on expiring, gave to
Dejanira the cclebrated tunic which afterward caused the death of Hercules. ¢ This
tunic,” said the expiring monster, ‘ has the virtue to recall a husband from unlawful
lsve.” Dejanira, fearing lest Hercules should relapse again into love for the beantiful
lole, gave him the fatal tunic, which was go infected with the poison of the Lernsan

exzloits? Origin and character of the twelve labors? What are these labors supposed
to represent? What quotation from Virgil? 8Story of the death of Herculesa? Qvid*®
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Hydra, tnat he had no sooner i: vested himself with it, than it began tc penetrate &
bones, and te hoil througn all his veins. Hec attempted to pull it off, but it was too lata

 As the red iron hisses in the flood,
So boils the venom in his curdling blood.
Now with the greedy flame his entrails glow,
And livid sweats down all his body flo'w
The crackling nerves, burnt up, are burst in twain,
The lurking venom melts his swimming brain.’”

As the distemper was incurable, he implored the protection of Jupiter, gave his bow
and arrows to Philoctetes, and erected a large burning pile on the top of Mount (Eta.
He spread ox lae pile the skin of the Neman lion, and laid himself down upon it, as on
s Yed, leaning his head upon his club. Philoctetes set fire to the pile, and the hero saw
tirase f, on a sndden, surrounded by the most appalling flames; yet he did not betray
sny marks of fear or astonishment. Jupiter saw him from heaven, and told the sur-
rounding gods, who would have drenched the pile with tears, while they entreated tk at
ke would raise to the skies the immortal part of a hero who had cleared the earth frcm
&) many monsters and tyrants; and thus the thunderer spake :—

** Be ail your fears forborne :

The (Btean fires do thou, great hero, scorn.

Who vanquish’d all things shall subdue the flame

That part alone of gross maternal frame

Fire shall devour ; while what from me he drew

Shall live immertal, and its force subdue :

That, when he’s dead, Ill raise to realms above, -

May ali the powers the righteous act approve.”

Ovid's Met. lib. ix,
Accordingly, after the mortal part of Hercules was consumed, as the ancient poetw

53y, he was carried up to heaven in a chariot drawn by four horses.

¢ Quem pater emnipotens inter cava nubila raptum,
Quadrijugo curru radiantibus intulit astris.”

< Almighty Jove

Ir, his swift car his honor’d offspring drove;

1ligh o’er the hollow clouds the coursers fly,

And lodge the hero in the starry sky.”

Ovid’s Met. lib. ix. v, 271.

TELESCOPIC OBJECTS.

1. a HercuLs (Ras Algethi)—A beautiful DOUBLE STAR in the head of Hercules; K. A.
17h. 0Tm. 218.; Dec. N. 14° 84" 05". A 8%, orange; B 5%, greenish. DMap VIIL, Fig. 13,

2. 3 HErcuLss (Rutilicus)—A fine DOUBLE STAR in a barren field, on the hero’s left
shoulder; R. A. 16h. 23m. 21s.; Dec. N. 21° 50’ 6*. A 2%, pale yellow; B 11, lilac tint.

8. Y MERCULIS—An open DOUBLE STAR in a dark field, on the left arm; R. A, 16h. 14m,
BSs.; Dec. N.19° 32° 0. A 8)g, silvery white; B 10, lilac. About half-way from Ras
Algethi, in the head, to 4{phucca in the Northern Crown.

4. 0 HERCULIS—A BINARY STAR on the right shoulder, and about 11° due north of @;
R. A. 17Th. 0Sm, 28s.; Dec. N. 25° 01' 9". A 4, greenish white; B 8%, grape red. It
forms an equilateral triangle with a and 3.

5. ¢ HERCULIS—A close BINARY STAR over the middle of the body ; R. A. 16h. 85m. 15s. 3
Dec. N. 81° 58' 7". A 8, yellowish white; B 6, orange tint. A “wonderous object”—
one star being sometimes occulted by the ether.

6. 7 MERcyLIS—A bright star with a distant companien on the left thigh; R. A. 16k
87m. 25s.; Dec. N. 89° 18" 8°. A 8, pale yellow; B 10, dusky.

7. A 1ARGE CLUSTRR on the left thigh, between { and 7, 8%° southwesterly of the
latter; R. A. 161, 85m. 58s.; Dec. N. 86° 45 8. A superb object, blazing up in the cen-
ter, with numerous outlayers, Map IX., Fig. 58. May be seen by the naked eye in the
absence of the moon. :

8. A GLOBULAR CLUSTER of minute stars 1%° north by east of 7; R. A, 17Th. 12m. 14s
Des. N. 48° 18’ 4'. Large, bright, and resolvable, with a luminous centre. Severa
othel atars in the field. Map IX,, Fig. 54.

TELEECOPIC OBJRCTS.~~Alpha ? Point out on fhe map Beta? Gamma? Delta? Zeta'
Ete? What clusters? Point out on the map. What Nebula?
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9. A small PLANETARY NEBULA between the hero’s shoulders ; R. A. 16h. 87m. 46s. ; Dec

34° 05’ 8. A curious object, with a disc 8" in diameter. Look northeast of y and g
« the left arm, to a point forming an equilateral triangle with these two stars.

10. A fine PLANETARY NEBULA near the right knce of Hercules; R. A. 16h. 43m. 28s.
Jec. N. 46° 47 0°.  About 4° east by north from 7. It is large, round, and of a lueld
pa.e blue hue, A 6tk magnitude star near it somewhat eclipses its brigktness

SERPENTARIUS. VEL OPHIUCHUS (rug SERPENT BEARER),—
MAP V.

206. Toe SereENT-Brarer is also called Asculapius, or the
god of medicine. He is represented as a man with a venerable
beard, having both hands clenched in the folds of a prodigious
serpent, which is writhing in his grasp.

The constellation occupies a considerable space in the mid-
heaven, directly south of Hercules, and west of Taurus Ponia-
towski. Its center is very nearly over the equator, opposite to
Orion, and comes to the meridian the 26th of July. It contains
seventy-four stars, including one of the 2d magnitude, five of
the 3d, and ten of the 4th. '

2067. The principal star in Serpentarius is called Ras Alhague.
It is of the 2d magnitude, and situated in the head, about 5°
E. S. E. of Ras Algethi, in the head of Hercules. Ras Alhague
is nearly 13° N. of the equinoctial, while R0, in the southern
foot, is about 25° south of the equinoctial. These two stars
serve to point out the extent of the constellation from north to
south. Ras Alhague comes to the meridian on the 28th of July,
about 21 minutes after Ras Algethi.

About 10° 8. W, of Ras Alhague are twr small stars of the 4th magnitude, scarcely
more than a degree apart. They distingaish the left or west shoulder. The northern
one is marked Jola and the other Kappa.

Elzven or twelve degrees 8. S. E. of Ras Aihague are two cther stars of the 8d magni-
tude, in the east shoulder, and about 2* apart. The upper one is called Cheed, and the
tower one Gamma. These stars in the head and shoulders of Serpentarius, form a tri-
angle, with the vertex in Ras Alhague, and pointing toward the northeast.

208 About 4° E. of Gamma, is a remarkable cluster of four
or five stars, in the form of the letter V, with the open part te
the nortk. Tt very much resembles the Hyades. This beautiful
little group mark the face of Taurus Ponrarowskr. The solsti-
tial colure passes through the equinoctial about 2° E. of the

206. What other name has the Serpent Bearer? How represented? Situati>n aui
sxtent? Number and slze of Its principal stars? 207. Name of its principal starf
$agnitude and situa‘ion? Rho, and its situation? Use of these two stars? What sald
of Iota and Kappa? Of Chelcb and Gamma? 203, What remarkalle cluster? Fo

5*
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lower star in the vertex of the V. The lettcr name of thut
star is k.

There Is something remarkable in its central position. It is situated almost exactly in
the mid-heavens, being nearly equidistant from the poles, aud midway betweea the ver-
pal and autumnal equinoxes. It is, however, about one and a third degrees nearer ths
aorth than the south pole, and about two degrees nearer the autumna: than the veraal
myuinox, being akout two degrees west of the solstitial colure,

Directly south of the V, at the distance of about 12°, are two very small stars, about
1 apart, situated in the right hand, where it grasps the serpent. About half-way
petween, and nearly in a line with, the two in the hand and the two in the shoulder, it
another star of the 8d maguitude, marked Zeiw, situated in the Sc.pent, opposite the
right elbow. It may be known by means of a minate star just under it.

Marsic, in the lefv arm, is a star of the 4th magnitude, about 10° 8. W. of Iola anl
Kappa. About 7° farther in the same direction are two stars of the 3d magnitude, situ-
ited in the hand, and a little more than a degree apart. The upper one of the two,
which is about 16° N. of Graffias.in Scorpio, is called Yed; the other is marked Epsilou.
These two stars mark the other point in the folds of the monster where it is grasped by
Serpentarius. :

The left arm of S:rpentarius may be easily traced by means of the two stars in the
shoulder, the one {Marsic) near the elbow, and the two in the hand; all lying nearly
in a line N. N. E. and 8. 8. W. In the same mauner may the right arm be traced, by
stars very similarly situated; that is to say, first by the two in the east shoulder, just
west of the V, thence 8° in a southerly direction inclining a little to the east, by Zeta,
(known by a little star right under it,) and then by the two small ones in the right hand,
situated about 6° below Zeta.

About 12° from Antares, in an easterly direction, are two stars in the right foot, aboet
2° apart. The largest and lower of the two, is on the left hand. It I3 of between the
8d and 4th magnitudes, and marked Z220. There are several other stars in this constel~
lation of the 8d and 4th magnitudes. They may be traced out from the maps.

“ Thee, Serpentarius, we behcld distinct,
With seventy-four refulgent stars; and one
Graces thy helmet, of the second class:
The Serpent, in thy hand grasp'd, winds his spire
Immense; fewer by ten his figure trace;
One of the second rank ; ten shun the sight;
And seven, he who bears the ter hides.”"—Eudosi

HISTORY.

This constellation was known to the ancients twelve hundred years before the Chrme.
tian era. Homer mentions it, It is thas referred to in the Astronomicon of Manilius -

# Next, Ophiuchus strides the mighty snake,
Untwists his winding folds, and smooths his back,
Extends bis bulk, and o'er t1.= slippery scale
Ilis wide-stretch’d hands on either side prevail
The snake turns back his head and seems to rage:
That war must last where equal power prevails.”

Asculapius was the son of Apollo, by Coronis, and was educated by Chiron the Cen«
taur in the art of medicine, in which he became so skilful, that he was considered the
inventor and god of medicine. At the birth of Zsculapius, the inspired daughter of
Chiron uttered, *in sounding versc " this prophetic strain.

* Hail, great physiclan of the world, all haill
Hail, mighty infant, who, in years to come,
Shall heal the nations and defrand the tomb!
8wift be thy growth! thy triumphs unconfined |
Make kingdoms thicker, and increase mankingd .
Thy daring art shall animate the dead,

And draw the thunder on thy guilty head :
Then shalt thou die, but from the dark abode
Rise up victorious, and be twice a god.”

and resemblance? Marks what? What said of the lower star in the V.? What stars

scuth of 1t? What of Marsic? Of Yed and Epsilon? low trace the left arm?
Hisrory.—Antiquity of this constellation? Pronf? Who was isculapius? Accouat

of his great skill?  Wis metamorplosis? Remarkable fact respecting Socrates and 1latn!
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He accompanied the Argonauts to Colchis, in the capacity of physician. He 1s said te
dave restored many to iife, insomuch that Pluto complained to Jupiter, that his dark
dominion was in danger of being depopulated by his art.

ZBsculapius was worshiped at Epidaurus, a city of Peloponnesus, and hence he is
styled by Milton * the god in Epidaurus.” Being sent for to Rome in the tine of a plague,
be assumed the form of 2 serpent and accompanied the ambassadors, but though thus
changed, he was Alscwapius still, in serpenté deus~—ihe deity in a serpent—and under
taat form he continued to be worshiped at Rome. The cock and the serpent were sacred
to him, especially the latter. The ancient physicians used them in their prescriptions,

Cne of the last acts of Socrates, who is accounted the wisest and best man of Pagan
sotijuily, was to offer a cock to Asculapius, He and Plato were both idolaters ; they
~oafs4med, and advised others to conform, to the religion of their country; to gross
iciatry and absurd superstition. If the wisest and most learned were so blind, what
nust the foolish and ignorant have been ?

TELESCOPIC OBJECTS.

L @ Oerivcm { Ras Alhague)—A bright star with a minute companion, n tae head o
the figure; R. A, Th. 27m. 80s.; Dec. N. 12° 40 0S". A 2, sapphire; B 9, pale grey. A
coarse triplet of small stars near them.

2. d Opsaveni (Yed)—A star with a distant companion, in the right hand ; R. A. 16h,
05m. 58s.; Dec. 8. 3° 16' vi*. A 3, deep yellow; B 10, pale lilac; a vhird minute star in
the field.

8. 7 OpatucHi—A brilliant star with a distant companion, on the left knee; on the
margin of the milky way; R..A. 1Th. 0lm. 18s.; Dec N. 15° 81' 03". A 224, pale yellow;
B 18, blue.

4. T OPHIUCHI—A close BINARY STAR ou the left hand, 156 northeast of the bright star
3 ‘?, just described, towards Altair; R. A, 1Th. 54m. 22s.; Dec. 8. 8° 10' 04°. A 5, and B

. both pale white; C 10, light blue; two other stars in the field. Out of place on the
map, or R. A. wrong in the tables, as given above.

5. A TRIPLE or rather MULTIPLE STAR, between the left foot of Ophiuchus, and the root of
¢he tail of Scovpio; R. A. 1Th. 05m. 29s. ; Dec. 8. 26° 21' 05*. It is about 10° due east of
Antares. A 4, ruddy; B 6, pale yellow; C T, greyish. The latter is double, a
minute companion appearing at a distance, though not seen through srdinary instruments
For relative position, &c., see Map VIIL., Fig. 14.

6. A fine GLOBULAR CLUSTER, between the right hip and elbow; R. A.16h. 88m 56s.;
Dec. 8. 1° 40’ 08". A rich cluster, condensed towards the center, with many straggling
outlayers. About 8° from ¢ Ophiuchi, towards 3.

7. A RICH CLUSTER of compressed stars, In the right hip; R. A. 16h. 4Sm. 43s. ; Dec. 3.
8° 51’ 08". About 8° east of & Ophiuchi; or half-way between /3 Libree, and @ Aqullze. A
oeautiful round cluster, and may be seen with a telescope three feet in length,

8. A ROUND CLUSTER on the left leg; R. A. 17Th. 69m. 42s.; Dec. 8. 18° 2¢" 07°. It lics
about 8° southeast of €, and rather more than ¥4 the distance on a liae from Antares t«
Altair. A fine ohject—myriads of stars clustering to a blaze In the center,

9, A LARGE GLOBULAR CLUSTER in the left arm; R. A. 1Th. 29m. 13s.; Dec. 8 8° 09" 01°.
It lies 16° sonth of Ras Alhague, or about half way from 3 Scorpii to ¢ Aquilse. 6%° south-

ey-west of y Ophiuchi. A fine object, of a lucid white, and may be seen with small instrue
ments, Scveral stars in the field. Map 1X., Fig, 55.

TRIESCOPIC OBJEOTS.~Alpha? Delta? Eta? What multip/ 2 star? Polnt ou$ )a (e
sap, Wkat clusters? Which shown on the map?
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CHAPTER X,
CONSTELLATIONS ON THE MERIDIANY IN AUGUMT.
DRACO (THE DRAGON).--MAP VL

209. Tris constellation, which compasses a large circuit i tue
polar regions by its ample folds and contortions, contains many
stars which may be easily traced. From the head of the mon
ster, which is under the foot of Hercules, there iz a complete
coil tending eastwardly, about 17° N, of Lyra ; thence he winds
down northerly about 14° to the second coil, where he reaches
almost to the girdle of Cepheus; theu he loops down somewhat
in the shape of the letter U, and makes a third coil about 15°
below the first. From the third coil he holds a westerly course
for about 13° then goes directly down, passing between the
head of the Lesser and the tail of the Greater Bear.

210. Draco contains eighty stars, including two of the 2d
magnitude, three of the 3d, and sixteen of the 4th.

¢ The Dragon next, win.ds like a mighty stream :
Within its ample folds are eighty stars,
Four of the second order. Far hie waves
His ample spires, involving either Bear.”

The head of the Dragon is readily distinguished by means of
four stars, 8°, 4°, and 5° apart, so situated as to form an irregu-
lar square ; the two upper ones being the brightest, and both
of the 2d magnitude. The right-hand upper one, called Etanin,
has been rendered very noted in modern astronomy from its
connection with the discovery of a new law in physical science,
called the Aberration of Light.

The letter name of this star is Gamma, or Gamma Draconis; and by this appellatior
‘;gis tz‘;}ost frequently called. The other bright star, about 4° from it on the left, ie
astaben.

211. About 4° W. of Rastaben, a small star may, with close
attention, be discerned in the nose of the Dragon, which, with
the irregular square before mentioned, makes a figure somewhat
resembling an Italic V, with the point toward the wust, and the
open part toward the east. The small star in the nose, is called
Er Ralkis.

209 Describe Draco—its situation urd extent. 210. Number and size of its princi-
al stars? [low may the kead of Draco be distinguished? What said of Etanin? Ity
etter name? What of Rastaben? 211. Of Er Rakis? Further of Rastaben? Ot

Etanin? Of Grumium ? Of Omicron? How may the second coil be recognized? Whal
3t Wta? Of Eta, Theta, and Asich? Of Thuban, Kappa, and Giansar?
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The two small stars 5° » 6° 8. of Rastaben are in the left foot of {Iercules.

Kastaben is on the meridian nearly at the same mowment with Ras Alhague. Etanin
40° N. of it, is on the meridian about the 4tn of August, at the same time with the three
weatern starsin the face of Taurus Poniatowskii, or the V, It is situated less than 2° west
o 'the solstitial colure, and is :yactly in the zenith of London. 1ts favorable position has
lei English astronomers to watch its appearance, for long periods, with the most exact and
unwearied scrutiny.

Of the four stars forming the irregular square in the head, the lower and right-hand one
te 526° N. of Etanin. 1t is called Grwmnium, and is of the 8d magnitude. A few degrees
E. of the square, may be seen, with a little care, eight stars of the dth magnitude, and onse
¢f the 4th, which is marked Omiécron, and lies 8° K. of Grumium. This group is in the &rst
40il of the Dragon.

The second coil is about 18° below the first, and may be recognized by means of four
atars of the 3d and 4th magnitudes, so situated as to form a small square, abcut balf the
size of that in the head. The brightest of them is on the left, and is marked Delta. A line
drawn from Rastaben through Grumium, and produced about 14°, wiil point it out. A line
drawn from Lyra through Zi Draconis, and produced 10° furtker, will point out Zeta, a
star of the 8d magnitude, situated in the third coil. Zeta may otherwise be known, by its
being nearly in a line with, and midway between, Etanin and Kochab. From Zeta, the
remaining stars in this consteliation are easily traced.

Eta, Theta, and Asich, come next; all stars of the 8d magnitude, and at the distaice
severally, of 6°, 4°, and 5° from Zeta. At Asich, the third star from Zeta, the tail of the
Dragon makes a sudden crook. 77%wban, Kuppa,and Giansar, follow next, and com-
plete the tail.

212. Thuban is a bright star of the 2d magnitude, 11° from
Asich, in a line with, and about midway between, Mizar and the
southernmest guard in the Little Bear. By nautical men this
star is called the Dragow’s Tudl, and is considered of much
importance at sea. It is otherwise celebrated as bheing formerly
the north polar star. About 2,300 years before the Christian
Era, Thuban was ten times nearer the true pole of the heavens
than Cynosura now is.

Kappa is a star of the 8d magnitude, 10° from Alpba, between Megrez and the pole,
Mizar and Megrez, in the tail of the Great Bear, form, with Thuban and Kappa, in the
tail of the Dragon, a large quadrilateral figure, whose longest side is from Megrez te
Kappa.

Giansar, the last star In the tail, is between the 8d and 4th magnitudes, and 5° from
Kappa. The two pointers will also point out Giansar, lying at the distance of little more
than 8° from them, and in the direction of the pole.

HISTORY.

Mythologists give various accounts of this constellation. By some it is represented as
the watchful dragon which guarded the golden appies in the famous garden of the Hes-
perides, near Mount Atlas in Africa, and was siain by Hercules. Juno, who presented
these apples to Jupiter on the day of their nuptials, took Draco up to heaven, and made a
constellation of him, as a reward for his falthful services. Others maintain that in the war
with the giants, this dragon was brought into combat, and opposed to Mineiva, who seized
it in her hand, and hurled it, twisted as it was, into the heavens round the axis of the
world, before it had time to unwind its contortions, where it sleeps to this day. Other
writers of antiquity say, that this is the dragon killed by Cadmus, who was ordered by bis
father to go In quest of his sister Furopa, whom Jupiter had carrled away, and never
veturn to Phenicia without her.

“ Whea now Agenor had hls daughter lost,
He sent his son to search on every coast ;
And sternly bade him to his arms restore
Tke darling mald, or see his face no more."”

214. Size and position of Thuban? What called by nautical menf Hew otherwis
selebrated? What further of Kappa, Mizar, Megrez, &c. ?
twrony.—Various Mythological aco,unts? Story of Cadmus and the dragon’s teeth .
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Uis search, however, proving fruitless, he consulted the oracle of Apollo, anl we.
videred to build a city where he should see a heifer stop in the grass, and to call ths
tountry Barotia, He saw the heifer according to the oracle, and as he wished to render
thanks to the god by a sacrifice, he sent his companions to fetch water from the neighbor-
ing grove. The waters were sacred to Mars, and guarded by a wost terrific dragon, whkao
devoured ali the messengers. Cadinus, tired of their seeming delay, went to the place,
and saw the monster still fceding on their flesh,

Cadmus, beholding such a scene, boldly resolved to avenge, or ‘o share their fate. Ho
therefore attacked the monster with slings and arrows, and, with the assistance of
Minerva, slew him. He then plucked out his teeth, and sowed them, at the command >
Pailas, in a plain, when they suddenly sprung up Into armed men.

Entertaining worse apprehension from the direful offspring than he had done from tkg
1ragon himself, he was about to fly, when they fell upon each other, and were all slain in
)ne promiscuous carnage, except five, who assisted Cadus to build the city of Beeotla.

TELESCOPIC OBJECTS.

1. @ Draconis (7huban)—A star with a distant companion In the fifth coil of Draco; R
A. 14h. 00mn. 08s.; Dec. N. 65° 08' 04". A 8%, pule yellow; B 8, dusky ; two other stars in
‘l e field. Upwards of 4,600 years ago, this was the pole-star of the Chaldeans.

2. (3 DRACONIS (Rasliben)=—A star with a very distant cownpanion, in the eye of Draco;
R. A. 17h. 26m, 48s.; Dec. N. 52° 25° 02°. A 2, yellow ; B 10, blulsh ; other stars in field.

3. y Draconis (Etanin)—A star with a telescopic companion, in the crown of Draco;
R. A. 17Th. 5201, 53s.; Dec. N. 51° 80° 06°. A 2, orange tint; B 12, pale lilac. A third star
in the field making a neat triangle with A and B. Efanin is celebrated as the star by
viewing which, Bradly discovered the aberration of light in 1725. It is a zenith-star at
the Greenwich observatory.

4. J DracoNis—A bright star with a distant companion, in the second flexure; R. A.
19h. 12m. 30s.; Dec. N. 67" 22° 08". A 8, deep yellow ; B 9J4, pale red; other small stars
In the field. -

5. ¢ DrACONIS—A fine donble star between the second and third flexures; R. A. 19h,
4Sm. 41s.; Dec. N. 69° 51" 6. A 5%, light yellow; B §, blue; a third star-just north
f a.

6. 7 DrRACONIS—A star with a companion, between the third and fourth fiexures; R. A
[6h. 21m, 48s.; Dec. N. 61° 52' 04°. A 3, deep yellow; B 11, pale grey.

7. j2 DRACONIS—A vVery neat BINARY SYSTEM, on the tip of the Dragon’s tondue; R. A
1Th. 02m. 02s.; Dec. N.54° 41° (2. A 4, and B 4}, both white. Resembles Castor,
though the components are nearer equal. Period, about 600 years.

8. A TRIPLE STAR in the first flexure; R. A. 1Sh. 21m. 86s.; Dec. N. 58° 42° 05", A §,
pale white; B 83, light blue; O 7, ruddy. A difficult objcct—about midway between
7 and d.

9. A beautiful TRIPLE STAR In the nose of Draco, on a line from y over (3, and near
twice as much further; R. A. 16h. 32m. 28s.; Dec. N. 53° 14’ 09*. A 6, pale yellow ; B 6%,
faint lilacj C 6, white ; four other stars in view.

10. A BRIGHT-CLASS, OVAL NEBULA, under the body of Draco; R. A. 15h. 02m., 03s.; Dec.
N. 56° 28’ 0". Faint at the edges, with four stars in the field ; one quite near it.

11. A PLANETARY NEBULA, between the second and third coil, on a line from Polaris to Y
Draconis: R. A. 1Th. 58m. 88s.; Dec. 66° 88' 01°. A remarkably bright and pale blue
ohiect, with several telescopic stars in the fleld. Map IX., Fig. 56. It is situated exactly
In the pole of the ecliptic.

LYRA (1EE marp)—MAP V,
213. This constellation is distinguished by one of the most

brilliant stars in the northern hemisphere. It is sitnated direct-
ly south of the first coil of Draco, between the Swan.on the

TrLKSCOPIO OBJECTS.—Alpha? Be!a? Gamma? Delta? Epsilon? Eta?! Kul
Triple stars? Nebulse ?

218. How is Lyra distinguished? Where situated? Numbsr and size 3¢ fts prinet
2al stars P
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vast, and Hercules on the west ; and when on the meridian, is
almost directly overhsad. It contains twenty-one stars, includ-
ing one of the lst magnitude, two of the 3d, and as many of
ike 4th, ;

There Lyra, for the-brightness of lier stars,
More than their number, eminent ; thrice seven
She counts, and one of these illuminates

The heavens far around, blazing imperial

In the first order.”

214 This star ““ blazing imperial in the first order” is called
Jega, and sometimes Wega ; but more frequently, Lyra, after
che name of the coustellation. ¢

There is no possibiiity of mistaking this star for any other.
[t is situated 142° 8. E. of Eltauin, and abont 30° N. N. E. of
Ras Alhague and Ras Algethi. Tt may be certainly known by
means of two small, yet conspicuous stars, of the 5th magnitude,
situated about 2° apart, on the east of it, and making with it a
beautiful little triangle, with the angular point at Lyra.

The northernmost of these two small stars is marked Epsilon, and the southern one
Zeta. About 2° 8. E. of Zeta, and in a line with Lyra, is a star of the 4th magnitude,
marked Delta, in the middle of the Ilarp; and 4° or 5° 8. of Delta, are two stars of the
8d magnitude, about 2° apurt, in the garland of the Harp, forming another triangle, whose
vertex is in Delta. The star on the east is marked Gamma ; that on the west, Befa, If
u line be drawn from Etanin through Lyra, and produced 6° farther, it will reach Beta.

This is a variable star, changing from the 8d to nearly the 5th magnitude in the space
of a week; it is supposed to have spots on its surface, and to turn on its axis, like
our sun.

Gumma comes to the meridian 21 minutes after Lyra, and precisely at the same
moment with Epsicon, in the lail of the Eagle, 17%° 8. of it.

The remarkable brightness of @ Lyra has attraeted the admi-
ration of astronomers in all ages. Manilius, who wrote in the
age of Augustus, thus alludes to it :—

% ORE, placed in front ubove the rest, displays
A vigorous light and darts surprising rays.”
Astronomicon, B. 1. p. 15,

1IISTORY.

1t is generally asserted that this is the celestial Lyre which Apollo vr Mercury gave ta
Orpheus, and npon which he played with such a masterly hand, that even the most rapid
rivers ceased to flow, the wild beasts of the forest forgot their wildness, and the moun.
tains came to listen to his song.

Of all the nymphs who used to listen to his song, Eurydyce was the only one who maug
a decp impression on the musician, and their nuptials were celebrated. Their happiness,
however, was short. Aristieus became enamored of Eurydice, and as she fled from her
pursuer, a serpent, lurking in the grass, hit her foot, and she died of the wound. Orpheus
resolved to recover her, or perish in the attempt. With his lyre in his hand, he entered
the infernal regions, and gained admission to Pluto. The king of hell was charmed witl,
qais strains, the wheel of Ixion stopped, the stone of Sisyphus stood still, Tantalus forgot
2is thirst, and even the furies relented.

Pluto azd Proserpine were moved, and consented to restore him Eurydice, provided ne
iwhore ooking behind till he had come to the extremest borders of their dark cominir na

214. Name‘s of the most brilliant starf How certainly known? Where are Epsilon
Seta, Delta, Gamma, and Beta? What pecaliarity about Beta? In a Lyrs?
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T'he cond’tion was a:cepted, and Orpheus was already in sight of the upper eglons of
+he air, when he forgot, and turned back to look at his long -lost Eurydice. He saw ber
but she instantly vanished from his sight. He attempted again to follow her, but wat
refused admission.

From this time, Orpheus separated himself from the society of mankind, which se
offended the Thracian woien, it is said, that they tore his body to pieces, and threw his
head into the Hebrus, still articulating the words Eurydice ! Eurydice! as it was carried
down the stream into the Zgean sea. Orpheus was one of the Argonauts, of which cele-
brated expedition he wrote a poetical account, which is still extant. "After his death, he
received divine honors, and his lyre became one of the constellations.

This fable, or allegory, designed merely to represent the power of music in the hands
of the great master of the scienee, is similarly deseribed by three ¢f the inost renowued
Lutiv voets, Vivgil, in the fourth book of his Georgics, thus describes the effect of tl ~
12—

¢ E'en to the dark dominions of the night
He took his way, through forests void of light,
And dared amid the trembling ghosts to sing,
And stood before the inexorable king.
The infernal troops like passing shadows glide,
And listening, crowd the sweet musician’s side ;
Men, matrons, children, and the ummnarried maid,
The mighty hero’s more majestic shade,
And youth, on funeral piles before their parents laid.
E’en from the depths of hell the dar:n’d advance ;
The infernal mansions, nodding, seem to dance ;
The gaping three-inouth’d dog forgets to snan ;
Tle furies hearken, and their snakes uncurl ;
Ixion seems no more his pain to feel,
But leans attentive on his standing wheel.
All dangers past, at length the lovely bride
In safcty goes, with her elodious guide.”

Pythagoras and his followers represent Apollo playing upon a huarp of seven strings,
by which is neant (a8 appears from Pliny, b. ii. ¢. 22, Macrobius i. ¢. 19, and Censorins
¢. ii.), the sun in conjunction with the seven planets; for they made himn the leader of
that septenary chorus, and the moderator of nature, aud thought that by his attractive
force he acted upon the planets in the harmcnical ratio of their distances.

The doctrine of celestial harmony, by which was meant thie music of the spheres, was
coumon to all the nations of the East. To this divine music Euripides beautifully
nlludes :—* Thee 1 invoke, thou self-created Being, who gave birth to Nature, and whoin
light and darkness, and the whole train of globes eucircle with eternal musie.”—So a.sc
Baakspeare :—

“ Look, how the floor of heaven

Is thick iclaid, with patines of bright gold ;
There’s not the smallest orb which thou behold’st,
But in his motion like an angel sings,

&till quiring to the young-eyed cherubim:

Such barmony is in immortal souls;

But, while this muddy vesture of decay

Doth grossly close it in, we cannot hear it.”

The lyre was a famous stringed instrument, much used among the ancients, said to
have been invented by Mercury about the year of the world 2,060 ; though some ascribe
the invention to Jubal. (Genesis iv. 21.) 1t is universally allowed, that the lyre was the
first instrument of the string kind ever used in Greece. The diffcrent lyres, at various
periods of time, had from four to eighteen strings each. The modern lyre is the Welsh
harp. The lyre, among painters, is an attribute of Apollo and the Muses.

All poetry, it has been conjectured, was in its origin lyric; thatis, adapted tc recita -
#ir 1 or song, with the accompaniment of music, and distinguished by the utmost Loldness
of thought and expression ; being at first employed in celebraticg the praises of gods
and heroes.

Lesbos was the principai seat of the Lyric Muse; and Terpander, a native of thia
island, who flourished about 650 years B. (., is one of the earliest of the Lyric poets
ahese name we find on record. Sappho, whose misfortunes have united with her taleuts
‘» *snder lie. name memorable, was born at Mitylene, the chief city of Lesbos. She was
HisTorY.—Story of Orpheus and Eurydice? Design ef thig myth? Celebrated b7 wha
poets ?  Origin of the Lyre, and ¢ Lyric poetry ? What said « f Pindar?
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reckoned a tenth muse, and placed without controversy at the head of the female writere
In Greece. But Pindar, a native of Thebes, who flourished about 500 years 8. 0., Iz
styled the prince of lyric poets. Te him his fellow-citizens erected a monament; and
vher the Lacedemonians ravaged Boeotia, and burnt the capital, the following words
«ere written upon the deor of the poet: FORBEAR TO BURN THIS HOUSE. IT WAS THS
DWELLING OF PINDAR.

TELESCOPIC OBJECTS.

i. @ Lir&k—A star with a little companion; R. A. 18h. 31m. 80s.; Dec. N. 88° 83 §1°.
A 1, pale sapphire ; B 11, smalt blue. Map VIIIL., Fig. 15.

a Lyria is computed to be 400,000 times as remote as our sun; or 838,000,000,000,00¢
istant! And yeu what is this to the mean distances of many of these of the 12th *o 15tn
magnitudes ?

2. 3 Lyzm—A star with its companions forming a quadruple system; R. A. 18h. 44m.
v9s.; Dec. N. 83° 10’ 08°. A 8, very white and splendid; B 8, pale grey; C S, fains
vellow; D 9, light lilac. (3 is regarded as variable.

S. Y LyrE—A lustrous star 7° southeast of Vega, with a minute distant companion
R..\. 18h. 52m. E7s.; Dec. N. 82° 28’ 05°. A 8, bright yellow; B 11, blue; other tele-
scopic stars in the field. T

4. £¢ LyRa—A splendid MULTIPLE STAR, only 136° northeast of Vega ; R. A. 1Sh. 80m.
02s8.; Dec. N. 89° 80’ 08°. Map VIIIL,, Fig. 16. With small instruments it appears simply
double ; but with better instruments each of the components are found to be double, and
binary systems. Between the twin systems are three minute stars. The components of
the two systems are described as A 5, yellow; B 62, ruddy; C 5, and D 5%, both white.
A, B cre the lowest, or northern pair.

These two twin systems are in motion around a common center of gravity, as well ag
the respective compouents around each other. The period of the individual systems is
estimated at about 2,000 years; while 1,000,000 of years are supposed to be requisite for
a revolution round the common center of both [

5. { Lyrx--A fine DOUBLE STAR about 2° south of €; R. A. 18L. 89m. 15s. ; Dec. N, 87¢
26 05". A 5, topaz; B 5Js, greenish.

6. 7 LYRXE—A neat DOUBLE STAR 6° east of Vega; R. A. 19h. 08m 18s.; Dec. N. 83° 52
05°. A 5, sky blue; B9, violet tint. A fine object for a moderate telescope.

7. v LYRE—A QUADRUPLE STAR in the cross-piece of the Lyre; R. A.1Sh.43m. 48s.; Dec.
N.82°88 0°. A9, pale yellow; B 18, blauish; C 11, pale blue; D 15, blue; three other
stars in the field. A very delicate object.

S. A GLOBULAR CLUSTER, in a splendid field, between the eastern yoke of Lyra and the
head of Cygnus; R. A. 19h. 10m. 19s,; Dec. N, 29° 54' 02, About 5%° southeast of 3 Lyre,
towards /3 Cygni, and 8%° from the latter. Map IX., Fig. 57.

9. An ANNULAR NEBULA between ;3 and y; R. A. 1Sh. 47m. 87s.; Dec. N.82° 50' 01°.
A wonderful object, in the form ¢f an elliptical ring. Supposed by Herschel to be 990
times as distant as Sirins. A clear opening through its center, and several stars in the
field. Map IX., Fig. 5S.

TAURUS PONIATOWSKIL.—MAP V.

215. This small asterism is between the shoulder of Ophiu-
chus and the Eagle. The principal stars are in the head, and
of the 4th magnitude. They are arranged in the form of the
tetter V, and from a fancied resemblance to the zodiac Bull, and
the Hyades, became another Taurus. See description of Ser:
pentarins, article 206.

TELRSCOPIC OBJECTS.—Alpha? Beta? Gamma? Epsilon? Point out on the map
Zeta? Eta?! Nu? What cluster? Point out on the map. What nebula, and whern
ound on the map?

815, Describe Taurus Poniatowskil. Where situated?
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TELESCOPIC OBJECTS.

1. A neat .OUBLE 8TAR In the space between the Polish Ball, and the Eagle’s wing, 8
east of @ Ophiuchi. in a line towards Altair; R. A, 1Th. J8m. 17s.; Dec. N. 11* 29 6&*
A 8, straw-color ; B 8%, sapphire blue,

2. A fine PLANETARY NEBULA, In a rich vicinity, in the shoulder; R. A. 18h. 04m. 2!s,
Pec. N. 6° 49’ 02°. A small but bright object, regarded by Prof. Struve asoze of the mos
surious in the heavens. Many telescopic stars in the field.

SCUTUM SOBIESKI (soBiEskr’s smiern).—MAP V,

216. This small figure is between the head of the Polish Bull,
and the head of Sagittarius. Its four principal stars are of the
5th magnitude ; and it is important chiefly for its Teclescopic
Objects.

TELESCOPIC OBJECTS,

1. A pouvBLE STAR 1%° northeast of u Sagittarii; R. A. 1Sh, 0Tm. 87s.; Dec. 8. 19° 55
05°. A 8%, and B 10, both grey.

2. A neat DOUBLE STAR, in a long and straggling assemblage below the Shield ; R. A.
18h. 10m. 86s.; Dec.S.17°11°07°. A 9, and B 11. both bluish, It is 4° from x Sagittarii,
In a very rich vicinity ; several splendid fields lying only about 1° south of it.

8. A BEAUTIFUL CLUSTER below the base of the Shield; R. A, 18h, 0Sm. 49s.; Dec. 8. 18"
27° 05°. A line from @ Aquile, southwest over A Antinoi, and continued as far again,
will reach this object.

4. A SCATTERED BUT LARGE CLUSTER, north-half-east from u Sagittarii 7°; R. A. 18h.
09m. 44s.; Dec. 8. 18° 50° 05°. Stars disposcd in pairs, the whole formning a very pretty
object in a telescope of tolerable capacity.

5. A HORSE-SHOE NEBULA just below the Shield; R. A. 1Sh. 11m. 23s.; Dec. S. 16° 15’ 08",
It has been compared to a Greek 2. Map IX., Fig. 59. Five stars in the obje:t, and
others in the field, and the region around it particularly rich. Sir William Herschel
computed that there were 285,000 stars in a space 10° long, and 2%° wide; many of
which were 2,300 times as far off as Sirius!

SAGITTARIUS (tnE Arcuer).—MAP V.

217. This is the ninth sign and the tenth constellation of the
Zodiac, It is situated next east of Scorpio, with a mean decli-
nation of 35¢ 8., or 12° below the ecliptic. The sun enters this
sign on the 22d of November, but does not reach the cons‘el-
lation before the Tth of December. It occupies a considerable
space in the southern hemisphere, and contains a number of sul-
ordinate, though very conspicuous stars, The whole number of
its visible stars is sixty-nine, including five of the 3d magnitnde
and ten of the 4th.

TELESCOPIC OBJECTS.—What double star? What nebula ?

216. Sitnation and components of Scotum Sobieski? For what chiefly important ¢

TELESCOPIO OBJECTS.—What double stars? Clusters? Nebnia?

217. Order of Sagittarius, in the signs and constellations? \When does the sun cate
tnis sfgn ! The eomstclation? Ttsextent? Namter and size of its stars?
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218. Sagittarius may be readily distinguished by means of five
stars of the 3d and 4th magnitudes, forming a figure resem-
bling ‘a little, short, straight-handled dipper, turned nearly bot-
tom upward, with ths haudle to the west, familiarly called the
Milk- Dipper;, because it is partly in the Milky-Way.

This little figure is so conspicuous that it caunot easily be
mistaken. It ic sitnated about 33° E. of Antares, and comes
D the meridian a few minutes after Lyra, on the 17th of Au-
gust.  Of the four stars forming the bowl of the Dipper, the twe
apper cnes are only 3° apart, and the lower ones 5°.

The two smaller stars forming the handle, and extending westerly about 4%°, and the
rasternmost one in the bowl of the Dipper, are all of the 4th magnitude. The star in
‘ke end of the handle, is maried Lambda,and is placed in the bow of Ragittarius, just
«ithin the Milky-Way., Lambda may otherwise be known by its being nearly in a line
with two other stars about 416° apart, extending toward the 8. E. It is also equidistant
from /4i and Della, with which it makes a handsome triangle, with the vertex in
Lambda. About 5° above Lambda, and a little to the west, are two stars close together
in the end of the bow, the brightest of which is of the 4th magnitude, and marked Ju.
This star serves to point out the winter solstice, being about 2° N. of the tropic of Capri-
sorn, and less than one degree east of the solstitial colure.

If a line be drawn from Sigma through Phi, and pro luced about 6° farther to the west,
‘t will point out Delta, and produced about 3° from Dela, it will point out Gumma; stars
of the 3d magnitude, in the airow. The latter is in the point of the arrow, and may be
«nown by means of a small star just above it, on the right. This star is so nearly on the
sume meridian with Etanin, in the head of Draco, that it culminates only two minutes
after it.

A few other conspieuous stars in this constellation, forming a variety of geometiical
Agures, may be easily traced from the map.

‘HISTORY.

This constellation, it is said, commemorates the famous Centaur Chiron, son of Philyra
and Saturn, who changed himself into a horse, to elude the jealous inquiries of his wife
Rhea.

Chiron was famous for his knowledge of music, medicine and shooting. He taught
mankind the use of plants aad medicinal herbs; and instracted, in all the polite arts,
the gréatest heroes of the age. He tanght Asculapius physic, Apollo music, and Her
cules astronomy; and was tutor to Achilles, Juson, and &Aneas. According to Ovid, he
was slain by Hercules, at the river Evenus, for offering indignity to his newly marriel
bride.

“ Thou monster double shap'd, my right set free—
Swift as his words, the fatal arrow flew;
The Centaur’s back admits the feather'd wood,
And through his breast the barbed weapon stood ;
Which, when in anguish, through the flesh he tore,
From both the wounds gush’d forth the spumy gore.”

The arrow which Hercules thus sped at the Centaur, having heen dipped in the blood
of the Lernzan Hydra, rendered the wound incurable, even by the father of medicine
himself, and he begr(d Jupiter to deprive him of immortality, if thus he might escape
bis execuciating patus. Jupiter granted his request, and translated him to a plnee
among the constellations.

% Midst golden stars he stands refulgent now,
And thrusts the Scorpion with his bended bow.”

This is the Grecian account of Sagittarius; but as this constellation appears on the
sseien t sodiacs of Egypt, Dendera, Esne, and India, it seems conclusive that the Greeka

218, How distinguishet? Where is Lambda? How known? Where are Ma, _Deitu.
and Gamma ?

History.—What does Sagittarius commemorate? Story of Chiron? *Vhat said vf the
uatiquity of this constellation



118 ASTLRONOMI.

only borwowed the figure, while they invented the j 1ble. This Is knowe 1o be trre witk
respect to very many of the ancient constellacions, Hence the jargor of the coufliciing
accounts which have descended to us,

TELESCOPIC OBJECTS.

1. /4 SAGITTARII—A MUZTIPLE STAR in the north end of the Archer’s bow; R. A, 18h,
0im. 11s.; Dec. 8. 21° 05° 07° About 25° east-northeast of Antares. A 8, pale yellow;
B 16, blue; C 9%, and D 10, both reddish.

2. 0 BAcITTARII—A star with a distant companion in the Archer’s right shoulder;
R. A. 18h. 45m. 20s.; Dec. 8. 26° 20' 08°. A 8, ruddy; B 9%, ash-colored.

8 A very delicate TRIPLE 8TAR, between the heads of Sagittarius and Capricorn, about

95> south-by-west of Altair, and 10° west of ;3 Capricorni; R. A. 19h. 81m. 83s.; Dec. 8
16° 89 02°. A 5, yellow; B 8, violet; C 16, blue. Other small stars in the field.

4. A LARGE AND COARSE CLUSTER of minute stars, close to the upper end of the bow, and
in the Galaxy; R. A. 18h. 08m. 08s.; Dec. S. 21° 86° 01°, Stars of the 10th to 18th mag-
nitudes. A rich field of no purticular form.

5. A LOOSE CLUSTER in the Galaxy, between the Archer’s head and Sobieski’s Shield;
R. A. 18h. 22m. 148, ; Dec. 8. 19° 10’ 02°. The most prominzent are a pair of 8th magni-
tude stars. It is about 5° northeast of ; Sagittarii.

6. A FINE GLOBULAR CLUSTER between the head and bow, near the solsticial colure;
R. A. 1Sh, 26m. 258.; Dec. S. 24° 0]’ 04°. A fine group, compressed towards the center,
with scveral single stars in the fleld. Map IX., Fig. 60.

CORONA AUSTRALIS (tne sourneeN orowN).—MAP V.,

219. This is a small and unimportant constellation near the
fore-legs of Sagittarius ; and between them and the Milky-Way.
R. A. about 18h. 44m.; Dec. S. 40°. Its four principal stars
are of the 5th magnitude, situated near each other, and arranged
in a gentle curve line, lying north and south. It has no Mytho-
logical History, or Telescopic Objects worthy of notice.

AQUILA ET ANTINOUS (THE EAGLE AND ANTINOUS).—MAP V.

220. This double constellation is sitvated directly south of
the Fox and Goose, and between Taurus Poniatowskii on the
west, and the Dolphin on the east. It contains seventy-one
stars, including one of the st magnitude, nine of the 3d, and
seven of the 4th, It may be readily distinguished by the
vosition and superior brilliancy of its principal star. :

221, Altair, the prineipal star in the Eagle, is of the 1st, or
between the 1st and 2d magnitudes. It is situated about 14°

TrLESCOPIC OBJKCTS.~—Mu? Sigma? What triple star? What clusters? Whick
shiown on the map? Polnt it out.

?19.- Describe Corona Australis. Its principal stars? Ilistory and Telescopie Objects !
#20. 8ltnation of Aquila and Antinous? Number and size of its principal atars$
221 Altalr—how known? Stars each side of it? Use of Altair in navigation? What
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8. W. of the Dolphin. It may be known by its being the
largest and middle one of the three bright stars which are
arranged in a line bearing N. W. and S. E. The stars on each
side of Altair are of the 3d. maguitude, and distant from it about
2°, This row of stars very much resembles that in the Guards
>f the Lesser Bear.

Altair is one of the stars from which the moon’s distance is
taken fur computing longitude at sea. Its mean declination i3
cearly 84° N., and when on the meridian, it occupies nearly the
same place in ‘the heavens that the sun does at noon on the 12th
day of April. It culminates about 6 minutes before 9 o’clock,
on the last day of August. It rises acronically about the begin-
ning of June.

Ovid alludes to the rising of this constellation; or, more probably, to that of the prin-
o.pal star, Altair :—

———————*“Now view the skies, 5
And you'll behold Jove’s hook’d-bill bird arise.”
Massey’s Fasti

~—~——————*% Among thy splendid group
ONE dubious whether of the SkCOND RANK,
Or to the FirsT entitled ; but whose claim
Seems to deserve the First.”
Eudosia.

The northernmost star in the line, next above Altair, is called Zuraced. In the wing
of the Eagle, there is another row composed of three stars, situated 4° or 5° apart,
extending down toward the southwest; the middle one in this line is the smallest, being
only of the fourth magnitude; the next is of the 8d magnitude, marked Delta, and
situated 8° S. W. of Altair.

As you proceed from Delta, there is another line of three stars of the 3d magnitude,
between 5° and 6° apart, extending southerly, but curving a little to the west, which
mark the youth Antinous. The northern wing of the Eagle is not distinguished by any
conspicuous stars.

Zeta and Epsilon, of the 84 magnitude, situated In the tail of the Fagle, are about 2°
apart, and 12° N. W, of Altair. The lastone in the tail, marked Epsilon, is on the same
meridian, and culminates the same moment with Gamma, in the Harp.

From Epsilon, in the tail of the Eagle, to Theta, in the wrist of Antinous, may be tracel
a long line of stars, chiefly of the 8d magnitude, whose letter names are Theta, Eta, Mu,
Zeta a;g Epsilon, The direction of this line is from S8, E. to N, W, and its length is
nbout 25°,

Eta is remarkable for its changeadle appearance. Its greatest brightness continues
vut 40 hours; it then gradually diminishes for 66 hours, when its luster remains station-
ary for 80 hours. It then waxes brighter and brighter, until it appears again as a star
of the 8d magnitude.

From these phenomena, it is inferred that It not only has spots on its surface, like our
ruu, but that it also turns on its axis.

Similar phencmena are observable In Algol, Beta, in the Iare, Delta, in Cepaene, and
Jnicron, in the Whale, and many others.

——————* Aquila the next,
Divides the ether with her ardent wing:
Beneath the Swan nor far from Pegasun,
Pogric EacLe.”

to quotation? Where are Tarazed and Delta? Zeta and Epsilon? Theta? Eio
or what remerkahle ?
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HISTORY.

Aquila, or the Eagle, is a consteilation usually joined with Antinous. Aqmla is up
posed to have been Merops, a king of the island of Cos, in the Archipelage, and the hus
baud of Clymene, the mother of Phaston ; this monarch having been transformed in‘e as
eagle, and placed among the constellations. Some have lmagined that Aquila was the
eagle whose form Jupiter assumed when he carried away Ganymede; others, that it
“epreecnts the eagle which brought nectar to Jupiter while he lay concealed in the cave a*
1 ete, to avoid the fury of his tather, Saturn. Sowme of the ancient poets say, that thic
¢ ‘hie ezgle which furnished Jupiter with weapons in his war with the giants:—

¢ The towering Kugle next doth boldly soar,
As if the thunder in his claws Le bore;
1le’s worthy Jove, since lie, a bird, supplies
The heaven with sacred bolts, and arms the skies.”
< Kaniliue
Che eagle is justly styled the * sovereign of birds,” since he is the la- gest, strongest,
214 swiftest of all the feathered tribe that live by prey. Homer caliz the eagle, “ the
st1 sng Rovereign of the plumy race;” Ilorace styles him—

¢ The royal bird, to whom the king of heaven
The empire of the feathered race has given:”

And Milton denomiuates the eagle the “ Bird of Jove.” Its sight Is quick, strong and
piercing, to a proverb: Job xxix., 23, &e.
“"l‘hough strong the hawk, though practised well to 9y,
An eagle drops her in the lower sky ;
An eagle when deserting human sight.
She secks the sun in her unwearied tlight;
Did thy command her yellow pinion lift
8o high in air, aud set her on the clift
Where far above thy world she dwells alone,
And proudly makes the strength of rocks her own;
Tnence wide o’er nature takes hes dread survey,
And with a glance predestinates Lier prey?
She feasts her young with blood; and huvering o'er
The unslaughtered host, enjoys the promised gore.”

ANTINOUS.

A: tinous is a part of the constellation Aquili, and waJ invented by Tycho Brane
Ani-nous was a youth of Bithynia, in Asia Minor. So greatly wus his death lamented
by the emperor Adrian, that he erected a temple to his memory, and built in honor of
nim a splendid city, on the banks of the Nile, the ruins of which are still visited by
travelers with much interest.

TELESCOPIC OBJECTS,

1. @ AQuiLk (Altair)—A bright star in the neck, with a distant companion; R. A.
19h. 42m. 58s.; Dec. N. 8° 26" 09". A 13X, pale yellow; B 10, violet tint.

2. 3 AquiLx (Alshain)—A DOUBLE STAR, 2lso in the neck of Aquila. and the head of
Antinous; R. A. 19L. 47m. 26s.; Dec. N. 6° 00" 07°. About 23° south-southeast of
Altair. A 8%, pale orange; B I0, pale grey ; with other stars in the field,

8. ¥ AquiLk (Turazed)—A star in the back of Aquila, on a line with a and 3, with «
minute companion; R. A. 19h.88m. 88s.; Dec. N. 10° 13’ 06". A 8, pale orange; B 12,
dusky ; other stars around.

4. J AQUiLZ, in the southern wing; R. A.19h. 17m. 25¢.; Dec. N. 2°48 00". 1las a
distant companion. A 8%, white; B 12, livid; other stars in the feld.

6. £ AQUILE, in the tail; R. A. 18h, 5Sm. 02s.; Dec. N. 13° 87" 08", A 8, greeniskh tint;
B 11, livid; two other stars in the field. s

€. A neat DOUBLE STAR on the margin of the lower wing; R. A, 1Sh. 5Tm. 53s.; Dec. N.
418 08'. A TY,lucid white; B 9, cerulean blue. A fine object, not diflicult to find, a2

Hercxy.—Different suppositions respecting? Manilius? jlorace? Milton? What
euid of Antinous?

Tiigsceric OBJkcTs.—Alpha? Beta? Gainna? Delta? Xi? Other dcuble stara?
What clugters? 1Which shown on the map?  What ncbula?
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it lies 10* due oith-of A Antinoi, a 3d magnitude star, and 18* west of 3 Ayuilee. The
brigl cest object of its immediate neighborhood.

7. A WIDE DOUBLE STAR about 4° west-by-south of A Antinoi, between the foot and
Robieski’s 8hield ; R. A. 18h. 4im. 07s. ; Dec. S. 6° 05’ 08°. A 7, orange tint; B 9, ceru
‘can blue. Many telescopic stars in the field.

8. A SPLENDID CLUSTER Close to the southeast of the last described object R A. 194
42m. 32s.; Dec. 8. 6° 27" 02°. It is between the left foot and Sobieski’s Shield. A gor.
geous object * somewhat resembling a flight of wild ducks in shape,’” has an Sth magn-
tude star in the middle, and two larger east of it; probably all three between us and
ths cluster. Map IX,, Fig. 61.

9. A Loose CLUSTER between the lower wing and the leg of Antinous, and 13° southwest
f Altair, on a line from Vega through ¢ Aquile ; R. A.19h. 08m. 86s.; Dec.S. 1° 11' ¢9*
tAhsp(I}ﬂslhy group of stars from the 9th to the 12th magnitudes, on the eastern margin of

e Galaxy.

10. A sTELLAR NEBULA on the Eagle’s back, about 5° west of Altalr; R. A. 19h. 28m,
568.; Dec. N. 8° 54’ 01°. A minute object in the Milky-Way ; and in the most powerful
telescopes, fau-shaped.

SAGITTA (tue arrow.)—MAP V.

2292. Sacrrra is a small but old constellation between the
Fox and Goose on the north, and the Eagle on the south. Its
two principal stars are of the 4th magnitude, and lie nearly east
and west, about 4° apart. The next two largest stars are of the
Hth magnitude.

TELESCOPIC OBJECTS.

1. € Saarrrx —A star with a distant companion about 8° north-northwest of Altair, cr.
a line towards Vega; R. A.19h. 80m. 03s.; Dec. N. 16° 06' 5*. A &, pale white; B 8,
tight blue. P 3

9. { SAGITTZ—A Deat DOUBLE STAR just above the Arrow, 9° south by east from 3
Cygni, and 10° north of Altair; R. A. 19h. 4lm. 58s.; Dec. N. 18° 4'8°, A 5, silvery
white ; B 9, blue,

8. ¥ SAGITTE—A TRIPLE STAR near the head of the Arrow, about half-way from B8

Cygni to @ Delphini; R. A. 20h. 02m. 53s.; Dec. N. 20° 26’ 6°, A 7, pale topaz; B 9, grey
C 8, pearly yellow.

4. A RICE COMPRESSED CLUSTER on the shaft of the arrow, 10° northeast of Altawr
R. A. 19h. 46m. 86s.; Dec. N. 18° 22" 1°. Telescopic stars around it.

ANSER ET VULPECULA (rnE rox AND @0O0SE).—MAP ‘v,

223. This is a modern constellation, situated between the
Swan on the north, and the Arrow or the Dolphin and Eagle ou
the south. It is composed of some thirty stars, the largest of
which is of the 3d magnitude.

TELESCOPIC OBJECTS.
1. A star with a distant companion on the nose of Reynard, and neck of the Goost
856' south of B Cygni; R. A. 19h. 22m. 08s.; Dec. N. 24° 20’ .

922. Describe Sagitta—its principal stars.
TaLmscoric Osects.—Epsilon? Zeta? What triple star?  Olustor ¢
228. Dencribe the Fox and Goow:. Its component stars?
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2. A WIDK DOUBLK STAR, 11%° north of Altalr, between the Fox and the Arrow, in the
sastern cdge of the Galaxy; R. A. 19h. 46m. 20s.; Dec. N. 19° 55 5°. A and B both ?
und both white. g

3. A LARGESTRAGGLING CLUSTER on the neck of the Goose, and abont 3° from 3 Cygni; R. A
I9h. 20m, 80s.; Dec. N, 24° 49’ 8°. Two Tth magnitude stars in the west. The clustey
Las the form of a Greek £2.

4, The celebrated DUMB-BELL NEBULA, on tt e Fox's breast, about 7° southeast of Cygut,
and aearly half-way betwcen it and the Dolphin; R. A. 19h. 52m, 89s. ; Dec. N. 22° 17" 1*
&.\Iap 1X., Fig. 62,) This magnificent and singular object is In a crowded vicinity, wha'e

eld after field 18 very rich.

CHAPTER XI.
CONSTE!LATIONS ON THE MERIDIAN IN SEPTEMBER

DELPHINUS (tne porpHIN).—MAP V.

224. Tais beautiful little cluster of stars is situated 13“ or
14° N_ E. of the Eagle. 1t cousistsof eighteen stars, inclnding
four of the 3d magnitude, but none larger. It is easily distin-
guished from all others, by means of the four principal stars in
the head, which are so arranged as to form the figure of a dia-
mond, pointing N. E. and S. W. To many, this cluster is
kuown by the name of Jod’s Coffin; but from whom, or from
what fancy, it first obtained this appellation, is not known.

225. There is another star of the 8d magnitude, situated in
the body of the Dolphin, about 3° S. W. of the Diamond, and
marked Epsilon. The other four are marked Alpha, Deii,
Gamma, Delta. Between these are several smaller stars, tou
small to be seen in presence of the moon.

The mean declination of the Dolphin is about 15° N. It
comes to the meridian the same moment with Deneb Cygni, and
about 50 minutes after Altair, ou the 16th of September.

& Thae I behold, majestic Cygnus,
On th2 marge dancing of the hieavenly sea,

Arion’s friend ; eighteen thy stars appear—
One telescopic.”

P 0300P:C OBIECTS.—What double stars? Cluster? Nebula? Point out on the map

924. Constellations in this chapter? Delphinus? Number and size of stars? Hew
Ystlaguished? What other name has this constellation? 225. Where are Epsilon
Alpha, Betn, Gamina and Delta?  Mean declination, ke. )
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HISTORY,

The DelpLin, according to some mythologists, was made a constellation by Neptuny
oecause 03¢ of these beautiful fishes had persnaded the goddess Aniphitrite, who had mads
a vow of perpetual celibacy, to become the wife of that deity; but others maintain, that
4 is the Colphin which preserved the fawous lyric poet aud musician Arion, who was &
1ative of Lesbos, an island in the Archipelago.

He went to Italy with Periander, tyrant of Corinth, where he obtained immense riches
vy his profession, Wishing te revisit his native country, the sailors of the ship in whi:h
2e embarked resolved to murder him, aud get possession of his wealth. Seeing them
fimovable in their resolution, Arion begged p rmission to play a tune upon his late
wfore he should be put to death. The melody of the instrument attracted a number of
Jolphins around the ship ; he immediately precipitated himself into the sea; when one
af them, it is asserted, carried him safe on his back to Tenarus, a promontory of Laco-
Biz, in Peloponnesus ; when he hastened to the court of Periander, who ordered all the
sailors to be crucified at their return.

“ But (past belief), a dolphin’s arched back
Preserved Avion from his destined wrack
Secure he sits, and with harmonious strains
Requites his bearer for his friendly pains.”

Wken the famous poet Hesiod was murdered in Naupactum, a city of Atolia, in Greece,
and Ris body thrown into the sea, some dolphins, it is said, brought back the floating
corpae to the shore, which was immediately recognized by his friends ; and the assassing
being afterwards discovered by the dogs of the departed bard, were put to death by
innmersion in the same sea.

T'aras, said by some to have been the fouuder of Tarentum, now Tarento, in the south
of ltaly, was saved from shipwreck by a dolphin; and the inhabitants of that city pre-
served the meniory of this exiraordinary event on their ccin,

The natural shape of the dolphin, however, is not iucurvated, so thai one wight ride
upon its back, as the poets imagined, but aluiost straight. When it is first taken from
the water, it exhibits a variety of exquisitely beautiful but evanescent tints of color, that
pass in succession over its body until it dies. They are an extremely swift-swimming
6sh, and are capable of living a long time out of water; in fact, they seein to delight to
gawbol, and leap out of their native element.

¢ Upon the sawelling waves tixe dolphins show
Their bending backs; then swiftly darting go,
And in a thousand wreaths their bodies show.””

TELESCOPIC OBJECTS.

1. @ DeLPHINI—A bright star with a distant telescopic companion; R. A.20h. 82m,
12s.; Dec. N. 15° 21’ 01°. A 8, pule white; B 13, biue.

2. 3 DerpuiNi—A delicate TRIPLE STAR on the Dolphin’s body, 13§ south-by-west of @,
in a line with 3 Cygni and y Lyra; R. A. 20h. 80m. 08s.; Dec. N. 14° 02' 06°. A 4,
greenish tinge; B 15, and C 12, both disky.

3. ¥ DeLPEINI—A beautiful DOUBLE sTAR in the head, 2° east of @; R. A. 20h, 80m,
3155.: Dec, N, 15° 83' 02° A 4, yellow; B 7, light emerald, with a third star about 2°

istant.

4. A delicate QUADRUPLE STAR, near € in the tail; R. A. 20h. 28m. 85s.; Dec. N. 10° 43’
¥6°. A T%,and B S, both white; C 16, blue; D 9, yellowish ; several other small stars
a the field. Map VIIL, Fig. 17.

5. A SMALL BRIGHT CLUSTER, in the Dolphin’s tail, 8J¢° south of £; R. A, 20h. 26m. 21s.;
Dee. N, 6° 58 02°. Just east of a 9th magnitude star—a coarse telescopic pair at a
Ustance, and several minute stars in the field.

6. A small PLANKTARY NEBULA, betwen the pectoral fin and the arrow head, 6° north-
1 rik west of @, and exactly on a line towards Vega Lyra ; R. A. 20, 15m. 1is.; Dec. N
\9° & 0v". Itisin a coarse cluster, in the center of which are fouy Lomepicinns stare.

1lisToRY.—Accounts of the origin of Delphinus? What sald of Hesiod? Of Taras?
M the natural shape, &.?

TrLE3OOPIC OBJECTS.—Alpha? Beta? Gamma? What quadruple star? Point out
wn the map. What clastert Nebula?
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CYGNTUS (tite swan).—MAP V.

226. This remarkable constellation is situated in the Muky
Way, directly E. of Lyra, and nearly on the same meridian with
the Dolphin. It is represented on outspread wings, flying down
the Milky-Way, toward the southwest. :

The principal stars which mark the wings, the body and the
bill of Cygnus, are so arranged as to form a large and regular
Cross ; the upright piece lying along the Milky-Way from N. E.
to S. W., while the cross piece, representing the wings, crosscs
the other at right angles, from S, E. to N. W.

227. Arided or Deneb Cygni, in the body of the Swan, is a
star of the second magnitude, 24° E. N. E. of Lyra, and 30°
directly N. of the Dolphin. It is the most brilliant star in the
constellation. Tt is situated at the upper end of the cross, and
comes to the meridian at 9 o’clock on the 16th of September.

Sad’r is a star of the 8¢ magnitude, 6* 8. W. of Deneb, situated exactly in the tross,
or where the upright plece intersects the cross piece, and is about 20° E. of Lyra.

Delta, the principal star in the west wing, or arm of the cross, is situated N. W. of
Sad’r, at the distance of little mcre than 8°, and is of the 8d maguitude. Beyond Delta,
toward the extremity of the wing, are two smaller stars about 5° apart, and inclining a
little obliquely to the north ; the last of which reaches nearly to the first coil of Draco.
These stars mark the west wing; the east wing may be traced by means of stars very
similarly situated.-

Grienalk is a star of the 84 magnitude, in the east wing, just as far east of Sad’r in the
center of the cross, as Delta is west of it. This row of three egunal stars, Delta, Sad’
and Gienah, form the bar of the cross, and are equi-distant from each other, being about
8° apart. Beyond Gienah on the east, at the distance of 6° or 7°, there are two other
stars of the 8d magnitude; the last of which miarks the extremity of the eastern wing.

The stars in the neck are all too small to be noticed. There Is one, however, in the
beak of the Swau, at the foot of the cross, called Albireo, which is of the 8¢ magnitude,
and can be geen very plainly. Itis about 16° 8. W, of Sad’r, and about the same dis
tance 8. E. of Lyra, with which it makes nearly a right angle

“In the small space between Sad’r and Albireo,” says Dr. 1lerschel, ‘““ the stars in the
Milky-Way seem to be clustering into two separate divisions ; each division containing
wore than one hundred and sixty-five thousand stars.”

Albireo bears northerly from Altair, about 20°. Immediately south and southeast of
Albireo, may ire seen the Fox and Goose; and about midway between Albireo and Altair,
there may be traced a line of four or five minute stars, called the ArRrow; the head of
wmc);, is on the 8. W, and can be distinguished by means of two stars situated close
together.

228. According to the British catalogue, this constellation
contains eighty-one stars, including onc of the 1st or 2d magni
tude, six of the 3d, and twelve of the 4th. The author of the
following beautiful lines says there are one hnndred and seven.

¢ Thee, silver Swan, who, silent, can o’erpass?
A hundred with seven radiant stars compose
Thy graceful form : amid the lucid stream
HG.—Situaﬁon of Cygnus? How represented? Figure made by its principal stars
Lts position? 227. Which is the brightest of its stars? Describe Sad’r, Delta, Gienah,
Albireo. Remark of Dr. Herschel? 293, Nwmber of stars In Cygnus? Variable
stars?  What are they supposed to indicate ?
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Of the fair Milky-Way distinguis.ed : one

Adorns the second order, where she cuts

The waves that follow in her utmost track;

This never hides its fire throughout the night,

And of the rest, the more conspicuous mark

Her snowy pinions and refulgent neck."'—Eudesia, b. tv.

Astronomers ! ave discovered three variable stars in the Swan. Ché, s'tuated in the
Leck, between Beta and Sad'r, was first observed to vary its brightness in 1686. Its peri-

ical changes of light are now ascertained to be completed in 405 days. Sad'r is alse
changeable. Its greatest luster is somewhat less than that of a star of the 8d magnitude,
and it gradually diminishes till it reaches that of the 6th. Itschanges are far from being
regular, and, from present observations, they do not seem to recur till after a period of
ten years or more. 3

A third variable star was discovered in the head on the 20th of June, 1670, by Anthelme.
It appeared then to be of the 8d magnitude, but was so far diminished in the following
Jetuber, as to be scarcely visible. In the beginning of April, 1671, it was again seen, anc
was rather brighter than at first. After several changes, it disappeared in March, 1672
and has pot been observed since.

:l'l_lese 1emarkable facts seem to indicate, that there is a brilliant planetary system in
this corstellation, which, in some of its revolutions, becomes visible to us.

HISTORY.

Mythologists give various accounts of the origin of this constellation. Some suppose
it is Urpheus, the celebrated musician, who, on being murdered by the cruel priestess of
Bacchus, was changed into a Swan, and placed near his Harp in the heavens. Others
suppose it is the swan iuto which Jupiter transformed himself when he deceived Leda,
wife of Tyndarus, king of Sparta. Some affirm that it was Cycnus, a son of Neptune,
who was so completely invulnerable that neither the jauvelins nor arrows, nor even the
blows of Achilles, in furious combat, could make any impression.

“Headlong he leaps from off his lofty car,
And in close fight on foot renews the war ;—
But on his flesh nor wound nor bleod is seen,
The sword itself is blunted on the skin.”

But when Achilles saw that his darts and blows had no effect on him, he immediately
threw him on the ground and smothered him. While he was attempting to despoil him
‘of his armor, he was suddenly changed into a swan.

“ With eager haste he went to strip the dead;
The vanished body from his arms was fled.
His sea-god sire, to imnortalize his fame,
Had turned it to a bird that bears his name.”

According to Ovid, this constellation took 1ts name from Cycnus, a relative of Phaeton,
who deeply lamented the untimely fate of that youth, and the melancholy end of bis
sisters, who, standing around his tomb, wept themselves into poplars.

4 Cycnus beheld the nymphs transformed, allied
To their dead brother on the mortal side,
In friendship and affection nearer bound ;
He left the cities, and the realms he owned,
Through pathless fields, and lonely shores to range;
And woods made thicker by the sisters’ change:
While here, within the dismal gloom alone,
The melancholy monarch made hls moan;
His voice was lessened as he tried to speak,
And issued through a long-extended neck:
}is hair transforms to down, his fingers meet
In skinny films, and shape his oary feet;
From both his sides the wings and feathers break :
And from his mouth proceeds a blunted beak ;
All Cycnus now into a swan was turned.”—Ovid’s Met. b,

BmeoRT.~-Various accounts? Story of Cycnus and Achilles? Ovid’s accouat} Via
g4’ runarks respectiag the Swan?
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VirgL, alsc,  th3 10th beok of his Bneid, alludes to the same fable :—~

“ For Cycnus loved unhappy Phaeton,
And sung his loss in poplar groves alone
Beneath the sister shades to soothe his grief;
Heaven heard his song, and hasten’d bis relief
And changed to snowy plunes his hoary hair,
Aad wing'd his flight to sing aloft in air.”

Of all the feathered race, there is no bird, perlaps, which makes so teautiful ar§
majestic an appearance as the swan.  Almost every poet of eminence has taken nctice
of it. The swan has, probably, in all ages, and in every country where taste and ele.
gance have beea cultivated, been considered as the emblem of poetlcal dignity, purity,
and ease. By the ancients it was consecrated to Apollo and the Muses; they also enter-
tained a notion that this bird foretold its own end, and sang more sweetly at tho
approach of death. :

t She, like the swan
Expiring, dies in melody.”—d8schy lus.
“ 80 on the silver stream, when death is nigh,
The mournful swan sings its own elegy.”—0Ovid’s Tristia.

TELESCOPIC OBJECTS.

1. a Crant (Deneb)—A bright star on the back of the Swan, with a telescopic com-
panien; R. A. 20h. 33m. 5Ts.; Dec. N. $4°42'07°. A 1, brilliant white ; B 12, pale blue.

2. 2 Cvont (Albireo)—A bright DOUBLE STAR on the bill of the figure; R. A. 19h. 24m,
168.; Dec. N. 27° 37" 07".  About 13%° soush-sontheast of Vega. A 3, topaz yellow; BT,
sapphire blue ; the colors in brilliant contrast. A fine vbject, and thc first double star
ever seen by the present editor.

3. 0 CyoNI—A most delicate DoUBLE STAR in the middle of the left wing, 14° west of a
Cygni; R. A. 19h. 89m. 58s.; Dec. N. 44° 44° 06", A 3)%, pale yellow; B 9, sea green.
Aunotter beautiful object.

4. { CYaN1—A star with a distant companion, on the tip of the right wing ; R. A, 21h.
06m. 97s.; Dec, N, 29° 84’ 05". A 8, pale yalow; B 10, sky blue; the fleld rich in
smali stars.

5. A CraNI—A close DOUBLE STAR in the right or lower wing, with a distant companion ;
R. A. 20h. 41m. 11s.; Dec. N, 85° 54" 08°. A 5, B 10, and C 6, all bluish.

6. # CvaNi—A beautiful DOUBLE STAR, with a distant cor panion, on the very tip of the
right wing; R. A. 21h. 86w, 59s.; Dec. N. 28° 01' 04°. A 5, white; B 6, and C 7%,
both blue.

7. A BINARY 8TAX (61 Cygni)—the most remarkable known in the heavens. It is situ-
ated ou the inuer tip of the right wing of Cygni, 7%° south-by-east of Deneb, and nearly
east of Vega; R. A. 20h, 59m. 43s.; Dec. N. 37° 58" 0°. A 5%, and B 6, both yellow, but
the latter of the deepest tint. From the great rapidity of its proper mnotion, this star is
cegarded as one of the nearest to our system. It affords a posiiive instance of a doubls
star which, besides the individuals revolving round each other, or about their common
center of gravity, hasa progressive uniform motion towards some determinate region. Itis
supposed 1o be not less than 412,000 times the diameter of the earth’s orbit from us; or
88,190,000,000,000 miles distant; and to be moving through space 60,000 times as fast as
Mercury—the swiftest body known to our system. The period of 61 Cygui as a binary
3ystem, is about 450 years. For orbit, &c., see Map VIII., Fig. 18, and 19,

3, A fine DOUBLE STAR on the tip of the left wing, 10° northwest of @ Cygni, and within
1° 0! §; R. A, 19h, 87m. 84s.; Dec. N. 50° 09° 8. A 63 and B 7, beth pale fawn color.

9. A WIDE QUADRUPLE STAR in a rich field, on the Swan’s left thigh, about 8° west by
north of Deneb; R. A. 20h. 08m. 36s. ; Dec. N. 46° 15° 6°. A 4, orange; B 16, livid; C 7%,
and D 5%, both cerulean blue. Not the effect of contrast.

10, A NEAT SMALL CLUSTER in the root of the neck, about 2° sonth of y; R. A, 20h. 15m.
178, D2z, N. 87° 59" 9°. A S, yellow; B 11, dusky.

11, A LOOSE SPLASHY CLUSTER in a rich vicinity, between the Swan’s tail and the Lizard
442 sauth of 3 Cephei, and east-northeast of Deneb; R. A. 21h. 26m. 29s.; Dec. N, 47¢
15 8,

TrLRSCOPIC OmJECTS.— Alphia? Beta? Delta? Zeta? Lambda? Mu? Wbat celo
Yrated binary star? Remarks -especting? Period? Point out on the map., Wha
other double star? Quadruple? What clusters? Nebula?
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13. A vZRY BIFGULAR NEBULA on the tip of the northern wing, abeut 5%° notth o
3; R. A, 19h. 40m. 85s.; Dec. N. 50° 07" 6°.. Seen to be nebulous enly with good instru

meaots. Several telescopic stars in the field. The Herschels <onsidered this as a con
nacting lnk between planetary nebula and nebulous stars.

CAPRICORNUS (tTHE 60AT).—MAP V,

229, This is the tentk sign, and eleventh constellation, in tie
order of the Zodiac, and is situated south of the Dolphin, and
uext east of Sagittarius. Its mean declination is 20° south, ard
its mean right ascension 310°. It is therefore on the meridian
about the 18th of September. It is to be observed that the
first point of the sign Capricorn, not the constellation, marks the
southern tropic, or winter solstice. The sun, therefore, arrives
at this point of its orbit the 21st of December, but does not
reach the constellation Capricorn until the 16th of January.

The sun, having now attained its utmost declination south, after remaining a few days
apparently stationary, begins once more to retrace its progress northwardly, affording to
the wintry latitudes of the north a grateful presage of returning spring.

At the period of the winter solstice, the sun is verticzl to the tropic of Capricorn, and
the southern hemisphere enjoys the rame light and heat which the northern hemisphere
enjoys on the 21st of June, when the sun is vertical to the tropic of Cancer. Itis,at
this period, mid-day at the south pole, and m: Inight at the north pole.

230. The whole number of stars in this constellation is fifty-
one ; none of which are very conspicnous. The three largest
are only of the 3d magnitude. There is an equal number of
the 4th. 7

The head of Capricorn may be recognized by means of two
stars of the 3d magnitude, situated a little more than 2° apart,
called Giedi and Dabih. They are 28° from the Dolphin, in a
southerly direction.

Giedi is the most northern star of the two, and is double. If a line be drawn from
Lyra through Altair, and produced about 23° farther, it will polnt out the head of Capri-
corn. These two stars come to the meridian the 9th of September, a few minutes after
B}.;ld'r, in Cygnus. A few other stars of inferior note may be traced out by reference to
the maps.

T'he 8ign of the Goat was called by the ancient orientalists the * Sonthern gate of the
Sun,” as Cancer was denominated the “Northern gate.” The ten stars in the sign
Capricorn, known to the ancients by the name of the “ Tower of Gad,” are probably now
fu the constellation Aquarius.

AISTORY.

Capricornus is sald to be Pan, or Bacchus, who, with some other deitles, were feasting
near the banks of the Nile, when suddenly the dreadful giant Tyrhon came upon them,
and compelled them all to assume a different shape, in order to escape is fury. Cvid
relates,

% How Typhon, from the conquer’d skies, pursued
Their routed godheads to the seven-mouth’d flood :

229. Position of Capricornus? When does the sun enter it? What said of his place
and motion at that time? Of the winter solsticc?  280. Number of stars in Capric
corn? Their magnitudes? How recognize the figure? What said of Giedi? Anciewt
name of this sign?
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Forced every god (hls fury to escape),

Some beastly form to take, or earthly shaga,
Jove (sings the bard) was changed into a ram,
From whence the horns of Libyan An:mon came;
Bacchus a goat; Apollo was a crow ;

Pheebe a cat; the wife of Jove a cow,

‘Whose hue was whiter than the falling snow;
Mercury to a nasty ibis turned—

‘While Venus fromn a fish protection craves,

And once more plunges in her native waves.”

6y ki3 occasion itis further related that Bacchus, or Pan, led the way and plurgud
‘nto the Nile, and that the part of his body which was under the water assumed the form
) a dsh, and the other part that of a goat; and that to preserve the memory of thls
Irelic, Jupiter made him into a constellation, in his metamorphosed shape.

ome say that this constellation wans the goat Amalthea, who supported the infan
Jupiter with her milk. To reward her kindness, the father of the gods placed her umong
the constellations, and gave one of her horus to the nymphs who had taken care of him
In his infantile years. This gift was ever after called the Zorn of plenty; as it possessed
the virtue of imparting to the holder whatever she desired. On this account the Latin
term Cornucopia, denotes plenty, or abundance of good things. The word Amalthea,
when used figuratively, has also the same meaning.

The real sense of tnis fable, divested of poetical embellishment, appears to be thisy
ihat in Crete, some say in Libya, there was a small territory shaped very much like »
bullock’s horn, and exceedingly fertile, which the king presented to hls daughter Amal-
«hiea, whom the poets feigned to have been Jupiter’s nurse.

“The bounteous Pan,’” as he is styled by Milton, was the god of rural scenery, shep-
herds, and huntsinen. Virgil thus addresses him :—

“ And thou, the shepherd’s tutelary god,
Leave, for a while, O Pan! thy loved ahode.”

The name of Pan is derived from a Greek word signifying all {héngs; and he was ofter.
ronsidered as the great princlple of vegetable and ani:cal life. He resided chlefly in
Arcadia, in woods and the mmost rugged mountains. As Pan usually terrified the inhabl-

ants of the adjacent country, even when he was nowhere to be seen, that kind of fear
which often seiz¢s men, and which is only ideal or imaginary, has received from him the
name of Panic. X

Pales, the female deity corresponding to Pan, was the goddess of sheepfolds and of -

pastures among the Romans. Thus Virgil :—

“ Now, sacred Palcs, {n a lofty strain, N
1 sing the rural honors of thy reigL ?*

The shepherds offered to this goddess milk and honey, to gain her protection over their
locks. Ehe Is represented as an old woman, and was worshiped with great solemnity
at Rome. Her festivals, which were called Pulilia, were celekrated on the 20th of April,
the day on which Romulus laid the foundations of the city.

TELESCOPIO OBJECTS.

1. a CAPRICORNI—A QUINTUPLE STAR in the right horn ; R. A, 20k. 09m. 10s ; Dee. 8. 18*
¥2' 1°, A 8, pale yellow; B (or al) 4, yellow; C 16, blue; D 9, ash-colored; E 9%, li’ac
tnge. Few telescopes will reveal all these components.

2. 3 Capriconxi—A wide PAIR OF STARS in the right horn, 2%° south-half-east of a@;
R. A. 20h. 12m. 0ls.; Dec. 8.15°16'9°. A 8, orange yellow; B T, sky blue. Othel
small stars in the field. It requires, a powerful instrument, and the most favorabl2 cir-
oumstances to detect the minute star 5. (See Map VIIL,, Fig. 20.)

8. A GLOBULAR CLUSTER between Aquarius and the neck of Capricorn,9° duz east of
« Capricornl, about %° from a 6th magnitude star; R. A. 20h. 44m, 89s.; Dec. 8. 18° OT*
€. Man) s:avs in the field, two of which are close to the cluster, or the east. Map [X.,
Fig. 63.

Hwsrory.—Who was Capricornus? What proof cited What further? What othez
myth? Meaning of this fable? . What #2id of Pales?

TeLESCOPIC OBJECTS.—Alpha! Deta? Point out on the map? What clusters? Whers
shown an the map?
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4. A fine PALR WHITE CLUSIER, apbout 20° west-northwest of Fomalhwut; R A. 21%
81m 16s.; Dec. S. 28° 52" 4** A bright object, with straggling streams of stare, and but
¢ tliers in the field. Scen with small instruments. Map IX., Fig. 64.

CHAPTER XII.
CONSTELLATIONS ON THE MERIDIAN IN OCTOBER.
PEGASUS (mue rLyiNe iorse).—MAP II,

231. Twis constellation is represented in an inverted posture,
with wings. It oceupies a large space in the heavens, between
the Swan, the Dolphin and the Eagle, on the west, and the Nor-
thern Fish and Andromeda, on the east. Its mean right ascen-
sion is 340°, or it is situated 20° W. of the prime meridian. It
extends from the equiroctial N, 835°. Its mean length E. and
W. is about 40°, and it is six weeks in passing our meridian,
viz., from the 1st of October to the 10th of November.

232. We see but a part of Pegasus, the rest of the animal
being, as the poets imagined, hid in the clouds. It is readily
distinguished from all' other constellations by means of four
remarkable stars, about 15° apart, forming the figure of a square
called the Sguare of Pegasus.

The two western stars in this square come to the meridian about the 23d of October,
and are 13° apart. The northern one, which is the brightest of three triangular stars
in the martingale, is of the 2d magnitude, and Is called Scheat. Its declination is26%°,
Markab, also, of the 2d magnitude, situated in the head of the wing, Is 13° 8. of Scheat,
and passes the meridian 11 minutes after it.

The two stars which form the eastern side of the square, come to the meridian about
an hour after those in the western. The northern one has already been described as
Alpheratz in the head of Andromeda, but it also belongs to this tellation, and is 14°
E. Scheat. 14° 8. of Alpheratz, Is Algenid, the last star in the wing,situated 16%° E. of
Markab.

233. Algemsb in Pegasus, Alpheratz in Andromeda, and Cap/
in Cassiopeia are situated on the prime meridian, and point out
its direction through the pole. For this reason they are some-
times called the three guides. 'They form an arc of that great
circle in the heavens from which the distances of all the heavenly
iodies are measured.

251. What constellations In thie chapterf Describe Pegasus, its size, position, &c.
232. Do we see the whole of tho figure? How s it distinguished? What said of Scheat
and Markab? Of Alpheratz and Algenib? 233, Remark respecting Algenib, Alphe.
ratz2 and Caph? What sometimes called, and why? They form what? Remsrks

- -



130 ASTRONOMY

It ir an arc of the equinoctial :olure which passes through the vernal equinox, anc
which the sun crosses about the 2ist of March. Itis, in astronomy, what the merilia
of Greenwich is in geography. If the sun, or a planet, or a star, be said to have so many
degrees of right ascension, it means that the sun or planet has ascended so many degeet
from this prime menrdian.

Enif, sometimes called Enir, is a star of the 8d magnitude In the nose of Pegasus,
about 20° W. S. W. of Markab, and half-way between it and the Dolphin. About half of
the distance from Markab toward Enif, but a little to the S., there s a star of the 8d mag-
nitude situated in the neck, whose letter name is Zeta. The loose cluster directly 8. ot
th: line joining Enif and Zeta, forms the head of Pegasus.

In this constellation there are eighty-nine stars visible to the naked cye, of which three
ére of the second magnitude and three of the third.

HISTORY,

This, according to fable, is the celebrated horse which sprung from the blood of Medusa,
after Perseus had cut off her head. He received his name according to Hesiod, from hig
Eeing born near the sources (7#y7, Pege) of the ocean. According to Ovid, he fixed his
residence on Mount Helicon, where, by striking the earth with his foot, he raised the
fabled fountain called Hippocrene. He became the favorite of she Muses; and being
tamed by Neptune or Minerva, he was given to Bellerophon, son of Glaucus, king of
Ephyre, to aid him in conquering the Chimzra, a hideous monsier that continually vom-
ited lames. This monster had three heads. that of a lion, a goat, and a dragon. The
‘ore parts of 1ts body were those of a lion, the middle those of a goat, and the hin ler
those of the dragon. Itlived in Lycia, of which the top, on account of its desolate wil-
derness. was the resort of lions, the middle, which was fruitful, was covered with goats,
and at the bottom, thé marshy ground abounded with serpents. Bellerophon was the
first who made his habitation upon it.

Plutarch thinks the Chimeera was the captain of some pirate who adorned their ship
with the images of 2 lion, a goat, and a dragon.

After the destruction of this wonster, Bellerophon attempted to fly up to heaven upon
Pegasus; but Jupiter was so displeased at this presumption, that he sent an insect to
sting the horse, which eccasioned the melancholy fall of his rider. Bellerophon fell to
the earth, and Pegasus continued his flight up to heaven, and was placed by Jupiter
among the constellations.

“ Now heav’n his further wand'ring fight confines,

Wkere, splendid with his num’rous stars, he shines.”
. Ovid’s Fasti.

TELESCOPIC OBJECTS.

1. @ Peaast (Markab)—A star with a distant companion, at the junction of the wiug
and shoulder, 18 south of Scheat; R. A. 22h. 56m. 47s.; Dec. N. 14° 20" 08". A 2, white;
B 11, pale grey.

2. [3 Peaas: (Scheaty—A bright star with a minute distant companion, on the left fore-
leg; R. A. 22h. 56m. 01s.; Dec. N. 27° 18' 0". A 2, deep yellow ; B 15, blue; with two
other stars in the field.

8.  Prcast (Algenib)—A star with a distant companion, on the edge of the wing;
R. A.0h. 05m. 0s.; Dec. N 14° 17" 07", A 23, yellow; B 18, pale blue.

4, £ Prgas1 (Enif)—A star with two distant companions, in the nose of the figure;
R. A. 21h. 86m1. 19s.; Dec. N. 9° 03" 07". A 235, yellow; B 14, blue; C 9, violet; and a
9th magnitude star of a violct tinge, at a distance east.

5. { Prcasi—A star with a minute companlon in the middle of the neck; R. A, 22h. o
29s.; Dec. N.9°59°9". A line from Alpkeratz over Markab, and carried 7° further, will
reach {. A8, light yellow; B 18, dusky; with other stars in the field.

6. A DOUBLE STAR between the head of Pegasus and the hind .egs of the Fox; or aboul
103° south by east of { Cygni; R. A. 21h. 14m. 41s.; Dec. N. 19° 07' 4°, A 4, pale crange,
and considered variable; B 9, purplish.

peepecting the prime meridian? What said of Enif? Of Zeta? Of the head of Pegasus
Number of stars in the constellation, and their magnitudes ?

HisTORY.—Story of his origin and name? Residence, &c.* How he came among the
stara ?

TR.85C0PI0 OBIRCTS.—Alpha? Beta? Gamma? Epsilon? Zeta? Whatdouble starl
What ciuster f  Point out on the map. What nebula?

T TR Ty T p————
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7. A GLOBULAR CLCSTER between the mouths of Pegasus and Eqiileus, about 4° north.

west of €; R. A. 21h. 22, 13s.; Dec. N. 11° 27" 4". Map IX., Fig. 65. 1t Is laid down ae
3 nebula on Map IL, but with a good instrument it is resolved into stars, with straggling
outliers, as shown in the diagram. ;

8. An ELONGA UED NERULA in the animal’s mane, about 8° due south of Markab; R. A
22 56in. 58s.; Dec. N. 11° 27" 9°. A very falnt and difficult object.

EQULEUS, VEL EQUI SECTIO (THE LITTLE HORSE, OR T&W
HORSE'S HEAD).—MAP II

234 This Asterism, or small cluster of stars, is sitnated about
%° W. of Enif, in the head of Pegasus, and about half-way
between it and the Dolphin. It is on the meridian at 8 o’clock,
on the 11th of October. It eontains ten stars, of which the
four principal are ouly of the 4th magnitude. These may be
readily distinguished by means of the long irregular square
which they form. The two in the nose are much nearer together
than the two in the eyes: the former being 1° apart, and the
latter 24°. Those in the nose are uppermost, being 4° N. of
those in the eyes. This figure also isin an nverfed position,
These four stars are situated 10° or 12° 8. E. of the diamond
in the Dolphin’s head. DBoth of these clusters are noticeable on
account of their figure rather than their brilhancy.

HISTORY.

This constellation is supposed to be the brother of Pegasus, named Celeris, given by Mer-
cury to Casior, who was so celebrated for his skill in the management of horses; othew
take him to be the celebrated horse which Neptune struck out of the earth with his tri-
dent, when he disputed with Minerva for superiority. The head only of Celeris is
visible, aud this, also, is represented in an inverted position.

TELESCOPIC OBJECTS.

Four of the principal stars in this little gronp are double—namely, 3, 6, eand 2. 8
{8 rather a star with a companion; R. A. 21h. 14m. 57s.; Dec. N. 6* 07" 9°. The other
three will easily be found from their proximity to 8.

AQUARIUS (tne wATER-BEARER).—MAP II.

235. This constellation is represented by the figure of a
man pouring out water from an urn. It is situated in the Zodiae,
immediately S. of the equinoctial, and bounded by the Little

284, Situation of Eqiileus? When on the meridian? Number of stars, and hew dis
Mnguished? What further description {

HisTorY.—~What suppositions respecting the origin of Eqilleus?

Tr.EscoPIC OBJECTS.—What double stars? Ilow found?

85, How ls Aquarius represented? Its boundaries ?

6*
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Horse, Pegasus, and the Western Fish on the N., the Whalc a3
the E., the Southern Fish on the S. and the Goat on the W.

236. Aquarius is now the 12th in order, or last of the
Zodiacal constellations ; and is the name of the 11th sign in the
ecliptic. Its mean declination is 14° 8., and its mean right
ascension 335° or 22 hours, 20 min. ; it being 1 hour and 40
min. W. of the equinoctial colure ; its center is, therefore, on
the meridian the 15th of October.

It contains one hundred and eight stars; of which the four
largest are all of the 3d magnitude.

« Iifs head, his shoulders, and his lncid breast,
Glisten with stars; and where his urn inclines,
Rivera of light brighten the watery track.”

2317. The northeastern limit of Aquarius may be readily dis-
tinguished by means of four stars of the 4th magnitude, in the
hand and handle of the urn, so placed as to form the letter Y,
very plainly to be seen, 15° S. E. of Enif, or 18° 8. 8. W. of
Markab, in Pegasus ; making with the two latter nearly a right
angle.

About 42" W. of the figure is El Melik, a star of the 8d magnitude, in the E. shoulder,
and the principal one in this constellation. 10° 8. W. of El Melik, is auother star of the
same magnitude, situated in the W. shoulder, called Sad es Saud,

Ancha, of the 4th magnitude, is in the right side, 8* 8. of El Melik. 9° E. of Auncha, is
another star of the 4th magnitude, whose letter name is Lambda.

Scheat, of the 8d magnitade, iying below the knee, is situated 8%° 8. of Lambda ; and
+4° 8. of Scheat, the brilliant star Fomalhaut, of between the 1st and 24 magnitudes, ter-
minates the cascade in the mouth of the S8cuthern Fish. This star is common to both
these constellations, and is one of those from which the lunar distance Is computed for
ascertaining the longitude at sea. It culminates at 9 o’clock on the 22d of October.

Fomalhaut, Deneb Kaitos, and Alpha in the head of the Pheenix, make a large triangle,
whose vertex is in Deneb Kaitos. Those two stars of the fourth magnitude, situated 4°
8. of Sad es Saud, and nearly the sume distance from Ancha, are in the tail of Capricorn,
They are about 2° apart. The western one is called Denedb Algedi.

The rest of the stars in the cascade are quite small; they may be traced from the
tetter Y, in the urn, in a southeasterly direction toward the tail of Cetus, from which the
cascade suddenly hends off near Scheat, in an opposite course, and finally disappears in
the mouth of the Southern Fish, 80° 8. of Y.

HISTORY. _- .

This constellation is the famous Ganymede, a beautiful youth of Phrygia, son of Tros,
king of Troy, or, according to Lucian, son of Dardanus. He was taken up to heaven by
Jupiter as he was tending L!s father’s flocks on Mount Ida, and became the cup-bearer
of the gods in place of Hebe. There are various opinions, however, among the ancients
respecting its crigin. Some suppose it represents Deucalion, who was placed among the
stars after the celebrated deluge of Thessaly, 1500 years before the hirth of our Saviour;
while others think it designed to comniemorate Cecrops, who came from Egypt to Greece,
frunded Athens, established science, and introduced the arts of polished life.

The ancient Egyptians supposed the setting or disaj pearance of Aquarius caused the
Wile to rise, by the sinking of his urn in the water In the Zodiac of the Hebraws
Aquarius represents the tribe of Reuben.

ts order in the sigus and constellations? Number and size of its stars?  287. How
Jdistinguish the northeast limit? What said of El Meik? Of Sad es Saud? Of Ancha
Lambda, Scheat, &c.
Historvy.—Story of Ganymede, and Jupiter? What other myth? fdea of the Xgyp
dins? Hebrew Zodiac ?
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TELESCOPIC OBJECTS.

1. @ AQUaRN g]’harti)—A star with a minute companion on the Water-bearer’s left
shoulder; R A.21lh. 5Tm. 83s.; Dec. 8.1° 05 07". A 8, pale yellow; B 18, grey; and
~nother star in the field on a line with A and B. Markab is on a line joining Alpherats
and Phard, and about half way between them,

2 B Aquarn (Sad-al-melik)—A star with a companion on the right shoulder; R. A,
21h 23m. 07s.; Dec. N. 6° 16" 04". A 8, pale yellow; B 15, blue. A very delicate object.

8. ¥ AQuaRri—A delicate but wide DOUBLE STAR, on the water-pot; R. A. 22h. 1Sm.
338.; Dec. 8.2° 11' 05°. A 4, greenish tinge; B 14, purple. It is abiut 4° east-by-seuth
‘rom Sad-al-melik.

4 { AQUARI—A BINARY STAR in the left wrist, about 6° east from Sadalmelik; R. A,
Xh 20m. 353s.; Dec. S. 0° 50" (2", A 4, very white; B 4%, white.

5. 77 AQUARU—A fine DOUBLE STAR in the left leg, one third of the way from Fomalhaut
to ¢ Pegusi; R. A. 22h. 39m. 13s.; Dec. 8. 14° 58' 09*. A 6, white; B 934, pale garnet.

6. Y’ AQUART—A DOUBLE STAR in the stream, being the first of three similar stars
marked 91, 42, ¢/2; R. A. 23h. 07m, 30s.; Dec. 8. 9° 5T' 05°. A 5%, orange tint; B 9, sky
blue. Tt is aboat one-third of the way from Fomalhaut to @ Andromeds. Seveial othet
beautiful double stars east of Scheat, in the stream, as shown on the map.

T. A FINE GLOBULAR CLUSTER near the neck of Aquarlus, about 5° north-half-east from
B; R. A. 21h. 28m. 07s.; Dec. S. 6° 16’ 04". A cluster of exceedingly small stars, which
has been likened to “ a heap of fine sand.” Several telescopic outliers in the field. Map
"TIIL., Fig. 66.

8. A PLANETARY NEBULA in the middle of the scarf; R. A.20h. 55m. 27s.; Dec. 8. 11°
0’ 03°. About 12° east of @ Capricorni, where a line from the Eagle’s tail over 6 Antl.
101, and as far again, reaches it, It is bright to its very disc, and but for its pale blue
int, would be a very miniature of Venus,

PISCES AUSTRALIS (rne sournerN risn).—MAP II.

238. This constellation is directly S. of Aquarius, and is
represented as a fish drinking the water which Aquarius pours
from his urn. Its mean declination is 81° S. and its mean right
ascension and time of passing the meridian are the same as those
of Aquarius, and it is seen on the meridian at the same time,
viz. on the 15th of October. It contains 24 visible stars, of
which one is of the 1st magnitude, or between the 1st and 2d, two
are of the 3d, and five of the 4th. The first and most beautiful
of all is Fomalhaut, situated in the mouth. "This is 14° directly
S. of Scheat in Aquarius, and may be seen passing the meridian
low down in the southern hemisphere, on the 22d and 23d of
October. Its position in the heavens has been determined with
the greatest possible accuracy, to enable navigators to find their
longitude at sea.

The mode of doing this cannot be explained here. The proolem is one of some Jifficulty,
{t consists in finding the angular distance between scme star whose positlon is well known,

T#LESCOPIC OBJECTS.—Alpha? }eta? Gamma? Zcta? Taw? Psi? What closters,
21d where shown on the map ? hat nebula?

233. Situation of Pisces Austrahs? How represeuted? When on the merldiant Num.
ber of stars? Magnitude? The principal star ? Ilow situated ? What use made of it
What saud of the method of finding the longitude by the moon and stars?
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and fhe moon when she Is passiog near it; also, the altitude of each, at the same instaut
with good sextants. These data furnish the elements of 2 spherical triangle, the solution
of which, after various intricate corrections, is made to result in the longitude of the given
place.—See note to Arietes. In 1714, the British Parliament offered a reward of 10,000
pounds sterling, to any man who should discover a method of determining the longitude
within 1°, or 60 geographical miles of the truth; 15,000 pounds to the wan who should
find it within 40 miles, and 20,000 pounds, if found within 80 miles. These rewards in part,
have been since distributed among eminent mathematicians, in Furope, agreeably to the
respective merits of their discoveries.

HISTORY.

This constellatior is supposed to have taken its name from the transformation of Venus
into the shape of a fish, when she fled, terrified at the horrible advances of the monster
Typhon, as we have related in the mythology of the Fishes.—(See £’isces.)

TELESCOPIC OBJECTS,

@ Pisces AustrALIS—A first magnitude star with a very distant compar.lon, in the eyc
of the firsh; R. A, 22h, 48m. 48s.; Dec, 8. 80° 25" 03°. A 1, reddish; B 9%, dvaky blue.

LACERTA (tne rizarp).—MAP II

239. This is a small and obscure modern constellation, between
the tail of Cygnus and the head of Andromeda. It has one star
of the 4th magnitude, eight of the 5th, and a few much smaller,

240. Between Lacerta and Andromeda a singular looking
figure appears on the map, called Gloria Frederica; or Frederic's
Glory. It was inserted among the constellations by Bode, in
17817, as a compliment to Frederic II., of Prussia. It consists
of a crown, a laurel, a sword, and a pen, to represent the mon-
arch, the hero, the sage, and the pacificator. - But the constel-
lation was not recognized by astronomers, and, as such, has
already passed from the heavens.

TELESCOPIC OBJECTS.

1. A neat DOUBLE sz4R on the tip of the Lizard’s tail; R. A.22h. 11m. 56s.; Dec. N,
8€° 58’ 01°. A 64, pale white; B 9, livid.

2. A delicate but wide DOUBLE STAR on the shoulder ; R. A. 22h. 14m. 25s.; Dec. N. 45°
43’ 09°. A b, pale yellow; B 18, orange tint. A line from Polaris carrled by the east of
Cepheus tiara, and 11° further, will find it the lucida of a fine galaxy field.

8. A WIDE DOUBLE STAR near the end of the tail, the southern star of three forming a
neat triangle ; R. A. 22h, 82m. 05s.; Dec. N. 88° 18' 2°. A 63, white; B 10, violet.

4. A DELICATE TR PLE STAR In the space between the Lizard’s back and the left hand of
Andromeda ; R. A. 22h. 49m. 06s.; Dec. N. 40° 45’ 1°. A 6, bright white; B. 15, pale
blue; C 9%, reddish; a fourih star at a distance. A very difficult object; claimed by
some for Andromeda, but usually classed as belonging to the Lizard.

HisTory.—Supposed origin of this constellation ?

TELESCOPIC OBJECTS.—Alpha? Where sitnated?

239, Describe Lacerta. Where situated? 240. What other small constellation near?
By whon. inserted, when and why? Of what does It consist? To represent what? Is it
recognized by astronomers?

TeLESCOPIC OBJECTS.—What double stars in Lacerta? What triple star? Quadruple
Qluster ¥ Any of themn shown on the map?
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0. A QUADRUPLE STAR, the Western one of the three forming the triangle at the end of
the tail; R. A. 22h. 29m. 463, ; Dec. N. 35° 48'5°. About 20° northwest of Alpheratz. A
and B 6%, both white; C 11, greenish; D 10, blue.

6. A LARGE LOCSE CLUSTER in tk > Lizard’s mouth; R. A. x.4, 0Sm. 59s. ; Dec. N. 49° (8
1*. 8tars from the 9th to the 14th magnitudes. A line carried from Polaris throug" the
tiara of Cepheus, and 8° beyond, strikes it.

CHAPTER XIIIL

VARIABLE AND DOUBLE STARS—CLUSTERS AND
NEBULAZ.

241. TaE periodical variations of brilliancy to which some of
the fixed stars are subject, may be reckoned among the most
remarkable of their phenomena. Several stars, formerly distin-
guished by their splendor, have entirely disappeared ; others are
now conspicuons which do not seem to have been visible to the
ancieng observers ; and there are some which alternately appear
and disupypear, or, at least, of which the light undergoes great
periodic changes. Some seem to become gradually more
obscure, us Delta in the Great Bear ; others, like Beta in the
Whale, to pe mcreasing in brilliancy.

242. Some stars have all at once blazed forth with great splen-
dor, and, afier a gradual diminution of their light, again become
extinet. The most remarkable instance of this kind is that of
the star which appeared in 1572, in the time of Tycho Brahe.
It suddenly shone forth in the constellation Cassiopeia, with a
spiendor exceediug that of stars of the first magnitude, even of
Jupiter and of Venus, at their least distances from the earth ;
and could be seen with the naked eye, on the meridian, in full
day! Its brilliancy gradually diminished from the time of its
first appearance, and at the end of sixteen months it entirely
disappeared, and has never been seen since. (See a more par-
tecular account of this phenomenon, page 35.)

Another instance of the same kind was observed in 1604, when a star of the first mag
litude suddenly appeared In the right foot of Ophiuchus. It presented, like the fo:mcr,
all the phenomena of a prodigious flame, being, at first, of a dazazling white, thez of a
teddish yellow, and, lastly, of a leaden paleness; In which Its light expired. These
nstances prove that the etars are subject to great physical revolutions. (Page (0)

243. A great number of stars have been observed whose ligist
scems to undergo a regular periodic increase and diminution.

241. What said of the periodical variations of the stars ? 242. What other remarka
ole phenomenon? What instances cited? What do these instances prove? 243, Wha'

.
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They are properly called Variable Stars. Ome in the Wkal ha.
a period of 344 days ~uad 1s remarkable for the «agnitude of ite
variations, From oeing a star of the seco d magnitude, it
becomes so dim as to be seen with difficulty .arough powerfui
telescopes.  Some are remarkable for the sk ¢ness of the pesind
of their variation. Algol has a perioC of bet een two and three
duys ; Delta Cephei, of 5% days; DBeta Ly e, of 6 2-5 jays;
and Mu Antinot, of T days.

The regular succession of these variations precludes th. suppositios of :n a:tual
destruction of the stars; neither can the variations be suppnsed to arise from a change
of distance; for, as the stars invariahly retaia their apparent places, it would be neces«
sary to suppose that they approach ts, and recede from the earth in straight lines,
which is very improbable. The most probable supposition is, that the stars revolve, likc
the sun and planets, about an axis. *Such a motion,” sajs the elder Iferschel, “may
be as evidently proved, as the diurnal motion of the earth. Dark spots, or large por-
tions of the surface, less luniinous than the rest, turned alternately in certaln dircctions,
either toward or from us, will account for all the phenomena of periodical chauges in the
uster of the stars, so satisfactorily, that we certainly need not look for any other cause.”

DOUBLE STARS.

244. On examining the stars with telescopes of considerable
power, many of them are found to be composed of two or more
stars, placed contiguous to each other, or of which the distance
subtends a very minute angle. This appearance is, probably, in
many casecs, owing solely to the optical effect of their position
relative to the spectator ; for it is evident that two stars will
appear contiguous if they are placed nearly in the same line of
vision, although their real distance may be immeasurably great

STARS OPTICALLY DOUBLE.

Apparent position, True position .

—

Here the observer on the left sees a large and small star at A, apparently near toge-
ther—the lowest star being much the smallest, But instead of their being situated ws
tney appear to be, with respect to each other, the true positifon of the smaller star may
be at Binstead of A; and the difference in their apparent magnitudes may be wholly
owing to the greater distance of the lower star.

Upon this subject Dr. Herschel remarks, that this nearness of the stars to each other,
in certain cases, might be attributed to some accidental cause, did it occur only in a few
instances ; but the frequency of thls companlonship, the extreme closeness, and, in
many cases, the near equality of the stars so conjoined, would alone lead to = strong
Auspicion of a more near and intimate relation than mere casual juxtaposition.

245, There are, however, many instances in which the angle
of position of the two stars varies in such a manner as to indi-

arc these unsteady stars called?  What specimens referred to, and their periods? What
does this regular succession, &c., prove? What theory did Dr. Herschel adopt respects
g the variable stars? 244. What said of double stars? Are they always really rews
“ack other? Illustrate on blackboard. Remark of Dr. Ierschel? 245. Are they
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cate a revolutior abont each other and about a common wier
In this case they are said to form a Duuary system performing to
each other the offie of sun and planet, and are connected
tegether by laws or gravitation like thoss which prevail in the
solar system.

_ Tharecent observations of Sir John llerschel and Sir James South, have establishe.} th
Tuth of this singular fact beyond a doubt. Motions have been detected, 80 rapid aa ©
wcunie measurable within very short periods of time ; and at certain epochs, the sa‘sllite
A feebler star has been observed to disappear, either passiug behind or before the priciary,
\r umproaching so near to it that its light has heen absorbed by that of the other.

246. The most remarkable instance of a regular revolution of
this sort, is that of Mizar, in the tail of the Great Bear; in
which the angular motion is 6 degrees and 24 minutes of a yreat
circle, annually ; so that the two stars complete a revolution
abofit one another in the space of 58% years. About elusen
twelfths of a complete cirenit have been already described since
its discovery in 1781, the same ycar in whieh the planet Her..chel
was discovered.

A double star in Ophiuchus presents a similar phenomenor,, ang
the satellite has a motion in its orbit still more rapid. Castor
in the Twins, Gamma Virginis, Zela in the Crab, Zi IJiolis,
Delta Serpentis, and that remarkable double star 61 Cygui,
together with several others, amounting to 40 in number, exhi-
it the same evidence of a revolution abont each other and wbont
& common center. (For a more particular deseription ¢f these
stars, see Telescopic Objects and the Map.)

But it is to be remembered that these are not the revolutions of bodies of 5. pianetary
nature around a solar center, but of sun around sun—each, perhaps, aceompsic i by ite
train of planets, and their satellites, closely shrouded from our view by the wriendor nf
their respective suns, and crowded into a space bearing hardly a greater p¢ jortion to
the envrmous interval which separates them, than the distances of the sate) ites of var
olanets from their primaries hear to their distances from the sun itself.

247. The examination of double stars was first underlaken hy
the late Sir William IHerschel, with a view to the garstion of
parallax. Iiis attention was, however, soon arrested by the
uew and unexpected phenomena which these bodies piesented.

Sit William observed of them, in all, 2400, Sir James South and Hersch A liave given »
catalogue of 830 in the Transactions of the Royal Society for 1824, and §/ush added 458
In 1826, 8ir John Herschel, ju addition to the above, published an accour’ of 10M), befo.c
lie left England for the Cape of Good Mope, where he went to push his disccvenes in the
southern hemisphere. Professor Struve, with the great Dorpat telescop/, has given a
catalogne of 8,063 of the most remarkable of these stars. ol oM

The olject of these catalogues is not merely to fix the place of the star wi.2in such limits
w3 will ecable us easily to discover it at any future time, but also to rece:l a description

~rer really near each other? What motion? What do these const.itut: ? Is it certain
liat stars are ever thus in miotion around a common center ? 246. W nat remarkable
nstance cited? Its annual angular motion? Period? What other *‘nary syfsien_:sl
Are tlese planetary systems like our own ? 247. Who first undertook (he excminatioa
3 thye donble stars, and with what view? What number did he observe? Wha' catn
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of the appearance, positiva, and mutual distances of the individual stars comjosng th
system, in order that subsequent observers may have the means of detecting their con
nected motions, or any changes which they may exhibit. Professor Siruv: hag also taket
notice of 52 triple stars, among which No. 11 of the {'nicorn, Zete of Qancer, and Zi of
the Balance, appear to be fernary systems in motion. Quadruple and guintuple stars
have likewise been observed, which also appear to revolve about a common center of
gravity ; in short, every region of the heavens furnishes examples of tLese curious phe-

aomeLa.
COLOR OF THE STARS.

248. Many of the double stars exhibit the curious and bean-
tifnl phenomenon of contrasted colors, or complumeniary tints. In
such instances, the larger star is usually of a ruddy or orange
hue, while the smaller one appears blue or green, probubly in
virtne of that general law of optics, which provides that when
the retina is under the influence of excitement by any bright
colored light, feebler lights, which, seen alone, would produce no
sensation but that of whiteness, shall for the time appear
colored with the tint complimentary to that of the brighter.

Thus, a yellow color predominating in the light of the brighter star, that of the less
brigh: one, in the same field of view, will appear blue; while, if the tint of the brighter
star verge to crimson, that of the other will exhibit a tendency to green—or even appear
a vivid green. The former contrast is beautifully exhibited by Jot«, in Cancer; the latter
by At k, in Andr da—both fine double stars. 1f, however, the colored star be
much the less bright of the two, it will not materially affect the other. Thus, for instance,
Eta Qassiopele exhibits the beautiful combination of a large white star, and a small ene
of a rich ruddy purple.

249. It is not easy to conceive what variety of illumination
two suns—a red and a green, or a yellow and a blue one—must
afford to a planet revolving about either ; and what charming
contrasts and grateful vicissitudes—a red and a green day, for
instance, alternating with a while one and with darkness—might
arise from the presence or absence of one or the other, or both,
abeve the horizon.

Insulated stars of a red color, almost as deep as that of blood, occur In 1aany parts of
the h2avens, but no green or blue star (of any decided hue) has, we believe, ever beer.
noticed, nnassociated with a companion brighter than itself.

OLUSTERS OF STARS.

250. When we cast our eyes over the concave surface of the
heavens in a clear night, we do not fail to observe that there are,
here and there, groups of stars which scem to be compressed
together more densely thar those in the neighboring parts ;
forming bright patches or clusters.

ognes? Their object? What triple stars? Ternary systems? Quadruple stars, & 1
5. What said of the colors of the stars? What law of optics referred tc¥ What illus-
‘rations ? 249, What remarks respecting red and green suns, &c.? Of Insulated star;
of a red color 250, What said of elusters® What specimen referred to? Pleiades-
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The Pletades are an instance of this kind, in which six or
seven stars may be seen in near proximity, by the naked eye ,
and even more if the eye be turned carelessly uponit; for it is a
remarkable fact that the center of the eye is far less sensible to
feeble impressions of light, than the exterior portion of the retina.
Rhbeita affirms that by the aid of a telescope he counted over 200
stars in this small cluster. See Map VIII., Fig. 28.

In the constellution called Coma Berenices there is another grout
more diffused, and consisting of much larger stars. In Cancer
there is a nebuloas cluster of very minute stars, called Prasep,
or the Beehive, which is sufficiently luminous to be scen by the
naked eye, in the absence of the moon, and which any ordinary
spyglass will resolve into separate stars. In the sword-handle
of Perseus, also, is another such spot, crowded with stars. It
requires, however, rather a better telescope to resolve it into
individual stars. See p. 65, and Map VIII., Fig. 39.

Whatever be the rnature of these clusters, it is certain that other laws of aggregation
prevail in them, than those which have determined the scattering of stars over the genes
ral surface of the sky. Many of them, indeed, are of an exactly round figure, and con-
vey the idea of a globular space filled full of stars, and constituting, in itseif, a family or
society apart, and subjzct only to its own internal laws,

** It would be a vain task,” says the younger lerschel, ¢ to attemnpt to count the stars
in one of these globular clusters. They are not to bz reckoned by hundreds ; for it would
appear that many clus‘ers of this description must contain, at least, ten or twenty thou-
£and stars, compacted and wedged together in & round space, not more than a tenth part
as la 7e as that which is covered by the moon.

NEBULZE.

251. The Nebule, so called from their din:, cloudy appearance,
form another class of objects which furnish matter for curious
speculation and conjecture respecting the formation and strac
ture of the sidereal heavens. When examined with a telescope
of moderate powers, the greater part of the nebule are dis
tinetly perceived to be composed of little stars, imperceptible ta
the naked eye, because, on account of their apparent proximity,
the rays of light proceeding from each are blended together, in
such a manner as to produce only a confused luminous appear-
anee.

Ia other nebul, however, no individual stars can be percelved, even through th best
telescepes; and the nebula exhibit only the appearance of a self-luminous phosphores-
eent patch of gaseous vapor, though it is possible that even in this case, the appe.irance
@ay be owing to a congeries of stars so minute, or so distant, as not to afford, singly,
ouficient light to make an impression on the eye.

Remaiks upon their rature and the laws that govern them? Remarks of Hersclell
201, What are nebulm, and “vhy so called? How appear through telescapes? Are thuy
all resolvable into stars ?
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252. One of the most remarkable nebule is in the sword
handle of Orion, It is formed of little flocky masses, like wisps
of cloud, which seem to adhere to many small stars at its out-
skirts. It is not very unlike the mottling of the sun’s dise, hut
of a coaiser grain, and with darker intervals. These wisps of
light, however, present no appearance of being eomposed of
small stars ; but in the intervals between them, we faney fhat
we see stars, or that, could we strain our sight a little more, we
should see them. These intervals may be compared to openings
in the firmament, through which, as through a window, we scem
to get a glimpse of other heavens, and brighter regions, beyond.
See page 45, and Map V1II, Fig. 32.

253. Another very remarkable nebula is that in the girdle of
Andromeda, which, on aecount of its being visible to the naked
eye, has been known since the earliest ages of astronomy. It is
often mistaken for a comet, by those uracquainted with the
heavens. See page 20, and Map VI1I., Fig. 22.

Murius, who noticed 1t in 1612, describes its appearance as that of a candle shining
throngh horn; and the resemblance is certainly very striking. Its form is a long oval,
Increasing, by insensible gradations of brightness, from the circumference to a central
point, which, though very much brighter than the rest, is not a star, but only a nebula in
a high state of condensation. It occupies an area comparatively large—equal to that
of the moon in quadrature, This nebula may be considered as a type, on a large scale.
of a very numerous class of nebuls, of a round or oval figure, increasing more or l3s i
density toward the center.

254. Annular nebule are those in the form of a ring, but are

moug the rarest objects in the Leavens. The most conspicuous
of ihig class is to be found exactly half-way between the stars
Hza and Gamma Lyre, and may be seen with a telescope of
modarate power. It is small, and particularly well defined ,
appearing like a flat oval ring. The central opening is not
entively dark, but is filled with a faint, hazy light, uniformly
spread over it, like a fine gauze stretched over a hoop. *

255. Plametary nebule are very extraordinary objects. They
have, as their name imports, the appearance of planets, with
reund or slightly oval discs, somewhat mottled, but approaching
in some instances, to the vividness of actual planets. Some of
them, upon the supposition that they are equally distant from us
with the stars, must be of cnormons magnitude. That one, fo
irstance, which is situated in the left hand of Aquarius mms:

%52. What remarkable nebula mentioned? Describe it? Polnt out on the mag.
258. What other? How long known, and why? Show on the map. low described by
Marius? Its form and extent? How considered?  254. What are Annular Nebule }
wre they common? What specimen referred to? 255. Planetary nebule? Theix
aharacter and magnitule? Speci ? Stellar nelul® ? ‘eneral remarks respucting
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have a volume vast euough, upon the lowest computation, to I
the whole orbit of Herschel !

I[n some instances a nebula presents the appearance of a faint,
lnminons atmosphere, of a circular form, and of large extent,
surrounding a central star of considerable brilliancy. These are
denominated Stellar Nebule.

The nehula: farnish an inexhaustible field of spacalation and conjecture. That by fax
the larger number of them consists of stars, there can be little doubt; and in the inter-
&irable range of system upon system, and firmament upon firinament, which we thus
calch a glimpse of, the imagiration is bewildered and lost, Sir William lerschel con-
sctuced that the nebuls might form the material out of which nature claborated new
gans and systems, or replenished the wasted light of older ones. But the little we know
of the pl.ysical constitation of these sidereal masses, 13 altogether insuflicient to warrant
such é‘&““d“i“' (For a Spiral Nebula recently discovered by Lord Rosse, see Map 1X.
Fig.

CHAPTER XIV.
VIA LACTEA (T1IE ML.XY-WATY).

“ Throughout the Galaxy’s extended line,
Unnumber’d orbs in gay confusion shine:
Where every star that gilds the gloom of night
With the faint tremblings of a distant lighg,
Perhaps illumes somé system of its own,
N With the strong influence of a radiant sun.”—.Mra, Carter.

956. Tae Via Lactea, or Mlky-Way, is that luminous zone
or pathway of singular whiteness, varying from 4° to 20° in
width, which passes quite around the heavens. The Greeks
called it GaLaxy, on account of its color and appearance : the
Latins, for the same reason, called it Via Lacrea, which, in our
tongue, is Milky- Way.

Of all the objects which the heavens exhibit to our view, this fills the mind with the
most indescribable grandeur and amazement. When we consider whal unnumbered
millions of mighty suns compose this stupendous girdle, whose distance is so vast that
the strongest telescope can hardly separate their mingled twilight into distinct specks,
and that the most contiguous of any two of them may be as far asunder as our sun is

from them, we fall as far short of adequate language to express our jdeas of such immen-
gity, as we do of instruments to measure its boundaries.

257. It is one of the achievements of astronomy that has
resolved the Milky-Way into an infinite nnwber of small stars,
whose confused and feeble luster occasions. that peculiar white-
ness which we see in a clear evening, when the moon is absent.
It is also a recent and well-accredited doctrine of astronowmy,

42 Nebule? Sir Wm. Herschel’s conjecture? 256, What is the Via Lactea? Its
Brock name? What said of its magnificence and grandeur? 237. What sald of the
achizvements of astronomy? Its doctrine respecting the structure of the apivers.!
Of the sun, and its relation to the fixed stars?
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that all the stars in the universe are arranged into clusters, »
groups, which are calied NEBULE or Srarry Sysrews, each )f
which consists of myriads of stars.

The fixed star which we call our SUN, belongs, it is said, to that extensive nebula, ike
Milky -Way ; and although apparently at such an inmeasurable distance from its fel'ows
Is, doubtless, as uear to any one of them, as they are to one another.

258. Of the number and economy of the stars which compose
this group, we have very little exact knowledge. Dr. Herschel
informs us that, with his best glasses, he saw and counted 588
stars in a single spot, without moving his telescope ; and as the
graduel motion of the earth carried these out of view and intro-
duced others successively in their places, while he kept his tele
scope steadily fixed to one point, ¢ there passed over his field
of vision, in the space of one quarter of an hour, no lest than
one hundred and sizteen thousand stars, and at another time, in
forty-one minutes, no less than two kundred and fifty-eight thou-
sand.”

In £11 parts of the Milky-Way he found the stars unequally dispersed, and appearing
to arrange themselves into separate clusters. In the small space for example, between
Beta and Sad’r, in Cygni, the stars seem to be clustering in two divisions; each divislon
conta ning upwards of one hundred and sixty-five thousand stars. At other observations
when sxamining a section of the Milky-Way, not apparently more than a yard in breadth,
and 2ix in length, he discovered fifty thousa stars, large enough to be distinctly
countz:d; and he suspected twice as many more, which, for want of sufficient light in his
telescope, he saw only now and then.

259. It appears from numerous observations, that various
changes are taking place among the nebulee—that several nebu-
lee are formed by the disolution of larger ones, and that many
nebule of this kind are at present detaching themselves from
the Milky-Way. In that part of it which is in the body of
Scorpio, there is a large opening, about 4° broad, almost desti
tute of stars. These changes seem to indicate that mighty
movements and vast operations are continually going on in the
distant regions of the universe, upon a scale of magnitude and
grandeur which baffles the human understanding.

Mcre than two thousand five hundred nebulz have already been observed; and, if
cach Of them contains a3 many stars as the Milky-Way, several hundreds of millions of
stars must exist, even within that portion of the hcavens which lies open to our ¢bser«
vation.

“ 0 what a confluence of ethereal fires,

From urns unnuml.er’d down the steep of heaven
Streams to a point, and centers on my sight.”

260. Although the Milky-Way is more or less visible at all
seasons of the year, yet it is seen to the best advantage during

258. Number and economy of the stars  Dr. Herschel’s statements? What namber
passed the field of his instrument in a 4uarter of an hour? In frrty-one minutes? In
apace apparently only a yard in breadth? 259. What changes cbserved in the nebus
! What do they Indicate? Number of nebule? Estimated number of starst
260 When is the Via Lactea scen to the best advantage? Direction when Lyra is on the
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the months of July, August, September, and October, Wher
Lyra is on, or near the meridian, it may be seen stretching
obliquely over the heavens from northeast to souhwest, grada
ally moving over the firmament in common with other constel
lations. (For views of our cluster, see Map IX, Figs. 69, 70, 71.)

Its for n, treadth and appearance are various, in different parts of its course. In some
2.acas it Is dense and luminous; in others, it is scattered and faint. Its breadth is often
aot more than five degrees; though sometimes it is ten or fifteen degrees, and even
taenty. In some places it assumes a louble path, but for the most part it is single.

It may be traced in the heavens, beginning near the head of Cepheus, about 80° from
it:e north pole, through the constellations Cassiopeia, Perseus, Auriga, and part of Czion
and the feet of Gemini, where it crosses the Zodiac; thence over the equinoctial into
the southern hemisphere, through M 08, and the middle of the ghip Argo, where it
is most luminous, Charles’ Qak, the Cross, the feet of the Centaur, and the Altar. Here
it is divided into two branches, as it passes over the Zodiac again into the northern hem-
iphere. One branch runs through the tail of Scorpio, the bow of Sagittarius, the shield
of Sobieski, the feet of Antinous, Aquila, Delphinus, the Arrow and the S8wan. Th other
branch passes through the upper part of the tail of Scorpio, the side of Serpentarius,
Taurus Poniatowskii, the Goose and the neck of the Swan, where it again unites with the
other branch, and passes on to the head of Uepheus, the place of its beginning.

Some of the pagan philosophers maintained that the Milky-Way was formerly the sun’s
Fath, and that its present luminous appearance is the track which its scattered beams
eft visible in the heavens.

The ancient poets, and even philosophers, speak of the Galaxy, or Milky-Way, as the
path which their delties used in the heavens, and which led directly to the thione of
Jupiter. Thus, Ovid, in his Metamorphoses, Book i. :(—

# A way there is in heaven’s extended plain,
‘Which, when the skies are clear, is seen below,
And mortals, by the name of Milky, know;
The groundwork is of stars, through which the road
Lies open to the Thunderer’s abode.”

Mitton alludes to this in the following lines :—

¢ A broad and ample road, whose dust is gold,
And pavement, stars, as stars to thee appear,
Seen in the Galaxy, that Milky-Way,
‘Which nightly as a circling zone, thou seest
Powdcred with stars.”

CHAPTER XV.
ORIGIN OF TIIE CONSTELLATIONS.

261. TrE science of astronomy was cultivated by the irame-
dinte descendants of Adam. Josepaus informs us thuu the song
f Setn employed themselves in the study of astronomy ; and
shat they wrote their observations upon two pillars, oue of brick

meridlan? Its form, breadth, &c.? How traced .n the heavens? Notion of the Pagar
pl'ﬂlomphersP Of the poets ¥ What citations? 261. Ilow early was astronoay cultivated !
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ann the other of stone,* in order to preserve them against the
destruction which Apax had foretold should come upon the earth.

He also relates, that Abraham argued the unity and power of God, from the orderly
sourse of things both at sex and land, in their tinies and seasons, and from his observa- -
tions upon the motions and infinences of the sun, moon and stars; and that he read lce-
tures in astronomy and arithinetic to the Egyptians, of which they understood nothing
tilt %bmham brought these sciences from Chaldea to Egypt; from whence they passed ta
the Greeks.

262. Berosus also observes that Abraham was a great and just
man, and famous for his celestial observations; the making of
which was thought to be so necessary to the human welfare, that
he assigns it as the principal reason of the Almighty’s prolong-
ing the life of man.

This ancient historian tells us, in his account of the longevity of the antediluvians,
‘that Providence found it necessary to prolong man’s days, in order to promote the study
and advancement of virtue, and the improvement of geometry and astronomy, which
reqaired, at least, six hundred years for making and perfecting observations.t

263. When Alexander took Babylon, Calisthenes found that
the most ancient observations existing on record in that city,
were made by the Chaldcans about 1903 years hefore that period,
which carries us back to the time of the dispersion of mankind
by the confusion of tongnes. It was 1500 years after this that
the Babylonians sent to Hezekiah, to inquire about the shadow’s
going back on the dial of Ahaz.

It is, therefore, very probable that the Chaldeans and Egyptians were the original
tzventors of astronomy; but at what period of the world they marked out the heavens
tuto constellations, remains in uncertainty. La Place fixes the date tiirteen or fourteet
undred years before the Christian era, since it was about this period that Eudoxus con-
s.ructed the first celestial sphere upon which the constellations were delineated. Sir
Isnac Newton was of opinion, that all the cld constellations related to the Argonautic
expedition, and that they were invented to commemorate the heroes and events of tha
memorable enterprise. It should be remarked, however, that while none of the ancien
constellations refer to transactions of a later date, yet we have various accounts of theu
of a much higher antiquity than that event.

264. Some of the most learned antiquarians of Europe have
searched every page of heathen mythology, and ransacked all
the legends of poetry and fable for the purpose of rescuning this
subject from that impermeable mist which rests upon it, and
they have only been able to assure us, in general terms, that
they are Chaldean or Egyptian hieroglyphies, intended to per
petuate, by means of an imperishable record, the memory of the
times in which their inventors lived, their religion and manners,

* Josephus aflirms, that *he saw himself that of stone to remain in Syria In his ow:
time.”
£ Vince's Complete System of Astronomy, Vol. ii p. 244,

What proof? What said of Abraham? 262. What further proof? What reason
aesiyued for the longevity of the antediluvians ? 263. What discovery by Calisthenes§
Wtat conclusion from this discovery? La Place’s date of the origin of the constella
tices?  Sir Isaac Newton’s opinion? Remark? 264. What researches, and wha

results ? o
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thieir achievements in the arts, and whatever in thei: history wus
nost worthy of being commemorated. There was, at least, a
moral grandeur in this idea ; for an event thus registered, a
custom thus eanonized, or thus enrolled among the stars, must
needs survive all other traditions of men, and stand forth in per-
petual characters to the end of time.

265. Inarranging the constellations of the Zodiac, for instance,
it would be natural for them, we may imagine, to represent
those stars which rose with the sun in the spring of the year, by
such animals as the shepherds held in the greatest esteem at that
scason ; accordingly, we find Aries, Taurus, and Gemini, as the
symbols of March, April, and May.

266. When the sun enters the sign Cancer, at the summer
solstice, he discontinues his progress towards the north pole, and
begins to return towards the south pole. This retrograde mo-
tion was fitly represented by a Crab, which is said te go back-
ward. 'The sun enters this sign about the 22d of June. -

The heat which usually follows in the next month was repre
sented by the Lion; an animal remarkable for its ficrceness,
and which at this scason was frequently impelled by thirst tc
leave the sandy desert, and make its appearance on the banks
of the Nile.

267. The sun entered the sixth sign about the time of harvest,
which season was therefore represented by a Virgin, or female
reaper, with an ear of corn in her hand.

At the autamnal equincx, when the sun enters Libra, the
days and nights are equal all over the world, and seem to
observe an equilibrium or balance. 'The sign was therefore
represented under the symbol of a pair of Scales.

268. Autumn, which produees fruit in great abundance, brings
with it a variety of diseases, and on this account was represented
by that venomous animal, the Scorpion, which, as he recedes,
wounds with a sting in his tail. The fall of the leaf, was the
season for hunting, and the stars whieh mark the sun’s path at
this time were represented by a huntsman, or archer, with his
arrows and weapons of destruction. ;

The Goat, which delights in elimbing and ascending some
mountain or precipice, is the emblem of the winter solstice, when
the sun begins to ascend from the southern tropic, and gradually
Lo increase in height for the ensuing half year.

265. Origin_ of Aries, Taurus, and Gemini?  266. Of Cancer and Leo 267. 0
Virgo and Libra? 263 OFf Scorpio and Capricorn?
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269 Aqaiarius, or the Water Bearer, is represented by the
Yigure of a man pouring out water from a1 urn, an emblem of
the dreary and uncomfortable season of winter.

"The last of the zodiacal constellations was Pisces, or a coupla
of fishes, tied back to back, representing the fishing season.
The severity of winter is over ; the flocks do not afford suste-
1nee, but the seas and rivers are open and abound with fish.

“ Thus monstrous forms, o’er heaven’s nocturnal arch,
Scen by the sage, In pomp celestial march ;
See Aries there his glittering bow unfold,
And raging Taurns toss his horns of gold ;
1With bended bow the sullen Archer lowers,
And there Aquarius comes with all his showers;
Lions and Centaurs, Gorgons, Hydras rise,
And gods and heroes blaze along the skies.’”

Whatever may have led to the adoption of these rude names at first, they are now
retuined to avoid confusion.

The early Grecks, however, displaced many of the Chaldean constellations, and sub-
stituted such images in their place as had a more special reference to their own history.
The Romans wlso pursued the same course with regard to ¢he.r history ; and henc: the
vontradictory accounts that have descended to later tines.

276G. Some, moreover, with a desire to divest the science of
the stars of its pagan jargon and profanity, have been indueced
to alter both the names and figures of the constellations. In
doing this, they have committed the opposite fault ; that of
blending them with things sacred.

The ‘“ venerable Bede,” for example, instead of the profane
names and figures of the twelve constellations of the Zodiac,
substituted those of the fwelve apostles. Julius Schillerius, fol
lowing his example, completed the reformation in 1627, by giv-
ing Scripture names to all the constellations in the heavens,

Weigelius, too, a celebrated professor of mathematics in the University of Jena, made
4 new order of constellations, by converting the firmament into a C&ELUM HERALDICUM, in
which he introduced the arms of all the princes of Europe. But astronomers, generally,
never approved of these innovations; and for ourselves, we had as lief the sages and
heroes of antiquity shonld continue to enjoy their flanced honors in the sky, as to ses
their places supplied by the princes of Europe.

271. The numher of the old constellations, including those of
the Zodiac, was only forty-eight. As men advanced in the
knowledge of the stars, they discovered many, but chicfly in
southern latitudes, which were no¢ embraced in the old constel
lations, and hence arose that mixture of ancient ard modert
names which we meet with in modern catalogues.

272 Astronomers divide the heavens into three parts, called
*he Nurthern and Southern Hemispheres, and the Zodiae. In the

263. Of Aquarius and Pisces? Course of the Greeks and Rymans, in displacing eor
stellations? 270, What other reform attewpted ! What particular instances cited
Bede? Schitlerius? Weigelins?  How are these innovations regarded by astrcnomers
2T1. Number (f the old constellations?  How otkers added? €72. How de astrono
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northern hemisphere, astronomers usually reckou thirty-four con
stellations, in the Zodiac twelve, and in the southern hemisphere
forty-seven ; making in all ninety-threc. Besides these, there
are a few of inferior note, recently formed, which are not con-
siderced suffiziently important to be particularly deseribed.

273. About the year 1603, John Bayer, a native of Germany,
nvented the convenient system' of denoting the stars in each
eoustellation by the letters of the Greek alphabet, applying te
the largest star the first letter of the alphabet ; to the next
largest the second letter, and so on to the last Where thero
are more stars in the constellation than there are Greck letters,
he remainder are denoted by the letters of the Roman alphabet,
and sometimes by figures.

By thls system of notation, it is now as easy to refer to any particular star in the
heavens, as to any particular house in a populous city, by its street and number. Before
this practice was adopted, it was customary to denote the stars by referring them te
their respective situcdtions in the figure of the constellation to which they severally
belonged, as the head, the arn, the foot, &c. 'Y

It is kardly necessary to remnark that these figures, which are all very curiously depicted
upon artificial globes and maps, are purely a fanciful invention—answering many con-
venient ends, however, for purposes of reference and classification, as they enable us to
designate with facility any particular star, or cluster of stars; though these clusters
very rarely, if ever, represent the real figures of the objects whose names they bear.
Aad yet it Is somewhat remarkable that the name of “ Great Bear,” for inztance, should
have been given to the very sdme constellation by a nation of American aborigines (the
Irnquois), and by the most ancient Arabs of Asia, when there never had been any com-
munication between them! Among other nations, also, between whom there exists no
e~idence of any intercourse, we find the Zodiac divided into the same number of constel-
lativns, and these distinguished by nearly the same names, represcnting the twelve
months, or seascns of the year.

274. The constellations, or the uncouth figures by which they
are represented, are a faithful picture of the ruder stages of
civilization. They ascend to times of which no other record
exists ; and are destined to remain when all others shall be lost.
Fragments of history, curious dates and documents relating to
chronology, geography and languages, are here preserved in
imperishable characters.

The adventures of the gods, and the Inventions of men, the exploits of heroes, and
the faneies of poets, are here spread out in the heavens, and perpetually celebrated before
all nations. The Seven stars, and Orion, present themselves to us, as they appeared to
Amos and Homer: as they appeared to Job, more than 8000 years ago, when the
Almighty demanded of him—* Knowest thou the ordinances of heaven? Canst thou
bind the sweet influences of the PLEIADEs, or loose the bands of Orion? Qanst thou
bring forth MAZzAROTH in his season, or canst thou guide ARCTURUS with his sons?”
Here, too, are consecrated th: lyre of Orpheus and the ship of the Argonauts ; and, in
the same firmament, glitter the Mariner’s Compass and the Telescope of Herschel.

mers div' Je the constsllations? Number in each division? Total? What cthers.
273. John Bayer’s invention? Utility of it? How before it was adopted! What remark
respecting the flgures on maps and globes, and their use? What remarkaNe facl
stated ! 274. Ilistorical.use of the constellations? Illustrations?

G. 7
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CHAPTER XVI1,
NUMBER, DISTANCE AND ECONOMY uF THE STARS.

215. Tre first coujecture in relation tu the distance of the
fixed stars is, that they are all placed at an equal distance from
the observer, upon the visible surface of an immense concave
vault, which rests upon the circular boundary of the world, and
which we call the Firmament. We can, with the unassisted eye,
form no estimate of their respective distances ; nor has the tele-
scope yet enabled us to arrive at any exact results on this sub-
ject, although it has revealed to us many millions of stars that
are as far removed beyond those which are barely visible to the
naked eye, as these are from us.

Viewed through the telesgope, the heavens become quite another spectacle—not only
to 1he understanding but to the senses. New worlds burst upon the sight, aud old ones
expand to a thousand times their forraer dimensions. Several of those little stars whick
bat feebly twinkle on the unassisted eye, become immeuse giobes, with land and water
mountains and valleys, encompassed by atmospheres, enlightened by moons, and diver:
sified by day and night, summer and winter.

Beyond these are other suns, giving light and life to other systems, not a thiousand, ot
two thousand merely, but multiplied without end, and ranged all around us, at immenst
distances from each other, attended by ten thousand times ten thousand worlds, all in
rapid motion ; yet calm, regular and harmonious—all space secms 1o be illuminated, and
every particle of light a world.

276. It has been computed that one hundred mullions of stars
which cannot be discerned by the naked eye, are now visible
through the telescope. And yet all this vast assemblage of suns
and worlds may bear no greater proportion to what lies beyond
the utmost boundaries of human vision, than a drop of water to
the ocean ; and, if stricken out of being, would be no more
missed, to an eye that could take in the universe, than the fall
of a single leaf from the forest.

We should therefore learn, says Dr. Chalmers, not to look on our earth as the universe
of God, hut as a single, insignificant atom of it; that it i3 only one of the many mansion:
which the Supreme Being has created for the accommodation of his worshipers; and
that he miy now be at work in regions more distant than geometry ever measured, creat-
irg worils more manifold than numbers ever reckoned, displaying his goodness, and
epreading over all the intimate visitations of his care.

27%. The immense distance at which the nearest stars are
known to be placed, proves that they are bodies of a prodigious
iize, not inferior to our sun, and that they shiue, not by reflected
ruys, but by their own native light. It is therefore concluded,

275. What is the first conjecture as to the distance of the stars? Can we form no jus|
sstimate? What said of the heavens when seen through a telescope? 276, What
somputation as to the number of stars invisible to the naked eye, but visible throagh
lescopes?  1a this probably the whole universe? Remark of Chaliners § 277. What
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with good reason, that every fixed star is a sun, no less spacious
than ours, surrounded by a retinue of planetary worlds, which
revolve around it as a center, and derive from it light and heat,
and the agreeable vicissitudes of day and night.

These vast globes of light, then, could never have been designed merely to divarairy
the voids of infinite space, nor to shed a few glimmering rays on our far distant woril,
for the amusement of a few astronomers, who, but for the most powerful telescopes, had
acver seen the ten thousandth part of them. We may therefore rationally conclude, tha:
wherever the All-wise Creator has exerted his creative power, #here also he has pluced
iatelligent beings to adore his goodness.

278. The greatest possible ingenuity and pains have been
taken by astronomers to determine, at least, the approximate
distance of the nearest fixed stars. If they have hitherto been
unable to arrive at any satisfactory result, they have, at least,
established a limit beyond which the stars must necessarily be
placed. If they have failed to calcnlate their true distances
from the earth, it is because they have not the requisite data.
The solution of the problem, if they had the data, would not be
more difficult than to compute the relative distances of tlie
planets—a thing which any schoolboy can do.

Tn estimating so great a distance as the ncarest fixed star, it is necessary that we
employ the longest measure which astronomy can use. Accordingly, we take the whole
diameter of the earth’s orbit, which, in round numbers, is 190 millions of miles, and
endeavor, by a simple proeess in mathematies, to ascertain how many measures of this
length are contained in the mighty interval which separates us from the stars.

The method of doing this can be explained to the apprehension of the pupil, if he does
not shrink from the illustration, through an idle fear that it is beyond his capacity.

For example ; suppose that, with an instrument construeted for the purpose, we sheuld
this night take the precise bearing or angular direction from us of some star in the
northern hemisplere, and note it down with the most perfect exactness, and, having
waited just 8ix months, when the earth shall have arrived at the opposite point of its
orbit, 190 millions of miles east of the place which we now occupy, we should then repeat
our observation upen the same star, and see how much it bad ehanged its position by
out traveling so great a distanece one side of it. Now, it is evident, that if it changes its
appatent position at all, the guuntity of the change will bear some proportion to the
distaace gone over ; that is, the %nedrer the star, the greater the angle; and the more
remuite the star, the less the angle. It is to be observed, that the angle thus fourd, is
called the star's Annuul Parailaw.

279. But it is found by the most eminent astronomers of the
age, and the most perfect instruments ever made, that the paral-
lax of the nearest stars does nct exceed the four thousandth part
of a degree, or a single second ; so that, if the whole great orbit
of the earth were lighted up into a globe of fire 600 millions of
miles in circumference, it would be secu by the nearest star only
as a twinkling atom ; and to an observer placed at this distance,

proof that the stars are large bodies? What conclusion, therefore ? ‘Whm, othes
inference?  278. What effort to determine the distances of the stars? What results
What necessary in estimating the distances of thc stars? What measure taken? De
sribe the process of determining the distance of the stars by parallax. 279. Wha
s the parallax of the stars found to be, and what follows as a consequence? What
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our zun, with its whole retinue of planetary worlds, wuald occupy
a space scarcely exceeding the thickness of a spider’s web. *

If the nearest of the fixed stars are placed at such Inconceivable distances in tha
regions of space, with what line sha!! we mcasure the distance of those which are a thoa«
sand or a million of times as much farther from them, a3 these are from us?

280. If the annual parallax of a star were accurately knowus,
it would be casy to compute its distance by the following rule :

As the sine of the star’s parallax :
Is to radius, or ninety degrees : :
So is the earth’s distance from the sun:
To the star’s distance from the sun.
1f we allow the annual parallax of the nearest star to be 1”7,
the calculation will be,

As 0.0000048481368=Nat. Sine of 1", °

s to 1.0000000000000= Nat. Sine of 90°.

So is 91,431,072 = Earth’s distance from the sun

To 18,859,011,981,469=Star’s distance from the sun.

In this calenlation we have supposed the earth to be placed at the mean distance of
23,112 of its own semi-diameters, or 91,431,072 miles from the sun, which makes the
star’s distance nearly twenty trillions of miles. The parallax of Sirius being 557, ite
distance must be 63 times this amount, or more than 130 millions of millions of miles.

The old determination of the sun’s parallax (8/5776), which made the sun's mean dis-
tance about 95 millions of miles, made the distance of a star having the parallax of 17
very nearly 20 trillions of miles (19,651,627,683,449); or 800,00) millions of miles farther
off than the present determination. A parallax of 17 is cquivalent to a distance of about
200,300 times the mean distance of the sun,

The following tuable contains the names of the twelve stars the parallaxes of which
have been approximately ascertained:

Name, Purallaz. Name. Parullawr. Nume. Parallax.
a Centauri | (/77,9187 1830 Graomhridge | 07,226 ? Ursse Major. | 07,183
61 Cygni | 077.563% 70 Ophinehi | 07,16 Arcturus | 07,127
21258 Lalande | 07,2709 a Lyrae 07,155 Polaris | 07,067
17415 Ocltzen | 07.247 Sirius | 0150 Capella | 07

* A just idea of the import of this term, will impart a force and sublimity to an expres-
sion of St. James, which no power of words could improve. It is said, chapter i. verse
17, of Him from whom cometh down every good and perfect gift, that there is * pyx e,
naparlayn 3 TPOTNs ATOCKLATHA." Literally, there is “meither parcilu® nor
shadow of change » As if the apostle had sald—Meradventure, that in traveling mlllions
and millions of iles through the regions of immensity, there may be a sensible para'lax
w some of the fixed stars; yet, as to the Father of Lights, view himn from whatever point
«f bis empire we may, ke i3 without purallux or s'wedow of change!

then, of the mo»e distant stars? 280, How deduce the distance of a star from ‘te
arallax, If known: Computationlald down? Dr. Herschel’sremark? Biot's estimate
r Brewster’s? The mean of these three estimates? Are astronomers agreed as to ths
wrallax of the stars? M. d'Assas’ compuations and results ?
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281, The most brilliast stars, till recently, were supposed ta
be situated ncarest the earth, but later observations prove that
this opinion is not well founded, since some of the smaller stars
appear to have not only a greater annual parallax, but an
absolute motion in space, much greater than those of the bright-
est class.

282, It has been computed that the light of Sirius, although
twenty thousand miilion times less than that of our sun, is never-
theless threé hundred and twenty-four times greater than that of
a star of the 6th magnitude. If we suppose the two stars t
be really of the same size, it is easy to show that the star of the
sixth magnitude is fifty-seven and one-third times farther from us
than Sirius is, becauase light diminishes as the square of the dis-
tance of the luminous body increases. -

By the same reasoning it may be shown, that if Sirfus were placed where the sun is, |
would appear to us to be four times as large as the sun, and give four times as much ligh!
and heat. It is by no means unveasonable to suppose, that many of the fixed stars
exceed a million of iles in diameter.

283. We may pretty safely affirm, then, that stars of the sixth
magnitude are not less than seven hundred millions of millions
of miles distant from us; or a million of times farther from
ns than the planet Saturn when it approaches nearest to the carth.
But the human mind in its present state can no more appreciats
such distances than it can infinity ; for if our earth, which moves
at more than the inconceivable velocity of a million and a half
of miles a day, were to be hwrried from its orbit, and to take the
same rapid flight over this immense tract, it would not traverse
it in twelve hundred thousand years; and every ray of light,
although it moves at the rate of one hundred and cighty-five
thousand miles in a single second of time, is more than one hnn-
dred and twenty years in coming from the star tc us.

But what i3 even this, compared with that measureless extent wrich the discoveries of
thie telescepe indicate?  According to Dr. llerschel, the light of some of the nebul®, jusi
perceptible chrough his 40 feet telescope, must have been a inillion of ages in coming &2
the earth; and should any of them be now destroyed, they would continue to be percep-
tinle for a willion of ages to come. =

Dr. Herschel informs us, that the glass which he used would separate stars at 497 timo»
the distance of Sirius.

284. It is one of the wonders of creation, that any phenomens
of bodies at such an immense distance from us should be percep
tible by human sight ; but it is a part of the Divine Maker’s

281. Former supposed relative distance of the most brilliant stars? Present opinisa
and on what founded?  282. What computation as to the light of Sirius? What con-
clusion as to the dsstance of other stars? How, then, would ke appear If us near as ou:
sun? What ccnclusion as to the magnitude of the stars? 288. Distance of the gixtk
magnitude stars? 1low incasured by the flight of the earth? OFf light? What furthe
estimate by Dr, Herschel? 284, What remark respecting our knowledge of the stars
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plan, that althongh they do not act physically upon us, yet thes
should so far be objects of our perception, as to expand our ideas
of the vastness of the universe, and of the stupendous extent
and operations of his omnipotence.

“VWith these facts before us,” says an eminent astronomer and divine, * it is most rea.
zonable to conclude, that those expressions in the Mosaic hlstory of Creation, which
rclate to the creation of the fixed stars, are not to be understood as referring to the Zima
when they were brought Into existence, as if they had been created about the same tie
with onr earth ; but as s'mply declaring the fact, that, at whatever perlod in duration
they were ereated, they derived their existence from 44

285. “That the stars here mentioned” (Gen. i. 16), says a
distinguished commentator, ‘‘ were the planets of our system,
and not the f£xed stars, seems a just inference from the fact, that
after mentioning them, Moses immediately subjoins, ¢And
Eiohim set them in the firmament of the heaven to give light
upon the earth, and to rule over the day and over the night ;’
evidently alluding to Venus and Jupiter, which are alternately
our morning and evening stars, and which ¢give light upon the
eurth’ far surpassing in brilliancy any of the fixed stars.”

tHowever vast the universe now appears, however numerous the worlds which may
zxist withlp Its boundless range, the language of Scripture, and Scripture alone, is suffi.
siently coriprehensive and sublime to express all the emotions which naturally arise in
the mind when contemplating its structure. This shows not only the harinony which
rubsists between the discoveries of the Revelation and the discoveries of Science, but
also forms, by itzelf, a strong presumnptive evidence, that the records of the Bible ara
authentic and divine.

286. We have hitherto described the stars as being immoyv-
able and at rest ; but from a series of observations on double
stars, Dr. Herschel found that a great many of them have
changed their situations with regard to each other; that some
perform revolutions about others, at known and regular periods,
and that the motion of some is direct, while that of others is
retrograde ; and that many of them have dark spots upon their
‘surface, and turn on their axes, like the sun.

287. A remarkable change appears to be gradually taking
place in the relative distances of the stars from each other in
the constellation Hercules. The stars in this region appear to
be spreading farther and farther apart, while those in the oppo-
site point of the heavens seem to close nearer and nearer together,
in the same manner as when walking through a forest, the trees
toward which we advance appear to be constantly separating
while the distance between those which we leave behind is gre
dually contracting.

by sight? How arc we to understand Mcses as to the time of the creation of the stars
285. What meant by the “stars” juentioned Gen. 1,162 What proof? Remark respcih
Ing the Scriptures ? 266. 1low 1ave the stars been described hitherto? What is the
fact? 987. What exan ple cited ?  What astonishing conclusion ?
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Prom this appeararnce it is concluded, that the sun, with all its retinue of plang. .ry
worlds, is moving through the reglons of the universe, toward some distant center or
nround some wide circuniference at the rate of near thirty thousand miles an hour; 2nd
that it is therefore higlily probable, if not absolutely certain, that we shall never co. ipy
that portion of absolute spuce, through which we are at this moment passing, dv ing
all the succeeding ages of eternity.

288. The direction of the Sun’s motion is towards the constel-
lation of Hercules; R. A. 259°; Dec. 85°. This velocuty
in space is estimated at 8 miles per second, or 28,000 miles
per hour. His period is about 18,200,000 years; and the
are of his orbit, over which he has traveled since the creation
of the world, amounts to only about z¢'55th part of his orbit, or
abont T minntes—an arc so small, compared with the whole, as
to be hardly distinguishable from a straight line.

‘With this wonderful fact in view, we may no longer consider the sun as fixed and sta-
Yionary, but rather as a vast and huainous planet, sustaining the same relation to some
central orb that the primary planets sustain to him, or that the secondaries sustain to
their primaries. Nor is it necessary that the stupendous mechanism of nature should be
restricted even to these sublime proportions. The sun’s central body may also have its
orbit, and its center of attraction and notion, and so on, till, as Dr. Dick observes, we
come to the great center of all—to the THRONE OF Gop!

Professor Madler, of Dorpat, in Russia, has recently announced as a discovery that
the star Alcyone, one of the seven stars, is the cenfer around which the sun and solar
dystem are revolving.

289. Dr. Dick, the author of the Curistian PHILOSOPHER,
endeavors to convey some idea of the boundless extent of the
universe, by the following sublime illustration :—

*Suppose that one of the highest order of intelligences is
endowed with a power of rapid motion superior to that of light,
and with a corresponding degree of intellectual energy ; that he
has been flying without intermission, from one province of crea-
tion to another, for six thousand years, and will continue the
same rapid course for a thousand million years to come, it is
highly probable, if not absolutely certain, that, at the end of this
vast tour, he would have advanced no farther than the ‘sub-
urbs of creation,’—and that all the magnificent systems of mate-
rial and intellectual beings he had surveyed, during his rapid
{light, and for such a léngth of ages, bear no more proportion to
the whole empire of Omnipotence, than the smallest grain of
sand does to all the particles of matter contained in ten thonsand
worlds.”

Were a seraph, in prosecuting the tour of creation in the manner now stated, over to
arrive at a limit beyond which no farther displays of the Divinity could be perceived, the
thought would overwhelm his faculties with unutterable emotions ; he would feel that he
hiad now, ip some measure, comprehended all the plans and operations of Omnipotencey
and ti.at no farther manifestation of the Divine glory remalned to be explored. But we
1) rest assured that this can never happen in the case of any created intelllgence.

288 The direction and velocity of thesun? Period? Arc of orbu. passed ¢ ver siney
sreation? low, then, should we consider the sun? View of the universe? Discovers
of Professor Madler?  289. Dr, Dick’s illustrations !
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290. There is, moreover, an argument derivable from the
laws of the physical world, that seems to strengtlen, I had
almost said, to confirm, this idea of the Infinity of the materia}
universe. It iy this—If the number of stars be finite, and
oceupy only a part of space, the outward stars would be con-
tinually attracted to those within, and in time would unite in
one. But if the number be infinite, and they oceupy an infinite
space, all parts would be nearly in equilibrio, and consequently
sach fixed star, deing equally attracted in every direction, would
keep its place.

No wonder, then, that the Psalmist was so affected with the idea of the lmmensity of
the universe, that he seems almost afraid lest he should be overlooked amidst the immen-
sity of beings that must needs be under the superintendence of God ; nor that any finite
mortal should exclaim, when contemplating the heavens—* What is man, that THOU
art mindful of him [

CHAPTER XVII.
FALLING, OR SHOOTING STARS.

291. Tue phenomenon of shooting stars, as it is called, is com-
woun to all parts of the earth ; but is most frequently seen in
tropical regions. The unerring aim, the startling velocity, and
vivid brightness with which they seem to dart athwart the sky,
and as suddenly expire, excite our admiration ; and we often
ask, “What can they be #” :

But frequent as they are, this interesting phenomenon is not
well understood. Some imagine that they are occasioned by
clectricity, and others, that they are nothing but luminous gas.
Others again have supposed, that some of them are luminous
bodies which accompany the earth in its revolution aronnd the
sun, and that their return to certain places might be calculated
with as much certainty and exactness as that of any of the
comets.

292. Dr. Burney, of Gosport, kept a record of all that he
observed in the course of several years. The nomber which ne
noticed in 1819 was 121, and in 1820 he saw 131. Professor

201, What argument supposed to favor the idea of a boundless universe? Allusion t¢
the Psalmist? 291. Where are shooling stars most common? Are they well under
stood * What theories stated ? 292 Yr. Burney’s record? Professor (ireen’s apini»n?
Signior Baccaria'’. cpinion, and his rc.sons forit?
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Green is confident that a much larger number are annually seen
in the United States.

Signior Baccaria supposed they were occasioned by electricity,
and thinks this opinion is confirmed by the following observa-
tions. About an hour after sunset, he and some friends, that
were with him, observed a falling star directing its course directly
toward them, and apparently growing larger and larger, but jusy
Lefore it reached them it disappeared.. On vanishing, their
faces, hands, and clothes, with the earth and all the neighboring
objeets, became suddenly illuminated with a diffused and lambent
light. It was attended with no noise. During their surprise at
this appearance, a servant informed them that he had seen a
light shine suddenly in the garden, and especially upon the
streams which he was throwing to water it.

The Signior also observed a quantity of electric matter collect about his kite, whict
lad very much the appearance of a falling star. Scmetimes he saw a kind of halc
accompanying the kite, as it changed its place, leaving some glimmering of light in the
place it had quitted.

293, Shooting stars have been supposed by those meteorolo-
gists who refer them to electricity or luminous gas, to prognos-
ticate changes in the weather, such as rain, wind, &c.; and there
is, perhaps, some trath in this opinion. The duration of the
orilliant track which they leave bhehind them, in their motion
through the air, will probably be found to be longer or shorter,
aceording as watery vapor abounds in the atmosphere.

The notion that this phenomenon betokens high winds, is of great antiquity. Virgi.
tn the first book of his georgics, expresses the same idea :—

«“ Swpe etiam stellas vento impendente videbis
Preacipites ceelolabi; noctisque per umbram
Flammarum longor a tergo albescere tractus ™

“ And oft, before tempestuous winds arise,
The seeming stars fall headlong from the skies,
And shooting through the darkness, gild the night
With sweeping glories and long trails of light.””

294. The number of shooting stars observed in a single night,
though variable, is commonly very small. There are, however,
several instances on record of their falling in ““ showers "—when
every star in the firmament secems loosened from its sphere, and
moving in lawless flight from one end of the heavens to the
other

As carlr as the year 472, in the month of November, a phe
nomenon o1 thiskind took place near Constantinople. As 'Theo

" 208. What are they supposed by some to prognosticate? What other an'clett notion ,
Poetic quotation ? 294. What said of the number of shooting sters? What instancct
of “metcoric showers” cited ?

7 *
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phanes relates, * the sky appeared to be on fire,” with the corua
cations of the flying meteors.

A shower of stars exactly similar took place in Canada, between the 8d and 4ih ot
July, 1814, and another at Montreal, in November, 1819, In all these cases, a residunm
or suck dust, was deposited upon the surface of the waters, and upot the roofs fbuild-
Ings, and other objects. In the year 1810, “inflamed substances,” it is said, fell into,
and around lake Van, in Armenia, which stained the water of a blood culor, and el:ft
the earth in various places. On the 5th of September, 1819, a like phenoienon was e¢es
ta Moravia. 1listory furnishes many more instances of meteoric showers, depositing 2
wed dust in some places, so plentiful as to admit of chemical analysis.

295. The commissioner (Mr. Andrew Ellicott), who was seut
out Ly our government to fix the boundary between the Spanish
possessions in North America and the United States, witnessed
a very extraordinary flight of shooting stars, which filled the
whole atmosphere from Cape Florida to the West India Islands.
"This grand phenomenon took place the 12th of November, 1799,
and is thos described :—" I was called up,” says Mr. Ellicott,
‘“about 3 o'clock in the morning, to sece the shooting stars, as
they are called. 'The phenomenon was grand and awful. The
whole heavens appeared as if illuminated with sky-rockets,
which disappeared only by the light of the sun, after daybreak.
The meteors, which at any one instant of time appeared as
numerous as the stars, flew in all possible directions except from
the earth, toward which they all inclined more or less, and some
of them descendvd perpendicularly over the vessel we were in, so
that I was in constant expectation of their falling on us.”

Mr. Ellicott further states that his thermometer, which had been at 80° Fahr. for the four
days preceding, fell to 56° about 4 o’clock, A. M., and that nearly at the same time, the
wind changed from the south to the northwest, from whence it blew with great violence
for three days without intermission.

These same appearances were observed the same night at Santa Fe de Bogota, Cu-
mana, Quito, and Peru, in South America ; and as far north as Labrador and Greenland,
extending to Weimar in Germany, being thus visible over an extent on the globe of 64°
of latitude, and 94° of longitude.

The celebrated Humboldt, accompanied by M. Bompland,
then in S. America, thus speaks of the phenomenon :—* Toward
the morning of the 13th of November, 1799, we witnessed a
most extraordinary scene of shooting meteors. Thousands of
bolides, and falling stars succeeded each other during four hours.
Their direction was very regular from north to south. From
the beginning of the phenomenon there was not a-space in the
firmament, equal in extent to three diameters of the moon,
which was not filled every instant with bolides or falling ztars.
All the meteors left luminous traces, or phosphorescent »ands
hekind them, which lasted seven or eight seconds.”

295. What phenomenon described by Mr. Ellicott? When and where? Effx# yn hik
thermometer? Where clae observed, and by whou ?
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Taw | 12u.menon was witnessed by the Capuchin missionary at San Fernando de
Afiura, a village situated in lat, 7° 58 127, amidst the savannahs of the province of
Varinai; by the Franciscan monks stationed near the cataracts of the Oronoco, and at
Marca, on the banks of the Rio Negro, lat. 2° 40%, long. 70° 21', and in the west of Braail,
a3 far as the equator itself; and also at the city of Porto Cabello, lat. 10° 6° 52, in French
Guiana, Popayan, Quito, and Peru. Itis somewhat surprising that the same appearances
sbserved in places so widely separated, amid the vas! and lonely deserts of South
\merica, should have been seen, the same night, in the United States, in Labrador, ‘a
ot centand, and at Ttterstadt, near Weimar, in Germany !

296. We are told that thirty years before, at the city of
Quito, ““ there was seen in one part of the sky, above the volcana
of Cayambut >, so great a number of falling stars, that the moun-
tain was thought to be in flames. This singular sight lasted
more than an hour. The people assembled in the plain of Exida,
where a magnificent view presents itself of the highest summits
of the Covdilleras. A procession was already on the point of
setting oat from the convent of St. Francis, when it was per
ceived that the blaze on the horizon was caused by fiery meteors,
which ran along the sky in all directions, at the altitude of 12
or 13 degrees.”

2917. But the most sublime phenomenon of shooting stars, of
which the world has furuished any record, was witnessed through-
out the United States on the morning of the 13th of November,
1833. The entire extent of this astonishing exhibition has not
been precisely ascertained, but it covered no inconsiderable por-
tion of the earth’s surface. It has been traced from the longi-
tude of 61°, in the Atlantic ocean, to longitude 100° in Central
Mexico, and from the North American lakes to the West Indies.
It was not seen, however, anywhere in Europe, nor in South
America, nor in any part of the Pacific Ocean yet heard from.

Everywhere, within the limits above mentioned, the first
appearance was that of fireworks of the most imposing grandeur,
covering the entire vault of heaven with myriads of fire-balls,
resembling sky-rockets. Their coruscations were bright, gleam-
ing and incessant, and they fell thick as the flakes in the early
snows of December. (See cut on the next page.)

To the splendors of this celestial exhibition, the most brilliant sky-rovkets and fire-
werks of art bear less relation than th- twinkling of the most tiny star to the bLroad
zlars of the sun. Th2 whole heavens seemed in motion, and snggestad to some the awful
graadeur of the tmage employed in the apocalypse, upon the opening of the sixth.seu.l.
when ¢ the stars of heaven feil unto the earth, even as a fig-tree casteth her untimely
€zs when she is shaken of a mighty wind.”

202 One of the most remarkable circumstances attending
his display was, that the meteors all seemed to emanate from

206. What other similar phcnomenon cited § 207. What still more sublime spectasies
fts extent ?" Its apprarance ?
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e and the same point, a little southeast of the zenith. Follow
g the arch of the sky, they ran along with immense velocity,
describing, in some instances, an arc of 30° or 40°in a few

METEORIO S8HOWER OF NOVEMBER, 1883,

seconds. On more attentive inspection it was seen, that the
meteors exhibited three distinet varieties ; the first, consisting
of phosphoric lines, appareutly described by a point ; the second,
of large fire-balls, that at intervals darted along the sky, leaving
luminous trains, which oceasionally remained in view for a num-
ber of minutes, and, in some cases, for half an hour or more;
the third, of undefined luminous bodies, which remained nearly
stationary in the heavens for a long time.

Those of the first variety were the most numerous, and resembled a shower of flery
enow driven with inconceivable velocity to the north of west. The second kind appeared
wore lik2 fulling stars—a spectacle which was contemplated by the more unenlightened
beholders with great amazement and terror. The trains which they left weze commonly
white, but sometimes were tinged with various prismatic colors, of great beauty.

299. These fire-balls were occasionally of enormous size. Dr
Bmith, of North Carolina, describes one which appeared larger
than the full moon rising. I was” says he, “startled by the

273 What remarkable circumstance attended this phenomencn? Varlety of metecrs?
889 WLat said of the fireballs seec? Of their size?
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gplendid liglt in which the surrounding scene was exhibited, rew
dering even small objects quite visible.”

The same ball, or a similar one,
22n at New Haven, passed off in a
rirthwest direction, and exploded a
fttle northward of the atar Capella,
eaving, just behind the . place of
¢eplosion, a train of peculiar beauty.
Fhe line of direction was at first
nearly straight; but it soon began to
sontract in length, to dilate in breadth,
and to assume the figure of a serpent
BUROLLING itself up, until it appeared
like a luminous cloud of vapor, float-
ing gracefully in the air, where it
remained Iz full view for several
minutes.

If this body were at the distance of
110 miles fromn the observer, it must
have had a diameter of oue mile; if 2
at the distance of 11 miles, its diame- A LARGK METEOR.
ter was 528 feet; and if only one mile
off, it must have been 48 feet in diameter. These tunsiderations leave no doubt that
nmany of the metecrs were bodies of larges sizeé.

300. Of the third variety of meteors, the following are remark-
able exan:ples :—At Poland, Ohio, a laminons body was dis-
tinctly visible in the northeast for more than an hour. It was
very hrilliant, in the form of a pruming-hook, and apparently
twenty feet long, and cighteen inches broad. It gradually
rettled toward the horizon, until it disappeared.

At Niagara Falls, a large luminvus body, shaped Lke a square talle, was seen neay
the zenith, remaining for some time almost stationary, emitting large streams of light.

301. The point from which the metcors seemed to emauate,
was observed, by those who fixed its position among the stars,
to be in consteltation Leo ; and, according to their concurrent
testimony, this RADIANT POINT was staticnary among the stars,
during the whole period of observation ; that is, it did not move
along with the earth, in its dinrnal revolution eastward, but
accompanied the stars in their apparent progress westward.

A remarkable ckange of weather, from warm to cold, accompanied the meteoric
chower, or imnmediately followed 1. In all parts of the United States, this change was
remarkable for its suddenness ard intensity. In many places, the day preceding had
been unusually warm for the season, but, before the next morning, a severe frcst ensaed,
unanparalleled for the time of year.

802. In attempting to explain these mysterious phenomena, it
is argued, in the first place, that the mcteors had their o-icn
beg/o'nd the limils of our atmosphere ; that they of course did not.
belong to this earth, but to the regions of space exterior to it

800. What other variety of meteors dgscribtd? “ here ? 301. l’omt from which
Jhey seemed toemanate?  What change of weather fo'lcved ? 802. What fact asser.J
24 to the distunce from which those metecrs came  Professor Ouusicd’s estimate of
dist ince ?
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The reason on which the conclusion is tounded is this:—All bodics near the eartli.
tncluding the atinosphere itself, have a commnon motion with the eartt around its axig
from west to east; but the radiant point, that indicated the source frowm which the
meteors emanated, followed the eourse of the stars from east to west; therefore, it was
Independent of the earth’s rotation, and consequently, at a great distanee from it, ana
beyond the limits of the atmosphere. The &eig/t of the metcoric eloud, or radiant point,
gbove the earth’s surface, was, according to the mean average of Professtr Oleusted’s
wbse 7ations, not less than 2238 miles. 3

3)3. That the meteors were constituted of very light. combus-
tible materials, seems to be evident, from their exhib ting the
actual pherumena of combustion, they being consumed, or con-
verted into smoke, with intense light ; and the extreme tenuity
of the substance composing them is inferred from the fact that
they were stopped by the resistance of the air. Had their quan-
tity of matter been considerable, with so prodigious a velocity,
they would have had sufficient momentum to dash them upon
the earth ; where the most disastrous consequences might have
followed.

The momentum of even light bodies of such size, and in sueh numbers, traversing the
atmosphere with such astonishing velocity, must have produced extensive derangements
in the atmospheric equilibrium. Cold air from the upper regions would be brought down
to the earth; the portions of air incumbent over districts of cvaatry remote from each

other, being mutually displaced, would exchange places, the air of the warm latitades be
transferred to colder, and that of cold latitudes to warwer regions.

304. Various Aypotheses have been proposed to account for this
wonderful phienomena. The agent which most readily suggests
itself in this, and in many other unexplained natural appearances,
is electricity.  But no known properties of electricity are adequate
to account for the production of the meteors, for their motions, or
for the trains which they, in many instances, left behind them
Others, again, have referred their proximate cause to magnetism.
and to phosphureted hydrogen ; both of which, however, secm to
be utterly insufficient, so far as their properties are known, to
account for o unusual a phenomenon.

305. Professor Olmsted, of Yale College, who has taken much
pains to collect facts, and to establish a permanent theory for
the periodical recirrence of such phenomeuna, came to the con-
clusion, that—

The meteors of November 13th, 1833, emanated from a nebulous
body, which was then pursuing its way along with the earth around
the sun ; that this body continues to revelve around the sun; in am
elapiical orbit—Pvi little tnclined to the plane of the eclintic, asa
having its aphelion near Lhe orbit of the earth ; amd finally, that

803, Supposed eomposition of these meteors? Why? 804. Hypotheses for exp'un
‘ng yhenomenon? Are they satisfactory? 80d. Professor Olnsied’s conclusea:
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the body has a period of mearly six months, and that its perihelion
s a lillle below the orbut of Mercury *

This theory at least accommodates itself to the remarkable fact, that almost all the
phenomena of this description, which are known to have happened, have oecurred in the
two opposite months of April and November. A similar exhibition of metecrs to that of
Noven:ber, 1333, was observed on the same day of the week, April 20th, 1908, at Rich.
nend, Virginia ; Stockbridge, Massachusetts ; and at Halifax, in British America. Auothe)
vas witnessed in the autumn of 1818, in the North Sea, wien, in the language of t*3
*aservers, ¢ all the surrounding atmosphere was eoveloped in one expansive sea of fire,
+xkihiting the appearance of another Moscow, in tlames.”

* djter the first edition of this work went to press, the author was politely fur-
nished, by Professor Olmsted, with the following communication.

¢ § am happy to hear that you propose to stereotype your ¢ Geography of the Heavens
f has done much, I believe, to diffuse a popular knowledge of astronomy, and I am pleased
that your efforts are rewarded by an extended patronage.

“ Were I now ta express my views on the subject (Meteoric Showers) in as condensed
a torm ag possihle. T rliopld state therc in sam- such terms as the following: The meteorie
showers wlnch nave occurred for severas years past on or about the 13th of November,
are characterized by four peculiarities, which distinguish them from ordinary shooting
stars. First, they are far more numerous than common, and are larger and brighter.
Sccondly, they are in much greater proportion than usual, accompanied by luminous
trains. Thirdly, they mostly appear to radiate from a common center; that is, were
their paths in the heavens traced backward, they would meet in the same part of the
heavens: this point has for three years past, at least, been situated in the constellation
Leo. Fourthly, the greatest displzy is everywhere at nearly the same time of night,
uamely, from three to four ¢’clock—a time about half-way from midnight to sunrise. Tle
meteors are inferred to consist of combusti’le matter, because they are seen to take fire
and burn in the atmosphere. They are known to be very light, because, although they
fall toward the earth with immense velocity, few, if any, ever reach the earil, but aré
arrested by the air, like a wad fired from a piece of artillery. Sume of them are inferred
to be bodies of comparatively greut 8ize, amounting in diameter to several hundred feet,
ut least, because they are seen under so large an angle, while they are at a great distance
from the spectator. Innumerable small bodies, thus consisting of extremely light, thin,
combustible matter, existing together in space far beyond the limits of the atmosphere,
are believed to compose a bady of immense extent, which has been called ¢ the nebulous
body.! Only the skirts or extreme portions of this are brought down to the earth, while
tlie entire extent occupies many thousands, and perhaps several millions of miles. Thiy
nebulous body is inferred to have a revolution around the sun, as well as the earth, and
to come very near to the latter about the 18th of November each year. This annual
meetiny; every year, for several years in succession, could not take place unless the
periodic time of the nebulous body Is cittier nearly a year, or half a year. Various rea-
sons Fave induced the belief that half a year is the true period; but this point is con-
sidered somewhat doubtful. The zodiucal light, a faint light that appears at different
seascns of the year, either immediately preceding the morning or following the evening
sxI'"Lt. ascending from the sun ia a triangular form, is, with some degree of probub:lity,
bright to be the nebular body ilself, although the existence of such a body, revolving
tn 1e solar system, was inferred to be the cause of the meteoric showes, before auy
zounection of it with the zodiacal light was cven thought of.”

Witl: what rc‘luulkublc fact doce Lis theory accord? Substance of letter fram Professa
Dursd ?
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306 Exactly one year previous to the great phenomenon of

%33, namely, on the 12th of November, 1832, a similar meteoric

display was seen near Mocka, on the Red Sea, by Capt. Hauw.
mond and crew of the ship Restitution.

A gentleman in South Carolina thus describes the effect of the phenomenon of 1833,
1pon his ignorant blacks: “1I was suddenly swakened by the most distressing cries that
2ver fell on my ears. Shrieks of horror, and cries of mercy, I could hear from most cf
the negroes of three plantations, amounting in all to about six or eight hundred. While
2arnestly listening for the cause, I heard a faint noise near the door caliing my name
f arose, and taking my sword, stood at the door. At this moment, I heard the sam
toice still beseeching me to rise, and saying, ‘O, my God, the world is on fire!" I then
spened the door, and it is difficult to say which excited me most—the awfulness of the
icene, or the distressed cries of the negroes; upward of one hundred lay prostra‘*e on the
groucd—some speechless, and some with the bitterest cries, but most with their hand¢
raised, imploring God to save the world and them. The scene was truly awful; fn
1ever did rain fall much thicker, than the meteors fell toward the earth; east, w.si
aorth, and south, 1t was the same [

806. What similar meteoric shower referred tc? Deocription of ‘hat of Nove -bci
1888, sad its effects upon certain persons ?



PART II.

THE SOLAR SYSTEM.

CHAPTER L

GENERAL PHENOMENA OF TIIE SOLAR SYSTEM,
HISTORY, &o.

307. Ocr attention has hitherto been directed to those bodies
which we see scattered everywhere throughout the whole celes
tial concave, These bodies, as has been shown, twinkle with a
reddish and variable light, and appear to have always the same
position with regard to each other. We know that their nua-
ber is very great, and that their distance fromn usis immeasur-
able.

We are also acquainted with their comparative brightness, and their situation. Ina
word, we hiive before us their few visible appearances, to which our knowladge of them
is well-nigh limited ; almost all our reasonings in regard to thein being founded on ¢en -~

aratively few and uncertain analogies. Accordingly, our chisf business thus far has
een to detail their number, to describe their brightness and pogitions, and to give tie
names by which they »ave been designated.

308. There now remain to be cousidered certain other celes:
tial bodies, all of wkich, from their remarkable appearance and
changes, and some of them froin their intimate counection with
the comfort, conventence, and even existence of man, must have
always attracted especial observation, and been objects of the
most intense contemplation and the deepest interest. Most of
these bodies are situated within the limits of the Zodiae. The
most important of them are, the Sux, so superior to all the
heavenly bodies for its apparent magnitude, for the light and
heat which it imparts, for the marked effects of its changes of
position with regard to the Earth ; and the Moox, so conspicu-
ous among the bodies which give light by night, and from her

807, Subject of Part II.Y Of our investigatlons hitherto? How distinguished ? Thelr
number, distance, &c.? What has been our chief business thus far? 818. What new
remalns to be considered? How situated? Which the most important of them?
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soft and silvery brightness, so pleasing to behola ; remarkablo
not only for changes of position, but for the varied phases or
appearances which she presents, as she waxes from her crescent
form through all her different stages of increase to o full orb,
and wanes back again to her former diminished figure.

309. The partial or total obscuration of these two badics,
which sometimes occurs, darkness taking place even at mid-day,
and the face of night, before lighted up by the Moon’s beams,
being suddenly shaded by their absence, have always been among
the most striking astronomieal phenomen:,, and so powerful in
their influence upon the beholders, as to fill them with perplexity
and fear.

310. If we observe these two bodies, we shali find that,
besides their apparent diurnal motion, across the heavens, they
exhibit other phenomena, which must be the effect of motion.
The Sun during one part of the year will be seen to rise every
day farther and farther toward the north, to continue longer and
longer above the horizon, to be more and more elevated at mid-
day, until he arrives at a certain limit ; and then, during the
other part, the order is entirely reversed. .

811. Again ; if the Sun’s motions be attentively observed, he
will be fonud to have another motion, opposite to his apparent
diurnal motion from east to west. This may be perceived dis-
tinctly, if we notice, on any clear evening, any bright star which
is first visible after sunset, near the place where he sunk below
the horizon. The following evening, the star will not be visible
on account of the approach of the Sun, and all the stars on the
cast of it will be successively eclipsed by his rays, until he shall
have made & complete apparent revolution in the heaveus.
These are the ost obvious pheuomena exhibited by these two
bodies.

312. Tha Moon sometimes is not seen at all ; and then, when
she first becomes visible, appears in the west, not far from the
setting Sun, with a slender crescent form ; every night she
appears at a greater distance from the setting Sun, increasing in
size, until at length she is found in the east, just as the Sun is
sinking below the horizon in the west.

318. There are also situated witkin the limits of the Zodia
certain other bodies, which, at first view and on a superficial
examination, are scarccly distinguishable from the fixed stars.

809. What said of their obscuration? 810, Of their motions? 811, Has tke Srg
an apparent eastward motion ? 812. What said of the Moon's motions and pdase:/!
£18. What other bodies and their motior«? What called, and why ?

’
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But, observed more attentively, they will be seen to shine witk
» milder and steadier light, and, besidcs being earried rouna
with the stars, in the apparent revolution of the great celestial
voneave, they will seem to change their places in the concave
itself. Sometimes they are stationary ; sometimes they appear
to be moving from west to east, and sometimes to be going back
again from east to west ; being seen at sunset sometimes in the
yst, and sometimes in the west, and always apparently ehanging
their position with regard to the ecarth, each other, and the
stht heavenly bodies, From their wandering, as it were, ir
this jaanner through the heavens, they were called by the Grecks
naavnTal, planets, which signifies wanderers.

314. There also sometimes appear in the heavens, bodies of a
very extraordinary aspect, which continue visible for a considera-
ble period, and thien disappear from our view ; and nothing more
s seen of them, it may be, for years, when they again present
themselves, and take their place amony the bodies of the celes-
.tial sphere. They are distinguished from the planets by a cull
and cloudy appearance, and by a train of light. As they
\pproach the sun, however, their faint and nebulous light becomes
more and more brilliant, and their train increases in leugth
until they arrive at their nearest point of approximation, when
they shine with their greatest brilliancy. As they recede from
the Sun, they gradnally lose their splendor, resume their faint
and nebulous appearance, and their train diminishes, nntil they
entirely disappear. They have no well-defined figure; they
seem to move in every possible direction, and are found in every
part of the heavens. Krom their train they were called by tir
Greeks xounrat, comets, which signifies bearded, or having
long hazr.

The causes of these various phenomena must have early constituted a very natural
suhject of inquiry. Accordingly, we shall find, if we examine the history of the scieuce,
that in very early times there were many speculations upon this subject, and that differ-
ent theories were adopted to account for these celestial appearances.

815. The Egyptians, Chaldeans, Indians, and Chinese, early
possessed many astronomical facts, many ohservations of impor-
tant phenomena, and many rules and methods of astronomical
calculation ; and it has been supposed, that they had the ruins
of a great system of astronomical science, which in the earliest
ages of the world had been carried to a great degree of perfec-
tion, and that while the principles and explanations of the phe

814. Any other bodies described? How distinguished? What called, and why ? Isi
probable that these phenomena were early observed? 315, What szm‘l of the Egyptians
Chaldeans, &c. ¥ Of the Chinese in particalar? Of the Indians and Chaldeaps?

2
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nomena were lost, the isolated, unconnected facts, rules of caleu
lation, and phenomena themselves, remained.

Thus, the Chinese, who, it is generally agreed, possess the oldest autnentic observa.
tions on record, have recorded in their annals, a conjunction of five plarets at the same
time, which happened 2461 years before Christ, or 100 years before the flood. By wathe
matical calculation, it is ascertained that this conjunctinn really occurred at that time.
The first observation of a solar eclipse of which the wortil has any knowledge, was made
%y the Chinese, 2128 years before Christ, or 220 years after the deluge. It seems, also,
that the Chinese understood the method of calculating eclipses; for, it is said, that the
emperor was so irritated against the great officers of state for neglecting to predict the
eclipse, that he caused them to be put to death. The Chinese have, from time fmme-
morial, considered Solar Eclipses and conjunctions of the planets, as prognostics of
importance to the Empire, and they have been predicted as a matter of state policy.

The astronomical cpoch of the Chinese, according to Ballly, commenced with Fohi,
their first emperor, who flourished 2952 years before the Christian era, or about 856
years before the deluge. Ifit be asked how the knowledge of this antediluvian astrono-
my was preserved and transmitted; it Is said that the columns on which it was registered
liave survived the deluge, and that those of Egypt are only copies which have become
originals, now that the others have been forgotten. The Indians, also, profess to have
many celestial observations of a very early date. The Chaldexns have been justly cele-
brated in ail ages for their astronomical observations. When Alexander took Babylon,
his preceptor, Callisthenes, found a series of Chaldean observations, made in that city,
and extending back, with little interruption, through a period of 1903 years preceding
that event. This would carry us back to at least {5234 years before the birth of Christ,
or to about the time of the dispersion of mankind by the confusion of tongues.

316. The Greeks, in all probability, derived many notions
mn regard to this science, and many facts and observatious, from
Egypt, the great fountain of ancient learning and wisdom, and
many were the speculations and hypotheses of their philosophers.
The first of the Greek philosophers who taught Astronomy was
Thales, of Miletus. He flourished about 640 years before the
Christian era.  Then fullowed Anaximander, Anaximenes
Anaxagoras, Pythagoras, Plato.

Sowe of the doctrines maintained by these philosophers were, that the Earth was
round, thas it had two motions, a diurnal motion on its axis, and an annual motion
around the Sun, that the Sun was a globe of fire, that the Moon received her light from
the Sun, that she was habitable, contained mountains, seas, &c. : that her eclipses wer
caused by the Earth’s shadow, that the planets were not designed merely to adorn our
heavens, that they were worlds of themselves, and that the fixed stars were centers of
distant systems. Some of them, however, maintained that the Barth was flat, and othere
that, though round, it was at rest in the center of the universe.

317. When that distinguished school of philosophy was estab-
lished at Alexandria, in Egypt, by the munificence of the sove-
reigns to whom that portion of Alexander’s empire had faller,
astronomy recived a new impulse. It was now, in thLe sccond
century after Christ, that the first complete system or treatise
of astronomy of wbich we have any knowledge, was formed.
All before had been unconnected and incomplete. Ptolemy,
with the opinions of all antiquity, anc. of all the philosophers

816. Of the Greeks? Who first taught astronomy among them? Date? Who naxtt
®+ats somie of thelr dod trines?  817. What record of this science? What of Ftoiemy
and his works?
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who had preceded him, spread out before him, composed a work
@ thirteen books, called the Meyadn Tvvraéic, or Great System

318. Rejecting the doctrine of Pythagoras, who taught that
the Sua was the center of the universe, and that the Earth had
a diurnal motioL on its axis and an annual notion around tha
Nnn, as eontrary to the evidence of the senses, Ptolemy endea-
vored to account for the celestial phenomena, by supposing the
uarth to be the center of the universe, and all the heavenly
bodies to revolve around it.

e seems to have entertalned an idea, ln regard to the supposltion, that the Earth
ezvolved on its axis, similar to one which some entertain even at the present day. *1f,
zays he, “there were any motion of the Earch common to it and all other heavenly
b .dies, it would certainly preceda them all by the excess of its mass being so great; and
animals and a certain portion of heavy bodies would be left behind, riding upon the air,
ad the earth itself would very soon be completely carried out of the heavens.”

319. In explaining the celestial phenomena, however, upon
his hypothesis, be met with a difficulty in the apparently station.
ary attitude and retrograde motions which he saw the planets
sometimes have To explain this, however, he supposed the
planets to revolve in small ecireles, which he called epicycles,
which were, at the same time, carried around the Earth in
larger circles, which he called deferents, or carrying circles.

In following out his theory, and applying it to the explanation of different phenomena,
it bycame necessary to add new epicycles, and to have recourse to other expedients, until
the system became unwieldy, cambrous, and complicated. This theory, although astro-
nomical observations continued to be made, and some distinguished astronomers appeared
from time to time, wat the prevailing theory until the middle of the 15th century. 1t was
not, however, always ceceived with implicit confidence ; nor were its difficulties alwvays
entirely unappreciated.

Alphonso X., king ot Castile, who flourished in the 18th century, when contemplating
the doctrine of the epicycles, exclaimed, * Were the universe thus constructed, if the
Deity had called me to his councils at the :reation of the world, I could have given him
good advice,” He did not, however, mean any impiety or irreverence, except what wag
directed against the system of Ptolemy.

320. About the middle of the 15th century, Copernicus, €
native of Thorn in Prussia, conceiving a passionate attachment
to the study of astronomy, quitted the profession of medicine,
and devoted himself with the most intense ardor to the study of
this science. “ His mind,” it is said, ““ had long been imbued
with the idea that simplicity and harmony should characterize
the arrangements of the planctary system. 1n the complication
und disorder which he saw reigned in the hypothesis of Ptolemy,
lie pereeived insuperable objections to its being considered as a
representation of nature.”

3 3. Nlis system of astronomy? What singular idea and reasox}ingf 813, What
LAfculty did he meet with, and how cxplain it? What further difficuity? How long
1id thls theory prevail? What anecdote of the King of Castile? 820, What dis-
dnguishd student of astronomy now arose? His Impressions in regard to the Ptolemak
theory ! His own earlior convictions?  What otler theories did he study?
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In the opinions of the Egyptian sages, in those of Pythag ras, Philolaus, Aristarctus
and Nicetas, he recognized his own earliest conviction that the Earth was not the center
of the universe. His attention was much occupied with the speculation of Martinuy
Japella, who placed the S8un between Mars and the Moon, and made Mercury and Venus
cevalve round him as a center, and with the system of Appollonius Pergaeus who made
1ll the planets revolve around the Sun, while the Sun ani Moon were carried around the
arth in the center of the universe. 7

321. The examination, however, of various hypotheses, by
Jopernieus. gradually expelled the difficulties with which the
«ubject was beset, and after the labor of more than thirty years,
ne was permitted to see the true system of the universe. The
Sun he considered as immovable, in the center of the system,
while the Earth revolved around him, between the orbits of
Venus and Mars, and produced by its rotation about its axis al
thie diurnal phenomena of the celestial sphere. The other planets
lie considered as revolving about the Sun, in orbits exterior ta
that of the Earth. (See the Relativ: Distances of the DPlanets'
Orbits, Map I. of the Allas.)

Thus, the stations and retrogradations of the planets were the necessary cousequence
of their own motions, combined with that of the Earth about the Sun. He said that “ by
long observation, he discovered that, if the motions of the planets ke compared with
that of the Earth, and be estimated according to the times in which they perform their
revelations, not only their scveral appearances would follow from this hypothesis, but
that it would so connect the o1der of the planets, their orbits,0agnitudes, and distances,
and even the apparent motion of the fixed stars, tkat It would be impossible to reinove
one of these bodies out of its place without disordering the rest, and even the whole of
the universe also.”

322. Soon after the death of Copernicus, arose Tycho Brahe,
born at Knudstorp, in Norway, in 1546. Such was the distine-
tion which he had attained as an astronowmer, that when, dissa-
tistied with his residence in Denmark, he had resolved to remove,
the King of Denmark, learning his intentions, detained him in
the kingdom, by presenting him with the canonry of Rothschild,
with an income of 2,000 crowns per annum. He added to this
sum a pension of 1,000 erowns, gave him the island of Huen,
and established for him an observatory at an expense of about
200,000 crowns. Here Tycho continued, for twenty-one years,
to enrich astronomy with his observations.

His observations upon the Moon were important, and upon the planets numerous anrd.
precise, and have formed the data of the present generalizations In astronowy. li¢,
however, rejected the system of Copernicus; considering the Earth as jmmovable in the
center of the systcm, while the Sun, with all the planets and comets revolving aronnd
him, performed his revolution around the earth, and, in the course of twenty-four lours,
the stars also revolved about the central body. This theory was not so simple as that of
Copernicus, and involved the absurdity of making the Sun, planets, &c., revolve around
n body comparatively insignificant.

821. How was Copernicus led to discover the true system of astronomy? What is that
system? Does it account for the stations :ind retrogradations of the ylanets? 82¢
What distingulshed astronomer next arose{ What said of his dctentioa In Depmark
Wis obesrvations? His theorv
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323. Near the close of the 15th century, arose two men, who
wroughit most important changes in the science ; Kepler aund
Galileo, the former a German, the latter an Italian. Previous
to Kepler, ail investigations proceeded npon the supposition that
the planets moved in ecircular orbits which had been a source of
wich error. This supposition Kepler showed to be false. 1le
dwscovered that their orbits were ellipses. The orbits of their
sccondaries or moons he also found to be the same curve. Ife
next determined the dimensions of the orbits of the planets, and
found to what their velocities in their motions through their
orbits, and the times of their revolutions, were proportioned; all
truths of the greatest importance to the science.

324. While Kepler was making these discoveries of facts, very
essential for the explanation of many phenomena, Galileo was
discoveripg wonders in the heavens never before seen by the eye
of man. Having improved the telescope, and applied it to the
neavens, he observed mountains and valleys upon the surface of
our Moon ; satellites or secondaries were discovered revolving
about Jupiter; and Venus, as Copernicus had predicted, was
seen exhibiting all the different phases of the Moon, waxing and
waning as she does, through various forms.

Many minute stars, not visible to the naked eye, were described In the Milky- Way and
the largest fixed stars, instead of being magnified, appeared to be small brilliant points,
an incontrovertible argument in favor of their iinmense distance from us. All his dis-
coveries served to confirm the Copernican theory, and to show the absurdity of the
hypothesis of Ptolemy.

325. Although the general arrangement and motions of the
planetary bodies, together with the figure of their orbits, had
been thus determined, the force of power which carries them
around in their orbits, was as yet unknown. The discovery of
this was reserved for the illustrious Newton, though even his
discovery was in some respects anticipated by Copernicus,
Kepler and Hooke. By reflecting on the nature of gravity—
that power which causes bodies to descend toward the center of
the earth—since it does not sensibly diminish at the greatest
distance from the center of the earth to which we can attain,
being as powerful on the loftiest mountains as it isin the deepent
caverns, he was led to imagine that it might extend to the
Moon, and that it might be the power which kept her in her
orbit, and caused her to revolve around the Earth. He was
next led t) suppose that perhaps the same power carried the

328. What two noted astronomers next arose? What did Kepler discover? 824,
Ualilen and his discoveries? What theory did they serve to establish? 825 What
great dieevery Loxé made, and by whom? low Il to [t? Suceazsire stepsf
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primary puu.sts around the Sun. By a series of caleulations,
he was enabled at length to establish the fact, that the saize
force which determines the fall of an apple to the Earth, carries
the moons in their orbits around the planets, and the planets
aund comets in their orbits around the Sun.

I'> recapitulate briefly : The system (not hypothesis, for 11uch of it has heea catablished
2¥ mat.:ematical demonstration) by which we are now enabled to explaih with a beav'u-
"y’ simplicity the different phenomena of the Sun, planets, moons, ard cowmets, is, tLat
th2 Sun is the central body in the system: that the planets and comets move round him
ir elliptical orbits, whose planes are more or less inclined to each otler, with velocities
Learing to each other a certain ascertained relation, and in times related to their dis-
tances ; that the moons, or secondaries, ~evolve In like manner about their primaries,
und at the same time accompany them in their wotion around the Sun; all meanwhile
revolving on axes of their own; and that these revolutions in their orbits are produced
by the wysterious power of attraction. The particular mode in which this syctem is
applied to the explanation of the different phenomena, will be exhibited as we proceed to
ronsider, one by one, the several bodies above mentioned.

326. Those bodics, thus arranged and thus revolving, consti-
tute what is termed the Sorar System.  The planets have been
divided into two classes, Primary Planets and Secondary
Plancts. The latter are also termed Moons, and sometimes
Sotellites. 'The Primary Planets are those that revolve around
the Sun as a center. The Sccondary Planets arc those that ve-
volve around their primaries, There have been discovered up
to this date (1873), cight large primary planets, namely, Mercury,
Venus, the Earth, Mars, Jupiter, Saturn, Uranus, and Neptune ;
together with one hundred and twenty-cight very small bodies,
called Asteroids, or Minor Planets. These small primary, planets
revolve in orbits all of which are sitnated between the orbits of
Mars and Jupiter.

Of the primary planets Mercury is the nearest to the sun, and
the others follow in the order in which they are named above.
The Asteroids are, with one exception, visible only throngh a2
telescope; and hence are called felescopic planets.  Neptune,
though very much larger than any of the Asteroids, is also a
telescopic planet, on account of its immense distance from us.

There have been discovered eighteen secondary plancts, or
satellites.  Of these, the ecarth has one, Jupiter four, Satuiu
eight, Uranus four, and Neptune one. All these, except our
own satellite, the Moon, are invisible to the naked eye.

Map 1. of the Atlas, * exhibits a plan of the Solar System,” comprising the relative
gt zs of the Sun and Planets ; their comparative distances from the Sur, and fuoae
sey ther; the position of their orbits, with respect to eack other; the Earth sad tle
Ene, tegether with many other particulars which are explained on the map. There, tle

Deseribe the Copernican theory?  326. What de the bodies mentioned ceastitute?
dow are the planets divided? Deseribe each? What number of primaries? Name
(hew ir: order from the Sun?  Which ave the Asteraids?  Which telescopic? How many
secomdiry plauets? How distributed @ Are thev visible to the nnked pref What sald
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@iret and most prominent object which ¢laims attention, 18 the representation of the
dun’s circumference, with its deep radiatious, bonnding the upper margin of the map.
It i apparent, however, that this segiment is hardly one-siwth of the whole circumfel ence
¢f which it Is a part. Were the map sufficiently large to admit the entire orb of the 3un,
tven upon so diminutive a scale a3 there represented, we should then see the Sun ani
Planets in their just proportions—the diameter of the former being 112 timnes the diamet ¢
of the Earth.

It was intended, originally, to represent the Earth upon a scale of one inch in diamets:
anil the other bodies in that proportion ; but it was found that it would Increase the map
o four times its size ; and heuce it became necessary to assume a scale of A«lf an inch
for the Earth’s diameter, which makes that of the Sun 56 inches, and the ott er bodies, as
represented upon the map.,

The relative position of the Planets’ orbits is also represented, cn a scale as large as
the sheet would permit. Their relative distances from the Sun as a center, and from each
cther, ars there shown correctly. But had we wished to enlarge the dimensions of these
crhits, sc that they would exactly correspond with the scale to which we have drawn thu
planets, the map must have been nearly two miles in lengih. * kHence,” says Sir John
Herschel, “ the idea that we can convey correct notions on this subject, by drawing circles
o1 paper, is out of the question.” e

To illustrate this—Let us suppose ourselves standing on an extended plane, or field of
ice, and that u globe 4 feet S inches in dlameter is placed in the center of the plane, te
represent the Sun. Iaving cut out of the map the dark circles represcnting the planets
we may proceed to arrange them in their respective orbits about the Sun, a3 follows ¢

First, we should take Mercury, about the size of a smll currant, and place 1t on the
circumference of a circle [94 feet from the Sun; this circle would represent the orbit of
Mercury, in the proper ratio of its magnitude. Next, we should take Venus, about the
size of a rather small cherry, and place it on a circle 362 feet from the Sun, to represent
the orbit of Venus. Then would come the Earth, about the size of a cherry, revolving in
an orbit 5)0 feet from the Sun. After the Earth we should place Mars, abont the size of
a cranberry, on a circle 762 feet from the Sun. Neglecting the Asteroids, some of which
would not be larger than a pin's head, we should place Jupiter, hardly equal to a mode-
rate-sized welon, on a circle at the distance of half a mile (2601 feet) from the Sun;
Sutarn, somewhat less, on a circle nearly a wmile (4768 feet) from the Sun ; terschel, about
the size of a peach, on the circumference of a circle nearly 2 miles (9591 feet) from the
8un; and last of all Neptune, a little larger than llerschel, and on a circle of nearly 8
miles (15,366 feet) from the Sun.

To imitate the motions of the planets In the above-mentioned orbits, Mercury must
describe its own diameter in 41 seconds; Venus, in 4 minutes 14 seconds ; the Earth, in
{ minutes; Mars, in 4 minutes 438 seconds; Jupiter, in 2 hours 56 minutes; Saturn, ic
3 hours 13 minutes; Herschel, in 12 hours 16 minutes ; and Neptune, in 23 hours 25 min,

Many other Interesting subjects are embraced in Map L ; bat they are either explained
on the map, or in the following chapters, to which they respectively relate.

CHAPTER II
THE SUN—IIS DISTANCE, MAGNITUDE, &o.

327 Tre Sun is a vast globe, in the center of the solar sys
tem, dispensing light and heat to all the planets, and governing
all their motions. It is the great parent of vegetable life, giv-
ing warmth to the scasons, and color to the landscape. Itsrays
are the cause of various phenomena on the sarface of the 2arth
and in the atmosphere. By their agency, all winds are pro-

of Mup I.? Ttz scale! Remarkof Dr. Herschel? What illustrations of the Solar Nyaten
1cen ite furnish ? 327, Bugget of Chapter H.? Describe the Sun?

B.G o
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dneed, and the waters of the sea are made to circulate in vapor
through the air, and irrigate the land, producing springs and rivers.

328. The Sun is by far the largest of the heavenly bodies
whose dimensions have been definitely ascertained. Its diameter
is about 853,000 miles. Conscquently, it contains a volume
ucarly equal to thirteen hundred thousand globes of the size of
tLe Earth. Of a body so vast in its dimensions, the hmnan mind,
with all its efforts, can form no adequate conception.

T¢R SUN AND THE MOON’S ORBIT. Were the Sun a hollow sphere, perforated wilk
a thousand openings to admit the twinkling of
the luminous atmosphere around it—and were &
globo as large as the Earth placed at its center,
with a satellite as large as our Mcon, and at the
same distance from it as she is from the earth,
there would be present to the eye of a speatator
on the iuterior globe, a universe as splendid as
that which now appears to the uninstructed eye
—a universe as large and extensive as the
whole creation was conceived to be in the
infancy of astronomy..

The mean distance of the doon from the
Earth is 239,000 miiles, consequently the average
diameter of her orbit is 478,000 miles; and yet,
were the Sun to take the place of the Earth, he
would fill the whole orbit of the Moon, and
extend 187,00C miles beyond it in every diree-
tion! To pass from side to side through his
center, at railroad speed (30 miles an lour),
would require nearly three and a half years,
1nd to traverse his vast circumference nearly eleven years.

Here let the student refer to Map I., where the Relative Magnitodes of the Sun and
Planets are exhibited. Let him compare the segment of the Sun’s circumference, as
there represented, with the eutire circumference of the Earth. They are both drawn upou
the same scale. The segment of the Sun's circumference, siuce it is almost a straighf
line, must be a very small part of what the whole circumference would be, were it repre-
sented entire. Let the student understand this diagram, and he will be in some measure
able to conceive how like a mere point the Earth is, compared with the Sun, and to form
in his mind some image of the vast magnitude of the latter.

329. The next thing which fills the mind with wonder, is the
distance at which so great 'a body must be placed, to ocenpy,
apparently, so small a space in the firmament. The Sun’s mean
distance from the Earth is between eleven and twelve thousand
times the Earth’s diameter, or 91,500,000 miles. We may
derive some fuint conception of such a distance, by considering
that the swiftest steamboats, which ply our waters at the rate
of 200 miles a day, would not traverse it in thirten hundred
wars ; and, that a cannon ball, flying night and day, at the
sate of 16 miles a minute would not reach it in eleven years.

330. The Sun, when viewed through a Jelescope, presents the
apprarance of an enormous globe of ﬁx'e frequently in a state of
violent agitation or ebullltlon ; dark spotb of irregular form,

AuS. His magnitude? Diameter? Compared with the Earth? What illustration given!
What reference to the Map? 829. Distance «f the Sun? What illustration given
380 Ilow does the Sun appear througn a teloscope? Doneribe these epotu?
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rarely visible to the naked eye, frequently pass aver his dise,
from east to west, in the period of nearly fourteen days.

These spots are usually surrounded by a 8POTS ON THRE BUN,
penumnbra, or less deeply shaded border, " b

and that, by a margin of light more bril-
fiant that that of the Sun. A spot wher
first seen on the eastern edge of the Sun,
appears like a line which progressively ex-
tends in breadth, and increases its appa-
rent veloeity, till it reaches the middle,
when it begins to contract, and to move
Yess rapidly, till it ultimately disappears at
the western edge. In some rare instanrees,
the same spots re-appear on the east side,
and are permanent for two or three revo-
lutions. But, as a general thing, the spots
on the Sun are neither permanent nor uni-
form. Sometimes several small ones unite
into a large one; and, again, a large one
separates into numerous small ones. Some
continue several days, weeks, and even
months, together; while others appear and
disappear, in the course of a few hours.
Those spots that are formed gradually, are,
for the most part, as gradually dissolved ;
whilst those that are suddenly formed, generally vanish as quickly.

331. It is the general opinion, that spots on the Sun were
first discovered by Galileo, in the beginning of the year 1611 ;
though Scheiner, Harriot, and Fabricius, observed them about
the same time. During a period of 18 years from this time, the
Bun was never found entirely clear of spots, excepting a few
days in December, 1624 : at other tunes, there were frequently
seen twenty or thirty at a time, and in 1625, npwards of fifty
were seen at once. From 1650 to 1670, scarcely any spots werce
to be seen; and, from 1676 to 1684, the orb of the Sun pre-
sented an unspotted disc. Since the beginning of the eighteenth
century, scarcely a year has passed, in which spots have unot
been visible, and frequently in great numbers. In 1799, Dr
Herschel observed one nearly 30,000 miles in breadth.

A single second of angular measure, on the Sun’s disc, as seen from the Earth, corre-
sponds to 460 miles; and a clrcle of this diameter (containing therefore nearly 200,000
square miles) is the least space which can be distinctly discerned on the Sun as a visills
ared, even by the most powerful glasses. Spots have been observed, however, whose
linear diameter lias been more than 44,000 miles; and, if some records are to be trusted,
of even stiil greater extent.

DR. Dicg, in a letter to the author, says: “I have for many years examined the soia?
spots with considerable minuteness, and have several times seen spots which were not
‘ess than the one twenty-fifth part of the Sun's diameter, which would make them abouf
12,192 miles in diameter, yet they were visible neither to the naked eye, nor through an
opera glass magnlfying about three times. And, therefore, if any spots have been visl

ble to the naked eye—which we must believe, unless we refuss respectable testimony—
they could not have been much less than 50,000 miles in diame.er.”

881 Who first saw them? When? How was it for the next 1S years? How in 1625)
From 1650 to 1610? From 1676 to 1634? How since the beginning of thg eighteent}
sentury? Dr. Herschel’s measurements? Dr. Dick’s remarks and conclusion?
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332. The apparent directiou of these spots over the Sun’s disy
is continually varying. Sometimes they seem to move across it
in straight lines, at others in curve lines. Sometimes the spots
seem to move upward, as they cross from cast to west, while at
other times they incline dmonward, while the curve lines are
sometimes convex towards one pole of the Sun, and sometimes
towards the other.

333. All these phenomena are owing to the fact that the axis
of the Sun is inclined to the ecliptic, so that viewing him from
different points in the Earth’s orhit, the apparent direction of
the spots must nccessarily vary. 'The following diagrams may
serve to illustrate :

VARIOUS DIRECTIONS OF THE SOLAR 8POTS.

March. June. September. December,

Let E F represent the plane of the-ecliptic. In March, the spots describe a curve
which is vonvex to th 2 south, as shown at A. In June, they cross the Sun's disc in nearly
straight lines, but incline upward. In September, they carve again, though in the oppo-
site direction ; and in December, pass over in straight lines, inclining downward. The
figures 33 and D show the inclination of the Sun’s axis.

The following Jdiagram will serve still further to illustrate the
cause of the change of direction of the solar spots.

SOLAR SPOTS OBSERVED FROM DIFFERENT POINTS.

JMEREY

s4 the student imagine himself stationed upon the earth at A, in March, lcoking upon
o6 wun ic the center, whose north or upper pole is now inclined loward him. 'The spots
#0l then curve uv. moard. Three months afterward--viz., in June—the earth will be

932 In what general direction do these spots move? What variations? 3838. What
B "hie sause of these varying phenomens
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at B; when the sun’s axls will incline to the left, and the spots seem to pass upward te
she rigat. 1n three months longer, the observer will be at C, when the north pole of the
sun will incline from aém, and the spots seem to curvé upward; and in three monthy
onger, he will be at D, when the axis of the sun will incline fo t}u right, and the spots
seem to incline downward.

334. From the regularity with which these spots revolve, it
is concluded, with good reason, that they adhere to the surface
of the Sun and revolve with it. "They are all found within 30°
of his equator, or within.a zone 60 in width,

335. The apparent revolution of a spot, from any particular
point of the Sun’s disc, to the same point again, is accomplished
in 27 days, T hours, 26 minutes, and 24 seconds; but during

nat time, the spot has, in fact, gone through one revolution,
together with an arc, equal to that described by the Earth in
ger orbit in the same time ; which reducest he time of the Sun’s
uctual rotation on his axis, to 25 days, 9 hours, and 36 minutes

Let 8 represent the sun,and A  SIDEBEAL AND SYNODIC REVOLUTIONS OF THE SUN.
the earth in her orbit. When she
is at A, a spot is seen upon the
aisc of the sun at B. The sun re- E
volves in the direction of the ar- *
rows, and in 25 days 10 hours the
spot comes round to B again, or
opposite the star E. This is a side-
real revolution.

-During these 25 days 8 hours,
the earth has passed on in her
orbit some 25°, or nearly, to C,
which will require nearly two days
for the spot at B to get directly
teward the earth, as shown at D.
This last is a synodic revolution. 3
It consists of one complete revolu- 3
tion of the sun upon his axls, and
about 27° over

336. The part of the Sun’s dise not occupied by spots, is far
from being uniformly bright. Its grownd is finely mottled with
an appearance of minute dark dots, or pores, which, attentively
watched for several days in succession, are found to be in a cou
stant state of change.

What the physical organization of the Sun may be, is a ques-
tion which astronomy, in its present state, cannot solve. 1t
seems, however, to be surrounded by an ocean of inexhaustible
flame, with dark spots of enormous size, now and then floating
upon its surface. From these phenomena, Sir W. Herschel sup-
vosed the Sun to be a solid, dark body, surronnded by a vast

884. Are these spots supposed to adhere to the body of the Sun? Oa what part of thy
Sun are they found ? 835. What is their time of apparent rerolution? The actual
tim:? Ifow arrived at? 886. What said of the part of the Sux about his polest Of
bis phyH;cal organization? What does it scem to be?® Mow did Sir W. Herschd
tegard it
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atmosphere, almost always filled with luminous elouds, occasion
ally opening and disclosing the dark mass within.

337. The speculations of Laplace were different. He ime
agined the solar orb to be a mass of fire, and the violent effer-
vescences and explosions scen on its surface, to be occasioned by
the eruption of elastic fluids, formed in its interior, and the spots
to be enormous caverns, like the craters of our voleanoes
Others have conjectured that these spots are the tops of solar
mountains, which are sometimes left uncovered by the luminous
fluid in which they are immersed.

338. Among all the conflicting theories that have leen
advanced, respeeting the physical constitution of the Sun, there
is none entirely free from objection. Tle prevailing one seems
to be, that the lncid matter of the Sun is neither a liquid sub-
stance, nor an elastic fluid, but that it consists of luminous
clouds, floating in the Sun’s atmosphere, which extends to a
great distance, and that these dark spots are the opaque body
of the Sun, seen through the openings in his atmosphere. Her-
schel supposes that the density of the luminous clouds need not
be greater than that of our Aurora Borealis, to produce the
effects with which we are acquainted.

339. The similarity of the Sun to the other glubes of .he sys-
tem, in its s ipposed solidity, atmosphere, surface diver: Jded with
mountains and valleys, and rotation upon its axis, has .ed to the
conjecture that it is inhabited, like the planets, by beings whose
organs are adapted to their peculiar circumstances. Such was
the opinion of the late Dr. Herschel, who observed it unremit-
tingly, with the most powerful telescopes, for a period of fifteen
years. Such, too, was the opinion of Dr. Elliot, who attributes
to it the most delightful scenery ; and, as the light of the Sun
is eternal, so, he imagined, were its seasons. Ilence he infers
that this luminary offers one of the most blissful habitations for
intelligent beings of which we cun conceive.

837. Laplace’s speculations? What other opinions? 388. 1s there a satiafactory
steery of the physical nature of the Sun? State the prevailing tne? lerschel’s suppo-
wticn ? 889 "What conjecture in regard to the inhahitants of the Sun, and upca
shat 4aniei! Who Leld to this idea?
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CHAPIER III.
THE PRIMARY PLANETS—MERCURY AND VENUE

340. Mercury is the nearest planet to the Sun that has ye!
been discovered , and with the exception of the asteroids, is the
smallest.  Its diameter is about 8,000 miles. Its bulk, theretfore,
Is about twenty times less than that of the Karth. It would
require more than twenty millions ¢f such globes to compose a
pody equal to the Sun.

Here the student should refer to the diagrams, exhibiting the relative magnitudes and
distances of the Sun and Planets, Mapl. And whenever this subject recurs in the course
of this work, the studert should recur to the figures of this Map, until he is able to form
in his mind distinct conceptions of the rclauve magnitudes and distances of all the
planets. The Sun and planets being spheres, or nearly so, their relative bulks are esti-
mated by comparing the cubes of their diameters: thus, the diameter of Mercury being
3,962 miles, and that of the Earth 7,912; thelr bulks are as the cube of 2,962, to the cube
of 7,912, or as 1 to 20, nearly,

341. Mercury revolves on its axis from west to east in 24
hours, 5 minutes, and 28 seconds; which makes its day about
10 minutes longer than ours. It performs its revolution about
the sun in a few minutes less than 88 days, and at a mean dis
tance of about 35,000,000 of miles. The length of Mercury’s
year, therefore, is equal to about three of our months,

The rotation of a plavet on its axis, constitutes its day; its revolution about the Sun
.onstitutes its year.

342. Owing to the dazzling brightness of Merecury, the swift
ness of its motion, and its nearness to the Sun, astronomers
have made but comparatively few discoveries respecting it.
When viewed through a telescope of considerable magnifying
power, it exhibits at different periods all the various phases of
the Moon ; except that it never appears quite full, because its
culightened hemisphere is never turned directly towards the
Earth, only when it is deiind the Sun, or so near to it as to be
‘hidden by the splendor of its beams. Its enlightened hemisphere
being thus always turned towards the Sun, and the opposite one
heing always dark, prove that it is an opaque body, similar to
the Earth, shining only in the light which it receives from the
Sun.

348. Mercury is not only the most dense of all the planets,
hut receives from the Sun six and a half times as much light and.

240, Subject of Chapter IIL.? Size and position »f Mercury? Waat map lllustrates
uhis suapjert? 841 State the time of Mercury’s revolution upon his axis? How does
t.’s compare with the Earth? 1Ilis period of revolution around the Sun?  342. What
raid of discoveries upon Iercury, his plases, &c.? What proof that he Is opaquet
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heat as the Earth. The truth of this estimate, of course
depends upon the supposition that the intensity of salar light and
heat at the planets, varies inversely as the squares of their dis-
tances from the Sun,

PHILOSOPHY OF THE DIFFUSION OF LICHMT.

> \
belemec s b it Y ¥

In this diagram the light is seen passing in right lines, from the sun on the left toward
the several planets on the right. It is also shown that the surfaces A, B, and O receive
equal quantities of light, though B is four times, and O nine times as large as A; and as
the light falling upon A is spread over four times as much surface at B, and nine times as
much at G, it follows that it is only one-ninth as intense at C, and one-fourth at P, as it
is at A. 1ence the rule, that the light and heat of the planet is, inversely, asthe squitres
of their respective distances.

The student may not exactly understand this last statement. The square of any num-
ber is its product, when multiplied by itself. Now suppose we call the distances A, B,
and G, 1, 2, and 8 miles. Then the square of 1is 1; the square of 2 is 4; and the square
of 8is9. The light and heat, then, would be in Znverse proportion at these three points,
as 1, 4,and 9; that is, four times less at Bthan at A, and nine times less at Q. These
amounts we should state as 1, %, and one-ninth.

344, This law of analogy, did it exist with rigorous identity
at all the planets, would be no argument against their being
inhabited ; because we are bound to presume that the All-wise
Creator has attempered cvery dwelling-place in his empire to the
physical constitution of the beings which he has placed in it.

From a varlety of facts which have been observed in relation to the production of
endoric, it does not appear probable, that the degree of heat on the surface of the differ-
ent planets depends on their respective distances from the Sun, Itis more probable, that
it depends chiefly on the distribution of the substance of caloric on the surfaces, and
throughout the atmospheres of these bodies,in different quantities, according to the dif-
ferent situations which they occupy in the solar system ; and that these different quan
tities of caloric are put into action by the influence of the solar rays, so'as to produce
that degree of senstble heat requisite to the wants, and to the greatest benefit of each 01
the planets. On this hypothesis, which i3 corroborated by a great variety of facts and
experiments, there may be no more sensible heat experienced on the planet Mercury,
than on the surface of Llerschel, which ig fifty times farther removed from the Sun.

345, The rotation of Mercury on its axis, was determined
from the daily position of its horns, by M. Schroeter, who not
only discovered spots upon its surface, but several mountains iu
its southern hemisphere, one of which was 104 miles high -
nearly three times as high as Chimborazo, in South America.

843, His dersity, and light and heat? Upon what rule is this estimate based? 844,
Would not this law of analogy make against the doctrine that the planets are inhab.
ited? Is it probable that this law does prevail? Upon what may the relative heat of the
nlanets desecd ? 845. How was his diurnal revolution determined, and by wham}

bat swi¢ of his surface? What observation respecting mountains in general?
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1t is worthy of observation, that the highest mountains whith have been discovered ix
Mevcury, Venus, the Moon, and perbaps we way add the Earth, are all situated in thei
southern hemispheres.

346. During a few days in March and April, August and Sep-
tember, Mercury may be seen for several minutes, in the wmora-
ing or evening twilight, when its greatest elongations happen in
those months ; in all other parts of its orbit, it is too near the
Sun to be seen by the naked eye. The greatest distance that it
ever departs from the Sun, on either side, varies from 16° 12/,
to 28° 20, allernately.

The distance of a planet from the Sun, as seen from the Earth
(measured in degrecs), is called its elongation. The greatest
absolute distance of a planet from the Sun is denominated its
aphelion, and the least its perikelion.

347. The revolution of Mercury about the Sun, like that of
all the planets, is performed from west to east, in an orbit which
is nearly circular. Its apparent motion, as seen from the Earth,
is, alternately, from west to east, and from east to west, nearly
in straight lines ; sometimes directly across the disc of the Sun,
but at all other times either a little above or a little below it.

Were the orbits of Mercury and Venus in the same plane with that of the Earth, they
would cross the Sun’s disc at every revolution ; but as one-half of each of their orbits is
above, and the other half below the ecliptic, they generally appear to pass either above
't below the Sun.

&

Let the right line A, joining the Earth and the Sun in the above diagram, represen
the plane of the ecliptic. Now when an interior planet is In this plane, a3 shown at A,
It may appear to be upon the Sun’s disc; but if it is either above or below the ecliptic,
1115 sh‘(;wn at B and C, it will appear to pass either above or below the Sun, as shown at

) and E.

For the relative position of the planets’ orbits, an t their inclination to the plane of the
ecliptic, see 1, of the Atlas. Here the dotted lines continued from the dark lines,
denote the inclination of the orbits to the plane of the ecliptic, which inclinatlon ix
marked in figures on them. Let the student fancy as many circular pieces of paper
intersecting each other at the several angles of inclination marked on the Map, and be
will be enabled to understand more easily what is meant by the “inclination of the
planets’ orbits,” .

848. Being commonly immersed in the Sun’s rays in the even
ing, and thus continuing invisible till it emerges from them in
the morning, Mercury appeared to the ancients like two distinct
stars. A long series of observations was requisite, before they

846. When may Mercury be seen? Why not at other times? ITow far does It depa~
from the Sun on either side? What is meant by the elongafion of a planet? Its aphe-
Uon and perihelion f 847. In what direction do the planets revolve around the. Sun
What is the apparent motion of Mercury? Do they ever cross the Sun’s disc? Wby
Bot at every ravoiution ? 818, llow was Mcreury regarded by the ancicuts?

Q¥
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recoguized the identity of the star which was seen to receae
from the Sun in the morning with that which approached it ix
the evening. But as the one was never seen until the other
disappeared, both were at last found to be the same planet, which
thus oseillated on each side of the Sun.

349. Mercury’s oscillation from west to east, er from east ta
west, is really accomplished in just half the time of its revolutior.
which is aboutl 44 days ; but as the Earth, in the mean time,
follows the Sun in the same direction, the apparent elongations
will be prolonged to between 55 and 65 days.

450. The passage of Mercury or Venus directly between the
Earth and the Sun, and apparently over this disc, is called a
Transi?. A transit can never occur except when the interior
planet is in or very near the ecliptic. The Earth and the planct
mast be on the same side of the ecliptic ; the planet being at
one of its nodes, and the Earth on the line of its nodes.

N

This cut represents the ecliptic and zodiac, with the orbit of an Interior planet, his
nodes, &c. The line of his nodes is, as shown, in the 16° of ¥ and the 16° of M. Now if
the earth is in &, on the line L N, as sl:.own in the cut, when Mercury is at his ascending
node (Q ), he will seem to pass wpward over the Sun’s face, like a dark spot, as repre-
sented in the figure. On the other hand, if Mercury is at his deseending node (8),
xhen the -esm'th is in the 16° of 7], the former will seem to pass downward across the

isc of the Sun.

351. As the nodes of his orbit are on opposite sides of the
ecliptic, and are passed by the Earth in May and November, it
follows that all transits of Mcreury must oecur in one or the
other of thesc months. They. are, therefore, called the NVudle
months. As is shown in the diagram, the Earth passes the

849. 1n what time is the oscillation of Mercury from east to west really accompilshed !
Wat is the apparent time,and why?  850. What is a transit? When do theyuicur§
What are the iodos of a planet’s orbit? The %ns of the nodes 851, What are tht
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ascending Node of Mercury in November, and the descending iy
May ; the former of which is in the 16th degree of Taurus, aud
the latter in the 16th degree of Scorpio.

i

All the transits of-Mercury ever noticed have occurred in one or the other of thice

months, and for the reason already assigned. The first ever observed took place Novesw

ber 6, 1681; since which time there have been 29 others by the same planet—in all 80—
8 in May, and 22 in November.

352. The last transit of Mercury occurred November 11, 1861 ;
and the next will take place November 4, 1868. Besides this,
there will be four more during the present century—two in May,
aud two in November.

The accompanyiug cut is a de- TUANSITS OF MURCURY,
fineatirn of all the tranaits of Mer- NORTH
cury from 1802 to the close of the
present century, The dark line
running east and west across the
fun’s center represents the plane
of the ecliptic, and the dotted lines
the apparent paths ®f Mercury in
the several transits, The planet
is shown at its nearest point to the
Sun’s center. Its path in the last
wransit and in the next will easily
ve found.

The last transit of Mercury was
observed in this country by Pro-
fessor Mitchel, at the Cincinnati
Observatory, and by many others
both in America and in Europe.
The editor had made all necessary
preparation for observing the phe-
nomenon at his residence, near
Oswego, New York; but, unfor-
(una',ely[", his sky was overhung
with ¢ , which hid the sun
from his view, and disappointed all
his hopes.

353. By comparing the mean motion of any of the plancty
with the mean motion of the Earth, we may readily determine
the periods in which they will return to the same points of their
orbit, and the same positions with respect to the Sun. The
knowledge of these periods will enable us to determine the hour
when the planets rise, set, and pass the meridian, and in general
ail the phenomena dependent upon the relative position of the
YWarth, the planet and the Sun ; for at the end of one of these
periods they commence again, and all recur in the same order.

We have only to lind a nunber of sidereal years, in which the pianet completse
- xactly, or very nearly, a certain number of revolutions; that is, to ind such a numher
f plavetary revolutions, as, when taken together, shall be exactly equal to one, or any
umber of revolutions of the Earth. Ir the case of Mercury this ratio will be as 87.969
110 365.256. Whence find that,
tnle months of a planet? The node months of Mercury? 852. When did ths laxt
ransit ef Mercury occur? When will the next take place? What cthers during the
present century f  What said of the last transit of Mercury ? 833. Howm3 7 T dete
mire when tran u*s will occur? What ratio is found between the revolutiosi « Morowsy
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1 periodical revolutions of the Earth are equal to 2 u1 Mercury .

18 perlodical revoluticns of the Earth are equal to 54 of Mercury:

83 periodical revolutions of the Earth are equal to 187 of Mercary:

46 periodical revolutions of the Earth are equal to 191 of Mercury.
Fherefore, transits of Mercury, at the same node, may happen at intervals of 1, 18,33, 18
fc. years. Transits of Venus, a3 well as eclipses of the Sun and Movn, are caleuiated
upon the same principle. 2

The following is a list of all the Transits of Mercury from the time the first was obseremi
by Gassendl, November 6, 1631, to the end of the present century :

1631 Nov. 6. 1707 May §. 1776 Nov. 2. | 1835 Nov. 7.
1644 Nov. 6. 1710 Nov. 6. 1782 Nov. 12. 1845 May 8
1651 Nov. 2. 1723 Nov. 9. 1756 May 8. 1848 Nov. 9.
1661 May 8. 1736 Nov. 10. 1759 Nov. 5. 15861 Nov. 11.
1664 Nov. 4. 1740 Nov. 2. 1799 May 7. 1868 Nov. 4.
1674 May 6. 1743 Nav, 4, 1802 Nov. 8. 187S May 6.
1677 Nov. 7. 1753 May 5. 1815 Nov. 11, 1881 Nav. 7.
1690 Nov. 9. 1756 Nov. 6. 1822 Nov, 4. 1851 May 9.
1697 Nov. 2. 1769 Nov. 9. 1832 May 5. 1894 Nov 10.

354. The sudereal revolution of a planet respects its absolute
motion ; and is measured by the time the planet takes to revolve
from any fixed star to the same star again. The synodical revo-
lntion of a planet respects its relative motion ; afd is measured
by the time that a planet occupies in coming back to the same
position with respect to the Earth and the Sun.

In the adjoining cut the revolution of
the Earth from A, opposite the star B
around to the same point again, would be
a sidereal revolution,

Suppose the Earth and Mercury to start
together from the points A C (where Mer-
cury would be In Inferior conjunction with
the Sun), and to proceed In the direction
of the arrows. In 88 days Mercury would
come around to the same point again,
but as the Earth requlres more than four
timmes that number of days for & revolu-
tion, she will only have reached the point
D when Mercury arrives at C again; s¢
tbat they will not be in conjunction, and &
synodic revolution will not be completed
by Mercury. IHe starts on, however, in
Jis second round, and constantly gainicg
upon the Earth, till in 27 days from the
time he left Cthe sccond time, he over-
takes the Earth at E and F, and is again in
Inferior conjunction,

From thia illustration, it will be seen that the synodic revolution of a planet must
always require more time than the sidereal.

355. The absolute motion of Mercury in its orbit is 105,330
miles an hour ; that of the Earth is 65,533 miles ; the differ-
ence, 39,797 miles, is the mean relative motion of Mercury, with
respect to the Earth.

The sidereal revolution of Mercury is 87d. 23h. 15m. 44s. Its synodical revoluticn n

]
&

snd the Earth? 8534, What is a sidereal revolution of a planet? A synodical:
856. What is the adsoiite motion of Mercury in his orbit? What is that of the Earthi
fhe difference, or rclatire motion of Mercury? What is his sidercal period? Hi:
vymodiz? Wi is the latter ascertained? <
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founs by dividing the whe e circumnference of 860> by Its relitive motion in respect to the
Earth. Thus, the mean daily motion of Mercury is 14732°.555; that of the Earth is
B543".318 ; and their difference is 11184°.237, being Mercury’s relative motlon, or what it
§a.u8 on the Earth every day. Now by simple proportion, 11184°.237 is to 1 day, as 360
18 1% 115d. 21h. 8', 24°, the period of a synodical revolution of Mercury.

VENTUS.

856. There are but few persons who have not observed
beautiful star in the west, a little after sunset, call the evcning
erwr This star is Venus It is the second planet from the
Sun. Tt s the brightest star in the firmament, and on this
account easily distinguished from the other planets.

If we observe this planet for several days, we shall find that
it does not remain constantly at the same distance from the Sun,
but that it appears to approach, or recede from him, at the rate
of ubout three-fifths of a degree every day ; and that it is some-
times on the east side of him, and sometimes on the west, thus
continually oscillating backwards and forwards between certain
limits.

857. As Venus never departs quite 48° from the Sun, it is
never seen at midnight, nor in opposition to that laminary ;
being visible only about three hours after sunset, and as long
before sunrise, according as its right ascension is greater or less
than that of the Sun, At first, we hehold it only a few minutes
after sunset ; the next evening we hardly discover any sensible
change in its position ; but after a few days, we perceive that
it has fallen considerably behind the Sun, and that it continues
to depart farther and farther from him, setting later and later
every evening, until the distance between it and the Sun is
equal to a little more than half the space from the horizon to the
zenith, or about 46°. It aow begins to return toward the Sun,
making the same daily progress that it did in separating from
him, and to set earlier and earlier every succeeding evening,
until it finally sets with the Sun, and is lost in the splendor of
his light.

858. A few days after the phenomena we have now described,
we perceive, in the morning, near the eastern horizon, a bright
star which was not visible before. This also is Venus, which i3
now called the morning star. It departs farther and farther
from the Sun, rising a little earlier every day, until it is seer

856. Describe Venus. What called? Distance from the Sun? What change of posi.
tlon observable ? 857. Greatest distance to whick she departs from the Sun? Wha
consequence® lfow and when scen? 808, What mext after these phenomena ?
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about 46° west of him, where it appears stationary for a fcw
days ; then it resumes its course towards the Sun, appearing
later and later every morning, until it rises with the Sun, and
we cease to behold it. In a few days, the evening star again
appears in the west, very near the setting sun, and the same
phenomena are again exhibited. Such are the visible appcar-
ances of Venas.

$59. Venus revolves about the Sun from west to east in 2243
Jays, at the distance of about 66,000,000 of miles, moving in her
orbit at the rate of 77,000 miles an hour. She turns arouud on
her axis onece in 23 hours, 21 minutes, and 7 seeonds, Thus her
day is about 25 minutes shorter than ours. while her year is
equal to 74 of our months, or 32 weeks.

360. The mean distance of the Earth from the Sun is esti-
mated at 91,500,000 miles, and that of Venus being 66,000,000,
the diameter of the Sun, as seen from Venus, will be to his dia-
meter as scen from the Earth, as 91} to 66, and the swface of
his disc as the square of 91} to the square of 66, that is, as
8372 to 4356, or as 2 to 1, nearly. The intensity of light and
heat being inversely as the square of their distances from the
Sun (No. 842), Venus receives twice as much light and heat as
the Earth.

361, The orbit of Venus is within the orbit of the Earth ;
for if it were not, she would be seen as often in opposition to the
Sun, as in conjunction with him ; but she was never seen rising
in the east while the Sun was setting in the west. Nor was she
ever seen in quadrature, or on the meridian, when the Sun was
either rising or setting. Mercury’s greatest eclongation being
about 23° from the Sun, and that of Venus about 46°, the orbit
of Venus must be outside of the orbit of Mercury.

362. The diameter of Venus is about 7.500 miles; but her
apparent diameter and brightness are constantly varying, accord-
ing to her distance from the Earth. When Venus and the
Earth are on the same side of the Sun, her distance from the
Earth is only 26,000,000 of miles; when they are on oppositt
sides of the Sun, her distance is 158,000,000 of miles. Were
the whole of her enlightened hemisphere turned towards us
when she is nearest, she would exhibit a light and brilliancy

359. What is Venus’ sldereal period? Distance from the Sun? Rate of motion
Time of rotation upon her axis? How, then, do her day and year compare with curs}
B60. How must the Sun appear from Venus, and why? What of her light and heat]
861. Where .8 the orbit of Venus situated? What proof of this? 862. Venus’ dizme
ter ¥ ller apparent diameter? Stase her least and greatest distances from the Eartb
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twenty-five times greater than she gencrally does, and appear
like a small brilliant moon ; but, at that time, her dark hemi-
sphere is turned towards the Earth.

When Venus approaches nearest to the Earth, her ¢pparent, or observed diameter iy
61°.2; when nost remote, It is only 9°.6; now 61°.2+9".6=6%. hence when nearest the
Earth her apparent diaweter is 6% times greater than when most distant, and surfacs
3f her disc (€.4°)% or nearly 41 tines greater. In this work, the apparent size of thc

eavenly bodies is estimated from the apparent surface of their discs, which is always
+roportional to the squares of their apparent diameters.

363. Mercury and Venus are called /uferior planets, becanse
neiv orbits are within the Earth’s orbit, or between it and the
Sun  The other planets are denominated Exterior, because their
orbits are without or beyond the orbit of the Earth. (Map 1.)
As the orbits of Mereury and Venus lie witkin the Earth’s orbit,
it is plain, that once in every synodical revolution, each of these
planets will be in conjunction on the same side of the Sun. [n
the former case, the planet is said to e in its inferior conjunc-
vion, and in the latter case, in its superior conjunction ; as in the
following tigure,

Lol f,?.'“”"“'” Let the student imagine him-

Ve é ""'--.__ self stationed upon the earth in
et R thecut. Then the sunand thre¢
¥ Ny planets above are in conjune-
s L ey . tion. The inferior and supe-
’,' el e rior alre distinguished ; while at
< % A, a planet is shown in guadra-
/ / SUPERIOg S N ture, and at the Bottom of the
/ /,af‘"g"*\\ = X cut the planet Mars in opposi-
7 N kY Y tion with the sun and interios

! ; / \ ‘\ \ planet.
l} H ; . Y The period of Venus’ synodi
g &’ i 4 4 H cal revolution is found in the
0 i i y } same manner as that of Mer.
[ i 3 5 i cury ; namely, by dividing the
\\ \ ".‘ F whole circumference of her orbit
\ / by her mean relatire motion in
k) e T AR a day. Thus, Venus’ absclute
\‘ e @ mean daily motion is 1° 86’ 7°.3,
53 INFgRIOR the Earth’s is 59’ 8.8, and theil
\ B difference is 86' £9°.5. Divide
3 e s 860° by 86" 59°.5, and it gives
), \@"" / 583.920, or nearly 534 days for
e y Venus’ synodical revolution, or
= R the period in which she is
o=t N = twice i conjunction with lLe

MARS IN OPPOSITION Earth.

364 When Venus' right ascension is less than that of tl{e
San, she rises before him ; when greater, she appears after his
<ctting. She continues alternately morning and evening star,
“or a period of 292 days, each time.

ilcw wculd she appear if we saw her enlightened side whey nearest to us? What com.
puation in the fine print? 863. 1low avre Mercury and Venus dlaﬁnguiS_l:e:d. ard.why!
‘Vl:nl sald of conguactions? Describe the inferior and superior? _How is the pericd of
Venus® syuodical revolution found ? 864. When is Venus evening star ' Morning!
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To those vhe are but little acquainted with astronomy, it will seem strange, at firss
that Venus should apparently eontinue longer on the east or west side of the Sun, than
the whole time of her periodical revolution around him. But it will be easily unierstoud,
when it is consldered, that while Venus moves around the Sun, at the rate of abcut 1* 86’
of angular motion per day, the Earth follows at the rate of 59" ; so that Venus actually
gains on the Earth, only 87" in a day. -

Now it is evident that both planeta will appear to keep on the same side of the Sun,
autil Venus has gained half her orbit, or 180° in advance of the Earth; and this, at &
- gar rate, will require 292 days, since 292 x 37'=10504', or 150° nearly.

365. Venus passes from her inferior to her superior conjune
tion in about 292 days. At her inferior conjunction, she is
6,000,000 of miles from the Earth ; at her superior eenjunc
tion, 158,000,000 of miles. It might be expected that her bril-
liancy would be proportionally increased, in the one case, and
diminished in the other ; and so it would be, were it not that
her enlightened hemisphere is turned more and more from us, as
she approaches the Earth, and comes more and more into view
as she recedes from it. It is to this cause alone that we must
attribute the uniformity of her splendor, as it usually appears to
the naked eye. \

366. Mercury and Venus present to us, successively, the
various shapes and appearances of the Moon; waxing aud
waning through different phases, as skown in the following cut,
from the beautiful crescent to the full rounded orb. This fact
shows, that they revolve around the Sun, and between the Sun

and the Earth.

PHASES OF VENUS A8 RHE REVOLVES AROUXD THE SUN.

It should be remarked, however, that Venus Is never scen when she is entirely ful,
except once or twice in a century, when she passes directly over the Bun’s disc. A!
every other conjunction, she is either beiind the Sun, or 8o near him as to be hidden by
the splendor of hLis light. The preceding diagram better illustrates the various appear-
ances of Venus, as she m« ves around the Sun, than any description of them could de

367. From her inferior to her superior conjunction, Venus,
wppears on the west side of the Sun, and is then our morning

How long each? How is it that Venus Is east or west of the Sun 292 days, when he
¢ eriodic revolution is performed in about 225 days? 865, What is the time from qne
tonjunction of Venus to another? Is her brilliancy in proportion to her nearness? Why
et ? 866. What phases do Mercury and Venus axhibit, and what do they prove?
412 they ever seen eatirely fwll?  §61. When is  cnus morning star? When evening?
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star ; from her superior to her inferior conjunction she appuara
vn the east side of the Sun, and is then our evening star. These
phenomena are illustrated by the following diagram.

VENUS AS MORNING AND EVENING STAR,

Let the student hold the book up soutk of him, and he will at unce seo why Venus is
rlternately morning and evening star. Let the plane A B represent tho sensible or visi-
ble horizon, C D the apparcnt daily path of the Sun through the heavens, and E the
Earth in her apparent position. The Sun is shown at three different points—namely,
rising in the east, on the meridian, and setting in the west ; while Yenus is seen revolving
uround him from west to east, or in the direction of the arrows. Now it is obvious that
when Venus is at F, or west of the Sun, she sets before him as at G, and rises before him
as at 1I. She must, therefore, be morning stur. On the other hand, when she is eaxt
of the Sun, as at J, she lingers in the west after the Sun has gone down, as at K, and is
consequently evening star.

In this cut, Venus woulil be at her greatest elongation eastwedard at J, and westward
at F, and in both cases would be “ stutionery.” At L and M she would be in conjunc-
tion with the Sun. .

Were the earth to suspend her daily rotation, with the Sun on the meridian of the
observer, as represented at L, we might readily watch Venus through her whole circuit
arouud the Sun.

368. Like Mercury, Venns sometimes scems to be stationary.
Her apparent motion, like his, is sometimes rapid ; at one time,
direct, and at another, relrograde ; vibrating alternately back-
wards and forwards, from west to cast, and from east to west.
These vibrations appear to extend from 45° <0 47°, on cach side
of the Sun

Consequently she never appears in the eastern horizon more than three hours befcr:
sunrise, nor continues \onger in the western horizon after sunset Any star or planct
therefore, however brilliant it may appear, which is seen earlier or later than this, ~annoy
be Venus.

369. In passing from her western to her eastern elongaticn,

268, Is she ever stalionary? What other frregularitics in her apparent motiont
950. When is her motlon direct? When retrograde? When most rapid? When
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her motion is from west to cast, in the order of the signs; it is
thence called direct motion. In passing from her eastern to het
western elongation, her motion with respeet to the Earth is
from east to west, contrary to the order of the signs: it is
thence denominated refrograde motion. Her motion appears
quickest about the time of her conjunctions ; and she seems sta-
tionary at her elongations. She is brightest about thirty-six
days before and after her inferior conjunction, when her light s
50 great as to project a visible shadow in the night, and some
times she may be seen with the naked eyc even at noon-day.

DIRECT AND RETROGRADE MOTIONS.

The cause of the apparéent re-
trogression of the snéerior planets
is the fact that they revolve muci
more rapidly than the earth, from
which we view them ; causing
their direct motion to appear to
be retrograde.

Suppose the earth to be at A, and Venus nt
B, she would -appear to be at C, among the
stara, 1f the earth remained at A while
Venus was passing from B to D, she would
seem to retrograde from C to K; but as the
earth passes fromn A to F while Venus gore
from B to D, Yenus will appear to be at ¢
and the amount of her apparent westward
motion will only be from C to G.

370. If the orbit of Venus lay
cxactly in the plane of the Earth’s
orbit, she would pass centrally
across the Sun’s disc, like a dark
round spot, at every inferior conjunction; but, as one-half
of her orbit lies about 31° above the ccliptic, and the other half
as far below it, she will always pass the Sun a very little above
or below it, except when her inferior conjunction happens in, or
uear one of her nodes ; in which case she will make a transit.
(See cuts, pages 179 and 180.)

This phenomenon, therefore, is of very rare occurrence ; it can
happen only twice in a century ; because it is only twice in that
time that any number of complete revolutions of Venus are just
or nearly equal to a certain number of the Earth’s revolutions.

The principle which was illustrated in predicting the transits of Mercury, applies
squally well to those of Venus; that is, we must find suck sets of numliers (representing

orightest? State the canse of the apparent retrograde motiou? 870. Why have we £
s transit at every revolutlon of Venus? Ilow frequent, therefore? How predictod
When do her nodes cut the ecliptic?
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somplete revolutions of the Karth aml Venus) as shail be to each other in the -atio of
their periodica! times, or as 865.256 is to 224.7. Thus : the motion of Venus, In the Julian
years, is 2106591°.52; that of the Earth for the same period being 126627°.45, the ratin
will be 2106501752, Ag the two terms of this fraction cannot be reduced by 4 com
mon d'visor, we st multiply them by such numbers as will nake one a multiple of the
other; accordingly, 13 thnes the denominator will be nearly cqual to S times the nume.
vator j and 475 times the dewominator will equat 291 times the numerator.

By combining these two periods and their multiples by addition and subtraction, we
sl.all obtain the period of all the transits thut have ever happened. Thus: 291—8 x 7=285,
another period ; and 291 -6 x S=243, another period, and so on. Whenee we find that

€ poriodical revolutions of the Earth are equal to 13 of Venus:

255 periodical revolutions of the Earth are equal to 852 of Venus:

243 ] eriodical revolutions of the Earth are equal to 395 of Venus:

251 periodical revolutions of the Earth are equal to 408 of Venus:

241 periodical revolutions of the Earth are equal to 475 of Venus,
flance a transit of Venus may happen at the same node, after an interval of 8 years,
but if it do uot happen then. it cannot take place again at the same node, in less than
235 years. The orbit of Venus crosses the ecliptic near the middle of Geminl and Sagit-
tarius; and those points mark the pogition of hernodes. At present, her ascending node
is In the 14th degree of Gemini, and her descending node in the same degree of S.git-
tarius.

371. The node months of Venus are December and June.
The line of her nodes lies in Gemini (II) and Sagittarius (2 ) ;
and as the Earth always passes those points in the months
named, it follows that all transits of Venus must oceur in those
months for ages to come.

This propesition will be well understvod by consulting the cut on page o0y ; for as tho
line of Venus’ nodes is only one sign ahead of thnt of Mereury, the Earth will reach
that point in the ecliptic in one month after she passes the line of Mercury’s nodes; so

that if his transits occur in May and November, hers should occur in .fune and December,
as ia always the case.

272. The first transit ever known to have been scen by any
human being, took place at the ascending node, December 4th,
1639.% If to this date we add 235 years. we shall have the

* This phenomenon was first witnessed by llorrox, a young gentleman about 21 years
of age, living in an obscure village 15 miles northh of Liverpool. The tables of Keples,
constructed upon the observations of 1'ycho Brahe, indicated a transit of Venus in 1631,
but nene was observed. Horrox, without much assistance from books and insiruments,
set himself to irquire into the error of the tables, and found that such a phelomenon
might L. *xpecied to happen in 1639, e repeated his ealculations during this interval,
with all the carefulness and enthusiasm of a scholar ambitious of being the first to predict
and observe a celestial phenomenon, which, from the creation of the world, had never
peen witnesse,  Confident of the result, he communicated his expected triumph to a
confidential friend residing in Manchiester, and desired him to watch for the event, and
to take observations. So anxious was llorrox not to fail of witnessing it himself, that he
commen:ed his observatinny the day before it was expected, and resumed them at the
rising of the Sun on the juorrow. But the very hour when his ealenlations led him to
:xpect the virible appearance of Venis on the Sun's disc, was «lxo the «wy pointed howr
for the public wership of God on the Sublbath, The delay of a few minutes might
Aeprive him for ever of an cpportunity of observing the transit. 1f its very commence-
ment were not noticed, clouds might intervene, and conceul it until the Sun should set:
a:1d nearly a century and a half would elupse before another opportunlty would occur,
He had heen waiting for the eveut with the most ardent anticipation for eight years, and
the result promised much benefit to the science. Notwithstanding «li this, Horroa
awice suspended his observations and twice repuired to the llouse of God, the Great
Author of the brigt works he delighted to contemplate. When his duty was thus per-

871. Which are hzr node months ¥ 372. When was the first transit observed? What
‘ntereating anecdol 2
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time of the next transit at thie same node, whizh will accordingly
bappen in 1874. There will be another at the same node iu
1882, eight years afterwards. It is not more certain that this
phenomenon will recur, than that the event itself will engross
the attention of ail the astronomers then living upon the Earth.
It will be anticipated, and provided for, aud observed, in every
inhabited quarter of the globe, with an intensity of solicitude
which no natural plienomenon, since the ecreation, has ever
cxeited.

373. The reason why a transit of Venus should excite so great
an interest is, because it may be expeeted to solve an important
problera in astromomy, which has never yet been satisfactorily
done :—a problem whose solution will make known to us the
magnitudes and masses of all the planets, the trne dimensions of
their orbits, their rates of motion around the Sun, and their
respeetive distances from the Sun, and from each other. It may
be eapected, in short, to furnish an universal standard of astro-
nomical measure.  Another consideration will render the obser-
vacion of this trausit peculiarly favorable ; and that is, astrono-
mers will be supplied with better instruments, and more accurate
means of observation, than on any former occasion.

So Important, says Sir John Herschel, have these observations appeared to astronomers,
that at the last transit of Venus, in 1769, expeditions were fitted out, on the most efficient
scale, by the British, French, Russian, and other governwents, to the remotest corners of
the globe, for the express purpose of making them. The celebrated expedition of Captain

Cook to Otaheite, was onz of them. The general result of all the observations made on
this most memorable occasion, gave 8°.5776 for the Sun’s horizontal parallax.

3'74. The phenomena of the seasons of each of the planets,
like those of the Earth, depend upon the inelination of the axis
of the planet to the plane of its orbit, and its revolution around
the Sun. The inclination of the axis of Venus to the plane of
her orbit, though not precisely known, is commonly estimated at
15°, ag represented to the eye in the following cut :

tormed, and he had returned to his chamber the second time, his love of s:lence wa:
gratificd with full success; and he saw what no mortal eye had observed before !

If anything ean add interest to this incident, it is the modesty with which tha young
astronomer apologizes to the world, for suspending his observations at all.

« 1 gbserved it,” says he, ¢ from sunrise till nire o’clock, again a little before ten, ¢
lastly at noon, and from one to two o’clock ; the ~est of the day being devoted i » higkev
duties, which might not be neglected for these pagtimes.”

When the next? When another? Ilow will it pe regarded § 878. Why should sucn
an event excite general interest? Remark of Sir John Herschel? What expec¢'tion and
what results ? 874, Upon what do the se1sons of the planets depend? WIt i3 the
sechipation of Venus' axit t« the plate ¢ erorbit? Uow /s her orbit sifiucod with
rcferen s to the ecliptic ?
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IMLISATION OF VKNUS® AXI3.

PLANE OF VENUS'ORBIT
\ £ i PLANE OF THE ECLIPTIC

.

The orbét of Venus departs from the ecliptic 83%°, while ber awis is inclined {c the
+1ane of her orbit 75°, a8 shown In the above figure. This distinction should be kept
ietnitely In view by the student.

8175. The declination of the Sun on each side of Venus’ equa-
tor, mest be equal to the inclination of her axis; and if this
extends to 75°, her tropics are only 15° from her poles, and hex
polar circles only 15° from her equator. It follows, also, that
the Sun must change his declination more in one day at Venus,
than in five days on the Earth ; and, consequently, that he never
shines vertically on the same places for two days in succession
This may, perhaps, be providentially ordered, 1o prevent the too
great effect of the Sun’s heat, which, on the supposition that it
is in inverse proportion to the square of the distance, is twice as
great on this planet as it is on the Earth. :

376. At each pole of Venus, the Sun continues half of her
year without setting in summer, and as long without rising in
winter ; consequently, her polar inhabitants, like those of the
Earth, have ouly one day and one night in the year ; with this
difference, thay the polar days and nights of Venus are not quite
two-thirds as long as ours.

Between her polar eircles, which are but 15° from her equator,
there are two winters, two summers, two springs, and two
autumns, every year. But because the Sun stays for some time
near the tropics, and passes so quickly over the equator, the win-
ters in that zone will be almost twice as long as the summers.

The north pole of Venus’' axis inclines towards the 20th
degree o7 Aquarius ; the Earth’s towards the beginning of Car-
cer ; consequently, the northern parts of Venus have summer
n the signs where those of the Earth have winter, and vece versd.

3717. When viewed through a good telescope, Venus exubits
10t only all the moon-like phases of Mercury, but also a vuriety
»f inequalities on her surface ; dark spots, and brilliant saades,
nills and valleys, and elevated mountains. But on account of

275, What is the amount of the Sun’s declination upon Venus? What resu'ts? Wha!
wpposed design in this arrangement? 876. What said of the polar regions of Venus
What of her zeasons? llow is her north pole situated with respect to the heavew
What consequence? 377. How does Venus appear through a telescore®
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the great density of her atmosphere, these inequulities arc per
ceived with more difficulty than those upon the other planets.

378. The mountains of Venus, like those of Mercury and th+
Moon, are highest in the southern hemisphere. According to
M. Schroeter, a celebrated German astronomer, who spent more
than ten years in observations upon this planet, some of her
mountains rise to the enormous height of from ten to twenty-
two miles. The observatious of Dr. Herschel do not indicate so
great an altitude ; and he thinks, that in general they are con-
siderably overrated He estimates the diameter of Venus at
8649 miles ; making her bulk morc than one-sixth larger than
that of the Earth. Several eminent astronomers affirm, that
they have repeatedly seen Venus atiended by a satellite, and
they have given cireumstantial details of its size and appcarance,
its periodical revolution and its distance from her. It is said to
resemble our Moon in its phases, its distance, and its magnitude.
Other astronomers deny the existence of such a bedy, because
it was not seen with Venus on the Sun’s dise, at the wansits of
1761 and 1769. It probably does uot exist.

THE EARTIL

879. The Earth is the place from which all our observations
of the heavenly bodies must necessarily be made. The apparem
motions of these bodies being very considerably affected hy lier
figure, motions, and dimensions, these hold an important place in
astronomical science. It will, therefore, be proper to consider,
first, some of the methods by which they have been determined.

If, standing, on the sea-shore, in a clear day, we view a ship
leaving the coast, in any direction, the hull or body of the vessel

Why less distinct than the other planets? 87S. Where are her highest mountairs
#tuatec? Their helght? Remark of Dr. Herschel? 1is estimate of Venus’ diameter
What said about a satellite around Venus? 879. Relation of the earth to the other
planets in the study of astronomy? Vihat necessary, therefore? What proof of thi
xnvexty of her sarface?
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first disappears ; afterwards the rigging, and lastly the top of
the mast vanishes from our sight.

CONVEXITY OF THE EARTS'B SURFACK. .

Here the observer upon the shore at A sees only the topmasts of the ship, whi.e the
man standing upon the pillar at B sees the masts and sails, and part of the hull. Now,
if the water between A and the ship were exactly flat mstead of convex, the visicn of A
‘#ould extend along the line C, and he could see the whole ship as well as B The advan-
‘age of B over A, in consequence of hig elevation, shows that the surface of the water
i8 convex between A and the ship.

380. Again : navigators have sailed quite around the Earth,
and thas proved its convexity.
.- CONVEXITY OF THE EARTH'S SURFACE,

Ferdinand Magellan, a Portuguese, was the
first who carried this enterprise Into execution.
ile embarked from Seville, in Spain, and directed
his course towards the west. After a long voy-
age, he descried the continent of America. Not
finding an opening to enable him to continue his
tourse in a westerly direction, he sailed along the
soast towards the south, till, coming to its south-
ern >xtremity, he sailed around it, and found
himself in the great Southern Ocean. He then
resumed his course towards the west. After
somc time he arrived at the Molucca Islands, in
e Eustern Iemisphere; and sailing con-
snually towards the west, he made Europe from
the east, arriving at the place from which hLe
wt out.*

The next who circumnavigated the Earth was
Sir Francis Drake, who sailed from Plymouth,
Deccinber 18, 1577, with five small vessels, and
arrived at the same place, September 26, 1580.
Siace that time, the circumnavigation of thc Earth has been performed by Cavendisn,
Curdes, Noort, Sharten, Heremites, Dampier, Woodes, Rogers, Schovten, Roggewin, Lord
A&Zon , Byron, Carteret Wallis, Bougainville, Cook, King, Clerk, Vancouver, and many
othars.

381. These navigators, by sailing in a westerly direction,
allowanec being made for promontories, &e., arrived at the coun-
try they sailed from. Hence the Earth must be cither eylindri-
cal or globular. It cannot be cylindrical, because, if so, the
meridian distances would all be equal to each other, which is

* Magellan sailed from Seville, in Spain, August 10, 1519, in the ship called the Victory,
accompanied by four other vesscis. In April, i52], he was killed in a skirmish with the
natives, at the island of Sebu, or Zebu, sometines called Matan, one of the Phllippines.
Duf, of hiy vessels, however, arrived at 8t. Lucar, ncar Sevllle, September 7, 1522,

380 What second proof stated? Who first sailed around the worid? Who nextf
281, In what direction did they snil? How did these voyages prove the earth to he
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coutrary to observation. The figure of the Kazth is, therefore

gpherical.

382. The convexity of the Earth, north and south, is proved
by the variation in the altitude of the pole, and of the circum-
polar stars ; this is found uniformly to increase as we approach
therr, and to diminish as we recede from them.

LATITUDE FOUND BY THE NORTH STAR.

Suppose an observer standing
upon the Earth, and viewing the
poie star from the 45° of North
latitude; it would, of course,
appear elevated 45° above his
visible horizon. But let him
recede southward, and as he
passed over a degree of latitude,
the pole star would settle one
degree towards the horizon, or
more properly, his northern
horizon would be elevated one
degree towards the pole star,
till at length, as he crossed the
equator, the North star would
sink below the horizon, and
become invisible. Whence we
derive the general rule, that
the altitude of one pole, or the
depression of the other,at any

i ice on the Earth's surfuce, is equal to the lutitude of that place.
883. The form of the Karth’s shadow, as seen upon the Moon
in an eclipse, indicates the globular figure of the Earth, and the

consequent convexity of its surface.

FORM OF THE EARTR’S SHADOW

Pplerioit ? 352. What further proof have we that the earth i3 spherical? What ruk

t.cd ipon this phenomenon?

833. What other evidence that tie earth ls a giobe

¥ h4t remarks respecting the curvature of the earth’s sarface? What rules lald down

sused upon this curvature ?
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Were the Earth a cube as shown at A, or in the form of a prism, as represented al
ner shadow would be more or less cubical or prismatic, as seen in the cut; but inste.
of this, it is convem on «ll sides, as represented at C, plainly indicating the convexity of
the Earth by which it is caused.

The curvature of the Eirth for one mile i3 S inches ; and this curvature increases with
the square of the distance. Fromn this general law it will be casy to culculate the distance
at which any object whose height Is given, may be seen, or to determine the height of an
aYject when the distance is known. - .

1st. To find the height of the object when the distance is given.

Rore. Find the square of the distunce in miles, and take two-thirds of that numbsy
Sor the height in feet.

Ex. {.—How Ligh must the eye of an observer be raised, to see the surface of the
ocean at the distance of three miles? Ans. The square of 3 ft. Is 9 ft., and % of 9 ft. ia
6 ft. Ex. 2.—Suppose a person can just see the top of a spire over an extended plain of
Ee(,r;ﬁ r}ii]es, how high iz the steeple? Ans. The square of 10 is 100, and % of 100 is

% feet.

2. To find the distance when the height is given.

RULE. [nercuse the height in feet one-half, und extract the square root, for the dis
tance in miles.

Ex. 1.—How far can a person see the surface of a plain, whose eye is elevated six
feet above it? Amnas. 6, increased by half, is 9, and the square root of 9 is 8: the distaice
is then 8 miles. Ex. 2.—To what distance can a person see a llghthouse whose height
is 96 feet from the level of the ocean? Ang. 96 increused by its half, is 144, and the
square root of 144, is 12; the distance is therefore 12 miles.

8. To find the curvature of the Earth when it exceeds a mile,

RuLe. Multiply the square of the distance by 000126,

384. Although it appears from the preceding facts, that the
Barth is spherical, yet it is not a perfect sphere. If it were, the
length of the degrees of latitude, from the equator to the poles,
would be uniformly the same; but it has been found, by the
most careful measurement, that as we go from the equator
towards the poles, the length increases with the latitude.

These measurements have been made by the most eminent mathematicians of different
countries, and in various places, from the equator to the arctic circle. They have found
that a degree of latitude at the arctic clrcle was ninas-sixteenths of a mile longer than a
degree at the equator, and that the ratio of increase for the intermediate degrees wag
nearly as the squares of the sines of the latitude. Thus the theory of Sir Isaac Newton
was confirmed, that the body of the Earth was more rounded and convex between the
tropics, but considerably flattened towards the poles.

Places of J Length of a degree in

Observution., Latitude. English miles. Observers.
Peru Equator. 65.732 Bouguer,
Pennsylvania 89° 12' N. 68.596 Mason and Dixon,
Italy 43 01 63.998 Boscovich and Lemalre,
France 46 69.054 Delambre and Mechain,
England 51 29 54° 09.146 Mudge,
Bweden 66 20 10 69.292 Swamberg.

385. These measuremeunts prove the Earth to be an oblate
spherovd, whose longest or equatorial diameter is 7926 miles, and
polar diameter, 7899 miles. The mean diameter is, therefore,
abont T912, and their difference 27 miles. The French Acade-

83+, But is the earth a *phere? What proof to the contrary? 885, What, then, g
the earth’s real figure? What difference in her polar and equatorlal diameters? Waat
deonstration that the earth is not an exact sphere?

B.G Y



196 ASTRONOMY.

my have determired that the mean diameter of the Barth, from
the 45th degree of north latitude, to the opposite degree of
south latitude, is accurately 7912 miles.

If the Earth were an exact sphere, its diameter might b3
determined by its curvature, from a fing.e measurement. Thue,
in the adjoining figure, we have A B equal to 1 mile, and B D
equal to 5 inchies, to find A E, or B E, which does not sensibly
differ from A E, since B D is only 8 inches. Now it Is a propo-
sition of Euclid (B. 8, prop. 36), that, when from a point withe
out a circle, two lines be drawn, one cutting and the other
touching it, the touching line (B A) is a mean proportional be-
tween the cutting line (B E) and that part of it (B D) without
the circle. )

BD: BA:: BEor A F very nearly.
E That is, 1 mile being equal to 63,360 inches,
8: 63860 :: 1 : 7,920, miles,
4 This is very nearly what the most elaborate calculations make the Earth’s equatorial
iameter.

386. The Earth, considered as a planet, occupies a favored
rank in the Solar System. It pleased the All-wise Creator to
assign its position among the heavenly bodies, where nearly all
the sister planets are visible to the naked eye. It is situated
next to Venus, and is the third planet from the Sun.

To the scholar who for the first time takes up a book on astronomy, it will no doubt
seem strange to find the Earth classed with the heavenly bodies. For what can appear
more unlike, than the Earth, with her vast and seemingly immeasurable extent, and the
stars, which appear but as polnts? The Earth is dark and opaque, the celestial budies
are brilliant. We perceive In it no motion ; while in them we observe a continual change
o{ [t)ll)ace, as we view themn at different hours of the day or night, or at Jifferent seasons
of the year.

387. It moves round the Sun from west to east, in 365 days,
b hours, 48 minutes, and 48 seconds ; and turns the same way,
on its axis, in 23 hours, 56 minutes, and 4 seconds. The former
is called its amnual motion, and causes the vicissitudes of the
seasons, The latter is called its diwrnal motion, and produces
the succession of day and night.

The Earth’s mean distance from the Sun is about 91,500,000
of miles. It consequently moves in its orbit at the mean rate of
65,500 milés an hour. Its equatorial diameter being 7926 miles,
it turns on its axis at the rate of 1040 miles an hour.

Tl.us, the Earth on which we stand,-and which has served for ages as the unshaker
s andation of the firmest structurcs, i3 every moment turning swifily on its celiter, aru,
41 the same time, moving onwards with great rapidity throngh the empty space.

This compound motion is to be understood of the whole Earth, witk ail that it hoidd
#lthin its substance, or sustains upon its surface—of the solid mass beneath, of the
sceas which flows around it, of the air that rests upon it, and of the clouds which foat
Bb. 1+ 't in the air.

836. What said of the pcsition of the earth in the system? What remark as fo classé
fring the earth as a planet? 887. State the time of the earth’s revolution arouud tha
€:in? On lier own axis? What are they called, respectively? Wtkat is the earth™
raeae dlstance from the sun? Its mean rate of motion in its orbit? ilourly motion »
sedles at the equator?  What twofol 1 motion there? includes what?

.

DS e A s
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338. That the Earth, in common with all the planets, revolves
around the Sun as a center, is a fact which rests upon the clear-
est demonstrations of philosophy. That it revolves, like themn,
upon its own axis, is a truth which every rising and setting sun
illustrates, and which very many phenomena coneur to establish
Either the Earth moves around its axis every day, or the wholk
wniverse moves around it in the same time. There is no third
opinion that can be formed on this point. Either the Earth
must revolve on its axis every twenty-four hours, to produce the
alternate succession of day and night, or the Sun, Moon, planets,
comets, fixed stars, and the whole frame of the universe itself,
must move around the Earth, in the same time.

389. To suppose the latter case to be the fact, would be to
cast a reflection on the wisdom of the Supreme Architect, whose
laws are universal harmony. As well might. the beetle, that in
a moment turns on its ball, imagine the heavens and the-earth
had made a revolution in the same instant. It is evident, thas
in proportion to the distance of the celestial bodies from the
Earth, must, on this supposition, be the rapidity of their move-
ments. The Sun, then, would move at the rate of more than
400,000 miles in a minute ; the nearest stars, at the inconeeiv-
able velocity of 1,400,000,000 of miles in a second; and the
most distant luminaries, with a degree of swiftness which no
numbers could express, and all this, to save the little globe we
tread upon, from turning safely on its axis, once in twenty-four
hours.

390. The idea of the heavens revolving about the Earth, is
encumbered with innumerable other difficulties. We will men-
tion only one more. It is estimated on good authority, that
there are visible, by means of glasses, no less than 100,000,000
of stars, scattered at all possible distances in the heavens above,
beneath, and around us. Now, is it in the least degree probable,
that the velocities of all these bodies should be so regulated,
that, though describing circles so very different in dimensions,
they should comp'ete their revolutions in exactly the same time?
In short, there 1s no more reason to suppose that the heavens
sevolve around the Earth, than there is io suppose that they
revolve around each of the other planets, separately, and at the
same time ; siuce the same apparent revolution is commen to
them all, for they all appear to revolve upon their axis, in difier
ent periods.

888 What two motions has the earth? What proof of her diurnal revolution ? ¥y
Why nst suppose the heavens revolve around us f 890. What further proof?
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391. The rotation of the Earth determines the length of the
day, and may be regarded as one of the most imporiant ele-
ments in astronomical science. It serves as an universal measure
of time, and forms the standard of comparison for the revolu-
tions of the celestial bodies, for all ages, past and to come
Theory and ouservation concar in proving, that among the innu-
merable vicissivudes that prevail throughout creation, the period
of the Earth's dinrnal rotation is immutable.

SOLAR AND SIDEREAL TIME.

392. The Jarth performs one complete revolution on its axis
m 33 hours, 56 mivutes, and 4.09 seconds, of solar time. This
1s catled a sidsrewl day, because, in that time, the stars appear
to complete one revutution around the Earth.

Buv, as the Eartb advances almost a degree eastward in its
orbit, in the time thec it turns eastward aronnd its axis, it is
plain tlat just one rotation never brings the same meridian
around from the Sun to the Sun again ; so that the Earth
requires as much mo:e than one complete revolution on its axis
to complete a solar d.y, as it has gone forward in that time.

SOLAR AND SIDEREAL TIME.

% @ T SIDEREAL DAY D

GOLAR DAY, | oo T

aeemie oam

i

[ i T /
hﬁ- R SUN ON THE MERIDIAN "’%

AN

To the man at A the S8un (8) is exactly on the merldian, or it is twelve o’clock, noon.
The Earth passes on from B to D, and at the same time revolves on her axis. When she
reaches D, the man who has stood on the same meridian has made a complete revolution,
as determined by the star G (which was also on his weridian at twelve o’clock the day
before) ; but the Sun is now east of the meridian, and he must wait four minutes for the
Earth to roll a little further eastward, and bring the Sun again over his north and south
line. If the Earth was not revolving around the Sun, her solar and sidereal days would
be the same; but as it is, she has to perform a little more than one complete revolution
each solar day, to bring the Sun on the meridian.

393, 1t is obvious, therefore, that in every natural or solar
day, the Earth performs one complete revolution on its axis, and
the 865th part of another revolution. Consequently, in 365
days, the Farth turns 366 times around its axis. And as every

891. What relat:uu hae the earth’s diurnal revolution to téme f What said of its regu-
sarity ? 892. What is the time required for a complete revolution? Explain the differ-
ence between solar and sidere.d time? 898, Is a solar day more than a complete
revolution of the earth on her axis? To what does this excess amount 'a a year(
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revolution of the earth on its axis completes a sidercal day,
there must be 366 sidereal days in a year. And, generally,
since the rotation of any planet about its axis is the length of a
sidereal day at that planet, the number of sidereal days will
always exceed the number of solar days by one, let that number
be what it may, one revolution being always lost in the course
of an annual revolution. This difference between the sidercal
and solar days may be illustrated by referring to a watch cr
cleck. When both hands set out together, at 12 o’clock ‘or
instance, the minute hand must travel more than a whole circle
before it will overtake the howr hand, that is, before they will
come into conjunction again.

394. In the same mauner, if a man travel around the Earth
eastwardly, no matter in what time, he will reckon one day more,
on his arrival at the place whence he set out, thau they do who
remain at rest ; while the man who travels around the Earth
westwardly will have one day less. From which it is manifest,
that if two persons start from the same place at the same time,
but go in contrary directions, the oue traveling eastward and
ihe other westward, and each goces completely around the globe,
ulthough they should both arrive again at the very same hour
at the same place from which they set out, yet they will disagree
two whole days in their rcekoaing. Should the day of their
return, to the man who traveled westwardly, be Monday, to
the man who travelled castwardly, it would be Wednesday ;
while to those who remained at the place itself, it would be
Tuesday.

395. Nor is it necessary, in order to produce the gain or loss
of a day, that the journey be performed either on the equator,
or on any parallel of latitude : it is sufficient for the purpose,
that all the meridians of the Earth be passed through, eastward
or westward. 'The time, also, occupied in the journey, is equally
unimportant ; the gain or loss of a day being the saine, whether
the Earth be traveled around in 24 ycars, or in as many hours.

396. It is also evident, that if the Earth turned around its
axis but once in a year, and if the revolution was performed the
same way as its revolution around the Sun, there would be per-
petual day on one side of it, and perpetual night on the other

Hence what general rule? What illustration referred to? 894 What effect has tra.
veling east or west, upon time? Hence what resait? 895, Is it important that the sap.
posed journeys be performed in & short period?  896. How would it e if the Earth
revolved on her axis but once a year?
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From these facts the pupil will readily comprehend the principles involved in a curious
problem which appeared a few years ago. It was gravely reported by an American ship,
¢that, in sailing over the ocean, it chanced to find siw Sundays in February. The fucl
was insisted on, and a solution demanded. There is nothing absurd in this. The man
who travels around the earth eastwardiy, will see the Sun go down a little earlier every
succeeding day, than if he had remained at rest; or earlier than they do who live at the
place from which he set out. The faster he travels towards the rising sun, the sooner
will it appear above the horizon in the morning, and so much sooner will it set in the
:vening. What he thus gains in #éme, will bear the same proportion to a solar day, as
the distance traveled does to the circumference of the Earth. As the globe is 860 degreee
In circumference, the Sun will appear to move over one twenty-fourth part of ite surface,
ar 14° every hour, which is 4 minutes to one degree. Consequently, the Sun will rse,
come to the mcridian, and set, 4 minutes sooner, at a place 1° east of us, than it will
with us; at the distance of 2° the Sun will rise and set 8 minutes sooner; at the distance
of 8°, 12 minutes sooner, and so on.

Now the man who travels one degree to the east, the first day will have the Sun on his
wmeridian 4 minutes sooner than we do who are at rest; and the second day 8 minutes
sooner, and on the third day 12 minutes sooncr, and so on; each successive day being
completed 4 minates earlier than the preceding, until he arrives again at the place from
which he started : when this continual gain of 4 minutes a day will have amounted to a
whole day ¢n advance of our time: he having seen the Sun rise and set once more than
we have. Consequently, the day on which he arrives at home, whatever day of the
week it may be, is one day in advance of ours, and he must needs live that day over
agiin, by calling the next day by the same name, in order to make the accounts
harmonlze.

If this should be the last day of February in a bissextile year, it would also be the
same day of the week that the first was, and be six times repeated, and if it should
happen on Sunday, he would, under these circumstances, have six Sundays in Fchruary.

Again: whereas the man who travels at the rate of one degree to the east, will have
all his days 4 minutes skorter than ours, so, on the contrary, the man who travecls at the
sanie rate towards the west, will have all his days 4 minutes longer than ours. When he
has finished the eircuit of the Earth, and arrived at the place from which he first set
out, le will have seen the Sun rise and set once less than we have. Consequently, the
day he gets home will be one day after the time at that place; for which reason, ir he
arrives at home on Saturday, according to his own account, he will have to call the Lext
day Monday; Sunday having gone by before he reached home. Thus, on whatever duy
of the weck January should end, in common years, he would find the same day repeuted
vnly three times in February. If January cnded on Sunday, he would, under these ¢'r
sumstances, find only three Sundays in February.

397. The Earth’s motion about its axis being perfectly equ ible
and uniform in every part of its annual revolution, the siderenl
days are always of the same length, but the solar or natural aays
vary very considerably at different times of the year. This vatia-
tion is owing to two distinct causes, the inclination of the Eartl’s
axis to its orbit, and the inequality of its motion around the Sun.
From these two causes it is, that the time shown by a well-regu-
lated clock and that of a true sun-dial are scarccly ever the
same. The difference between them, which somectimes amo.ants
to 16} minutes, is called the Equation of Time, or the equotion
of solar days.

What curious facts accounted for? What supposition of a man travelicg eastward
one degree a day? What effect upon the time of the Sun’s passing the meridian? Upor
the length of his day? What change of nameé may it require ? 807. Are the solas
and sidereal days alik s uniform as to length? Why do solar Jays vary in length? Wby
do not a dial and clock agree? What is the Hgquation of Time?
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EQUATION OF TIMB
The difference between N
Vv

rean and apparent time,
sr, iu other words, between
Equinactial and Ecliptic
time, may be further shown
by this figure, which repre- .
sents the circles of the
sphere  Let it be first pre- o5
amised, thit equinoctial time
is clock tlme; and that
ecliptic time is solar or a
apparent time. 1t appears 1
$hat fromn Aries to Cancer, T
h
g
8

m
the Sun in the ecliptic comes o =2
to the meridian befire the )
equinoctial Sun; from Can- e
cer to Libra, after it; from
Libra to Capricorn before £
it; and from Capricorn to
Aries after it. If we notice 3
what months the Sun is in
these several quarters, we
ghall find that from the 25tk
of December to the 16th of
April, and from the 16th of
June to the Ist of Septem-
ber, the clock is fuster than

the sun-dial; and that, from
the 16th of April to the 16th of June, and from the 1st of September to the 25th of Deo.
the sun-dial 13 faster than the clock.

398. Itis an universal fact, that, while none of the planets are
perfect spheres, none of their orbits are perfect circles. The
planets all revolve about the Sun, in ellipses of different degrees
of eccentricity ; having the San, not in the center of the ellipse,
but in one of its foci.

The figure A D B E is an ellipse. The line A B is

D
called the transverse axfs, and.the line drawn through
the middle of this line, and perpendicular to it, is the
conjugate axis. The point C,the middle of the trans-
verse axis, is the centcr of the ellipse. The points
F and f, equally distant from O, are called the foct.
C F, the distance from the center to one of the foci, A -8
is calied the eccentricity. The orbits of the planets
being ellipses, having the Sun in one of the foci, if
A D B E be the orbit of a planet, with the Sun in the
focus F, when the planet is at the point A, it will be in
its perihelion, or nearest the Sun; and when at the £

point B in ita aphelion, or at its greatest distance

from the Sun. The difference in these distances is

evidently equal to F f, that is, equal to twice the eccentrlcity of its orbit. In every revo-
futlon, a planet passes through its perihelion and aphelion, The eccentricity of the
Rarth’s orbit is about one and a half millions of miles; hence she is 8,000,000 of miles
acarer the Sun in her perihelion, than in her aphelion.

Now as tie Sun remains fixed in the lower focus of the Earth’s orbit, it is easy to per-
+eive that a line, passing centrally through the Sun at right angles with the lonser axis
of the orbit, wil) divile it into two unequal segments. Precisely thus it is divided by
Qe squinoctial

399 That portior of the Earth’s orbit which lies above the

898. What is the truc form of the planets’ orbits ¥ Why is equinoctinl time irregular!
¥99. How is the Earth’s orbit divided by the equinoctial?
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Sun, or northk of the equinoctial, contains about 184 degrees;
while that portion of it which lies below the Sun, or south of the
equinoctial, contains only 176 degrees. This fact shows why
the Sun continues about eight days longer on the north side of
the equator in summer, than it does on the south side in winter.
The exact calculation, for the year 1830, is as folloes :

d. h. m. d h n
Ffrom the vernal equinox to the summer solstice, 92 21 19 183 11 19
From the summer solstice to the autumnal equinox, 92 14 1
From the autumnal equinox to the wintcr solstlce, 8 17 17 178 18 S0
¥rom the winter solstice to the vernal equinox, =8 1 18

Difference in favor of the north side, . m

The points of the Earth’s orbit which correspond to its greatest and least distances
from the Sur, are called, the former the Apogee, and the latter the Perigee; two Greek
words, the former of which signifies from the Earth, and the latter about the Earth
These polnts are also designated by the name of Apsides.

400. The Earth being in its perihelion about the 1st of Jan-
vary, and in its aphelion the 1st of July, we are 3,000,000 of
miles ncarer the Sun in winter than in midsummer. The reason
why we have not, as might be expected, the hottest weather
when the Earth is nearest the Sun, is, because the Sun, at that
time, having retreated to the southern tropic, shines so obliquely
on the northern hemisphere, that its rays have scarcely half the
effect of the summer Sun ; and ¢ontinuing but a short time ahove
the horizon, less heat is accumulated by day than is dissipated
oy night.

401. As the Earth performs its annual revolution around the
Sun, the position of its axis remains invariably the same ; always
pointing to the North Pole of the heavens, and always main-
taining the same inclination to its orbit. This seems to be pro-
videntially ordered for the benefit of mankind. If the axis of
the Earth always pointed to the center of its orbit, all external
objects would appear to whirl about our heads in an inexplicable
maze. Nothing would appear permanent. The mariner could
no .longer direct his course by the stars, and every index in
nature would mislead us.

What phenomenon does this explain? 400 When is the Earth in its perihelion? It:
sphellon? What difference in its distance from the Sun? Why, then, have we not the
warmest wzather in January?  401. What said ¢f the permanency of the Earth’s axist
How would it be If either pcle was toward the Sun!
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CHAPTER 1IV.
THE MOON —HEn DISTANCE, MOTIONS, PIASES, &o.

402, THERE is no object within the scope of astronomica,
ebservation whi h affords greater variety of interesting investi.
gation than the various phases and motions of the Moon. Fromn
them the astronomer ascertains the form of the Earth, the vicis-
situdes of the tides, the causes of eclipses and oceultations, the
distance of the Sun, and, consequently, the magnitude of the
solar system. These phenomena, which are perfectly obvious to
the unassisted eye, served as a standard of measurement to all
nations, until the advancement of science taught them the advan-
tages of solar time. It is to these phenomena that the naviga-
tor is indebted for that precision of knowledge which guides him
with well-grounded confidence through the pathless ocean.

The Hebrews, the Greeks, the Romans, and, in general. all
the ancients, used to assemble at the time of new or full Moon,
to discharge the duties of piety and gratitude for her unwearied
attendance on the Earth, and all her manifold uses.

The philosophy of the changes of the Moon is illustrated hy
the following cut : i

PHILOSOPHY OF THR MOON'S CHANGES.

ST SN o e KRS
m._uéws._oD ," BQ \ gsﬂm?_\-‘-.'-d!’?" ..........

S

FULL NEW..-3

'This cut represents the moon revolving eastward around the Earth. In the tutside
eircle, she s represented as she would appear, if viewed from a direction at right angle:
with {1 ¢ plane of her orbit. The slde toward the Sun is enlightened in every case, and
eho appears like a half moon at every point.

402. What sall of the Moon's motions and phases? What learned from them? Hon
used anclently? How at the present time? How did the anclents observe the new aud
full mmoons?

Q#*
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The interior suit represents her as she appears when viewed from the earth. At A it is
New Moon ; and if seen at all 80 near the Sun, she would appear like a dark glcbe. Al .
B she would appear like a crescent, concave toward the east. At O, more cf her eulight-
ened side is visible ; at D still more; and at E the enlightencd hemisphere is fully ia
view. We then call her a Full Mom. From E around to A agaln, the dark portion
becomes more and more visible, as the luminous part goes out of view, till she comes t#
Yer change at A, When at D and F the moon is said to be gibbows.

403. When the Moon, after having been in conjuneticn with
the Sun, emerges from his rays, she first appears in the evening,
a little after sunset, like a fine luminous crescent, with its convex
side towards the Sun. If we observe her the next evening, we
find ker about 13° farther east of the Sun than on the preceding
evening, and her crescent of light sensibly augmented. Repeat-
ing these observations, we perceive that she departs farther and
tarther from the Sun, as her enlightened surface comes more and
more into view, until she arrives at her first quarter, and comes
to the meridian at sunset. She has then finished half her course
from the new to the full, and half her enlightened hemisphere is
turned towards the Earth.

404. After her first quarter, she appcars more and more gib-
bous, as she recedes farther and farther from the Sun, until she
has completed just half her revolution around the Earth, and is
seen rising in the east when the Sun is setting in the west. She
then presents her enlightened orb full to our view, and is said
to be in opposition ; because she is then on the opposite side of
the Earth with respect to the Sun.

In the first half of her orbit she appears to pass over our
heads through the upper hemisphere ; she now descends below
the eastern horizon to pass through that part of her orbit which
lies in the lower hemisphere.

405. After her full she wanes through the same changes of
pearance as before, but in an inverted order ; and we see her in
the morning like a fine thread of light, a little west of the rising
Sun. For the next two or three days she is lost to our view,
rising and setting in conjunctron with the Sun ; after which, she
passes over, by reason of her daily motion, to the ecast side of
the Sun, and we behold her again, a new Moon, as before. In
changing sides with the Sun, she changes also the direction of
Ler crescent. Before her conjunction it was turned to the cast;
it is now turned towards the west. These different appearances
of the Moon are called her phases. They prove that she shines

103, Explain the cause of the cnanges of the Moon? 404, How after her first quartert
£05. Il?ow after her fullt Wuat charge in her crescent? What do the Moon’s phaser
rove
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avt by any light of her own ; if she did, being globular, we
should always see her a round full orb like the Sun.

406. The Moon is a satellite to the Earth, about which she
revolves in an elliptical orbit, in 29 days, 12 hours, 44 minutes,
and 3 secords : the time which elapses between one new moon
and another. 'This is called her synodic revolution. Her revo-
lution from any fixed star to the same star again, is called her
periodis or sidereal revolution. It is accomplished in 27 days, T
liours, 43 minvtes, and 114 seconds ; but in this time, the Earth
Lias advanced nearly as many degrees in her orbit ; conscquently,
the Moon, at the end of one complete revolution, must go as
many deqrees farther, before she will comic again into the same
position with respect to the Sun and the Earth,

BIDEREAL AND SYIRODIO REVOLUTIONS OF THE MOON.

On the right, the earth {s shown in her orbit, revolving around the sun, and the moot
in her orbit, revolving around the earth. At A, the sun and moon are in conjunction,
or it is New Moon. As the earth passes ‘rom D to E, the moon passes around from A to
B, or the exact point in her orbit where she was 275 days before. But she is still west
of the sun, and must pass on from B to 0, or 1 day and 20 hours longer, before she can
again come in conjunction with him. This1 day and 20 hours constitutes the difference
petween a sidereal and a synodic revolution.

The student will perceive that the difference between a sidereal and synodic revolution
of the moon, like that between solar and sidereal time, is due to the same cause, namely,
the revolution of the earth around the sun.

407. Lying along the Moon’s path, there are nine conspicu-
ous stars that are used by nautical men for determining their
longitude at sea, thence called nautical stars. 'These stars are,
Aretes, Aldebaran, Polluzx, Regulus, Spica Virginis, Anteres,
Aliaire, Fomalhaut, and Markab.

The true places of these stars, for every day in the year, are glven in the Nautical
{lmanac, a valuable work published annually by the English ‘ Board of Admiralty,” to
suide mariners in navigating the seas. They are usually published two or thiee years in
wdvance. for tha venefit of long voyages

Let A in the cut rcpresent Greenwich Observator r,near London. B is the Moon, arnd
13 her apparent pl ace among the distant stars, about 40° west of the star D. The ship B,
Baving Grecnwich time, as well as her own local time, sails from London westward ;

406. Form of the lunar orbit? Time of synodic revolution? Of sidereal revolation ¥
‘¥hat difierence ? 407. What are the nautical stars? Can you cxplain how loagituds
4 ascertainod by them?
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but on observing the Moon when, by Greenwion
time, she onght to be at C, she is found to beat P, o
only about 20° west of the star D. It is, therefire
obvious that the skip is west of Greenwich, as tha
Moon appears east of her Greenwich place. Frem
this difference between her place as laid down in the
tables, and Ler observed place, as referred to cer-
tain prominent stars, the mariner determines how
far he is cast or west of the meridlan of Greenwich.
The Moon’s geocentric place (or place as viewed
from the center of the Earth) may be given instead
of her Greenwieh place, and the same conclusions
arrived at. In either case, this is ealled the lunar
method of determining the longitude. 1t is also ascer-
tained by simple comparison of local and standard
time, that a man, says Sir John llerschel, by merely
measuring the Moon's apparent distance frow a star
with a little portable iustrument held ‘o his hand,
and applied to his eye, even with so unstable a foot-
ing as the deck of a ship, shall say positively within
tive miles where he is, on a boundiess ocean, eannot
but appear to persous ignorant of physical astronomy
an approach to the miraculous. And yet, says he
the aliernatives of life and death, wealth and ruin
are duily aud hourly staked, with perfeet confidence
on these marvellous comnputations.

408. The Moon is the nearest of all the heavenly bodics, heing
about thirty times the diumeter of the Earth, or 239,000 miles,
distant from us. Her mean daily motion in her orbit is nearly
fourtecn times as great as the Earth’s ; since she not only accom-
panies the Earth around the Sun every year, but, in the mean
time, performs nearly thirtecn revolutions about the Earth.

Although the apparent motlon of the Moon in her orbit Is greater than that of any
other heavenly body, since she passes over, at 2 mean rate, no less than 18° 10' 85" in a

day ; yet this is to be understcod as angular motion,—~motion in a small orbit—and
therefore embracing a great number of degrees, and but comparatively few miles.

APOGEE.
Wi 409. The point in the Moow’s orbit
st nearest the Earth is called Perigee, from
4 the Greek peri, about, and ge, the earth.

The point most distant is called Apogee,
from apo, from, and ge, the ecarth. These
two points are also called the apsides

"l'
{
\ of her orbit ; and a line joining them,
@ the line of the apsides.
fee the Moon In apogee and perlgee in the cut. The
singular of apsides ls apsis.
e 410. The line of the apsides of the
T Moon’s orbit is not fixed in the ecliptic,

Ry but revolves slowly around the ecliptic,

4¥. The Moon's distance? Daily motion in orbit? How many degrees? 409
Perigee and Apogee? Derivation? What other name for these two points? What i
the {ine of the apsides? 410, Is this line stationary? What motion? Its period of
resiclutron ®
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from west to east, in the period MCEROKSOETIR: Aracons

of about nine years.

In the adjoining cut, an attempt is made to
represent this motion. At A, the line of the
apsides points directly to the right and left;
btut at B, C, and D, it is seen changing its
direction, till at E the change is very percep-
tible when compared with A. But the same
ratis of change continues; and at the end of
& year, when the Earth reaches A again, the
line of the apsides is found ta have revolved
sastward to the dotted line I K, or about 40°,
In nine years the aptelion point near A will
have made a complete revolution, and return-
&d o its original position.

411. The line of the Moon’s
nodes is also in revolution ; but
it retrogrades or falls back westward, making the circuit of the
ecliptic once in about nineteen years, )

412. Though her orbit is an ellipse,
with respect to the Earth, it is, in
reality, an irregular curve, always
concave toward the Sun, and crossing
the Earth’s orbit every 13° nearly.

1t the Earth stood still in her orbit, the Moon
would describe just such a path in the ecliptic as
she describes with respect to the Earth.

1f the Earth moved but slowly on her way, the
Moon would actually retrograde on the ecliptic at
the time ¢f her change, aud would cross her own
ath at e7:ry revolution, as shown in the adjoin-
ng figure, But as the Earth advances some
46,000,00/, »f miles, or near 100 times the diameter
of the Mo91’s orbit, during a single lunation, it is
evidcg‘ that the Moon’s orbit never can return iuto itself, or retrograde, as here repi ¢-
sented.

That the lunar orbit s always concave toward the Sun, may be demonstrated by the
above diagram.

THE MOOK'S ORBIT ALWAYS CONCAVE TOWARD THE SUN.

B

Let the upper curve line A B represcct an arc of the Earth’s orbit, equal tc that
saed }hrongh by the Earth during haif a lunation. Now the rudius and arc being
nown, it is found that the chord A B must pass more than 400,000 miles within the
Earth, But as the Moon departs only 240,000 from the Earth, as shown in the figure, &
follows that she must describe the curve denoted by the middle line, which s concas
toward the Sun.
Tbis subject may be stlll further illustrated by the following cut:

411. How with the line of the Moon’s nodes?  412. What is the actual form o? tne
Moon’s arbit? How if the Earth stood still? Fow if she moved but slowly? How u
ie Moon's «rbit demonstrated to be always concave t wards the Sun?
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TE3 MOON’S8 PATH DURING A COMPLETK LUNATION.

ilcre the plain line represents the Earth’s orbit, and the dotted one that of the Muor:, 4!}
A the Moon crosses the Earth’s track 240,000 miles behind her. She gains on the Eamit,
lill in seven days she passes her at B as a #ull Moon. Continuing to gain on the Earth,
she crosses her orbit at C, 240,000 miles akead of her, being then at her Third Quarter.
¥From this point the Eartl) gains upon the Moon, till seven days afterward she overtakes
Ser at D as a Vew Moon. From D to E the Earth continues to gain, till at E the Moua
zrosaes 240,000 behind the Earth, as she had done four weeks before at A. Thus tha
Moon winds her way along, first within and then without the Earth ; always gaining upcn
ns when outside of our orbir, and falling behind us when within it.

The small circles in the cut represent the Moon's orbit with respect to the Earth, whica
is as regular Zo us as if the Karth had no revolution around the Sun.

413. The mnoon never retrogrades on the ecliptic, or retarns
wto her own path again; but is always advancing with the
{Garth, at the rate of not less than 63,200 miles per hoar.

KOON’S PATH. The Moon’s orbitual velocity, with respect to the
e Earth, is about 2300 miles per hour. When outside
the Earth, as at B, in the last figure, she gaing 25}
miles per hour, which added to the Earth’s velocity
would give 67,300 miles as the hourly velocity of the
Moon. When within the Earth's orbit, as at D, she
loses 2800 miles per hour, which, substracted from
6%,500 miles (the Earth’s hourly velocity), would lecave
63 200 miles as the slowest motion of the Moon in
space, even when she is falling behind the Earth.,
Could we look down perpendicularly upon the eclin-
tic, and see the paths of the Earth and Moon, we should
see the latter pursuing her serpentine course, first
within and then outside our globe, somewhat as repre-
sented by the dotted line in the annexed figure. Ier
path, however, would be concave toward the Sun, as
J ghown on the preceding page, and not convex, as we
were obliged to represent it here in 8o small a diagram.

414. In her journeyings eastward, the Moon often seems tc
run over and obscure the distant planety
and stars. This phenomenon is called
an occultation.

The adjoining cut represents the new Moon as just
about to obscure a distant star, by passing between
us and it. In 1850, she occulted Jupiter for three
revolutions in succession—viz., Jan. 80th, Feb. 27th,
and March 26th. Through a telescope, the Moon if
seen to be constantly obscuring stars that are invisi
ble to the naked eye. They disappear behind the
Moon’s eastein limb, and in a short time reappeat
from behind her western; thus distinctly exhibiting
her eastward motion.

418. Does she everretrograde on the ecliptic? What [ her slowest mution? Ho:
demonstrated? . 414. What is an occuliation? Remarks respecting this ph
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415. The Moon revolves once on her axis exactly in the time
that shr: performs her revolution around the Karth.  This is evi
dent from Ler always presenting the same side to the Earth ;
for if she had no rotation upon an axis, every part of her surface
wculd be presented to a spectator on the Karth, in the course
of her synodical revolution. It fol-
fows, then, that there is but one day
eud might in her year, containing,
noth together, 29 days, 12 hours,
14 minutes, and 3 seconds.

Supprse a morums1t erected upon the Moon’s
sarfaee, 80 as W po.at toward the Earth at New
Moon, as represented at A. From the Earth it
would appear In the Moon’s center. Now if the '
Moon so revolve upon her axis, in the direstion of i
-he arrows, as tu keep the pillar pointing directly 3
toward the Earth, as shown at A, B, C, and D, and
the intermediate points, she must make just one
revolution on her axis during her periodic revolu-
tion. At A, the pillar points from the Sun, and at
C toward him: showing that, in going half-way
round the Earth, she has performed half a revolu-
tion upon her axis.

416. Though the Moon always presents nearly the same hemi-
sphere toward the Earth, it is not always precisely the same.
Owing to the ellipticity of her orbit, and the consequent
inequality of her angular velocity, she appears to roll a little on
her axis, first one way and then the other—thus alternately
revealing and hiding new territory,
as it were, on her eastern and west-

MOON’S REVCLUTION.

MOON'S LIBXATION.

ern limbs. This rolling motion east .- Q

and west is called ler lLbration in B N

longitude. Q ’)
The accompanying cut will illustrate the subject i °

of the Moon’s I:brations in longitude, i 4

Frorm A around to C, the angular motion is H .
slower than the average, and the diurnal motion

aing upon it, so that the pillar points west of the
iarth, and we see more of the eastern limb of the
nmioon.

From C to A, again, the Moon advances faster
than a mean rate, and gains upon the diurnal
revolution ; so that the pillar points east of the
Earth, and we see more of the Moon's western
limb. Thus she scems tr librate or roll, first
0 e way and then *Lc other, during every periodic
revolution.

At B, we see most of her castern limb ; and at D, most of her western.

417. The axis of the Moon is inclined to the plane of her
€:bit only about one and a half degrees (1° 30 10.8"). But this
415, How often does tha Moon revolve on her axis? How is it known? What follo'.lv:

from this fact? 418. What are the Moon’s librations? In Longitude? 417,
Latitude?
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slight inclination enables us to sce first one pole and then the
other, in her revolution around the Earth. These slight rolling
motions are called her librations in latitude

As tne inclination of the Earth’s axis brings first one pole and then the other toward the
Sun, and produces the seasons, so the inclination of the Moon’s axis brings first ene pole
and then the other In view from the Earth, But as her inclination is only 1J°, the
libration in latitude i3 very slight.

418. As the Moor turns on her axis only as she moves around
the Earth, it is plaiu that the inhabitants of one half of the
lunar world are totally deprived of the sight of the Earth, unless
they travel to the opposite hemisphere. This we may presume
they will do, were it only to view so sublime a spectacle ; for it
is eertain that from the Moon the Earth appears ten times larger
than any other body in the universe.

419. As the Moon enlightens the Earth, by reflecting the light
of the Sun, so likewise the Earth illuminates the Moon, exhibit-
ing to her the same phases that she does to us, only in a con-
trary order. And, as the surface of the Earth is 13 times as
large as the surface of the Moon, the Earth, when full to the
Moon, will-appear 13 times as large as the full Moon does to us.
That side of the Moon, therefore, which is towards the Earth,
may be said to have no darkness at all, the Earth constantly
shining upon it with extraordinary splendor when the Sun is
absent ; it therefore enjoys successively two weeks of illumina-
tion from the Sun, and two weeks of earth-light from the Earth.
The other side of the Moon has alternately a fortnight’s light,
and a fortnight’s darkness.

420. Asthe Earth revolves on its axig, the several continents,
seas, and islands, appear to the lunar inhabitants like so many
spots of different forms and brightness, alternately moving over
its surface, being more or less brilliant, as they are seen through
intervening clouds. By these spots, the lunarians can not only
determine the period of the Earth’s rotation, just as we do that
of the Sun, but they may also find the longitude of their places,
as we find the latitude of ours.

421. As the full Moon always happens when the Moon is
directly opposite the Sun, all the full mooi: in our winter, must
happen when the Moon is on the north side of tne equinoctial,

418. Can all the Lunarians see the Earth? 1lcw large must she appear from thc
Maon? 419, What said of her light and phases? How, then, are the two hemispheres ¢§
the Moun enlightened ? 420, How must the Earth appear to the Lunarians, and what
may they infer from the motion of the spots seen ¢n he1 surface? 421. W:.ere is the
Mt;on?at the full in winter? Insummer? Why? What resalt as to moonlight at the
poles
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hecause then the Sun is on the south side of it ; consequently, at
the north pole of the Earth, there will be a fortnight’s moon-
light and a fortnight’s darkness by turns, for a period of six
months, and the same will be the fact during the Sun’s absence
the other six months, at the south pole.
422. The plane of the Moon’s orbit is very near that of ths
rcliptic. It departs from the latter only about 51° (5° 8’ 48" )

INCLINATION OF THE MOON’S ORBIT TO THE PLANE OF THE ECLIPTIC.

v

X ECLIPTIC B
s, o)
D

Let the line A B represent the planz of the Earth’s orbit, and the line joining the Moon
at C and D would represent the inclination of the Moon’s orbit to that of the Earth. At
C the Moon would be within the Earth’s orbit, and at D exterior to it; and it would ha
Faull Moon at D, and New Moon at C.

4238. The Moon’s axis being inclined only about 11° to bher
orbit, she can have no sensible diversity of seasons ; from whicn
we may infer, that her atmosphere is mild and uniform. 7The
quantity of light which we derive from the Moon when full, is at
least 300,000 times less than that of the Sun.

This is Monsieur Bouquer’s inference, from his experiments, as statcd by La Place, in
nig work, p. 42. The result of Dr. Wollaston’s computations was different. Professor
Leslie makes the light of the Moon 150,000 times less than that of the Sun; it was for-
merly reckoned 100,000 times less.,

424. The Moon, thongh apparently as large as the Sun, is the
smallest of all the heavenly bodies that are visible to the naked
eye.. Her diameter is but 2162 miles ; consequently her surface
1s 13 times less than that of the Earth, and her bulk 49 times
less. It would require 61,000,000 of such bodies to equal the
volume of the Sun. The reason why she appears as large as the
Sun, when, in truth, she is so much less, is because she is 382
times nearer to us than the Sun.

425. When viewed through a good telescope, the Moon pre-
sents a most wonderful and interesting aspect. Desides the
large dark spots, which are visible to the naked eye, we perccive
gxtensive valleys, shelving rocks, and long ridges of elevated
mountains, projecting their shadows on the plains below. Single
mountains occasionally rise to a great height, while eircular hol-
lows more than three miles deep, seem excavated in the plaizs

42%. Yow 13 the Moon’s orbit situated with respect to the ecliptic?  423. What i
the inclination of the Moon’s axis, and what effect has it on her seasons and atmosphere £
What is the amount of light derived from the Moon as compared with the Suu, and i3
ther: any difference of opinion on this point? 424. What sald of the apparent and
veal diameters of the Moon? Compared with the Earth? The Sun? Why, theu
Wwroar as large as he does? 425, How does she appear through a telescope?
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LUNAR MOUNTAINS. Some idea of these mountains
may be obtained from the annexed
cuf, which must not, however, be
understood to represent the exact
appearance of the moon as viewed -
through a telescope. 'Tle manner
in which the shadows fall ou tlLe
inside of the hollow cireular mou-
tains (craters) will be perceived,
and en the left the long dark shad-
ows are represented as they are
projected on the plains.

The shadows are always pri-.
jected in a directivn opposite the
Sun, or towards the dark side
of the moon ; and as her eastera
limb is dark from the change to the
full, and her western from the fu!l
to the change, of course the direc-
tion of the shadows must be re-
versed.

Suppose a person stationed al a
distance directly over the Andes,
Before the Sun arose, he would see
the tallest peaks enlightened ; and
as he arose, the long shadows of
the mountains would extend to the
west. At noon, however, little or no shadow would be visible ; but at sunset, they would
again be seen stretching away to the easf. = This is precisely the change that ig
seen to take place with the lunar shadows, except that the fime required is a Iunar day,
equal to about 15 of our days, instead of one of our days of 12 hours.

426. The Moon’s mountain scencry bears a striking resem-
blance to the towering sublimity and terrific ruggedness of the
Alpine regions, or of the Apennines, after which some of her
mountains have been named, and of the Cordilleras of our own
continent. Huge masses of rock rising precipitously from the
plains, lift their pcaked summits to an immense height in the air,
while shapeless crags hang over their projecting sides, and seem
on the eve of being precipitated into the tremendous chasm
below.

Around the base of these frightful eminences, are strewed
numerous loosc and unconnected fragments, which time seems to
have detached from their parent mass; and when we examine
the rents and ravines which accompany the overhanging cliffs,
the beholder expects every moment that they are to be torn
from their base, and that the process of destructive separatien
which he had only contemplated in its effects, is about to re
exhibited before him in all its reality.

427, The range of mountains called the Apennines, which
traverses a portion of the Moon’s disc from northeast to south
west, and of which some parts are visible to the naked eye, rises

u?x“' ;Vhat said of the Moon's mountain scenery? 427, Of the Apennines - ngs:
cular
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wish a precipitous and craggy front from the level of the Mare
Imbiéum, or Sea of Showers. In this extensive range are several
ridges whose summits have a perpendicular elevation of four
miles, and more; and though they often descend to a much
lower level, they present an inaccessible barrier on the northeast,
while on the southwest they sink in gentle declivity to the
lains.
5 428. There is one remarkable feature in the Moon’s surface
chich bears no analogy to anything observable on the Earth.
This i3 the circular cavities which appear in every part of her
disc. Some of these immense caverns are nearly four miles deep,
ana forty miles in diameter. They are the most numerous in the
southwestern part. As they reflect the Sun’s rays more
copiously, they render this part of her surface more brilliant
than any other. They present to us nearly the same appearance
1s our Karth might be supposed to present to the Moon if all
onr great lakes and seas were dried up
429. The number of remarkable spots on the Moon, whose
latitude and longitude have been accurately determined, exceeds
200. The number of seas and lakes, as they were formerly con-
sidered, whose length and breadth are known, is between 20 and
30 ; while the number of peaks and mountains, whose perpen-
dicular clevation varies from a fourth of a mile to five miles in
height, and whose bases are from one to seventy miles in length
is not less than one hundred and fifty.

Graphical views of these natural appearances, accompanicd with minute and familiar
descriptions, constitute what is called Selenography, from two Greek words, which mean
the sume thing in regard to the Moon, as Geography does In regard to the Earth,

430. An idea of some of these scenes may be formed by con-
ceiving a plane of about 100 miles in circumference, encircled by
a range of mountains, of varions forms, three miles in perpen-
dicular height, and bhaving a wountain near the center, whose
top reaches a mile and a half above the level of the plain. From
the top of this central mountain, the whole plain, with all its
scenery, would be distinctly visible, and the view would be
bounded only by a lofty amphitheatre of mountaius, rearing their
summits to the sky.

431. The bright spots of the Moon are the mountainous
regions ; while the dark spots are the plains, or more level parts
of her surface. There may be rivers or small lakes on thig

128. What remarkable feature of the Moon’s surface noticed? 429. What numbey
o temarkable spots? Of “acas or lakes?” Of mountains? What is Selenography !
12, Hov conceive jurtly of the lunar scenery? 431. What are the brightest spots or
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planet ; but it is generally thought, by astronomers of the present
day, that there are no seas or large collections of water, as waa
formerly supposed. Some of these mountains and desp valleys
are visible to the naked eye ; and many more are visible through
a telescope of but moderate powers.

432. A telescope which magnifies ouly 100 times will show a
spot on the Moow’s surface, whose diameter is 1223 yards; ana
one which magnifies a thousand times, will enable us to perceive
any enlightened object on her surface whose dimensions are only
122 yards, which does not much exceed the dimensions of some
of our public edifices, as for instance, the Capitol at Washington.
or St. Paul’s Cathedral. Some years since, Professor Frauen-
hofer, of Muunich, announced that he had discovered a lunar
edifice, resembling a fortification, together with several lines of
road. The celebrated astronomer Schroeter, conjectured the
existence of a great city on the east side of the Moon, a little
north of her equator, an extensive canal in another place, and
tields of vegetation ir another.

CHAPTER V.
SOLAR AND LUNAR ECLIPSES.

433. Or all the phenomena of the heavens, there are none
which engage the attention of mankind more than eclipses of the
Sun and Moon ; and to those who are unacquainted with astro-
nomy, nothing appears more wonderful than the accuracy with
which they can be predicted. In the early ages of antiquity,
they were regarded as alarming deviations from the established
laws of nature, presaging greas public calamities, and other
tokens of the divine displeasure.

In China, the prediction and observance of :clipses are made a matter of state policy,
In order to operate upon the fears of the ignorant, and impose on them a suversti.duug
regard for the occult wisdom of their rulers. In Mexico, the natives fast and .2 ict them«
selves, during eclipses, under an apprehension that the Great Spiritis in deep sufferanco,
Bome of the northern tribes of Indians have imagined that the Moon had been wounded
in a quarrel ; and others, that she was about to be syrallowed by a huge fish.

the Moon'’s surface? The dark ones? 482. How small objects may be seen on the
Moou's surface? What announcement by Frauenhofer? Conjecture of Scliroeter ¢
433. Snbject of Chapter V.? Remark respecting eclipses? How regarded by th«
anclents? In China? Mexico? By northern Indians? Anecdote of Columbus®
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It was by availing himself of these superstitious notloas, that Columbus, when shipe
wrecked on the island of Jamalca, extricated himself and crew from & most cmbarrass-
Ing condition. Being driven to great distress for want of provisions, and the nativea
refusing him any assistance, when all hope scemed to be cut off, he bethought himself of
their superstition in regard to eclipses. 1luviLg assembled the principal men of tuu
island, he remonstrated against their inhumanity, as being offensive to the Great Spirit:
and told them thut a great plugue was even then ready to fall upon them, and as a token
of it, they would that night see the Moon hide lier face in anger, and put on a dreadfully
lark and threatening aspect, This artifice had the desired effect; for the eclipse had no
woner begun, than the frightened barbarians came running with all kinds of provisions,
and throwing themselves at the feet of Columbus, implored his forgivencss.—dlmagest,
el I,55¢. 0.2

434. An eclipse of the Sun takes place, when the dark body
of the Moon, passing direetly between the Earth and the Sun,
intercepts his light. This can happen only at the instant of new
moon, or when the Moon is in conjunction; for it is only then
that she passes between us and the Sun.

An eclipse of the Moon takes place when the dark body of
the Earth, coming between her and the Sun, intercepts his light,
and throws a shadow on the Moon. This can happen only at the
time of full moon, or when the Moon is in opposition ; for it is
only then that the Earth is netween her and the Sun.

435. As every planet belonging to the solar system, both pri
mary and secondary, derives its light from the Sun, it must cast
4 shadow towards that part of the heavens which is opposite to
the Sun. If the Sun and planet were both of the same magni-
tude, the form of the shadow cast by the planet, would be that

nf a cylinder, and of the same diameter as the Sun or planet.

CYLINDRICAL SHADOW.

&

liere the Sun and planet are represented as ¢f the same 8ize, and the shadow of the
latter is in the form of a cylinder.

436. If the planet were larger than the Sun, the shadow would
centinually diverge, and grow larger and larger ; but as the Sue
i» much larger than any of the planets, the shadows which they
east must converge to a point in the form of a cone, the length
of which will be proportional to the size and distance of the
vlaret from the Sun.

454, When do solar eclipses vccur? Why only then? Lunar? Why only at full
moon f 435. Do all the planets cast shadows? Suppose the Sun and planet were of
the same size, what would be the form of their shadows? 436, What If the planct wag
largest? 1ow as they are smaller than the Snn? tow is the length of the shadow
modified by the distance of the planet from the Sun? .
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DIVERGING SUHADOW.

£

In this cut, the opague body is the larger, and the shadow projected from it diwo
or grows more broad as the distance from the plz}nct increases.

If the opaque body is smuller than the luminous one, the shadov converges &
point.

CONVERGING SHADOW.

()

Here the luminous body is the larger, and the shadow converges to a nsint,and ta ¢n
the form of a cone.

The opaque body being smaller than the luminous one, the length. of its shadow will e
wodified by its distance, as in the following:

Qi
g:&%
()9
s
T
Here, also, the luminous body Is the larger, and both precisely or the #.me size as i

the cut preceding; but being placed nearer each other, the shadow is shown to be cot
siderably shorter.

437. All the planets, both primaries and secordarics, cas
shadows in a direction opposite the Sun (see cut on rext page)
The form and length of these shadows depend upon c¢he compara
tive magnitude of the Sun and planet, and- their distance fromn
cach other. If the Sun and a planet were of the same size, the
shadow of the planet would be in the form of a eyli<der, what-
cver its distance. If the planet was larger than the San, the
shadow would diverge, as we proceed from the plaiet off inte
space ; and the nearer the Sun, the more divergent the shadow
would be. But as the planets are all much smalicr than the
San, the shadows all converge to a peint, and take the formn of a
cane ; and the nearer to the Sun, the shorter their shadows.

487. Why have the largest and most dis*ant planets the Icngest shadows? Lo any of
%2 primary planets eclipse each other?
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SHADOWS OF THE PLANETS.

Tyese principles are partly illus-
gated in the adjoining cut. The 3
planets nearest the Sun have com- Sy
paratively short shadows, while those 3
more remote extend to a great dis-
tance. No primary, however, casts a
3hadow long enough to reach the next
exterior planet,

The magnitude of the Sun s such,
that the shadow cast by each of the
grimary planets always converges to
& point before it reaches any other
planet; so that not one of the pri-
riary planets can eclipse another,
The shadow of any planet which Is
accompanied by Satellites, may, on \

e trsnsannans st

certain occasions, ec’ipse its satel-
lites; but it is not long enough tc
eclipse aLy other body. The shadow
of a satellite or Moon, may also, on

'~._.' g
sertain occeasions, fall on the primary, "‘~--....W......-—
nd eclipse it.

v

-.__.__‘_,,.-—/

438. Wlen the Sun is at his greatest distance from the Earth,
and the Moon at her least distance, her shadow is sufficiently
long to reach the Earth, and extend 14,000 miles beyond.
When tbe Sun is at his least distance from the Earth, and the
Moon at her greatest, her shadow will not reach the Earth’s sur-
face by 20,000 miles. So that when the Sun and Moon are at
their mean distances, the cone of the Moon’s shadow will termi-
nate a little before it reaches the Ilarth’s surface.

Iu the former case, if a conjunction take place when the center of the Moon comes in a
direct line between the centers of the Sun and Earth, the dark shadow of the Moon will
full centraily upon the Earth, and cover a circular area of 175 miles in diameter. To all
g;t::;f lying within this dark spot, the Sun will be totally eclipsed, as iilustrated by the

439. Eclipses of the Sun must always happen at New Moon,
and those of the Moon at Full Moon. The recason of this is,
that the Moou can never be between us and the Sun, to eclipse
him, exeept at the time of her change, or New Mooun ; and she
can never get into the Earth’s shudow, to be eclipsed herself,
except when she is in opposition to the Sun, and it is Full
Moon :

440. If the Moon’s orbit lay exactly in the plane of the eclip-
w1¢, she would eclipse the San at every change, and be eclipsed
herself at every full ; but as her orbit departs from the ecliptic

ver 5° (422), she may pass either above or below the Sun af

428 What is the length of the Moon’s shadow when she is ncarest the Earth arnd
farthest from the Sun? What when nearest the Sun and farthest from the Earth?
Whot when the Sun and Moon are at their mean distances ? 439. At wha’ time of the
Hoor d) uelar eclipses always occur? Lunar? Why? 440. Why not two solar and
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the time of her change, or above or below the Earth's shadow
at the time of her fall.

NEW AND FULL MOONS WITHOUT ECLIPSES.
Shadow above the Earth. Abgvo the Earth’s shudow,

%

A £ ECLIPTIC
% -
o,

\ 4

Shadow below the Earth, Below the Earth’s shadow.

Let theline joining the Earth and the Sun represcat the plane of the ecliptie. Now as
e orbit of the Moon departs from this plane about 5° 9, she may appear either above
or below the Sun at New Moon, as represented in the figure, and her shadow may fall
nblo\'e the north pole or below the south. At such times, then, there can be no solar
eclipse.

On the right, the Moon is shown at her full, both above and below the Earth’s shadow,
tn which case there can be no lunar eclipse.

441. As the Moon passes from one of her nedes to the other
in 173 days, there is just this period between two successive
eclipses of the Sun, or of the Moon. In whatever time of the
year, then, we have eclipses at either node, we may be sure that
in 173 days afterwards, we shall have eclipses at the other node.

As the Moon’s nodes fall back, or retrograde in the ecliptic, at the rate of 19%° every
year, they will complete a backward revolution entirely aronnd the ecliptic to the same
point again, In 18 years, 225 days; in which time there would always be a regular period
of eclipses, if any complete number of lunations were finished without a remainder. But
this never happens; for if both the Sun and Moon shouid start from a line of conjunction
with ecither of the nodes in any point of the ecliptic, the Sun would perform 18 annual
revolutions and 222° of another, while the Moon would perform 230 lunations, and 85° of
another, before the node would come around to the same point of the ecliptic again ; se
that the Sun would then be 138° from the node, and the Moon 85’ frem the Sup.

But after 223 lunations, or 18 years, 11 days, 7 hours, 42 minutes, and 31 seeonds, ths
Sun, Moon, and Earth, will return so nearly in the same position with respect to eack
other, that there will be a regular return of the same eclipses for muny ages. This
grand period was discovered by the Chaldeans, and by them called Saros. If, therefore,
to the mean time of any eclipse, either of the Sun or Moon, we add the Chaldean period
of 18 years and 11 days, we shall have the return of the same eclipse. This mode of pre-
di sting eclipses will hold good for a thousand years. In this period there are usually 70
eclipses; 41 of the Sun and 29 of the Moon

442, The diameter of the Earth’s shadow, at the distance of
the Moou, is nearly three times as large as the diameter of the
Moon ; and the length of the Earth’s shadow is nearly four times
a# great as the distance of the Moon ; exceeding it in the same
ratio that the diametei of the Iarth does the diameter of the
Moor, which is as 3.663 to 1.

413. The number of cclipses in any one year, cannot be lesa
tban two, nor more than seven. In the former case, they will

two lunar eclipses every lunar month? 441. How offen may cclipses occur at oppoe
site nodes? What cycle of eclipses described? Number of ec'ipses in this eycla?
$42. What s the diameter of the Earth’s shadow at the distan ‘e of the Moon? 448,
What nunber of eclipses may occur in any one year? If but two, what will they baf
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both he of the Sun ; and in the latter, there will be five of the
Sun, and two of the Moon—those of the Moon will be to.al
There are sometimes six ; but the usual number is four : two of
the Sun, and two of the Moon.

The cause of this variety is thus accounted for. Although the Sun usually passes
$y both nodes only once iana year, he may pass the same node again a little befors
the end of the year. In consequenc: of the retrograde motion of the Moon’s nodcs,
tie will come to either of them 178 days after passing the other. Ile may, there
¥ore, return to the same node in about 346 lays, having thus passed one node fwice, and
the other once, making each time, at each, an eclipse of both the S8un and the Moon, or
sixiL all. And since 12 lunatious, or 834 daya from the first eclipse, in the beginning of
the ycar, leave room for another New Moon before the close of the year, and since this
New Moon may fall within the ecliptic limit, it is possible for the Sun to be eclipsed again.
Thus there may be seven eclipses in the same year.

444. Eclipses of the Sun always come on from the west, and
pass over eastward ; while eclipses of the Moon come on from
the east, and pass over westward.
This is a necessary result of the
eastward motion of the Moon in
her orbit.

In the right hand cut, the Moon is seen
revolving eastward, throwing her shadow upon
the Earth, and hiding the western limb of the
Sun. In some instances, however, when the
eclipse is very slight, it may first appear on the
northern or southern nmb of the Sun—that is,
the upper or lower side; but even then its
direction must be from west to east. It will

. also be obvious from this figure, that the sha-
dow of the Moon upon the Earth must also tra-
verse her surface from west to east; conse-

/ quently the eclipse will be visible earlier in the

west than in the east. !

On the left, the Moon is seen striking into
the Earth's shadow from the west, and having
her eastern limb f.rst obscured. By holding the
book up south of hiin, the student will see at
once why the revolution of the Moon eastward
mnust cause a solar eclipse to proceed from west
to east, and a lunar eclipse from east to west.
To locate objects and motions correctly, the
student should generally imagine himself look-
ing to the south, as we are situated north of the

equinoctial. The student should bear in mind
that nearly all the cutg in the bo~k are drawn
to represent a view from northern latitude
upou the Earth, llence, by holding the book
% ? up south of lim, the cuts will generally afford

LUKA} ECLIPSE.

S8OLAR ECLIPSE.

Pl

260,000 MILES

an accurate illustration both of the positions
and motions of the bodies represented.

447 The time which elapses between two successive chunges
s the Moon is valled a LZunation, which, at a mean rate, is about

¥ s:ven? What Is the usus) number? Can you explain the cawuae of this variety !
444. Whai I8 the direction of » 3solar eclipse? A lunar? Why this difference? 445,
‘What 2 a lunation? What would be the effect if the solar and lunar monthy were
wualt What tesult from the existing inequality?

B.G. 10
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294 days. 1f 12 lanar months were exactly equal to the 12 solai
months, the Moon’s nodes would always occupy the same pomta
in the ecliptic, and all eclipses would happen in the same months
of the year, as is the case with the transits of Mercury and
Venus : but, in 12 lunations, or lunar months, there are only
854 days ; and in this time the Moon has passed through both
her nodes, but has not quite accomplished her revolution around
the Sun ; the consequence is, that the Mocn’s nodes fall back iu
the ecliptic at the rate of about 194° annually ; so that the
eclipses happen sooner every year by about 19 days.

446. Eclipses can never take place, except when the Moon
is near the ecliptic ; or, in other words, at or near one of her
nodes At all other times, she passes above or below the Sun,
and also above or below the Earth’s shadow. It is not neces-
sary that she should be eructly at her node, in order that an
eclipse occur. If she is within 17° of her node, at the time of
her change, she will eclipse the Sun; and if within 12° of her
node at her full, she will strike into the Eartk’s shadow, and be
more or less eclipsed. These distances are called, respectively,
the solar and lunar ecliptic limats.

Thls subject may be understood by consulting the following figure.

THE MOON CHANGING AT DIFFERENT DISTANCES VPROM HER NODES.

2

Let the line E ¥ represent the ecliptic, and the line O O the plane of the Moon’s
orbit. The light globes are the Sun, and the dark coes the Moon, which may be imagined
as much nearer the student; hence their apparent diameter is the same.

Let the polut A represent the nole of the Moon’s orbit. Now if the change ocomt
when the Moon is at B, she will pass below the Sun. If when at C, she will just toueh hia
lower limb. At C, she will eclipse him & little, and so on to A; at which point, if the
change occurs, the eclipse would be central, and probably total.

If the Moon was at G, 1L, I, or J, in her orbit, when the change occurred, she would
celipse the upper or northern limb of the Sun, according to hier distance fromn her nodc
at the time ; but if she was at K, she would pass above the Sun, and would not eclipse
him at all. The poiuts C and J will represent the Solar Ecliptic Limits.

The mean ecliptic limit for the Sun is 16J6° on cach side of the node; the mean eclip-
“i¢ limit for the Moon is 106° on each side of the node. In the former case, then, therg
are 8¢ degrees about each node, making, in all, 66° out of 860°, in which eclipses of the
Snne.may happen ; in the latter case there are 21° about cach node, making, In all, 42°
sut of 860° in which eclipses of the Moon usually occur. The proportion of the solar to
“he ucar eclinses, thercfore, is as 66 to 42, or as 11 to 7. Yet, there are more visiblo
tolfueer of LL2 Moon, at any given place, than of the Sun; because a lunar ecnpse is
5&zble lo a whole hemisphere, a solar eclipse only to a small portion of it.

447, All parts of a planet’s shadow are not alike dense. 'T'he

446. Where must the Maon be, with respect to the ecliptic and her nodes, in order te
an eclipse? What meant by ecliptic limits? Nawe the distance of each, respectively,
from the nede.  Ilustrate. 447, What i3 the numlra of the Farth or Moon? The
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darkest portion is called the wmbra, and the partial shadow the
venumbra.

TMBRA AND PENUMBRA OF THE EARETH AND MOONW.

.

Penumbra is from the Latit. pene, almost, and wmbra, a shadow. In this cut, the
Earth’s umbra and penumbra will be readily found by the lettering ; while A is the umbra,
and B B the penumbora, of the Moon. The latter is more broad than it should be, owing
to the nearness of the Sun in the cut, ag it never extends to much over half the Earth’s
diameter. The student will see at once that solar eclipses can be total ouly to persons

vithin the umbra ; while to all on which the penumbra falls, a portion of the Sun’s disc
will be obscured. ‘

448. The average length of the Earth’s umbra is about
860,000 miles ; and its breadth, at the distance of the Moon, is
about 6500 miles, or three times the Moon’s diameter.

As both the Earth and Moon revolve in elliptical orbits, both the above estimatcs arc
subject to variations. The length of the Earth’s umbra varies from 842,217 to 871,262
wiles ; and its diameter, where the moon passes it, varies from 5235 to 6365 miles.

449. The average length of the Moon’s umbra is about
239,000 miles. It varies from 221,148 to 252,638 miles,
according to the Moon’s distance from the Sun. Its greatest
diameter, at the distance of the Earth, is 130 miles; but the
penumbra may cover a space on the Earth’s surface 4850 miles
in diameter.

When the Moon but just touches the iimb of the Sur, or the
umbra of the Earth, it is called an appuise (see C and J in the
cut on the opposite page).

450. A partial eclipse is one in which only part of the Sun or
Moon is obscured. A solar eclipse is partial to all places
outside the umbra ; but within the umbra, where the whole
disc is obscured, the eclipse is said to be fotal. A central eclipse
is one taking place when the Moon is exactly at one of her nodes
If lumar, it is total, as the Earth’s umbra is always broad enough,
at the Moon’s distance, if centrally passed, to obscure her whole
disc. But a solar eclipse may be central and not total, as the
Moon is not always of sufficient apparent diameter to cover the

wenumwira? Derivation? Within which are solar eclipses total? 448. The average
length of the Earth’s shadow? Breadth at the Moon's distance? Do they vary? Whyt
449. Average length of the Moon’s umbra? Does it vary? Why? Greatest diameter
at the Earth’s surface? Of penumbra? What 1S an appulse? 450. A partis
ecllpx;('. TWA tgtal ? Acentral? Areall central oclipses total? Why nct? What called
then hy
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whole disc of the Sun. In ‘hat case, the eclipss wounld be
annular (from annulus, a ring), because the Moon only hides the
venter of the Sun, and leaves a bright ring unobscured.

PROGRESS OF & CENTEAL ECLIPSE.
Gowg ofl, Annular, Cominy ou.

451. It bas already twen shown that the apparent magni-
rudes of bodies vary as their distances vary ; and as both the
Earth and Moon revolve in elliptical orbits, it follows that the
Moon and Sun must both vary in their respective apparent mag-
nitudes. Hence some central eclipses of the Sun are total,
wn hiie others are partial and annular.

TOTAL AND ANNULAR ECLIPSES OF THE 8CUN

Totat,

/ al

At A, the Earth is at her aphelion, and the Sun being at his most distant point, will
have his least apparent magnitude. At the same time, the Moon is in perigee, and
appears larger than usunal. If, thercfore, she pass centrally over the Sun'’s disc, the
eclipse will be total. ‘

At B, this order is reversed. The Earth is at her perihelion, and the Moon in apogee ;
30 that the Sun appears larger, and the Moon &maller than usual. If, then, a central
eclipse occur under these circumstances, the Moon will not be large enough to eclipse the
whole of the Sun, but will leave a ring, apparently around herself, unobscured. Such
eclipge will be annular. 2

452. The greatest possible duration of the annular appearance
of a solar eclipse, is 12 minutes and 24 seconds; and the greatest
possible time during which the Sun can be totally eclipsed, to
any part of the world, is 7 minutes and 58 seconds. The Moon
may continue totally eclipsed for one hour and three quarters.

5h3. As the solar ecliptic’s limits are further from the Moon’s
nodes than the lunar, it results that we have more eclipses of
the Sun thap of the Moon. There may be seven in all in one

431 Why are suw2 central eclipses total, and others partial and annular? 452,

How long may an annular eclipse continue? A folal eclipse of the Sun? Of the Moon?
658. Which kind of eclipses is most ‘requent? Why? The greatest number in a year !
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ear, viz., five solar and two lunar ; but the most usual number
is four. There can never be less than two in a year ; in wh.ch
case, both must be of the Sun. Eclipses both of the Sun and
Moon recur in nearly the same order, and at the same intervals,
at the expiration of a eycle of 223 lunations, or 18 years of 865
days and 15 hours. This cycle is called the Period of the
Eclipses. At the expiration of this time, the Sun and the
Moon’s nodes will sustain the same relation to each other as at
the beginning, and a new cycle of eclipses begins.

454, In a total eclipse of the Sun, the heavens are shrouded
in darkness, the planets and stars become visible, the tempera-
ture declines, the animal tribes become agitated, and a general
gloom overspreads the landscape. Such were the effects of the
great eclipse of 1806. 1In a lunar eclipse, the Moon begins tc
lose a portion of her light and grows dim, as she enters the
Earth’s penumbra, till at length she comes in contact with the
umbra, and the real eclipse begins.

455. In order to measure and record the extent of eclipses,
the apparent diameters of the Sun and Moon are divided inte
twelve equal parts, called digits; and in predicting eclipses,
astronomers nsually state which “Zmbd” of the body is to be
sclipsed—the southern or northern—the time of the first con-
tact, of the nearest approach of centers, direction, and number
of digits eclipsed.

FIVE DIGITS ECLIPSED, TWELVE DIGITS.

456. The last amnular eclipse visible in the United States,
osccurred May 26, 1854. The next total eclipse of the Sun will
be August T, 1869.

Some of the ancieris, and all barbarous natisus, formerly
*egarded eclipses with amazement and fear, as wupernatural
events, indicating the displeasure of the gods. Co umbus is said

liow many of each? Least number, ard which? Usual numher? What sald of th,
order of eciipses? Time of cycle? 454. Describe the effects of £ total eclipse of thy
bun. The process of a lunar eclipse? 455. How are eclipses meaiared and recorded?
156. When the next annular eclipse visible in this country ? The ntzt total? How ha7e
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to have made a very happy use of this superstition, as already
stated on a previous page. (Art. 433.)

457. Eclipses can be calenlated with the greatest precision,
not only for a few years to come, but for centuries and ages
cither past or to comme. This fact demonstrates the trath of the
Copernican theory, and illustrates the order and stability that
everywhere reign throughout the planetary regions.

The following is a iist of all the solar eclipses visible in Enrope and America from

§858 to the close of the present century, To those visible in New England, the number
of digits is annexed.

Year | Month. | Day and hour. | Digits./| Year. | Month. | Day and hour. | Digits.
1858, { Mar. {15 6 14 A, M, 1% 1878, July |29 456 P. M. %
1859, | July |29 582 P. M. 2% 1879, July 19 2 0 A, M.

1860, ( July {18 7 23 A. M. (1 1880, Dec. |81 780 A. M. 5%
1661, | Dec. {81 7 80 A, M. 4% 1882, May (17T 1 0 A, M.

1863, May {17 1 0 P. M 1885, Mar. {16 0 85 A. M, 6%
1865, Oct. (19 910 A. M, 8% 1886, Aug. |29 680 A. M. 0%
1866, Oct. 811 12 A. M. 1887, Aug. |1810 0 P. M.

1867, Mar. 6 8 0 A. M 1890, June {17 8 0 A, M,

1365, Feb, [23 10 0 A, M. 1891, June 8 0 0 Mer.

1369, Aug. | 7 521 A, M.} 10% 1892, Oct. |20 019 P. M. 8%
1870, Dec. 122 6 0 A. M 1895, Mar 26 4 0 A. M.

1873, May 126 3 0 A. M 1896, Aug. 0 0 Mer.

1874, Oct. 10 4 0 A. M. 1897, July |29 9 8 A, M. 4%
1375, | Sept. {29 556 A. M.{ 11% 1899, June 8 0 0 Mer.

186, | Mar. |25 4 11 P. M. 8% 1900, May |28 8 9 A. M, 11

The eclipses of' 1869, 1875, and 1900 will be very large. In those of 1878, 187 .nu
.880, the Sun wili rise cclipsed.

That of 1875 will b= annwular. The scholar can continue this table, or cxtend it hack-
war's, by adding e substracting the Chaldean period of 18 years, 11 days, 7 hours, 54
minvtes, and 81 stconds.

CHAPTER VI

PRIMARY PLANETS CONTINUED—MARS AND THE
ASTEROIDS.

458. Mars is the drst of the exterior planets, its orbit lying
immediately without, or beyond, that of the Earth, while those
of Mercury and Venus are within. He appears, to the naked
aye, of a fine ruddy complexion ; resembling, in celor, and appa-

the ignorant and superstitious regarded eclipsest 457, What said of the calculation of
eclipses? What does this demonstrate and illustrate? 458. Positicn of Mars® ockit)
How does he app2ar to the naked eye? When most brilliant? Wher least?
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rent magnitude, the star Antares, or Aldebaran, near which it
trequently passes. It exhibits its greatest brilliancy about the
vime that it rises when the Sun sets, and sets when the Sun
rises ; because it is then nearest the Earth. It is least brilliant
when it rises and sets with the Sun; for then it is five times farther
removed from us than in the former case.

459. Its distance from the Earth at its nearest approach is
ghont 33,000,000 of miles. Its greatest distance from us is
atout 245,000,000 of miles. In the former case, it appears more
chan 50 times as large as in the latter.  When it rises before the
Sun, it is onr morning star; when it sets after the Sun, it is our
cvening star,

The distance of the inferior planets from the earth, varies within the limits of the
diameters of their respective orblts; for wlien a planet is in thut part of its erbit whicl
i nearest the Eurth, it is evidently nearer by the whole diameter of its orbit, than it is

when at a point opposite, on the other side of its orbit. The exterior plancts vary ir
tistance within the limits of the diameter of the Jarth’s orbit.

460. Mars is sometimes seen in opposition to the Sun, and
sometimes in superior conjunction with him ; sometimes gibbous,
but never horned In conjunction, it is never seen to pass over
the Sun’s disc, like Mercury and Venus. These prove not only
that its orbit is ezferior to the Earth’s orbit, but that it is an
opaque body, shining only by the reflection of the Sun.

461. The motion of Mars through the constellations of the
zodiac is but little more than 4alf as great as that of the Earth;
it being generally about 57 days in passing over one sign, which
is at the rate of a little more than half a degree each day. Thus,
if we know what constellation Mars eunters to-day, we may con-
clude that two months hence it will be in the next constellation ;
four months hence, in the next ; six months, in the next, and
80 on.

Its mean sidereal revolut:on is performed in 656.9796458 solar days ; or in 686 days, ¥4
hours, 80 minutes, 41.4 seconds, Its synodical revelution is performed in 779.986 solsd
days ; or in 779 days, 22 hours, 27 minutes, and 50 seconds,

462, Mars performs his revolution around the Sun in one
year and 104 months, at vhe distance of 140,000,000 of miles ;
moving in its orbit at the mean rate of 53,000 miles an hour.
Its diurnal rotation on its axis is performed i 24 hours, 39

459. Its distance frem the Earth? WLat effect upon its apparent magnitude? When
morning and evening star ! How do the distances of the planets from the Earth vary ¢
Yheir apparent diameters ? 460. Is Mars ever in opposition to the Sun? In conjunc-
#ion r Its phases? Does it ever transit the Sun? What do these facts prove? 461,
What is his rate of motion through the constellations ? What calculation based upon It ?
43 His periodic time? Distance from the Sun? Mean rate of motlon perbour? T e
2z rotation on his axis? How does his day compare with ours?
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minutes, and 21} scconds ; which makes its day about 44 minuates
longer than ours.

463. Its form is that of an oblate spheroid, whose polar dia-
meter is to its equatorial as 55 is to 56, nearly, Its diameter is
4,500 milcs. Its bulk, therefore, is 7 times less than that of the
Farth; and being nearly 50,000,000 of miles farther from the
Sun, it receives from him less than half as much light and heat.

464. The inclination of its axis to the plane of its orbit, is
sbout 28%°. Consequently, its seasons must be very similar to
those of the Earth. Indeed, the analogy between Mars and the
Karth is greater than the analogy between the Earth and any
other planet of the solar system. Their diurnal motion, and of
course the length of their days and nights, are nearly the same ;
the obliquity of their ecliptics, on which the seasons depend, are
not very different ; and, of all the superior planets, the distance
of Mars from the Sun is by far the nearest to that of the Earth ;
nor is the length of its year greatly different from ours, when
compared with the years of Jupiter, Saturn and Uranus.

465. To a speetator on this planet, the Earth will appear
alternately, as a morning and evening star ; and will exhibit all
the phases of the Moon, just as Mercury and Venus do to us;
and sometimes like them, will appear to pass over the Sun’s dise
like a dark round spot. Our Moon will never appear more than
a quarter of a degree from the Barth, although her distance from
it is 289,000 miles. If Mars be attended by a satellite, 1t is too
small to be seen by the most powerful telescopes.

When it is considered that Vesta, the smallest of the asteroids, which is once and a
half times the distance of Mars from us, and only 269 miles in diameter, is perceivable
fn the ¢pen space, and that without the presence of a more conspicuous body to poict it
out, we may reasonably conclude that Mars is without a Moon,

466. The progress of Mars in the heavens, and indeed of ali
the superior planets, will, like Mercury and Venus, sometimes
appear direct, sometimes retrograde, and sometimes he will seem
stationary. The portion of the ecliptic through which a planey
seems to retrograde is called the Arc of Retrogradation. The
more remote the planet the less the arc, and the longer the timo
of its retrogression. These retrograde movements and stations,
ag they appear to a spectator from the Karth, are common to
all the planets, and demonstrate the truth of the Cupernican
systern. ¢

468. Form of Mars? Diamecter? Bulk? Light and heat? 464. Inclination cf his
8xi8 to the plane of his orbit? Hisseascns? Resemblance to our globe?  465. How
would the Earth appear to a spectator upon Mars? Our Moon? Has Mars a sateilite !
¥6. What eaid of the motions of Mars and the other planets? What coustitutes ‘h«
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RETROGRADE MOTION OF THE EXTERIOR PLANETS.

e

Buppose the Earth at A, and the planet Nepture at B, he would then appear to be at ¢,
among the stars; but as Neptune moves but a little from B toward F, while the Earth is
pazsing from A to D, Neptune will appear to retrograde from C to E. Whatever Neptune
may have moved, however, from B toward F, will go to reduce the amount of apparen*
ratrogression.

It is obvious trom this figure, that the more distant an exterior planet is, and the slower
it moves, the less will be its arc of retrogradation, and the longer will it be retrograding.
Neptune appears to retrograde 180 days, or nearly half the year.

The followiny table exhibits the amount of arc and the %éme of the retrogradation ¢
the principal planets:

Are,

The right-hand figure represents Mars as seen at the Cincinnati Observatory, Avguat 5,
1845. On the 80th of the same month he appeared as represented on the left. Tas
weiddle view is from a dawing by Dr. Dick.

467. The telescopic phenomena of Mars afford peculiar interest
to astronomers. They behold its disc diversified with numerons
irregular and variable spots, and ornamented with zones and
belts of varying brilliancy, that form, and disappear, by turns.
Zones of intense brightness are to be seen in its polar regions,
subject, however, to gradual changes. That of-the southern
pole is much the most brilliant. Dr. Herschel supposes that
they ar: produced by the reflection of the Sun’s light from the
frozen regions, and that the melting of these masses of polar ice
i3 the cause of the variation in their magnitude and appearance

Arc of Retrogradation ! What do these motions prove?  467. How does Mars appeas
through a tclescope? Dr. Herschel's opinion ¢f its polar reginng? Hew contirmed fn

10*
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He was the mora confirmed in these opinions by observiag that after the exposure ot
the luminous zone about the north pole to a summer of eight months, it was consldcrably
decreased, while that on the south pole, which had been in total darknese during eight
months, had considerably increased. He observed, farther, that when this spot waa
most luminous, the disc of Mars dld not appear exactly round, and that the bright part
of its southern limb seemcd to.be swollen or arched out beyond the proper curve.

468. The extraordinary height and density of the atmosphere
of Mars, are supposed to be the cause of the remarkable redness
of its light. It has been found, by experiment, that when &
beam of white light passes through any colorless transparcuf
weedium, its color inclines to red, in proportion to the density of
vhe medium, and the space through which it has traveled. Thus
the Sun, Moon, and stars, appear of a reddish color when unear
the horizon ; and every luminous object, seen through a mist, is
of a ruddy hue.

This phenomena may be thus explained :—The momentum of the red, or least refrangl-
ble rays, being greater than that of the violet, or most refrangible rays, the former wil!
make their way through the resisting medium, while the latter are either reflected or
absorbed. The color of the beam, therefore, when it reaches the eye, must partake of
the color of the least refrangible rays, and this color must increase with the distance.
The dim light, therefore, by which Mars is illuminated, having to pass fice through ita
atmosphere before it reaches the Earth, must be deprlved of a great proportion of its
violet rays, and consequently then be red. Dr. Brewster supposes that the difference ot
color among the cther planets, and even the fixed stars is owing to the different heights
and densities of their atmospheres.

THE ASTEROIDS, OR TELESCOPIO PLANETS.

469. Ascending higher in the solar system, we find, between
the orbits of Mars and Jupiter, a numerous cluster of small plan-
ets, which present a variety of anomalies that distinguish them
from all the older planets of the system. The first of these,
namely, Ceres, was discovered by Piazzi, at Palermo, January 1,
1801; and three others, namely, Pallas, Juno, and Vesta, have
been known since 1807. More than one hundred of these plan-
cts have been discovered since that time, the greater part of
them since 1853. [See Table, p. 231.]

470. The scientitic Bode entertained the opiuion, that the
plavetary distances, above Mercury, formed a georaetrical series,
sach exterior orbit being double the distance of its next interior
ong, from the Sun ; a fact which obtains with remarkable exact-
ness between Jupiter, Saturn, and Uranus. But this law seemed
to be interrupted between Mars and Jupiter. Hence he inferred,
that there was a planet wanting in that interval ; which is now

teia opi: fon?  46S. Supposed cause of the ruddy color of Mars? Philcsophical expla-
nation? Dz, Brewster’s opinion?  469. Position and num or of the astercids? When
Jiscover. d? 470. Bode’s theory? What secming Interruption? What concluaior!
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nappiiy supplied by the discovery of the numerous star-form
plauets. occupying the very space where the unexplained vacancy
presented a strong objection to his theory.

According to Bode, the distances of the planets may be expressed nearly a3 follows : the
£arth’s distance from the Sun being 10,

Mercury 4 = 4 |Asteroids 4+8x2 = 28
Venus 4+8x1 = 7 {Supiter 4+8x%t = B2
The Eartt 4+48x2 =  10/Saturn 4+8x2° = 100
sdars 443x22 = 16 {Herschel 4+8x2 = 196

Comparing these values with the actual mean distances of the planets from the Sun,
@ cannot but remark the near agreement, and can scarcely hesitate to pronounce that
the respective distances of the planets from the Sun, were assigned according to a law,
aithough we are entirely ignoraut of the exact law, and of the reason fcr that law.—
Brinkley's Elements, p. 89.

471, The Asteroids are much smaller in size than the older
planets—they all revolve at nearly the same distances from the
Sun, and perform their revolutions in nearly the same periods—
“heir orbits are much more eccentric, and bave a much greater incly
walion to the ecliptic—and what is altogether singular, except in
the case of comets—some of their orbits cross eack other ; so that
“here is even a possibility that two of these bodies may, some
time, in the course of their revolutions, come into collision.

The orbit of Vesta is so eccentric, that she is sometimes
farther from the Sun than either Ceres, Pallas, or Juno, although
her mean distance is many millions of miles less than theirs. The
orbit of Vesta crosses the orbits of several other asteroids, in
two opposite points.

The student should here refer to the Flgures, Map L. of the Atlas, and verify such of
these particulars as are there represented. It would be well for the teacher b require
him to observe particularly the positions of their orbits, and to state thuis differeut
degrees of inclination to the plane of the ecliptic.

472, From these and other circumstances, many eminent
astronomers are of opinion, that these telescopic planets are
the fragments of a large celestial body which once revolved
between Mars and Jupiter, and which burst asucder by some
tremendous convalsion, or some external violence. The dis-
covery of Ceres, by Piazzi, on the first day of the present cen-
tury, drew the attention of all the.astronomers of the age to
that region of the sky, and every inch of it was minutely explor-
ed The consequence was, that in the year following, Dr. Olbers,
of Bremen, announced to the world the discovery of Dallas,
situated not many degrees from Ceres, and very much res mbling
it in size.

How substantially jusw:fied? 471, Size of the asterolds? Distance from e Sun?
Periodic time? Forms of their orbitsa? Posltion with respect to the e diptiv ° What
other singularity in their orbits? What remarkable facts respecting the orbit 0. Vesta?
4713, Whal conclusion has been drawe from these facts? Progress oi dis.overy?
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4%8. Frow this discovery, Dr. Olbers first conceived ths idea
that these bodies might be the fragments of a former world ; and
if s0, that other portions of it might be found either in the same
neighborhood, or else, having diverged from the same point,
“ they ought to have two common points of reunion, or two
nodes in opposite regions of the heavens through which all the
planctary fragments must sooner or later pass.”

474. One of these nodes he found to be in the constellation
Virgo, and the opposite one in the Whale ; and it is a re:naik-
able coincidence that it was in the neighborhood of the latter
constellation that Mr. Hurding discovered the planet Juno. Ia
order, therefore, to detect the remaining fragmeuts, if any
existed, Dr. Olbers examined, three times every year, all the
small stars in Virgo and the Whale ; and it was actually in the
constellation Virgo, that he discovered the planet Vesta. Since
that time, very many additional asteroids have been discovered,
and it is not unlikely that still additional fragments of a similar
description will hereafter be discovered.

Dr. Brewster attributes the fall of meteoric stones to the
smaller fragments of these bodies happening to come within the
sphere of the Earth’s attraction.

Meteoric stones, or what are generally termed aerolites, are stones which sometimes
iall from the upper regions of the atmosphere upon the Earth. The substance of which
they are composed, is, for the most part, metaliic; but the ore of which it consists is not
to be found in the same constituent proportions in any kr own substance upon the Earth.
Their fall is generally preceded by a luminous appearance, a hissing noise, and a loud
explosion ; and when found immediately after their descent, they arc always hot, and
usually covered with a black crust, indicating a state of exterior fusion.

Their size varies from that of small fragments of inconsiderable weight to that of the
most ponderous masses. They have been found to weigh from 800 pounds to several tons;
and they have descended to the earth with a force sufficient to bury them many feet
under the surface. 3

Some have supposed that they are projected from volcanoes in the Moon ; others that
they proceed from volcanoes on the Earth; while others imagine that they are gene-
rated in the regions of the atmosphere ; but the truth probably is not yet ascertained. Ir
some instances, these stones have penetrated through the roofs of houses, and proved
destructive to the inhabitants.

If we carefully compute the force of gravity in the Moon, we shall find that If a body
were projected from her surface with a momentum that would cause it to move at the rate
of 8200 feet in the first second of time, and in the divection of a line joining the centers
of the Earth and Moon, it would not fall again to the surface of the Moon; but would
become a satellite to the Earth. Suth an impulse might, ir deed, cause it, even after
many revolutions, to fall to the earth. The fall, therefore, of these stones, from the air,
may be accounted for in this manner.

Mr. Harte calculates, that even a velacity of 6000 feet in a second, would be sufficient
to carry a body projected from the surface of the Moon beyond the power of her attrac-
tion. If s0, a projectile force three times greater than that of a cannon, would carry a
# body from the Moon, beyond the point of equal attraction, and cause it to reach the
Earth, A force equal to this is often exerted by our volcanoes, and by subterrar.ean
#eain. Hecce, there is no impossibility in the suppesition of their coming from the Moon.

478, Theory o. Dr. Olbers ¥ 474. Where did he find these nodes? What remarkable
coincidence? Dr. Olbers’ efforts? Discoveries since? Dr., Brewster’s ldea respecting
meteor'c stones? What are meteoric stones? Circumstances of their fait? Size and
veigr.t? Supposed origin? Could they have fallen frov. the Moon? What computations |
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175, Vesta is the only asteroid that can be seen with the » ked
eye, .

476. The largest of the asteroids is probably about 220 r.iles
xa diameter; the smallest is less than 20 miles.

417. The following table comprises their names, &e.:

TABLE OF THE ASTEROIDS,

Dist. frcm | Period-
Xs. Name. the Sunin = |ictime Date of By wkom Where discovered,
miles. indays, discovery, discove red,

252,959,381 11,681 | Jan, 1, 1801 | Piazzi........| Palermo.
253,224,523 | 1,684 | March 28, 1802 | Olbers....... Bremen,
LY 911, 1812 | 1,592 Secpt, 1, 1804 | Harding. ....| Lilienthal,
.| 215, 893 639 | 1,325 March29 1807 Olbers ......| Bremen,
5 235,631,270 1,511 | Dee. 8, 1845 | Hencke., ...| Dresden.
6. 221,797,635 | 1.380 | July 1, 1847 | Hencke......| Dresden.
1 218,173,325 | 1,346 | Aug. 13, ** London,
8 -| 20123 3127 1,193 Oct, 18 S ...! London.
9. 218,211,451 {1,347 | April 2.), 1848 Markree.
0. Hygeia...... 238,110.375 2,043 A[pril 12, 1849 | De Gasparis.| Naples.
1;. Parthenope..| 224,181,315 | 1,402 | May 13, 1830 | De Gasparis.| Naples.
1 y

13

14

. Victoria.....| 213,597.6(0 Sept, 13, ¢ 1Hind........ London.
235,581,675 Nov.2, *‘ |De Gasparis. | Naples.

. | 236,441.215 May 20, 1851 |Hind........ London.
241,712,109 July 29, De Gasparis. | Naples.

- 267,311,899 1 1.826 | March 17,1852 | De Gasparis. | Naples.
.1 226,156,795 April 17, | Luther .

.| 209,891,225 June 24, ** | Hind. .| London.
923, 195,117 AugadR, ¢ | LHIBd e sxsis London.
220,311.713 Scpt 19, * [Chacornac...| Marscilles.
222,673,235 | 1 Nov. la “ | Goldschmldt.| Paris.
265,988,156 | 1,814 | Nov. lo, vy Hind ....... | Londom.
240 194 177111,555 | Dec. 15, ** |Hind........ London.
He 287,371 205 2,035 | April 5, 1833 | De Gasparis.| Naples.
25. Phoceea..... i 219,507,125 11,359 { April 6, ** | Chacornac...| Marseilles.
26. Proserpine..| 242,844,895 [ 1,581 | May 5, ¢ |Luther....... Bilk.
27. Euterpe. ....| 214,561,317 {1,313 | Nov. 8, * London.
28, Bellona...... 254,036,415 11,602 | Marcli 1, 1854 | Lather.......| Bilk.
29, Amphitrite..; 233,509,171 { 1,491 | March 1, ** \Iar' +veses..| London.

30. Urania......| 216,275,870 { 1
31, Euphrosyne,. | 233,251,117 | 2,
32, Pomona.....! 236,556,455 %

1

London.
.| Washington, B.O
520 { Oct. 26, * Go.\.schx‘"m. Paris.
770 Oct. 28, ** |Chacernac...| Paris.
Circe...,....| 245,615,324 | 1,608 | April 15, 1855 Choco"n“‘.. DParis.
Leucothea. .| 274,807,315 1,904} April 19, °** |Lnther.......| Bilk,

. Atalanta.....| 251,079,425 | 1,662 | Oct. 5, “ | Goidechmidt.| Paris.
Fides.. .,...|{ 241,409,127 | 1,568 | Oct. 5, £ Lather....,..| Bilk.
Leda........| 250,531,915 | 1,657 | Jan. 12, 1856 | Chacornac...| Paris.
Leetitia..... .| 252,9904.125 | 1,681 | Feb, 8, * chacornac, .| Paris,
Harmonia. ..| 207,205,315 | 1,247 | March 1, * | Goldschmidt.| Paris.
Dzphne.....[ 253,183,175 | 1,633 | May 23, ** Goldschmidt.| Parig,

83. Polyhymnia. | 261,863,473

ABARAEREBERBRIVAR

Jalat Rl o 223,095,367 { 1,392 | May 23, ‘* |Pogson......| Oxford.
Ariadne., ...} 201,445.216 | 1,195 | April 15, 1857 | Pozson.. ... Oxford,
Nysa........]221,441.119 | 1,377 | May 27.  * | Goldschmidt.] Paris.
Eugenia.....{ 248,301,071 [ 1,640 | June 27, * | Goldschmid.} Paris.
Hestia,......[ 230,994,315 | 1,467 | Ang. 16, ** | Pogsou... 3
. Aglaia -|263,432.471 | 1,786 | Sept. 15, * | Luther.. i
48, Doris 5 284,293,510 2.003 | Sept. 19, *¢ Goldsciim Paris.
€9, Pales... .1281,833,015 | 1,977 | Sept. 19, ** Go]d%chmxdt. Paris,
50. Virginia....| 242,203,713 ,57.> Oct. 4, ** |Ferguson.....| Washington, DG
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Dist. from  |Period-
No.  Name. the Sunin {lctime Date of By whom Where discovered.
miles. indays. discovery. discovered,
51. JTemausa... | 216.206,571 {1,323 | Jan. 22, 1858 | Laurent......| Nismes.
52. Luropa.....[ 283,431,110 | 1,994 | Feb, 4, * Goldschmidt.| Paris.
53, Calypso ...|239,521,473 { 1,549 | April4, * | Latlrer.......| Bilk.
54, Alexandra .| 247.986.795 | 1,632 | Sept. 11, ** | Goldschmigt.| Paris.
55. Pandora. ..| 252,262,491 {1,674 | Sept. 11, “ | Scarle....... | Albany, N. Y.
56 Melcte......| 237,847,157 | 1,528 | Sept. 9, 1859 | Goldschmiit,| Paris.
57 Mnemosyne/ 288,602.121 | 2,048 | Sept. 22, ** Luther. Bilk.
56 Ceoncordia. | 246,889,315 | 1.621 | March 24, 1860 | Luther.. Bilk.
39 Olympia 248,059,106 | 1,632 | Sept. 12, * | Chacorn Paris.
30 Echo. 218,706,250 | 1,352 | Sept. 15, * | Ferguson.....| Washington. D.©@
81, Dana .| 272,898,017 | 1.833 | Sept. 19, ** | Goldschmidt.| Paris.
62. Erato......| 286,145,013 | 2,022 [ Oct. 10, ‘* {Foster.......| Berlin.
33, Ausonia....| 218,971,905 | 1,354 | Feb. 10, 1861 | De Qasparis | Naples.
64, Angeclina...|245.117,875 {1,603 | March 2, ** | Tempel......| Mareeilles,
€5. Cybele..... 312,737,913 | 2,311 | March 4, * | Tcmpel. .| Marseilles.
. Maia.......} 242,404,596 | 1,577 | April9, * | Tuttle.. .| Cambridge, Masa
67, Asia........| 221,419,105 [ 1,877 | April 17, ‘* | Pogson......|Madras.
68, Leto........| 254,212,089 | 1,693 | April 20, Lather.......| Bilk.
69, Hesperia...| 271,702,518 | 1,871 Alpril 29, * | Schiaparelli..| Milan,
%0. Panopea....| 238,931,095 | 1,543 | May 5, ¢ | Goldschmidt.| Paris.
71. Feromia....| 207,187,414 [ 1,246 | May 29, ‘* | Peters.......|Clinton, N, Y.
2. Niobe...... 251,984,138 [ 1,671 | Aug., 13, Luther.. .| Bilk,
13. Clytie......[ 243,806,171 | 1,590 | April 7, 1862 | Tuttle.. .| Cambridge, Mass
74. Galatea ....[253,964,819 11,601 | Aug. 29, * |Tempel.... .| Marscilles.
75. Eurydice.. | 244,101,375 | 1,503 | Sept. 22, ** | Peters.......[<linton, N. Y.
76. Freia...... .| 809,786,915 | 2.277 [ Oct. 21, * | D’Arreet.....| Copenhagen.
. Frigga. ....| 244,204,717 | 1,595 | Nov. 12, ** | Peters.. .| Clinton, N. Y,
%8. Diana......| 239,798,051 | 1,551 | March 15, 1863 .| Bilk.
79. Eurynome..| 223,379,507 | 1,395 | Sept. 14, ** .| Ann Arbor, M.ch
80. Sappho.. ..[209,950.819 | 1,271 | May 2, 1864 Madras.
81. Terpsichore| 261,151,257 | 1,763 | Sept. 80, * Marseilles.
82. Alcmene.. .| 252,312,105 | 1,615 | Nov, 27, * Bilk.
83. Beatrix... |222,061,135 | 1,383 | April 26, 1865 z Naﬁlcs.
84. Clio....... | 216,457,309 | 1,331 [ Aug. 25, ** Bilk.
5 242,618,417 | 1,673 | Sept. 19, ‘¢ Clicton, N. Y.
282,591,045 | 1,985 | Jan. 4, 1866 Berlin.
319,337,561 | 2,384 | May 17, ** .| Madras.
...} 253,218, o1 June 15, “ .| Clinton, N. Y.
..+1233,131,645 | 1,486 | Ang. 8, Marscilles.
.| 285,155,396 | 2,011 | Oct. 1, G ilk. ’
237,333,994 1 1,528 | Nov, 24, * .| Marseilles.
I .| 291,844,560 | 2,081 | July 26, 1367 Clinton, N. Y.
93. Minerva....[251,981,082 | 1,672 | Aug. 24, ** .| Ann Arbor, Mirh
94, Aurora.....| 286,175,900 | 2,062 | Sept. 6, ** «..{ Ann Arbor, Micl
5. Arethuea,..| 280,598,670 | 1,960 | Nov.10, * [ Luther.... Bilk,
96, Agle....... 79,227,220 | 1,949 | Feb. 17, 1803 | Coggia.. .| Marseilles.
97. Clotho 244,025,675 | 1,501 | Feb, 17, ** | Tempel, Marseilles.
93. Ianthe, 245,398,120 | 1,506 | April 18, ¢ | Peters. .| Clinton, N. Y.
99, Diks..... 251,315,428 | 1,660 | May 28, ‘| Borelly...... Marseilles.
100, Hecate..... 273,440,992 | 1,891 | July 11, ‘¢ | Watson. Ann Arbor, Mich
101, Helena .] 235,249,390 | 1,507 | Ang 15, ‘¢ | Watson......| Ann Arbor, Mich
102, Miriam..... 243,478,090 | 1,588 | Aug 24, “ |Peters... ...} Clinton, N. Y.
103, Hera... ...| 247,043,860 | 1,621 | Sept. ¥, ** | Watson. .| Ann Arl)or, Mich
104. Clymene....| 290,747,415 | 2,069 | Sept. lé. ‘I Watson, ./ Amm Arbor, Mich
105. Artemis....| 217,603,400 | 1,340 | Sept. 16, ** | Watson .| Ann Arbor, Mich
106, Dione...... 292,667,430 | 2,091 | Oct. 10, ** | Wateon,., ..!| Ann Arbor, Mich
197, Camilla....| 325,758,300 { 2,454 | ...... .. 1869 | Pogson......| Madras,
108, Ilecuba....| 291,935,989 |2,084|......... & Lather s, o Bilk.
109, Folicitas...| 246,688,250 | 1,616 | Oct. 9, ¢ | Peters.......| Clinton, N. Y.

Sirce the discovery of Felizitas, ninateen other astersids have been announ:eA.
aaki \g the whole Lumber, up to 1873, one hundred and twenty-eight.



THE PRIMARY PLANETS—JUPITER AND SATCRN. £33

CHAPTER VII
PRIMARY PLANETS—JUPITER AND SATURN.

473, Jurrer is the largest of all the plancts belonging to the
paiar system. It may be readily distinguished from the fived
stars, by its peculiar splendor and magnitude ; appearing to the
nked eye almost as resplendent as Venus, although it is moro
1hiaa seven times her distance from the Sun.

When his right ascension is less than that of the Sun, he is
nur morning star, and appears in the eastern hemisphere before
the Sun rises ; when greater, he is our evening star, and lingers
in the western hemisphere after the Sun sets.

Nothing can be easier than to trace Jupiter among the con-
stellations of the zodiac ; for in whatever constellation he is seen
to-day, one year hence he will be seen equally advanced in the
next constellation ; two years hence, in the next ; three years
hence, in the next, and 50 on ; being Just a year, at & mean rate,
in passing over one constellation.

The exact mean motion of Jupiter in its orbit, is about one-twzifth of a degreeina day;
which amounts to only 80° 20’ 82" In a year.

For 12 years to come, he will, at a mean rate, pass through
the constellations of the zodiac, as follows :

1867, Capricornus. 1871, Taurus. 1875, Virgo.
1868, Aquarius, 1872, Gemini, IS.G, Libra,
1869, Pisces. 1878, Cancer. 1877, Scorpio.
1810, Aries. 1874, Leo. 1878, Sagittarins,

479. Jupiter is the next planct in the solar system above the
asteroids, aud performs his aunnal revolution around the Sun in
nearly 12 of our years, at the mean distance of 475,000,000 of
miles ; moving in his orbit at the rate of 29,000 miles an hour.

The cxact period of Jupiter's sidereal revolution is 11 years, 10 months, 17 dnys. 14
hours, 21 minutes, 25; scconds, I1is exact mean distance from the Sun is 475, 693,000
miles; consequently, tlle exact rate of lLis motion in his orbit is 28,744 miles per hour

480. He revolves on an axis, which is nearly perpendicular to
the plane of his orbit, in 9 hours, 55 minutes, and 50 seconds ;
s0 that his year contains 10,471 days and nights ; each about
n hours long.

His form is that of an oblate spheroid, whose polar diameter

478. Comparative size of Jupiter? How distinguished from the fixed stars? When
mcrumg star, &e.? 1s he easily traced ? 479, His position in the system? His puei
odic time? Distance from the Sun? Rate of motian? 4380. Time of diurna. revcin
tion? Position of axis? Length of his days? Numberin his year? His fota  Cawst
*i 2iy oblateness ?  Difference of equatorial and pelar diamcters? The Eartk?
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is to its equatorial, as 16 to 17. He is therefore considerabiy
more flattened at the poles than any of the other planets, except
Saturn. This is caused by his rapid rotation on his axis ; for it
is an universal law that the equatorial parts of every body,
revolving on an axis, will be swollen out, in proportion to the
density of the body, and the rapidity of its motion.

Tue difference between the polar and equatorial diameters of Jupiter, exceeds 500@
miles. The difference between the polar and equatorial diameters of the Earth, is only
3¢ miles. Jupiter, even on the most careless view through a good telescope, appears te

de oval; the longer diameter being parallel to the direction of his belts, which are also
parallel to the ecliptic. x

481. By this rapid whirl on its axis, his equatorial inhabitants
are carried around at the rate of 27,600 miles an hour; which is
2700 miles farther than the equatorial inhabitants of the Earth
are carried, by its diurnal motion, in twenty-four hours.

The truc mean diameter of Jupiter is 85,390 miles; which
is nearly 11 times greater than the Earth’s. His volume is,
therefore, about thirteen hundred times larger than that of the
Earth. ( For magnitude as compared with that of the Earth, se
Mup I) On account of his great distance from the Sun, the
degree of light and heat which he receives from it is 27 times
less than that received by the Earth.

When Jupiter i8 in conjunction, he rises, sets, and comes to the meridian with the Sun;
but is never observed to make a transit, or pass over the Sun's disc; when in opposition,
he rises when the Sun sets, sets when the Sun rises, and comes to the meridian at mid
night, which never happens in the case of an énferior planet. This proves that Jupites
revolves in an orbit which is exterior to that of the Earth.

482. As the variety in the seasonps of a planet, and in the
length of its days and nights, depends upon the inclination of ity
axis to the plane of its orbit, and as the axis of Jupiter ha
little or no inclination, there can be no difference in his seasons
on the same parallels of latitude, nor any variation in the lengtl
of his days and nights. It is not to be understood, however
that one uniform season prevails from his equator to his poles
but that the same parallels of latitude on each side of his equa
tor, uniformly enjoy the same season, whatever season it may be.

About his equatorial regions there is perpetual summer ; and
at his poles everlasting winter ; but yet equal day and equal
night at each. This arrangement seems to have been kindly
ordered by the beneficent Creator ; for had his axis been inclined
to his orbit, like that of the Earth, his polar winters would have
neen alternately a dreadful night of siz years’ darkness.

4t ], Motion at Jupiter’s equator? Hismean diameter? His volume? Lizht andheats
‘Does he ever transit the Sun? What proof that his orbit is exterior to that of th: Eartht
182. What nf the seasons of Jupiter ? What apparent manifestation of Divine Wisdom,



THE PRIMARY PLANETS—JUPITER AND SATURN. 238

TELESCOPIC VIEW OF JUPITEKKR,

483. Jupiter, when
viewed through a
telescope, appears to
he surrounded by a
number of luminous
zones, usually termed
beits, that frequently
extend quite around
him. These belts are
parallel not only to
each other, but, in
general, to his equa-
tor, which is also
nearly parallel to the
ecliptic. ~ They are
subject, however, to considerable variation, both in breath and
aumber. Sometir.es eight have been seen atonce ; sometimes only
one, but more usually three. Dr. Herschel once perceived his
~hole disc covered with small belts, though they are more
usually confined to within 30° of his equator, that is, to a zone
60° in width.

Sometimes these belts continue for months at a time with little
or no variation, and sometimes a new belt has been seen to form
m a few hours, Sometimes they arc interrupted in their length ;
and at other times, they appear to spread in width, and run into
each other, until their breadth exceeds 5000 miles.

484. Bright and dark spots are also frequently to be seen in
the belts, which usually disappear with the belts themselves,
though not always, for Cassini observed that one occupied the
same position more than 40 years. Of the cause of these vari-
able appearances, but little is known. They are generally sup-
posed to be nothing more than atmospherical phenomena, resulting
from, or combined with, the rapid motion of the plazct upon its
axis.

Different opinions have been entertalned by astronomers respecting the cause of these
belts and spots. By some they have been regarded as clouds, or as openings in the
atmosphere of the planet, while others jmagine that they are of a more permanent
nature, and are the marks of great physical revolutions, which are perpetually agitating
and changing the surface of the planet. The first of these opinions sufficiently explains
the variations in the form and magnitude of the spo?s, and the parallelism of the belts,

483. How does Juplter appear through a telescope? Where are his belts usually
seen? Thelr number? Are they permanent? 484, What else seen upon Jupiter’s
surface? Are they permanent? 1s the cause of these phenomena well understond’
What Qifferent opinions?
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fhe spot first cbserved by Cass’al, in 1665, which has both disappeared and reappeared
n the sawe form and position for the space of 43 years, could not possibly be occasiored
by any a‘mospherical variations, but seems evidently to be connected with the surface
of the planet. The form of the belt, according to some astronomers, may be accounted
for by suppcaing that the atmosphere veflects more light than the dody of the planet,
snd that the clouds which float in it, being thrown into pavallel strata by the rapidity cf
'ts diurnal motion, (orm regular insterstices, through which are seen its opaque body, 0
ary of the permanent spots Which may come within the range of the opening.

MOONS OF JUPITER.

485. Jupiter is attended by four satellites or moons They
are easily seen with a common spy- o o emE MooNs oF
glass, appearing like small stars JUPITER,
near the primary. (See adjoining
cut.) By watching them for a few
evenings, they will be seen to change
their places, and to occupy different
positions. At times, only one or two
may be seen, as the others are
either between the observer and the
planet, or beyond the primary, or
eclipsed by his shadow.

486. The size of these satellites
is abont the same as our moon,
except the second, which is a trifle
less. The first is about the distance
of our moon ; and the others, re-
gpectively, about two, three, and
five times as far off.

COMPARATIVE DISTANCES OF JUPITER'S MOONS

4th. 3d. 2d. 1st.

487 Their periods of revolution are from 1 day 18 hours tg
i1 days, according to their distances. This rapid motion i
gecessary, in order to counterbalance the powerful centripeta.
force of the planet, and to keep the satellites from falling to his
sarface.

485. How many moons has Jupiter? Ilow seen.? Why not all seen at once? 43¢
Yherir sise ? Distances ? 487, Periorls of Jupiter’s satellites? Why so ravid?
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The magnitudes, distances, and periods of the moons of Jupitci are as follows:

Diameter in miles. Distunce. Periodic times.
1 day 18 hours.
8 19 «

£88. The orbits of Jupiter’s moons are all in or near the plare
of lLis equator ; and as his orbit nearly coincides with the eclip-
tie, and his equator with his orbit, it follows that, like onr ows
moon, his satellites revolve near the plane of the ecliptic. On
this account, they are sometimes between us and the planet, and
sometimes beyond him, and seem to oscillate, like a pendulum,
from their greatest elongation on one side to their greatest elon-
gation on the other.

489. Their direction is from west to east, or in the directiov
Jieir primary revolves, both upon his axis and in his orbit. From
the fact that their elongations east and west of Jupiter are nearly
Jie same at every revolution, it is couclnded that their orbits
wre but slightly elliptical. They are supposed to revolve on
their respective axis, like onr owa satellite, the moon, once dur-
ing every periodic revolution.

490. As these orbits lie near the plane of the ecliptic, they
nave to pass through his broad shadow when in opposition to the
Sun, and be totally eclipsed at every revolution. To this there
is but one exception. As the fourth sateilite departs about 3°
from the plane of Jupiter’s orbit, and is quite distant, it some-
times passes above or below the shadow, and escapes eclipse. But
such escapes are not frequent.

"These moons are not only often eclipsed, but they often.eclipse
Jupiter, by throwing their own dark shadows upon his dise.
They may be seen like dark round spots traversing it from side
to side, causing, wherever that shadow falls, an eclipse of the
Sun.  Altogether, about forty of these eclipses oceur in the sys-
tem of Jupiter every month.

491. The immersions and emersions of Jupiter’s moons have
reference to the phenomena of their being eclipsed. Their
entrance info the shadow is the immersion ; and their coming out
of it the emersion.

188, How are their orbits situated ? 1low satellitesappearto move?  4S9. Directlon
¢! tecondaries? Form of orbits? 1llow ascertalned? What motion on axis? 490
What said of eclipses? Of fourth satellite? Of solar eclipses upon Jupiter? Numbes
of solar and lunar? 491, What are the immersions and emersions of Jupiter’s
noons? Ars the immersions and emersirns always visible from the Earth? Why pot?
Tlustrate
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BCLIPSLS OF JUPITGR'S HOONS, EMERSIONS, ©TO.

The above is a perpendicular view of the orbits of Jupiter's satellites. His oroaq
shadow is projected in a direction opposite the Sun. At C, the second satellite is suffer
Ing an fmmersion, and will soon be totally eclipsed ; while at D, the first is in the act of
emersion, and will soon appear with its wonted brightness. The other satellites are seeu
to cast their shadows off into space, and are ready in turn to eclipse the Sun, or cut off g
portion of his beams from the face of the primary.

If the Earth were at A in the cut, the immersion, represented at C, would be invisible ;
and if at B, the emersion at D could not be seen. So, also, if the Earth were exactly at
F, neither could be seen ; as Jupiter and all his attendants would be directly beyond the
Bun, and would be hid from our view.

492, The system of Jupiter may be regarded as a miniature
representation of the solar system, and as furnishing triumphant
evidence of the trath of the Copernican theory. It mayalso be
regarded as a great natural clock, keeping absolute time for the
whole world ; as the immersions and emersions of his satellites
furnish a uniform standard, and, like a vast chronometer hung
up in the heavens, enable the mariner to determine his longitude
upon the trackless deep.

By long and careful observations upon these satellites, astronomers have been able ta
construct tables, showing the exact time when each immersion and emersion will take
place, at Greenwich Observatory, near London. Now suppose the tables fixed the time
for a certain satellite to be eclipsed at 12 o'clock at Greenwich, but we find it to occur at
9 o’clock, for instunce, by our local time: this would show that our time was three hours
behind the time at Greenwich ; or, in other words, that we were three hours, or 45°, west
of Greenwich, If our time was aheud of Greenwich time, it would show that we were
<ast of that meridian, to the amount of 15° for every hour of variation. But this method

of finding the longitude 18 leiis used than the “lunar method” (Art. 407), on account of
the greatez difficulty of making the necessary observations,

403. By observations upon the eclipses of Jupiter’s moons, as
compared with the tables fixing the time of their occurrence, it
was discovered that light had a progressive motion, at the rate
of about 190,000 miles per second.

This discovery may be illustrated by again referring to the preceding cut. In the year
1673, it was observed by Roemer, a Danish astronomer, that when the Earth was nearest
to Jupiter, as at K, the eclipses of his satellites took place 8 minutes 18 seconds soca
than the mean time of the tables; but when the earth was farthest from Jupiter, as at
¥, the eclipses took place 8 minutes and 13 secords lat~r than the tables predicted, tha
entire difference being 16 minutes and 26 seconds. This difference of time he ascribed ta
the progressive motion of light, which he concluded required 16 minutes and 26 seconds
$o aross th: exrth’s orbit from E to F.

492. How may the system of Juplter be regarded? Whatuse of it made In navigation !
Tlustrate method? 1Is it wuch used? 493, What discovery by observirg the cclipaog
af Jupltor's moons? Explain the process?
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This progress may be demonstrated as follows :—16m. 26s. = 986s. If the rzdius of the
Earth's orbit be 91.500,000 miles, the diameter must bo twice “hat, or 183,000,000,
Divide 153,000,000 miles by 966 seconds, and we have 185.5°8 %% miles as the progrees of
light in each seeand. At this rate. lieht wonld pass neatly «ight tiries around the glahe
ut everv tick of the clock, or nearly 599 times ev 2wv minnt

491 Jupiter, when seen from his nearest satellite, appears a
teus i times larger thai our Moon does to us, exhibiting ci: a
wale of inconceivable magnificence, the varying forms of a cres
écnt, a half moon, a gibhous phase, and a full moon, every 42

oILr's,

SATURN.

495. Sarvky is situated between the orbits of Jupiter and
Uranus, and is distinctly visible to the naked eye. It may be
easily distinguished from the fixed stars by its pale, feeble, and
steady light. It resembles the star Fomalhant, both in color
and size, differing from it only in the steadiness and uniformity
of its light.

From the slowness of its motion In lts orbit, the pupil througheut the period of hiz
whole life, may trace its apparent course among the stars, without any danger of mis-
take. Having once found when it eniers a particular constellation, he may easily remem.
ber where he is to look for it in any subsequent year; because, at a mean rate, it Is just
2)¢ years in passing over a single sign or constellation.

' Saturw’s mean daily motion among the stars is only about 2,
the thirtieth part of a degree.

496. The mean® distance of Saturn from the Sun is nearly
double that of Jupiter, being about 872,000,000 of miles. Ilis
diameter is about 70,000 miles; his volume, therefore, is seven
hundred times greater than the Earth’s.  Moving in his orbit at
the rate of 21,000 miles an hour, he requires 294 years to com-
plete his circuit around the Sun : but his diurnal rotation on his
axis is accomplished in 104 hours. His year, therefore, is nearly
thirty times as long as ours, while his day is shorter by more
than one-half. His year contains abont 25,150 of its own days
which are equal to 10,759 of our days.

497, The surface of Saturn, like that of Jupiter, is diversitied
with belts and dark spots. Dr. Herschel sometimes perceived
fve belts on his sarface ; three of which were dark and two
hright.  The dark belts have a yellowish tinge, and generaliy
“over a hroader zone of the planct than those of Jupiter.

To the iahabitants of Saturn, the Sun appears 90 times less than he appears at the
Larth; and they receive from him only one ninetieth part as much light and heat. But

494, How does Jupiter appear from his nearest satellite ? - 405. Sitnation of Saturn?
Jicw distingnished? 1llow trac~? His rate of motion in the heavens? 496. Dla:a..nce
‘rom tte Sun? Diameter? Volume? Rate of motion in orbit? Periodic time? , Diur
ual revolution? Days in his year? 497. Appearance of Lis surface? Belts® The
Bun us seen from Satnrn® Light and hest of that planct? Fstimated strength of the
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't 1s comyuted that even the ninetieth part of the Sun’s light exzeeds the Pluminatio
power of 8000 full moons, which would he abunduntly suficient for all the purposes o;
life,

498. The telescopic appearance of Saturn is unparalleled. It
is even more interesting than Jupiter, with all his moons and
helts  That which eminently distinguishes this planet from
svery other in the system, is a magnificent zone or ring, encir-

{ing it with perpetual light.

2 adjolning out ls an excel- TELESCOPIC VIEW OF SATURN.
«l, representation of Saturn
as seen through a telescope.
The oblateness,of the planet is
easily perceptible, and his
shadow can be seen upon the
vings beck of the planet. The
shadow of the rings may also
be seen running across his disc.
The writer has often scen the
upening between the body of
the planet and the interior
ring as distinetly as it appears
to the student in the cut.  Un-
der very powerful telescopes,
these rings are found to be
again subdivided into an in-
defiuite nnmber of concentric circles, one within the c:her, though ttls is considered
doubtful by Sir John llerschel. L

499. The light of the rving is more brilliant than the planet
itself. It tarns around its center of motion iu the same time
that Saturn tarns on its axis. When viewed with a good
telescope, it is usually fouud to consist of two concentric rings,
divided by a dark band.

It has teen ascertained, however, that these rings are again suhdivided; the third
division was distinctly seen by Prof. Encke, on the 23th of April, 1837, and also by Mr,
Lassel, on the Tth of September, 1842, &t his observatory near Liverpool, England, Six
different rings were seen at Rome, in Italy, on the night of the 29th of May, 1833, And
more recent sbservations by Professor Bond, of Cambridge. have led to the conclusion

that, in ai probability, these wonderful rings are fludd ! 1t is well known that under the
most powerful instruments they seem to be alost indefinitely subdivided.

500. As our view of the rings of Saturn is generally an
sblique one, they usually appear elliptical, and never cireular
The ellipse seems to contract for about T4 years, till it almost
entirely disappears, when it begins to expand again, and con-
tinues to enlarge for T4 years, when it reaches its maximum of
expansion, and agaiu begins to contract. For fifteen years, the
part of the rings loward us seems to be thrown wp, while for the

polar radlance? 498. Telescopic appearance of Saturn? For what distinguished
499 Comparative light of his rings? Time of -otation around the planet? How docs it
asusully appea: ¢ What furthe- discoveries? 500. What the general apparent figure
»f the rings? Why elliptical T What periodic variat on of expansion? Of imclinntiunt
When nearly invisible ?
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next fifteen it appears to drop below the apparent center of the
planet ; and while shifting from one extreme to the other, the
rings become almost invisible, appearing only as a faint line of
light running from the planet in opposite directions. The rings
vary also in their inclination, sometimes dipping. t¢ the righe,
and at others to the left.

TELESCOPIC PHASES OF THE RINGS OF SATURN.

The above is a good representation of the various inclinations and degrees of expan
s1hn of the rings of Saturn, during his periodic journey of 80 years

501. The ring‘s of the  PERPENDICULAR VIEW OF TIE RINGS # 3ATCRN.

planet are always directed
more or less toward the
Earth, and sometimes ex-
actly toward us; so that
we never sec them perpen-
dicularly, but always either
exactly cdgewise, or ob-
liquely, as shown in the last
figure. Were either pole
of the planet exactly toward
us, we should then have a
perpendicular view of the
rings, as shown in the ad-
joining cut.

502. The various phases 'of Saturn’s rings are explained by
the facts that his axis remains parallel to itself (sce following
cut), with an uniform inclination to the plane of his orbit, wlick:
is very near the ecliptic; and as the rings revolve over hir
equator, and at right angles with his axis, they also remain
parallel to themselves. The revolution of the planet about the
Earth every 30 years, must therefore bring first one side of the
-ings to view, and then the other—causing all the variations of
expansion, position, and inclination which the rings present.

601, o are the rings situated with respect to the Earth? How w< ald they sppecr {!
uther pole of Saturnwere toward us?  §02. Iow are the various phasces of SBaturk'y

rings accounted for?
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EATURK AT DIPFTEIMT POINTS 1N HIS ORBIT.

Here observe, first, that the axis of Saturn, like those of all the other planets, remaite
permanent, or purallel with itself; and as the rings are in the plane of his equator, and
at right angles with his axis, they also inust remain parailel to themselves, whatever
position the pianet may occupy in its orbit.

This being the casc, it is obvions that while the planet s passing from A to F, the Sun
will shin¢ upon the under or “south side of the rings; and while he passes from E to A
again, upon the upper or nosth side; and as it requires about 30 years for the planet
to traverse these t-vo semicircles, it is plain that the alternate day and night on ‘the rings
" ¥ill be 15 years each, g

A and K are thie equinoctial, and C and G the snlstitial points in the orbit of Saturn,
At A and E the rings are edgewise toward the Sun, and also toward the Earth, provided
Baturn i3 in opposition to the Sun. To an observer on the Earth, the rings will seem to
expand from A to ¢, and to contract from C to E. 8o, also, from E to G, and from G te
A. Again: from A to E the front of the rings will appear «bove the planet’s center, and
from E to A below it.

The rings of Saturn were invisible, as rings, from the 22d of April, 1848, to the 19th of
January, 1849, He came to his equinox September 7,1843; from which time to February,
1856, his rings continued to expand. From that time to June, 1863, they contrasted,
untll he reached his other equinox at E, and the rings became invisible. “From June
18683, to September, 1870, they will again expand; and from September, 1870, to March,
1877, they will contrac*, when he will be at the equinox passed Scptember 7, 184S, or
29% years before.

The writer has often seen the rings of Saturn in different stages of expansion, and con-
traction, and once when they were almost directly edgewise toward the Earth. At that
time (January, 1849), they appeared as a bright line of light, as represented at A ang
¥, in the first cut on the preceding page. 3 .

503. The dimensions of the rings of Saturn majy be stated in
round numbers as follows :
Miles

Distance from the body of the planet to the first

Eg Tl 1 G B St R e e 18,300
W:dth of interiorring . . . . . . . . . 16500
Spuee between the interior and exterior rings . .  %ulU
Width of exteriorring . . . . . o e . o 10,000
Thickness of therings . . . . . . . . 100

w3 3wte the distances and dimenslons of his rings, beginning at the bedy of the plan
e tassing ontward?  What additional statistics from Merschel?
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In a recent work, entitled “ The New Theory of Creation and Deluge,” it Is predicted
u.at, at gome future time, the fluid rings of Saturn may descend aud dcluge the planet,
ax our s wag deluged in the days of Noah. Sir David Brewster says :—* Mr. Otto Struve
2nd Mr. Bond have lately studied with the great Munich telescope at the Observatory
of Pulkoway, the third ring of Saturn, which Mr. Dassels and Mr. Bond discoverea to
be fluld, These astronomers are of opinion that this fuid ring is not of very recent
formatlon, and that it is not subject to rapld change, and they have come to the extra-
oréd:aary conclusion that the inner border of the ring has, since the time of Huygens,
36e1 gracually approachlng the body of Saturn, and that we may expect, sooner or
siter, perhaps in some dozen of years, to see the rings united with the body of the planet.”

504. The rings of Saturn serve as reflectors to reflect tha
light of the Sun upen his disc, as our Moon reflects the light to
the Earth. In his nocturnal sky, they must appear like two
gorgeous arches of light, bright as
the full moon, and spanning the
wvhole heavens like a stupendous
rainbow.

In the annexed cut, the beholder is supposed
to be situated some 30° north of the equator of
Saturn, and looking directly south. The shadow
of the planet is seen travelling up the arch as
cbe night advances, while a New Moon is shown
n tue west, and a Full Moon in the east at the
jame time.

505. The two rings uuited are nearly 13 times as wide «3 the
diameter of the Moon ; and the nearest is only ;#;th as far from
the planet as the Moon is from us.

The two rings united are 27,500 miles wide; which+2160 the moon’s diameter:l‘!i.'-'i.
30 240,000 miles, the Moon’s distance + 19,000 the distance of Saturn’s intiric,
'ing=12%-%.

At the distance of only 19,000 miles, our Moon would appear some forty times 2.4 latgr.
18 ghe does at her present distance. How magnificent and ir.corceivably gr7ad. chea,
must these vast rings appear, with a thousand times the M»on’s magpicue, and only
one-twelfth part of her distance!

506. The periodic time of Saturn being nearly tbirty years,
his motion eastward among the stars must be very slow, amount-
ing to only 12° a year, or one sign in 24 years. It will be easy,
therefore, having once ascertainied his position, to wateh his slow
progress eastward year atter year, as he performs his vast cireuit
around the heavens,

NIGHT SCBNE UPON SATURN.

MOONS OF SATURN.

507. Besides the magnificent rings alresdy dwcribed, th
telescope reveals eight salellites or moons, revolving aronnd Saturn.
But these are seen only with good instruments, aud under favor
able circumstances.

534 What purpose do the ring3 of Saturn serve? How appear Ir bis eveniag sky.
095. Width of two rings,»s compared with Moon ? Distanga? Dcironstrate both, How
would our Moon nppear at the listance of daturn’s rings? 56, Ea-tward motion of
Aturn?  How traced ? 507, Muonsof Suinra ?  How seen®  Be:t time for observina?

B.G. 11
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SATELLITES OF SATURM.

The best time for observ-
fng them is when the planet
t8 at his equinoxes, and his S
tings are nearly invisible. :

Tn January, 1849, the author saw five
p{ these satellites, as represented in the adjoining cut, The rings appeared only as a llr.g
+| light extending each way from the planet, and the satellites were in the direction o
1%% line, at different distances, as here represented

508. These satellites all revolve eastward with the rings of
the planet, in orbits nearly circular, and, with the exception of
the eighth, in the plane of the rings. Their mean distances,
respectively, trom the planet’s center are from 123,000 to
2,366,000 miles ; and their periods from 22 hours to 79 days.
according to their distances.

Tre distunces and periods of the satellites of Saturn are as follows ¢

Distaree in miles. Peiivdie times, Distance in miles. Periodic 1imes.
..121,000, ... ..0 days 22} hours | Bth..........343,000,...... 4 days 12 houry
res o e el Jeaely Bth,, 777 % FUIT06. 0000 T nlh e SIGRAE
..191.000.. ... Tl (LD ) ok w60 1,106,000, ..... L2 g i g
..246,000 G NTIL Sh% L .2,313,000...... T e

COMPARATIVE DISTANCES OF THE MOONS OF SATURN.
1234 & [ a 2
@” °

509. The most distant of these satellites is the largest, sup
posed to be about the size of Mars ; and the remainder grow
wnaller as they are nearer the primary. They are seldom eclipsed,
on cecount of the great inclination of their orbits to the ecliptic,
except twice in thirty years, when the rings are edgewise toward
the Sun. The eighth satellite, which has been studied more than
all the rest, is known to revolve once upon its axis during every
periodic revolution ; from which it is inferred that they ali
revolve on their respective axis in the same manner.

SYSTEM OF SATURN—NO ECLIPSES,

Let the line A B represent the plane
3f the planet’s orbit, C D his axis, and ——
£ ¥ the plane of his rings. The satellites
‘¢ing in the piane of the rings will —
evolve dro the shadow of the pri- ! C —
aary, instead of passing through it, and E mom——-

wing ec'*psed,

hAt th+ time of his equinoxes, however, "
vhen the rings are turned toward the D
Bun isee A aund E, cut, page 242) they E
oust be in the center cf the shadow on X

508. The revilvtions? Shape and positior ¢ their orbits? Distances from their pr
mary? 509. Corperati7e size ? p
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Mie opposite side ; and the moong, revylvhuy in the plane of the rings, must pass Wrough
the shadow at every revolution. The eighth, however, may sometimes escape, on socount
of his departure from the plan< of the rirgs, as shown in the cut.

510. The theory of thesulellites of Saturn is less perfect than
than that of the satellites of Jupiter. The difficulty of observ-
ing their eclipses, and of measuring their elongations from their
primary, have prevented astronomers from determining, with
their usnal precision, their mean distances and revolutions. But
of this we are certain: there is no planet in the solar system.
whose firmament presents such a variety of splendid and mag-
nificent objects as that of Saturn.

The various aspects of the seyen moons, oue 1ising above the horizon, while another iy
setting, and a third approacblng to the meridian; one entering into an eclipse, and
another emerging from one ; one appearing as a crescent, and another with a gibbous
phase ; and sometimes the whole of them shining in the eame hemisphere, in one bright
assemblage! The majestic motion of the rings—at one time illuminating the sky with
their splendor, and eclipsing the stars; at another, casiing a deep shade over certain
regions of 'the planet, and unveiling to view the wondevs of the starry firmanent, arc
scenes worthy of the majesty of the Divine Being to unfoid, 2nd of rational creatures to
contemplate.

Such displays of Wisdom and Omnipotence, lead us to conclude that the numeroug
splendid objects connected with this planet, were not created m-rely t. shed their luster
on naked rocks and barren sands; but that an immense pepu'ation of iute'iigent beings
iépiaced in those regions, to enjoy the bounty, and adore the gocdness, of their great

reator.

CHAPTER VIII
PRIMARY PLANETS.—URANUS AND NEPTUNE.

511. Uranus is the next planet in order from the Sun, berond
or above Saturn. To the naked eye, it appears like a star of
only the 6th or Tth magnitude, and of a pale, bluish white ; but
it can seldom be seen, except in a very fine, clear night, aud in
the absence of the Moon. Through a telescope, he exhibits &
small, round, uniformly illuminated disc, wit}!out rings, belts, ot
discernible spots. His apparent diameter is about 4", from
which he never varies much, owing to the smallness of our orhit
in comparison with his own.

£ 1] stem of Saturn well understood? Why not? Of what are we surel
ngaot ::engg :nyustil‘, present? To what conclusion must these phenomensn lead 28¢
511, Positicn and appearance of Uranus? Through a telescooe 2
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Rir John Herschel says he-is without discernible spots, and yet in his :ables he lay
down the time of the planct’s rotation (which could only be ascertained by the rotatics
of spots upon the planet’s disc), at 9% hours. This time is probably ygiven ou the
1uthority of Schroeter, and is marked as doubtful by Dr. Herschel.

512. The motion of Uranus in longitude is still slower than
that of Saturn. It moves over but one degree of its orbit in
85 days; hence he will be seven years in passing over one s'gn
or constellation. His periodic time being 84 years 27 days, his
castward motion can amount to only about 4° 17’ in a whole
vear. To detect this motion requires instruments and close
obscrvations. At this Jate (1866), Uranus has made the entirg
circuit of the heavens since his discovery in 1781; having
passed, in 1865, the point where he was first seen, and being
now upon his second known journey around the heavens.

. Itisremarkable that this body was observed as far back as 1690. It was seen three
times by Flamstead, once by Bradley, once by Mayer, and eleven times by Lemonnier,
who registered it among the stars; but not one of them suspected it to be a planet.

513. The inequalities in the motions of Jupiter and Saturn,
which could not be accounted for from the mutual attractions
of tnese planets, led astronomers to suppose that there existed
another planet beyound the orbit of Saturn, by whose action
these irregularities were produced. This conjecture was con-
firmed March 13th, 1781, when Dr. Herschel discovered the
motions of this body, and thus proved it to be a planet.

514, The mean distance of TUranus from the Sun is
1,754,000,000 of miles; more than twice the mean distance of
Saturn.  His sidereal revolution is performed in 84 years and
1 month, and his motion in his orbit is 15,000 miles an hour.
He is supposed to have a rotation on his axis, iu common with
the other plancts; but astronomers have not yet been able to
obtain any ocular proof of such a motion.

515. llis diamneter is estimated at 83,000 miles ; which would
make his volume more than 70 times larger than the Earth's.
T his inhabitants the Sun appears only the 314 part as large as
he does to us; and of course they receive from him only that
sinall proportion of light and heat. It may be shown, however,
that the ;15 part of the Sun’s light exceeds the illuminating
power of 800 full moons.  This, added to the light they must
reeeive from their six satellites, will render their days and nights
far from cheerless.

312 His motion in loyitude? Perfodic time? Angular motion per year? Ilow far
hse he been traced sinc® his discovery ? When complete his revolution? Was he ever
scen previousto 17817 By whom? Why are they not the déscoverers,then? 513. Was
his existence suspected previous to 1781 7 What ground for the suspicion? How proved
to be a planet ? 314, Mean distance? Sideical revolution? Hourly motion in orbit?
Rotation ¢n axis? 515. Ciameter? Volume? Light and heat? Use of satellites?
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516. Uranus is known to be attended by four moons or satel:
lites, which revolve about him in different periods, and at various
distances. Two of them were discovered by Sir William Her
schel, and the others, in 1847, by Lassell and O. Struve. The
four others, supposed to exist by Herschel, have not been secn
by other observers.

Most of the satellites revolve from west to east around tlieir
primaries; but the satellites of Uranus are an excepticn to this
rule.  Their orbits ave inclined to the plane of the ecliptic 79°,
being little less than a right angle; and their motion in their
orbits is retrograde, that is, from cast to west.

The distance from the planet, and the pericdic times of the satellites of Uranus,
respectively, are as follows ;

Dist. in miles. Periodle times. Dist. in miles. Periodic tintes,
D. H. D. H.

....123,000
171,000

NEPTUNE.

517, This is the most distant of the primary plancts, and in
some respects one of the most interesting. It is about 87,000 miles
in diameter, is situated at the mean distance of 2,746,000,000
miles from the Sun, and revolves avound him in 1644 years. So
remote is this newly-discovered member of the solar system, that
for a body to reach it, moving at railroad speed, or 30 miles an
hour, would require more than ten thousand years !

518, The circumstances of the duscovery of this planet are at.
once interesting and remarkable. Such is the regularity of the
planetary motions, that astronomers arc enabled to predict, with
great accuracy, their future places in the heavens, and to con-
struct tables, exhibiting their positions for ages to come. Soon
after the discovery of Uranus, in 1781, his orbit was computed,
and a table constructed for determining his future positions iu
the heavens, but instead of following the prescribed path, or
occupying his estimated positions, he was found to be yielding tc
some mysterious and unaccountable influence, under which he
was gradually leaving his computed orbit, and failing to meet
conditions of the tables. ‘

‘616. Number of Moons? By whom discovered? Is it certain that Uraqus hgs aix
satellites? WLy doubtful ? b517. Distance and diameter of Neptune? Period? How
lorig to pass from the Sun to it at railroad speed? 518, What remarkable circuras
stazices respecting its discovery® Perturbation ?
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519. At first this discrepancy between the oliserved and ulie
witimated places of Uranus, was charged upon the fables, and a
new orbit and new tables were computed, which it was thought
could not fail to represent the future places of the planet. But
these also seemed to be erroneous, as it was soon discovered that
the computed and ohserved places did not agree, and the differ-
ence was becoming greater and greater every year. This was
an anomaly in the movements of a planetary body. It was not
strange that it should be subject to perturbations, from the attrac- -
tive influence of the large planets Jupiter and Saturn, as these
were known to act upon him, as well as upon each other, and
the smaller planets, producing perturbations in their orbits, but
all this had been taken into the account in constructing the
tables, and still the planet deviated from its preseribed path.

520. To charge the discrepancy to the fables, was no longer
veasonable, though it was thought perhaps sufficient allowance
had not been made, in their computation, for the disturbing influ-
ence of Jupiter and Saturn. To determine this guestion, M. Le-
verrier, of Paris, undertook a thorough discussion of the sub-
jeet, and soon ascertained that the disturbing influence upon
Uranus of all the known planets, was not sufficient to account
for the anomalous perturbations already described, and that they
were probably caused by some unknown planet, revolving beyond
the orbit of Uranus. From the amount and effect of this dis-
turbing influence from an unknown source, the distance, magni-
tude, and position of the imaginary planet were computed.

521, At this stage of the investigation, Leverricr wrote to
nis friend, Dr. Galle, of Berlin, requesting him to direct his
telescope to that part of the heavens in which his calculations
had located the new planet, when lo ! there he lay, a thousand
miltions of miles beyond the orbit of Uramus, and yet within less
ihan onc degree of the place pointed out by Leverrier | This
was on the Ist of September, 1846.

522. While M. Leverrier was engaged in his caleulations at
Paris, Mr. Adams, a young mathematician of Cambridge, Eng-
land, was discussing the same great problem, and had arrived at
gimilar results even before M. Leverrier, though entirely igno-
rant of cach other’s labors or conclusions. This seems to estab-

519. To what attributed at first? What done to correct? What then?  520. What
next undertakeu, and by whom? What result and concluslon ? 521, What remarkabie
ecomputation and letter? Result ¥ Dr. Galle’s search ? 522. Who else investigating
the subject at the same time? His concluslons? What fact does this establish? Why
aot Ad.ins the discoverer?
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lish the fact, that the new planet was discovered by calc ulation,
though the failure of Mr. Adams to publish his conclusions, cut
off his right to the honor of the discovery.

523. Since the discovery of this planet, it has been ascertained
that it, was seen as far back as 1795, though supposed to be a
ﬁ_xed star, and catalogued as such ; and that all the irregulari-
ties of Uranus, with whick astronomers were so much perplexed,
are perfectly accounted for by the influence of the new planet.

524. Neptune is attended by but one satellite, so far as 1
known. Tt was discovered by Mr. Lassell, of Starfield, near
Liverpool, October 12, 1846. It revolves around its primary
in & days and 21 hows, at a distance of 220,000 miics from the
planct’s centre. Its orbit is inclined to the plane of the ecliptic
29°, and its motion in its orbit is supposed to be retrograde, like
the dircction of the satellites of Uranus.

CHAPTER IX.
OOMETS—THEIR NATURE, MOTIONS, ORBITS, &o.

525, Couers, whether viewed as ephemeral meteors, or as
substantial bodies, forming a part of the solar system, are objects
of no ordinary interest. When, with uninstructed gaze, we look
upwards, to the clear sky of evening, and behold, among the
multitudes of heavenly bodies, one, blazing with its long train
of light, and rushing onward towards the center of our systcm,
we insensibly shrink back as if in the presence of a supernatural

. being. But when, with the eye of astronomy, we follow it
through its perihelion, and trace it far off, beyond the utmost
verge of the solar system, till it is lost in the infinity of space,
not to return for centuries, we are deeply impressed with a sense
of that power which could create and set in motion such
bodies.

526. Comets are distinguished from the other heavenly bodies,
by their appearance and motion. The appearance of the plaicts

5¢8. Has Neptune ever been seen prior tn 15467 What supposed to be? Deas i
sccount for the perturbation of Uranus? 524. las Neptune a satellite? When, and
by whom discovered? What said of rings? 525. Subject of this chapter? How
<onets regaried by the uninstructed? By the astronomer? 520. How distingtiswe]
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is globular, and their motion around the Suu is nearly in the
same plane, and from west to east; but the comets have
variety of forms, and their orbits arc not confined to any par-
ticular part of the heavens ; nor do they observe any one geuneral
direction.

The orbits of the plancts approach nearly to circles, while
those of the comets are very elongated ellipses. A wire hoop,
for example, will represent the orbit of a.planet. If two oppr
site sides of the same hoop he extended, so that it shall be long
and narrow it will then represent the orbit of a comet. The
Sun is always in one of the foei of the comet’s orbit.

OL.BIT OF A OOMET.

Here it will be seen that the orbit is very eccentric, that the perihelion point is very
aear the Sun, and the aphelion point very remote.

There is, however, a practical difficulty of a peculiar nature which embarrasses the
solution of the question as to the form of the cometary orbits, It so happens that the
only part of the course of a comet which can ever be visible, is a portion throughout
which the ellipse, the parabola, and hyperbola, so closely resemble each other, that ne
observations can be obtained with sufficicnt accuracy to emable us to distinguish them.
In fact, the observed path of any comet, while visible, may belong either to an ellipse,
parabola, or hyperbola.

527. That part which is usnally brighter, or more opague, than
the other portions of the comet, is called the nuclews. This is
surrounded by an envelope, which has a cloudy, or kairy appear-
ance. These two parts constitute the body, and, in many
instances, the whole of the comet. Most of them, however, are
attended by a long train, called the ¢ail; though some are with-
out this appendage, and as seen by the naked eye, are not easily
distingaished from the planets. Others again, have no apparent
nucleus, and seem to be only globular masses of vapor.

Nothing 18 known with certainty of the composition of these bodies. The envelope
appears to be nothing more than vapor, becoming more luminous and transparent when

#cm other bodies? Form? Orbits? What practical difficvity mentioned? 527
Whatis the nucleus of a comet? The envelope? The tail? Have all comets thes~
three parts? Do we understand of what they a“e composed? What evidence of theis
axtreme tenuity ?
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approaching the Sun. As the comets pass between us and the fixed stars, their envelapes
and tails are so thin, that stars of very small magnitude may be seen through them.
Bome ts, having no leus, are transparent throughout their whole extent.

528. The nucleus of a comet sometimes appears opaque, and
it then resembles a planet. Astronomers, however, are not
agreed upon this point. Some affirm that the nucleus is always
transparent, and that comets are in fact nothing but a mass of
vapor, more or less condensed at the center, By others it is main-
tained that the nucleus is sometimes solid and opaque. Ii
scems probable, however, that there are three classes of comets,
viz. ; Ist. Those which have no nucleus, being transparent
throughout their whole extent ; 2d. Those which have a trans-
parent nucleus ; and, 3d. Those having a nucleus which is solid
and opaque.

529. A comet, when at a distance from the Sun, viewed
through a good telescope, has the appearance of a dense vapor
surrounding the nucleus, and sometimes flowing far into the
regions of space, As it approaches the Sun, its light becomes
more brilliant, till it reaches its perihelion, when its light is more
dazzling than that of any other celestial body, the Sun excepted.
In this part of its orbit are seen to the best advantage the phe-
nomera of this wonderful body, which lias, from remote antiquity,
been the specter of alarm and terror.

530. The luminous train of a comet usually follows i, as it
approaches the Sun, and goes before ¢, when the comet recedes
from the Sun ; sometimes the tail is considerably curved towards
the region to which the comet is tending; and in some instances,
it has been observed to form a right angle with a line drawn
from the Sun through the center of the comet. The tail of the
comet of 1744, formed nearly a quarter of a circle ; that of
1689 was curved like a Turkish sabre. (Map IX., Fig. 73.)
Sometimes the same comet has several tails. That of 1744 had,
at one time, no less than siz, which appeared and disappeared in
a few days. (Sce Map IX, Fig. 74.) The comet of 1323
had, for several days, two tails ; one extending towards the Sun,
and the other in the opposite direction.

531. Comets, in passing among and near the planets, are ma-
terially drawn aside from their courses, and in some cases have
their orbits entirely changed. This is remarkably true in regard

528, What diflerence of opinion respecting t*e nucleus of comets? What probablc
solution? 529 How do they appear when viewed through a telescope at a :distauce
from the Sun? As it approaches him? Where scen to best advantage? 532 Usuwu

lirection of the trains of comets? Other positions? Comet of 1744¢ of leSl? K
gy 531, Influsaice of attrs stion upon cometa? Jlustrations? Cowet of 17707

1
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-*
to Jupiter, which secms by some strange fataiity to be constantly
in their way, and to serve as a perpetual stumbling-block ta
them,

‘‘ The remarkable comet of 1770, which was found by Lexell to revolve in a moderats
ellipse, in a period of about five years, actually got entangled amcng the satellites of
Jupiter, and thrown out of its orbit by the atiractions of that planet,” and has not been
heard of since.—HMerschel, p. 310. By this extraordinary rencontre, the motions of
Jupiter’s satellites suffered not the least perceptible derangement ; a sufficient proof of
the aeriform nature of the comet’s mass.

532. It is clear from observation, that comets contain very
little matter. For they produce little or ro effect on the motion
of the planets when passing near those bodies ; it is said that a
comet, in 1454, cclipsed the Moon ; so that it mast have been
very near the Earth ; yet no sensible effect was observed to be
produced by this cause, upon the motion of the Earth or the
Moon.

The observatioas of philosophers upon comets, have as yet detected nothing of their
nature, Tycho Brate and Appiar supposed their tails to be produced by the rays of the
Sun transmitted through the nucleus, which they supposed to be transparent, and to ope
rate as a lens. Kepler thought they were occasioned by the atinosphere of the comet,
driven off by the impulse of the Sun’s rays. This opinion, with some modification, was
also maintained by Buler, Sir Isaac Newton conjectured that they were a thin vapor,
rising from the heated nucleus, as smoke ascends from the Earth; while Dr. llamiiton
supposed them to be streams of electricity.

“That the luminous part of a comet,” says Sir John Herschel, *is something in the
nature of a smoke, fog, or cloud, suspended in a transparent atmosphere, is evident from
a fact which has been often noticed—viz., that the portion of the tail where it comes up
to, and surrounds the head, is yet separated from it by an intgrval less luminous ; as we
often see one layer of clouds laid over another with a considerable clear space between
them.” And again: *It follows that these can only be regarded as great masses of thin
vapor, susceptible of being penetrated through their whole substance by the sunbeams.”

533. Comets have always been considered by the ignorant and
superstitious, as the harbingers of war, pestilence, and famine.
Nor has this opinion been, even to this day, confined to the
unlearned. It was once universal. And when we examine the
dimensions and appearances of some of these bodies, we cease
to wonder that they produced universal alarm.

According to the testimony of ihe early writers, a comet which could be seen in day-
light with the naked eye, made its appearance 43 years before the birth of our Saviour.
This date was just after the death of Csesar, and by the Romans, the comet was believed
to be his metamorphosed soul, armed with fire and vengeance. This comet is again men.
tioned as appearing in 1106, and then resembling the Sun in brightness, being of a great
size, and baving an immense tail. In the year 1402, a comet was seen, so brilliant as to
be discerned it noon-day.

534. In 1456, a large comet made its appearance. It spread

582, What said of thelr | hysical natures? Opinion of Tycho Brahe? Of Kepler and
Euler? Of Newton aad Dr. Hamilton? Of Sir John Herschel? 533, How have comets
usually been regarded by ‘he ignorant? What reimnarkable comet mentionad ? 534.
What comet in 1456 ? Lfect of its appearance? Ilas it appeared since? Iis period?
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a wider terror than was ever known before. The belief was very
general, among all classes, that the comet would destroy the
Earth, and that the Day of Judgment was at hand !

The same comet appeared again in the years 1531, 1607, 1682,
1758 and 1835. It passed its perihelion in November, 1835,
and will re-appear every 754 years thereafter.

At the time of the appearance of this comet, the Turks extended their victorious arms
across the Hellespont, and seemed destined to overrun all Europe., This added not a
little to the general gloom. Under all these impressions, the people seemed totally re-
gardless of the present, and anxious only for the future. The Romish Chinrch held at
this time unbounded sway over the lives, and fortunes, and consciences of men. To
prepare the world for its expected doom, Pope Calixtus I1I, ordercd the Ave Maria to
be repeated three times a day, instead of two. He ordered the church bells to be rung
at noon, which was the origin of that practice, so universal in Christian Churches.

The comet, after some months, began to show signs of retreat, and soon disappeared
from those eyes in which it found no favor. Joy and tranquillity soon returned.

535. The comet of 1680 would have been still more alarming
than that of 1456, had not science robbed it of its terrors, and
history pointed to the signal failure of its predecessor. This
comet was of the largest size, and had a tail whose enormous
l}gngth “Sas more than ninetw-siz mitlions of miles. - (Map IX.,

ig. 75.

At its greatest distance, it is 13,000,000,000 of miles from
the Sun ; and at its nearest approach, only 574,000 miles from
his center ;* or about 130,000 ruiles from his surface. In that

* In Brewster’s edition of Ferguson, this distance is stated as only 49,000 miles. This
is evidently a mistake; for if the comet approached the Sun’s center within 43,000 miles,
it would penetrate 890,000 miles below the surface! Taking Ferguson’s own elements for
computing the perihelion distance, the result will be 494,460 mijles. The mistake may be
accounted for, by supposing that the cygher had been omitted in the copy, and the period
pointed off one figure farther to the left. Yet, with this alteration, it would be still incor-
rect; because the Earth’s mean distance from the Sun, which Is the Integer of this calcu-
intion, is assumed at 82,000,000 of miles. The ratio of the comect’s perihelion distance
from the Sun, to the Earth’s mean distance, as given by M. Pingré, is as 0.00608 to 1.
This multiplied into 95,273,869, gives 574,500 miles for the comet’s perihelion distance
from the Sun’s center; from which, if we substract his semi-diameter, 443,840 miles, we
shall have 180,660 miles, the distance of the comet from the surface of the Sun.

Again, if we divide the Earth’s mean distance from the Sun, by the conet’s perihelion
distaace, we shzall find that the latter is only 1-166th part of the Earth’s distance. Now
tha square of 166 is 27,556 ; and this expresses the number of times that the Sun appears
larger to the comet, in the above situation, than it does to the Earth. Squire miakes it
84,596 times larger.

According to Newton, the velocity is 880,000 miles per heur More recent discuverles
indicate a velocity of 1,240,108 miles per hour.

Incidents respecting the Turks and Church of Rome?  585. Comet of 16307 Length o
ita tail? Aphelion and perihelion distances? Rapidity of its motion when nearest the Sun -
What crror corrected? Appearance of the Sun from that point? llgm of the omef
tndicates what? Fanciful theory of Dr. Whiston, anid remarks upon it?
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part of its crbit which is nearest the Sun, it flies with the amag
ing swiftness of 1,000,000 miles in an hour, and the Sun, as seen
from it, appears 27,000 times larger than it appears to us ; con-
sequently, it is then exposed to a heat 27,000 times greater than
the solar heat at the Earth. This intensity of heat exceeds,
several thousand times, that of red-hot iron, and indeed all ihe
degreés of heat that we are able to produce. A simple mass ol
vapor, exposed to a thousandth part of such a heat, would be
at once dissipated in space—a pretty strong indication that,
however volatile are the clements of which comets are compnsed,
they are, nevertheless, capable of enduring an inconceivable
intensit ; of both heat and cold.

This‘ the comet which, according to the reveries of Dr. Whiston and others, delnged
the we id In the time of Noah. Whiston was the friend and successor of Newton; bat,
anxicus to know more than is revealed, he passed the bounds of sober philosophy, and
presumed not only to fix the residence of the danned, but atgo the nature of their punish-
ment. According to this theory, a comet was the awful prison-house in which, as it
whecled from the remotest regions of darkness and cold iuto the very vichuity of the
8un, hurrying its wretched tenants to the extremes of perishing cold and devouring fire,
the Almighty was to dispense the severities of his justice. Such theories may be ingenious,
sut they have no basis of facts td rest upon. Fhiey more properly belong to the chimeras
of Astrology, than to the science of Astronomy.

536. When we are told by philosophers of great cantion and
high reputation, that the fiery train of the comet, just alluded
to, extended from the horizon to the zenith ; and that that of
1744 had, at onc time, six tails, each 6,000,000 of miles long,
long, and that another, which appeared soon after, had one
40,000,000 of miles long, and when we consider also the incon-
ceivable velocity with which they speed their flight through the
solar system, we may cease to wonder if, in the darker ages,
they have been regarded as evil omens.

But these idle fantasies are not peculiar to any age or country. Even in our own
times, the beautiful comet of 1811, the most splendid one of modern times, was generally,
considered among the superstitions, as the dread harbinger of the war which was
declared in the following spring. It is well known that an indefinite apprehension of a
more dr?aiggul catastrophe lately pervaded both continents, in anticipation of Bicla’s
comet o 2.

5317. The nucleus of the comey of 1811, according to observa-
tions made near Boston, was 2617 miles in diamete, correspond-
ing nearly to the size of the Moon. The brilliancy with which
it shone, was equal to one-tenth of that of the Moon. The
envelope, or aeriform covering surrounding the nucleus, was
24,000 miles thick, about five hundred times as thick as the
atmosphere which encircles the Earth ; making the diameter of
comet, including its envelope, 50,617 miles. It had a very

80, Why not strange that these comets were regarded as ev ] omens? Are such super-
stitions peculiar to any age or country ? What illustrations? 537, Size cf the coms!
of 18117 Ity motion at its perilielion ?
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luminous tail, whose greatest length was one hundred millions of
miles. Map IX,, Fig, 76. This comet moved, in its perihelion,
with an almost inconceivable velocity—fifteen hundred times
greater than that of a ball bursting from the mouth of a cannon,

538. According to Regiomontanus, the comet of 1472 moved
over an arc of 120° in one day. Brydone observed a comet at
Palermo in 1770, which passed through 50° of a great cirele in
the heavens in 24 hours. Another comet, which appeared in
1759, passed over 41° in the same time. The conjecture of Dr.
Halley, therefore, seems highly probable, that if a body of such a
size, having any considerable density, and moving with such a
velocity, were to strike our Earth, it would instantly reduce it
to chaos, mingling its elements in ruin.

The transient effect of a body passing near the Earth, could scarcely amount to any
great convulsion, says Dr. Brewster ; but if the Earth were actually to receive a shock
from one of these bodies, * having any considerable density,” the consequences would
indeed be awful. A new direction would be given to its rotary motion, and it would
revolve around a new axis. The seas, forsaking their beds, would be hurried, by their
centrifugal force, to the new equatorial regions; islands and continents, the abodes of
men and animals, would be covered by the universal rush of the waters to the new
equator, and every vestige of human industry and genius would be at once destroyed.
But so far as we are as yet acquaiuted with these singular bodies, they are altogether too
ight and gasseous to produce any such results by collision.

539. The chances against such an event, however, are so very
numerous, that there is no reason to dread its occurrence. The
french government, not long since, ‘called the attention of some
of her ablest mathematicians and astronomers to the solution of
this problem ; that is, to determine upon mathematical principles,
how mamy chances of collision the Earth was exposed fo. After a
inature examination, they reported—* We have found that, of
281,000,000 of chances, there is only one unfavorable—there ex-
ists but one which can produce a collision between the two bodies.”

¢ Admitting, then,” say they, ¢ for & moment, that the comets which may strike the
Rarth with their nucleuses, would annihilate the whole human race; the danger of dasth
to each individual, resulting from the appearance of an wninown comet, would be
exactly equal to the risk he would run, if in an urn there was only one single white ball
among a total number of 281,000,000 balls, and that his condemnation to death would be
the inevitable consequence of the white ball being produced at the first drawing.”

A little reflection, however, will show that all such fears are groundless. The gamg
unerring hand that guides the ponderous planet in its way, directs also the majestly
comet ; and where infinile wisdom and almighty power direct, it is almost profane to talk
of collision or accident.

540. We have hefore stated that comets, unlike the planete,
observe no one direction in their orbits, but approach to, ang
recede from their great center of attraction, in every possikle

888. Velocity of the comet of 14722 Of 17707 Of 17592 Dr. Halley’s conjecturs?
Dr. Brewster’'s? Could a comet produce any such effects? 539, Is suchk a collision
probable? Why not? 540, What said of the orbits of cowects and their variows
Airections? i
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direction. Nothing can be more sublime, or better calcula ed to
fill the mind with profound astonishment, than to contemplate the
revolution of comets, while in that part of their orbits which
comes within the sphere of the telescope. Some seem to come
up from the immeasurable depths below the ecliptic, and, having
doubled the heavens’ mighty cape, again plunge downward with
their fiery trains,

“On the long travel of a thousard years.”

Uthers appear to come down from the zenith of the universe
to double their perihelion about the Sun, and then reascend far
above ali human vision. Others are dashing through the solar
system in all possible directions, and apparently without any
undisturbed or undisturbing path prescribed by Him who guides
and sustains them all,

541. Until within a few years, it was universally believed that
the periods of their revolutions must necessarily be of prodigious
length ; but within a few years, two comets have been discov-
ered, whose revolutions are performed, comparatively, within
our own neighborhood. To distinguish them from the more
remote, they are denominated the Comets of a short period. The
first was discovered in the constellation Aquarius, by two French
astronomers, in the year 1786. The same comet was again
observed by Miss Caroline Herschel, in the constellation Cygnus,
in 1795, and again in 1805. In 1818, Professor Encke deter-
mined the dimensions of its orbit, and the period of its sidercal
revolution ; for which reason it has been called ““ Encke's Comet.’
Map IX., Fig. 7.

This comet performs its revolution around the Sun in about 8 years and 4 months, in
an elliptical orbit which lies wholly within the orbit of Jupiter. Its mean distance from
the Sun is 212,000,000 of miles; the eccentricity of its orbit is 179,000,600 of miles; con-
sequently, is 858,000,000 of miles nearer the Sun in its perihelion, than it is in its aphe-
lion. It was visible throughout the United States in 1825, when it presented a fina
appearance. it was also observed at its next return in 1828; but its return to its perihe-
hon on the 6th of May, 1832, was invisible in the United States, on account of its great
southern declination. It has returned at regular periods since that time.

542. The second “ comet of a shors period,” was observed in
1772 ; and was seen again in 1805. It was nct until its reap-
pearance in 1826, that astronomers were able to determine the
elements of its orbit, and the exact period of its revolution.
This was successfully accomplished by M. Biela of Josephstadt ;
hence it is called Biela’s Comet.

3541, What opinion respecting their periods? What distlnction in comets founded on
the iengths of their periods? 1listory of ¢ Encke's Comet?” Its period, orbit, mean
distance, eccentricity of its orbit? 542. History of ¢ Biela's Comet ! Tig diameler!

»
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According to observations made npon it in 1505, by the celebrated Dr. Glbers, its
diameter, Including its envelope, is 42,250 mijles. It is a curious faet, that the path »f
Biela’s Comet passes very near to that of the Earth; so near, that at th'e motrent the
center of the comet is at the point nearest to the Karth's path, the matter of the comet
extends beyond that path, and includes a portion within it. Thus, if the Earih were a3
that point of its orbit which is nearest to the path of the comet, at the same momeut
that the comet should be at that point of its orbit which is nearest to the path of thj
Sarth, the Earth would be enveloped in the nebulous ntmosphere of the comet,

With respect to the effect which might be produced upon our atmosphere by sacl a
rircamstance, it 1s impossible to offer anything but the most vague conjecture, Sir Johu
fiorschel was akle to distinguish stars as minute as the 16th or 17th magnitude through
the body of the comet! Mence it seems reasonable to infer, that the nebulous matter of
whaich it is compesed, must be infinitely more attenuated than our atmosphere; su that
for every particle of cometary matter which we should inhale, we should inspire millions
of paiticles of atmospheric air.

543 This is one of the comets that was to come into collision
with “he Earth, and to blot it out from the Solar System. 1In
returning to its perihelion, November 26th, 1832, it was comput-
ed that it would cross the Earth’s orbit at a distance of only
18,500 miles. It is evident that if the Earth had been in that
part of her orbié at the samec time with the comet, our atmos-
phere would have mingled with the atmosphere of the comet,
and the two bodies, perhaps, have come in contact. DBut the
comet passed the Earth’s orbit on the 29th of October, in the
8th degree of Sagittarius, and the Earth did not arrive at that
point until the 30th of November, which was 32 days after-
wards.

If we multiply the number of hours in 82 days, by 68,000 (the velocity of the Earth pe1
hour), we shall find that the Earth was more than 52,000,000 miles behind the eomet when
it crossed her orbit. 1Its nearest approach to the Earth at &ny time, was about 51,000,000
of iiles ; its nearest approach to the Sun, was about 83,000,000 of miles. 1Its mean dis-
tance from the Sun, or half the longest axis of its orbit, is 587,000,001} of miles. [ts
eccentricity is 253,000,000 of miles; consequently, it is 507,000,000 of mniles nearer the
Sun in its perihelion than it is in its aphelion. The period of its sidereal revolution is
2460 days, or about 63 days.

544. Although the comets of Encke and Biela are objects of
very great interest, yet their short periods, the limited space
within which their motion is circumscribed, and consequently the
very slight disturbance which they sustain from the attraction
of the plancts, render them of less interest to physical astrono-
my thar those of longer periods. They do not, like them, rush
from the invisible and inaccessible depths of space, and, aiter
sweeping our system, depart to distances with the conception of
which the imagination itself is confounded. They possess none
of that grandeur which is connected with whatever appears to
break through the fixed order of the universe.

What curious fact stated? What result if the Earth were to be cnvclopeq ic tlle comer
548. What ischief formerly anticipated from Biela's comet? 1Its returnin 1832° THow
acur a collision in distance and in téme? 1ts nearest approach to the Earth? To the
2n? Its mear disiance from Lim? Its eccentricity and period? 54.4. Why ave the
« 1 ts of short periods less interesting than others? For whut comet iy it reserved t¢

a®urs! gounds for the proudest triumphs of mathematical science?
.
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It is reserved for the somet of Halley alone to afford the proudest triumphs to thos.
powers of calculation by which we are enabled to follow it in the depths of space,
2,000,000,000 of miles beyond the extreme verge of the solar system; and, notwithstand-
ing the disturbances which render each succeeding period »>f its return differeut from
she last, to foretell that return with precision. To he able to predict the very day and
aircumstances of the return of such a bodiless and eccentric wanderer, after the lapse
of so wany years, evinces a perfection of the astrunomical calcwdus that may justly
«hallenge our admiration,

545. “The re-appearance of Biela’s comet,” says Herschel,
“ whose return in 1832 was made the subject of elaborate cal-
vuations by mathematicians of the first eminence, did not disap-
point the expectations of astronomers. It is hardly possible to
imagine anything more striking than the appearance, after the
lapse of nearly seven years, of such an all but imperceptible
cloud or wisp of vapor, true, however, to its predicted sime and
place, and obeying laws like those which regulate the planets.”

Herschel, whose Observatory was at Slowgh, England, observed the daily progress of
this comet from the 24th of September, until its disappearance, compared its actual posi-
tion from day to day, with its calculated position, and found them to agree within four
or five minuies of time in right ascension, and within a few 8econds of declination.
Its position, then, as represented on a planisphere which the author prepared for hie
pupils, and afterwards published, was true to within a less space than one-third of its
projected diameter. Like some others that have been observed, this comet has no lumi-
nous train by which it can be easily recognized by the naked eye, except when it is very
uwear the Sun., This is the reason why it was not more generally observed atits late
~eturn.

Although this comet is usually denominated * Biela’s comet,” yet it seems tha’
M. Gambart, director of the Observatory at Marseilles, isequally entitled to the honcr of
identifying it with the comet of 1772, and of 1805. He discovered it only 10 days afier
Biela, and immediately set about calculating its elements from his own observations, which
arc thought to equal, if they do not surpass, in point of accuracy, those of every othe:
astronomer.

546. Up tc the beginning of the 17th eentury, no correct
notions had been entertained in respect to the paths of comets.
Kepler’s first conjecture was that they moved in straight lines ;
but as that did not agree with observation, he -next econcluded
that they were parabolic curves, having the Sun near the vertex,
and running indefinitely into the regions of space at hoth extre-
mities. There was nothing in the observations of the earlier
astronomers to fix their identity, or to lead him to suspeet that
any one of them had ever been seen hefore ; much less that they
formed a part of the solar system, revolving about the Sur in
elliptical orbits that returned into themselves.

54%7. This grand discovery was reserved for one of the most
industrious and sagacious astronomers that ever lived—this was
Dr. Halley, the cotemporary and friend of Newton. When the
comet of 1682 made its appearance, he set himself about observ-
Ing it with great care, and found there was a wonderful resem-

545, Remarks on the re-appearance of Biela’s comet? What remarkabl: calculatioa
referred to? Form ef this comet? Is it reaily Biela’® comet? 546. Former krnow.
«<dge of the orbits of comets? 547, What , «uu wscovery, and by whom? Pro.car
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blance between it and three other comets that he found recorded,
the comets of 1456, of 1531, and 1607. The times of their
appearance had been nearly at equal and regular intervals ; their
perihelion distances were nearly the same ; and he finally proved
them to be one and the same comet, performing its circuit around
the Sun in a period varying a little from 76 years. It is, there
fore, called Halley's comet. Map IX., Fig. 78.)

The orbit of Halley’s comet :xtends outward about 120,000,00¢

of miles beyond the orbit of Neptune, as represented in the fol
lewing cut :

ORBIT OF HALLKY'S COMET,

This is the same somet that filled tlie castern world with so much consternation in 1456
as stated on page 253, and became an object of such abhorrence to the Church of Roe.

The periodic ‘imes of the three comets just described, are as
‘ollow :
Encke’s, 1212 days.
Biela’s, 2461 days.
"Halley’s, 28,000 days.

Halley’s comet, true to its predicted time and place, is now (Oct. 1835) visible in the
evening sky. Butl we behold rione of those phenomena which threw our ancestors of the
middle ages into.agonies of superstitious terror. We see not the cometi horrendea
magnitudinis, as it appeared in 1305, nor that tail of enormous length which, in 1456,
extended over two-thirds of the interval between the horizon and the zenith, nor even a
star as brilliant as was the same comet in 1682, with its tail of 80°.

1ts mean distance from the Sun s 1,713,700,000 miles ; the eccentricity of its orbit ls
1,658,000,000 miles; consequently it is 8,816,000,000 miles farther from the Sun in its
aphelion than it is In its perihelion. In the latter case its distance from the sun Is only
65,700,000 miles; but in the former it is 8,871,700,000 miles. Therefore, though its aphe-
lion dlstance be great, its mean distance Is less than that of Uranus; and great as is the
aphelion distance, it is but a very small fraction less than one-five thousandth part of
that distance from the Sun, beyond which the very nearest of the fixed stars must he
situated ; and, as the determination of their distance is negative and not pesitive, the
nearest of them may be at twice or ten times that distance.

of the discovery? Aphelion distance of Halley’s comet? What former vislt to our sys
tem referred to? Periods of the three comets just described? Appearance of Halley’
zomet in 18557 1Itsmcan distance from the Sun? How compare with that of Uranus
0w does his greatest distance compare with that of the Fixed Stars?

.
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548. The orbit of Encke’s ORPITENOREEN BT O]
comet is wholly within the orbit
of Jupiter, while that of Biela’s
extends but a short distance
beyond it. The aphelion dis-
tance of Halley’s comet is
3,400,000,000 of miles, or
550,000,000 of miles beyond
the orbit of Neptune. And
even thig is, it reality, a comet
of short period compared with
many that belong to our sys-
tem.

549. The comet of 1819 wasre-
markable for its straight wedge: -~
shaped appearance—not altogether unlike a shuttle-cock. Tt
exhibited none of that curvaturve in its form which is an almost
. nniversal characteristic of cometary bodies. Map IX:, ¥ig, 79.

550. The comet of 1843 was one of the most magunificent of
modern times (See Map IX., Fig. 80). It was more than 60°
in length. In the Southern Hemisphere it was so brilliant as
to throw a very strong light upon the Earth. As its distance
from the Sun varied, its coler varied, from pale orange to “‘rose
red,” and then to white. ‘It passed its perihelion on the 27th
of February, at which time it almost grazed the surface of the
Sun, approaching nearer to that luminary than any comet
hitherto observed. Its motions at this time were astonishingly
swift, and its brilliancy such as to induce the belief that it was at
a white heat through its whole extent. Its period is supposed
to be 21% years; consequently this must be its eighth return
since 1668 ; and it will visit our sphere again in 1865.”

At the time of the appearance of this comet, Rev. Mr, Miller and others were earnestly
warning the people of the United States, that the world was to be burned up on the 234
of April following; and the appearance cf the comet was regarded by many as an indica-
tion that the end of all things was at hand.

551. The number of comets which have been observed rince
the Christian era, amounts to 650. Scarcely a year has passed
without the observation of one or two. And sirce multitudes
of them must escape observation, by reason of their traversing
that part of the heavens which is above the horizon in the day

B43. Where are the orbits of Encke’s and Biela's comets situated? What said of Hal-
fey’s comet?  549. Comet of 1819?  §50. That of 1843? Its length? Brilliancy?
What 7ariation initscolor? Its perihelion passage? Heat? Itsperiod? Nextappaar:
ance? Incident of its last appearance?  551. Number of comets® Why &n few veent
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time, their whole number is probahly many thousands. Comets
so carcumstanced, can only become visible by the rare coinck
dence of a total eclipse of the Sun—a coineidernce which hay
pened, as related by Seneca, 60 years before Christ, wien a
large comet was actually observed very near the Sun.

But M. Arago reasons in the following manner, with respect to the number of comets :—
The number of ascertained comets, which, at their least distances, pass within the orbit
uf Mercury, s thirty. Assuming that the comets are uniformly distributed throughou!
the olar system, there will be 117,649 times as many comets included within the orbit of
Yranus, as there are within the orbit of Mercury. But as there are 80 within the o1bit
2f Mercury, there must be 8,529,470 within the orbit of Uranus!

552. Of 97 comets whose elements have been calculated by
astronomers, 24 passed between the Sun and the orbit of Mer
cury: 33 between the orbits of Mercury and Venns ; 21 between
the orbits of Venus and the Earth; 15 between the orbits of
Ceres and Jupiter. 49 of these comets move from east to west,
and 49 in the opposite direction. The total number of distinct
comets, whose paths during the visible part of their course had
been ascertained, up to the year 185F, was abont one hundred
ard fifty.

553. What regions these bodies visit, when they pass heyond
the limits of our view ; upon what errands they come, when
they again revisit the central parts of our system ; what is the
difference between their physical constitution aud that of the
Sun and planets ; and what important ends they are destined
to accomplish in the economy of the Universe, are inquiries
which naturally arise in the mind, but which surpass the limited
powers of the human understanding at present to determine.

554. Such is the celestial system with which our Barth was
associated at its creation, distinct from the rest of the starry
hosts. Whatever may be the comparative antiquity of oar
globe, and the myriads of radiant bodies which nightly gem the
immense vault above us, it is most reasonable to conclude, that
the Sur, Earth, and planets differ little in the date of their
origin. This, faet, at least, scems to be philosophically certain,
that all the bodies which compose our solar system mmst have
been placed at one and the same time in that arrangement, and
in those positions in which we now behold them ; because all
maintain their present stations, and motious, and distances, by
their mutual action on each other. Neither could it be where it

Phenomenon 60 years before Christ? M. Arago’s reasoning and conclusion? 55§,
Perihellon distances of various comets? Directions in longitude? Number whose pathg
have been ascertained? 558. What inquiries awakened by the visits of cometary
bolies? 544, Remarks respecting the date of the solav system? What supposed yc0dt
that the whole system was creited at once ?




262 ASTROI " MY.

is, nor move as it does, nor appear as we see it, unless they
were all co-existent. The presence of each is essential to the
system-—the Sun to them, they to the Sun, and all to cack
other. This fact is a strong indieation that their formation was
simultaneous, [

CHAPTER X.

OF THE FORCES BY WHICH THE PLANETS ARE
RETAINED IN THEIR ORBITS.

555. Havine described the real and apparent motions of the
bodies which compose the solar system, it may be interesting
next to show, that these motions, however varied or comple‘{
they may seem, all result from one simple principle, or law,
namely, the

LAW OF UNIVERSAL GRAVITATION,

By grarvitation is meant, that universal law of attraction, by
wkich every particle of matter in the system has a tendency to
every other particle. This attraction, or tendency of bodies
towards cach other, is in proportion to the quantity of matter
they contain. The Karth, being immensely large in comparison
with all other substances in its vicinity, destroys the effect of
this attraction between smaller bodies, by bringing them sll to
itself.

It is sald, that Sir Isaac Newton, when he was drawing to a close the demonstration ot
the great truth that gravity is the cause which keeps the heavenly bodles in their crbrte,
was 50 much agltated with thie magnitude and importance of the dx"covery he was n.bout
5 aake, that he was unable to proceed, and desired a friend to fnish what the Intensity

- of kiis feelings did not allow him to do.

556. The attraction of gravitation is reciprocal. All bedies
not only attract other bodies, but are themselves attracted, and
both according to their respective quantities of matter. The
Sux, the largest body in our system, attracts the Earth and alt
the other pianets, while they in turn attract the Sun, The

855, Bubject of this chapter? What is meant by gravitation? Upon what does the
amount of this attraction depend? Influence of the Earth? Anecdote of Newtonf
Y&, 1z attraction reciprocal? What illustration rited? Ways ip which attractioy

e e
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Earth, also, attracts the Moon, and she in turn attracts the
Earth. A ball, thrown upwards from the Earth, is brought
again to its surface ; the Earth’s attraction not only counter
balancing that of the ball, but also producing a motion of the
dall towards itself.

T 1is disposition, or tendency towards the Earth, is manifested In whatever falla, whether
% b= a pebble from the kaund, an apple from a tree, or an avalanche from a mountain
A1l terr sstind bodies not excepting the waters of the ocean, gravitate towards the center
s the Earth, and it «s by the same power that animals on all parts of the globe stand
with their feet pointing to its center.

55%7. The power of terrestial gravitation is greatest at the
Eartl’s surface, whenee it decreases both upwards and down-
wards ; but not both ways in the same proportion. It decreases
apwards as the square of the distamce from the Earth’s center
increases ; so that at a distance from the center equal to twice
she semi-diameter of the Earth, the gravitating force would be
only one-fourth of what it is at the surface. But below the sur-
face, it decreases in the direct ratio of the distance from the
center ; so that at a distance of.half a semi-diameter from the
center, the gravitating force is but half of what it is at the
surface.

Weight and Gravity, in this case, are synonymous terms. We say a pieece of leac
weighs a pound, or 16 ounces ; but if by any means it could he raised 4000 miles abovy
the surface of the Earth, which is about the distance of the surface from the center, and
conseguently equal to two semi-diameters of the Earth above its center, it would weigh
»ly one-fourth of a pound, or four ounees; an< if the same weight could be raised to an
elevation of 12,000 miles above the surface, or four semi-diameters above the center of
the Earth, it would there weigh only one-sixteenth of a pound, or one ounce.

558. The same body, at the center of the Earth, beiug equally
attracted in every direction, would be without weight ; at 1000
miles from the center it would weigh one-fourth of a pound : at
2000 miles, one-half of a pound ; at 300¢ miles, three-fourths of
a pound ; and at 4000 miles, or at the surface, one pound.

It is a nniversal law of attraction, that its power decreases as
the square of the distance increases. 'The converse of this is also
true, viz.: 7The power increases as the square of the distamce
dzweases. (iving to this law the form of a practical rule, it will
stand thus :

The gravity of bodies above the surface of the Liarth decreases
i a duplicate ratio (or as lhe squares of their distances), in sem-
Ziameters of the Earth, from the Earth’s center. That is, when

2auttests itself? 557. Where is the power of terrestrial gravitation greatest? Hew
timinished ? In what ratio as we aseend above the Earth ? As we tlescepal toward it
senter? Are weight and gravity the same ?. 558. What wonld be the weight of a body
at the Earth’s center? At 100 wiles from the center ? At 200 miles? At 4000? Whag
aniversml aw?  What rule based upon this law?  What illnstrations giveu?  What rule
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the gravity is increasing, multiply Jhe weight by the square of
the distance ; but when the gravity is decreasing, divide the
weight by the square of the distance.

Suppose a body weighs 4! pounds at 2000 miles above the Earth’s surface, what would

it weigh at the surface, estimating the Earth’s semi-diameter at 4000 miles. From tls
unter to the given height, is 126 semi-diameters; the square of 12, or 1.5 Is 2.25, which,
xnltiplied into the weight (40), gives 90 pounds, the answer.
! Suppose a body which weighs 256 pounds upor the surface of the Earth, be raised ta
)} e Jdistance of the Moon (240,000 miles), what would be its we ght? Thus, 4000)240,000,60
¥ m'-diameters, the square of which is 3600. As the gravity in this case is decreasing,
divide the weight Ly the square of the distance, and it will give 8600)256(1-16th cf a
pound, or 1 ounce.

’{'olﬁnd to what height a given weight must be raised to lose a certain portier ¢f ifs
weight.

RoLe.—Divide the weight at the swurface by the required weight, and ewtract the
square root of the quotient. Ex. A boy weighs 100 pounds, how high must he be carried
L weigh but 4 pounds? Thus, 100 divided by 4, gives 25, the square root of which is &
retni-diameters, or 20,000 miles above the center.

559. Bodies of equal magnitude do not always contain equal
quantities of matter , a ball of cork, of equal bulk with one of
load, coutains less matter, because it is more porous. The Sun,
though fourteen hundred thousand times larger than the Karth,
being much less dense, contains a quantity of matter only
355,000 as great, and hence can exert an attractive force omiy
355,000 times greater than that which the Earth is capable of
exerting.

I'he quantity of matter in the Sun-is S0 times greater than that of all the planets and

satellites belonging to the Solar System ; consequently, their whole anited force of attrac-
s1on 18 780 times less upon the Sun, than that of the Sun upor them.

CENTER OF GRAVI1Y,

1 A 4 e —_—. 3

560. The Center of Gravity of a body, is that point in which
its whole weight is coneentrated, and upon which it would rest,
if freely suspended. If two weights, one of ten pounds, the
other of one pound, be connected together by a rod eleven feet
long, nicely poised on a ceuter, and then be thrown into a free
rotary motion, the heaviest will move in a circle with a radius of
one foot, and the lightest will describe a circle with a radius of
ten feet ; the center around which they move is their comman
wnter of gravity. (See the Figure.)

# find what height a given weight must be raiscd to lose a certain portion of ife
weight? 559. Do bodies attract in proportion to their bulk? Why not? What illis-
tratious? Guantity of matter ln the Sun? 66G0. Wkat i3 meant ¥y the center of
gravi‘y? [llustration? How with the Sun and planets? llow would ( L= it there was
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Thus the Sun and planets move around in an imagivary point
a8 a center, always preserving an equiiibrium.

If there werc but one body in the universe, provided it were of uniform densi{y, the
aenter of it would be the center of gravity towards which all the surrounding portio.s
would uniformly tend, and they would thereby balance each other. Thus the center of
gravity, and the body itself, would for ever remain at rest. It would neither move up nor
down ; there being no other body to draw it in any direction. In this case, the terms up
82d down would have no meaning, except as applied to the body itself, to express the
direction of the surface from the center.

561. Were the Earth the only body revolving about the Sun,
a3 the Sun’s quantity of matter 15 315,000 times as great as
that of the Earth, the Sun would revolve in a circle equal only
to the three hundred and fifteen thousandth part of the Earth’s
distance from it ; but as the planets in their several orbits vary
their positions, the center of gravity is not always at the same
distance from the Sun.

The quantity of matter in the Sun so far exceeds that of all
the planets togesier, that were they all on one side of him, he
would never be more than his own diameter from the common
center of gravity ; the Sun is, therefore, justly cousidered as the
zenter of the system. .

562. The quantity of matter in the Earth being about 80
dmes as great as that of the Moon, their common center of
gravity is 80 times nearer the former than the latter, which is
about 3000 miles from the Earth’s ccnter. The secondary planets
are governed by the same laws as their primarics, and both
together move around a common center of gravity. Ivory sys-
tem in the universe is supposed to revolve in like manner, around
me common cenler.

ATTRACTIVE AND PROJECTILE FORCES.

563. All simple motion is naturally rectilinear ; that is, all
bodies put in motion would continuc tn go forward in straight
lines, as long as they met with no resistance or diverting force.
On the other hand, the Sun, from his immense size, would, by
the power of attraction, draw all the planets to him, if his
attractive force were not counterbalanced by the primitive im-
jrulse of the planetary bodies to move in straight lines,

564. The attractive power of a body drawing another body

tit me body in the universe? 561. Suppose the Earth was the only body revolvlng
wround the Sun? Is the center of gravity always at the same distance from the Sun

Why not? How would it be if all the planets were on one side of him? 562. What is
I\he amount of matter in the Earth a8 compared with the Moon? Mow witl: the second-
ary planets? With other systems in the universe? 563, What is the character of all
wiauple motion? What {llustrations given ? 6564 What is the attractive power called?

—
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towards the center, is denominated Centripelal force ; and the ten
dency of a revolving body to fly from the center in » tangent
line, 1s called the Projectile or Centrifugal fore. The jeint
action of these two central forces gives the planets a circular
motion, and retains them in their orbits as they revolve, the pri-
maries about the Sun, and the secondaries about their primaries.

165, The degree of the Sun’s attractive power at each par-
tiular planet, whatever be its distance, is uniformly equal te
the centrifugal foree of the planet. The nearer any planes is to
the Sun, the more strongly is it attracted by him ; the farther
any planct is from the Sun, the less is it attracted by him ;
therefore, those planets which are the nearer to the Sun, must
move the faster in their orbits, in order thereby to acquire cen-
trifugal forces equal to the power of the Sun’s attraetion ; and
those which are the farther from the Sun, must move the slower,
in order that they may not have too great a degree of centri
fugal force, for the weaker attraction of the Sun at those
distances,

LAWS OF PLANETARY MOTION.

566 Three very important laws, governing the movements of
the planets, were discovered by Hepler, a German astronomcr,
in 1609 In honor of their discoverer, they are called Aepler’s
Laws. Kepler was a disciple of Tycho Brake, a noted astrono
mer of Denmark, and was equally celebrated e
with his renowned tutor. His residence and e,
observatory were at Wirtemburgh, in Ger- . i
many.

The first of these laws is, that the orbits of
all the plamets are elliptical, having the Sun in
the common focus.

The lmint in a planet’s orbit nearest the Sun is called the

N\,
b

~

&

perihelion peint, and the point most remote the upkelion point. h
Lerihelion is from peri, about or near, and /Aelios, the Sun; and 4
uphelion, from apo, from, and kelios, the Sun., e

PERINELION.

¥rom this first law of Kepler, it results that the planeis move with different velocities,
in different parts of their orbits. From tte aphelicu to the perinehon ynints, the
e2ntripetal force combines with the centrifugal to accelerate the planct’s molicn;
while from perihehon to aphelion points, the centripetal acis against the centrifugal
*ore, and retards it.
‘the tendency to depart from the center? What does the joirt action of these two forces
produce ? 565. What relation between the Sun’s attraction ard the certrifugal force
of the planets? What cffect has the distance of a planet from the Sun, upon his attrae.
tive force? How is this increased tendency counterbalanced?  566. What :mportant
laws—whcn and by whom discovered ? Stiate the first? What are the aplélton 33)
periiclion points? Derivation?  What results frow this first law ?

Shdiiis Baaal
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From A to B in the diagram, the centrifugal force, 1
tepresented by the line C, acts with the tendency tc e A ~.
revolve, and the planet’s motion is aceelerdted ; but
from B to A the same force, shown by the line D, acts
aguainst ihe tendency to advance, and the planet is 4
returded. Hence it comes to aphelion with its least
velocity, and to perihelion with its greatest.

1z the statement of velocities on page 45, the mean
3t @ 12rage velocity Is given.

567. The second law is, that the radius
vector of a planet describes equal areas in
equal times. The radius is an imaginary
line joining the center of the Sun and
the center of the planet, in any part of
its orbit.  Vector is from veko, to carry ;
hence the radius vector is a radius carried
round. By the statement that it describes equal areas in equa
tumes, is meant that it sweeps over the same surface in an hour,
when a planet is near the Sun, and moves swiftly, as, when
furthest from the Sun, it moves most slowly.

The nearer a planet is to the Sun, the more rapid its . RADIUS VECTOR.
motion. It follows, therefore, that if the orbit of a
vianet is an ellipse, with the Sun in one of the foci, its
cate of motion will be unequal in different parts of its
orbit—swiftest at perihelion, and slowest at aphelion.
From peribelion’ to aphelion the centripetal more di-
rectly counteracts the centrifugal foree, and the planet
is returded. On the other hand, from the aphelion to
the perihelion polnt, the centripetal and centrifugal
forces are united, or act in a similar direction. They
consequently hasten the planet onward, and its rate of
motion is constantly accelerated. Now suppose, when
the planet is at a certain point ncar its perihelion, we
draw a line from its center to the center of the Sun,
This line is the radius vector. At the end cf one day,
for instance, after the planet has advanced considera-
bly in its orbit, we draw another line in the same man-
ner to the Sun’s ceuter, and estimate the area between
the two lines. At another time, when the planet is near
Its aplielion, we note the space over which the radius vector travels in one day, aad esii-
mate its area. On comparison, it will be found, that notwithstanding the unequal
eelocity of the planet, and consequently of the radius vector, at the two ends of the
rllipse, the area over which the radius vector has traveled is the same in both cases.
Ihe same principle obtains in every part of the planetary orbits, whatever may be thzir
ellipticity or the mean distance of the planet from the Sun; hence the rule that thé
radius vector describes equal areas in equal times, In the preceding cut, the twelve
triangles, numbered 1, 2, 8, &c., over each of which the radius vector sweeps in equal
dmes, are equal.

568. The third law of Kepler is, that the squares of the periodic
‘imes of any two planats are proportioned to the cubes of their mean
listances from the Sun.

Take, for example, the Earth and Mars, whose periods are 865:2564 and 6569796 days,
and whose distances from the Sun are In the proportion of 1to 1:52369, and 1t will be
*sund that (365.2564)3 : (656.9796)2: : (1)3 : (1.52269)3.

567. ftate the second law of Kepler? Explain it? 568. Tte third 'aw? What
Glascration ©

B.G. 2
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According to these laws, which are known to prevail throughout the solar syotem
many of the facts of astronomy are deduced from other facts previously ascertained,
They are, therefore, of great importance, and should be studied till they are, at least,
thoroughly understood, if not committed to mnemory.

569. From the foregoing principles, it follows, that the force
of gravity, and the centrifugal force, are mutual opposing powers
—each continually acting against the other. ™Thus, the weight
of bodies on the Karth’s equator, is diminisked by the centrifugal
force of her diurnal rotation, in the proportion of one pound for
every 290 pounds: that is, had the Karth no motion on her
axis, all bodies on the equator would weigh one two hundred and
esghty-ninth part more than they now do.

On the contrary, If her diurnal motior were accelerated, the centrifugal force would be
proportionally increased, and the weight of bodies at the equator would be in the same
ratio diminished. Should the Earth revolve upon its axis with a velocity which would
make the day but 84 minutes long, instcad of 24 hours, the centrifugal force would coun-
terbalance that of gravity, and all bodies at the equator would then be absolutely desti-
tute of weight; and if the centrifugal force were further augmeuted (the Earth revolving
In less than 84 minutes), gravitation would be completely overpowered, und all fluids
and loose substances near the equator would fiy off from the surface.

570. The weight of bodies, either upon the Eartl, or on any
other planet having a motien around its axis, depends jointly
upon the mass of the planet, and its diurnal velocity, A body
weighing one pound upon the equator of the Earth, would
weigh, if removed to the equator of the Sun, 27.9 Ibs.; of Mer
cury, 1.031bs.; of Venus, 0.98 Ibs.; of the Moon, 1-6th of a-lb. ;
of Mars, 4 lb. ; of Jupiter, 2.716 lbs. ; of Saturn, 1.01 lbs

CHAPTER XI.
PROPER MOTION OF THE SUN IN SPACE.

571. TroveE we are accustomed to speak of the Sun as the-
fized center of the Solar System, the idea of his fixedness is cor-
rect only so far as his relation to the bodies revolving around
him are concerned. As the pianets accompanied by their satel-
lites revolve around the Sun, so he is found to be moving with
]l his retinue of worlds, in a vast orbit, around some distant and
ankuown center.

£69. What results from these principles, as respects the wcight of bodies on the Earth’s
surface ¥ How increased or diminished? What iuustrations given? 570. Upen
hat, thau, doesg the weight of bodies upon the plasets depend? What illustratious!
£7s. 18 the Sun a fixed body? What motior in space? Who first advanced tUns ideaf
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This opinfon was first advanced, we think, by Sir William Herschel; but the horor o.
actually determining this interesting fact, belongs to Struve, who ascertained nct only
e direction of the Sun and Solar System, ‘but also their velocify. The point of tend-
ency is towards the constellation Hercules, Right Ascension 259°, Declination 85°. The
velocity of the Sun, &c., in space, is estimated .at about 20,00C miles per hour, er uearly
8 miles per second §

572. With this wonderful fact in view, we may no longer con-
sider the Sun as fixed and stationary, but rather as a vast and
luminous plamet, sustaining the same relation to some central
orb, that the primary planets sustain to him, or that the second-
aries sustain to their primaries. Nor is it necessary that the
stupendous mechanism of nature should be restricted even to
these sublime proportions. The Sun’s central body may also
have its orbit, and its center of attraction and motion, and so on,
till, as Dr. Dick observes, we come to the great coufir of all—to
the TuroNE oF Gob.

‘'THE CENTRAL SUN,

573. In 1847, an article appeared in several European jour-
nals, announcing the probable discovery by Professor Midler,
of Dorpat, of the Sun’s central orb ; the inclination of his orbit
to the plane of the ecliptic ; and his periodic time !

By an extensive and laborious comparison of the quantities
and directions of the proper motions oi the stars in various parts
of the heavens, combined with indications afforded by the paral-
laxes hitherto determined, and with the theory of universal gra-
vitation, Professor Médler arrived at the conclusion that the
Pleiades form the central group of our whole astral or sidereal
system, including the Milky Way and all the brighter stars, but
exclusive of the more distant nebule, and of the stars of which
those nebulee may be composed. And within this central group
itself he has been led to fix on the star Alcyone, as occupying
exactly or nearly the position of the center of gravity, and as
entitled to be called the central Sun.

Assuming Bessel’s parallax of the star 61 Cygni, long since remarkable for its larger
proper motion, to be correctly determined, Madler procceds to forin a first approximate
estimate of the distance of this central body from the planetary or solar system ; and
arrives at the provisional conclusion, that Alcyone is about 84,000,000 times as far removed
from us, or from our own Sun, as the latter luminary is from us. It would, therefore
according to this estimation, be at least a million times as distant as the new planet, of
which the theoretical or deductive discovery has been 8o great and beautiful a triumpl
of modern astronomy, and so striking a confirmation of the law of Newton. The sams
approximate determination of distance conducts to the result, that the light of the cen
tral sun occupies more than five centuries in travelling thence to us.

Direction and velocity of the Sun and Solar System ? 572. How, then, should we
regard the Sun? What furthber speculation? Dr., Dick’s observation? 572. What
great discovery in 1847, and by whom? By what process? What conclusion firsf
reached? What star afterward designated? Further description of the progress or the
diacovery? What conclusion respecting the passage of light from the centrzl Sun to us ¥
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ARC OF THE SUN'S ORDIT

574. The enormous orbit
which our own Sun, with the
Earth, and the other planets,
is thus inferred to be describ-
ing about that distant cen-
ter—not, indved, under its
influence alone, but by the
combined attractious of all
the stars which are nearer to
it than we ure, and which are
estimated to amount to more
than 117,000,000 of masses,
each equal to the total mass
of our own Solar System—
issupposed to require upwards
of eighteen millions of years for ;
its complete description, at the rate of about eight geographical
miles in every secoud of time. At this rate, the arc of its orbit,
over which the Sun has traveled since the creation of the world,
amounts to only about z75sth part of his orbit, or about 17
minuntes—an arc so small, compared with the whole, as to be
hardly distinguishable from a straight line.

The plane of this vast orbit of the Sun is judged to have an Inclination of about 84
Acgrees to the ecliptic, or to the plane of the annual orbit of the Earth ; and the longitude
of the ascending node of the former orbit on the latter is concluded to be nearly %33
degrees.

CHAPTER XIL

PRECESSION OF THE EQUINOXES—OBLIQUITY OF THE
ECLIPTIC.

575. Or ail the motions which are going forward in the Solar
System, there is none, which it is important to notice, more
diffienlt to comprehend, or to explain, than what is called the
PRECESSION OF THE EQUINOXES.

The equinoxes, as we have learned, are the two opposite

574 Suvpposed period of the Sun’s revoluticn? What portion of his orbit gone ovel
sluos the creation of our race? Situation ¢f !is orbit with respect to the ecliptic? Lon:
ritude of ascending node ? 575. Eubject of this chapter? What are the equinoxes¢
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pciuts in the Earth’s orbit, where it crosses the celestial equator.
The first is in Aries; the other, in Libra. By the precession of the
equinoxes is meant, that the intersection of the equator with the
ecliptic is not always in the same point :—in other words, that
the Sun, in its apparent annual course, does not cross the equi-
roctial, Spring and Autumn, exactly in the same points, but
every year a little dehind those of the preceding year.

576. This annual falling back of the equinoctial points, is
called by astronomers, with reference to the motion of the
heavens, the Precession of the Equinoxes; but it would better
accord with fact as well as the apprehension of the learner, tc
call it, as it is, the Recession of the Equinoxes ; for the equinoc-
tial points do actually recede upon the ecliptic, at the rate of
about 50}" of a degree every year. It is the name only, and
not the position, of the equinoxes which remains permanent.
Wherever the Sun crosses the equinoctial in the spring, theve is
the vernal equinox ; and wherever he crosses it in the aufumn,
there is the autumnal equinox ; and these points are constantly
moving to the west.

To render this subject familiar, PRECESSION OF THE TQUINOXES.
we will suppose two carrlage roads,
extending quite around the Earth;
one, representing the equator, run-
ning due east and west; and the
other representing the ecliptic, run-
aing nearly In the same direction as
the former, yet 8o as to cross it with
a small angle (say of 23%°), both at
the point where we now stand, for
instance, and in the nadir, exactly
opposite ; let there also be another
road, to represent the prime meri-
dian, running north and south, and
cr.ssing the first at right angles, in
the common point of intersection, as
in the annexed figure.

Let a carriage now start from this
point of intersection, not in the road
leading directly east, but along that
of the ecliptic, which leaves the
formes a little to the north, and let
a person he placed to watch when
the carriage comes around again,
after having made the circuit of the
Earth, and see whether the carriage
will cross the equinoctial road again
precisely in the 8ame track as when it left the goal. Though the person stood oxacuj
m the former track, he need not fear being run over, for the carriage will cross tha
road 100 rods west of Lim, that s 100 rods west of the meridian on which he stood. It i
to be observed, that 100 rods on the equator is equal to 503 scconds of a degree.

If the carriage still continue to go around the Earth, it will, on completing its second

ian

Meri

Equinoctial

What weant by thelr precession?  576. With reference to what is it a precessionf s
It really a precession of the equinoxes? Where are the equinoxes spring and fall? Cap
yri illusirate by the 'wo carriage roads, &c.? By the other dlagram? Does the Sur
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elrcuit, cross the equinoctial j.ath 200 rods west of the meridian w.ence it first set on*

on the third circuit, 300 rods west ; on the fourth circuit, 400 rods, and so on, continualiy
After 71% circuits, the point of intersection would be one degree west of its place at t.4
commencement of the route. At this rate it would be easy to determine how mmany com
plete circuits the carriage must perform before this continual falling back of the inter.
secting point would have retreated over every degree of the orbit, until it reached aga'ln
the point from whence it first departed. The application of this illustration will be mawni:
fest when we consider, further,

that this interesting phenomenon RECESSION OF THE EQUINOXES.

may be explained in another 2
way by the adjoining diagram.
Let the point A represent the
vernal equinox, reached, for in-
stance, at 12 o’clock on the 20th
of March. The next year the
Bun will be in the equinoctial 22
minntes 33 seconds earlier, at
which time the Karth will be
50% " on the ecliptic, back of the
point at which the Sun was in
the equinoctial the year before.
The next year the same will oc-
cur again; and thus the equi-
noctial point will recede west-
ward little by little, as shown by
th. small lines from A to B, and
froin C to D. Tt is in reference
to the stars going forward, or
seeming to precede the equi-
noxes, that the phenomenon is
called the Precession of the Equis
noxes. But In reference to the
motion of the eqguinoxes theme.
velves, it is rather a recession.

577. The Sun revolves from one equinox to the same equinox
wgain, in 365d. 5h. 48’ 47" 81. This constitutes the natural, or
tropical year, because, in this period, one revolution of the sea-
sons is exactly completed. But it is, meanwhile, to be borne in
mind, that the equinox itself, during this period, has not kept
its position among the stars, but has deserted its place, and
fallen back a little way to meet the Sun ; whereby the Sun has
arrived at the equinox before he has arrived at the same position
among the stars from which he departed the year-before ; and,
consequently, must perform as muck more than barely a fropical
revolution, to reach that point again,

To pass over this interval, which completes the Sun's sidereal
revolution, takes (20’ 227.94) about 22 minutes and 23 seconds
longer. By adding 22 minutes and 23 seconds to the time of &
tropical revolution, we obtain 365d. 6h. 9m. 10%s. for the length
of a sidereal revolution ; or the time in which the Sun revolves
from one fixed star to the same star again.

Though we speak of the revolution of the 8un, we mean simply his apparent revolutlor
enstward around the hea rens, caused wholly by the actual revolution of the Earth in hex
actually revolve? Why, then, speak of his revolution? 577. What is the length of a
tropical year? Huw different fro:n a silereal year? Diflerence of tim»? Length of &
videreal year
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areft, as a distant object would apear to sweep around the horizon if we were walking
or sailing around it. This may be illustrated by the cut, page 285, Wlere the passage
of the Earth from A to B would cause the Sun to appear to move from U to D; and 8o on
around the whole circle of the Zodiac.

578. As the Sun describes the whole ecliptic, or 360°, in a
tropical year, he moves over 59’ 84" of a degree every day, at a
mean rate, which is equal to 501" of a degree in 20 minutes and
23 seconds of time ; consequently he will arrive at the sura
equinox or sclstice when he is 50" of a degree short of the same
star or tixed point in the heaveus, from which he set out the
year before. So that, with respect to the fixed stars, the Sun
and equinoctial points fall back, as it were, 1°in T1% years.
This will make the stars apper to have gone forward 1°, with
respect to the szgms in the ecliptic, in that time ; for it must be
observed, that the same signs always keep tn the same points of the
eoliptic, without regard to the place of the constellations. Hence it
becomes necessary to have new plates engraved for celestial
globes and maps, at least once in 50 years, in order to exhibit
truly the altered position of the stars. At the present rate of
motion, the recession of the equinoxes, as it should be called, or
the precession of the stars, amounts to 30°, or one whole sign, iu
2140 years.

PRECESSION OF THE STARS,

To explain this by a figure: Suppose the Sun to have been in conjunction with a fixea
star at 8, in the first degree of Taurus (the second sign of the ecliptic), 840 years before
the birth of our Saviour, or about the seventeenth year of Alexander the Great; then
having made 2140 revolutions through the ecliptic, he would be found again at the end of
ro many sidereal years at 8; but at the end of so many Julian years, he would be found
at J, and at the end of so many ¢ropical years, which would bring it down to the begin-
2ing of the present century, he would be found at T, in the first degree of Aries, which

&78. Daily progress of the Sun$ What 13 the amount of the annual recession of the
aquinoxes? What effect will this have up 1 the apparent positions of the stars? Itence
what becomes necessary? How long does it require for the equinoxes to recede a w1ols
;g * Do you understand the diagram, and the reference to the sidereal, Julian, and
Yrotdeal years? Explain the difference {n these three kiads of ycars.
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has receded from S to T in that time by the precession of {he equinoctial points Aries aug
Libra, The arc 8 T would be equal to the amount of the precession (for precession we
must still call it) of the equinox in 2140 years, at the rate of 50°.23572 of a degree, or 2¢
minutes and 23 seconds of time annually, as above stated.

579. From the constant retrogradation of the equinoctial
points, and with them of all the signs of the ecliptic, iv follows
that the longitude of the stars must continnally increase. 'The same
cause affects also their right ascension and declination. Hence,
those stars which, in the infaney of astronomy, were in the sign
Arses, we now find in Tawrus ; and those which were in Zaurus,
we now find in Gemint, and so on. Hence likewise it is, that
the star which rose or set at any particular time of the year, in
the time of Hesiod, Eudoxus, Virgil, Pliny, and others, by no
means answers at this time to their descriptions.

Hesiod 'n his Opera et Dies, lib. ii. verse 185, says:

¢ When from the solstice sixty wintry days
Their turns have finished, mark, with glitt’ring rays,
From Ocean’s sacred flood, Arcturus rise,
Then first to gild the dusky evening skies.”

But Arcturus now rises acronically in latitude 87° 45 N, the latitude of llesiod, ana
aearly that of Richmond, in Virginia, about 100 days after the winter solstice. Suppos-
ing lesiod to be correct, there is a difference of 40 days arlsing from the precession of
the equinoxes since the days of llesiod. Now, as there is no record extant of the exact
pericd of the world wlien this poet flourished, let us see to what result astronomy wil:
lead us.

As the Sun moves through about 89° of the ecliptic in 40 days, the winter solstice, in
the time of llesiod, was in the 9th degree of Aquarius. Now, estimating the precession
of the equinoxes at 50%" in a yeur, we shall have 50%" : 1 year:: 39 : 2814 years since the
time of Hesiod : if we subtract from this our present era, 1555, it will give 958 years before
Corist. Lempriere, in his Classical Dictionary, says llesiod lived 907 years before Christ.
Bee a similar calculation for the time of Thales, page 89.

580, The retrograde movement of the equinoxes, and the
annual extent of it, were determined by comparing the longitude
of the same stars, at different intervals of time. The most care
ful and unwearied attention was requisite in order to determine
the cause and extent of this motion—a motion so very slow as
scarcely to be perceived in an age, and occupying not less than
25,000 years in a single revolution. It has not yet completed
one quarter of s first circust in the heavens since the ecreation
of Mars.

"581 This observation has not only determined the absolute
motion of the equinoctial points, but measured its limit ; it has
also shown that this motion, like the causes which produce it, is

not uniform in itself ; but that it is constantly accelerated by a

579, What effect has the recessicn of the equinoxes upou the longitude of the stars, £.0d
thelr right ascension and declination? IHence what results? What interesting calcu-
.afon in reference to Hesicd? 680, How were this recession and its extent determined?
What necessary? Time of complete revolution? Amount since creation? 881. Is
this retrogression uniform? Amount of acceleration? Whal {llustration given ?
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slow arithmetical incvease of 1" of a degree in 4100 years. A
guantity which, though totally inappreciable for short periods of
time, becomes sensible after a lapse of ages.

For example: The retrogradation of the equinoctial points is now greater by nearly %
1han it was in the time of Hipparchus, the first who observed this motion ; consequently,
the mean tropical year is shorter now by about 12 seconds than it was then. For, siuce
the retrogradation of the equinoxes is now every year greater than it was then, the Suc
lias, each year, a space of nearly %° less to passthrough in the ecliptic, In order to react
the plane of the equator. Now the Sun is 12 seconds of téme 1n passing over %° of spuce

582. At present, the equinoctial points move buckwards, or
[from east to west along the path of the ecliptic at the rate of 1°
i T1% years, or one whole sign in 2140 years. Continuing at
this rate, they will fall back through the whole of the 12 sign
of the ecliptic in 25,680 years, and thus return to the same posi
tion among the stars, as in the beginning.

But in determining the period of a complete revolution of the
equinoetial points, it must be borne in mind that the motion itself
is continually increasing ; so that the last quarter of the revolu-
tion is accomplished several hundred ycars sooner than the first
quarter. Making due allowance for this accclerated progress,
the revolution of the equinoxes is completed in 25,000 years ;
or, more exactly, in 24,992 years.

Were the motion of the equinoctial points uniform; that is, dild they pass through
equal portions of the ecliptic in equal times, they would accomplish their first quarter, or
pass through the first three signs of the ecliptic, In 6250 years. But they are 6575 years
in passing through the first quarter ; about 21S years less in passing through the second
quarter; 218 1ess in passing through the third, and so on.

583. The immediate consequence of the precession of the equi-
noxes, as we have already observed, is a continually progressive
increase of longitude in all the heavenly bodies. For the vernal
equinox being the initial point of longitude, as well as o right
ascension, a retreat of this point on the ecliptic tells upou the
longitude of all alike, whether at rest or in motion, and pro-
duces, so far as its amount extends, the appearance of a motion
m longitude common to them all, as if the whole heavens had a
slow rotation around the poles of the ecliptic in the long period
above mentioned, similar to what they have in every twenty-fonr
hours around the poles of the equinoctial. As the Sun loses one
day in the year on the stars, by his direct motion in longitude ;
so the equinox gains one day on them in 25,000 years, by ite
retrograde motion.

562. Present rate of motion? Exact perlod at 4.5 rate? Period making allowance
for acceleration? Time of passing over the first quarter of the ecliptic? The second f
Third? 5383. What! immediate q of the pr ion of the equinoxes!
Why does 1t affe~ the longitude of the stars? What resemblance between the motion of
she celestial spher and that of the Earth? Between the Sun and equinoxes?

T
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584. The cause of this molion was unknown, until Aewton
proved that it was a necessary consequence of the rotution of
the Earth, combined with its elliptical figure, and the unequal
attraction of the Sun and Moon on its polar and equatorial
regions. There being more matter about the Earth’s equator
than at the poles, the former is more strongly attracted than
the latter, which causes a slight gyratory or wabbling motion of
the poles of the Earth around those of the ecliptie, like the pin
of a top about its center of motion, when it spins a little
bliquely to the base. ?

585. The precession of the equinoxes, thus explained, consists
in a real motion of the pole of the heavens among the stars, in a
small circle around the pole of the ecliptic as a center, keeping
constantly at its present distance of nearly 231° from it, in a
direction from east to west, and with a progress so very slow,
as to require 25,000 years to complete the circle. During this
revolution, it is evident that the pole will point successively to
every part of the small circle in the heavens which it thus
describes. Now this cannot happen without producing corre-
sponding changes in the apparent diurnal motion of the sphere,
and in the aspect which the heavens must present at remocte
periods of time.

NUTATION OF THE EARTH’S AXIS.

Let the line A A in the figure re-
gresent the plane of the ecliptic;

B, tne poles of the ecliptic; O C,
the poles of the Earth; and D D, the
equin -ctial. 2 E is the obliquity of
the ecliptic. The star G, at the top,
represents the pole star, and the
curve lYine passing to the right from
it, may represent the circular orbit
of the north pole of the heavens
around the north pole of the ecliptic.

586. The effect of such
a motion on the aspect of
the heavens, is seen in the
appwrent approach of some
stars and constellations to
the celestial pole, and the
recession of others. The
bright star of the Lesser
Bear, which we ecall the pole star, has not always been, nor will
always continue to be, our polar star. At the time of the zom

584. What said of the cause of this recession? 585, O what, then, does it consistl
What sall of the pole of the ecliptic, and the aspects of ti» neavens during this revelu.
Ylon? 585, How is the effect of thiz motion manifee »i? How witl the Pole star!
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straciion of the earliest catalogue, this star was 12° from 1ihe
pole ; it is now only 1° 84 from it, and it will approach to
within Lalf a degree of it ; after which it will again recede, and
slowly give place to others, which will suceceed it in its proximity
to the pole.

The pole, as above considered, is to be undesstood, merely, as the vanishing point ol
the Earth’s axis; or that point in the concave sphere which is always opposite the
terrestial pole, and which consequently must move as that moves.

5817. The precession of the stars in respect to the equinoxes.
is less apparent the greater their distance from the ecliptic ; for
whereas a star in the zodiac will appear to sweep the whole
circumference of the heavens in an equinoctial year, a star situ-
ated within the polar circle will describe only a very small circle
in that period, and by so much the less, as it approaches the
pole. The north pole of the Earth being clevated 23° 274’
towards the tropic of Cancer, the circumpolar stars will be suc-
cessively at the least distance from it, when their longitude is
3 signs or 90°.

588. The position of the north polar star in 1855, was in the
17° of Taurus; when it arrives at the first degree of Cancer,
which it will do in about 250 years, it will be at its nearest
possible approach to the pole—namely, 29’ 55”. About 2900
years before the commencement of the Christian era, Alpia Dra-
conts, the third star of the Dragon’s tail, was in the first degree
of Cancer, and only 10’ from the pole ; consequently it was then
the pole star. After the lapse of 11,600 years the star Lyra,
the brightest in the northern hemisphere, will occupy the position
of a pole star, being then about 5 degrees from the pole;
whereas now its north polar distance is upward of 51°.

The mean average precession from the creation (4004 B. C.) to the year 1800, is
49°.51455 guently the equinoctial points have receded since the creation, 2s, 14° 8’
27°. The longitude of the star Beta Arietis, was in 1820, 81° 27' 28°: Meton, a famous
mathematiclan of Athens, who flourished 430 years before Christ, says, this star, in his
time, was In the vernal equinox. If he is correct, then 81° 27' 287, divided by 2250 years,
the elapsed time, will give 50%° for the precession. Something, however, must be
allowed for the imperfection of the instruments used at that day, and even until the six-
teenth century.

589, Since all the stars complete half a revolution about the
axis of the ecliptic in about 12,500 years, if the North Star be .
at its nearest approach to the pole 250 years hence, it will,

What, then, is the real pole of the heavens? 587, Where is the precession of the stars
most apparent? Where least? When are the circumpolar stars nearest the trople of
Cancer, and why?  588. Where was the pole star in 18552 When will it be nearest
the true pole? ~liow near then? What sald of Alpha Draconiz? Of Uyra? Meaa
average recession for 5800 years? Amount? Longitude of Beta Anrietds . 18207 Re.
tre Christ 430 years, where? Average of precession for these 2250 ycarst 589. What
further result of the revolution of the pole of the heavens? What eff2ct?  Wheae then
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12,500 years afterwards, be at its greatest possilile dis‘ance
from it, or about 47° above it :—That is, the star itself will
remain immovable in its present position, but the pole of the
Earth will then point as much below the pole of the ecliptic, as
now it points above. This will have the effect, apparently, of
élevating the present polar star to twice its present altitude, or
47°. Wherefore, at the expiration of half the equinoctial year
that point of the heavens which is now 1° 18’ north of the zenith
of Hartford, will be the place of the north pole, and all those
places which are situated 1° 18’ north of ILartford, wili theu
have the present pole of the heavens in their zenith.

OBLIQUITY OF THE ECLIPTIC.

590. The inclination of the Earth’s axis to the plane of the
ecliptic causes the equinoctial to depart 23° 28’ from the eclip-
tic. 'This angle made by the equinoctial and the ecliptic is
called the Obliquity of the Ecliptic.

OBLIQUITY OF TUE ECLIPTIC.

Lct the line A A represent

the axis of the Earth,and BB B A
the poles or axis of the eclip-
tic. Now if the line A A in-
clines toward the plane of the
ecliptic, or, in other words,
departs from the line B B, to
the amount of 28 28, it Is
obvious that the plane of the1 2528C |
cquator, or equinoctial, will PLA,
depart from the ecllptic’to the LANE oF |
same amount. This depar-
ture, shown by the angles
C C, constitute the obliguity
of the ecliptic.

591. Hitherto, we
have considered these
great primary circles
in the heavens, as never varying their position in space, nor with
respect to each other. But it is a remarkable and well-ascer-
tained fact, that both are in a state of constant change. Wae
have seen that the plane of the Earth’s equator is constantly
drawn out of place by the unequal attraction of the Sun and
Moon acting in different directions upon the unequal masses of
- matter at the equator and the poles ; whereby the intersection
of the equator with the ecliptic is constantly retrograding—thns
producing the precession of the equinoxes.

-
(44’
(\0

will the north pole be 12,500 years hence? - 590. What is the Obliquity of ‘he Eliptie.
591. 1s thie angle alwnyta the same? Whet variation of the equiuogtin.l!!,’ 4



PRECESSION OF THE ©£QUINOXES. 276

592. The displacement of the ecliptic, on the contrary, is pro-
duced chiefly by the action of the planets, particularly of Jupi-
ter and Venus, on the Earth ; by virtue of which the plane of
the Karth’s orbit is drawn nearer to those of these two planets,
and consequently, nearer to the plane of the equinoctial. The
tendency of this attraction of the planets, therefore, is to dimi.
nash the angle which the plane of the ejuator makes with that
of the ecliptic, bringing the two planes nearer together ; and if
the Earth had no motion of rotation, it would, in time, causa
the two planes to eoincide. But in consequence of the rotary
motion of the Earth, the inclivation of these plancs to each other
remains very nearly the same ; its annual diminution being scarcely
more than three-fourths of one second of a degree.

The obliquity of the ecliptic, at the commencement of the present century was, accord-
ing to Baily, 28° 27' 56%", subject to a yearly diminution of 0°.4755. - According to Bes-
gel, it was 23° 27" 54°.82, with an annual diminution of 0°.46. At this date (1855), it is only
wbout 23° 27° 29", Consequently, the angle is diminished about 27" in 55 years. This
liminution, however, is subject to a slight semi-annual variation, from the same causes
#hich produce the displacement of the plane of tlie ecliptic, in precession.

593. The attraction of the Sun and Moon, also, unites with
that of the planets, at certain seasons, to angment the diminu-
tion of the obliquity, and at other times, to lessen it. On thiy
account the obliquity itseif is subject to a periodical variation ;
[or the attractive power of the Moon, which tends to produce a
change in the obliquity of the ecliptic, is variable, while the diur-
nal motion of the Earth, which tends to prevent the change from
taking place, is constant. Ience the Earth, which is so nicely
poised on her center, bows a little to the influence of the Moon,
and rises again, alternately, like the gentle oscillations of a
balance. This curious phenomenon is called Nutation (589).

In consequence of the yearly diminution of the obliquity of the ecliptic, the tropics are
slowly and steadily approaching the equinoctial, at the rate of little more than three-

fourths of a second every year; so that the Sun does not now come 80 far north of ti:e

equator in summer, nor dccline so far south in winter, by nearly a degree, as it ruust
have done at the Creation.

594, The most obvious effect of this diminution of the obli-
quity of the ecliptic, is to equalize the length of our days and
nights ; but it has an effect also to change the position of the
stars near the tropics. Those which were formerly situated
north of the ecliptic, near the summer solstice, are now found te
e still farther north, and farther from the plane of the ecliptic,
On the contrary, those which, aceording to the testunony of the

592. What displacement of the ecliptic, and by what caused? Elffect of these causes?
Amount of change annually? Obliguity of the ecliptic in 1800? 1In 1855? 598. Diminution
In B5 vears? What is Nutation? Its causef What effect from this annual dimina-
tion of obliquity? 594, What other effect? Will this diminuticn continue? What
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ancient astronomers, were situated south of the ccliptic, near the
summer solstice, have approached this plane, insomuch that some
are now either situated within it, or just on the north side of i¢
Similar changes have taken place with respect to those stars
situated near the winter solstice. All the stars, indeed, partici-
pated more or less in this motion, but less, in proportlon to 1heir
proximity to the equinoctial.

It is important, however, to abserve, that tkis diminution will not always continuc. A
<ime will arrive when this motion, growing less and less, will at length entirely ccase,
and the obliquity will, apparently, remaln constant for a time ; after which it will gra-
dually increase again, and continue to diverge by the same yearly increment, as it before
had dimlnished. This alternate decrease and increase will constitute an endless oseilla-
tien, comprehended between certain fixed limits. Theory has not yet enabled us to
determine precisely what these limits are, but it may be demonstrated from the constitu-
dion of our globe, that such limits exist, and that they are very restricted, probably not
exceeding 2° 42'. 1f we consider the effect of this ever-varying attribute in the system
of the universe. it may be affirmed that the plane of the ecliptic never has coincided
‘with the plane of the equator, and never will coincide with it., Such a coincidence,
could it happen, weuld produce upon the Earth perpetual spring.

595. The method used by astronomers to determine the
obliquity of the ecliptic is, to take half the diffcrence of the
greatest and least meridian altitudes of the Sun.

The following table exhibits the mean obliquity of the ecliptic for every ten years
during the present century.

1800 28" o  B&.a8 | 1800 23° o1 2(".30
1810 23 9T b0 .21 1870 S R b
1820 98 21  45.64 1880 23 91 1822
1880 98 91  41.07 1890 23 97 18.65
1840 28 9T  86.50 1900 2 9T 09 .08

__1sse 28 o1 3198 li. 1910 28 o1 0443

CHAPTER XIII.
PHILOSOPHY OF THE TIDES.

596. TipEs ure the alternate rising and falling of the waters
of the ocean, at regular intervals. ZJood tide is when the waters
are rising ; and ebb tide, when they are falling. The highest
and lowest points to which they go are called, respectively, iigh
and low tides. The tides ebb and flow twice every twenty-four
hours—i. e., we have two flood and two ebb tides in that time.

sycle of oscillation? Its probable limits? What concluslon from this oscillation of the¢
acliptic? 595. By what method do astronomers determine the obliquity of the ecliptic!t
596. Wbt are tides® Flood and ebb tides? High and low? Ilow often do they ¢bk
and Jow ?
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597. The tides are not uniform, either as to tine or amount.
They occur abort 50 minutes later every day (as we shal
explain hereafter), and sometiwes rise much higher and sink
murh lower than the average. These extraordinary high and
low tides are called, respectively, spring and ueap tides.

598. The cause of the tides is the attraction of the Sun and
Moon mpon the water of the ocean, But for this foreign influ
>uge, as we may call it, the waters having found their proper
evel, would cease to lieave and swell, as they now

% NO TIDS.
do, from ocean to ocean, and would remain calm "
and undisturbed, save by their own inhabitants and B

tne winds of heaven, from age to age.

4

I
1n this figure, the Earth is represented as surrounded by water, in a Pg
state of rest or equilibrium, as it would be were it not acted upon by \‘
tire Sun and Moon. :

599. To most minds, it wonld seem that the natural effect ot
the Mooun’s attraction would be to produce a single tide-wave
ou the side of the Earth toward the Moon. It is easy, there-
fore, for students to conceive how the Moon can produce. one
flood and one ebb tide in twenty four hours.

In this cut, the Moon is shown at a distance above the Earth, and ONE TIDE-wAvE
attracting the waters of the ocean, so as to produce a high tide at A.
But as the moon makes her apparent westward revolution around the ‘)
Earth but once a day, the slmple rising of a flood tide on the side of the
Earth toward the moon, would give give us but one flood and one ebb
tidehin twenty-four hours; whereas it is known that we have two of
each.

“The tides,” says Dr, Herschel, ¢ are a subject on which many per-
sons find a strange difficulty of conception. That the Moon by her
attraction, should heap up the waters of the ocean under her, seems to
many persons very natural. That the same cause should, at the same
time, heap them up on the opposite side of the Earth (viz., at B in the
figure), seems to many palpably absurd. Yet nothing is more true.”

600. Instead of a single tide-wave upon the waters Two Tor-w.ves.
of the globe, directly under the Moon, it is found
that on the side of the Earth directly opposite,
there is another high tide; and that half-way
between these two high tides are two low tides.
These four tides, viz., two high and two low,
traverse the ocean from east to west every day,
which accounts for both a flood and an ebb tide
every twelve hours,

597 Are the tides uniforrm? What variation of time? As to amoant? What ars
+y.2se extraordinary high and low tides called? 59S. The cause of tides? How bux
for this influence? 599. What most obvious effect of tlie Moon’s attraction® Substance
>f note? Remark of Dr, Iferschel? 600. How many tide-waves are there on the
glube a.1d how situatzd ?
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In this cut, we have a representation of the tide-waves as they actnally exist, extept
that thelr height, as compared with the magnitude of the Earth, i3 vastly too great.
It is designedly exaggerated, the better to fllustrate the principle under consideration.
While the Moon- at A attracts the waters of the ocean, and produces a high tide at B,
we see another high tide at C on the opposite side of the globe. At the same time it is
low tide at D and E.

601. The principal cause of the tide-wave on the side of the
Earth opposite the Moon is the difference of the Moon’s attrac

t’on on different sides of the Earth,

If the student well understands the subject of gravitation, he wil easily perceive
acw a difference of attraction, as above described, would tend to produce an elongation
i1 the hiige drop of water called the Earth. The diameter of the Earth amounts to about

1_th of the Moon’s distance; so that, by the rule (558), the difference in her attraction
on the side of the Earth toward her, and the opposite side, would be about Tl?"l" The
a‘traction being stronger at B (in the last cut) than at the Earth’s center, and stronger
at her center than at C, would tend to separate these three portions of the globe, giving
};:e wz:ters an elongated form, and producing two opposite tide-waves, as shown in
whe cut.

602. A secondary cause of the tide-wave on the side of the
Earth opposite the Moon, is the revolution of the Earth around
the common center of gravity between the Earth and Moon,
thereby generating an increased centrifugal force on that side
of the Earth.

The center of gravity between the Earth and Moon is the polnt where they would
exactly balance each other, if connected by a rod, and peised upon a fulerum.

Farth, CENTER OF GRAVITY BETWEEN THE EARTH AND MOON.
ar

@LA Moo;.
- N

This point which, according to Ferguson, Is about 6000 miles from the Earth’s center
Is represented at A in the above, and also in the next cut.

BECONDARY CAUSE OF HIGH TIDK OPPOSITE THX MOON.

©

Tte point A represents the center of gravity between the Earth and Moon ; and as it
{3 trls point which traces the regular curve of the Earth’s orbit, it is represcuted 12 the
arc of that orblt, while the Earth’s center is 6000 miles one side of it. Now, the law of
gravitation requires that while both the Moon and Earth revolve around the Sun, they
should also revolve around the common center of gravity between thein, or around the
point A, This woald give the Earth a third revolution,in addition to that around the

601. State the principal cause of the wave opposite the Moon¥ Demonstrate by dia
gram, 602. What other cause operates with the one just stated to prodwcoe the tide:
w®ave opposite the Moon? What Is the center of gravity between the Earth and th¢
Moou? Where Is it situted ? [llustrate the operation of this secondary cause,
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Bun and -m her axis. The small circles show her path around the center or gravity, and
the arrows her direction.

Thig motion of the Earth would slightly Increase the centrifugal tendency at B, and
thus hely to raise the tide-wave opposite the Moon. But as tiis ‘motion is slow, corre-
sponding with the revolution of the Meon around the Earth, the centrifugal force could
eot be greatly augmented by such a cause.

603. As the Moou, which is the principal cause of the tides,
is revolving eastward, and comes to the meridian later and later
every night, so the tides are about 50 minutes later each success
ive day. This makes the interval between twc snecessive high
tides 12 hours and 25 minutes. Besides
this daily lagging with the Moon, the
highest point of the tide-wave is found
to be about 46° behind, or east of the
Moon, so that high tide does not
occur till about three hours after the
Moon has crossed the meridian. The
waters do not at once yield to the im-
pulse of the Moon’s attraction, but
continue to rise after she has passed
over.

In the cut, the Moon is on the merldiar, but the highest point of the wave is at A} o2
15° east of the meridian; and the corresponding wave on the opposite side at B ie equally
»ehind.

604. The time and character of the tides are also affected Ly
winds, and by the situation of different places. Strong winds
may either retard or hasten the tides, or may increase or diminish
their height ; and if a place is situated on a large bay, with bnt
a narrow opening into the sea, the tide will be longer in rising.
as the bay has to fill up through a narrow gate. Hence it is
uot usually high tide at New York till eight cr uine hours after
the Moon has passed the meridian,

605. As both the Sun and Moon are concerned in the produe-
tion of tides, and yet are constantly changing their positions
with respect to the earth and to each other, it follows that they
sometimes act against each other, and measurably neutralize each
other’s influence ; while at other times they combine their forces,
and mutually assist each other. In the latter case, an unusually
high tide occurs, called the Spring Tide This happens both at
new and full Moon.

TIDE-WAVFES BEHIND THE MOON.

608, What daily lagging of the tides? Interval between two successive high tides ?
What other lagging? Cause of this last? 604. What modification of the time acd
character of the tides? 605. Do the Sun and Moon always act together in attracting
the waters? Whynot? How affect each other’s influence? Effect on the tides? What
wre Spring Tides? When do they occur? Illustrate by diagram the cause of spring
tides, when ‘he Sun and Moon are in conjunction.
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CAUBE OF BPRING TIDAS.

™

ko

e

?’*M,ﬁ-

“aal

Here the Sun and Moon, being in conjunction, un te their forces to produce an extru.
urdinary tide. The same effect follows when they are in opposition ; so that we bave
txo spring tides every month—namely, at new and full Moon,

If the tide-waves at A and B are one-third Aigher at the Moon’s quadrature than us3aly
those of C and D will be one-third lower than usual.

606. When the Moon is in quedrature, and her influence i3
partly neatralized by the Sun, which now acts agaiust ber, the
result is a very low tide, called Neap Tide.

SPRING AND NEAP TIDES.

The whole philosophy of spring and
neap tides may be illustrated by the an- bt
nexed diagram. et Sug,

On the right side of the cut, the Sun A& pme
and Moon are in conjunction, and unite H 3
to prodnce a spring tide.

At the first quarter, their attraction
acts at right angles, and the Sun, instead
of contributing to the lunar tide-waves,
letracts from it to the amount of his
own attractive force. The tendency to
form a tide of hisown, as represented in
the figure, reduces the Moon’s wave to
the amount of one-third.

At the full Moon, she isin opposition
to the San, and their joint attraction
acting again in the same line, tends to
elongate the fiuid portion of the Earth,
and a second 8pring tide is produced.

Finally, at the third quarter, the Sun
and Moon act against each other again,
and the second neap tide is the result.
‘FThus we have two spring and two neap
tides during every lunation—the former
at the Moon’s cyzygies, and the latter at her quadratures,

607. Although the Sun attracts the Earth much more power
tully, as a whole, than the Moon does_still the Moon contributes
more than the Sun to the production of tides. Their relative
influence is as one to three. 'The nearness of the Moon maker

606. What are Neap Tidcs? Their cause? Illustrate entire philosophy by diagram.
607. Comparative influence of Sun and Moon in the production of tides? Why Moon'(
tn%uence the greatest? Substance of nrte? Demor st atiov ?
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ti.e difference of her attraction on different sides of the Earth
much greater than the diflerence of the Sun’s attraction on dif-
ferent sides

It must not be forgotten that the tides are the result not so much of the attraction o
the Sun and Moon, as a whole, as of the difference in their attraction on different sides
of the Karth, caused by a difference in the distunces of the several parts, The attrac.
tior bzing inversely as the square of the distance (558), the influence of the Sun and
non, respectively, must be in the ratio of the Earth’s diameter to their distances, Now
‘he diffzrence i~ the distance of two sides of the Earth from the Moon is 5‘3&1 of the
¥ .3 distance; as 240,000+-8,000=80; while the difference, as comnpared with the dis-

san_e of ile Sun, is only TTETsias 95,000,000+-8,000=11,875.

608. The tides arc subjeet to another periodic variation,
caused by the declination of the Sunand - - o
Moon north and south of the equator. TION
As the tendency of the tide-wave is to
tise directly under the Sun and Moon,
vhen they are in the soath, as in winter,
or in the north, as in summer, eveéry
alternate tide is higher than the interms-
diate one.

At the time of the equinoxes, the Sun being over the
Juator, and the Moon within 5%° of it, the crest of the
;reat tide-wave willbe on the equator; but as the Sun
nd Moon decline south to A, one tide-wave forms in the
south, as it B, and the opposite one in the north, as at
C. 1f the declination was north, as shown at D, the order of the tides would be reversed.
The following diagram, if carefully studied, will more fully illustrate the subject of the
slternate high and low tides, in high latitudes, in winter and summer :

ALTERNATE HIGH AND LOW TIDES.

Let the line A A represent the plane of the ecliptic, and B B the equinoctial. On the
21st of June, the day tlde-wave is north, and the evening wavé south, so that the tide
following about three hours after the Sun and Moon, will be higher than the intermedinte
one at 3 o’clock in the morning.

On the 23d of December, the Sun and Moon being over the southern tropic, the
highest wave In the southern hemisphere will be about 2 o’clock P. M, and the lowest
about 3 o’clock A.M.; while at tlic north, this order will be reversed. It is on this
account that in high latitudes every akternate tide s higher than the intermediate oues;
the evening tides in summer exceeding the morning tides, and the mormng tides in win.
ter exceeding those of evening.

609. All spring and neap tides are not-alike as to their cleva
tion and depression. As the distances of the Sun and Moon are

608, What other periodic variations mentioned? Explain canse, and illustrate
$0Y. Are all spring and neap ules ahke? By what arc they modified? lllustrate vy
Aingram
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varied, so are the tides varied, especially by the variations of
the Moon.

VAKIATIONS IN THE 6PRING TIDES.

At A, the Earth is in apielion, and the Moon in apogee. As both the Sun and Moos
are at their greatest distances, the Earth is least affeeted by their attraction, ard the
spring tides are proportionately low, g

A B, the Earth is in perihelion, and the Moon in perigee; so that both the Sun and
Moon cxert their greatest influence upon our globe, and the spring {1des are highest, as
thewn in the figure. In both cases, the Sun and Moon are in conjunction, but the varia-
tion in the déstances of the Sun and Moon causes variations in the spring tides.

6190. In the open ocean, especially the Pacifie, the tide rises
 and falls but a few feet ; but when pressed into narrow bays
or chanuels, it rises much higher than under ordinary ecir
eumstances.
The average elevatlon of the tide at several points on our coast is as follows :

Cumbherland, head of the Bay of FUNdY . .ccvuvienncereennsancoeaes.. 71 feet
Bostun...... GiY & ~118 0%
New liaven 5 5
New York...... .. s o
ORAEiestom; i85 0:  Soage bk idudaarulion Jods « i T4 WakitBe - s oo e e, 46 oo

611. As the great tide-waves proceed from east to west, they
are arrested by the continents, so that the waters are per-
manently higher on their east than on their west sides. The
Gulf of Mexico is 20 feet higher than the Pacific Ocean, on the
other side of the Isthmus; and the Red Sea is 30 feet higher
than the Mediterranean. Inland scas and lakes have no per-
ceptible tides, because they are too small, compared with the
whole surface of the globe, to be sensibly affected by the attrao
Lion of the Sun and Moon.

ATMOSPHERICAL TIDES.
A12. Air being lighter than water, and the surface of the
stmosphere being nearer to the Moon than the surface of the
sea, it cannot be doubted but that the Moon raises much higner

610. Meight of tides in open seas? How in rarrow bays and channels? Height at dif-
ferent points on our coast ? 611. Direction of tide-waves? What result? Instances
gited ! Havelnland seas and lakes any tiles? Why not? Remarks respecting phi
losupby of tides ? 612 Aumospherle tides ?
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tides in the atmosphere than in the sea. According to Sit
John lerschel these tides are, by very delicate observations
rendered not only sensible, but measurable.

Upon the snpposition that there is water ou the sarfuce of the Moon of the same
specific gravity as our own, we might easily determine the height to which the Earth
yould raise a lunar tide, by the known principle, that the attraction of one of these
0 lies 1 the other’s surface is directly as its quantity of matter, and inversely s ita
dniceer. By making the calculation, we shall find the attractive power of the %arth
-pon the Moon to be 21,777 times greater than that of the Moon upon the Earth.

613. We have thus stated the principal facts connected with
this complicated phenomenon, and the canses to which they are
Zenerally attributed. And yet it is not certain that the philoso-

hy of tides is to this day fully undevstood. La Place, the great

“rench mathematician and astronomer, pronounced it onc of the
most difficult problems in the whole range of celestial mechanics.
1t is probable that the atmosphere of our globe has its tides, as
well as the waters ; but we have no means, as yet, for definitely

ascertaining the fact

CHAPTER XIV.

THE SEASONS—DIFFERENT LENGTHS OF THE DAYS AND
NIGHTS.

614. Tre vicissitndes of the seasons, and the unequal lengths
of the days and nights, are occasioned by the annual revolution
of the Earth around the Sun, with its axis inclined to the plane
of its orbit. The temperature of any part of the Earth’s sur-
face depends mainly, if not entircly, upon its exposure to the
Sun’s rays. )

INCLINATION OF THE EARTH'S AXIS TO THE PLANE OF THE ECLIPTIO.

% PLANE OF % THE ECLIPTIC %

615. Whenever the Sun is above the horizon of any place,
that place is receiving heat ; when the Sun is below the horizon
it is parting with it, by a process which is called radiation. The
-juantities of heat thus. received and imparted in the course of
Jhe year, must balance each other at every place, or the equi-

638, Is it certaln that this subject Is even yet well understood? Remark of Laplace ?
614. (anse of the scasons, and the unegaal length cf the days and nights? Temperaturg
of the Karth? 615. When does any place gain heat, and when lose?  Upon whbat does
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librium of temperature would not be supported. Whenever tne
Sun remains more than twelve hours above the borizon of any
place, and less beneath, the gencral temperature of that place
will be above the mean state ; when the reverse takes place, the
{2mperature, for the same reason, will be below the mean state
Now, the continuance of the Sun above the horizon of any place,
depends entirely upon his deelination, or altitude at noon.

616. About the 20th of March, when the Sun is in the ver-
nal equinox, and consequently has no declination, he rises at six
in the moruing and sets at six in the evening ; the day and night
are then equal, and as the Sun continues as long above our
horizon as below it, his influenee must be nearly the same at the
same latitudes, in both hemispheres.

From the 20th of March to the 21st of J une, the days grow
longer, and the nights shorter, in the northern helmsphere the
temperature increases, and we pass from spring to midsummer :
while the reverse of this takes place in the southern hemisphere.

From the 21st of June to the 23d of September, the days
and nights again approach to equality, and the excess of tem-
perature in the northern hemisphere above the mean state, grows
less, as also its defeet in the southern ; so that, when the Sun
arrives at the autumnal cquinox, the mean temperature is again
restored.

617. From the 23d of OAUSE OF THE SEASONS.
September until the 21st of B
December, our nights grow &S
longer and the days shorter, R e T
and the cold increases as /¥ EQUIiNOX
before it diminished, while i
we pass from automn to A '
mid-winter, in the northern | inrex S SUMMER
hemisphere, and the inhabit- | gysoLsTIcE 5@”’5;*::‘;‘:‘, %l‘
ants of the southern hemi- N vicas Y
sphere from spring to mid-
sumuaer. N
From the 21st of Dec. ;’;ﬁ::,‘{ S
to the 20th of March, the Ta o MaREHZO N
eold relaxes as the days grow: Ay pe
lcngcr, and we pass from ' =

ﬂn: lenxt!.\ of the days depend? 616. Ilow ahout tne 20th of Maish? From March
20th to June 21st? From June 2 st to September 234 ? 617. Frotn: September 284 to
hurember 21st? From Deccmber 21st to March 20th? 11w with ihe scasons la (he
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the dreariness of winter to the mildness of spring, when the
seasons are completed, and the mean temperature is again
restored. The same vicissitudes transpire, at the same time, in
the southern hemisphere, but in a contrary order. Thus are
produced the four seasons of the year.

In the preceding cut, the Earth is shown in her orbit, with her axis inclined 23%° ; thc
N>=th Pole being towards the eye of the student. At A snd B the Sun shines from pole
o pole, and the days and nights are equal in both hemispheres. On the right, the North
Pole is in the light, and we have summer in the northern hewisphere. On the lzft, the
veverse is the case. And the gradual shortening or lengthening of the days, and the
change of temperaturc, are produced by the passage of the Earth from one polnt to
another, with her axis thus inclined.

618. But I have stated not the only, nor, perhaps, the most
efficient cause in producing the heat of summer and the cold of
winter. If, to the inhabita:ts of the equator, the Sun were to
remain 16 hours below their horizon, and only 8 hours above it,
for every day of the year, it is certain they would never expe-
rience the rigors of our winter ; since it can be demonstrated,
that as much heat falls upon the same arca from a vertical Sun
in 8 hours, as would fall from him, at an angle of 60° iz 16
nours,

Now, as the Sun’s rays fall most obliquely when the days are
shortest, and most durectly when the days are longest, these two
causes—namely, the duration and intensity of the solar heat,
together, produce the temperature of the different seasons. The
reason why we have not the hottest temperature when the days
are longest, and the coldest temperature when the days are
shortest, but in each case about a month afterwards, appears to
be, that a body once heated, does not grow cold iustantaneonsly,
but gradually, and so of the contrary. Hence, as long as more
heat comes from the Sun by day than is lost by night, the heat
will increase, and vice versd.

BEGINNING AND LENGTH OF THE SEASONS.

h. m. s,
Bun enters 43 (Winter begins) 1849, December 21, 7 25 46 M. T. Wash.
Lo 2l ¢ (Spring ) 1850, March 20, 85683 “ ¢
4« o (Swnmer ¢ June Q55 ) (B Qe ) s
“ & A (Autumn ¢ “  Sept. 2.~ 1905 T 0 st
56 el AgTEWIRLE-T «  December 21, 18 21 57 ¢« ¢

outhern hemispl ere? 618, Is the simple fact that a place 1g epllght_engd by the B:zzh:

ufficient cause for its being warm? What circumstance determines the intensity of
don’staya?  Why, then, is it not warmest during the longest days, and on the coaaary
vg\dest during the shortest days? How long will heat increase?
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d. hom s

Dun in the Winter Signs . . . . 89 180352
“ Bpring + . o . . . 9221 631

¢ ¢« Summer . X S 5 . 93185522
%« Autumn sart e e fa ) AN EDE1TS 98188

“ portk of Equator (8pring and Summer) - 186 11 1 58
‘“south 0 (Winter and Autumn) 178 18 54 18

Longest north of the Equator o 716 785
Length of the tropical year beginning at
tne winter solstice 1849, and ending at £65 5 56 11
the winter solstice 1850.
Mean or average length of the tropical year, 865 5 48 48

619. The north pole of the Earth is denominated the elevated
role, because it is always about 234° above a perpendicular to
the plane of the ecliptic, and the south pole is denominated the
depressed pole, because it is about the same distance below suck
perpendicular.

As the Sun cannot shine on more than one-half the Earth’s surface at a time, it is
plain, that when the Earth is . moving through that portion of its orbit which lies above
the Sur, the elevated pole is In the dark. This requires six months, that is, until the
Earth arrives at the equinox, when the elevated pole emerges into the light, and the
depressed pole is turned away from the Sun for the same period. Consequently, there
are six months day and six months night, alternately, at tlke poles.

620. When the Sun appears to us to be in one part of the
ecliptic, the Earth, as seen’ from the Sun, appears in the point
diametrically opposite. Thus, when the Sun appears in the ver-
nal equinox at the first poiut of Aries, the Earth is actuvally in
the opposite equinox at Libra. The days and nights are then
equal all over the world. (See the cut, pages 288 and 292.)

As the 8un appears to move up from the vernal equinox to the summer solstice, th3
Earth actually moves from the autumnal equinox down to the winter solstice. The days
now lergthen in the northern hemisphere, and shorten in the southern, The Sun is now
over the north pole, where it is mid-day, and opposite the south pole, where it is midnight,

As the Sun descends from the summer solstice towards the autumnal equinox, the Earth
avcends from the winter solstice towards the vernal equinox. The summer days in the
northern hemisphere having waxed shorter and shorter, now become again of equal
length in both hemispheres.

621. While the Sun apears to move from the autumnal equi-
rox down to the winter solstice, the Earth passes up frem the
vernal equinox to the summer solstice ; the south pele comes
into the light, the winter days continunally shorten in the northern
hemisphere, and the summer days as regularly increase in length
in the southern hemisphere.

While the Sun appears again to ascend from its winter solsti ¢
4 the vernal equinox, the Earth descends from the Summer
azlztice to the autumnal equinox. The summer days now shorten

610. Which is the elewated pole, and why? The depressed, und why? liow are the
seasons produced? 620. 1low are the Earth and Sun situated in the ecliptic, with
reference to each other? What said of the Sun’s apparent motion around the zodiac{
#21. What further description of the Sun’s apparent progress?
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in the southern hemisphere, and the winter days lengthen in the
northern hemisphere.

622. When the Sun passes the vernal equinox, i ises to the
arctic or elevated pole, and sets to the antarctic ;ale. Wlhen
the Sun arrives at the summer solstice, it is noa. at the north
pole, and midnight at the south pole. When {).i dun passes the
autumnal equinox, it sets to the north pole, «id rises to the
gouth pole. When the Sun arrives at the «.uter solstice, it is
midnight at the north pole, and noon a. “ne south pole ; and
when the Sun comes again to the verral equinox, it closes the
day at the south pole, and lights v, “ne morning at the north

ole.
E There would, therefore, be 1861 days during which the Sun
would not set at the north pol-, und an equal time during which
he would not rise av the souti. pele ; and 1784 days in which he
would not set at the south p-ue, nor rise at the north pole.

623. At the arctic circle, 43° 274 from the pole, the longest
day is 24 hours, and goes on increasing as you approach the
pole. In latitude 67° 18" it is 30 days; in lat. 69° 30’ it is 60
days, &c. The same takes place between the antaretic circle
and the south pole, with the exception, that the day in the same
latitude south is a little shorter, since the Sun is not so long
south of the equator, as at the north of it. In this estimate no
account is taken of the refraction of the atmosphere, which, as
we shall see hereafter, increases the length of the day, by mak-
ing the Sun appear more elevated above the horizon than it
really is. All these apparent motions of the Sun are due to the
inclination of the arth’s axis (or the obliquity of the ecliptic),
and her revolution around the San.

The fellowing cut represents the inclination of the Earth’s axis to its orbit in every
one of the twelve signs of the zodiac, and consequently for each month in the year.
1t is such a view as a beholder would have, situated in the north pole of the ecliplic, at
some distance from it, and consequently, is a perpendicular view, the north pole of the
Earth being towards us. The Sun enters the sign Arics, or the vernal equinox, on the
20th of Mavch, when the Earth enters Libra, and when her axis inclines neither towarda
the Sun, nor from it, but stands exactly 8ideways to it; so that the Sun then shincs
equally upon the Earth from pole to pole, and the days and nights are everywhere equal.
This is the beginning of the astronomical year; it is aleo the beginning of day at the
north pole, which ia just coming into light and the end of day at the south pole, which
is just going into darkness.

By the E=rth’s orbitnal progress, the Sun appears to enter the second sign, Teurus.
on the 20t2. of April, when the north pole has sensibly advanced into the light, while the
sonth pole .as besn declining from it; whereby the days becorue longer than the nights
o the northern hemisphere, and shorter in the southern.

On the 21st of May, the Sun appears to enter the sign Gemini, when the nortll pole

822. How ar~ the light and darkness of the poles affected by the Sun’s apparent motion ¥
838. What gaid of the length of the dnys within the arctic circle ? In latitude 67° 18'§
11 latitude €9 80'?  MMow at the other pole? To what are these various apvarent
mouons of the Sun really due?

B.G. 13
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a8 advanced considera- PHILOSOPHY OF THE BEASONS.*
bly further into the light,
while the south pole has
proportionally declined
from it: the summer
days are now waxing
‘snger in the northern
%hemisphere, and the
nights shorter.

The 21st of June, when
the Sun enters the sign
Limeer, is the first day
of summer in the astro-
nomical year, and the
longest day in the north-
2rn  hemisphere. The
aorth pole now has its
greatest inclination to
the Sun, the light of
which, as is shown by
the boundary of light and
darkness, in the figure,
sxtends to the utmost
verge of the Arctic Cir-
zle; the whole of which
is included in the enlight-
ened hemisphere of the
Karth, and enjoys, at
this season,constant day
during the complete revo-
iatiow of the Earth on its
axit.s. The whole of the Northern Frigid Zone is now in the circle of perpetual illumi
nation.

Oun the 23d of July, the Sun enters the sign Leo, and as the line of the Earth’s axis always
continues parallel to itself, the boundary of light and darkness begins to approach near:r
to the poles, and the length of the day in the northern hemisphere, which had arrived
at its maximum, begins gradually to decrease. On the 23d of August, the Sun enters the
sign Virgo, increasing the appearances mentinned in Leo.

On the 284 of September, the Sun enters Libra, the first of the autumnal signs, when
‘he Earth’s axis having the same inclination as it had in the oppotite sign, Aries, Is
turned neither from the Sun, nor fowards it, but obliquely to it, so that the Sun again
now shines equally upon the whole of the Earth’s surface from pole to pole. The days
and nights are once nore of equal length, throughout the world.

On the 23d of Qctober, the Sun enters the sign Secorpio; the days visibly decrease
in length in the northern hemisphere, and increase in the southern.

On the 22d of November the Sun enters the sign Sagittarius, the last of the autumnal
signs, at which time the boundary of light and darkness is at a considerable distance
from the north pole, while the south pole has proportionally advanced into the light; the
lengt:: of the day continues to increase in the southern hemisphere, and to decrease in
the northern,

On the 21st of December, which is the period of the winter solstice, the Sun enters the
sign Cuapricorn. At this time, the north pole of the Earth’s axis is turned from the
Sun, into perpetual darkness; while the south pole, in its tarn, is brought into the light
of the Sun, whereby the whole Antarctic reglon comes Into the circle of perpetual illumi-
aation. It is now that the southern hemispliere enjoys all those advantages with which
tre northern hemisphere was favored ou the 21st of June; while the northern hemi-
sphere, I its turn, undergoes the dreariness of winter, with short days and long
rights.

® This diagram and the accompanying explanations should be carefully studled ‘ill
siey are thoroughly understood by the learner. The cause of the seasons and of the
T -aual lengths of the days and nights, is a matter of which no professedly educated
perser cught to be ignorant, or to entertain confused and indefinite notions. By all
eans .ot this point be studied till the student can tell the cause of every particular phe-
somenon of the seasons and the length of the cays, without any particulur interrs
pation.
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624. By carefully observing the figure, it may be seen taat
the orbit of the Earth is slightly elliptical, that the Sun is to
the left of the center, and that consequently, the Earth is nearer
the Sun ou the 21st of December, than on the opposite side of
<he ecliptic, on the 21st of June. This may seem strange to the
earner, that we should have our winter when nearest the Sun,
and our summer when most distant ; but it must be remember ed
that the temperature of any particular part of the Earth s
not so much affected by the distance of the Sun, as by the direct-
ness or obliquity of his rays. Hence, though we are farther
from the Sun on the 21st of June than on the 21st of December,
yet, as the north pole of the Earth is turned more directly intc
the light at that time, so that the Sun’s rays strike her surfaca
less obliquely than in December, we have a higher temperature
at that period, though at a greater distance from the Sun.

625. The difference, howegver, between the aphelion and peri-
helion distances of the Earth is so slight, in comparison with the
whole distance, as scarcely to cause a perceptible difference in the
amount of light received at her respective positions. The eccen-
tricity of the Earth’s orbit, or the distanee of the Sun from its
center, is only about 1,618,000 miles, so that the variation is
only 3,236,000 miles, or about one-thirtieth of the mean distance.
The true orbit of the Earth could not be distinguished from a
circle.

The only effect of the eccentricity of the Earth’s orbit upon her temperature is, that
she has probably a greater degree of heat, during summer in the southern hemisphere.
when the Earth is ‘at her perihelion, than we ever have at the north in the same lat
tude. But this difference must be very slight, if indeed it is at all perceptible.

CHAPTER XV,
THE HARVEST MOON AND HORIZONTAL MOON

626. Txe daily progress of the Moon in her orbit, from west te
¢ast, causes her to rise, at a mean rate, 48 minutes and 44
geconds later every day thau on the preceding. But in places
of considerable latitude, a remarkable deviation from this rule

624, What said of the form of the Earth’s orbit? Whern are we nearest the Sunt
Why is it not then the warmest in the United States? 625. What is the amount of the
Barth’s variation in distance from the Sun? What effect upon the light and heat of th¢
Karth? 626. Bubject of this chapter? Mean rate of the Moon’s daily delay io risirg
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takes piace, especially about the time of sarvest, when the full
Moon rises to us for several nights together, only from 18 to 25
minutes later in one day, than on that immediately preceding,
From. the benefit which her light affords, in lengthening out the
day, when the husbandmen are gathering in the fruits of the
Barth, the full Moon, under these circumstances, has acquired
the name of Harvest Moon.

It.is believed that this fact was observed by persons engaged in agriculture, at a murt.
surlier period than that In which it was noticed by astronomers., The former ascribed it
b': the goodness of the Deity; not doubting but that he had so ordered it for their advau-

ge.

627. About t.e equator, the Moon rises throughout the year
with nearly the equal intervals of 48% minutes; and there the
harvest Moon is unknown. At the polar circles, the autumnal
full Moon, from her first to her third quarter, rises as the Sun
sets ; and at the poles, where the Sun is absent during one-half
of the year, the winter full Moons from the first to the third
quarter, shine constantly without setting.

By this, it is not meant that the Moon confinues full from her first to her third quar
ter; but that she never sets to the North Polar regions, when, at this season of the year,
she Is within 90° of that point in her orbit, where she i3 at her full, In other words, o€
the Sun illup ines the south pole during one-half of its yearly revolution, so the Moon;
being opposite to the Sun at her full, must illumine the opposite pole, during half of her
revolution ahout the Earth. The phenomenon of the Harvest Moon may be thus exem-
wlified by means of the globe, :

Rectify the globe to the latitude of the place, put a patch or piece of wafer in the eclip
tic, on the point Aries, and mark every 12° preceding and following that point, to the
number of ten or twelve marks on each side of it; bring the equinoctial point marked by
the wafer to the eastern edge of the horizon, and set the index to 12; turn the globe
westwa cd till the other marks successively come to the horizon, and observe the hours
passed «ver by the index; the intervals of time between the marks coming to the horizon,
will sh w the diurnal difference of time between the Moon’s 2ising. If these marks be
orought to the western edge of the horizon in the same manner, it will show the diurnal
difference betwcen the Moon’s setting.

From this problein it will also appear, that, when therc is the least difference between
the tiines of the Moon’s rising, there will be the greatest difference between the times of
aer setting,and the contrary.

The reason why you mark every 12° is, that the Moon gains 12° 11’ or. the apparent
courst “f the Sun every day, and these marks serve to denote the place of tue Moon
from day to day. It is true, this process supposes that the Moon revolves ¢n the plane
of the eeliptic, which is not the case; yet her orbit so nearly coincides with the ecliptic
(differing only 5° 9’ from It), that they may, for the convenience of illustration, be con-
;';flel ed asb coinciding ; that is, we may take the eciiptic for the representative cf the

oon’s orbit.

628. The different lengths of the lunar night, at different lati-

tudes, is owing to the different angles made by the horizon and
different parts of the Moon’s orbit ; or, in other words, by the

What remarkable deviation? What Is the Moon then called, and why? How anciently
wa3 this phenomenon observed? To what attributed? 627. Is the Harvest Moor
known it the equator? How at the Polar circles? At the poles? Does she there exhi-
bit her usual phases? Can you illustrate the phenomenon of the Harvest Moon by »
slobe? 628. To wt at is the different lengths of the lunar nights attributable?
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Muon’s orbit lying sometimes more oblique to the horizon than
at others.

In the latitude of London, for example, as much of the ecliptic rlses ab-ut Pisces and
Aries in two hours as the Moon goes through in six days; therefore, while the Moon isir
these signs, she differs but two hours In rising for six days together; that 1s, one day
with another, she rises about 20 minutes later every day than on the preceding.

629. The parts or signs of the eeliptic which 7ise with the
smallest angles, set with the greatest ; and those which rise witk
the greatest, set with the least. And whenever this angle is
least, a greater portion of the ecliptic rises in equal times than
when the angle is larger. Therefore, when the Moon is in those
signs which rise or set with the smallest angles, she rises or sets
with the least difference of time ; but when she is in those signs
which rise or set with the greatest angles, she rises or sets with
the greatest difference of time

Let the globe, for example, be rectified to the latitude of New York, 40° 42’ 40, with
Cancer on tho meridian, and Libra rising in the east. In this position, the ecliptic has a
high elevation, making an angle with the horizon of 72%"°.

But let the globe be turned half round on its axis, till Caprlcorn comes to the meridian,
and Aries rises in the east, then the ecliptic will have a low elevation above the horizon,
maaing an angle with it of only 25%°. This angle 1s 47° less than the former angle, and
5 equal to the distance between the tropics.

630. In northern latitudes, the smallest angle made by the
ecliptic and horizon is when Aries rises ; at which time Libra
sets ; the greafest is, when Libra 12ses and Aries sets. The eclip-
tic rises fastest about Aries, and slowest about Libra. Though
Pisces and Aries make an angle of only 254° with the horizon
when they rise, to those who live in the latitude of New York,
yet the same signs, when they set, make an angle of 723°. The
daily difference of the Moon’s rising, when in these signs, is, in
New England, about 22 minutes ; but when she is in the oppo-
site signs, Virgo and Libra, the daily difference of her rising is
almost four times as great, being about one hour and a quarter

631. As the Moon can never be full but when she is opposite
to the Sun, and the Sun is never in Virgo or Libra except in
our autumnal months, September and October, it is evident that
the Moon is never full in the opposite signs, Pisces and Aries,
except in those two months. We can, therefore, have only two
full Moons in a year, which rise, for a week together, very near
the time of sunset. The former of these is called the Harvest
DMoon, and the latter, the Hunter’s Moon.

629. What said of the angles under which the signs rise and set? What result follows
#8 to time of the Moon’s rising and setting? How illustrate by qlob_e? 630. When iz
the angle smallest in northern latitudes? When greatest? What difference of angle a:
the rising and setting of Pisces? Daily difference of the Moon’s rising? When in Piscer
und Aries? What when in Virgo aud Libra? 631. Why have we not more than ooaé
Uarveat, and one Hurtor's Moon in a year?
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632. Although there can be but two fult Moons in tne yeat
that rise with o little variation of time, yet the phenomenon
of the Moon’s rising for a week together so nearly at the same
time, occurs every month, in some part of her course or the
other.

In Winter, the signs Pisces and Aries rise about noon ; hence the rising of the Moca
{3 not then regarded nor perceived.

In Spring, these sigus rise with the Sun, because he is then in them; and as the Mooz
vhanges while passing through the same tign with the Sun, it must then be the ck.inge,
aad hence invisible.

la Summer, they rlse about midnlght, when the Moon, i3 in her fhird quarter. Or
a:count of her rising so late, and giving but little light, her rising passes unobserved.

633. To the inhabitants at the equator, the north and south
poles appear in the horizon, and therefore the ecliptic makes the
same angle southward with the horizon when Aries rises, as it
does northward when Libra rises ; consequently the Moon rises
and sets not only with angles nearly equal, but at equal intervals
of time, all the year round ; hence, there is no harvest Moon «t
the equators The farther any place is from the equator, if it he
not beyond the polar circles, the angle which the ecliptic makes
with the horizon gradually diminishes when Pisces and Aries rise.

634. Although, in northern latitudes, the autumnal full Moons
are in Pisces and Aries ; yet in southern latitudes it is just the
reverse, because the seasons :.re so :—for Virgo and Libra rise
at as small angles with the horizon in sonthern latitudes as Pisces
and Avies do in the northern ; and therefore the harvest Moons
are just as regular on one side of the equator as on the other.

At the polar circles, the full Moon neither rises in summer, nor sets in winter. For the
winter full Moon being as high in the ecliptlc as the summer Sun, she must continue while
passing threugh the northern signs, abore the horizon; and the summer full Mcon, being

a3 low in the ecliptic as the winter Sun, can no more rise, when passing through the
southern signs, than he does.

635. The great apparent magnitude of the Moon, and indeed
of the Sun, at rising and setting, is a phenomenon which has
greatly embarrassed almost all who have endeavored to account
for it. According to the ordinary laws of vision, they should
appear to be least when nearest the horizon, being then farthest
from the cye ; and yet the reverse of this is found to be true.
The apparent diameter of the Moon, when viewed in the horizon
by the naked cye, is two or three times larger than when at the
sltitude of thirty or forty degrees ; and yet when measured by
an instrument her diameter is not sensibly increased,

82, Does not the Moon rise with little variation for several nights in succession,
every month? Why not always perceived ? 633. Why is there no Harvest Moon at
the equator ? 634. What said of these lunar phenomena in the Southern aemispherat
65. What said of Lhe apparent diameter of the Moon in the horlson? s & «#hea



REFRAGTION A.'D. TWILIGHT. 297

Both the Sun and the Moon really subtend a greater angle when on the meridian, thax
they do in the horizon ; because they are then actually nearer the place of the spectator
by the whole semi-diameter of the Earth; and one reason why they appear largest In
the horizon Is, that they are then compared with terrestrial objects, with whose magni,
lude we are acquainted.

This apparent increase of magnitude In the horizontal Moon, is chiefly an optical ill4.
+lon, produced by the concavity of the heavens appearing tothe eye to be a less portion
of a spherical surface than a hemisphere, The eye is accustomed to estimate the dise
tanuce between any two ohjects in the heavens by the quantity of sky that appears to lig
between them; as upon the Earth we estimate it by the quantity of ground tlat lics
belween them. Now when the Sunor Moon is just emerging above the eastern horizn
ar sinking beneath the western, the distunce of the intervening landscape over whick
th 1y are scen, contributes, together with the refraction of the atmosphere, to exapgerats
cur estimate of their real magnitudes.

THE HORIZONTAL MOON

636. Both the Sun and Moon are sometimes seen to be elor
gated horizontally, when near the horizon. This is often the case
when the atmosphere is very dense. The cause of this pheno-
menon i3 this : All celestial bodics in the horizon are more or
«ess clevated by atmospherical refraction (See page 300) ; and
the amount of this apparent elevation depends somewhat upon
the density of the atmosphere as well as upon the altitude of the
ohjeet. When, therefore, the Sun or Moon are near the horizon,
and viewed through a dense atmosphere, the vefraction is great-
cst ; and as their lower limbis seen through a denser stratum of
atmosphere than their upper limb, its apparent elevation is
greater, and the object seems to be flattened, while its horizontal
diameter is not sensibly diminished.

This phenomenon and its cause may be easily illustrated by a diagram.

CHAPTER XVI
REFRACTION AND TWILIGHT.

637. TrE rays of light, in passing out of one medium intg
another of a greater density, deviate from a straight course, and
are bent towards a perpendicular to that course ; and if the
density of the latter medium continually increase, the rays of

easured? When do they subtend the greater angle? Why appear largest when in
the horizon? What other explanation given? 636. What is meant by a Herizontai
Moon? The cause of this phenomenon? 637. What 3 wmeant by the re¢fraction of
light? What principles govern it?
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light  passing through it, will deviate more and more from a
right line as they pass downwards, or towards the eye of ‘he
observer.

638. As air and water are both transparent, but of different
densities, it follows that, when light passes obliquely from one
to the other, it will be
refracted. If it pass
from the air into the
water, it will be refract-
ed fowards a perpendicu-
lar.

Here the ray A O strlkes the
water perpendicularly, and passes
directly through to B without be-
ing refracted. But the ray D C
strikes the water at C obliquely;
and instead of passing straight
through to E, 1s refracted at C,
and reaches the bottom of the water at F. If, therefore, a person were to receive ths
ray into the eye at F, and to judge of the place of the object from which the light ema-
nates from the direction of the ray C I, he would conclude that he saw the object at G,
unless he made allowance for the refraction of the light at C.

LIGET REFARACTRD BY WATER
D G A
AIR )

639. When ]ight passes LIGHT Pnoczxnn;a FROM WATER.

obliquely from a denser
to a rarer medium, as
from water into air, it is
refracted from a perpen-
dicular towards a Lorizon-
tal.

Here the lamp A shlnes up
through water into afr. The ray
that strikes the surface perpen-
dicularly passes on to B without
oeing refracted ; but the other rays |
that leave the water ohliquely are refracted toward a horizontal direction, in proportion
to their distance from the perpendicular; or, in other words, In proportion to the
obliquity of their contact with the surface of the water.

640. In consequence of the refraction of light towards a hori-
zontal direction, in passing from water into air, a pole, half of
which is in the water, seems bent at the surface, and the lower
end seems nearer the surface than it really is. For the same
reason, the bottom of a river seems higher, if seen obliquely, than
it really is ; and the water is always deeper than we judge 1t
to be. ;

638, How refracted by air and water? 639. How when light passes from fenser 5
rarer media?  640. Effect of refraction upcn cbjects seen under water?
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In this cut, the oar, the blade of EFFECT OF REFRACTION.
whach is in the water, seems bent at the
vurface of the water. The rays of light
passing from the part under water to
the surface at D, are refracted toward
a horizontal direction at that polat,
and received into the eye of the ob-
server at B, whbo, judging of the posi-
tion of the immersed portion of the oar
from the direction of the rays D B,
locates the blade of the oar at C; thus
z"ggcrsing the effect 1illustrated at

641. The refracting power of different transparent substances
depends mainly upon their density. Water refracts more than
air, glass more than water, and diamond most of all. But the
angle of incidence, or the obliquity of the contact of the rays
with the denser substance, has also much to do in determining
the amount of refraction.

EFFECT OF REFRACTION

642. By the aid of refraction,
we may see objects that are
actually dehind an opaque or
intransparent body.

Here the piece of money at A, at the
bottom of the cup, would be invisible to
the behowe. + B, if the cup was empty,
as the' light from the money would pass
from A to C; but when the oup is filled
with water, the light is refracted to B, and
theD beholder sees the money apparently
at D.

643 By the
law of refrac-
tion, light bhas
been found to
consist of a com-
bination of co-
lors. By pass-
ing a beam of I‘Ligli;%.';
light through a Bive....
triangular piece Proen:
of flint glass s g
called a prism,
it is scen that g
some parts of

78-1'1. Upor. what does the refracting power of different transparent media depend!
$42 What other effect of refraction? 643, What discovery by refraction? How

REFRACTION BY A PRISM,

13*
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the light are more refrangible than others, so that the light i
analyzed, or separated into its component parts or elements,
Let a ray of light from the Sun be admitted through a hole in the window shutter, A,
into a room from which all other light is excluded ; it will form on a screen placed a littlg
distance in frent, a circular image, B, of white light. Now interpose near the shutter a
glass prism, C, and the light, in passing through it, will not only be refracted in the same
direction, both wher it enters the prisu and when it leaves it, but the several rays ot
which white light is composed will be separated, and will arrange in regular order on the
creen, immediately above the image B, which will disappear. The violet ray, it will be
eeen, 18 most refracted, and the red least; the whole forming on tb2 scale an elongaus
tinage of the Sun, called the solar spectrum.—Jolinston.
644. It is the refraction of the clouds that gives the sky its
beautiful colors morning and evening ; and the refracting power
of the rain-drops produces the beautiful phenomenon of the rain-

bow.
ATMOSPHERICAL REFRACTION.

- 645, The refracting power of the atmosphere produces many
curious phenomena. Sometimes ships are seen bottom upwards
in the air, single or double. At other times, objects really below
the horizon, as ships or islands, seem to rise up, and to come dis-
tinctly in view,

646. A very important effect of refraction, as it relates to
astronomy, is, that it more or less affects the apparext piaces of
all the heavenly bodies. As the light coming from them strikes
the atmosphere obliquely, and passes downward through it, it is
refracted or bent towward the Earth, or toward a perpendicular.
And as we judge of the position of the object by the direction
of the ray when it enters the eye, we place ohjects higher in the
heavens than they really are.

ATMOSPHERICAL REFRACTION.

Let A, in the cut, repre-
sent the Kartih; B, the at-
mosphere ; C C, the visible
horizon§ and the exterior
circle the apparent cem-
cave of the heavens. How,
as the light passes from
the stars, and strikes the
atmosphere, it is sesn to
curve downward, because \"
1t strikes thc atmoephere ¢ S\
sbliquely ; and the air in- W;‘ pllih T
vreases in density as we ‘ *1),']“1"'!»11‘: il
spproach the Earth., But ;
as the amount of refraction depends not only upon the density, but also upon the obli-
quity of the contact, it is seen that the refraction is greatest at the horizon, and gradu.
ally diminishes till the object reaches the zenith, when there is no obliquity, and the refrac.

344 What other effects of refraction?  645. Atmospherical refraction? Effcetd o4
lorrestrial objects? 146. Upon apparent plases of stars, &c.?
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Uon welly ceases. The dark lines in the cut s.ow the true, and the dotted the apparemt
M;;xnt‘i:a‘ <':ut, the depth of the atmosphere, as compared with the globe, is greatly ¢xag.
rerated. Even allowing it to be 50 miles deep, it is on]y?’am of the semi-diameter s € the
gtobe, which is equal to only a.bmxtflfth of an inch upon a common 13-inch globe. But
v+ waa necesary to exaggerate, in order to illustrate the principle,

647. The amount of displacement of objects in the horizon,
5y atmospherical refraction, is about 33’, or a little more tha
Jhe greatest apparent diameter of either the Sun or Moon. I
wllows, therefore, that when we sece the lower edge of eithe-
apparent'y resting on the horizon, its whole disc 1s in reality below
it ; and would be entirely conccaled by the convexity of the
Earth, were it not for refraction.

648. Another effect of refraction is, that the Sun seems to
rise about three minutes earlier, and to set about three minutes
fater, on account of atmospherical refraction, than it otherwise
would ; thus adding about six minutes,-on an average, to the
length of each day.

The atmosphere is said to be so dense about the North Pole as to bring the Sun above
the horizon some days before he should appear, according to calculation. In 1596, some
Dutch naviyators, who wintered at Nova Zembla, in latitude 76°, found that the Sun began
to be visible 17 days before it should bave appeared by calculation ; and Kepler computes
that the atmospheric refraction must have amounted to 5°, or 10 times as much as with us.

649. The twilight of morning and evening is produced partly
by refraction, but mainly by reflection. In the morning, when
the Sun arrives within 18° of the horizon, his rays pass over
our heads into the higher region of the atmosphere, and are
thence reflected down to the Earth. The day is then said to
be dawn, and the light gradually increases till sunrise. In the
evening, this process is reversed, and the twilight lingers till the
Sun is 18° below the horizon. There is thus more than an hour
of twilight both morning and evening.

In the arctic regions, the Sun Is never more than 18° below the horizon; so that the
twilight continues during the whole night.

650. In making astronomical observations, for the purposes
of navigation, &c., allowance has to be made for refraction,
according to the altitude of the object, and the state of the
atmosphere. For this parpose tables are constructed, showing
the amount of refraction ur every degree of altitude, from the
horizon to the zenith.

647. Amount of displacement of celestial objects by refraction? Wiat folowst
#48. Influence of refraction on length of days? How about the Ncrtl Pole? 643, Couss
of kosdight?  65). What allowance for refraction? Tables?
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CHAPTER XVIL
AURORA BOREALIS AND FARALLAX,

651. TrE sublime and beautiful phenomena presented by the
Awrora Borealis, or northern lights, as they are called, have heer:
In all ages a source of admiration and wonder alike to the pea.
saat and the philosopher. In the regions of the north (and
indeed in many other places) they are regarded by the ignorant
with superstitious dread, as harbingers of evil; while all agiee
in placing them among the unexplained wonders of nature.

These lights, or meteoric coruscatiors, are more brilliant In the arctic regions, appear-
ing mostly in the winter season and in frosty weather. They commonly appear at twi-
light near the horizon, and sometimes continue in that state for several hours without
any sensible motion; after whicit they send forth streams of strouger light, shooting
with great velocity up to the zenith, emulating, not unfrequently, the lightuing in vivid-
ness, and the rainbow in coloring; and again, silently rising in a compact majestic arch
of steady white light, appareutly durable and innnovable, and yet so evanescent, that
while the beholder looks upon it, it is gone.

At other times they cover the whole hemisphere with thelr flickering and fantastic
coruscations. On these i their wotions are amazingly quiek, and they astonish
the spectator with rapid changes of form. They break out in places where none were
seen before, skimming briskly along the heavens; then they are suddenly extinguished,
teaving behind an uniform dusky track, which, again, is brilliantly illuminated in the same
manner, and as suddenly left a dull blank. Some nights they assume the appearauce of
vast columns; exhibiting on one side tints of the deepest yellow, and on the other,
melting away until they become undistinguishuble from the surrounding sky. They
have generally a strong tremulous motion from end to end, which continues tiil the whole
vanishes, JEeld

652. Maupertius relates, that in Lapland, “the sky was
sometimes tinged with so deep a red that the constellation Orion
looked as though it were dipped in blood, and that the people
fancied they saw armies engaged, fiery chariots, and a thousand
prodigies.”  Gmelin relates, that, “in Siberia, on the confines
of the icy sea, the spectral forms appear like rushing armies ;
and that the hissing, crackling noises of those aerial fireworks
so terrify the dogs and the hunters, that they fall prostrate on
the ground, and will not move while the raging host is passing.

Kerguelen describes “‘ the night between feeland and the Ferro
Islands, as brilliant as the dag”—the heavens being on fire with
flames of red and white light, changing to columns and arches,
and at length confounded in a brilliant chaos of cones, pyramids,
radii, sheaves, arrows, and globes of fire.

653. But the evidence of Captain Parry is of more value

651. What sald of the Aurora Borealis? How regarded by the ignorant? Whr;l;
wost brilliant? In what weather? Describe? 652 Observations of Maupertita
Gmelin, and Kerguden?  658. Qbservations of Capt. Parry?
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than that of the earlier travelers, as he examinea the plenomena
under the most favorable circumstances, during a period of
tweniy-seven consecutive months, and because his observations
are uninfluenced by imagination. He speaks of the shifting
figures, the spires and pyramids, the majestic arches, and the
sparkling bands and stars which appeared within the aretic cir-
cle, as surpassing his powers of description. They are, indeed,
soflicient to enlist the superstitious feelings of any people not
fortified by religion and philosophy.

654. The colors of the polar lights are of various tints. The
rays or beams are steel grey, yellowish grey, pea green, celandine
green, gold yellow, violet blue, purple, sometimes rose red, crim-
son red, blood red, greenish red, orange red, and lake red. The
arches are sometices nearly black, passing into violet blue, grey,
gold yellow, or white bounded by an edge of yellow. The luster
of these lights varies in kind as well as intensity. Sometimes it
is pearly, sometimes imperfectly vitreous, sometimes metallic.
Its degree of intensity varies from a very faint radiance to a
light nearly equaling that of the Moon.

655. Many theories have been proposed to account for this
wonderful phenomenon, but there seems to be none which is
entirely satisfactory. One of the first conjectures on record
attributes it to inflammable vapors iscending from the Earth
into the polar atmosphere, and there ignited by electricity. Dr.
Halley objects to this hypothesis, that the cause is inadequate
to produce the effect. He was of opinion that the poles of the
Earth were in some way connected with the aurora; that the
Earth was hollow, having within it a magnetic sphere, and that
the magnetic effluvia, in passing from the north to the south,
might become visible in the northern hemisphere.

656. That the aurora borealis is, to some extent, a magnetical
phenomenon, is thought, even by others, to be pretty clearly
established by the following considerations :

{1.) It has been observed, that when the aurora appears near.
the northern horizon in the form of an arch, the middle of it is
ot in the direction of the true north, but in that of the mag
netic needle at the place of observation ; and that when the
arch rises “owards the zenith, it constantly crosses the heavens
at right angles, not to the true magnetic meridian.

654. Wha! said of the colors, &c., of these polar lights?  635. Is there a satisfacteny
9xplanation of these phenomena? What conjecture? Dr. Ilalley’s objection? His swe
|in5r_ular opinion ? 656. What evidences that the Awirora Borealis is of magreti

wigin ¢
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(2.) When the beams of the aurora shoot up so as to pass
che zenith, which is sometimes the case, the point of their con-
vergence is in the direction of the prolongation of the dipping
needle at the place of observation.

(3.) It has also been observed, that during the appearanec of
an active and brilliant aurora, the magnetic needle often becemes
restless, varies sometimes several degrees, and does not resume
its former position until after several hours.

From these facts, it has been generally inferred that the aurora is in some way g.t«
nected with the magnetism of the Earth; and that the simultansous appearance «f the
meteor, and the disturbance of the needle, are either related as cause and effect, or ay
the common result of soe more general and unknown cause.

657. Dr. Young, in his lectures, is very certain that the ple
nomenon in question is intimately connected with electro-mag:-
netism, and ascribes the Zight of the aurora to the “illuminated
agency of electricity upon the magnetical substance.

It may be remarked, in suppert of the electro-magnetic theory, that in magnetism, the
agency of electricity is now clearly established, and it can hardly be doubted that the
phenomera both of electricity and magnetism are produced by one and the same cause ;

masmuch as magnetism may be induced by electricity, and the electric spark has been
drawn from the mugnet.

658. Sir John Herschel also attributes the appearance of the
aurora to the agency of electricity. This wonderful agency, says
he, which we sec in intense activity in lightning, and in a feebler
and more diffused form traversing the upper regions of the
atmosphere in the northern lights, is present, probably, in
immense abundance in every form of matter which surrounds us.
but becomes sensible, only when disturbed by excitements of
peculiar kinds.

PARALLAX OF THE HEAVENLY BODIES.

659. Parallax is the difference between the altitude of anx
celestial object seen from the Earth’s surface, and the altitude
of the same object seen at the same time from the Earth’s cen-
ter ; or it is the angle under which the semi-diameter of the
Harth would appear, as seen from the object.

The ¢rue place of a celestial body is that point of the heavens
in which it would be seen by an eye placed at the center of the
Earth. The apparent place is tha* point of the heavens where
the body is scen from the surface of the Earth. The parallax

657. Dr. Young’s epinion? What reriark in suppert of his views? 658. Sir John
Herschel’s opinion ? 659. Parallax? True place of a celestial body? Apparent?
When parallax greatest? Least? (aled what, and whay? What oblects the greateat
parallax t
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of a heavenly body is greatest when'in the horizon, and 1a
thence ealled the korizontal parallar. Parallax decreases as the
body aseends towards the zenith, at which place it is nothing.

The adjoining cut will afford a sufficient illustration.
When the observer, standing upon the Earth at A, PARALLAX GF THE PLAKXTS.
views the object at B, it appears to be at G, when, a
the same time, if viewed from the center of the Earth,

would appear to be at D. The parallax is the nngle
3 C Dor A BE, which is the dilereace between the
titude of the object B, when seen fromn the Eardh’s
urface, acd 'vhen seen from her center. It is also
she angle un ler which the semi-diameter of the Earth,
\ &, iz seen from the object B.

A3 the object advances from the horizen to the
zenith, the parallax is seen gradually to diminish, till
at I it has no parallax, oritsapparentand true place
are the same.

Phis diagram will also show why objects nearest
the Earth have the greatest parallax, and those most
distant the least; why the Moon, the nearest of all
the heavenly bodies, has the greatest parallax ; while
tie fixed stars, from their immense distance, have no
appreciable horizontal parallax—the semi-diaxeter
of the Earth, at such a distance, being no more thaun a point.

660. As the effect of parallax on a heaveuly body is to depress
it below its true place, it must necessarily affect its right ascen-
sten and declination, its latitude and longitude. On this accoun:,
the parallax of the Sun and Moon must be added to their
apparent altitude, in order to obtain their frue ultitude.

The true altitude of the Sun and Moon, except when in the zenith, 1s always affected,
more or less, both by parallax and refraction, but always in a contrary manner. Ilence
the mariner, in finding the latitude at sea, always adds the parallax, and subtracts the
refraetion, to and from the Sun’s observed altitude, in order to obtain t! e frue altitude,
and thence the latitude.

661. The principles of parallax are of great importance to
astronomy, as they enable us to determine the distances of the
heavenly bodies from the Earth, the magnitudes of the plancts
and the dimensions of their orbits.

The Suw’s horizontal parallax being accurately known, the
Earth’s distance from the Sun becomes known ; and the Earth’s
distance from the Sun being known, that of all the planets may
ve known also, becanse we know the exact periods of their
sidereal revolutions, and, according to the third law of Kepler,
the squares of the times of their revolutions are proportional to
the cubes of their mean distances. Hence, the first great
desideratum in astronomy, where measure and maguitude are
concerned, is the determination of the true parallax.

Ity racans of observations of the transit of Venus, In 1769, the Sun’s horizontal paral

€6) Tffect of parallax? How obtain true alttude? How differ frem refractiin
tow then obtain true altitude? 661, Use of parallax? How employed® Note?
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lax was settled at 87.5776, according to which the mean distance of the Sun from the
Earth was thought to be about 95,000,000 of miles. Careful observations and calculs
tions of recent date agree in proving that the true parallax i1s somewhat larger than this;
sud, hence, that the Sun’s distance is not so great as above stated. 1llansen, by lunar
observations, has fixed the parallax at 87.916; Winnccke and Stone, hy deter:ninirg the
paraliax of Mars in opposition, have found it to be 87,964 and 87,98 respectively, ¥ou-
cault, by experiments on the velocity of light, has fixed it at 8°.96 ; and Leverrier, fron
observations on Mars, Venus, and the Moon, at 87.950. The approximation to agreement
in all these determinations shows that they cennot be far from the truth: and for the
present it will be safe to assume the average of them (8”.944) as correct: This will make
he Sun'’s mean distance 91,500,000 miles, nearly; and, of course, the distances and dia.
meters of the other heavenly bodies have all been somewhat reduced to agree with this
fundamental fact. After the nbservations to he made in 1876, of the transit of Venus,
o occur iu that year, this determination of the solar parallax will be again reviewed,
and, if necessary, corrected.

TABLE OF THE SUN’S PARALLAX AT DIFFERENT ALTITUDES,

Sun’s All. Parallax. Sun's Alt. Parallaz. Sun’s All. Parallax.

0° 87,944 40° 6/7.852 60° 47,472
10° 87,803 45° 67,825 T0° 877059
20° 877,405 50° 57,742 80° 17,563
30° 7746 65° b7.130 90° 07.000

662. The change in the apparent position of the fixed stars,
caused by the change of the Earth’s place in her revolution
around the Sun, is called their annual parallar. So immense
is their distance, that the semi-annual variation of 183,000,000
of miles in the Earth’s distance, from all those stars that lie in
the plane of her orbit, makes no perceptible difference in their
apparent magnitude or brightness.

The following cut will iliustrate our meaning:

Bt
i il e ¥
D, 385 3 ¥
i N
e

‘Let A represent a fixed star in the plane of the Earth’s orbit, B. At C, the Earth h
183,000,000 of miles nearer the star than it will be at D six months afterward ; and yet
this semi-annual variation of 183,000,000 mileg in the distance of the star is so small a
fraction of the whole distance to it, ag neither to increase or diminish its apparent
brightness. r

663. It is only those stars that are situated near the axis of
the Eartl’s orbit whose parallax can be measured at all, on

$62. What meant by Earth’s annual parallax? Effect of variation of Farth’s dis
on the fixed stars! Diagram. 663. What stars have perceptiLie parallax!
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account of its almost imperceptible quantity.
So distant are they, that the variation of o
183.000,000 miles in the Earth’s place N e
causes ah apparent change of less than 1" in NEY
the nearcst and most favorably situated By
fixed star. RN
Let A represent the Earth on the 1st of January,and B a / 3
star observed at that tirzz. Of course, its apparent place in /
$he more distant heavens will be at C. But in six months the
Earth will be at D, and the star B will appear to be at E /
The anglc A BD or C B E will constitute the parallactic angle /
Ia the cut, this angle amour‘z to abaut 43°, whereas the real Wt
parailax of the stars is less than 4 th of one degree, or /

r775s0th part of this amount. Lines approaching each other
thus slowly would appear parallel ; and the Earth’s orbit, if d gz}
Cy

PARALLAX OF TEW PT4RA

filled with a globe of fire, and viewed from the fixed stars,
would appear but a point of light 17 in diameter! Fora
splendid diagram illustrative of the annual parallax of the
stars, see Map I,, of the Atlas

ABERRATION OF LIGHT.

664. In the year 1725, Mr. Molyncux and Dr. Bradley fixed
ap a very accurate and costly instrument, in order to discover
whether the fixed stars had any sensible parallax, while the Earth
moved from one extremity of its orbit to the other; or which
is the same, to determine whéther the nearest fixed stars are
sitnated at such an immense distance from the Earth, that any
star which is seen this night, directly north of us, will, six
months hence, when we shall have gone 183,000,000 of miles to
the eastward of the place we are now in, be then seen exadtly
north of us still, without changing its position so much as the
thickness of a spider’s web.

665. These observatious were subsequently repeated, with but
little intermission, for twenty years, by the most acute observers
in Europe, and with telescopes varying from 12 feet to 36 feet
in length. In the mean time, Dr. Bradley had the honor of
announcing to the world the very nice discovery made while
eudeavoring to ascertain the parallax of the fixed stars, that
the motion of light, combined with the progressive motion of the
Earth in its orbil, causes the heavenly bodies to be scen in a differ-
ent position from what they would be, if the eye were al rest. 'Thus
was established the principle of the Aberration of Light.

666. This principle, or law, now that it is ascertained, scems

Amount? Diagram, and explanation. 664. What experiment by Molyneux ana
Bradley? With what results? 665. What further observations for the same purpcat¥
What discovery made while investigating the subject of parallax? What is the aberra-
Hon @flight? 666 What remarks upon the principle or law of observation? Hcw i
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uot only very plain, but self-evident. For if light be progres
sive, the position of the telescope, in order to receive the ray,
must be different from what it would have beec if light bad
been instantaneous, or if the Earth stood still. Hence the place
to which the telescope is directed will be different from the “rue
place of the object.

The quantity of this aberration is determined by a simpl
proposition. The Earth describes /9’ 8” of hLer orbit in a day
=3548", and a ray of light comes from the Sun to us in 3’ 17"
=497": now 24 honrs or 86400 : 497 ::3548: 20" 4: whicl
“is the change in the star’s place, arising from the cause above
mentioned.

CHAPTER XVIIL

PRACTICAL ASTRONOMY—REFLECTION AND RETFRAC-
TION OF LIGIT.

66'7. Practical Astronomy has respect to the means employcd
tor the acquisition of astronomical knowledge. It includes the
properties of light, the structure and use of instruments, and
the processes of mathematical calculation.

In the present treatise, nothing further will be attempted than a mere introduction tc
practical astronomy. In a work designed for popular use, mathematical demonstrations
would be out of place. Still, every student in astronomy shoutl know how telescopes are
made, upon what laws they depend for their power, and how they are used. It is for th’4
purpose mainly that we add the following chapters on practical astronomy.

PROPERTIES OF LIGHT,

668. Lught 1s that invisible ethereal substance by which we
are apprised of the existence, forms, and colors of materia,
objects, throngh the medium of the visual organs. To this sub-
tile fluid we are especially indebted for our knowledge of those
distant worlds that are the principal subjects of astronomical
inquiry.

669. The term Zlight is used in two different senses. It may
signify either light itself, or the degree of light by which we are
enabled to see objects distinetly. In this last sense, we putlighi

the guantity of aberration determined? 667. Subject of Chapter XVITL.? What is
practical astronomy? How far discussed In ‘his treatise?  668. Define light, For
what indebted to it? 669, Diffsrent sensee in which the term is used? What i
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m ¢pposition to darkness. Liut it should be borne in mind, that
darkness is merely the absence of that degree of light which is
necessary to human vision ; and when it is dark to us, it may be
light to many of the lower animals. Indeed, there is more or
less light, even in the darkest night, and in the deepest dungeon.

“* Those unfortunate individuals,” says Dr. Dick, ‘“ who have been confined in the dark-
o8l dungenns, have declared, that though, on their first entrance, no object could be per-
eeivet, perhaps for a day or two, yet, in the course of time, as the pupils of their eyet
Cypaaaed, they could readily perceive rats, mice, and other animals that infested theit

cells, and likewise the walls of their apartments; which shows that, even in sueh sftua-
t'sns, light is present, and produces a certain degree of influence.”

670. Of the mature of the substance we call light, two theo
ries have been advanced. The first is, that the whole sphere of
the universe is filled with a subtile fluid, which reccives from
luminous bodies an agitation ; so that, by its continued vibra-
tory motion, we are enabled to perceive luminous bodies. This
vas the opinion of Descartes, Euler, Iluygens, and Franklin.

The second theory is, that light consists of particles thrown
off from luminous bodies, and actually jroceeding through space.
This is the doctrine of Newton, and of the British philosophers
gencerally.

Without attempting to declde, in this place, upon the relative merits of these two hypo-
(hieses, we shall use those terms, for convenienee sake, that indicate the actual passage
of light from one body to another.

671. Light proceeds from luminous bodies in straight lines,
and in all directious. It will not wind its way through a crooked
passage, like sound ; neither is it confined to a part of the cir-
cumference around it.

As the Sun may be seen from every point in the solar system, and far hence into space
‘n every direction, even till Le appears but a faint and glimmering star, it is evident that
he fills every part of this vast space with his beams. And the same might be said of
every star in the firmament.

672. As vision depends not upon the ezistence of light merely,
but requires a certain degree of light to emanate from the object,
and to enter the pupil of the eye, it is obvious that if we can,
by any means, concentrate the light, so that more may enter the
eye, it will improve our perception of visible objects, and even
enable us to see objects otherwise wholly invisible.

Bome animals have the power of adapting thelr eyes to the existing degree of light.
The cat, horse, &c., can see day or night; while the owl, that sees well in the night, sees
pocrly in the day-time.

673. Light may he turned out of its course either by reflection

darkass? Can it be dark anc light at the same time? Is there any place without
dght? Quotation from Dr. Dick ¥ 670. What theories of the nature of light, and oy
~hom supported respectively? Remark of author? 671, How 1!ght preceeds from
‘uminous bodiesf Radiations hrom Sun aud stars? 672. How improve vislon, and
Tbp? Animals? 678. How is light turned out of its course ?
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or refraction.  Itisveflected when it falls upon the Lighly polished
surface of metals and other intransparent substances; and
refracted when it passes through transparent substances of diffe:
rent densities, as already illustrated in Chapter XVI.

REFRACTION BY GLASS LENSES. =

674. A lensis a picce of glass, or other transparent substance
of such a form as to collect or disperse the rays of light thai
are passed through it, by refracting them out of a direct conrse.
They are of different forms, and have different powers.

In the adjoining cut, we have an cdgewise

view of six diffcrent lenses. LENSES OF DIFFERENT FORMB.

A is the plano-convew, or half a double con-
vex lens; one side being convex and theother A B (o] D x )
plane.

B is a plano-concave; one surface being con-
cave, and the other plane.

C is a double-conrex lens, or one that is
bounded by two convex surfaces.

D is a double-concave lens, or a circular piece
of glass hollowed out on both sides. Y

E is a concavo-convew lens, whose curves
-differ, but do not meet, if produced.

F is a meniscus, or a concavo-convex lens,
the curves of whose surfaces meet.

675. A double-convexr lens
converges parallel rays to a
point called the focus; and
the distance of the focus
depends upon the degree of
COrVeXity

In the first of these cuts, the lens is
quite thick, and the focns of the rays is
quite ncar; but the other being less
convex, the focus is more distant.

6'76. The distance of the
focus of a double-convexr glass
lens is the radius of the sphere
of its convexity.

In this cut, it will be seen that the
parallel rays A are refracted to a focus
at C, by the double-convex lens B, the
convexity of whose surfaces Is justequal
£ the carve of the clrcle D. ¢

6717. The focal distance of
8 pluno-conver lens is equal to
the diameter of the sphere
formed Ly the convex surface produced.

674, Whatis a leng? Draw and describe different kinds. 675. Refracting pcwer of
doubls conrex lens?  Focal distance? Diagram, and illustrate. 676. Hcw focal dis-
tauve governed ?  Diagram, and illustrate, 677. What is the focal disiance of a
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It must be borne in mind, that PLINO-CONCAVE—FOCAL DISTANCE.
Mght s refracted both when it
enters, and when itleaves a double
ccuv2x lens, and in both instances
fu 'he same direction ; and, so far
as the distance of the focus is
woncerred. to the same extent,
Bat when the lens is convex only
sn one s de, half Its refracting
~w2r is gone, so that the rays
1@ tot so soon refracted to a
‘ocus.  Ia this case, the focal dis-
tance is equal to the diameter of
the sphere formed by extending
the convex surfuce of the lens;
while with the double-convex lens,
the focal distance is only equalto
the radius of such sphere. In the cut, the parallel rays A :ure refracted to a focus at
B, by the plano-concave lens C; and the distance C B is the diameter of the circle
b, Jormed by the convex surface of the lens C produced.

678. A double-con- RAYS DISPERSED BY REFRACTION.
cave lens disperses par
rallel rays, as if they
diverged from the cen-
ter of a circle formed
by the convex surface
produced.

In this cut, the parallel rays
A are dispersed by the double-
concave lens C, as shown at
B; and their direction, &s
thus refracted, is the same
as if they proceeded from the point D, which Is the center of a circle formed by thc
concave surface of the lens produced.

679. Common spectacles, opera-glasses, burning-glasses, and
refracting telescopes are made by converging light to a focus, by
the use of double-convex lenses.

BURNING-GLASS.
The ordinary burning-glass, which may be -
bought for a few shillings, is a double-convex
disk of glass two or thrce inches in diameter,
‘nclosed in a slight metallic frame, with a han-
dle on one side. Old tobacco-smokers some-
times carry them in their pockets, to light their
slpes with when the Sun shines, In other In-
stances, they have been so placed, as to fire n
cannon in clear weather, by igniting the prim-
ing at 12 o’clock.

The adjoining cut represents a large burn-
ing-glass converging the rays of the Sun to a
focus, and setting combustible substances on
fre. Such glasses have been made powerful
easvgh to melt the most refractory substances,
23 pintinum, agate, &c. * A lens three feet in
i'ameter,” says Professor Gray, ‘*has been
\iewn to melt eornelian in 75 seconds, and a
piave of white agate in 80 seconds.”

plano-convewx lens? Diagram.  678. Effect of dvuble-convew lcns?  Amount of divc;
zciacy of rays? 879. What articles wade with double-convex lenses? Uses? DPowe:
»f curning glasses ?
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REFLECTION OF LIGHT.

680. We have now shown how light may be turned out of its
sourse, and analyzed, dispersed, or converged to a point by
refraion. Let us now consider how it may be converged to a
focus by reflection.

When light falls upon a highly-polished sarface, especially of
Jetals, it is reflected or thrown off in
a new direction, and the angles of
contact and departure are always
syual,

Let A B represent the polished metullic surface,
C the source of light, and the arrows the direction
of the ray. Then D would represent the angle of
incidence or contact, and E the angle of reflection
or departure—which angles are seen to be equal. A

REFEECTION BY A PLANDL MIRROR.

681. A concave mirror re-
flects parallel rays back to a
focus, the distance of which ¥
is equal to half theradius of \
the sphere formed by the

concave surface produced.

In this cut, the parallel rays A fall
upon the concave mirror B B, and are
reflected to the focus C, which is half
the radius of the sphere formed by the
surface of the mirror produced. If,
therefore, it was desirable to construct
a concave mirror, having its focus 10
feet distant, it would only be ry
to grind it on the circle of a sphere
naving a radius of 20 feet.

682. In reflection, a por-
tion of the light is absorbed
or otherwise lost, so that a E
reflector of a given diameter
will not converge as much light to a focus as a double-convex
lens of the same size. In the latter case all the light is trans-
mitted. Still, reflectors have been found of such power as to
melt iron, and other more difficult substances.

REFLECTION BY A CONCAVE MIRROR.

Ve have now considered so much of optics as is necessary to an understanding of the
principles upon which telescopes are constructed; and, fcr farther particulars, shall
vefer the student to books on Natural Philosophy.

$80. What now shown in this chapter? What next? What s reflection, and wheu
dees it take place? What law governs it? Diagram. 6S1. How does a comeavs
mirro: reflect parallel rays! Distance of focus? Diagram. How would yon censtroet
® concave mirror with a 10 feet focus ? 642, Ts all the light falling upon a polighsd
warface reflected ?  What then? Closing not¢ ? J
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CHAPTER XIX,
TELESCOPES—REFRACTOLRS AND REFLECTORS.

683. A TELuscOPE is an optical instrument employed in view-
ing distant objects, especially the heavenly bodies. The teria
tedescope is derived from two Greek words, viz., tele, at a distance,
and skopeo, to see. So far as is now known, the ancients had ne
knowledge of the telescope. Its invention, which occurred in
1609, is usually attributed to Galileo, a philosopher of Florence,
in Italy.

The discovery of the principle upon which the refracting telescope i3 constructed wae
purely accidental. The children of one Jansen, a spectacle-maker of Middleburgh, in
Holland, being at play in their father’s shop, happened to place two glasses in such a
manner, that in looking through them, at the weathercock of the church, it appeared to
be nearer, and much larger than usnal. This led their father to fix the glasses upon a
board, that they might be ready for observation; and the news of the discovery was soon
conveyed to the learned throughout Europe. Galileo hearing of the phenomenon, soor
discovered the secret, and put the glasses in a tube, instead of on a board ; and thus the
first tclescope was constructed.

684. The telescope of Galileo was but one inch in diameter,
and wmagnified objects but 30 times. Yet with this simple
instrument he discovered the face of the Moon to be full of ine-
yualities, like mountains and valleys ; the spots on the Sun ; the
phases of Venus ; the satellites of Jupiter ; and thousands of
new stars in all parts of the heavens.

Notwithstanding this propitions commencement, so slow was the progress of the
telescope towards its present state, that in 1816, Bonnycastle speaks of the 80-fold mag-
uifying power of the telescope of Galileo as “ ncarly the greatest perfection that this
gind of telescope is capable of !

685. If he be the real author of an invention who, from a
knowledge of the cause upon which it depends, deduces it from
one principle to another, till he arrives at the end proposed,
then the whole merit of the invention of the telescope belongs to
Galileo. The telescope of Jansen was a rude instrument of mere
curiosity, accidentally arranged ; but Galileo was the first who
constructed it upon principles of science, and showed the practi
cal nses to which it might be applied.

It Is said that the original telescope constructed by Galileo is still preserved in the
g‘:xtxigll Museum. A pigmy, indeed, in its way, but the honored progenitor of a race of

686. The discovery of the telescope tended greatly to sustain

6S3. Subject of Chapter XIX.? Telescope? Derivation? Ancient or modern? In-
ventor? Incidents of discovery? 684, Galileo’s telescope? Discoveries with it?
Progress In telescope making? 685. Is Galileo entitied to the honor of inventing the
tcloacope? Where is bis? 685. Relation of discovery to Copernicaun theory? Effcots



814 ASTRONOMY.

the Copernican theory, which had just been promulgated, aud c4
which Galileo was an ardent disciple. Like Copernicus, how
ever, his doctrines subjected him to severe persecutions, and he
was obliged to renounce them.

The following is his renunciation, made June 28, 1€83: ¢ ., Galileo, in the scventieth
year of my age, on bended knees before your eminences, having before my eyes and
touching with my hands the H>ly Gospels, I curse and detest the error of the Earth's
movement,” As he left the court, however, after this forced renunctation, he is said to
have stamped upon the Farth,and exclaimed, *It does move, after all?” Ten years
after this, he was sent to prison for the same supposed error; and soon, his age advanc-
iag, the grave received him from the malice of his persecutors.

DIFFERENT KINDS OF TELESCOPES.

687. Telescopes are of two kinds—Reflectors and Refractors.
Refracting telescopes are made by refracting the light to a focus
with a glass lens (675) ; and reflecting telescopes, by refleciing
it to a focus with a concave mirror (681). Besides this
general division, there are various kinds both of reflectors and
refractors.

Telescopes assist vision in various ways—first, by enlarging the visual angle under
which a distant object is seen, and thus magnifying that object; aud, secoundly, by
converging to a point more light than could otherwise enter the eye-—thus rendering
objects distinct or visible that would otherwise be Indistinct or invisible.

All the light falling upon a six or a twelve inch lens may be converged to a focus, so
as to be taken into the human eye through the pupil, which is but one-fourth of an inch
in dliameter. Our vision is thus made as perfect by art as if nature had given us ability
to enlarge the eye till the pupil was a foot in diameter.

688. Refracting telescopes may consist of a double-convex
lens placed upon a stand, without tube or eye-piece. Indeed, a
pair of ordinary spectacles is nothing less than a pair of small
telescopes, for aiding impaired vision. '

RRFRACTING TELESCOPE WITH A SBINGLE LENS,

Here the parallel rays are seen to pass through the lens at A, and to be so converged
to a point as to enter the eye of the beholder at B. His eye is thus virtually cnlarged te
tae size of the lens at A, But it would be very difficult to direct such a telescope toward
scleatial objects, or to get the eye in the focus after it was thus directed.

n @alileo? His renunciation? Death? 687, Kinds of telescopes? Deeeritey
ow assist vision? Illustration. 688, Simplest foria of refracting telescope P
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689. The Glalilean telescope consists of two glasses—a doubie
sonvex next the object, and a double-concave near the eye. The
former converges the light till it can be received by a small
double-concave, by which the convergency is corrected (502),
and the rays rendered parallel again, though in so small a beam
us to be capable of entering the eye.

UALILEAN TERLESCOPE.

Here the light Is converged by the lens A, till it can be received by the duuble-concave
lens B, by which the rays are made to become a small paraliel beam that can enter thc
eye at C. This was the form of the telescope constructed by Jansen, and improved by
Galileo ; on which account it is called the Galilean telescope. In the cut, the two lenses
sre represented as fastened to a bourd, as first exhibited by Jansen.

690. The common astronomical telescope consists of two
glasses—viz., a large double-convex lens next the objeet, called
the object-glass ; and a small double-convex lens or mieroscope
next the eye, called the eye-piece. Kor the greater convenience in
using, they are both placed in a tube of wood or metal, and
mounted in various ways, according to their size, and the par.

poses to which they are devoted.

LEN3SES PLAORD IN A TUBE.

A 18 the object-glass, B the eye-prece, and C the place where the tube, in which the eye.
piece Is set, slides in and out of the large tube, to adjust the eye-piece to the focal dis.
tance. By placing the lenses in a tube, the eye is easily placed in the focus, and the
object-glass directed toward any desired object.

691. The object-glass of a telescope is usually protected, when
not in use, by a brass cap that shuts over the end of the instru-
ment ; and the eye-pieces, of which there are several, of differ-

0680, @alilean telescope? Why calied Qaliiean?  690. How common astronomicx
teloacopes made? Why in tube?  091. How ohject-glnys protected? What said o

oyo-pleces P
B.G. 14
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ent magnifying powers,
are so fixed as to screw
into a small movable tube
ip the lower end of the
fnstrument, so as toadjust
tbem respectively, to the
focus, and to the eyes of
different observers. Such
telescopes usually repre-
sent objects in an invert-
ed position.

" The adjoining cut represents the
simplest form of a mounted refrac-
tor. The object-glassis at A, where
the brass cap may be seen cover-
ing it. B is the small tube into
which the eye-piece is screwed, and
which is moved in and out by the
small screw C. Two eye-pieces
may be seen at D—one short one,
for astronomical observations,and
a long one, for land objects. For
viewing the Sun, it Is necessary to
add a screcn, made of colored
glass. At E, a bolt goes into a
socket in the top of the stand, in
which it turns, allowing the tele-
scope to sweep around the horizon ; while tke jolnt, connecting the saddle In which the

telescope rests with the top of the bolt, allows it to be dlrected to any point between th(
horizon and the zenith. Butsuch stands answer only for comparatively small Instruments.

REFRACTING TELESOOPE MOUWTED ON & JTLAD.

692. Refracting telescopes are mounted in various ways
So important is it that they should not shake or vibrate, that, in
most observatories, the stand rests upon heavy mason-work in
no way connected with the building, so that neither the wind
nor the tread of the observer can shake it. They are then fur- .
nished with a double axis, which allows of motion up and down,
ot east and west ; and two graduated circles show the precise
smount of declination and right ascension.

They are often furnished with clockwork, by which the telescope Is made te move
wesuward just as fast as the Earth turns eastward; so that the celestial objecct beiag
vnce found, by setting the instrument for its right ascension and declination, or by the
nid of the Finder—a smail telescope attached to the lower end of the large one—it may
be kept in view by the clockwork for any desirable length of time. A telescope thus fur-
nizhed with right ascension and declination circles is called an Equatoriul, or is said to
be equutorially mounted, because it sweeps east and west in the heavens parallel to the
fMator . .

- 693. The object-glasses of telescopes are not always made nf
a single piece of glass. They may be made of two concavo-con-
vex glasses, like two watch crystals, with their concave sides

89L. ilow refractors mounted, and whyf When equatorial, and +hy? 695, liax
whicat-glasses made? What a leng? A Barlow lens? .
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towards cach other, or with a thin double concave glass between
them. They are thus double, or triple ; but when thus con-
structed, the whole is called a lens, as if composed of a single
piece.

Lenses have also been formed by putting two concavo-convex glasses together and
Glling the space between them with some transparent fluid. These are called Burlow
lenses, from Prof. Barlow, their inventor,

694. As a prism analyzes the light, and exhibits differcnt
colors, so a double convex lens may analyze the light that falls
near its circumference, and thus represent the outside of the
heavenly bodies-as colored. But this defeet is remedied by
using discs made of different kinds of glass, so as to correct one
refraction by another. Refracting telescopes thus correeted are
ealled Aciromatic teleseopes.

Achromatic 18 from the Greek a chroma, which signifies destitute of color. Most
refracting telescopes are now so constructed as to be achromatic.

695. It is but reeently that any good refracting telescopcs
have been made in this country. The best have formerly been
made in Germany and France; but a number of very fine instra.
ments have been made in this country, most of them by Mr.
Heury Fitz, Jun., formerly of New York City. Several very
good instruments have also been made by Alvan Clark, Esq., of
Boston, and others still by Charles A. Spencer, Esq., of Troy,
N. Y. Mr. Fitz died in New York, November 27, 1863.

1. The anthor was personally well acquainted with Mr. Fite, and during his life gave
favorable descriptions of his instruments in these pages, and did all that he could to
make his capabilitics known to the Ameriean public. He made his first telescope in
1885. In the Winter of 1844 he invented s method of tpert‘ccting object-glasses for refract-
ing telescopes, making the first one of ‘the bottom of an ordinary tumbler. In the Fall
of 1815 he exliibited, at the Fair of the American Institute, an instrument of 6 inches
aperture, which, althengh made of commmon American material, in the way of flint glass,
wasa very excelient instrument, Centinnally progressing in size, he finally succeeded in
making Instruments of 16 inches aperture, one of which is now in the possession of Mz,
Van Duzee, of Buffalo, N. Y. 1le made two of 13 inches—one for the Dudley Observa-
tory, at Albany, and the other for an assoclatien of gentlemen, at Alleghany City, Pa,
Of 12 inches aperture, he produced one for the Observatory at Ann Arbor, Michigan, and
anotker for the Vassar Female College. e made for M. L. Rutherford, of New York,
at various times, telescopes of 4, 54, 6,9, and 11} inches aperture; the last, an instrument
of remarkable defining power, is now wmounted in Mr. Rutherford’s Observatory, in
Eleventh Street, New York City. Mr. Vickers, of Baltimore, has a 10-inch. Several
of the size of 8 and 9 inches are scattered over the country, The British Chargé ’Af
faires ut Montevideo has a 9-inch. Mr. Campbell, of New York, has an 8-inch. Ofa
large number of 6 inclies aperture, one very fine instrument was ordered by the United
Btates Government, for Licut. Gillies’s expedition to Chili; it is still in the Qbservatory
of the Chilian Government. At about the same time, he made another of the same size
for Mr. Robert Van Arsdale, of Newark, N.J. Mr, Thowmas F. Harrison, Principal of the
Public Grammar School in Greenwich Avenue, New York, has another mounted on that
bailding, [Removed on the rebuilding of the school edifice in 1865.— #d.]

2. For a list of telescopes in this country, with the names of their respective makers,
focal lengths, size of object glasses, &c., see table on subsequent page.

695. What said of the manufacture of telescopes? What other Americans have mad¢
them? (What said of Mr. Fitz? Telescopes?)
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RUTHERFORD'S EQUATORIAL REFRACTOL,

69%. The above cut represents an equatorial telescope mune
factured by Mr. Henry Fitz, of New York—the one uscd by
the author in making most of his observations, Its object-
glass is six inches in diameter, and its focal length eight frct.
It is perfectly achromatic, and performs all the tests Jaid down
in Dick’s Practical Astronomer, as evidence of a good instru-
ment, with perfeet case. Under favorable circumstances, it
shows the sixth star in the trapezium of Orion, and to show
Polaris double is a very easy test indeed.

A Findor is seen attached to the lower end of the large instrnment. It takes in
l:;fnz field of view in the heavens than the latter, and enables the observer to look vy
‘els with facllity, and bring them into the field of the larger Instrument
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THE PHILADELPHIA REFRACTOR.*

697. This instrument is located in the Observatory of the High
Bchool of Philadelphia. Its focal length is eight feet, and its
aperture six inches—the same as the one on the preceding page.
It was made by Merz & Mahler, of Munich, and cost $2,200.

* We are indebted to the courtesy of Messrs. Harper Brothers, of New York, fa
cupies of several of these cuts from their Monthly Magazine for June, 185€,

€97 The Philadelphia refractor? Size? By whom made? Cost?
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HAMII®ON COILEGE RTIFRACTOR.

698. This instrument has a focal length of sixteen feet, with
un object-glass thirteen-and-a-half inches in diamecter. Tts focal
length is therefore about four feet less than is uswal in the Mu-
nich instruments of the same aperture. The flint and crown
glass discs for it were imported from Germany, and the instra-
ment was made by Messrs. Spencer & Eaton, of Canastota, N. Y.,
at a cost of $10,000. It is reported to be a very superior tele-
scepe, and, in workmanship, is regarded as fully egual to the
Munich instruments.

693, Size of the Hamilton Ccliege teleacope? What peculiarity as to length? By
whom made? Cost? >



REFRACTING TELESCOPES. 321

GREAT REFRAOTING TELESCOPE AT CINCINNATI, OOIO.

699. The above cut represents one of the best telescopes n
the United States. It is located in the obscrvatory on Mount
Adams, near Cincinnati, Ohio, and was for several years under
the direction of the lute Prof. O. M. Mitckel, by whose instru-
mentality t was purchased and mounted.

The object-glass is ahout 12 inches in diameter, with 8 focal distance of 17 feet. 1:
~as purchased in Munich, Germany, in 1844, at an expense of nearly fen thousand

dorlears,

- —

699 Cincinnati refractor—where located? Ry whom purchased? (Where? Whoent
Cuatt  Size and tocal distance ?)

.
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THE EQUATORIAL REFEACTOR AT ALBAKY, K. ¥

700, This superb instrument is mounted in the Dudiey Ob.
servatory, at Albany, and is one of the most important instru.
ments in America. Its focal length is 15 feet 2 inches. The
object-glass, made by the late Henry Fitz, of New York, is 13
inches clear aperture, and the tube is of mahogany, constructed
by glueing together strips of about an inch in width. A finder,
or small telescope for finding ob’ects, is seen attached to the
lower end of the large instrument.

700, Where located® 8ize? By whom wmade? What said of tube? Finder?
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THE GREAT EQUATORIAL REFRACTOR AT CAMBRIDGE MASS.

701. This is probably the best ins tument m the United Staten,
Its object-glass is 15 inches in diam ter, with a focal length of
22 feet 6 incues. It has cighteen different powers, ranging from
103 to 2,060. It was made by Merz & Mahler, of Munich, Ba-
ravia, and cost $19,842.

The cut shows the opening in the revolving dome of the observatory, aud the (bserve
sn his chalr at the eye-piece.
L]

701, Comparative value? Size? Maguifylng powers? By whorm made? Cost of
inet nuzont ?
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THD GEEAT CRAIG TLLESCOPE, WANDSWOKRTIL CUMMUN, NEAR LONDON.

702. This is the largest refracting telescope ever constrncted
The object-glass is two feet in diameter, with a focal distance of
76 feet. The tube is of heavy slicet iron, and shaped somewhat
like a cigar. It is 13 fect in circumference in the largest place,
and weighs about three tous.

This telescope is suspended from a brick tower, 65 feet high, 15 feet in diameter, and
weighing 220 tons. The top of the tower, frcin which the telescope 1s suspended, re-
volves; and by a chain running over pulleys, and a weight and windlass, it is balanced,
and raised or lowered. The lower end rests on a small carrizge, that runs upon a circt.-
lar ralroad around the tower, at the distance of 52 feet from its center, By these meang
it is dirested to almost any point in the heavens. [t is cailed the “ Craig” teicscope, in
honor of the Rev. Mr. Craig, under whose direction, and at whose esxpense, It was cos-
etructed. 1t is located at Wandsworth Common, near London.

Tu2 Describe the Craig telescope. Object glass? Focal distance? T be? How
mounted? Why called “ Craig” telescope? Where located ?
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A TRANSIT INSTRUMENT,

708. A T'ransit Jnstrument is a telescope used for obscrviug
the tru.sits of celestial objects across the meridian, for the pur-
pose of determining differences of right ascension, or obtaining
correct time. They are usually from six to ten feet long, and
arc mounted apon a horizontal axis, between two abutments of
mason-work ; so that the instrument, when horizontal, will point
exactly to the south. It will then take objects in the heavens,
when they are exactly on the meridian,

The Transit Instrament and Mural Circle have been combined
in onc instrnment, called a Meridian Circle, as shown on a sub-
seqitcnt page,

Let A D In the cut represent the telescope, and E and W the east and west nblmnena
between which it is placed.  On the left is seen, attached to the mason work, a graduat
circle; and on the eastern end of the axis of the telescope is seen an arm, n, extending
to the circle, o8 an index.  Nuw, suppose the index n to be at o, in the upper {mrt of the
circle, when the telescope is horizontal; then if the meridlan altitude of the ahject to be
b zen is 19°, the index must be moved 10° from 0, as the degrees on the circle and the
slutcde of the object will correspond.

798 What is o transit Instrument? Size? How mcunted? Describe parts sa sh?w:
iz the cet. How set the justrument for the altitude of a star? What oo idusiios
apohes of ¥
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TRANSBIT INFTRUMENT, WASHINGTON, D. C.

704. This instrument is Joeated in the National Observatory -
at Washington, D. C. It is mounted upon piers of granite, which
rest firmly upon a foundation of stone, extending ten feet below
the surface of the ground. The object glass was furnished by
Merz & Mahler, and the instrument was constructed by Ertel &
Son, Munich. The entire cost was $1,480.

704 Where located? How mounted? By whom wmads? Coati
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MERIDIAN CIRCLE AT ALBANY} N. T.

705 This is a superior transit instrument, with a mural circle
attached. It is located in the east wing of the Dudley Observa-
tory, at Albany, N, Y., and rests upon piers of Lockport lime-
stone, which rest upon a bed of sand and gravel, some ten feet
below the floor of the cellar, Taken as a whole, it is probably
the best trausit instruinent in the United States. :

1. A Mural Circle is a large praduated clrcle, with a telescope crossing its center, used
fur tho measurement of the altitudes and zenith distances uf the heavenly bodies, at the
instant of thcir croseing the meridian. They are usually fived upon a horizontal axis,
that turns in a socket firmly fixed in a north and south wall, The degrees, minutes,
aud seconds on tho circle are rend by means of microscopes, and indicate the aititnde

of the object. The Mural Circle and a transit instrument, 8s now combined, are called
o Meridiun Circle.

705. Where loeated? How mounted? Comparative importance? What is 8 Mural
ircle? Uso? How usually mounted? How combined? What called?
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2. Tho old Mural Circle 18 now being rapidly snperseded by the Meridian Cirele i
tke Lest observatories. 2

706. A Comet Seeker is a re- A COMET BEEKER.
fracting telescope with a large
aperture and short focal distance.
As comets cannot be found by
their right ascension and declina-
tion,  but -often have to be
searched up, by sweeping around
the heavens with a telescope, be-
fore they became visible to the
naked eye. it is important tc
have telescopes that will cover
considerable sp ce—that is, of
wide aperture and short focal distance. Such a telescope was
made by Mr. Fitz for Miss Mitchel, of Newport, R. I.

Miss Mitchel is an amateur astronomer, and has the honor of having discovered a num-
ber of new comets,

707. An Astronomical Clock is a clock adapted to keep exact
sidereal time. Taking the vernal equinox in the heavens as the
zero point, and reckoning 24 hours eastward to the same point
again, the time—reckoning 15° to an hour—when an object
crosses the meridian, will always represent the right ascension
of the object. Hence right ascension is usnally given in hours,
minutes, and seconds; or in time by the astronomical clock, set
by the vernal equinox.

Professor Mitchel, we believe, made some valuable improvements in astronom’cal
clocks. A very fine instrument of this kind is located in the Dudley Obscrvatory, at
Albany, N. Y.

REFLECTING TELESCOPES.

708. The Reflecting Telescope is one in which the light is con-
verged to a focus by means of a concave metallic reflector or
speculum. Like the Refractors, they may be constructed with
very little mounting; though for convenience in use, it is neces
sary to place the reflector in a tube.

The student shenld ful}ly understand_the difference between the two kinds of tele
s00pes, viz, : refractors and reflectors. In one respect they are alike, 8s they both con.
verge the rays of light to a focus; but they do it by widely differert processes, as the
following pages will show. y

706. What is a comef sceker P Why necessary?  707. What is r.u astronomical
sdock® 708, Describe s reflecting telescope. Simplest form ?
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SIMFPLEST FORM OF A RRFLECTING TILISCOPE

{a this cut, the light A s seen passing from the object on the right, and falling upon
the concave surface of the reflector at B, from which it is reflected back to a focus, und
cuters the eye of the observer at C. This telescope has no eye-piece.

708. The focal distance of a concave reflector is equal to half
the radius of the sphere formed by the concave surface pro-
duced. Hence to grind a reflector for a focus of 20 feet, it will

" be necessary to have the curve that of a circle whose radius is
10 feet.

FOCAL DISTANCE OF A CONCAVE REFLECTOR.

B
~=——
- — P gt '.‘
A a2
- (vl
——
(. Flere the curve of the speculum B 1s that of a sircle, whose centa

is C; while the fucus of the speculum is at D, which is only half
ke distunce from B to C.
A

709. Reflecting telescopes are of several kinds—viz., the Gre-
gortan, the Newlonian, the Casscgranian, the Herschelian, &¢
The Gregorien Reflector has an aperture in the center of the
speculum, and a small coneave mirror in the focus of the specu-
vin, which reflects the light back through the aperture to the
eye-piece. In this way the observer is cnabled to face the
sbjeet, and to direct the telescope toward it, as if it were a
tefractor.

103. Foca, distance? 700, low many kinds of 1 iflectors? Descrike th: Gregora:
Why called Gregorian?
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OKEGORIAN LRLECTOR.
B .
= Y
D L C
T

|
Here the light A falls upon the speculum at B, and is reflected back to the smait c.ir-
ror 0, by which it is thrown out through the aperture in the speculum, to the ey e of the
shserver at D. The object is supposed to be off on the right, in the direction towards

@hich the instrument is pointed. It is called a Gregoriun telescope, after Mr. James
@regory, who first suggested the construction of reflecting telescopes.

710, The Newtonian Reflector is so called after Sir Isaac
Newton, its inventor. Instead of a concave mirror in the focus
of the speculum, he placed a plane mirror there, inclined so as
to reflect the light to the side of the tube, where it was received
by the observer.

— A

KIWTONIAN REFLECTOR.

XI
.

=

The light from the speculum is here shown falling upon the inclined mirror in the cen-
ter, and reflected out to the eye of the observer.

711. The Cassegranian Reflector is so called  from M. Casse-
grain, its inventor. It resembles the Gregorian, except that the
speculum placed in the focus of the reflector is conver instead of
concave,

The Herschelian Reflector differs from all others, in having no
small reflector whatever ; the light being refiected back to a
focus at the top of the telescope, and near the edge of the tube,
where the eye-piece is placed, and where the observer sits look-
ing into the mirror with his back to the object.

HERSCHELIAN TELESCOPE.

Here the concave speculum is seen to be inclined a little to the lower side of the tube,
s that the parallel rays A are reflected back to the observer at B, at the side of the
fnstrument, where the eye-piece is placed.

'-’{10. Newtonian reflectors? 711, Cassegranian? Differcnce? Herschelian? Wherd
eye picce? How observer sit?

14%
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712. The first telescope construeted upon this plan was that
by Sir William Herschel, in 1782. This was called his 20 feet
reflector, and was the instroment with which he made many of
his observations upon the double stars. In 1789, he completed
his forty feet reflector, until recently the largest telescope ever
constructed.

.
BIR WILLIAM HERSCHEL'S FORTY FEET REPLECTOA.

o= ; R e
%13. The speculum of this instrument is 4 feet in diameter, 3}
inches thick, and weighed, before being ground, 2,118 pounds.

712. First Herschelian telescope? Whatealled? Next? 712, Herachel’s for'y fect
relector? Size of Speculum? Weight? Tube? Lengthand Weight? 1low wmounted
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The tube is made of sheet iron riveted together, acd painted
within and without.

The length of the tube is 89 feet { !z shes, and its weight 8,260 pounds. Itis elevated
or lowered by tackles, attached to zi ong frame-work ; and the obscrver, who sits in @
chair at the upper end of the tube, and looks down into the reflector atthe bottom, is
raised and lowered with the instrument. Three persons are necessary .0 use this tele-
scope—one to observe, another to work the tube, and a third to note down the ebserva.
tions. A speaking tube runs from the observer to the house where the asssiants are at
work. DBy this telescope, the sixth and seventh satellites of Saturn were discoversi;
and it was the chief instrument used by its distingulshed owner, in making the oLserv..
tions and dlscoveries which have immortalized his name, and which have so abundantly
anriched and advanced the science of astronomy.

LORD ROSSK’S GREAT REFLECTING TELESCOPE.

/ e s
y A 7
i i
Il
/i

o L
e e
%,'v, ANNAN NIRRTl
el

714, This is the largest reflecting telescope ever constructed
The speculum, composed of copper and tin, weighed three tons as
it came from the mould, and lost about 4th of an inch in grinding,
It is 5% inches thick, and 6 feet in diameter. It was cast on
the 13th of April, 1842, and was cocled gradually in an oven for
16 weeks, to prevent its cracking, by a sudden or unequal redue
tion of the temperature. This speculum har a reflecting surface
of 4071 square inches. The tube is made of deal wood, one
inch thick, aud hooped with iron. Its d.ameter is seven feet,
and its length 56.

The entire weight of this telescope is twel7e tons. I:is mounted between two nort}
and south walls, 24 feet apart, 72 feet long, and 48 feet high. The lower end rests upon
an universal hinge. It can be lowered to the horizon, and raised to the geni‘h, and
owcred northward till it takes In the Pole Star.

Observer where? Usefulness?  714. Lcrd Rosse's telescope? Weight of gpeenlumf
Diameter ! Thickness? Cooling? Tube? Entire weight? How wounted? Wiat
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OBSRRVATORIES AND TELESCOPES IN THE UNITRD STATES.

THEIR TELESCOPES,
OBSERVATORIES, When Name of Focal Aperture of
procured. maker. lengih. obgect glass, Cost.
ft. In. inches,
fale College...... 1830 | Dollond. 10 — 5 $1,600
Wesleyan University. G }gg Lexl-eboulgs. 17 —_ oo 1,000
S ~, Holeomb. -| 10 = | reflector.
Williams College..covuiueen-nees { 1852 | A. Clark. (G 7
Hudson, Ohlo...... e Simmes, 5 6 4
Ptiladelphia.. Merz, 8 4 [ 1,000
West Point... Lerebours 8 — 6
Washington Merz, 15 8 96 6,000
Cineinnati. . (5 17 -— 12 9.437
Cambridge........ 5 22 6 15 19,842
Dartmouth College, ¢ 9 — 64
Qeorgetown .... Simma. 7 6 48 1,600
Erskine ...... Fitz. T — 56 1,050
Shclyyfeatites s o3 Merz. 10 4 5
Colambia (8 C.) College. Fitz, 8 4 64 1,200
Columbis (Mu).... ... % 5 — 4 225
Friends, Philadelphia 4 T = 5
Amherst College..... Clark. 8 6 (¢ 1,500
Michigan University.. Fitz, 17 — 12¢ 6,000
Dndley, Albany, N. Y. L 15 2 13 14,600
Hamilton College..........0s...| 1857 | Spencer. 16 -- 10,0001
J. Jackson, near Philadelphia. ..] 1846 —_— 8 4 63-10 1.833
Mr, Longstreet, Philadelphia....| ¢ Fitz, T — 900
8. G. Gummere, Burlington, N.J.| 1847 &8 5 — 4 425
R. Vanaisdale, Newark, N, J. 180 ¥ o~ . 28
- y e 37 IR 196] G 8 4 63 1,000
W. 8. Van Duzee, Buffalo, N, Y.. & £ 11 - 8} 2,220
W. 8. Dickle, Elkton, Ky. o & o 6 — 4% 800
D. Mosman, Bangor, Me, . % S (3 b — 4 225
J. Campbell, New York.........| 1852 o 10 — S 1,150
L. M. Rutherford, New York.... (3 92 L6 9 2.200
FOREIGN OBSERVATORIES—TIEIR LATITUDE AND LONGITUDE.
OBSZRVATORIES, Latitude. Longitude in Time,
~ h., m, [
Altona, ..iceieer cieiieeniniodea | 88 82 45 N. 0 389 46.2 K.
Armagh...... ..|] 54 21 127 N. 0 26 85.0 W
Berlin........ 52 80 16.7 N. 0 5 849 L
Brussels...... 5 51 10.T N, (V50 3 i ) ]‘:
Cambridge ....... .ol 52 12 518 N. | 0 o 235 K
Cspe of Good Hope. 83 56 3 8. 1 13 56.0 )
Copenhagen .... 4 85 40 B3 N. 0 5v 193 K
Dorpat ... . e i | AOT) 2 p AT 1. N, 1 46 5.6 K.
Dublin..... oo EECTRST - Ry N. QU ANET 2D w.
Edinburgh.. SRR BT 128,92 - N. 0 13 43.0 W,
QI tingedn.. o0 g oen0 ae oty s sRad 51 81 .471.9. N. 0 8 4.8 L
Greenwich.. Jee.| 85128 83.2 N, 0 0 00 !
Konigsberg . ol B4, 42 504 N. | 1 22 04 R
Munich..... 48 § 45 N. 0 45 254 E
8s 6 44 N. 0 5 2.3 K
48 5 13 N. (N
50 5 29.7 N. 2 B8R
41 53 b4 N. 0 49 M7 E
. 45 4 (] N. 0 8 454 L
......... 48 12 855 N. 1 & 86 E

699. Public observatoriesIn this conntry? TLargest telescope?  Tuble? Privew
sbeervatories—names? Telescopes—by whom mostly made? What other table?
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CHAPTER XX.

PROBLEMS AND TABLES.
PROBLEM L
TO CONVERT DEGREES, ETC., INTO TIME.

RuLe T—Divide the degrees by 15, for hours ; and multiply the
rwwmainder, if any, by 4, for minutes.

2. Diviae the odd minutes and seconds in the same manner by
15 for minutes, seconds, &c., and multiply each remainder by 4,
for the next lower denomination,

ExampLe 1.—Convert 32° 34’ 45" into time,

Thus, 82°+15=2h. 8§’
34 +15= 2 16’
45 +15= 3

Ans, 32° 34’ 45"=2h. 10’ 19"

ExampLe 2 —If it is 12 o’clock at this ‘place, what is the time
20° cast of us?

Thus fifteen in 20° once, and five over; the onrce is l'hour,
and the 5 multiplied by 4, gives 20 mmutes' the tlme is then
1 hour and 20 minutes past 12,

ExampLE 3.—The longtitude of Hartford is 72° 50" west of
Greenwich; what time is it at Greenwich when it is 12 o’clock at
Hartford? Ans. 4h. 51m. 20s.

ExampLE 4.—When it is 12 o’clock at Greenwich, what is the
time at Iartford? Ans. 7h. 8m. 40s,
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PROBLEM II.
TO CONVERT TIME INTO DEGREES, ETC.

Ruve.-—Multiply the hours by 15, and to the product add one
furth of the minutes, scconds, &c., obscrving that every minute
af time makes 1°, and every second of time 1.

F.4«avpie 1.—~In 2 hours, 10 minutes, and 19 scconds; how
w any degrees?

Thus; 2h, 10m. 19.
15
30°
Add 10 quarters, or } of the min. 2 30
Add 19 quarters, or { of the sec. 4 45"

Ans, 32° 34’ 45"

Ex. 2.—When it is 12 o’clock at Hartford, it is 4 hours, 51
minutes, and 20 seconds past noon at Greenwich; how many
degrecs is Hartford west of Greenwich ?

Thus: 15 times 4 is 60—added to 1 of 51, is 72° 45”, ane
this increased by 1 of 20, is 72° 50’. Ans.

Ex. 83.—A Liverpool packet, after sailing several days from
New York, finds the time by the Sun 2 hours and 40 minutes
later than by the ship’s chronometer : how far has the ship pro-
gressed on her way ¢

Ex. 4.—A vessel leaves Boston, and having been tossed about
in foul weather for some days, finds, that when it is 12 o’clock
by the Sun, it is only 11 o’clock and 50 minutes by the watch ;
is the vessel east or west of Boston; and how many degrees?

Ex. 5—The moment of greatest darkness, during the annular
selipse of 1831, took place at New Haven, 10 minutes after 1
n'clock. A gentleman reports that it happened precisely at 1
where he observed it; and another that it was 5 minutes aftee
t where he saw it; Query. How far cast or west were these
ﬁmt]en;en from eath other, and how many degrees from New

aven
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PROBLEM 111,

¥0 FIST WHAT STARS ARE ON THE MERIDIAN AT NINE 0'CLOCOK IB
THE EVENING OF ANY GIVEN DAY,

Ruse—Look for the given day of the month, at the bottom
of the maps, and all the stars having the same degree of rigit
gscensicn will be on the meridian at that time,

Exampre 1.—What stars will be on the meridian at 9 o’clock,
the 19th of January?

Solution.—On Map III. I find that the principal stars stand-
ing over against the 19th of January, are Rigel and Capella.

Ex. 2.—What stars are on the .xr.eridia.n the 20th of Decem-
ber? Ans. Menkar and Algol.

PROBLEM 1V,
ANY STAR BEING GIVEN, TO FIND WHEN IT CULMINATES,

Rure.—Find the star’s right ascension in the table, or by the
map (on the equinoctial), and the day of the month at the top
or bottom of the map will be the day on which it culminates at

9 o'clock.

Exampre 1.—At what time is the bright star Sirius o1 the
meridian ¢ '

Solution.—I find by the table, and by the map, that the right
ascension of Sirius is 6 hours and about 38 minutes; and the
time corresponding to this, at the tottom of the map is the 11th
ef February.

Ex. 2, —At what time is Alpheratz, in the head of Andromeda,
on the meridian? Ans. The 9th of November.
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PROBLEM Y.

THE RIGHT ASCENSION AND DECLINATION OF A PLANET LEING
GIVEN, TO FIND IT8 PLACE ON THE MAP,

Rure.—Find the right ascension and declination of the plane/
¢z the map, and that will bo its place for the given day.

Exampre 1.—Venus's right ascension on the 1st of January,
{38, was 21 hours, 30 minutes, and her declination 163° south ;
required her situation on the map ¢

Solution—On the right hand of the Plate II. I count off 16%°
{rown the equinoctial, on the marginal scale south, and from that
point, 30 minutes to the left or just half the distance between the
XXI. and XXII. meridian of right ascension, and find that
Venus, that day, is within two degrees of Delta Capricorni, nea:
the constellation Aquarius, in the zodiac.

Ex. 2.—Mars’ right ascension on the 13th of March, 1833, is
5 hours, 1 minute, and his declination 24%° north; required his
situation on the map ¢

Solution.—1I find the fifth hour line or meriaian of right ascen-
sion on Plate IIL., and counting upward from the equinoctial
24%° T find that Mars is between the horns of Taurus, and about
5° 8. W. of Beta Aurige.

Ex. 8.—Required the position of Jupiter and Saturn on the
13tk of February and the 25th of May?

PROBLEM VI,

TO FIND AT WHAT MOMENT ANY STAR WILL PASS THE MERIDIAN ON
: A GIVEN DAY.

Rure.—Subtract the right ascension of the Sun from the
star's right ascension, found in the tables: observing to add 24
hours to the star'’s right ascension, if less than the Sun’g, and
the difference will show how many hours the star culminates
after the Sun,
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ExamrLe 1.—At what time will Procyon pass the meridian om
the 24th of February ?
Solution~—R. A. of Procyon, 7Th. 30m. 33s.+ 24h.

&1.¢.30"% 7387
R. A. of Sun, 24th Feb. 290G Al
Ans. 9 1 232

That is 1m. 82s. past 9 o'clock in the evening.

Ex, 2.—At what time will Denebola pass the meridian on the
first of April?
Solution.—R. A. of Denebola is 11h. 40" 32"
R. A. of Sun, April 1, 0 41 25
Auns. 10, 59 1
That is, at 59 minutes, 7 seconds, past 10 in the evening.

Ex. 3.—At what time on the first day of each month, fron
January to July, will Alcyone, or the Pleiades, pass the meri-
dian ?

Ex. 4.—At what time will the Dog-Star, or Sirius, culminate
on the first day of January, February, and March %

Ex.'5.—How much earlier will Spica Virginis pass the mer
dian on the 4th of July, than on the 15th of May %
4 | Ans. 3 hours, 25 minutes.

PROBLEM VII.

TO FIND THE SUN’S LONGITUDE OR PLACE IN THE ECLIPTIC, ON ANY
GIVEN DAY.

Rure—On the lower scale, at the bottom of the Planisphere
(Map VIIL) look for the given day of the month; then the sign
and degree corresponding to it on the scale immediately above it
will show the Sun’s place in the ecliptic. .

ExamprLE 1.—Required the Sun’s longitude, or piace in the
ecliptic, the 16th of September. -

Solution~—Over the given day of the month, September 16th,
stands 5 signs and 23 degrees, nearly, which is the Sun’s place in
-the ecliptic at noon on that day ' that is, the Sun is about 28
degroes in the sign Virgo.
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H.B -If the 5 signs be multiplied by 80, and the 28 degrees be a.lded to it, it will ghve
"te longitnde in degrees, 178.

1x. 2.—Required the Sun’s place in the ecliptic at noon, or
the 10th of March.

PROBLEM VIIL

¢IVEN THE BUN’S LONGITUDE, OR PLACE IN THE ECLIPTIC, TO FIND HIS
RIGHT ASCENSION AND DECLINATION,

Rure.—Find the Sun’s place in the ecliptic (the curved lice
#hich runs through the body of the planisphere), and with a
pair of compasses take the nearest distance between it and the
nearest meridian, or hour circle, which being applied to the gra-
duated scales at the top or bottom of the planisphere (measur-
ing from the same hour circle), will show the Sun’s right ascen-
sion. Then take the shortest distance between the Sun’s place
in the ecliptic and the nearest part of the equinoctial, and apply
it to either the eust or west marginal scales, and it will give the
Sun’s declination. ;

ExaupLe 1.—The Sun’s longitude, September 16th, 1833, is
b signs, 23 degrees, nearly ; required his right ascension, and
declination.

Solution—The distance between the Sun’s place in the eclip-
tic and the nearest hour circle being taken in the compasses, and
applied to either the top or bottom graduated scales, shows the
right ascension to be about 11 hours 35 minutes ; and the dis-
tance between the Sun’s place in the ecliptic, and the nearest
part of the equinoctial, being applied to either the east or west
marginal scales, shows the declination to be about 2 45’, which
is to be called north, because the Sun is to the northward of
the equinoctial ; hence the Sun’s right ascension, on the given
day, at noun, is about 11 hours 35 minutes, and his declination
2° 45’ N, S

Ex. 2.—The Sun’s longitude, March 10th, 1833, is 11 signs,
19 degrees, nearly ; required his right ascension and declins
sior. 7

Ans. R. A. 23h. 21m. Decl. 4° 11’ nearly.

PROBLEM IX.
PO FIND THE RIGHT ASCENSION OF THE MERIDIAN AT ANY &IVEN TIME

Rere.—Find the Sun’s place in the ecliptic by Probiem 1X,,
and his right ascension by Problem X., to the eastward of -
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which count off the given time from noon, and it will show the
right ascension of the meridian, or mid-heaven.

Exanrre 1.—Required the right ascension of the meridian &
hours, 25 minutes past noon, September 16th, 1833 7

Solution—By Problems IX. and X., the Sun’s right ascen.
sion at noon of the given day, is 11 hours 35 minutes ; to the
eastward of which, 9 hours and 25 minutes (the given time)
being counted off, shows the right ascension of the meridian te
be about 21 hours. :

Ex. 2—Required the right ascension of the meridian at @
hours past noon, March 10th, 1833 ?

Solution.—By Problems IX. and X., the Sun’s right ascension
at noon of the given day, is 23 hours and 21 minutes ; to the
eastward of which, the given time, 6 hours, being counted off,
shows the right ascension of the meridian to be about 5 hours,
21 minutes.

Renirk.—In this example, it inay be necessary to observe, that where the eastern, o
eft-hand extremity of the planlsphere leaves off, the western, or right-hand extremity
oegins ; therefore, in counting off the given time on the top or bottom graduated scales,
the reckoning is to be transferred from the left, and completed on the right, as if the two
outside edges of the planisphere were joined together.

PROBLEM X.

Y0 FIND WHAT STARS WILL BE ON OR NEAR THE MERIDIAN, AT ANY
GIVEN TIME,

RuLs.—Find the right ascension of the meridian by Problem
XI., over which lay a ruler, and draw a peneil line along its
edge from the top to the bottom of the planisphere, and it will
show all the stars that are on or near the meridian.

ExampLe 1.—Required what stars will be on or near tho
meridian at 9 hours, 25 minutes past noon, Sept. 16th, 1833 ?

Solution.—The right ascension of the meridian by Probiecm
XT. is 21 hours : this hour circle, or the line which passes up
and down through the planisphere, shows that no star will be
directly on the meridian at the given time ; but that Alderamin
will be a little to the east, and Deneb Cygni a little to the west
of it ; also Zeta Cygni, and Gamma and Alpha in the Little
Horse, very near it on the east.

PROBLEM XI.
TO FIND THE EARTH'S MEAN DISTANCE FROM THE SUN

RuLe.—As the Sun’s horizontal parallax is to radius, so i
the s¢mi-diameter of the Barth to its distance from the Suan.
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By Logarithms.—As tangent of the Sun's horizontal parallax
Is to radius, so is the Barth’s semi-diameter to her mean distance
from the Sun.
875776 206264°.8 : : 8962 : 95,273,869 miles.

By Logarithms.
As tangent of the Sun’s horizontal parallax, 8'.5776= 5.6189407
Is to radius, or 90°, =10-0000000
80 is the Earth’s semi-diameter, 3962= 8.5979143
To the Earth’s distance, 95,278,869= 7.9789788

PROBLEM XII.

PO FIND THE DISTANCE OF ANY PLANET FROM THE SUN, THAT OF THH
EARTH BEING KNOWN.

Rure.—Divide the square of the planet’s sidereal revolution
round the Sun, by the square of the Earth’s sidereal revolution,
and multiply the cube root of the quotient by the Earth’s mean
distance from the Sun.

By Logarithms.—From twice the logarithm of the planet’s
sidereal revolution, subtract twice the logarithm of the Earth’s
sidereal revolution, and to one-third of the remainder, add the
logarithm of the Earth’s mean distance from the Sun. '

ExaMPLE.—Requlred Mercury’s mean distance from the Sun, that of the Earth being
95,273,869 miles.

Mercury’s sidereal revolution is 87.969258 days, or 7600543°.8912: the Earth’s sidereal
ravolution is 865.256874417 days, or 3 -
81558151°.5 7600543.9
815581515 7600543.9

995916962096952.25 by which divide 57768267575827.21
and the quotient will be 0.052005106713292, the cube root of which is 0.8870977, and this
multiplied by 94,881,891, gives 86,727,607 miles, for Mercury’s distance from the Sun.
This problem may be performed by logarithms in as many menules as the former wethod
requires hours.

Mercury's Sid. Rev. T6005438°.9 log.=6.8808447 x 3 18.7616394
Earth’s 8id. Rev. 81558151". log.=T7.4991802x 2 14.9952604
35)—2.7634290

1.5878097

Add log. of the Earth’s mean distance, 7.9189788
Mercury’s distance, 86,880,422, Ans, 7.5667883

If the pupil have not already learned the nse of logarithms, this problem will satisfy
him of their unspeakable advantage over all other modes of computation. By reviewing
the above calculation, he will perceive that instead of multyplying 81558151'.5 by itself,
he need only multiply its logarithms by #200 / and instead of extracting the cube root of
0.058006106718292, he need only divide its logarithm by thres/ and instead of multiply-
ing 0.8870977, by 95,273,869, be need only add their logarithms together. He need net -
think himself a dull scholar, if by the former method he come to the true result in fiee
dours; ner remarkably quick, if by the latter he come to it in five minutes.

PROBLEM XIIL
TO FIND THE HOURLY MOTION OF A PLANET IN ITS ORBIT.
Rure.-~-Multiply the planet’s mean distance from the Sun by
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0.2831853, and divide the product by the time of the planet's
gidereal revolution, expressed in hours, and the decimals of an
our,

By Logarithms.—Add 0.7981799 to the logarithm of the
planet’s mean distance from the Sun, and from the sum subtract
the logarithm of the planet’s revolution expressed in hours.

Exaxrre.—Required the Earth’s hourly motion in 1ts orbit.

Log. of Earth's distance=7.9780738+0.7981799= 8.7T71887
Subtract log. of Earth’s revolution 8.9428090
Gives Earth’s horary motion, 68,288 miles, 4.8843447

PROBLEM XIV,
TO FIND THE HBOURLY MOTION OF A PLANET ON IT8 AXIS.

RuvLe.—Multiply the diameter of the given planet by 8.14159,
and divide the product by the period of its diurnal rotation.

By Logarithms—Add 4.0534524 to the logarithm of the
planet’s diameter, and from the sum subtract the logarithm of
its diurnal rotation, expressed in seconds.

-Earth's diameter, 7924 log. = 8.8989443
Add log. of 8600 +1og. of 8.14159 = 4.0584524

] 7.9528969
Bubtract log. dfurnal rotation, 28h, 56° 4°.09 = 4.9858268
Ans. 1040.09 miles = 8.0170706

PROBLEM XV,
TO FIND THE RELATIVE MAGNITUDE OF THE PLANETS,

Rure.—Divide the cube of the diameter of the larger planet
by the cube of the diameter of the less,

By Logarithms.—From three times the logarithm of the
larger, subtract three times the logarithm of the less.

ExinpLE.—How much does the size of the Earth exceed that of the Moon ?

Earth’s dlameter, 7912 log. 8.8982868 x 8= 11.6948589
Moon's dlameter, 2160 log. 8.8343876 x 8= 10.0080128
The Earth exceeds the Moon, 49.1865 times. Ans. 1.6918461

In this example, 7912 miles 1z assumed as the mean between the Earth’s equatorial
and polar diameter ; the former being 7924, and the latter 7898 miles.

PROBLEM XVI.

1O FIND THE PROPORTION OF SOLAR LIGHT AND HEAT AT EACH OF
THE PLANETS.

RuLe.—Divide the square of the planet’s greater distance
from the Sun, by the square of the less.—Or, subtract twice the
logarithm of the greater distance from twice the logarithm of
the less. ’ ,
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ExaurLe.—How much greater is the Sun’s light and heat at
Mercury, than at the Earth ?

Log. of Earth’s distance 7.9789738 x 2=15.9579476
¢ of Mercury’s 7.5667959 x 2=15.1835918
Ans. 6.6786 times greater= 0.8243558

PROBLEM XVII.
TO FIND THE CIRCUMFERENCE OF THE PLANETS.

Rore.—Multiply the diameter of the planet by 3.14159, or,
wdd the logarithm of the planet’s diameter to 0.4971499.

PROBL.EM XVIII.
TO FIND THE CIRCUMFERENCE OF THE PLANETARY ORBITS.

Rure.—Maultiply the planet’s mean distance from the Sun by
¢.2831853 ; or, to the logarithm of the planet’s mean distance,
add 0.7981799, and the sum will be the logarithm of the answer.

PROBLEM XIX,

TO FIND IN WHAT TIME ANY OF THE PLANETS WOULD FALL TO THE
SUN, IF LEFT TO THE FORCE OF GRAVITATION ALONE,

KurLe.—Maultiply the time of the planet’s sidereal revolution
py 0.176776 ; the result will be the answer.

By Logarithms.—From the logarithm of the planet’s sidereal
revoluuion, subtract 0.7525750, and the remainder will be the
logarithim of the answer, in the same denomination as the side-
real revolution,

Required the times, respectively, in which the several planets would fall to the Sun oy
the force o1 gravity.

Planets would fall to the Sun. Days. H. M. 8. Logarithms.
Mercury, 15 18 18 16 6.12826586
Venus, 89 17 19 22 6.5855424
Earth, 64 18 8 55 6.7465357
Mars, 121 10 36 8 7.0208817
Jupiter, 265 21 83 85 7.82065849
Saturn, 1901 23 24 4 8.2167186
Herschel, 6424 16 H3 1 8.670!
Moon to the Karth, 4 19 64 BT 5.




EXPLANATIONS AND PROBLEMS

ADAPTED TO

WHITALL'S PLANISPHERE,

TO MAKE THE LARGE MAPS MORE USEIUL.

Tm1s isa movable Planisphere, invented and copyrighted by Henry
Whitall, and for sale by the publishers of Burritt’'s GEOGRAPHY OF
TiE HEAVENS. The stars visible are altogether on one map, over which
moves a horizon, centred on the North Pole, the circumference
divided into 24 hours, each hour into 60 parts, for every minute in
the day, which moves over the 365 days, so that when stopped at any
day we can read over each day the mean clock time that all those
stars in the horizon will each occupy that position, and also read
over the Arrow, near March 22d, the sidereal clock time (page
828, art. 707) and right ascension (page 13,art. 18) of the mid-heavens,
for every one of the 365 days. The Terrestrial Globe is nearly true;
we stand where we are, and look around us as we do, and its diur-
nal motion nearly correct. The Celestial Globe nearly false ; we imag-
ine we stand where nobody can get, and its diurnal motion nearly the
reverse of truth, and must be rectified for every day used. The mov-
able Planisphere nearly true; we stand where we are, and lok at the
sky nearly as it is, and its diurnal motion nearly correct. The
Celestial Globe costs $23, with no explanation. The Planisphere,
of two kinds, one painted like the globe, sold for §3, the other,
stars white, on a black ground, sold for $3, both make a set, sent by
mail on receipt-of $6, with 99 rules and explanations.

PROBLEMS FOR WHITALL’S PLANISPHERE.

If we look directly overhead at 10 o’clock, on the 10th of November,
(page 18). Bring 10 o’clock, evening, to Noy. 10th. Inthe Zenith find An-
drom’e-da, at her feet find her husband, on his knee ; on her right her
mother ; and just behind her find lLer father, King of Ethiopia,—the
royal family, not separated on three different maps, which I never
could patch together on the sky, but altogether on one map, with
all the other Stars and Constellations, each in its proper position in
connection with the whole ; and move it to any minute at pleasure.

PERSEUS ET CAPUT MEDUSZAE (page 35-37), is on three large maps,
his head on the circumpolar, his body on one.and Caput Meduse on
another map ; lock them up and find theimn all together on the painted
Planisphere. Any minute we wish to look for him found on the cir-
cumference of the movable horizon, and brought to the day of the
month, found on the circumference of the Planisphere, inside the
horizon always see his position, as he never wholly sets in our lati-
tude, An-drom’e-da is the only one of tha voyal family that sets,
Turn the horizon all around to show tlre ckreurnpolar constellations,
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THE DAY OF THE MONTH, THE HOUR AND MINUTE BEING GIVEN, TO
FIND THE STARS RISING, SETTING, ON THE MERIDIAN, OR IN ANY
PART OF THE FIRMAMENT.

Bring the given hour and minute on the circumference of the
movable horizon, to the given day of the montl: on the Plan-
isphere; hold the Zenith overhead, with South horizon toward
the South, North toward the North, East toward the East, West
toward the West. On the Planisphere read the names of the
Constellations and chief stars, each in its proper position,—the stars
rising in the East, those setting in the West horizon ; by which sim-
ple arrangement can be seen the stars in any part of the sky, at all
times sufficiently accurate for most practical purposes.

What Constellations will be on the Meridian Feb. 10th, 8 o’clock,
evening ? Ans. Dove, Ilare, Orion, Cam’el-o-pard, Little Bear, and
Dragon, and Wagoner in the Zenith.

Study each one carefully, in this largest and best description ever
published. Find each on the large maps 8 and 6, then on the painted
Planisphere, then on the Black one that looks natural, then set it, and
find them on the sky.

TO LOCATE TELESCOPIC OBJECTS FOUND AT THE END OF EACH CON-
STELLATION.

Bring the hour and minute of R.A., found on the circumference of
the movable horizon, to the arrow at March 22nd, outside. Under the
Dec. on the Meridian, find the place of the * Telescopic Object.”

GREAT NEBULA OF ORION.—(Page 45. 11), R.A,, 5h. 27Tm, 25s.;
Dec. 85°.30. To locate it on the Planisphere. To find it rising,
bring the East 6° South horizon to the sword of Orion; at any day on
the circumference of the Planisphere read the hour and minute on
the circumference of the movable horizon, it will rise at 9 o’clock
the first of November, read midnight at 16th of September, or 8
o’clock, evening, Nov. 16th.

A GorGEoUs CLUSTER.—(Page 387.8). R. A, 2h. 8m. 58s;
Dec. N. 56° 24’ 4, to find when it will culminate south, or come to
the meridian. Bring the place found on the Planisphere to the
meridian, at 11 o’clock, evening, see the 6th of November, or at any
other day, read the minute. Turn the horizon all around, see it
never sets. Look at it through a $50 telescope, and see the stars as
thick as beard on my face. Sk

A BINARY STAR.—(Page 126. 7), R.A., 20h. 59m.43s ; Dec. N. 87° 58/,
to find it on the Planisphere, and to tell when it will set. Bring 21
hours sidereal clock time marked on the circumference of the mova.ible
horizon to the arrow, near March 22, under the Dec., see 61 Cyg‘m, at
any day outside, read the minute, it will be on the meridian. To tell
when it will set, turn the horizon until it meets near the N._ VV.‘ b. N.
point of the compass, at each day outside, read the minute, it will set
9 o’clock, Jan. 31st, or midnight, Dec. 16th.

TO FIND WHEN THE SUN WILL RISE OR SET ANY DAY.

Bring Eastern horizon for rising or Western horizon for setting to
any day marked on the Ecliptic, at the same day outside, see the min-
ute it will take place.
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WHEN AND WHERE CAN MERCURY BE SEEN ?

Only at or near its greatest elongation. Find in the Almanac the
degrees of gr. elong. Find the same day on the Ecliptic, from which
count the number of degrees east, if evening star, or west, if morning
star. When gr. elong. east takes place in March, April, or May, it-
may be seen soon after sunset. When the gr. elong. west is in
August or September, look for it before sunrise, sometimes a week
before it takes place.

“March 18th, 1873, Mercury gr. elong. E. 18° 37',” will be found
16° Pis’'ces, about 20° high at sunset, most favorably situated to see as
evening star in 1873.

VIA LACTEA—TO FIND THE COURSE AND POSITION OF THE MILKY-
WAY AT ANY GIVEN TIME—P. 141,

Bring the given minute found on the circumference of the movable
horizon to the given day on the circumference of the Planisphere.
The points of the horizon and the graduated meridian over the Milky-
‘Way will show its course and position.

What is the position of the Milky-Way 14m. past 9 o'clock, evening,
Jan. 1st? Ans. From S.E. in Zenith, to N.W, What is the course
and position of the Milky-Way at 10 o’clock, evening, Sept. 6th ¢
Ang. From N.E,, in Zenith,to S'W. What is the position of the
Milky-Way 8h. 21m,, evening, Nov. 25th ? Ans. From East, in 60°
North Declination to West horizon. What is the position of the
Milky-Way at 10 o’clock, on the 2nd of May ? Ans. So near the
East, West, and North horizon as not to be seen.

TO FIND WHEN THE DOG STAR WILL RISE WITH THE SUN.

Bring the E.S E. near the centre of the star, and near where the
E.N.E. meets the ecliptic see the day the sun will be rising with the
star. (Page 60.)

TO FIND THE ACHRONICAL RISING OR SETTING OF A STAR. -

Bring the Eastern horizon to the star for Achronical rising; where
the western horizon meets the ecliptic find the day; at the same day,
outside, read the hour and minute of Achronical rising. Bring the
star to the western horizon, where the eastern horizon meets the ec-
liptic find the day, and at the same day, outside, read the minute of
Achronical setting of the star. .

HY'DRA (the Water Serpent). By the painted Planisphere, bring
his nose setting in the west, while his tail will not yet be up to the
meridian., It is 64 hours crossing the meridian. Look at any day out-
side, and see the hour and minute that will be the position of the stars
on the sky. When learned, bring any minute to any day desired. The
student may easily trace it out, as given (page 71-73). Next, the
CROW : «, 3,y, 6 form a large conspicuous trapezium. Look them
up on the black Planisphere and sky.

UR'SA MA'JOR (the Great Bear—p.73). Suppose we wish to look him
up on the 4th of July,9 o’clock ; wethen bring 9 o’clock on the mov.
able horizon to July 4th on the Planisphere. Ursa Major will be seen
half way between the northwest and zenith, running toward the north:
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west, with his tail up.. Running down hill, the handle of the Dipper
toward the zenith. By the middle of August he will have made a very
great change. Bring 9 o’clock to the 15th of August; see the paws a
little above, and nearly parallel to the northwestern horizon. On
Christmas night, he will appear reversed. Bring 9 o’clock evening to
December 25th, and find the paws not parallel, but nearly perpendic-
ular to the horizon, The Bear not running down, but up, while the
handle of the Dipper will not be up, but down. Bring 9 o’clock even-
ing to the 15th of April, and find his hind paws nearly overhead.
UR'SA MI'NOR (¢he Littlea Bear—p. 96). « Polaris, or North Pole Star,
in the end of the Little Bear’s tail, is 1° 22’ 4” from the Pole (or centre
of the rivet) toward Cassiopeia. In the foreshoulder find 6,  ; near
his hind quarter find £, 7: the last four make the bowl of the Little
Dipper ; &, 8, @ in the handle make the Butcher's Little (leaver, Little
Ladle, Little Frying-Pan, etc. The Pointers point out the Pole Star.
Between it and the tail of the Great Bear will always be the Little
Dipper. The Pole Star, §, «, y beautifully mark out the first meri-
dian, the line from which Right Ascension begins. Look them up.

AMONG ALL THE STARS VISIBLE ON A CLEAR EVENING, WHICH IS
VENTUS, JUPITER, OR ANY OTHER PLANET.

Find in the almanac the time the given planet will rise, south, or set,
which time also find on the circumference of the movable horizon, and
bring it to the same day found on the circumference of the Planis-
phere. If rising, look for the planet’s place where the eastern horizon
meets the ecliptic ; if southing, where the meridian meets the ecliptic;
but if sefting, where the western horizon meets the ecliptic.

““ Jan, 4th, 1873, Venus sets 8h. 9m. A.” (afternoon), and will be found
25° in Cap-ri-corn’us about 35° high at sunset, 41° east of the sun.

“ March 10th, 1873, Mars rises 10h. 25m. A.,” and will be found 13°
in Li'bra. “March 21st, Mars stationary ; June 6th, Mars stationary ;
June 7th, Mars sets 1h. 59m. M.” (morning), and will be 27° in Virgo,
having had a retrograde or a westerly motion among the star of 16°.

“Jan. 12th, 1878, Jupiter rises 7h. 58m. A.”” and will be found 30°
in Can’cer, not far from Reg'u-lus.

“ May 20th, 1873, Saturn rises 11h. 38m. A.,” and will be found 8"
in Cap-ri-corn'us.

TO FIND THE TIME TWILIGHT WILL BEGIN OR END FOR ANY GIVEN
DAY IN THE YEAR.

Bring the twilight line to the given day on the ecliptic; at the same
day, outside, read the minute it will begin or end. Read pages 297-301.

EQUATION OF TIME.—Find on the Planisphere the equator
divided into 360°. The ecliptic, with two graduations, twelve signs,
30° each, and 365 days. Bring the meridian to 30° on the equi-
noctical mean clock-time. Behold, it does not meet 30° on the ecliptic,
the sun’s time—showing sun and clock do not agree. One must be
fast, the other slow ; look along the ecliptic, find March, April, and May,
and does it not look as if the sun was slow ? as if it has not come to
the meridian ? See the line of the sun from the Vernal Equinox to the
summer solstice, on p. 201, “ The sun in the ecliptic comes to the



348 ADAPTED TO WHITALL’S PLANISPHERE.

meridian before the equinoctical sun.” For fifteen years I worried
over that, ofttimes getting the headache, but never could understand
how it was, nor did I meet with any one who could tell me, until by
the Planisphere see the sun rises in the East, comes on to the meri-
dian, and being that far passed toward the west he must be that much
fast. Well, how fast ? Note the time and bring the meridian to the 30° on
the ecliptic, and count about eight minutes fast, then look at the 80°,
find April 20th, showing the equation of time when the abliguity of the
ecliptic only is considered.

Now let us consider the equation of time when the unequal motion of
the earth in its orbit only is considered.

Find on the Planisphere the ecliptic; lay a piece of paper along
it, making a mark at July 1st, another at July 10th, another at
July 20th, another at July 31st; lay the mark made at July 1st
on Jan. 1st, and make another mark at Jan. 10, another at Jan.
20th, another at Jan. 81, and see how very nearly the motion in
January will compare with 1 in Fig. RApivs VECTOR, page 267, and 7
to the July motion. This Figure, adopted by astronomers, seems in
error. To get the truth bring the meridian to July 1st ; note the degree
onthe equinoctial. Bring the meridian to July 31 on the ecliptic, and
count on the equinoctial about 30° for the motion of the sun in July.
Try the same for January,and find about 82° for the motion of the sun
in right ascension in one month and with the Planisphere so compare
any other month. At the arrow. by March 22d, outside, read the
sidereal clock-time or R. A. in hours and minutes.

Having explained each caunse of the equation of time separately, it is
now our pleasure to combine both the causes and show the sun fast or
slow for any given day. .

By the Planisphere, bring the meridian to any day on the ecliptic,
{the sun’s place among the stars at mean noon), at the same day on the
circumference of the Planispliere read the mean clock-time on the cir-
tumference of the movable horizon. If before noon, the sun is fast,
if after noon, slow. Is the sun fast or slow April 14th? Ans. No,
neither. At what time does the sun come to the meridian, November
1st.? Ans. 11h. 44m., or 16m. before noon, fast. When will the sun
south January 31st.? Ans. 12h. 14m,

Page 205, Art. 407. Nine nautical stars can all be found on the
painted Planisphere, and by turning the horizon find when either will
rise, south, or set, or its altitude at any moment desired. The painted
Planisphere is colored like the globe, and, when set, will show the sky
as seen for 865 days, while the globe must be rectified for each one of
the 865 days. The Globe sells for $25. Send to the publishers and
get the Planisphere for $3. They have a black Planisphere, stars
white on a black ground, to look natural, like the sky, also sold for $3.
The two make a complete set, sent by mail on the receipt of $6.
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