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PREFACE

For delays in the production of this volume, which has extended over
rather more than a decade, the editor takes full responsibility. Its prepara-
tion has required more than the straightforward commissioning and
writing of the contents, difficult as these tasks can be: a collective effort
of this kind rather resembles a conference in permanent session, except
that it never meets. Many of the contributors have been good enough to
peruse each other’s work, and all have patiently put up with some revision.
They should be thanked in this place, as also should Mrs Wendy Block
and Mrs Pauline Kemp, formerly of the Arts Faculty office in the Uni-
versity of Southampton, who typed or retyped a large proportion of the
chapters. Other personal acknowledgements, as inadequate as these, are
made in the footnotes as they arise.

In accordance with the practice of the series, all dates are given in New
Style—ten days, from 1700 eleven days, later than Old Style—unless
otherwise indicated by the letters O.S. In either case the year begins on
I January. The styles peculiar to Sweden and Russia have been ignored.

The spelling of East European place-names has presented some diffi-
culty, since frontiers were changing rapidly at the time and many territories
have since developed a national status of their own. No rigorous con-
sistency can be claimed for this volume. While we have usually chosen
the forms most familiar in English-speaking countries, it has sometimes
seemed courteous, as well as more realistic, to respect local spellings. To
retain ‘Thorn’ for the Polish ‘Torunt’, for example, must now appear
plainly unhistorical to anyone who has been there, not least if he is a
student of the Teutonic Knights. In a work like this the opportunity must
surely be taken to accustom western readers to absorb a modicum of East
European terms in general, even if we are not yet ready to do the same for
the whole wide world, of which this series was never intended to be the
history. Where any ambiguity might arise in such cases, two forms are
given on first mention.

Unless otherwise stated, places of publication are London and Paris
respectively for book titles in English and French cited in footnotes.

J.S.B.
July 1969
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CHAPTER I
INTRODUCTION

and to some extent in its predecessor,! has elastic chronological

boundaries and no such recognizable identity as may be claimed for
agesof reformation or revolution, though it contained features of both. Nor
does a single figure bestride it. The conventional description which fixes
on the decline of France is at best a half-truth, and then only for the West.
Even in characterizing ‘The Age of Louis XIV’ from 1661, the editors of
the ‘old’ C.M.H. were aware of ‘the long, and seemingly remote, history
of the Ottoman Power in Europe’ as a main determinant of a period which
lacked ‘the organic unity which belongs to our Napoleon volume’; and as
soon as this ‘question of life and death’ had been settled at Carlowitz in
1699, ‘a large division of the canvas is filled by the great Swedish or
“Northern” War’,? formally closed at Nystad in 1721, six years after the
Roi Soleil had gone to his grave but more than three before Peter, the
great tsar, was to follow him.

If we consider the political geography of these years (ch. v), it is the
changing map of eastern Europe which impresses us first. By 1716 Sweden
was stripped of her trans-Baltic provinces, the basis of her great-power
position (ch. xx(1)), with a commerce and revenues that had long been her
answer to Danish control of the Sound and Dutch domination of the
trade which passed through it.? Sweden’s loss was chiefly to the advantage
of Russia, which staked out claims also in the direction of the Black Sea
and the Caspian and was able for a time to station troops in Denmark and
Poland, to send caravans to Peking and work up feeling against Islam in
the Balkans. There, the Peace of Passarowitz in 1718 added Transylvania
and Little Wallachia, with much of Serbia and Bosnia, to the war-
trodden wastes of Hungary acquired by the House of Habsburg at
Carlowitz. Some of these developments, it is true, proved ephemeral. The
Turks were to recover Belgrade, the key to their position in Europe, and
over half a century was to pass before the Russians occupied the Crimea;
Tsar Peter’s ignominious surrender to Turkish forces on the river Pruth in
1711 was as great a sensation as had been his destruction of King Charles
XII’s brilliant expeditionary force at Poltava and Perevolochna in 1709.

THE phase of European experience studied in the present volumé,

! See Preface to vol. v, p. v. Below it has been judged useful to carry the surveys of
science, music and Ottoman affairs well into the eighteenth century.

? The Cambridge Modern History, vol. v (1908), ed. A. W. Ward, G. W. Prothero and
Stanley Leathes, Preface, pp. v—vii.

®# For the larger perspective sce Folke Lindberg, ‘La Baltique et lhistoriographie
scandinave’, Annales (Economies, Sociétés, Civilisations), 16° année (1961), 425-40.
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But ‘the Turkish menace’ was a thing of the past and ‘the Eastern
Question’ had been noisily announced. Several features it had in this
period, however, which were not to concern the future. Carlowitz ended
the last war which had at least begun, with the Holy League of 1684, as a
crusade. In effect, it also marked the end of a persistent Polish interest in
the Rumanian principalities of Moldavia and Wallachia, although the
Polish hold on neighbouring Podolia was now restored. Passarowitz like-
wise put a term to Venetian ambitions in the Aegean: they had seemed to
threaten Constantinople itself when the republic stood in possession of the
Morea for a generation. During the interval between these histeric
settlements the viking Charles XII, who dreamed of attracting Otto-
man and Persian trade to a Swedish Baltic and who for five years estab-
lished his own nominee on the Polish throne, was to scheme in vain for a
vast combination of Swede and Turk, Pole and Cossack, against the
victor of Poltava.

Charles’s fertile imagination, especially in exile on Turkish soil, drew
together the strands of Baltic and Levantine affairs, but he was not the only
ruler capable of conceiving an eastern Europe utterly different from that
which took shape in this period. Frederick Augustus of Saxony, soon
after his controversial election to the Polish throne in 1697, entertained
the vision of a trading power which would extend from Riga to the
Caspian, as well as of a territorial link between Poland and Saxony along
the middle Oder—a link which Brandenburg seemed willing to encourage
in return for concessions in the Vistula delta. It was a Saxon thrust into
Swedish Livonia, as much as Danish pretensions to Sleswig-Holstein,
which opened two decades of war in the North and drew the Swedes into
the Penelope’s web of Polish politics (ch. xx(2)). The Polish-Saxon Union
turned out to be disastrous to the strengthening of central government in
Warsaw because it led to foreign intervention, invited by dissident noble-
men who feared for historic liberties or by Augustus II himself, whose best
intentions were suspect of absolutism and compromised by the behaviour
of his Saxon troops. Yet Charles XII's determination to break that Union
at any price—thus involving the Polish-Lithuanian Commonwealth in his
own ruin'—should warn us not to read its history backwards. Like
Sweden’s own bid to retain domination of the eastern Baltic, and indeed to
extend it to the Arctic, the potentialities of the Polish-Saxon Union were a
major issue of the Great Northern War, which can only be understood in
the light of these contemporary options and not simply as a stage in the

! Paradoxically, nevertheless, in resolving to fill the throne with a Polish subject, Charles
was anticipating one of J.-J. Rousseau’s principal recommendations for the preservation of
the Commonwealth’s independence. Rousseau’s Considérations sur le gouvernement de la
Pologne, though written in 1772 with conscious modesty, remains a remarkable diagnosis of
the strength and weaknesses of this unique nation, whose spiritual vitality and originality he
recognized. Since the tendency of historians has been to underline its factiousness, it is
interesting that Rousseau saw the constitutional resort to spontaneous confederation as
‘a political masterpiece’.
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expansion of Muscovy. Although Peter was to enjoy Russia’s familiar
privilege of tertius gaudens in the end, at least as arbiter in Polish and
Lithuanian party conflicts, the first twenty years of his reign must be seen
as a struggle for survival (ch. xx1). The Dnieper frontier itself had been
settled as recently as 1686; and even this ‘perpetual peace’, with its
provision for a tsarist protectorate of the Orthodox religion in Poland,
could not be taken in Moscow as permanent proof against Polish irreden-
tism in the Ukraine.

Muscovy’s humble value in Western eyes in 1689 was repeatedly con-
firmed at the hand of Sweden’s young warrior-king until Poltava dramati-
cally resurrected the anti-Swedish coalition of 1698-9 and restored
Augustus II to the Polish throne. The tsar had still to survive his humilia-
tion on the Pruth, and his most drastic administrative reforms, till then
subsidiary to the Swedish conflict, belong to his last decade; but by the
time of Charles XII’s return to Sweden, in 1715, the ‘maritime powers’ of
Britain and the Netherlands, with a western balance of power only just
attained, were uneasily aware of the need to contain ‘a kind of northern
Turk’ (p. 735), who threatened to turn the Baltic into a Russian lake,
much as the Ottomans regarded the Black Sea as their mare clausum.
When Peter first visited the West in 1697, he came to acquire its tech-
nology; in 1717 he returned as a conqueror and reformer, the greatest
ruler of the age. At the Russian celebration of the Peace of Nystad he was
congratulated on joining his newly created Empire to the comity of
political nations. East and West remained indeed far apart in understand-
ing: for all his realism, Peter had some of the pride of his Orthodox
churchmen (whose dislike of westernizing policies rivalled that of their
Ottoman counterparts, the ulema) and he may have intended Holy Russia
to turn her back on the West after several decades of apprenticeship. But
when he died, in 17235, the chancelleries of the West were amply represented
at his handsome new capital of St Petersburg, with its German architects
and Dutch printing-presses (ch. xxi).

It had not been Russian friendship, however, but rather Sweden’s and
Denmark’s, or at least the use of their troops, that the western powers
competed for in their own protracted wars of 168897 and 1701-14
(ch. vit and xm). For the British and the Dutch, the perseverance of
distrust between the Northern Crowns was a tiresome irrelevance. Stock-
holm was nervous of Danish irredentism in Scania, while Copenhagen
feared Swedish pressure through the duchy of Holstein-Gottorp, whose
lands and fortification rights mingled confusedly with those of Denmark in
Sleswig and Holstein. This dispute, no more than patched up by the
Treaty of Altona in 1689, largely explains Denmark’s participation in the
Northern War; it was only the concerted attack from two other new
kings, Augustus IT and Peter I, that took Charles XII by surprise. As they
had tried to straighten out the Holstein question, so the western powers

3
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would have stopped the larger struggle if they could, especially when the
death of the childless King Carlos II' of Spain in 1700 opened the possi-
bility of another ordeal by arms in the West itself. In the event, the
Spanish Succession War was never to merge with the Northern War,
although Augustus II more than once sought allies among the western
belligerents, while fears of a Swedish diversion westwards contributed to
the mission of the commander-in-chief of the Maritime Powers, Marl-
borough, to Charles XII in camp at Altranstidt in 1707. Western dip-
lomacy had been altogether more active at Stockholm during the Nine
Years War, when both sides found supporters among the Swedish
magnates and set value on the arbitration of Charles XI in the deadlock
into which their hostilities entered from 1693; but Danish troops in the
pay of the Maritime Powers then played a more direct réle than anything
the Swedes ever did. The record of these years shows the breakdown of the
classical French ‘eastern barrier’ in Sweden as in Poland. At the same
time, neither Sweden nor Denmark—where French influence tended to
predominate in proportion as it lost ground in Stockholm—relished an
Anglo-Dutch command of the seas, and the Northern Crowns were
capable of sinking their differences in defence of their rights as neutral
traders against attempts by the Maritime Powers to dictate to them. The
most constant interest of all the western powers in the Baltic was their
commerce, particularly their naval supplies and the corn and timber of the
Polish and north German plain (ch. xxmr (1)), however hard they sought
to snatch political advantages for themselves and deny them to their
rivals. The court of Stockholm cost more in ‘gratifications’ than most
others,? but nothing in the baffling silences of Charles XII’s personality
rings truer than his refusal to take foreign subsidies at the expense of his
freedom of action. Has any sovereign, placed in succeeding situations of
extreme difficulty, preserved a single-minded independence for so long?
When he crossed the Sound in 1700 to knock Denmark out of the coalition
which sought to take advantage of his youth, he was protected by an
English fleet; but this did not prevent him from depriving England of
essential Finnish tar at a critical moment in her fortunes, nor later from
risking her friendship when he badly needed it by unleashing his privateers
against ships trading with Swedish ports in Russian occupation.

In such manner did the course of events in northern Europe impinge on
the West. Subsidy-troops apart, Brandenburg-Prussia was the only Baltic
power to become involved in Western hostilities. A more direct and
continuous reciprocity is discernible between the middle Danube and the
upper Rhine. The dramatic thrusts of the Habsburg armies over Hungary

* Contrary to the general practice of this History, his name and that of Louis XIV have
not been anglicized, for we know them best as they called themselves.

? See the contribution by R. Hatton to William 1II and Louis X1V: Essays 1680-1720 by

and for Mark A. Thomson (ed. R. Hatton and J. S. Bromley, Liverpool and Toronto, 1968),
ch. 5.
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and deep into the Balkans, after the Turkish failure before Vienna in
1683, were virtually halted by 1692 because the Emperor Leopold I had
increasingly to divert resources to the defence of western Germany, where
the devastation of the Palatinate in 1688 had been followed by similar if
less systematic acts of French ruthlessness. The defensive organization of
the Empire, at least of its western Circles, had been slowly improved since
1681 and German troops were to play a notable if subordinate part in all
the main war theatres of the West throughout the period: what is more,
many officers and their best leaders—Charles of Lorraine, George of Hesse-
Darmstadt, Lewis of Baden, Eugene of Savoy—were formed in the hard
school of the Balkan campaigns, the greatest common enterprise of the
Imperial princes since the days of Charles V.! Inevitably, however, as was
always crystal clear to the managers of French policy, this crusade
weakened the Imperial contribution to anti-French coalitions. To these
the Austrian Habsburg as such had also become a principal party in
1673, but the siege of Vienna had reintroduced a conflict of priorities
between the House of Austria and the Habsburg as emperor (ch. xvim).
Hence the momentum of the Drang nach Osten was not immediately
halted by the series of crises—in particular, the first of the many succession
disputes of the period, those of Cologne-Li¢ge and of the British Isles—
which touched off the Nine Years War, nor even by the early French
successes in it (ch. vi). The emperor’s allies had to carry on that struggle
in the knowledge that he might at any moment desert them. Conversely,
every attempt to assist the allies by terminating the Balkan hostilities
broke down until the rout of the Turkish army at Zenta in 1697—a battle
as decisive as Poltava, but only made possible by Habsburg evacuation of
Italy in the previous year.

In the Spanish Succession War, again, the emperor was bitterly accused
of withholding troops needed by his allies, this time in a costly attempt
(until 1712) to impose his own terms on Francis Rakoczi and the Hungarian
rebels. Imperial perfidy, like Habsburg debts, thus became a byword in
London and The Hague. Most selfish of all from the Anglo-Dutch stand-
point was the decision of Emperor Joseph I (1705-11) to overrun Italy
when, with Prince Eugene’s rescue of Turin in 1706, it was the turn of the
French to withdraw across the Alps. An Austrian Milan and an Austrian
Naples may be said to have been the price of Eugene’s assistance on
Marlborough’s great battlefields; but in 1707 the advance on Naples
ruined the siege of Toulon, success in which was to have ended the war in
the West—years before the British left the Emperor Charles VI and
Eugene, by an act of poetic justice, to work out their own settlement with
Louis XIV and Marshal Villars at Rastatt. There, and in the ensuing
negotiations of 1714 at Baden, which settled the claims of the Imperial

! The internal affairs of the Empire in the period of the present volume are treated m
vol. v, ch. xvmm and xxm; but cf. below, ch. v and xvm.
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princes against France, Habsburg interests were preferred to the idea of a
Rhenish ‘barrier’ against a repetition of French incursions—such a
barrier as was devised in 1713 and in 1715 for two other areas exposed to
them, Savoy and the Netherlands (ch. xiv). Disappointed of the Spanish
monarchy and its overseas possessions, which he strongly felt to be as
much a portion of his legitimate family inheritance as the old Spanish
Habsburg holdings in the Netherlands and Italy, Charles VI was induced
to turn back to operations on the Danube in 1716. Free from other
obligations but enriched by war experience in the west, Eugene stormed
Belgrade and forced the sultan to a peace within two years.

The meaning of this for the Ottoman empire was manifold and pro-
found. Acutely aware of a novel danger from Muscovy, the Turks had
already accepted in 1699-1700 the loss of large territories, including such
holy places of war as Buda and Azak (Azov). Despite their remarkably
resilient war effort, at Carlowitz they had for the first time formally
acknowledged defeat, and by the treaty with Peter next year they obliged
themselves to receive a Russian envoy. Later, in 1711 and 1714, they
provoked fresh trials of strength with the tsar and then Venice, in each
case victoriously; but they had not sought revenge against Austria. Now, in
1718, the whole future of European Turkey was placed in doubt by the
sacrifice of Belgrade and Temesvar, while the House of Austria apparently
assumed the vocation of literating the Balkan Christians, instead of re-
maining a defensive outpost of Christendom. The blow to Muslim pride
was felt at all levels of Turkish society. It hardened the xenophobia of the
exponents of the Koran and of the turbulent people of the capital. At the
same time intelligent men were led to reconsider the relations of Islam with
Christendom and what they must stoop to learn from infidel techniques,
most obviously in the modernization of diplomacy and the armed forces.
Carlowitz was the first treaty ever signed by the Porte with a European
coalition and it showed the rising influence of members of the Greek and
Jewish communities with knowledge of the West, just as the Ottoman
navy, which underwent major reforms ca. 1700, owed much to renegade
European captains who had served with the Barbary corsairs. Even a
flavour of the French rococo seems to have reached the Golden Horn in
‘the Age of Tulips’, for tulipomania was only the symbol of a reaction
among the well-to-do after 1718 in favour of an extravagant hedonism.
It came to an end with the appalling riots of 1730 in Contantinople.
These displayed more luridly than had earlier risings in that crowded
city—the largest in Europe—the domestic insecurity of the Ottoman
State, Violence, as the overthrow of sultans and the brevity of most grand
vizierates during the previous half-century testify, was never far from the
surface of Turkish politics. The democratic susceptibilities of the janis-
saries and their penetration of civilian life alone guaranteed a chronic
restlessness, and this was fed by a run of shameful reverses and the
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enormous social cost of long campaigns, reflected in deserted homes and
soaring prices. An observant traveller could already prophesy in 1701
some strange revolution in this great empire: a generation later, the idea
of its decay was a commonplace in the West (ch. x1x).

If Russia had returned to Europe, it is equally true that the Habsburgs
(ch. xvm) were now irrevocably though less abruptly committed to the
East. Neither Italy, where except in Lombardy their acquisitions were to
prove ephemeral, nor the unloved south Netherlands, where they had to
accept the intrusion of Dutch garrisons, presented problems comparable
with those of the impoverished and often empty areas down the Danube.
Here it was imperative to evolve a system of government and defence,
promote the true faith and impart new economic life. The ambitious plans
of Charles VI for the development of trade with the Balkans damaged
Venice without promoting Trieste for some time to come, and Belgrade
was lost again in 1739; but the repopulation of the Hungarian plain, of
Transylvania and the Banat of Temesvar—often by organized immigration
from Slovakia, Croatia, Serbia and Germany—was energetically under-
taken, especially the military colonization of the frontiers, which bears
broad resemblance to the measures used by Peter for subsisting garrisons
and border militias on the Don Steppe (ch. xxm (2)). A stern test of state-
craft began when the Habsburgs received the Crown of St Stephen at
Buda in 1687. The ensuing suppression of Hungarian Protestantism and
Hungarian liberties, as tenaciously prized as those of Catalonia or of
Scotland, forms the background to one of the toughest rebellions of the
period, although it has to be added that Rakodczi and others of its leaders
were also great lords defending a mass of properties against a centralizing
treasury and war commissariat in the Habsburg apartments at Vienna.

Attempts to weld the heterogeneous collection of departments, councils
and committees sitting in the Hofburg were never wholly successful in
this period, partly because efficient authority in the French style was held
of lesser account than the accumulation of territories and the religious
unity of the Counter-Reformation. But two tendencies are to be remarked:
technical advances in Austrian public finance (pp. 305-13) and the en-
croachment of the Habsburg chancery on the functions of its Imperial
counterpart (ch. xvm). Outside Bohemia the Hofkanzlei was becoming the
most powerful instrument of Habsburg government. This meant that all
major decisions were to emanate from the ruler in accordance with the
family law, even if in practice Habsburg officers shared administrative
control of the principalities with proud Estates, dominated by land-
owners who in Bohemia and Moravia were often the royal office-holders
as well, The negotiation of the Pragmatic Sanction in 1720-2 with each of
the constituent territories of the monarchy is of deep significance as a bid
for converting the loosely knit Hausmacht into a Machtstaat—but only on
the basis of the ruler’s personal authority, not by crushing old and
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distinctive institutions. After the cement of the Roman faith, it was the
social sympathies between the various territorial nobilities, forged in a
common Viennese culture, which best gave coherence to the most diverse
populations under a single sovereign to be found anywhere in Europe. The
multiplication (and complication) of these populations must be seen as a
major development of the age, even in comparison with the rise of Russia
and Great Britain. It was accompanied by a certain loss of interest in the
affairs of the Holy Roman Empire, and this was to open the way in time
for the rapprochement of 1756 with France—a diplomatic revolution
already recommended by Louis XIV before he died. Yet the insatiable
Habsburg appetite for accumulation made it unlikely that they would
write off any loss for ever: Alsace was not to be forgotten even when the
filching of Silesia, by a Prussia of little account in these years,! was a fresh
wound. On the whole, as one surveys the action and inaction of Vienna in
the age of Leopold I and his sons, one may be impressed by a certain
hesitancy in contrast with the daring that drove Sweden and Russia.

It seems unlikely that Charles VI, the most enterprising of these German
emperors, would have produced better solutions for the many-sided
problems of the humiliated Spanish monarchy, had he made good the
Habsburg claim to the whole inheritance of Carlos II, than did the
successful Bourbon claimant, Philip V. As Charles III of Spain, he would
have depended no less on alien merchants to sustain the country’s
colonial commerce. He would certainly have shown more tenderness
towards established forms and regional particularities. Leaving aside the
consequences of remote control from Vienna after 1711, when the death of
Joseph I compelled him to abandon his devoted Catalans, the later
record of Charles’s rule in Milan and Naples scarcely suggests a strong
will to overhaul the established machinery of government. By contrast,
Philip V’s gradual introduction of French methods into Spain, conten-
tious and frustrated though they were, did offer a line of escape from the
political dominance of the grandees. Habsburg notions of caste were a
good deal more congenial to this small, wealthy and privileged body, as
events showed (ch. xi1), than was the radical revision of administrative
habit undertaken by Philip’s closest advisers, not all of them French.
True, despite early measures in French favour, Philip belied expectations
that he would take all his instructions from Versailles, which in any case
did not speak with one voice in Spanish affairs;? and when, in 1709, a
European peace could have been purchased at the price of his abdication
(ch. x1v), his Spanish loyalties proved stronger than his French origin.
Nevertheless, by 1714, when all the powers concerned in the succession

1 See vol. v, ch. xxm.

* It is important for the understanding of contemporary diplomacy that this was not
obvious even to close observers; see (e.g.) the otherwise perceptive report of the marchese di

Trivié€ from Barcelona to Turin (1711) in C, Morandi (ed.), Relazioni di ambasciatori sabaudi,
genovesi e veneti, 1693-1713, vol. 1 (Bologna, 1935), p. 41.
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had come in effect to acknowledge him, Philip was king of a Spain
constitutionally more homogeneous than the several kingdoms, with
their ancient liberties, which had received him in 1701, Gone were the
Aragonese fueros and the Diputacié of Catalonia, which in 1716 suffered
a wholesale assimilation of its institutions to those of centralizing Castile;
only Navarre and the Basque provinces still kept a degree of autonomy.
Local power over the municipalities as well as the countryside of Aragon,
Catalonia and Valencia—the kingdoms least sympathetic to the new
régime—had been one foundation of rule by the grandees. At the centre
this was rooted in the old Councils, now giving way to secretaries of state
on the French model. In addition, the Gallican assumptions of Philip’s
advisers were hostile to the parasitism of ecclesiastics on Spanish life.
The influence of the Holy See had grown considerably during the reign of
Carlos II and was strikingly exemplified in his last years by Cardinal
Portocarrero, a determinant influence on the Bourbon succession. An
opportunity for readjusting Church—State relations came when Habsburg
pressure in Italy forced Pope Clement XI to side against Philip, who in
1709 broke with Rome and inaugurated those essays in ‘regalism’ which
were to culminate in the Concordat of 1753 and the later expulsion of
the Jesuits. But the disgrace of Melchor de Macanaz, the Crown lawyer
who drafted the programme of regalism in 1713, shows the limitations of
the new monarchy in face of a traditional force like the Inquisition,
especially when the king’s marriage to Elizabeth Farnese reintroduced
Italian influences at court (ch. xi).

At the outset of the new century a close observer of Vienna could
write that it ‘looked upon the kingdom of Spain as a mere carcase scarce
worth the having unless accompanied with the Dominions in Italy, which
were supposed to be the flesh and vitals’.? In spite of an industrial
decline recalling that of Spain, the duchy of Milan was after all richer and
easier of access. Established on the Lombard plain, furthermore, the
Habsburgs could hope to sway the policies of Venice, an ally against the
Turks, and of Piedmont-Savoy, the indispensable but enigmatic custodian
of the Alpine passes against the French. In possession of Naples and
Sicily, with their populous and strategically situated ports, the emperor’s
influence would be extended through Italy and especially in Rome; Naples,
with its brilliant culture, enjoyed close connections with the grand duchy
of Tuscany and the republic of Genoa. Since Italy was of major interest to
Louis XIV also, if only as a reserve of States which might be used in
exchange for Lorraine or Savoy,? it is not surprising that Bourbon-
Habsburg hostilities took place in north Italy as well as the Rhineland, or
that Duke Victor Amadeus II of Savoy found himself in a strong bargain-

! Stepney to Vernon, 26 April 1702, quoted A. D. Francis, ‘Portugal and the Grand
Alliance’, Bulletin of the Institute of Historical Research, vol. xxxvi (1965), p. 76.

2 J. Meuvret, ‘Louis X1V et I'Italie’, XVII¢ Siécle: Bulletin de la Société d’études du XVII®
siécle, nos. 46-7 (1960), pp. 98-102.
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ing position: the domestic statesmanship designed to support his freedom
of choice has an interest of its own (pp. 560-2). Of the other Italian
states only the Papacy really counted, although its influence was challenged
by more than one Roman Catholic sovereign outside Italy (ch. 1v). After
the rupture brought about by his uncompromising Gallicanism in 1688,
Louis XIV’s relationship with the Holy See nevertheless returned to
normal from 1693 ; indeed, it evolved so far into one of mutual aid as to
bring the French Crown into a paradoxically Ultramontane position
with the publication of the anti-Jansenist Bull Unigenitus in 1713—an
event pregnant with trouble for Louis’s successors (ch. x). The support of
the Papacy was worth having for the weight it exercised on other Italian
States, but also in a solution of the problem of the Spanish succession. There
is reason to believe that the main effort of French diplomacy was already
moving from northern to southern Europe as a whole by 1685 (ch. v).
During the partition diplomacy of 1698-1700 and the intense phase of
negotiations which followed the French king’s acceptance of the testa-
ment of Carlos II in breach of it (ch. xm), the distribution of Spain’s
possessions in Italy presented the chief stumbling-block. A section of
English opinion was certainly more interested in the trading opportunities
of the Spanish Indies, particularly in those afforded by the official contract
for the supply of African slaves, the Asiento, now a serious object of
international competition; the French Asiento of 1701 was one of the
first-fruits of the Bourbon succession in Spain and the British were to
bargain for it a decade later. Yet in 1700 the eyes of statesmen and of
many merchants were fixed on the future of the Mediterranean (ch. xvm).
Is this surprising? Besides the Bourbon-Habsburg jealousy, something
must be allowed for the fascination exerted by Italy over the imagination
of northerners. The culture of ruling groups was still deeply suffused by
Roman antiquity and the prestige of Italian artists, good and bad, who
from the 1680s looked increasingly beyond the Alps for their larger
commissions: the whole notion of ‘nobility’, so powerful a yeast every-
where in this period, demanded the luxury of grand decorative schemes
which the Italians of Rome and Bologna, Naples and Venice, were best
able to satisfy. From Italy and from the Levant, moreover, came many of
the silks, wines, fruits and other necessities of the patrician way of life.
Although the Mediterranean basin, like the Baltic, was a net importer of
precious metal, its markets were important to cloth-manufacturers, cod-
fishermen and grain-carriers alike. Southern Europe as a whole still
absorbed greater quantities of British and French exports than the
transatlantic world, while for the Dutch southern Europe (including
western France) was the essential complement of their basic Baltic trade.
The map of European commerce between 1680 and 1720 (ch. xxm (1))
shows the persistent priority of the old North-South axis, extending from
Riga and Danzig to Leghorn and Smyrna. At the same time, economic
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considerations were secondary to political and strategic arguments in the
diplomacy of William III. The grand strategy of encircling France herself
was sketched out when the main fleet of the Maritime Powers was sent
to the Mediterranean in 1694 and ordered to winter there, with Cadiz as its
base. It achieved little enough, even in support of the long-suffering
Catalans and Piedmontese, but the precedent was to govern the naval
history of the following war, at the expense of operations in American
seas; and then it resulted in the acquisition of Gibraltar and Minorca to
the British Crown, as well as providing indispensable coverage for the
Habsburg cause in Spain and Italy (ch. xm) and enabling the British to
intervene with greater effect in Mediterranean politics.

This permanent British presence in southern Europe was one of the
most striking innovations of the time, plain for all to see, like the Habsburg
presence in the Balkans and the tsar’s in the Baltic. Without any one of
these the diplomacy and war-making of the eighteenth century would
have taken a different course, although in neither was Britain destined to
take consistent advantage of her new position as a Mediterranean power—
partly no doubt because sca power alone did not confer a continental
preponderance (ch. v). It can be argued that by 1715, already, France was
again the strongest political influence in the Mediterranean, as hers was
incontestably the most vigorous commercial impulse, in that mosaic of
ancient cities and centrifugal provinces whose populations contrived to
make a living in time-hallowed ways, less disturbed by the clash of navies
than by endemic scourges of drought, disease, pauperism and more or less
licensed piracy (ch. xvm). With their network of consuls and experienced
Provengal traders, their high standing alike in Malta and Algiers, Seville
and Cairo, the French were well placed to act as the most efficacious
and congenial link between Islam and the West. Surprising only is the
indifference displayed by Louis XIV for Morocco, whose extraordinary
ruler, Muley Ismael, suggests a comparison with Peter the Great (p. 554).

By 1715, on the other hand, it may be said that the Mediterranean had
given way to the Atlantic as the centre of economic calculation. American
territories, indeed, had become the object of power rivalries more ex-
plicitly related to commerce than could be claimed for any other large
region—even for the Eastern Seas, which at this time were much less
affected by wars in Europe than by the collapse of the Mughal empire,
the advance of the Omani Arabs to Mombasa, the opening of a free-for-all
trade with Canton and Mocha, and the high summer of piracy between
Madagascar and the Red Sea.! This last had itself an American as well as
an indigenous element; it gave as much concern to the English and
French governments as the West Indian flibuste or ‘buccaneering’ had

1 Far Eastern developments in this period are summarized in vol. v, ¢h. xvm; cf. below,
ch. xvi and xxmx (1).
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done, with its extension across the Isthmus of Panama to the South Sea.
The whole phenomenon calls for fresh investigation, but its connections
are clear enough with the long past of privateering against the Spaniard
as with the power vacuum left by the decline of Portugal in the Indian
Ocean, with the harsh circumstances that attended the slave trade and
the foundation of European colonies in the tropics, together with the
imperfections of all government in the Americas (ch. x1, xv, xvi). The
cause célébre of Captain Kidd links the pirate coasts of Malabar and
Madagascar with respectable circles in New York and Boston.

Once the colonial powers were formally at war with one another, much
lawless energy was absorbed in privateering under official sanction. Thus
in 1689—97 the flibustiers of Saint-Domingue could continue operations
against the inter-colonial shipping of the Spanish Indies with the satis-
faction of knowing that they served their king, who in fact made use of
them for an attack on Cartagena. In the next war, when they had to live off
the English and Dutch alone, they shifted their base to Martinique with-
out change of name and often ran up to Port Royal in Acadia—a perfect
northern base in relation to Boston and Newfoundland-—and sometimes
across to West Africa, where the English trading fort on the Gambia was
twice held to ransom. Conversely, the Jamaican privateers could add
Spanish to French prey in 1702-13, contrary to the strong British interest
in smuggling to the Spanish Creoles, for which purpose Jamaica (only
less than Dutch Curagao) was well placed. In both wars, moreover, small
English naval squadrons came out to attack French sugar islands and cod-
fishing villages, without achieving more than a destruction which the
French, usually without naval assistance, were able to repay with interest,
especially in Newfoundland waters. There, and in Hudson’s Bay and
along the northerly borders of New York and Massachusetts, much
deadly hole-and-corner skirmishing took place. In general the French had
the best of it, their corsairs and coureurs de bois displaying an audacity
and skill as guerrillas usually superior to that of the farmers and traders of
the North American seaboard. In the wilderness warfare of the 1690s,
Count Frontenac’s use of the Canadian Indians made an impression on
the New England mind that gave resonance to its neurotic dread of
popery for years to come. Yet the Carolinians, during the next round of
fighting in North America, did not hesitate to negotiate Indian alliances
in order to clear northern Florida of Spanish soldiers and missionaries.

The larger strategical problem of North America was best understood,
and of course most urgently felt, by Americans (ch. xv). Frontenac, who
must surely count as one, and the Le Moyne brothers, who founded
Louisiana, recognized in the expulsion of the English from New York and
Carolina, respectively, the only guarantee of French survival on the
continent. Nor did clear heads in Charleston, whose Indian trade depended
on controlling the play of intertribal relations south-west of the Appala-
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chians, welcome a competitor on the lower Mississippi. The ‘reduction’ of
Canada had been suggested only to be dismissed in 1666, as it appeared to
require an overland march through difficult country; but very early in the
Nine Years War the New Englanders launched this godly undertaking
themselves, up the St Lawrence, and when they failed they kept up
pressure on London to take it seriously. The postponement of help from
Europe in this ‘glorious enterprise’, together with its abysmal sequel in
1711, implanted a distrust of British sincerity which found an echo among
French Canadians vis-a-vis their own distant metropolis. In truth, neither
the British nor French governments had resources to spare for major
operations in America so long as a military decision was sought in the
Netherlands, Rhineland, Italy or Spain; their navies were fully stretched—
within limits imposed by men, money, stores and bases—in support of
European operations, by plans or fears of invasion, not least by con-
tinuous pressure on the maritime nerves of commerce. It is equally true
that neither government yet regarded colonial friction as primary in their
dispute with one another. They had attempted in 1686 to secure that
any conflict in Europe should not spread to North America, although
French aggression in Hudson’s Bay and the return of Frontenac to
Quebec made certain that it would. So far from sharing Frontenac’s
ambitious vision, however, Louis XIV ordered the abandonment of the
western outposts of New France in 1696, thus returning to Colbert’s
preference for concentrating the colony’s small manpower in the St
Lawrence valley. This policy was contradicted by the foundation of the
first settlement near the Mississippi outlets in 1699—a posthumous
triumph for La Salle and Frontenac stimulated by fears of a British pre-
emption; yet it cannot be said that Louis was easily persuaded to this
further commitment to the American interior (which also alarmed the
Spaniards), or that Louisiana would have survived early disillusionment
had it not attracted the interest of his minister for the navy and colonies,
the younger Pontchartrain, and later of Antoine Crozat, one of the out-
standing entrepreneurs upon whose financial strength the French State
increasingly depended to sustain a war economy. William III, the stad-
holder-king who directed the war effort of the Maritime Powers in 168997,
did not press colonial issues at the Peace of Ryswick or award them any
prominence in his efforts to avert a Spanish succession war, notwith-
standing the superiority of Peruvian and Mexican silver to Caribbean
sugar and Canadian beaver as an attraction to mercantilist statesmen, ata
time when the piece-of-eight was the nearest thing to a world currency.
It says something for the originality of St John, Viscount Bolingbroke,
who was responsible for the British attempt to capture Quebec in 1711,
that he placed colonial claims high on his agenda in the peace-making of
1711-13, which resulted in the British acquisition of Acadia and all of St
Christopher, to say nothing of the hard-fought exclusion of the French
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cod-fishermen from their customary bases in Newfoundland and of the
coureurs de bois from the shores of Hudson’s Bay (ch. x1v). This contrast
between Ryswick and Utrecht is in part a recognition of what the English
colonists had accomplished for themselves, in part the exploitation of a
stronger bargaining position by a brilliant intelligence imbued with late
Stuart conceptions of government. The flight of James II in 1688 had
brought down the Dominion of New England by which James sought to
blend his proprietary possessions of New York and the two Jerseys with
their recalcitrant Puritan neighbours, for better defence and enforcement
of the navigation laws: the advent in James’s stead of a Protestant Dutch-
man, deliriously celebrated in Boston, spelt a return to provincial par-
ticularism and bitter faction fights in some of the seaboard colonies
(ch. xv). Bolingbroke apparently contemplated  putting the whole Empire
of North America on one uniform plan of government’,! once the
conquest of Canada had improved his standing with tough American
assemblies, and with influential proprietors who had successfully held out
against proposals to annul their charters. Between Ryswick and Utrecht,
moreover, as so acute a politician well understood, the organized forces
of commercial opinion had come into fuller play on the political stage.
During these years there were evident signs of impatience with conven-
tional mercantilist restrictiveness precisely when the British and French
governments, and even the Spanish and Austrian, showed a disposition to
improve the techniques of economic regulation and to allow economic
factors more weight in policy-making. It is true that the new Board of
Trade and Plantations created by parliament in 1696 proved its value
chiefly by the many fresh inquiries which it stimulated, and that sound
information was Louis XIV’s characteristic expectation of the Conseil de
Commerce set up in 1700 in response to the restlessness of merchant
circles in the chief French ports, which were represented on it. Neverthe-
less, the activity of these bodies, like the extension of consular representa-
tion (ch. v), reflects a2 mounting official concern with the old problem of
ensuring a favourable ‘balance of trade’. The wars placed an almost
intolerable strain on national economies at the same time as new com-
mercial opportunities beckoned. In the trade balance, which began to be
measured more scientifically by the English from 1696, the re-export of
colonial produce—above all sugar, tobacco, cod and furs (ch. xxmr (1))—
figured largely. Hence wartime irregularities in shipments and payments,
or saturated markets and low prices, were a worry not only to overseas
planters and merchants. These men, however, could do more than in-
fluence colonial governors and intendants. Whether or not their interests
coincided, they had family and business connections with powerful
circles at home, which in turn were relevant to the interests of ministers and

1 St John to Governor Hunter, 6 February o.s. 1711, in G. S. Graham (ed.), The
Walker Expedition to Quebec, 1711 (1953), p. 278.
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of the managers of parliamentary majorities no less than to the borrowing
facilities of governments. Good examples of organized political pressure
are the campaigns mounted against overseas trading monopolies in both
England and France during the 1690s. ‘ Free-trade’ demands may not have
been novel, in direction or intensity; but they were delivered now on a
wider scale, more fully ventilated in pamphlet and petition, memorandum
and debate. The merchant’s outlook, as well as the merchant, was
counting for more. His business figured more frequently not only in the
House of Commons but at Versailles, where his advice was more often
sought and honours more often accorded to him. France had no Defoe,
but she had more than one Josiah Child. Her chambers of commerce
fulfilled a necessary function in the give-and-take which lay beneath the
surface of the absolutist State. Colbertism had certainly been attacked at
many points since Colbert died in 1683: for his successors, however, the
growth of exports and the supply of specie were not of lesser importance—
only more elusive. It is true that ‘ the City’ did not make its full impact on
the foreign policy of William IIT, who had the tastes of a prince and had
learnt to distrust the pelitical foresight of commercial men in his long
quarrel with pacific Amsterdam: even so, the diplomacy of his last years
suggests clearer understanding that the co-operation of English Commons
and Dutch States alike depended on a tenderness for trading interests.

The expansive potential of world trading (ch. xxm (1)) was most
dramatically suggested by rising expectations of both sides of the Pacific
Ocean. The South Sea furore, so striking a feature of post-war Britain,
had been long preparing. In England William Dampier and in France
J.-B. de Gennes were early links between the buccaneers of the 1680s,
who brought back valuable charts of the Pacific coasts of the Spanish
Indies, and the companies launched in 1695 by William Paterson of
Edinburgh, which issued in a short-lived Scottish colony on the Isthmus
of Darien, and in 1698 by Jean Jourdan of Paris and Noé&l Danycan of
St Malo, whose captains showed what sensational profits could reward the
carriage of suitable cargoes direct to Chile and Peru, at a time when the
Spanish-American convoys were functioning less and less regularly
(ch. x1). Some of these French ships went on to Canton, which after the
wars was to attract wide European interest. This South Sea trade was an
embarrassment to the none too successful French Asiento in the Carib-
bean; but by 1712, when French policy called for the suppression of both,
heavy losses showed that it had been overdone. Meanwhile, blind to the
inelastic consumption of Spanish-American markets, but anticipating in
the Asiento rosy prospects of converting England’s naval debt into a more
remunerative share of the Spanish colonial trade than had been practicable
through the established clandestine channels, the English minister
Harley, colleague and rival of Bolingbroke, established the South Sea
Company in 1711,
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Like Bolingbroke’s sketch of a new colonial policy—it was Bolingbroke
too who obtained the British Asiento, for the unprecedented contract
period of thirty years—Harley’s plan belongs to a conception of England’s
interests widely at variance with that which had determined the contours
of her strategy and diplomacy down to the Tory election victory in 1710—
a volte-face in Britain’s attitude to Europe as it was in the fretful course of
her domestic politics (ch. vir). The new Tory ministry of 1710 sought
disengagement. For this purpose ministers had to break through the
impasse reached in the peace negotiations of 1709, when their predecessors
insisted not merely that the Spanish Crown should go to a Habsburg but
that Louis XIV should himself expel his grandson from Spain. By ad-
mitting the necessity of a Bourbon Spain, the new masters of British
policy returned to what had in fact been the formal Anglo-Dutch position
ante bellum and made a long overdue acknowledgment of the impotence of
Allied arms in the harsh Spanish war theatre, where most of the popula-
tion was against them. But since the formation of the Grand Alliance in
1701, which had not guaranteed a Habsburg Spain, Britain had entered
into pledges—with Lisbon and Barcelona as well as Vienna and The
Hague—incompatible with the bilateral Anglo-French agreement which
became the main foundation of the peace settlement at Utrecht (ch. xIv).

That Peace was the fruit of an English realism which at this distance of
time may be admired, but the bitterness it engendered has much to do with
the image of perfide Albion. Uneasy English consciences might point to
the selfishness of the emperor in Italy and even that of the Dutch in the
south Netherlands, where their Barrier was connected in English eyes
with commercial advantages. Of these, however, in return for the 1709
Barrier (scaled down in 1713-15), England insisted on a full share,
despite the unilateral advantages she had secretly wrung from the Habs-
burg candidate for the Spanish throne, and those Bolingbroke’s diplomacy
was to obtain from Philip V, in the Indies. The very treaty, negotiated by
John Methuen with Portugal in 1703, which bad committed the Allies to
war in Spain against the better judgment of Vienna and The Hague, in
order to purchase a naval base at Lisbon, was followed by a commercial
treaty which helped to make Portugal an English economic satellite for
years to come, as well as by naval operations in the Mediterranean which
brought no solid gains for the Dutch. It is against this background,
which includes the definitive eclipse of Holland’s naval reputation in wars
which overstrained her public finances (pp. 294-8) by an all-out effort on
land, that the humiliation of the United Provinces is to be pondered. In
relation both to their seventeenth-century greatness and to the new
strength of their old enemy across the Narrow Seas, the Dutch lost more
by these wars than France herself, especially as they failed to display the
economic resilience of the defeated power. The coincidence of wars in
North and West went particularly hard with them, tenacious as their
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hold remained on some of their traditional trades (ch. xxm (1)). The
Peace was also a disappointment to the crown of Portugal, although its
army had done little enough to help achieve that Habsburg victory in
Spain which had been its price for joining the Grand Alliance against
Louis XIV, an old ally. Economically, the supremacy of English naval
power, which dictated the reorientation of Lisbon’s foreign policy in 1703,
was now underwritten by the triumph of Portugal’s wine-exporting
interest at the expense of an earlier industrial policy that had been directed
against the importation of English cloth (ch. xvi). Had Bolingbroke’s
draft commercial treaty with France been ratified by parliament, the
Portuguese landowners would in turn have had cause to reconsider their
deference to London. As matters were left in the Peninsula, the hard fate
of the Catalans (ch. xi) was a more unpleasant monument to Tory
peace-making. Allin all, however, the bilateral origins of the Peace struck
contemporaries as shabbier than the substance of the preliminary Anglo-
Bourbon agreements which the powers had to accept at Utrecht. In the
Nine Years War, many members of the anti-French coalition, including
the emperor, tried to make separate terms with Louis XIV and some of
them did so; but until 1711-12 the Grand Alliance of 1701 had held
together against his characteristic efforts to divide it.

The nationalist drift of British foreign policy in Queen Anne’s last
years had long been anticipated by criticism of the whole European
strategy of William III and his political heirs: the Lord Treasurer Godol-
phin, the Grand Pensionary Heinsius, and the duke of Marlborough. At
the start, William of Orange had not risked the invasion of England in
1688 to save the liberties of Englishmen, or Anglican intolerance, from his
Roman Catholic father-in-law, but rather to put an end to James II's
neutrality in the war of nerves between Orange and Bourbon which
followed the Réunions and the so-called Truce of Ratisbon.! William
possessed a view of the whole European scene comparable only with
that of Louis XIV, who had the advantage of a model diplomatic service
but was trapped in the toils of his own maxims of policy, based on a low
opinion of human nature and a record of successful aggression (ch. v).
William and his intimate circle had won through to a sense of the European
common weal more generous, if in some ways more old-fashioned, than
Louis’s concept of France’s civilizing mission—a notion which preceded
and outlasted the grand roi, but one which it was understandably difficult
for Louis to detach from his personal gloire. In this respect, even more
than in his stubborn refusal to know when he was beaten or in his good
faith as a monarch (ch. vim), lies William’s title to greatness. It was
William who took the lead in the partition-diplomacy which sought to
settle the Spanish succession without an appeal to arms. Disabused of
Louis’s good faith, it was he again who took the essential steps to con-

! Vol. v, pp. 219-20.
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clude the Grand Alliance of 1701 and to condition Anglo-Dutch thinking
towards it (ch. xm).

In 1688 the English navy, in particular, clearly promised to be a vital
factor in open hostilities with a France whose line of battle could be out-
gunned only by the Maritime Powers in partnership. Large-scale naval
operations indeed proved unavoidable in order to consolidate William’s
hold on English and especially on Irish soil (ch. vi); and it is a mistake to
think that his admirals could afford to neglect the squadrons of Brest and
Toulon after the rout of Barfleur in 1692, On the other hand, the English
could only get their Revolution (ch. vI) accepted by Louis XIV, for whom
it was both a strategic reverse and a blasphemy, by throwing in all their
resources with the loose coalition of small land powers which it had been
their new king’s life-work to knit and re-knit against the unpredictable
aggressions of the Roi Soleil. As these were backed by well-organized armies
on an altogether unprecedented scale—not far short of half a million men
at maximum mobilization—it became necessary, by recruitment at home
and abroad, for England to intervene in continental military warfare to an
extent unknown since the Hundred Years War. Had she realized it, this
was only the first round in such another epic. At the time, to men like
Harley, it came to appear a wasteful deflection of the country’s true
genius for maritime empire: instead, the English found themselves
mainly committed to a military effort and this was centred in the Nether-
lands, where alone in William’s thought could the French power be
decisively broken but where movement was impeded by a system of
cunningly designed fortresses. There the military engineering of Vauban—
a great Frenchman also by the test of his radical criticism of the ancien
régime—had endowed the most vulnerable of French frontiers with
defences which ultimately withstood, though by a fine margin, even the
initiatives of Marlborough and Eugene, who shared the preference of
Charles XII for mobile campaigning more than did King William or any
Dutch general. France was thus saved by the kind of strong barrier which
it became the over-riding aim of the United Provinces to achieve for them-
selves. It is suggestive indeed that so much importance was attached to
barriers by other governments at the peace-making of 1712-14. There was
foundation for it in the fact that the art of fortification had outstripped
that of the gunner, and also in certain geographical circumstances like
those of the Piedmontese Alps; yet the barrier mentality was to prove as
deceptive in the long run as did the Maginot Line in 1940, while in the
short run it drugged strategic imagination (ch. xxu (1)).

The Nine Years War, bitterly but indecisively fought in half a dozen
theatres, should have ended in 1693—4, when the first of the two most
terrible harvest failures of this period in France added to the financial
strain on the combatants. That war continued until 1697 was as much due
to French reluctance to recognize King William as the prolongation of the
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next war after 170910, the years of the second major food and credit
crisis, is attributable to Allied obstinacy on the subject of King Philip V.
The two wars bear a certain resemblance in that the broad areas of fighting
were much the same, except for Ireland and in Spain; in 1702, however,
the French started by having to defend the Spanish Netherlands instead of
trying to overrun them. In each case early victories failed to produce a
strategic decision, although the French battle honours of Catinat and
Luxembourg, the ‘tapissier de Notre-Dame’, in 1690-3, were matched
only at a late stage in the succeeding struggle, by Villars at Denain; this
time it was the Allies who at first had the best of it, at least in 1704-6,
when the lightning marches of Marlborough and Eugene saved Vienna
and Turin. There was more mobility of armies in the Spanish Succession
War, if nothing like as much as in the Northern War, which also contained
longer spells of military inactivity. As the events which culminated at
Blenheim and Turin testify, the French desired to avoid that confine-
ment of the main issue to the Netherlands which had caused them in the
Nine Years War repeatedly to divert troops from the Rhineland and
accordingly to practise frightfulness there. Yet their generals were ham-
pered by remote control from Versailles, as was Eugene by his duties with
the Austrian War Council and Marlborough by the obsession of his
Dutch colleagues with defence. Marlborough’s sharpest disappointment,
however, came with the failure of Eugene’s attack on Toulon, which was
to have opened the way to Paris in 1707. He had King William’s eye for
combining land and sea forces, and in Shovell the rare phenomenon of an
active admiral who expected success.

Until the ‘miscarriages’ of British shipping led to a redeployment of
naval strength in home waters from 1708, Mediterranean operations
absorbed it more consistently than in the previous war, when the defence
of the British Isles was a constant preoccupation, despite the influence of
anti-navalists at the French court after Barfleur and the increasing con-
centration of French frigates against the enemy’s rich and vulnerable sea-
borne commerce. Except for the ‘alarm from Dunkirk’ in 1708, the only
French naval initiative during the Spanish Succession War was the
attempt to recover Gibraltar and its sequel in the drawn battle off Malaga
in 1704. On the other hand, the damage wrought and the windfalls won by
French corsairs owed more than in the past to the co-operation of the
king’s dockyards, which helped to equip roving squadrons capable of
disrupting the Dutch whale-fishery at Spitzbergen or the transport of
troops to Lisbon, and thus of giving background support to the very
numerous smaller privateers (ch. xxn (3)). The Dunkirk of Bart and
Forbin was foremost in this business, so that the demolition of its forti-
fications and harbour works became a major article in the British peace
terms; the celebrated Malouin course had faded by 1706, although some of
its promoters continued to nourish the expeditions of Duguay-Trouin
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from Brest and it was then that a combination between Marseillais
capital and Toulon’s unemployed naval talent began to flourish. It was
from home ports too that Iberville and Cassard sailed to carry out their
depredations in the Antilles in 1706 and 1712. With these multifarious but
speculative enterprises only the dreaded Commissievaart of Middelburg
and Flushing offers any comparison on the Allied side, even if the Channel
Islanders were a plague on the coastal navigation of the Bretons, while the
Jamaican privateers made an intermittent nuisance of themselves. The
legislative encouragement of British privateers in 1708 was essentially the
counterpart of panic measures to protect England’s own sea-approaches
by statutory cruisers and convoys. The art of the guerre de course, which
called for speed and ruthlessness rather than gun-power and courage, was
most naturally fostered in narrow seas. In the Mediterranean, where some
small naval powers were permanently at war with Islam, it was endemic
(ch. xvm).

The intensity and duration of the wars told severely on both manpower
and public finance. If the social upheaval entailed by war in Peter’s
Russia was an exceptional case on the one hand, so on the other was
Sweden’s ability (down to 1709) to make war pay for itself. Wastage of
men, by sickness and desertion as much as by enemy action, was ulti-
mately less of a limiting factor than the national debts, but every
winter the problem of replacements strained the ingenuity of recruiting
" officers. This is one reason why contemporaries deplored the heavy
slaughter at Malplaquet (1709) and indeed the 3,000 dead at Steenkerk
(1692); nor was it only cumbersome field-guns and the art of fortification
that encouraged commanders and governments to evade full-dress en-
counters, for the widespread adoption of flintlock musket and socket
bayonet, with their implications for tactics (ch. xxu (1)), made battles
more murderous.

Poverty might be the great provider of soldiers (ch. xxu (2)), but even
in the West it did not preclude semi-coercion or the necessity of supple-
menting national forces with mercenaries hired from German princes and
Swiss cantons. The sizeable Dutch army of 1702 was largely composed of
subsidy-troops, apart from the independent Prussian infantry and Danish
cavalry, both of which, in the pay of the Maritime Powers, earned the
gratitude of Marlborough and Eugene; the Imperial army itself was
raised by the Diet to the unprecedented figure of 120,000 in 1702, but in
practice this amounted to a much smaller army of the Rhine. The grand
polyglot army of Louis XIV, which always enjoyed the advantage of
fighting on interior lines, filled some of its gaps in Italy and Spain with
militiamen from the French parishes. The development of militias,
ostensibly for local defence under local landlords, is a feature of the period
in France and elsewhere. It is important because it involved the principle
of conscription, most widely used by Tsar Peter, who also dragooned
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civilian labour on far more drastic lines than did, for example, the inten-
dants of the French frontier généralités. Beside this development, which in
the extreme cases of Russia and Brandenburg-Prussia meant the pro-
gressive articulation of society for the needs of war, the period saw the
maturing of the Scandinavian systems for producing and supporting men
and officers from villages and properties assigned to these purposes. On
the other hand, the Poles continued to rely too much on a species of
feudal levy, so that a larger Crown army became the focus of all their
efforts at constitutional and financial reform (ch. xx (2)).

Beyond the Elbe and down the Danube all armies lived more or less on
the country of passage. In the West, on the contrary, the tendency was to
liberate them from day-to-day dependence on civilians: billeting remained
to burden the unprivileged—and was not without its uses as a sanction for
promoting obedience to government—but there was less unofficial pillage
and clumsy requisitioning. This is a tribute to the more sophisticated
logistics of western armies, if not to better discipline. Indeed, when the
equipment and tactics of the belligerents differed so slightly, the issue of
victory or defeat might turn on quite marginal superiorities of that kind.
The successes of Marlborough and Charles XII, like the devotion they
aroused in their men, reflect the personal care they gave to fodder and
footwear. Eugene’s victories over the very large Ottoman field-armies,
while they owed much to his own genius, were also the reward of a more
efficient staff organization, even in an age when this was still rudimentary
(ch. xxu (1) and (2)).

Relatively to the numbers of men mobilized, dockyards and warships
cost even more than fortresses and siege-trains. They also depended on a
more elaborate range of skills and supplies, some of them only available in
quantity from the Baltic; the Ottoman navy was exceptionally fortunate in
being able to rely on materials produced at home, whereas the Dutch and
English were least well placed in this respect. It needed long experience,
zealous administrators, good craftsmen and reliable contractors to build
the ships and keep them seaworthy. Despite many abuses, all the naval
powers possessed these in good measure except Spain and Russia.
Peter’s visits to Zaandam and Deptford in 1697-8 were to acquire ship-
builders besides direct experience for the new navy which was his most
personal achievement—and the least sympathetic to the genius of his
people (ch. xx1). France, on the other hand, despite naval intendants of
the quality of Bégon of Rochefort, builders like Blaise of Toulon and a
great admiral in Tourville, lacked a ruler with an unwavering belief in
naval power. The Dutch Republic, in turn, relied on the grudging co-
operation of five admiralty colleges and after William’s death most of the
burden fell on that of Amsterdam alone, with the result that the Dutch
fleet diminished like the French. The explanation in both cases is basically
a financial one. Britain alone, among the western powers, proved able to
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carry to the end the enormous cost of war simultaneously on land and sea.
She did so thanks to the willingness of her parliament to run up a national
debt horrifying in its novel dimensions, but also by making individual
creditors wait for their money. Of these the seamen suffered worst.
Arrears and discounts of pay were aggravated by the much-criticized new
practice of turning sailors over from ship to ship to economize manpower
and limit desertions, thus confusing the books and exposing the men too
long to sickness and deprivation: a vicious circle was completed between
harsh treatment and failing recruitment. It was during the Nine Years
War, precisely, that English pamphleteers first assailed the wickedness and
inefficiency of impressment, now occurring on an unprecedented scale.
They admired the superior smoothness and humanity of Colbert’s
Inscription Maritime, even if it scarcely sufficed to man the squadrons of
Brest, Rochefort and Toulon in years when these were at full stretch.
Parliament’s half-hearted attempt to imitate it, by means of a national
register, failed largely because its full bureaucratic implications were
misunderstood or rejected. In spite of a greatly expanded marine, there-
fore, the English often experienced difficulty in getting their ships to sea
promptly. Yet this period of growth, which included the establishment of
new bases in Jamaica and Minorca as well as at Plymouth and temporarily
at Cadiz, showed that the English admiralty and navy board were
generally equal to the new problems posed by wars with France. Apart
from manpower, the chief weakness lay in the quality and cost of sea-
rations, which jeopardized the health of seamen at the same time as the
victuallers’ debts absorbed supplies voted for the navy’s other expenses
(ch. xxm (3)).

As the wars went on, the western powers were driven into heavier and
ever more ingenious borrowing, to meet State expenditures several times
their dimensions before 1688 (ch. 1x). Significantly, the budgets of the
Maritime Powers rose proportionately more than the French, which at
the outset enjoyed an ordinary revenue five times larger than the English,
although the French fisc was far less centralized. England doubled her
tax yield between 1688 and 1697, and nearly did so again in 1702-14,
largely at the expense of her country gentlemen, many of whom were
ultimately forced off their highly mortgaged properties and naturally
disposed to believe that they were lining the pockets of war-profiteers
(ch. vm). Further, a fourfold rise in the general level of English import
duties may be said to have founded a system of industrial protection,
although this was not its purpose.! Stiff excises were more important to
the Dutch, who yet relied most of all on the unrivalled though by no
means inexhaustible loan-market of Amsterdam. Vienna also drew heavily
on Dutch financiers, but developed banking institutions of its own which

1 R. Davis, ‘The Rise of Protection in England, 1689-1786°, Economic History Review,
2nd ser. vol. x1x (1966), pp. 306-17.
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mark an epoch in Austrian history. French revenues, notably the tax-
farms, in the end fell off drastically. The poll and income taxes of 1695 and
1710 introduced the king’s claim to tax all his subjects, at least in principle
{(ch. x); but in France, as in the Habsburg dominions, which borrowed at
ruinous rates of interest, it was principally the peasants who carried the
tax load. It is remarkable how long the ‘absolutism’ of Louis XIV con-
trived to live from hand to mouth, especially during the Spanish Succes-
sion War, when the sale of public offices and other affaires extraordinaires
were inflated to lengths that would have been ridiculous had they not been
so odious; mint bills and successive short-dated paper ‘ promises’ circulated
at rising discounts, so that the State came to depend on the credit of private
financiers like Legendre and Bernard——all the more since it counted on
them to manage its remittance business abroad. In this complex matter,
however, the expulsion of the Protestants proved paradoxically a solid
asset, for it extended the international banking network at French disposal.
The first generation of Huguenot émigrés remained deeply French in
feeling and the English treasury, for one, burnt its fingers with them in the
Nine Years War, when substantial remittances to the Continent were as
novel a technical problem for it as was the manipulation of public credit
on the scale required (ch. 1x).

In both respects, the wars crystallized an English financial miracle. In
1688 James II had no machinery for long-term borrowing: by 1714
widows and country parsons might be familiar with tontines, annuities,
exchequer bills and the notes of the Bank of England. Thanks above all to
Godolphin, one of the ablest statesmen of the age, English finances as a
whole were better managed in the Spanish Succession War, although the
big innovations belong to the first and more hazardous period. Average
annual expenditure in 1702-13 ran half as high again as during the Nine
Years War and Britain now found two-thirds of the Allied subsidies, but
interest rates were down. Between 1689 and 1715 Britain underwent one
recoinage, whereas the hard currency of France was revalued forty times
as her stock of specie dwindled and her government tried to stave off
bankruptcy. Moreover, the Contréle Général was far from possessing that
oversight of military and naval spending which to some extent the
Treasury gained in Whitehall (ch. 1x).

War loans and contracts, the mere handling of large sums of pay and
subsidies, called for the special knowledge, connections and capital of
many entrepreneurs, some of whom derived large fortunes from these
transactions. They included warlords like Marlborough and Eugene, but
also a Dauphiné innkeeper, Paris la Masse, and a Dutch bookseller,
J. H. Huguetan. We witness the definitive arrival of the Court Jew in
Germany, the ‘moneyed interest’ in London, the Banque Protestante
operating between Rouen and Amsterdam, Lyons and Geneva. Habsburg
and Bourbon pride was obliged to accommodate and even to ennoble
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financiers, whatever playwrights or pamphleteers might say. Noblemen and
magistrates had never despised a bargain; now, for all the survival power
of big landowners and urban patricians, they more frequently took the
merchant and banker, though seldom the industrialist, into partnership
and marriage. But it was the mass of lesser speculators who gave the tone
to what Defoe dubbed an “age of projects’—and none more inventive than
he. It was they, in warehouse and coffee-house, who worked up the
expanding trades to China and the slave coasts of Africa, fresh markets in
marine and life insurance, more sophisticated routines of investment and
exchange. These were the men of action whom the early eighteenth century
idealized as the friends of the human race; even their egoism was socially
useful, in contrast with the traditional aristocratic honour of the duel and
gambling-table. They shared too in the refinement of manners symbolized
by the porcelain teapot and the walnut chair; and doubtless, with the
scientists, they contributed much to that subtle change of ethos which
sought more rationality and tolerance, perhaps more charity, in what was
still the first interest of this generation, its religion.

The ‘age of reason’ did not arrive with a fanfare and it would be a grave
mistake to schematize the period here under review as in any simple sense
its prelude. Even for educated men the old Christian cosmos underwent
adaptation and renewal, rather than surrender to the small number of
sceptics who denied the divinity of Christ or (more commonly) the assis-
tance of divine grace. Clearly these heresies were not new, although Arian
and Pelagian viewpoints were reinforced as Christian belief was deprived
of many superstitious trimmings at the hands of scientists and historians,
themselves usually devout men. But for many believers, also, the seven-
teenth century had been one of growing spiritual insecurity, for it was
Galileo who destroyed the music of the spheres and Descartes who
produced a fully mechanistic universe. During the years 1680-1715, which
a brilliant book? has stereotyped as that of a crisis in the European mind,
the critical work of Simon, an excluded Oratorian, and of Bayle, an
exiled Huguenot, weakened confidence’in revelation and rationality alike,
while the logical rigour of Newton and Locke demanded stricter proofs
of reason itself. Above all, new perspectives of space and time were
offered to a generation already oppressively aware of the corruption
in human nature; moral pessimism stamps the classicism of Boileau as
well as Calvinist and Jansenist. Could ‘reasonable religion’ or ‘natural
morality’, however constructively intended, be kept clear from libertinism
in a world so sensitive to the evil that men do? Had Providence withdrawn
from it? Had the capitalist a duty to prosper, the valet a hope of regenera-
tion? Was the intrusive ego of the Stoic answered by the self-abandon-
ment of the Quietist, the resignation of the Epicure by Pietist missions and

1 P. Hazard, La Crise de la conscience européenne, 16801715 (1935).
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charity schools, the honest Pyrrhonist by the Jesuit call to submission to
pope and king? These are some of the uncomfortable questions debated at
this time, by men of every temperament and persuasion, with a depth of
insight and an intellectual subtlety which speak to the present day. To a
robust traditionalist like Bossuet, the enemies were as much within the
Roman Catholic body as in the luxuriant ‘variations’ of Protestant
Churches without, while the erudite guardians of the New England Way
strove desperately to preserve their covenant theology not only against
Papist, Anglican and Quaker, but from more insidious contamination by
ministers willing to admit  half-way members’ to the Lord’s Supper. On this
level the age of Malebranche and Spener, Bayle and Leibniz, was one of
doctrinal revision, daring in theodicy (a new word) and fecund in casuistry.
Yet the combined forces of secularism, latitudinarianism and natural
theology were slowly evolving the religious temper of ‘Christianity not
mysterious’, in circles which could afford it, despite occult elements in the
new science and the continued hold of magical practices even on persons
in high places.! So the optimism of the scientists eventually spread to
theologians and moralists, and the life went out of old controversies such
as Predestination, Passive Obedience and ‘cujus regio, ejus religio’—
controversies, nevertheless, which in many countries had come to a bitter
and menacing climax as recently as the 168os (ch. 1v).

It is necessary to keep all these developments in mind if the explosive
implications of the English Revolution of 1688 (ch. vi) are to be under-
stood. Its inner logic only became apparent during the three following
decades of national self-adjustment to a new role in Europe and to a new
structure of power at home. The rapid sequence of events in 1688—9 was
indeed more than a defeat for the religious policy initiated by James II or
attributed to him, for it also reversed the absolutist trend which pre-dated
his accession; the argument between divine right and contractual kingship
had produced its fundamental documents, after all, in writings by
Filmer and Locke respectively published and drafted in 1680-3. Yet the
statutory contract of 1689—the maximum area of agreement between the
politicians that was acceptable to a new king whom they needed even more
than he did them—Ileft residual prerogative powers which were the root of
much subsequent anguish, whether exercised by a warrior-king of un-
conventional methods or delegated by a devout queen to the leaders of
parliamentary coalitions, meeting regularly in what was beginning to be
called the Cabinet. Decades were to pass before a smooth working relation-
ship was hammered out, after many false starts, between this limited
monarchy and a House of Commons which learnt in these years to feel
its strength even in the conduct of foreign policy. Consequently, the very
framework for settling party differences without civil war was itself, like

} See J. Ehrard, L’Idée de Nature en France dans la premiére moitié du XVIII® siécle
(2 vols. 1963), vol. 1, ch. I.
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the intrinsically sensitive questions of war and religion, an open invitation
to partisanship (ch. vim). This extended to the relations of parliament and
convocation, Lords and Commons, electors and elected, government and
the press. The upshot was a classical ‘mixed’ constitution, entrenched in
landed property, civil liberties and political consent. It was to be long
admired as the model domestic counterpart of that ‘balance of power’
which was contemporaneously becoming the first axiom of international
statesmanship (ch. v). And yet ‘the late happy revolution’ would hardly
have cast the spell it did on Whig mythology (on both sides of the Atlantic),
or on French Anglomania, had it not seemed to explain, as it did for
Macaulay,! how England’s ‘ opulence and her martial glory grew together’:
this ‘auspicious union of order and freedom’ was held to be ultimately
accountable for the Bank of England and industrial primacy, toleration of
Nonconformists and freedom of the press, the Union with Scotland of
1707, the conquest of North America and an empire in Asia. While its
authors preferred toregard it as a restatement of immemorial legal liberties,
the Revolution also released economic energies which the conciliar
government and monopolies of the previous régime had checked. The
Revolution, moreover, owing to the international context in which it was
enacted and consolidated, stimulated an appetite for political information
and commentary—reflected in the rise of a vigorously polemical news-
paper press which itself contributed not a little to the notorious English
‘heats of faction’—and so inaugurated one of this people’s most enduring
traits.2 With it went a sense of having arrived to first rank among the
nations, strikingly declaimed in the palace Vanbrugh built for Marlborough
at Woodstock.

English neutrality had been a condition of Louis XIV’s continental
‘preponderance’, so that the English succession of 1689 was at once
acknowledged as a major defeat for him. Equally, his recognition of
William III as king ‘by the grace of God’ at Ryswick cost him a loss of
face at home. But by perseverance Louis later won the main point for his
grandson, if not for himself, over the Spanish succession, Neither Peace
cost him important territorial concessions, although Newfoundland and
Hudson’s Bay represented appreciable economic sacrifices at Utrecht.
Above all, he retained Alsace and Strasbourg, the strategic key to his
kingdom when Franco-Imperial relations were habitually at the centre of
his calculations. The ‘decline’ of France in these years denotes primarily
the loss of a military and diplomatic ascendancy. Even at its zenith in the
1680s however, Louis had never been able to take this for granted: an
eternal vigilance all over Europe was the price of quite modest territorial

Y History of England from the Accession of James the Second, vol. 1 (1848), p. 1.

* That ‘a feeling for the interconnection of European events’ was not confined to the
English is well suggested by G. C. Gibbs, ‘Newspapers, parliament, and foreign policy in
the age of Stanhope and Walpole’, Mélanges offerts a G. Jacquemyns (Brussels, 1968),
PP- 293-315.
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advances along the French frontiers, especially as their security was still
felt to depend on the possession of bridgeheads, a Trarbach or a Casale,
beyond them. Such outposts were a dangerous encouragement to the
aggressive if precautionary military moves in the war of nerves which
preceded open hostilities in 1688 (ch. vm). For this freedom of initiative
there was substituted the European balance of 1713~14, with its barriers
and renunciations. Yet France was shortly to be an indispensable partner
in the Anglo-French and Quadruple Alliances devised to maintain that
balance, and by 1735 Cardinal Fleury had restored her diplomatic leader-
ship in Europe.

By that time, too, the subjects of Louis XV looked back with respect on
the great reign which had closed, unmourned, in 1715. How, therefore,
are we to interpret its ‘sunset’ years? Real military adversity and financial
disaster are features of the last decade only, when the king’s family
bereavements echoed the distresses of his people. That the régime sur-
vived these terrible years shows how far it had travelled since the Fronde.
Even in 1710, for all the fiscal racketeering to which he had stooped (but
for which the financiers were scapegoats), Louis could still evoke an all-
out effort from his subjects against humiliating peace terms. The sins of
James II were surely trifling in comparison, but he had kept for less than
four years a Crown which at his accession seemed to have attained an un-
shakeable predominance, whereas Louis’s boldest critic could write at the
crisis of the reign: ‘The King’s affairs have become violently our own. ..
the nation must save itself.”? Disillusionment notwithstanding, the Roi
Soleil had come to represent the French nation far too successfully for it
to be able to translate any sense of divergent interest or separate identity
into revolution. There were seditious outbreaks enough in France,
especially when the harvests failed, but only the revolt of the Protestant
Cévennois was difficult to put down. Much as they had to complain of,
solid townsmen feared their own distressed neighbours more than they
hated royal policy and its agents.? If there was less obedience in 1713 than
in 1688, this was due to the alarm created among magistrates and clergy—
more sensitive indicators of public opinion than courtiers starved of
power or pleasure—by the king’s desertion of Gallicanism (ch. 1v), rather
than to his war-making. Nevertheless, a long war marked the failure of
diplomacy in Louis’s own eyes, and war itself had become a wickedness
to moralists close to him. Although Louis was no more directly respon-
sible for the hunger of 1693 than for the economic stagnation which
preceded it, Fénelon was already driven into a blistering attack on the
king’s whole European record and domestic extravagance alike; Beau-

! Fénelon to Chevreuse, 4 August 1710, quoted G. G. Van Deusen, Sieyés (New York,

1932), p. 149.
* Compare the articles by J. Gallet and G. Lemarchand in Revue d’histoire moderne et
contemporaine, vol. xtv (1967), pp. 193-216 and 244-65.
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villier, a member of Louis’s small cabinet, condemned his breach of faith
in tearing up the Partition Treaty; and in the succeeding years such
criticism became more outspoken still. Significantly, however, it came
from noblemen who wanted above all a return to the feudal order, an end
to ‘“ministerial despotism’ and luxury industries, the revival of provincial
Estates (ch. x). Political liberty was identified with the privileges of the
higher orders and of the historic provinces, economic salvation with the
demise of Colbertism.? Louis XIV’s absolutism is no more than an episode
in the long history of these tensions, which it was never part of his pro-
gramme, opportunist as it was at heart, to resolve frontally: the projects
of an Abbé de Saint-Pierre, whose precocious modernity reminds us of
Defoe, would have seemed chimerical to a heavily burdened king and
ministers who lived on the whole from day to day. Their means of action,
though comprehensive by most contemporary standards, fell short of
those already available to the new Prussian kingship.? Yet their admini-
strative tutelage, which little by little had sapped the resistance of centri-
fugal forces—incorporated in a heritage of institutions amazing in its
variety—might have been extended but for the wars. In the event, Estates
and parlements, Church and municipalities recovered enough of their
earlier vitality to frustrate the reforming monarchy of the eighteenth
century.

In the light of tendencies elsewhere in Europe, too, it may be possible to
avoid a facile condemnation of Louis XIV’s domestic legacy. The growth
of bureaucracies notwithstanding, government and society were not at all
points antithetical and the eighteenth century was to be the high noon of
the European nobilities, elusive of definition though they remain. Even
the service nobilities of Sweden and Russia came to merge, like robe and
sword in France, with the territorial magnates. In southern Europe these
were often the urban patricians as well or overlapped with them, hostile
as the land might be to banking in Genoa, sharp as was the genealogical
competition in the zones of Spanish influence—long deprived of a
military class but lush in new titles. It is true that a social fissure between
noblesse de race and newly ennobled, familiar to us from the Memoirs of
Saint-Simon, was to be found from the Mediterranean to the Baltic, least
of all in the Habsburg lands but emphatic in Prussia and Sweden and
wherever dynastic service depended more than did Vienna on appoint-
ments and promotions outsideland and lineage; in the Prussia of Frederick
1, in fact, ennoblement came more abruptly to ministers of state than in
France, whose noblesse administrative—Saint-Simon’s * vile bourgeoisie’—
emerged gradually through the high robe and the Conseil d’Etat® Yet

1 See the interesting thesis of L. Rothkrug, Opposition to Louis X1V (Princeton, 1965).

2 See vol. v, ch. xxmI.

% For a sociological analysis see H. Rosenberg, Bureaucracy, Aristocracy and Autocracy:
The Prussian Experience, 1660—1815 (Cambridge, Mass., 1958).
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Crown employment, civil and military, necessarily expanded under the
pressure of the long wars and there are signs that it was increasingly
sought by old families, who enjoyed more of a monopoly of it afterwards.
The conception of State service as the up-to-date basis of nobility was not
permanently realized even in Russia, where Peter sought to make it the
only basis (ch. xx1), in clean contrast with birth or wealth. The traditional
status of landed patrimony still had a long future before it and in some
countries conferred national political power. In England and Sweden, as
in Hungary and Poland, the smaller nobility or gentry shared in this,
usually under the leadership of territorial magnates, although a certain
opposition between court and country long survived in England and
Hungary—where it was reinforced by the Germanization of the greater
families—and almost everywhere there was a very large ‘provincial’
nobility which lacked the means or tastes for national politics. Often its
circumstances no longer matched its pride of ancestry, and it was accord-
ingly insistent on making the most of status and privilege.

Except in Britain and the Dutch Republic, where regent office-holders
and politicians nevertheless leaned more and more to the luxurious way of
life typical of the southern senatorial families, the pleasures or just the pride
of eighteenth-century nobilities were supported by privileges which bore
hard on the mass of peasants—Vauban’s ‘menu Peuple de la Campagne’,
Shaftesbury’s ‘poor rural animals’, the Magyars’ ‘misera plebs contri-
buens’. From the Balkans to Denmark, the period under review witnessed
the depression of all these except the ‘coqs de village’ and a few mountain
communities (outside Savoy and Switzerland). However we distinguish
the varieties of frecholder and tenant, or western day-labourer from
eastern serf, it may not be too much to say that nine-tenths of the popu-
lation of the Continent was worse off in 1715 than it had been in 1690.
Against more remunerative price-levels apparently arising out of the wars
(ch. xxmm (2)) we must set much hardship which the wars did not cause but
might aggravate. The second part of the reign of Louis XIV turned out to
be very largely a period of climatic adversity.! No European economy, least
of all the French, was made to withstand such a cataclysm as overtook
Europe in and after the winter of 1708—9, one of the hardest ever known;
even in England, relatively healthy under William and Anne, burials and
riots increased. The cold wet summers of the 1690s hurt spring sowings
from Scotland to Finland as well as the vintages of the South. Mediter-
ranean countries were stricken by the frequency of drought and cattle
disease between 1699 and 1723; in 1713-20 rinderpest reached the Nether-
lands from Russia. The loss of livestock or cereals threatened famine to
rural populations whose normal diet was a bare subsistence. The old and
the very young were particularly vulnerable to the sickness which accom-
panied—if it did not anticipate—such scarcities as gripped France in

! E. Le Roy Ladurie, ‘Histoire et Climat’, Annales (E.S.C.), 14¢ année (1959), p. 2I.
3 29 MHS
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1693~4 and the whole of the North from 1696 to 1699. In addition, abrupt
rises in the price of food quickly reacted on industrial demand, credit,
employment and wages—inelastic as these were in relation to changes in
the cost of living.

There was, of course, a differential geography of mortality as of prices,
in what appears to have been demographically a relatively stable period
(ch. xx1m1 (2)), and a fortiori the same is true of the incidence of fighting. To
the increase of corvées, billeting and conscription in many lands, to the
hardening of serfdom across the Elbe, to higher taxation combined with
uncertainties of money supply and the growing indebtedness of villages,
we must add the direct effects of the passage of armies in Spain and the
Balkans, in the eastern Baltic and southern Netherlands, the ‘scorched-
earth’ tactics of the French in the Palatinate and of the Russians in the
Ukraine, the pillage of Bavaria after Blenheim, of Portuguese frontier
districts after 1704, of Saxony in 1706—7 and of Poland throughout the
Northern War—not to mention raids on West Indian and Aegean islands,
New England homesteads and Florida missions. For half a century to
come, the depopulated towns and deserted villages of Poland would bear
witness to the movements of Swedish, Russian and Saxon soldiers,
whose necessities spared neither bourgeois nor nobleman (ch. xx (2)).
Although military administration in the West was increasingly capable of
limiting the impact of hostilities on civilians, it is a mistake to suppose that
any belligerent exercised restraint unless it advanced his cause. In any
case, the dislocation of peacetime trading patterns by the mere fact of
hostilities—much as governments might try to accommodate the two by
special licences to enemy merchants or by the encouragement of neutral
carriers (ch. v)—could affect thousands of producers, especially when the
Great Northern and Spanish Succession wars coincided. When great
ports like Riga and Lisbon changed masters or allies, when shipping
movements were delayed and distorted, the repercussions would be felt far
from the open sea, in continental markets like Geneva, in ill-lit cottages
where woollens and linens were spun or woven, in modest vineyards and
tobacco plantations. From this point of view, there is clear evidence
(ch. xxm) that the first decade of the eighteenth century was more dis-
ruptive than the last of the seventeenth.

These compound pressures, along with those aimed at stricter confor-
mity in worship and allegiance, added numbers of fugitive agriculturists,
prisoners and deserters of war, debtors and sectarians, to that large seg-
ment of the population which was habitually on the move: the herdsmen,
shepherds, squatters, pedlars, journcymen masons and carpenters,
waggoners and boatmen, strolling players and professional adventurers,
smugglers and bandits. The exodus of southern Serbs into Hungary, the
mass flight of Old Believers from Tsar Peter’s long arm, the semi-voluntary
exile of Irish Jacobites, Palatine Germans and Catalans—these are only
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epic instances of the widespread displacements which await study. The
indications are that they were most numerous in Russia and the Otto-
man empire, not least on the Black Sea steppes where Tatar and Cossack
horsemen contested one of the many zones of friction which eluded the
shaping power of the ‘political’ States, as did the brigandage endemic on
the rivers and caravan-trails of the East. It was against tsar and sultan
that the bloodiest revolts of the time took place—of Cossacks and
janissaries. But over the rest of Europe there was raiding and rioting
enough to match the high-seas piracies of those who had opted out of
Western civilization altogether.

Except under siege or occupation, earthquake or bubonic plague—
which scythed a memorable path through central and northern Europe
between 1706 and 1714—the towns were best organized to protect them-
selves and even to strike advantageous bargains in hard times, when the
rural poor made for their gates in hope of a relief all too often denied to
them. There were cities, like Milan and Berne, which regularly exploited
their dependent countrysides. There were municipal oligarchs among the
war profiteers. French communities subscribed to State taxation on the
cheap; Hungarian, Belgian and even some German boroughs strengthened
their franchises; many were the town halls built in England in these years.
The feeding of Paris and Constantinople was a major concern of states-
men, while London’s coal prices could alarm parliament. The long-term
drift of industries away from the towns, with their restrictive craft gilds
almost everywhere, certainly provided thousands of peasant families with
an indispensable money income; but the profits of the entrepreneurs were
largely spent in the towns, like the interest payable on the debts of rural
communes and that antique mixture of reats, dues, tolls, tithes and fees
which composed so large a portion of seigneurial and ecclesiastical
revenues. Except in Russia, which at Peter’s death had only some three
hundred towns (averaging no more than a thousand inhabitants), and in
the lands beyond the Elbe generally, the bourgeoisie was continuing to
extend its hold on the countryside. Especially was this true of farms,
vineyards and parklands within easy reach of the centres of business and
administration, whether it was London or Vienna, the Venetian terraferma
or the Cote d’Or of Burgundy. As long as the wars lasted, few princes
could afford to compete with the building mania of their richer subjects,
even if the growth and embellishment of Turin and Diisseldorf, Berlin
and Dresden, were nursed by their sovereigns, while Peter conjured St
Petersburg out of the Neva marshes at enormous cost in life as well as
money.

The broad contrast of wealth and poverty which was increasing the
social distance between town and country was paralleled, of course, by
secular differences in levels of literacy, and these were overlaid by the
promise of a cosmopolitan urban culture. It is true that the cultivation of
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music still depended most of all on court and church, but the public
concert was gaining ground in London, Paris and Hamburg. Londoners
were acquiring from Handel an enduring taste for a new musical form, the
oratorio, as a Lenten substitute for the opera. Of opera itself, which
continued to dominate the development of music (ch. 1 (2)), Venice and
Naples remained the capital cities. It was likewise to poverty-stricken
Italy that German princes and English peers looked for artists to produce
that Baroque decoration, replete with goddesses and warriors, which best
satisfied a virile self-importance'—unlike the French aristocracy, which
was feeling its way towards the caprice of rococo and finding in the guitar-
hushed trysts of Watteau, the one great painter of the age born north of
the Alps, hints of release from Louis XIV’s later austerity. At the same
time, the civic rulers of Paris were sitting to the fluent brush of Largilliére,
English journalists and admirals to the genial Kneller. Although Thorn-
hill’s Painted Hall at Greenwich, begun in 1708, still drew heavily on the
allegorical resources of the seventeenth-century Italian schools, as Verrio
had done for William III at Hampton Court, the artistic tide was setting
towards the more intimate, episodic vision of the departed Dutch masters.

A sometimes prosaic concreteness was strikingly evident in the more
accessible literary genres, whereon bourgeois interests made a strong mark
(ch. 11 (1)). The picaresque novels of Defoe and Lesage dealt in the stuff
of common life, gave fiction the verisimilitude of historical memoirs, and
taught the values of prudential endeavour. Addison and Steele endowed
the sagacious merchant with a moral dignity worthy of European emula-
tion. Even if in France he still craved nobility, the style of ‘vivre noble-
ment’ was changing under the influence of the philosophe*—pleasure-
loving and free-thinking, but well informed and fundamentally humble,
after the pattern of the delightful and long-lived Fontenelle, the central
figure in the passage of French culture from Descartes to Voltaire. The
stock jokes of the French theatre might still be at the expense of the
nouveau riche, but Dancourt in 1700 portrayed bourgeois types with
sympathy, while the English comedy of manners derided the vices or
follies of the courtier. In both countries the edifying moral and the
sentimental ending made headway. Fénelon’s Télémaque, the best-seller
of 1699, is only the most celebrated title in a whole literature of revolt
against luxury and licence; the songs and broadsheets of France point to
the existence of a discontented public which was returning under pressure
of great hardship to dreams of rural solitude, not without the tears which
herald Manon Lescaut and perhaps suggest the influence of many
translations from English.? English and French taste alike was veering

1 See F. Haskell, Patrons and Painters (1963), ch. 7.

* Defined by the Académie in 1694 as‘ one who applies himself to the study of the sciences,

and who seeks to know effects by their causes and by their principles.’
3 See G. Atkinson, Le Sentiment de la Nature et le retour a la vie simple, 1690-1740 (1960).
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from the grand universal generalizations of classicism towards a more
intense absorption in the passing scene, including political news and
popular science.

While the contemporary world thus recovered the prestige which had
been slighted by orthodox classicism, historical research in the lifetime of
Mabillon and Hearne, Rymer and Muratori, continued to document
specific phenomena, often in support of contemporary polemics and with
new refinements of technique. The unique philosophic genius of Vico,
labouring obscurely in Naples, was as alien to this age as to the next,
though in a different way. The classicist emphasis on the typical and
recurrent, so apparent in historiography with Montesquieu and Voltaire,
is discernible as early as 1703 in the work of a London doctor who ex-
plained cultural diversity by a historical anatomy of government, but
Locke was one of the few tonotice him.! The philosophizingspirit of French
classicism,whichhadalways beenacrusadeagainst the culture of a majority,
only came to full maturity after Racine, who died in 1699. The later history
of French taste was to show that it would not easily be emancipated from
the aristocratic canons of the grand siécle, none the more because the very
triumphs of the classicists enabled the Moderns to measure its claims
against those of the Ancients (ch. mr (1)). There was a relative but short-
lived failure of energy here in Louis XIV’s later years which has much to
do with the stereotyped picture of a sunset. Yet the French language, and
the bienséances which it had come best of all to express, were conquering
the rulers of Europe. Paradoxically, the Huguenot diaspora made a
timely contribution to this result, particularly through the international
press which its pastors established in Holland for the dissemination of
knowledge. Bayle’s République des Lettres, in particular, was the cultural
counterpart of the stadholder-king’s European commonwealth (ch. m1
(1)). If the vitality of the Augustans suggests a fresh self-assurance among
the English, their debt to French culture is nevertheless apparent from
Dryden onwards. Mr Spectator indeed advocated the simple life, but by
enlivening morality with wit and rendering learning polite he was inviting
his readers to emulate the decorum of the salons. In turn, Addison was
widely read on the Continent.

This cross-fertilization of French and English letters, attaining a
‘co-dominance’ over Europe (p. 72), bore marks of the much wider
scientific movement (ch. ). The established national scientific societies of
England and France, in their very different ways, were the prototypes for
others—recognized in these years as essential to the equipment of a
modern State. Important work was still done in Holland and in Italy,
while Germans, Swiss and Scandinavians contributed major discoveries to
that understanding of nature which even at the time was recognized as an

1 J.A. W. Gunn, ‘The Civil Polity of Peter Paxton’, Past and Present, no. 40 (1968),
Pp- 42-57.
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intellectual revolution. The number and variety of investigators involved
can make it rather difficult to represent them as a single movement:
and yet some such character is bestowed on them by the increasingly well
organized channels for the transmission, indeed the vulgarization, of new
knowledge, even in war-time, and by a common faith in the rewards of
systematic research. This had already yielded so much that it is tempting
to regard the age as empirically minded. In fact, scientific thinking was also
impregnated with dogmas, not always very old, which distorted the
direction of much inquiry or delayed the reception of new truth. The
outstanding example of this dogmatism is the continued prestige enjoyed
by the Cartesian universe, so alluringly exhaustive as to impose a barrier
of prejudice, especially in France, to Newton’s more modest mathematical
demonstration of the laws of matter-in-motion. Newton’s principle of
‘attraction’, while leaving vastly more scope for the direct intervention of
Omnipotence in the natural world than did the fully determinist system
of Descartes (or Leibniz’s revision of it), seemed at first to be a regression
to Aristotelianism, in the way it blurred the boundaries between the natural
and supernatural orders. Precisely this spiritualization of Nature, which
theologians were quick to distrust, was to characterize the Enlightenment.
Outside England and Holland, however, Newtonian science did not
triumph until about 1740. A decade later, Diderot’s Encyclopédie was to
come down on the side of positivism against total explanations based on
speculation, incidentally providing science with that explicit creed which
justifies us in describing it as a ‘movement’ or even as a ‘revolution’.
Newton’s theoretical physics thereafter remained unchallenged almost
until the present century. His procedure, moreover, grounded in new
standards of accuracy in measurement, distinguished theory from hypo-
thesis with an unprecedented austerity, even though his methods, like the
questions he answered, were largely inherited from the empirical habit
of the half-century preceding publication of his Principia, and especially
from the dramatic advances in mathematics. In 1687 the scientific scene
was dominated by the intimate union of mathematics and mechanics
with the crude atomism of corpuscular physics. The mechanical model
long prevailed in the study of physiology, sidetracking the doctors;
Boerhaave, who made the reputation of Leiden’s medical school, turned
to chemistry, which at last began to discover a theory of its own through
the fertile error of ‘phlogiston’ but in this period remained largely the
domain of soap-makers and other craftsmen. The career of Boyle is
particularly instructive in this connection. In breadth of culture and in his
willingness to converse with artificers, he perhaps had no peer: yet his
very desire to unify the ‘new philosophy’ led him to harden the subjection
of chemistry to physics. On the other hand, botanists and zoologists and
geologists were struggling to classify the specimens which piled up in their
cabinets, from near and far, at an ever more formidable rate. The labo-
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rious prerequisites of collection and systematics alone explain why the
biological sciences were slow to find an independent theoretical frame-
work ; from Ray to Linnaeus, botanical taxonomy developed faster than
its less tractable material allowed to zoology, in spite of great advances
made by the microscopists in the study of physiological functions and of
the minutest of living creatures. What is more, the sensational finds of
geology and palaeontology were slow to break down the a priori notion of
the immutable fixity of species, reinforced as this was by the biblical
account of the Creation and by Linnaeus’s ‘sovereign order of nature’
of 1735. Less than a decade later, however, anticipations of Charles
Darwin can be found in the essays of Maupertuis and Buffon, whose
ideas on heredity also put an end to the revival of ancient theories of
reproduction; the whole ‘preformationist’ controversy shows the real
limitations of the boasted empiricism of the new philosophy. In more
than one direction the great Encyclopédie thus coincides with an epoch in
the history of science. What is most striking in the record of the preceding
half-century is less the modernity than the momentum of discovery. But
this was both cause and consequence of an intellectual outlook which was
to change the world.

While science was unveiling a new universe and seeking the origins of
life, the minds of thoughtful Europeans were also digesting, more con-
sciously and courageously than ever before, some of the facts of strange
polities and beliefs described by missionaries and other travellers to the
Asian courts and American forests. A large travel literature had already
accumulated but there was now an unmistakably larger public for it, as
the publishers of ‘Relations’, ‘Voyages’ and map collections were quick
to realize. These made an intellectual impact more far-reaching than the
influence of cargoes from Canton and Mocha (ch. xxu1 (1)) upon manners
or that of the Brazilian gold discoveries upon the money market, even if
the true pioneering explorations of these years—the sensational pene-
tration of the Brazilian interior by the bandeirantes from Sio Paulo .
(ch. xv1) and the stubborn Jesuit advances down the Amazon and up to
California (ch. x1)—made less impression at the time than the exploits of
the Fathers at Peking (ch. 1v) and the prying of foreign sea-captains around
the secret places of the Spanish Indies (although Dampier, in particular,
achieved more than that). At bottom we are confronted as much with
another indication of the contemporary zeal for amassing curious know-
ledge, from Saxon antiquities to Indonesian herbs, as with a dilettante
thirst for the exotic and the primitive, proper to a fin de siécle which saw
the scrapping of so many familiar signposts to the kingdom of God upon
earth. And yet, although many items in the news from overseas were
intended for practical use, whether details of the topography of Darien
or of the wars of Aurangzeb, much else took the form of disinterested
accounts of the appearance, diet, economy, government, religious and
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sexual practices of tribes and civilizations which challenged the assump-
tions of the European visitor and caused the candid reader to reconsider his
moral and political bearings (ch. m (1)). He was disturbed and might be
shocked. In this period certain Christian tenets lost their uniqueness and a
new respect was born for alien explanations of the phenomena of pain and
evil—so much so that efforts to assimilate them to European historical
and cosmological schemes had to be abandoned. Later, the philosophes
and the Physiocrats were to order this information and derive instruction
from it, especially from China: but already a rudimentary anthropology
was reinforcing the questions posed by Spinoza and Simon, Bayle and
Locke, about the authority of Church and Bible, the intellectual founda-
tions of sovereignty, the nature of knowledge itself.

Tahiti and the sources of the Nile belonged to the future, Terra Australis
Incognita and the North-West Passage would yet tempt speculation. The
world known even to the small élites of Europe, at a moment of culture
when no gentleman’s library was complete without a globe, lay rich in
secrets long after the speed of light had been determined. To the genera-
tions reared on Mother Goose and Robinson Crusoe there were still far
horizons where anything might happen. In their taste for the imaginary
voyage, in the satire of Gulliver as in the astonishments felt by Montes-
quieu’s Persian visitor to Paris, Europeans were proving their civilization
by laughing at it and inventing better ones.
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CHAPTER 1I

THE SCIENTIFIC MOVEMENT AND
THE DIFFUSION OF SCIENTIFIC IDEAS,
1688-1751

1687 saw a gradual but definite change in the character and spirit of

the European scientific movement. Newton’s masterpiece showed
for a fact that the ‘new philosophy’ could solve the most imposing of
problems. No longer was it necessary, as in the heroic days of Bacon,
Galileo and Descartes, to convince contemporaries by argument of the
power of experimental and mathematical science. Scientific deeds had
spoken for themselves. At the same time the Principia brought to a
conclusion the great cosmological debate opened by Copernicus, and
established mechanics as a model for all the sciences.! With these develop-
ments, a period of adventure in ideas and organization gave way to one of
systematization, fact-collecting and the diffusion of scientific ideas. Science
became for a time distinctly less original. In 1698, Gottfried Wilhelm
Leibniz (1646-1716) and the aged John Wallis (1616-1703), discussing in
the Philosophical Transactions of the Royal Society ‘the cause of the
present languid state of Philosophy’, found that among their younger
contemporaries ‘Nature nowadays has not so many diligent Observers’.?
Two years later the Council of the Royal Society regretfully recorded that
neglect and opposition had thwarted their plan to produce a series of
useful inventions. Yet at this very time the influence of science was
spreading as never before. A new profession had grown up. Scientific
societies of high technical standards were soon to multiply, governments
investing in science with the expectation of a profitable return. An ex-
panding scientific journalism was spreading a new philosophy among a
wide lay public. The culture of educated Europeans was changing. Science
and its methods began to take the place of traditional metaphysics as the
normative intellectual discipline. At the same time the geographical
centres of intellectual influence shifted. English ideas penetrated the rest
of Europe as never before, and this was before all else a triumph for the
English empirical outlook.

To the scientific societies of the seventeenth century had fallen the task
of organizing science as a profession. In general, the universities as such
made little provision for scientific education or research; the societies,
like the literary societies before them, were established, primarily by

THE years following publication of the Principia Mathematica in

1 See vol. v, pp. 52-8, 63-5. % No. 255, pp. 281, 273.
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university men, as a home for the new learning outside the conservative
university system. The earliest had been Italian, but by 1700 these had
ceased to exist. Elsewhere, however, two major national institutions had
emerged to provide centres for organized scientific enquiry: the Royal
Society and the Académie Royale des Sciences.! They reflect the intellec-
tual leadership of Europe then coming to be divided between England and
France. There were also two minor scientific societies in Germany, but
no national academy there as yet. It was the Royal Society and the
Académie des Sciences that furnished the prototypes of the numerous
later academies in Europe and America. But they were two very different
prototypes. The Society was a private body, entirely self-governing,
controlling the election of its Fellows, embracing amateurs as well as
professionals; it had no financial support or physical accommodation
from public sources, no obligation to undertake work for the Crown.
The Académie, from the start, was a State institution. The members were
all professional scientists appointed by the State, well paid and accommo-
dated, provided with adequate funds for research; in return they were
expected to carry out any projects, usually with some technological
application, requested by government. Both societies, indeed, endorsed
Francis Bacon’s insistence that science be useful as well as enlightening,
and both emphasized the experimental character of research. But whereas
the Crown soon learnt to leave the Royal Society free to pursue with-
out interference its investigations for the relief of man’s estate, the
French scientists realistically decided that the good of humanity began at
home and that the only way to raise funds was to appeal to their king’s
interests. In terms of work published, it is not easy to decide which policy
paid best in the first half of the eighteenth century, for into the balance
must be thrown the imponderable of the abilities of individual members.
But certainly it was the French example of a national academy with public
support, though not necessarily under governmental control, that was
followed by most other countries; and during the second half of the eigh-
teenth century the Académie completely outdistanced the Society, as a
direct consequence of its professional character and adequate endowment.

In 1688 the Society was in the middle of the most difficult period of its
early history. The average number of Fellows for 168695 fell to about 115
—little over half the average for 1666-75—and its finances were more than
usually embarrassed. But its fortunes began to improve with the election
of Sir Robert Southwell (secretary of state for Ireland and an amateur
chemist) as president in 1690 and of Dr Hans Sloane as joint secretary in
1694. Newton himself was elected president in 1703. Throughout his long
period of office (lasting until his death in 1727) and that of his successor,
Sir Hans Sloane, both the membership and professional character of the
Society increased steadily. Sloane was one of the leading naturalists and

! For their origins see vol. v, pp. 50-1.
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physicians of his day; his zoological and botanical collection, begun
while serving in 1687—-9 as physician to the governor of Jamaica, was to
become (together with his coliection of manuscripts) the nucleus of the
British Museum. When he declined re-election in 1741 he had served the
Society continuously for 47 years. To him is due much of the credit for
its progress throughout this period.!

It was the discoveries of Newton and the mathematical physicists
that had first made the Society’s reputation and towards 1700 they
dominated its outlook. The work discussed or published by it nevertheless
reflects fairly enough the extremely varied scientific activity of the age.
Hooke continued to present experiments on mechanics, magnetism and
optics, as well as observations made with a large telescope erected in the
quadrangle of Gresham College. In 1703, after waiting for Hooke’s
death, Newton presented his Opticks to the Society. His versatile friend
Halley, whose interests extended to demography and Arabic, continued
to make outstanding contributions to many branches of astronomy,
his Synopsis of Cometary Astronomy being communicated in 1705.
Colin Maclaurin, one of the brilliant young mathematicians who
gathered round Newton after his creative career was spent, extended his
mathematical work: his Treatise on Fluxions (published in 1742, the year
of Halley’s death) is ‘probably the most logically perfect and rigorous
treatment of the calculus on Newtonian principles’.? In the 1720s Abraham

! Some idea of the Society’s institutional history can be gained from the following
statistics contained in Sir Henry Lyons, The Royal Society, 1660-1940 (1944), App. I:

Percentages of scientific Fellows
representing different subjects

Experimental
and observational
sciences
(chemistry,
Proportion of botany,
Total scientific to Mathematics zoology, Number of
number of non-scientific =~ Medicine and geology, foreign
Year Fellows Fellows and surgery astronomy opticsetc.) members
1663 137 1:2°1 551 349 10-0 o]
1698 119 1:2-3 543 200 257 28
1740 301 1:2:04 630 19:0 18-0 146

* C. D. Broad, Sir Isaac Newton (British Academy, 1927). In 1712 the Society appointed
a committee to report on the dispute between Newton and Leibniz over priority in the
invention of calculus. Newton was not a member of the committee but not surprisingly it
found in his favour. The officers also found themselves involved in disputes with the Astro-
nomer Royal, John Flamsteed, when in 1710 they were appointed Visitors of the Royal
Observatory at Greenwich. Good relations between the Observatory and its Visitors did
not exist until Halley succeeded the petulant Flamsteed in 1720. For later developments see
A. Armitage, Edmond Halley (1966) and E. G. R. Taylor, The Mathematical Practitioners of
Hanoverian England, 1714-1840 (1966).
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de Moivre developed probability theory. The first announcement of the
important discovery of the aberration of light was made in the Trans-
actions for 1728 by James Bradley, who succeeded Halley as Astronomer
Royal. The influence of the new physics was no less truly reflected in the
work of Stephen Hales on blood pressure and the rising of the sap in
plants. The Fellows also made a large contribution to early discoveries in
electricity. One experiment published in 1731 showed for the first time
that electricity can pass great distances through conductors; on a later
occasion a current was passed across the Thames at Westminster Bridge.
The Society’s interest in botany, zoology and geology was maintained by
Sloane, Ray, Woodward and their fellow naturalists. Leeuwenhoek sent
much of his work with the microscope for publication in the Transactions
and left a cabinet of his instruments to the Society, which also acquired
specimens from various parts of the world, especially in gifts of the East
India Company (in which it held stock) and from North America. The
carliest maps of the Great Lakes were exhibited at the Society in 1688.
In 1725 it sent barometers and thermometers to correspondents over-
seas to encourage meteorology. The Turkish practice of inoculating for
smallpox was discussed as early as 1714, before the fashionable example
set in 1718 by Lady Wortley Montagu dramatically reduced the death-
rate from this disease. Yet it was as individuals that the Fellows achieved
most of this diverse research. As Voltaire said, Newton was its glory but
it did not produce him. It could afford to keep as paid officials only its
Curator of Experiments and later its Secretary. Its accommodation
remained modest.! It could occasionally assist scientific expeditions, but
never finance one of its own. It never, in fact, carried out any large-scale
research project. Even its publications had more than once to be abandoned.
The Transactions, begun as a private venture by Henry Oldenburg, its
first Secretary, were not published by the Society until 1753.

In contrast, the official character of the Académie des Sciences was
underlined by its dependence on the interest of the minister in charge.
From 1683 this was Louvois, who did not share Colbert’s regard for pure
science and determined that academicians should be set to answer
practical questions about public works: La Hire and Picard about the
surveying of Versailles; Thévenot about aqueducts; Mariotte and Sauveur
about hydraulic problems at Chantilly; and Perrault, Roemer, Mariotte
and Blondel about ballistics. The Académie wilted under this régime. But
in 1692 its affairs became the responsibility of a new minister, Louis
Phélypeaux de Pontchartrain, who reorganized it under his nephew, the
Abbé Bignon. In 1699 it was given a new constitution with an increased
membership, transferred from its old quarters in the Bibliothéque du Roi
to spacious apartments in the Louvre, and equipped with a library,

1 Rooms in Gresham College until 1710, when it moved to a house in Crane Court,
Flest Street.
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physical and chemical apparatus, and biological collections. There, a
neighbour of four other academies, it became the chief instrument of
French scientific leadership until its suppression in 1793. The new con-
stitution regulated the composition and functions of the Académie pre-
cisely. There were 70 members: 10 honorary, 20 stipendiary, 20 associate
(including 8 foreigners), and 20 student members. The stipendiaries
comprised trios of geometers, astronomers, mechanicians, anatomists,
chemists, and botanists, with a permanent secretary and treasurer. They
were elected only for distinguished published work. At first a student was
attached to each stipendiary, but later the distinction between these
classes was abolished. Stipends and other expenses were paid direct from
the treasury, increments depending on the work produced; the paid
members were obliged to live in Paris and their holidays were regulated.
The king nominated Bignon president, Fontenelle (1657-1757) perpetual
secretary. Their co-operative investigations being declared a failure,
members were to return to individual research. But they had to make an
annual report of plans and results; to demonstrate their discoveries at
meetings, held twice a week ; to report on books submitted for publication
in their fields, and on all new inventions and machines; to correspond with
foreign scholars and inform the public of their investigations by publishing
memoirs and holding two open meetings annually. In the new Académie
science found itself accepted as a department of the modern State.

The history of science in France becomes, at once, virtually that of the
Académie. Its stipendiary membership included European leaders in many
fields: the geometers Gallois and Varignon, the astronomers La Hire and
G. D. Cassini, the anatomists Duverney and Méry, the chemists Lémery
and Etienne Geoffroy, the botanist Tournefort. Among others who later
joined them were the physicist and naturalist Réaumur, the botanist
brothers de Jussieu, the anatomist and geologist Daubenton, the mathe-
matician and geneticist Maupertuis, the mathematical physicist Clairaut.
The association of different specialists on full pay and with proper equip-
ment provided conditions of work found nowhere else. Thus physiology
could develop in proximity with chemistry and physics. The Académie
was also able to send substantial expeditions abroad—to Cayenne (near
the equator) in 1672, Lapland in 1736-7, Peru in 1735-44.! Under this
professional and critical régime, the reporting of observational and
experimental techniques and results improved greatly. New standards of
precision were established for scientific instruments. The Paris Obser-
vatory under G. D. Cassini (1625-1712) became the best equipped in
Europe. Under Bernard de Jussieu (1699-1777), the Jardin du Roi—
established by Louis XIII as a garden of medicinal plants, where anatomy

! Maupertuis was sent to Lapland, and Godin, Bouguer, La Condamine and Joseph de
Jussieu to Peru, primarily to check Newton’s theory of the shape of the earth and pro-

vide more accurate maps, but they brought back a variety of valuable information and
specimens,
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and surgery as well as botany were taught—began to play its profoundly
important part in the development of the biological sciences. Harvey’s
doctrine of the circulation had been taught there from 1673 by order of
Louis XIV.

Two main factors came into play in determining how other countries
followed English or French example: the de facto condition of scientific
activity awaiting organization, and the interest of rulers in such an
accession to the equipment of a modern State. The first imitation came in
Berlin in 1700, on a plan drawn up by Leibniz, providing for the ideals of
both pure research and immediate utility. Yet the early years of the
Prussian Academy were difficult: it was without proper resources, and a
quarrel with Leibniz, shedding no credit on his colleagues, robbed it of
its moving spirit: it did not really come to life until 1745, when Maupertuis
finally took up residence in Berlin to carry out Frederick II's design for an
institution based on Newtonian philosophy that would rival the
Académie des Sciences. Leibniz hoped to cover Europe with such research
institutions, but succeeded only in Prussia and Russia. In 1711 he met
Peter the Great and discussed with him a plan for an Imperial Academy—
eventually started at St Petersburg in 1725 when both were dead. It played
an important part in the westernizing policy of the tsars. Its 15 salaried
members supervised education, the book trade, and the principal techno-
logical activities of industry. One of its main contributions was to survey
Russian natural resources; for these members made long journeys to the
ends of the empire. Russia having no advanced scientific tradition of her
own, however, the early membership was composed largely of foreigners,
including such leading scientists as Daniel Bernoulli (1700-82) and Leon-
hard Euler (1707-83), both from Basle. But as early as 1741, when the
great chemist Mikhail Lomonosov (1711-65) was elected, the Russians
had a representative of equal standing. Russian jealousy of the foreign
members, combined with inadequate financing, made difficulties for some
time; but the work published from 1728 in the Commentarii of the
Academy is among the most interesting of the period. Other nations and
cities went on to found their own scientific societies: for example, Seville
as early as 1697, Edinburgh in 1705, Uppsala 1710, Stockholm 1741,
Copenhagen 1743, Gottingen 1751. The American Philosophical Society
was promoted by Benjamin Franklin at Philadelphia in 1743. The number
of scientific societies in provincial cities also increased rapidly: beginning
with Bordeaux in 1712, there were at least 37 in France alone by 1760.
The larger societies carried out serious research and published their own
journals. Societies for particular sciences also appeared. There could be no
better evidence for the wide diffusion of the scientific movement.

The main functions of the academies being research and its communica-
tion, scientific education was left to the universities. Not until the nine-
teenth century did they become the normal institutions for both teaching
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and research. In the seventeenth and eighteenth centuries there was even
some antagonism between these two functions. Teaching tended to be
traditional, whereas research, by definition, was always breaking new
ground. In 1700 the basis of university education was still the traditional
arts course, leading to the higher faculties of theology, law and medicine.
Neither curricula nor methods of teaching—by lectures and disputa-
tions—could easily accommodate the new content and aims of the develop-
ing experimental and mathematical sciences, with their emphasis not
merely on acquiring knowledge but also on advancing it. Bacon’s
criticism was to be repeated in much the same terms by d’Alembert and
Diderot: the universities failed in their teaching to take account either of
the advances in scientific knowledge or of the practical requirements of
the new professions in technology, engineering and medicine; they also
failed to encourage research.

But the state of the universities was not, of course, the same everywhere.
The early eighteenth century saw changes in some that mitigated these
criticisms. The steady creation of new professorships in mathematics,
astronomy, physics, chemistry, anatomy, botany, geology, and other
specialized sciences might mean much or little. More significant was the
making of university observatories, anatomy theatres, botanical gardens,
even physical and chemical laboratories. Distinguished scientists who were
attracted to chairs usually gained more fame by their discoveries than by the
numbers of their students, but the research they brought into the univer-
sities eventually influenced the curricula. The most favourable situation
was a close connection between university and academy. Through pro-
fessors such as (notably) Newton and Roger Cotes at Cambridge, or
Wallis, Halley and Bradley at Oxford, the English universities kept strong
links with the Royal Society, as did the Scottish. Oxford and Cambridge
accepted Cartesian philosophy in the seventeenth century, but lectures
were given in both on the Newtonian system early in the eighteenth; an
important consequence was the introduction of the mathematical tripos
at Cambridge, although this gave no encouragement to experimental
science.! By contrast, the most striking example of the separation of
teaching from research appears in France. French universities failed to
develop close contacts with the Académie des Sciences; while the Académie
was assuming a European leadership, they gave the scientific movement as
little recognition as possible. Under strict ecclesiastical control and
insulated from changing public opinion, the University of Paris began to
admit Cartesian physics at about the same time as the French scientific
world recognized that Newton had proved it false: the arts course, to
which natural science belonged, remained elementary and out of date.
Although some up-to-date natural science was taught at Montpellier, the
great flowering of scientific life in France took place almost entirely

1 See W. W. R. B., The Origin and History of the Mathematical Tripos (Cambridge, 1880).
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outside the universities. But in fact the most advanced attempts to teach
the new disciplines were made neither in England nor in France, but at
Leiden, Edinburgh, Glasgow, Gottingen and Uppsala.

Of these, the influence of Leiden on medical education, and that of
Gottingen on the development of the research mentality in the faculty of
arts, may be singled out, for it had been in the faculties of medicine and
arts that science had had its traditional place. Since the thirteenth century,
the only systematic and advanced scientific education available had been
that offered in the medical faculty; indeed, most scientists had a medical
training until thenineteenthcentury. Leiden had been apioneer in attempt-
ing to introduce the new science into medicine, and after the appointment
of Herman Boerhaave (1668-1738) as a professor in 1709 its medical
school led Europe. The programme there was twofold: first, a thorough
grounding in anatomy, the current mechanistic and chemical physiology,
chemistry, the relevant branches of physics, and botany; there followed
instruction in clinical medicine (for which some beds were reserved in the
hospital), including diagnostics and therapeutics, pathological anatomy,
surgery, and specialized work in obstetrics, children’s diseases and other
subjects. In all this the experimental discoveries of Harvey and the
clinical methods of Sydenham served as an example. Outside Holland,
Leiden’s most immediate influence was felt at Edinburgh, Vienna and
Gottingen. These four universities came to dominate medical education
ca. 1750. All owed their effectiveness to the same features: teaching began
to be brought into contact with research, largely through the modern
principle of specialization; specialized chairs were established, and work-
ing facilities provided in botanical gardens, chemical laboratories and
hospitals; examination standards were raised. The provisions of the arts
faculty at Gottingen initiated an analogous reform in the position of the
mathematical, physical and social sciences in universities. The new style
of arts faculty, empirical in outlook, emphasizing research as well as
teaching, and providing advanced work in its own right instead of a mere
introduction to the traditional higher faculties, was essentially a German
innovation. It began at the new university founded at Halle by the elector
of Brandenburg in 1694, and was extended by the elector of Hanover
when he founded the university of Gottingen in 1734. Both universities,
especially Gottingen, carried to the extreme the principle that education
was a State affair. The new German universities were no longer self-
governing. In contrast with the medieval conception of an independent
corporation of masters of arts, they were denied the ancient privileges of
electing to posts and controlling their own revenues. The government
appointed professors like other civil servants, obliged them to swear
loyalty to the sovereign, supervised instruction, demanded reports on
lectures and attendance. Organized into faculties, the professors had only
two duties, teaching and research, intimately connected. Thus grew up
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the system of the general course of public lectures and the private research
seminar. In addition to offering favourable salaries, pensions for pro-
fessors and scholarships for students, Gottingen provided excellent
conditions of work. Professors were given freedom in teaching, which in-
cluded the complete range of the natural sciences, economics and other
social sciences, and such technical subjects as agriculture, certain branches
of chemistry and metallurgy, as well as the various specialized medical
sciences. The university library became the best in Europe. There were
physical and chemical laboratories, an observatory, a botanical garden, an
anatomy theatre, a university hospital. The Royal Society of Sciences of
Gottingen, composed of professors, also became the means of insisting
on the research principle and exerted a wide influence through its journals.
Raised to the highest level of intellectual distinction by such men as the
physiologist and botanist Albrecht von Haller (1708-77), Géttingen
became a model for the modern university.

Besides the academies and certain universities, another institution,
closely connected with them, bound the scientific profession together.
This was the scientific press. For scientists themselves, growing specializa-
tion imposed regular communication. Nor did the communication of
general conclusions now suffice. Increasingly precise standards of obser-
vation demanded that methods and results be reported in detail. Hence the
publication of scientific treatises became a recognized function of academies
and even universities. But the quickest and most regular means of pub-
lishing individual investigations was the journal, of which the Philosophical
Transactions was the model. From 1665 also, original investigations had
found a place in the Journal des Scavans, an independent enterprise
closely affiliated with the world of the scientific societies—in 1702 it was
placed in the care of a committee by Bignon—but one which did not
neglect the wider public. The first successors of the professional proto-
type were medical journals, which appeared in Germany, Denmark,
Holland and elsewhere from 1670; dealing with the general range of
sciences in relation to medicine, they are another reminder of the privi-
leged position of the medical faculty in organized scientific research.
More influential, however, was the Acta Eruditorum, which appeared
regularly in Latin at Leipzig from 1682. Besides announcing new books, it
published papers on all branches of science and mathematics (and on law
and theology) by leading scholars from all over Europe; it was in the
Acta that Leibniz published his papers on the calculus. Other professional
publications were the Miscellanea curiosa or Ephemerides (1670) of the
Academia Curiosorum at Nuremberg and the Miscellanea of the struggling
academy at Berlin, brought out first by Leibniz in 1710. Far more im-
portant was the decision of the reorganized Académie des Sciences to
follow the Royal Society in publishing regular proceedings. Hitherto the
Académie had published only occasional Mémoires and a History in Latin
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(1697) by its secretary, J. B. Du Hamel. In 1720 and again from 1732, Fon-
tenelle (secretary, 1699-1741) brought out a long series of Histoires and
Mémoires covering all years from its foundation and continuing with cur-
rent work; in addition, he composed a series of Floges on great scientists
of all nations as they died, adding others from the recent past—invaluable
sources for the contemporary feeling of the scientific profession. The
professional standards set by Society and Académie became an example
for the published proceedings of other principal academies. At the same
time international contact was maintained by the journals’ practice of
printing each other’s scientific news, and by translations of articles and
reviews, as well as by foreign editions of scientific books. The success of
the scientific journal reflected both the general journalistic vogue of this
period and that of science itself. Even the Mercure Galant printed scien-
tific news and opinion, while a number of new periodicals imitated the
Journal des Scavans in catering for laymen and professionals alike. Italy
had its various Giornali dei letterati from 1668. In Holland, Pierre Bayle
brought out in 1684 his Nouvelles de la République des Lettres, which
continued under different titles and editors until 1718 and gave rise to
later imitations. For those who read French the Dutch press also produced
Jjournals specializing in the translation of English and German writings—
among them the Bibliothéque anglaise (1717-28), Bibliothéque britannique
(1733-47) and Europe savante (appearing with changes of title from 1718).
In reply to Bayle came the remarkable Journal de Trévoux, published 1701—
62 (with interruptions) under Jesuit editorship, in a small principality
within France as a means of getting round the official privilege of the
Journal des Scavans: conservative in science, theology and politics, it was
a major instrument for bringing scientific matters—from the great
theoretical controversies between Cartesians and Newtonians to experi-
ments on ballistics, electricity and magnetism—to the knowledge of a
wide public which would never see the professional periodicals.

These years saw the growth of a number of other agencies for the dif-
fusion of scientific knowledge. Of fashionable expositions, often brilliant
in execution, the learned and witty Fontenelle, the model philosophe, was
the acknowledged master. Other notable contributions to this genre, in
very different ways, included Maria Sibylla Merian’s attractive books on
entomology,! Moitrel d’Element’s Expériences sur I'air et 'eau (1719),
Abbé N. A. Pluche’s Spectacle de la nature (1732), the writings of Abbé
J. A. Nollet, Willem Jakob ’s Gravesande and Pieter van Musschenbroek
on physics, and Voltaire’s account of English science in Lettres philo-
sophiques (1734). Voltaire remarked in his dedication of Alzire (1736) that

! Her Metamorphosis insectorum Surinamensium has been called ‘one of the finest books
that has ever come from a printing-press” and her work in Surinam compared in originality

with that of George Rumphius, whose Amboinse Rariteitenkamer was also published in
1705: C. R, Boxer, The Dutch Seaborne Empire (1965), pp. 181-3.
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Merian, Réaumur, Maupertuis and others set out not only to cultivate
science but ‘by making it agreeable, to render it necessary to our nation.
We live in an age, I venture to say, when a poet must be a philosopher and
when a woman may dare to be one openly.’ Serving much the same public
were the new encyclopaedias. In England these were at first primarily
technical, notably John Harris’s Lexicon Technicum (1704) and Ephraim
Chambers’s Cyclopaedia (1728); by contrast, French encyclopaedias
echoed Bayle’s Dictionnaire (1697) in spicing information with theoretical
and social criticism. A further means of satisfying curiosity was the
popular lecture and demonstration. Early in the eighteenth century,
distinguished scientists like John Keill and J. T. Desaguliers at Oxford,
Roger Cotes and William Whiston at Cambridge, taught physics through
experiments; Desaguliers and Whiston later taught in London. From 1719
their example was followed in Manchester and other provincial centres.
In Holland popular lectures with demonstrations were given by ’s Grave-
sande and Musschenbroek. In Paris, J. G. Duverney (1648-1730) is said
to have made anatomy so much the fashion that one lady fitted up her
boudoir with wax models and corpses, while another took with her in her
coach a corpse to dissect as one might read a book. The most celebrated
of all such lecturers was Nollet, who opened a free course under the
aegis of the Académie in 1734 and was later given a chair at the University
of Paris; he achieved special success by repeating in public the most
recent experiments in physics, giving spectacular performances based on
Franklin’s discoveries in static electricity. For such demonstrations a large
collection of apparatus of all kinds had to be brought together to form a
cabinet de physique. Other scientific tastes encouraged a vogue for the
cabinet of natural history. And serving both lay and professional interests
was the development of yet another characteristic institution, the science
museum.

The general unity of outlook imparted by the scientific movement
meant, in the broadest sense, that it was agreed that all questions, whether
or not concerned with natural philosophy, should be decided by observa-
tion and reason alone. Thus Locke, on the explicit model of Sydenham,
Boyle and Newton, made a freshly empirical approach to epistemology,
psychology, ethics, social and political theory, treating them as problems in
the ‘natural history’ of man.! Voltaire described him as the anatomist of the
soul, and followed his example in becoming an anatomist of society. More
specifically, science laid increasing stress on quantity and measurement,
in place of a rational discussion that remained merely impressionistic.
New kinds of problem were brought within range of quantitative measure-
ment. Thus England’s population in 1688 was estimated by Gregory King
in Natural and Political Observations (1696), while from 1686 Vauban had
been breaking similar ground in France.? The first official census in Europe

1 See vol. v, pp. 91-4. ? For Marshal Vauban cf. below, pp. 329-31 and 750.
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was of Iceland in 1703. Developing the statistical demography pioneered
by John Graunt in 1662 and by De Witt’s annuity calculations of 1671,
Halley drew up in 1693 a table of life-expectations based on data for
Breslau. From these beginnings, aided by advances in the mathematics of
probability, the actuarial basis of modern insurance was worked out
during the eighteenth century. Vital statistics developed more soundly
than the ambitious ‘political arithmetic’ associated with the name of Sir
William Petty (1623-87). From 1696 England had an inspector-general
specially concerned with commercial statistics and ten years later, in
William Fleetwood’s Chronicon Preciosum, produced the first serious
price-history. John Arbuthnot’s Essay on the Usefulness of Mathematical
Learning (1701) expresses the high hopes then held of a quantitative social
science and goes so far as to identify statistics with ‘the true political
knowledge’.!

Nevertheless, in spite of genuine broad agreement on methods of
approach and philosophical outlook, what we have called the scientific
movement consisted, in reality, of a number of different activities by no
means all logically or causally connected. They were all bound together, it
is true, by the social framework that kept individuals and institutions in
close communication; but within this framework the problems of each
separate field gave rise to further problems mainly by their own internal
logic. Related sciences—e.g. mechanics and astronomy, chemistry and
physiology—of coursemade contact ; but others did not, and their methods
remained distinct. Thus mathematics had no application in natural history
or geology. Controlled experiment could not be used in astronomy, and
only with difficulty in the study of human beings. Technology made con-
tact with science only at specific points, the commonest being the design
of instruments. Such developments as the early steam-engine and the new
methods of crop rotation, or of animal husbandry and breeding, owed
nothing to scientific knowledge of heat, plant and animal nutrition,
or genetics. In fact, such knowledge scarcely existed. Philosophy likewise
followed its own problems in epistemology, psychology and politics, using
science only as a general inspiration and deriving from it old questions in
a new guise. All these activities, like the contemporary changes in
theological and political opinion, industry and commerce and social
organization, were strongly marked by the scientific spirit; but all
had their independent histories as well as their connections with
it. The scientific movement itself was less a bloc than an aggregate
of autonomous movements, carried out by men who were united by
broad intellectual agreement, and by institutional contact, rather than
by any close logical or technical connection between their separate
activities,

1 (Sir) G. N. Clark, Science and Social Welfare in the Age of Newton (Oxford, 1937),
ch. v, where the non-scientific antecedents of political arithmetic are also discussed.

48

Cambridge Histories Online © Cambridge University Press, 2008



THE SCIENTIFIC MOVEMENT, 1688-1751

The most striking general characteristic of science in this period was the
dramatic advance of mechanics and related branches of mathematics, in
contrast with the lack of powerful theories and mathematical techniques
in most other fields, where collecting and classifying facts usually proved
of more immediate value than trying to explain them by the inadequate
theories available. This very deficiency, however, encouraged a remarkable
growth of observation. Thus science became increasingly empirical, not
only in its practice but also in its attitude to theory. There was an attempt to
exploit mechanical ideas—especially Newtonian attraction—for theo-
ries in biology and chemistry as well as physics; but it was precisely in
the growing empiricism that even a mathematician and theoretician like
d’Alembert saw a true expression of the Newtonian spirit.

The outstanding question of the half-century after 1687 was the great
Newtonian-Cartesian debate over physics and cosmology. The issues were
ultimately theoretical and methodological, but involved discussion at
every scientific level. In making headway against the widely accepted
Cartesian system, Newton and his followers had to show convincingly
that their mechanics gave a greatly superior account of the known facts,
but also that Newton’s methods and conception of scientific explanation
generally were more appropriate than those of their opponents. Contro-
versy was keenest over these last, fundamental issues. Thus an anonymous
reviewer in the Journal des Sc¢avans, seeing science as a deductive exercise
in the Cartesian sense, conceded that Newton’s conclusions followed from
his assumptions, but claimed that his assumptions had not been proved—
i.e. not deduced from necessary propositions: they could serve ‘only as
the foundations of a treatise on pure mechanics’,! as a mathematical
exercise. A more eminent critic was Christiaan Huygens (1629-95). He
agreed that Newton’s assumption of forces acting between members of
the solar system was fully justified by the correct conclusions that followed
from it, and that Newton had demolished the Cartesian explanation of
the motion of the planets and comets as due to the circulation of a vast
vortex or whirlpool of matter with the sun at its centre. But Huygens
could not go one step further to accepting attraction as the mutual inter-
action, not merely of pairs of planets and stars, but actually of every pair
of particles, however small, ‘because I think I see clearly that the cause of
such an attraction can be by no means explained by any principle either
of mechanics or of the laws of motion’.? It was the pride of the natural
philosophers that they had banished for ever the ‘occult qualities’ of
Aristotelian physics—mere names that explained nothing—and replaced
them with mechanical explanations, in principle as clear as the explanation
a clockmaker might give of the working of the great clock of Strasbourg.

1 2 August 1688; quoted R.Dugas, La Mécanique au XVII® siécle (Neuchatel, 1954),

P- 445. On Newton’s philosophy and its impact see A. Koyré, Newtonian Studies (1965).
% Traité de la Lumiére (Leyden, 1690), p. 159. For Huygens, cf. vol. v, ch. m.
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For Huygens, Newton had demonstrated the mathematical pattern under-
lying the motion of the solar system, but the mechanical causes at work
must now be found. Huygens held that these could not be associated with
the mutual attraction of particles: Newton’s own work had discredited
every explanation along such lines. In any case, mechanical explanations
of the once-mysterious gravity had been given since the time of Descartes:
Newton surely could not be turning his back on these and making gravity
once more ‘a property inherent in corporeal matter’? On this particular
point Huygens was interpreting Newton correctly:

That gravity should be innate, inherent, and essential to matter, so that one body
may act upon another at a distance through a vacuum, without the mediation of
anything else, by and through which their action and force may be conveyed from
one to another, is to me so great an absurdity, that I believe no man, who has in
philosophical matters a competent faculty of thinking, can ever fall into it.!

In other words, there must be an explanation of gravity: it ‘must be
caused by an agent acting constantly according to certain laws, but
whether this agent be material or immaterial, I have left to the considera-
tion of my readers’.? Gravity may be due to the action of an ‘aether’,
consisting of ‘parts differing from one another in subtility by indefinite
degrees’;® or it may be ‘an original and general law of all matter impressed
on it by God. We ought no more to enquire how bodies gravitate than
how bodies first began to be moved.” Whatever the cause, a force de-
scribed as gravitational attraction was at work. But this force was not to
be explained simply as ‘essential’ to matter in the Aristotelian sense.
Although Newton’s position, so easy to misunderstand, needed clear and
careful expression from the start, the first edition of the Principia was not
sufficiently explicit on this point. For the second edition Newton made a
number of changes to meet the criticism that the work *deserts mechanical
causes, is built upon miracles, and recurrs to occult qualitys’.® Yet many
natural philosophers on the Continent continued to believe that Newtonian
attraction represented a return to Aristotelian physics.

Newton was attacked on other grounds by Leibniz and Berkeley.®
Each felt that some philosophical features of Newtonianism—e.g. his
views on space and time—were opposed to natural religion. In an ex-

! Newton to Bentley, 25 February 1693, Principia, ed. F. Cajori (Berkeley, 1934), p. 634.

2 Ibid. 3 Newton to Boyle, 28 February 1679, ibid. p. 633.

¢ As Dr Samuel Clarke, Newton’s champion in his later controversy with Leibniz, wrote
on p. 82 of his notes to his translation (2nd edn. London, 1702) of the Physique of Jacques
Rc‘;hé‘gttés to Newton, 18 March 1713, reporting the criticisms of Leibniz, in I. B. Cohen,
Franklin and Newton (Philadelphia, 1956), p. 136. Newton’s changes included the addition
of the General Scholium to Bk m, with the famous passage making it clear that he would not
be driven into speculations: ‘hitherto I have not been able to discover the cause of those
properties of gravity from phenomena, and I feign no hypotheses’ (Cajori edn. p. 547).

¢ On the philosophy of Leibniz see vol. v, ch. 1v; for George Berkeley (1685-1735), cf.
vol. v, p. 110.
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change with Clarke, Leibniz in particular accused Newton of representing
God as an inferior clockmaker, requiring God to intervene in the world
‘and even to mend it, as a clockmaker mends his work’.? In fact, for all
his doubts as to the divinity of Christ, Newton, like most scientists of his
age, was deeply religious. He held that his work provided new evidence
for the providence of God, reaffirming in the General Scholium to Book
m of the Principia: ‘this most beautiful system of the sun, planets and
comets, could only proceed from the counsel and dominion of an intelli-
gent and powerful Being’.?

Granted Newton’s methods and conception of scientific explanation,
natural philosophers had still to be convinced that his mechanics gave an
account of the facts superior to the Cartesian. This occupied several
decades. Although the first edition of the Principia was limited to a few
hundred copies, the second did not appear for over a quarter of a century;
and even those who owned copies of the first found themselves confronted
with an austerely mathematical treatise of great complexity. Non-
mathematicians might be forgiven if they found the inverse-square law a
poor substitute for the Cartesian vortex that carried the planets round the
sun. It is not surprising, then, that when in 1693 Whiston went up to
Cambridge, where Newton had been teaching for many years, it was to
study ‘particularly the Mathematicks, and the Cartesian philosophy:
which was alonein Vogue with us at that time’.® For some years Newtonian
theory was taught in the universities of England and Scotland only by
isolated mathematicians. The further spread of Newtonian physics in these
universities came about in a curious way. The outstanding textbook of
Cartesian physics was Rohault’s Traité de Physique (1671). Clarke felt that,
as long as the teaching of Newtonianism was hampered for want of a
suitable text, the continued use of the Traité was justified, and as late as
1697 published a new translation. To bring the Traité up to date he
added a number of ‘annotatiunculae’—mostly concerned with the work
of later Cartesians such as Perrault, but with references to Boyle, Hooke,
Newton and others of the Royal Society. Newton’s work on prisms and
his theory of comets (one of the weakest features of the Cartesian system)
are treated at length; but Clarke hesitates to depart too radically from the
original text. In the second edition (1702; Amsterdam 1708) the notes—
now ‘annotata’—have grown to a fifth the length of the original text.
Clarke expressly states that they are taken from Newtonian philosophy
and there are frequent, undisguised attacks on Cartesian physics: the
notes are now the work of a partisan of Newton, and this is still more so
with the third edition (1710). In this way the outstanding Cartesian

1 First letter to Clarke, November 1715, in H. G. Alexander (ed.), The Leibniz—Clarke
Correspondence (Manchester, 1956), pp. 11-12.

3 Cajori edn. p. 544. For a full and acute analysis of these controversies see J. Ehrard,

L’ldée de Nature en France pendant la premiére moitié du XVIII® siécle, vol. 1, esp. ch. m1.
3 Memoirs (1749), pp- 35-6.
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textbook became the vehicle for the introduction of Newtonian ideas.
On the Continent too, Newton’s work was becoming better known during
these decades, although long unacceptable. To Moreau de Maupertuis
(1698-1759) belongs the honour of being the first in France to defend
Newton’s right to use a principle the cause of which was unknown. In
1732 he subjected the Cartesian concepts to a logical analysis as hostile as,
though much more subtle than, the attacks on Newtonian attraction.
An influential disciple of Maupertuis was Voltaire, who defended Newton
in his Lettres philosophiques and published Eléments de la philosophie de
Newton in 1736. Henceforward Newtonianism rapidly gained ground. It
proved impressively successful—e.g. in dealing with the complicated
analysis of the motion of the moon, and in predicting the shape of the
earth and the return of Halley’s comet. The last time the Académie des
Sciences ‘crowned’ a Cartesian work was in 1740. For the rest of the
century, when in England there were no outstanding men to continue
Newton’s work, the Continent produced a series of mathematicians of the
first rank who did so: Clairaut, Euler, d’Alembert, Lagrange and Laplace.

Besides being the most advanced theoretical science of the period,
astronomy led the way in the drive for more and better observations.
Telescopes and micrometers were fitted to existing instruments; the tele-
scopes grew to enormous lengths, sometimes 100 feet. Accurate time-
measurement became increasingly important. The new search for accuracy
led to important collections of data such as Flamsteed’s Historia Coelestis
Britannica (1712), the 1725 edition listing nearly 3,000 stars, and to such
practical benefits as improved navigation. It led also to a number of far-
reaching theoretical discoveries: in particular, the proper motions of some
of the ‘fixed’ stars and the secular acceleration of the moon, both dis-
covered by Halley, and the aberration of light and the nutation of the
earth’s axis discovered by Bradley.

To other fields of physical science mathematics was less obviously
applicable. The theoretical interpretation of experiments was dominated
by the ‘corpuscular’ philosophy, which sought to interpret all phenomena
in terms of the motion of particles—discussed more often than not in
qualitative terms. The most developed theories related to optics, a con-
troversial subject long before Newton’s early experiments with prisms,
His Opticks (1704) had a great influence, thanks partly to the emphasis on
proof by experiments, which appealed to non-mathematicians; but more
important still, whereas in the Principia Newton ‘seems to have exhausted
his Argument, and left little to be done by those that shall succeed him’,2
in the Opticks he wrote that ‘to communicate what I have tried, and leave
the rest to others for farther Enquiry, is all my Design in publishing these

1 Further editions continued until 1735. By then popular accounts of Newtonianism, like

H. Pemberton’s View of Isaac Newton’s Philosophy, were available.
? Halley, Phil. Trans. no. 186 (1687), p. 291.
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Papers’. He even added a list of ‘Queries’, which grew with succeeding
editions and indicated to later researchers how his thought had been
running. Newton is guarded in his remarks on the nature of light, though
he seems to favour a corpuscular theory in contrast to the wave theory of
Huygens: ‘Are not the Rays of Light very small Bodies emitted from
shining Substances? For such Bodies will pass through uniform mediums
in right Lines without bending into the Shadow, which is the Nature of
Rays of Light. [Query 29.]° On the other hand, certain phenomena, such
as ‘Newton’s rings’, seemed to be periodic in nature; and this led Newton
to bring in the medium of aether, in which the light is propagated and
which by vibrating itself will bring about periodicity.

The study of sound, though less advanced theoretically, afforded ample
scope for simple experiment—as with overtones, the velocity of sound in
air, and the effects of atmospheric conditions. Francis Hawksbee the elder
(d. 17137), extending earlier experiments with the air pump, showed that
sounds are louder when produced in air at greater than atmospheric
pressure; he also studied the transmission of sound through water.
Electricity, in contrast, was mysterious and difficult to control. No true
science of electricity was created until the second half of the eighteenth
century; meanwhile, discoveries were often the result of haphazard experi-
ments with electrical machines. The earliest were quickly forgotten, but
soon after 1700 Hawksbee made a systematic study of ‘ barometric light’—
the mysterious glow produced by shaking the mercury in a barometer.!
The tempo of discovery accelerated twenty years later with the work of
Stephen Gray (d. 1736) and Charles Dufay (1698-1739), who between
them, from a number of somewhat random experiments, hit upon several
important phenomena: the conduction of electricity, induced charges,
conductors and non-conductors, and two opposite kinds of electricity
(positive and negative static) which Dufay called ‘ vitreous’ and ‘resinous’.
The mid-century saw big improvements in electrical machines; about 1745
two experimenters made the accidental and alarming discovery of the
powerful shock to be obtained from what has since become known as the
Leyden jar. From this time the science of electricity began to take shape.

In the second half of the seventeenth century Boyle, who died in 1691,
had helped to make chemistry a respectable part of natural philosophy by
interpreting chemical experiments in terms of the motion of corpuscles.?
But although it seemed to some that chemical changes might be explained
in terms of attractive forces between particles, as Newton had suggested in
the last ‘Query’ of the Opticks, in fact the first unifying theory came from
Germany. Although not entirely independent of Boyle’s work, it was
derived from a much older tradition: the sulphur-mercury—salt theory

! Physico-Mechanical Experiments (1709), Section 1. Hawksbee also describes experi-
ments with his machine for producing electricity by friction, but the possibilities of such

machines were generally ignored for some thirty years.
* Cf. vol. v, pp. 58-60.
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of Paracelsus. The ‘sulphur’ was ‘ whatever burns’, so that combustion was
a process of decomposition. This theory, with modifications, was put for-
ward by Joachim Becher in 1669; at the turn of the century, his pupil
G. E. Stahl (1660-1734) used the inflammable principle, which he named
‘phlogiston’, to explain a wide variety of chemical phenomena: thus
combustion and calcination both involved a loss of phlogiston. The calx
was the metal deprived of its phlogiston, but the metal could often be
restored by heating the calx along with a substance like charcoal that was
highly combustible and so contained a large proportion of phlogiston,
some of which might unite with the calx. As now understood, the success
of this theory was due partly to the fact that the supposed gain in phlogis-
ton often corresponds to loss of oxygen. In various forms, it survived the
study of air and gases which began with Stephen Hales’s invention of the
pneumatic trough, described in his Vegetable Staticks (1727), and it found
supporters of note even after Lavoisier’s execution in 1794. The theory
served a useful purpose, however, in encouraging and directing specifically
chemical research throughout the first half of the eighteenth century, at a
time when confusion was so great that some of the most valuable con-
tributions were mainly empirical, like the tables of affinity of Geoffroy and
others, which indicated pairs of substances that reacted with each other.

We have already noticed several examples of the way in which scientific
advance was linked with developments in instruments and apparatus. In
many cases—the telescope, microscope, barometer, thermometer, hygro-
meter, air pump, even electrical machines—the original inventions came
decades earlier, but for various reasons their exploitation was delayed.
For instance, the earliest thermometers were sensitive to changes in air
pressure; even when this had been remedied by the Accademia del Cimento,
the development of ‘absolute’ scales essential to their full exploitation had
to await the work of the Prussian G. D. Fahrenheit (1686-1736) and of the
Frenchman Réaumur.! The telescope and microscope, both used by Galileo,
involved major problems of mechanical design even when properly
shaped lenses of good glass were available; the instruments were not
widely made until ca. 1670 and then serious difficulties had to be over-
come, such as those caused by chromatic aberration, which led Newton
to devise the first reflecting telescope. An achromatic lens was invented in
1729 by Chester Moor Hall, but such lenses were not effectively used in
telescopes or microscopes before the next century. The air pump and
electrical machines were developed thanks to the mechanical skill of men
like the two Hawksbees in the early eighteenth century. Fortunately, the
development of the necessary practical arts, on which instruments and
apparatus so much depended, was encouraged by the spread of scientific

! The Fahrenheit scale takes melting ice as 32° and steam from boiling water as 212°;
for Réaumur these were 0° and 80° respectively. Various other phenomena had been

suggested from 1665 as suitable for use as ‘fixed points’. On the Accademia del Cimento
of Florence (1657-67) cf. vol. v, p. 49, and for Réaumur below, p. 65.
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interest among amateurs, and by the speed with which improvements
became known. To satisfy the demand, instrument-makers increased in
numbers and narrowed their range of product; their artistic standards
dropped, but the all-important mechanical standards improved.

Significant as were these developments, it might be doubted whether
they match in importance the mathematical tools introduced about this
time, above all the calculus, invented by Newton in 1665-6 and Leibniz in
1673-6, independently. Newton’s customary neglect in publishing his
discoveries led to a bitter quarrel with Leibniz over priority, which had
the unfortunate effect of making the inferior Newtonian notation a matter
of national prestige, with disastrous consequences for later mathematics in
Britain. A second controversy over the calculus, this time with a happier
ending, began with Berkeley’s criticisms of the logical foundations of the
method—that it deals with ‘the ghosts of departed quantities’.! The
calculus was already too much part of the mathematician’s equipment to
be disturbed by philosophical attack, but Berkeley’s remarks evoked
replies that in turn led to further developments of the method.

In contrast with contemporary physics, biology appears ca. 1700 to be
still largely at a stage of empirical exploration.? The great diversity of
types of living things and the complexity of their physiological processes,
even as so far revealed, hindered the formulation of general theories with
anything approaching the precision achieved in physics. Yet effective
experiment would have been impossible without guidance from some
theoretical ideas, and in fact two such had emerged to lay down the main
programme for biology: the idea of searching for a ‘natural’ classification
that would order and display the ‘real’ relationships between all the
different types of livings things; and the idea that the nature of their
complex physiology could be discovered and explained by analysing them
into the simpler processes known to physics and chemistry. The first idea
sought a principle of order that would establish the relationship between
fixed species, regulated for all time in a state of unchanging harmony. The
second, dating effectively from Descartes, looked for the built-in mecha-
nisms that enabled each organism to maintain its functions in its environ-
ment; this gave rise to some excellent experimental physiology as well as
to some of the most wasteful speculation. Both ideas belonged to the
Newtonian model of an essentially unchanging clockwork universe, but
both became incorporated into a new model, based on yet a third theo-
retical idea. Unlike Newton, Descartes had beenconcerned with the genesis
as well as the present state of the universe: beginning tentatively in
Newton’s own lifetime, the idea developed that the explanation of the
present state of things, including the relationships between the different

! The Analyst (1734), in Works, ed. A. A. Luce and T. E. Jessop, vol. iv (1951), p. 89.
* Cf. vol. v, pp. 66-71.
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species of living creatures, was to be sought in their descent in time. Thus
the first half of the eighteenth century was to see the first essays in the
idea of organic evolution, involving geological change and a complete
sketch of a mechanistic explanation of genetics and survival, as an
alternative guide to biological speculation.

The problem of classification had been made acute by the growing
accumulation of data since the sixteenth century. By 1700, naturalists
were moving into many different regions of the Old and New Worlds and
into many different types of organisms. Descriptions of flora, often
beautifully illustrated, were covering the main parts of western Europe
from Sicily to Lapland. Leading naturalists, such as John Ray (1627-1705)
and the Provengal Pitton de Tournefort (1656-1708), travelled widely to
collect. These two laid out the main outlines of European plant geography;
and Tournefort, as professor at the Jardin du Roi from 1683, put together
the beginnings of the famous herbarium of what was to become the
Muséum d’Histoire Naturelle in the Jardin des Plantes. The journeys of
naturalists overseas, often following national routes of trade and coloniza-
tion, sometimes had the practical purpose of discovering new plants with
medicinal properties. At the same time new living plants were introduced
into botanical and large private gardens, especially in England and the
Netherlands, with far-reaching effects on botany. Whatever their imme-
diate object, the result by the 1720s was that naturalists—medical men,
priests, professional scientists, sailors and explorers like Dampier—had
brought home collections and published descriptions of plants from the
Americas, the East Indies and Australia, southern Asia from Persia to
Siam, China and Japan: a prelude to the large expeditions of the second
half of the eighteenth century.t

The problem of preserving animal specimens, many of which decayed
quickly and could not simply be pressed and brought home to be kept like
a herbarium, made zoology more difficult. Nevertheless, naturalists did
bring home stuffed specimens, skeletons and hard parts that gave a fairly
extensive idea of the zoology of the globe; menageries were added to
botanical gardens; systematic dissection became standard practice.
Following the lead given by Malpighi, Swammerdam and Claude Perrault,
marked progress was made in collecting materials for a comparative
anatomy and physiology of the vertebrates and of invertebrate groups
such as those now called molluscs and arthropods. Particular attention
was given to thecomparative method by the anatomists of the Académie des
Sciences, especially by Duverney, who dissected a range of vertebrates
including an elephant, a panther, a viper, an ostrich and a hedgehog. In
England, Martin Lister (1638-1712), Nehemiah Grew (1641-1712) and
above all Edward Tyson (d. 1708) made outstanding use of the comparative

1 For the contributions of the Dutch East India Company and its servants, see vol, v,
p- 411.
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method; in his important monographs on the anatomy of the porpoise
and the ‘Orang-Outang’ (really a chimpanzee), Tyson initiated the com-
parative study of man and the apes.! Zoological investigation ranged over
the rest of the animal kingdom. In skilful hands, the simple microscope
could reap a harvest from a drop of pond water, or a slice of tissue, as
great as any that Galileo and his successors had gathered by sweeping
their telescopes round the sky; and the possibilities of the new compound
microscope were only beginring to be explored. Greatest of all the micro-
scopists was Anthonie van Leeuwenhoek (1632-1723).% Outliving Hooke
and the other pioneers, he continued almost to the end to publish a
brilliant series of discoveries which included the red blood corpuscles, the
transverse striation of muscle fibres, the circulation of the blood in the
capillaries, the spermatozoa of man and other mammals and of fish, snails
and oysters, as well as rotifers, infusoria with their vibrating cilia, and
bacteria. With or without the microscope, the number of studies of the
structure, biology and habits of particular creatures steadily increased.
Specially interesting were those by a Marseilles doctor, J. A. Peyssonel,
who in 1725 discovered to his astonishment that corals were not plants but
animals; by Réaumur on the structure and biology of insects; and by
Pierre Lyonet in his monograph on the caterpillar of the goat moth—a
chef d’eeuvre in the genre of skilled minute dissection and illustration.
These and other published studies of many individual organisms began to
show in accurate detail—again beautifully illustrated with the aid of new
refinements in printing—the wide variety of different types making up the
invertebrate world.

Down to the publication (1735) of the Systema Naturae of the famous
Swedish naturalist, Carl Linnaeus (1707-78), the main effort to order all
this accumulating material was concentrated on devising practical systems
of classification, in which each type could be exactly located and named,
and which would also express the intuitively grasped ‘natural’ relation-
ship between different types. The great collections of ‘natural curiosities’
could not be made scientifically effective without systems of naming and
indexing which would enable specimens to be found in their proper cup-
boards and cabinets. Linnaeus’s first great service was to provide such a
system. Until this practical problem had been solved, it was not easy to
investigate the deeper theoretical problem arising from comparative
anatomy of which biologists were increasingly aware—the meaning
to be given to ‘natural’ or ‘real’ relationship or affinity. Yet this problem
appeared immediately any system of classification was proposed that was
more than a mere artificial convenience: in fact, theoretical ideas on the
constitution of the natural order run through all the main systems, above

1 Orang-Outang, sive Homo Sylvestris: or, the Anatomie of a Pygmie (1699); cf. M. F.

Ashley Montagu, Edward Tyson (Amer. Phil. Soc., Memoirs, vol. Xx, Philadelphia, 1943).
* Cf. vol. v, pp. 68-70.
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all those of Linnaeus himself, apart from his avowedly artificial ‘sexual
system’ for plants.

The problems of systematics were first seen clearly in botany, where
important reforms were attempted by Ray and Tournefort. In his
monumental Historia Plantarum (1686-1704), Ray—while retaining some
old commonsense practices such as the division between trees and herbs—
tried to base a rational classification of more than 18,000 plants on the
constitution and differentiation of the flower and fruit. This led him to
make explicit the fundamental distinction between the monocotyledons
and the dicotyledons,! and enabled him to give reasons for distinguishing
intuitively recognized natural families such as the Umbelliferae, Asperi-
foliae (i.e. Boraginaceae), and so on. Ray also used the old logical term
species for the first time in its modern restricted biological sense and tried
to make it precise by attaching to it the notion of a community of origin.
Tournefort, basing his classification also largely on the floral parts, made
a more explicit, though hardly more successful, attempt to make his
system objectively ‘natural’ and introduced the important idea of the
genus as a definable group of related species. In his Elémens de botanique
(1694) and the better-known Institutiones rei herbariae (1700), he gave
botanical classification a degree of order never seen before: many of his
genera and other ‘natural’ groups still survive in modern taxonomy. Yet
another important step in the search for a natural classification was
taken by Pierre Magnol, director of the botanical garden at Montpellier,
who in 1689 introduced the term family for major groups of plants.

The immediate impression given by Linnaeus’s Systema Naturae was
of a retreat from the goal of establishing a natural classification. He
adopted a general classification based on apparently arbitrarily chosen
floral characteristics—number and arrangement of the stamens, number of
pistils. The extreme artificiality of this ‘sexual system’ caused much
controversy, but Linnaeus used it with such methodical skill-—and
popularized it so alluringly with such metaphors as ‘the loves of the
plants’—that it soon imposed itself at the expense of all rivals. His
triumph was due above all to his own wide scope; he set out to provide
means of identifying all organisms wherever found. This success led to the
acceptance of his second and most lasting innovation, a consistent bino-
mial nomenclature for species, each being given a dual name—e.g. Rosa
Carolina—first the generic name shared with other species of the same
genus, then the name belonging only to the species. His systems and
methods established the main lines of organization of the descriptive
biological and other classificatory sciences, as Newton’s conceptions had
done for mechanics and optics. Linnaeus himself tried to construct a
natural system but for practical purposes had to adopt an artificial one.

1 Monocotyledons are flowering plants in which the seed leaf or cotyledon is single;
dicotyledons are flowering plants in which it is double.

58

Cambridge Histories Online © Cambridge University Press, 2008



THE SCIENTIFIC MOVEMENT, 1688-1751

His successors, especially A. L. de Jussieu and Michel Adanson, who
rejected the sexual system and likewise tried to make classification once
more explicitly natural by basing it on a wide range of defining character-
istics, nevertheless worked within a generally Linnaean structure.

In contrast with botany, no classification was worked out before 1800
that coped adequately with the much more intransigent data of zoology.
The main problem was that of finding both unifying and differentiating
characteristics which would apply over more than a limited range of
types—a search vitiated by the then rudimentary understanding of the
range of fundamentally different types that make up the animal king-
dom. The combined force of these difficulties can be seen by contrasting
the relative progress made in vertebrate systematics with the almost total
lack of it as regards the invertebrates. The rationalization of vertebrate
anatomy was greatly assisted by the possibility of taking the human body
as the standard of comparison and terminology. As a result, Ray and
Willughby were able to attempt a classification of the vertebrates based
not only on the existing practice of using externally observable features—
the presence of hair, feathers or scales, the birth of the young as eggs or as
infant animals—but also on the internal anatomy of the respiratory
system, the heart, and other organs. Linnaeus adopted this excellent
method, and was able to set out the vertebrates according to their main
natural orders. But when these zoologists attempted to put the rest of the
animal kingdom into some sort of rational order they found themselves
frustrated by the unsuitability of the human body as a standard, except
very generally and vaguely, and by the lack of any other standard. They
had not yet reached a position from which the possibility of a comparative
zoology comprehending even all the then known types could be grasped.
All that Linnaeus could do was to offer the crude and retrogressive
division of the invertebrates into Insects and Worms, a rag-bag containing
all the other groups; and there was scarcely any improvement on this
before Lamarck.

Progress in taxonomy before publication of the Systema Naturae was
achieved on the assumption that species remain fixed. This had the great
strength of imposing a formal structure on the chaos of existing biological
knowledge—a structure into which new knowledge could expand. More-
over it was an assumption based—explicitly by Ray and Linnaeus—on the
sound principle that all organisms come from eggs or seeds of the same
species. Although Linnaeus had used some very artificial criteria in devising
a practical taxonomic system, he fully shared with nearly all his contem-
poraries the view that the ultimate goal must be the construction of a
‘natural’ system, such as would truly display the real relationships between
the fixed species of beings forming ‘the Sovereign Order of Nature’.!
This had three outstanding characteristics, all belonging to a non-

1 Caroli Linnaei Systema Naturae (13th edn. Vienna, 1767), vol. 1, p. 13.
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evolutionary view of the organic world. First, Linnaeus himself believed,
under the influence of Aristotle and the sixteenth-century naturalist
Andrea Cesalpino, that the fixed order of things was maintained by the
transmission, in the process of generation, of the ‘specific essence’ from
parent to offspring. It was because of this intimate connection with the
specific essence that he chose the sexual parts of the flower as the basis for
his botanical classification. His first opinion was that the same species had
existed from the day of creation and that any differences between parent
and offspring, as also occasional monstrosities, were purely accidental and
transient; following Ray, he attributed these phenomena to the aberra-
tions of ‘nature’ and not to the Divine Wisdom that had established the
eternal species. After 1742, when he examined an aberrant form of toad-
flax (Linaria vulgaris) which he called Peloria (the monstrosity) and
regarded as a ‘mutant’ (mutata) produced by fertilization with foreign
pollen, Linnaeus came to admit the possibility of changes of species taking
place by sudden variations or by hybridization, and thus of permanent
new species coming into existence; but this scarcely affected the main
picture of massively stable order which his system presented. A second
characteristic of the ‘sovereign order’, also coming ultimately from
Aristotle and reinforced by Leibniz’s principle of continuity,' was that
organisms were conceived as forming a scale of nature, descending from
man down to lowly plants scarcely distinguishable from dead matter. In
Linnaeus’s time the scale was essentially linear; later it was made to branch
like a tree. Such schemes provided the data which theories of evolution set
out to explain. As Tyson presciently asserted in discussing his conception
of ‘gradation’ from one form to another, by making ‘a comparative
survey of this animal with a monkey, an ape and a man...we may the
better observe nature’s gradation in the formation of animal bodies, and
the transitions made from one to another’.2 Thirdly, the order of nature
was held to exist in a state of divinely established harmony. The parts of
each organism—e.g. the structure of a fly’s eye, so much admired by
Newton—were held to be perfectly adapted to their functions, the organ-
isms of each region perfectly adapted to their surroundings. Thus (in an
example given by Linmaeus) the plants fed on the soil, the insects on the
plants, the birds on the insects, the larger birds on the smaller ones, and so
on; and all lived together in a perfect harmony which maintained an
exact equilibrium of population. In the words of Ray’s title, the whole of
nature was a living proof of ‘The Wisdom of God manifested in the Works
of the Creation’.

This conception of an unchanging order of nature lasted into the nine-
teenth century. But already information had begun to be accumulated, and

1 *It is one of my great maxims, and one of the most completely verified, that Nature
makes no leaps: a maxim which I called the law of continuity.” Die philosophischen Schriften

von G. W. Leibniz, ed. C. J. Gerhardt (Berlin, 7 vols. 1875-90), vol. v, p. 49.
2 Orang-Outang, preface, p. vii.
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a rethinking of ideas to take place, which exposed it to criticism at several
different levels. Descartes had popularized the notion that the earth had a
history; that its present state was the product of a long series of geological
changes, occurring as it cooled from its original state as a star like the sun.
This theme was developed further by both speculation and observation.
Of the speculative developments, those of Leibniz have a particular
interest. Charged to write a history of the House of Hanover and the duchy
of Brunswick, Leibniz had gone to Italy to look for documents and there
met the Danish naturalist Niels Stensen (Steno, d. 1686), the founder of
modern stratigraphy. One of Stensen’s greatest contributions had been to
recognize the formation of strata by marine sedimentation, with different
fossils in different strata. Charmed by these ideas, Leibniz decided to
begin his history by placing Hanover and Brunswick in the history of the
earth; the result was his Profogea (résume 1693, in full 1749), in which he
envisaged a series of geological transformations produced by the earth’s
cooling and by the action of fire, wind and water, one of them being the
biblical Flood. (By this time igneous and sedimentary rocks had been
distinguished by naturalists.) In the Nouveaux Essais, published in 1765
but written in 1703, Leibniz provided ideas on the nature and transfor-
mations of biological species that run through all the succeeding dis-
cussions. ‘We define species by generation so that similar creatures that
come or could come from the same origin or seed are of the same species’,
but ‘ we cannot always assign fixed boundaries to species’: for ‘species are
all bound together and differ only by imperceptible degrees’; ‘everything
happens by degrees in nature and nothing by jumps’.! Perhaps, he con-
cluded, species had gradually changed and did so still.

Meanwhile, observers in many countries were filling in further details
of the earth’s actual history. In Britain Edward Lhuyd published in 1699
a remarkable description of 1,600 animal and plant fossils; both he and
John Woodward noted the presence of different fossils in different strata
laid down by marine sedimentation. Antonio Vallisneri (d. 1730) made a
study extending over the whole of Italy, concluding that much of the
country had once been covered by the sea. In France a remarkable
explanation given by Réaumur of the presence inland of marine shells,
which he ascribed to deposition by former ocean currents, led Fontenelle
to suggest the idea of making a geological map.? In Switzerland, J. J.
Scheuchzer (1672-1733), perhaps the greatest geologist of the time, com-
piled over a period of nearly fifty years a series of monographs on the largest
number of plant and animal fossils yet described. But these field geologists
by no means always kept pace with the theoretical implications which
some of their more speculative contemporaries were drawing from their
work. The notions that fossils were the skeletons of victims of the Flood

! Nouveaux Essais, vol. I, p. vi; Die philosophischen Schriften, vol. v, pp. 285-8.
# The first such map worthy of the name was made of France, by J. E. Guettard (1746).
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or ‘sports’ of nature were going out of fashion; but Scheuchzer was not
alone in using his observations to try to trace the course of the biblical
catastrophe. Perhaps it was such pious uses of basically sensible geological
analysis that led Voltaire to put himself into the ridiculous position of
rejecting the geologists’ story altogether. In any case, it was in presenting
Scheuchzer’s work at the Académie des Sciences in 1710 that Fontenelle
made his classic declaration: ‘ Here are new species of medals of which the
dates are, without comparison, more important and more certain than
those of all the Greek and Roman medals.” Fontenelle became impressed
with the geological and genetical evidence showing that biological species
had changed in the course of the earth’s history : fossils were historical doc-
uments. By 1710, clearly, a good manynaturalists would probably not have
found the tentative suggestions that had been made by Hooke in a letter of
1687 too outrageous: ‘ That there have been many other species of creatures
in former ages, of which we can find none at present; and that. . .there
may be divers new kinds now, which have not been from the beginning. *2
These suggestions gained support from a second main quarter besides
geology: from observations on albinism in negroes (a case was cited by
Tyson), polydactyly and other human anomalies, fancy breeds of dogs
and pigeons, and the varieties of decorative and useful plants, such as
tulips and strawberries, in which horticulturists were showing much
interest.?

Towards 1750 these lines of enquiry led to a reappraisal of the whole
accepted Linnaean conception of the order of nature and to the develop-
ment of a rival kind of interpretation. The most radical alternatives were
those offered by Maupertuis and the great naturalist Buffon (1707-88).
In a series of essays written ca. 1741-51, Maupertuis put forward, for
the first time, a completely evolutionary explanation for the whole existing
range of organisms by differentiation from common ancestors. Moreover,
disregarding the Linnaean and Leibnizian conception of a self-regulating
harmony established by divine providence at the Creation, he offered a
thoroughly mechanistic explanation, postulating that order was produced
out of fortuitous variations by the automatic selection through survival
of individuals better adapted to their environment. No break with the
accepted view of the ‘sovereign order of nature’ could have been sharper.
Approaching the whole question through genetics, Maupertuis showed an
extraordinary insight into the formal character required by evolutionary
theory as it was to be developed much later. The genetical hypothesis he

1 Histoire de I’ Académie Royale des Sciences, 1710, p. 22.

? ‘A Discourse of Earthquakes’, Posthumous Works, ed. R. Waller (1705), p. 291.

¥ A case made celebrated by Fontenelle was the discovery by the French botanist Jean
Marchant of two unknown types of the plant mercury in his garden; Marchant wrote in
1719 that he believed he had seen the birth of new species and he proposed an hypothesis of

partial evolution within the limits of the genus. Mém. de I’ Acad. Royale des Sciences, 1719,
Pp- 59-66; cf. Fontenelle, Hist. de I’ Acad. 1719, pp. 57-8.
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adopted was that the mechanism of reproduction is provided by ‘seminal
molecules’ from each parent which combine to produce the offspring:

Cannot we explain in this way how, from only two individuals, the multiplication of
the most diverse species could follow? They would owe their first origin only to
chance products in which the elementary particles would not keep the order they
had in the father and mother animal: each degree of error would make a new species,
and from the force of repeated deviations would come the infinitive diversity of
animals that we see today, which will perhaps go on increasing with the passage of
time but to which each century will add only an imperceptible increment.

Commenting on the observation that of these chance products of Nature
only those with certain adaptive features could exist, and that in fact such
features are found in all those that do exist, he accounted in the new style
as follows for the providential order:

We could say that chance had produced an innumerable multitude of individuals;
a small number were so constructed that the animal’s parts could satisfy its needs;
in the other, infinitely greater part there was neither adaptation nor order; all these
latter have perished: animals without mouths could not live, others without repro-
ductive organs could not perpetuate themselves. The only ones that have remained
are those in which order and adaptation were found, and these species, which we
see today, are only the smallest part of those which a blind destiny had produced.?

Buffon’s critique of Linnaean biology concentrated on somewhat dif-
ferent issues and reached rather different conclusions. Maupertuis did not
question the Linnaean genera and families ; he aimed simply to give them a
different explanation. Although Buffon wrote, in his Histoire de la Terre
(1749), the first synoptic essay on the succession of fossil forms found in
the different geological strata, he did not accept the hypothesis of general
evolution advanced by Maupertuis. His purpose, in the famous article on
‘The Ass’ which appeared in volume 1v (1753) of his Histoire Naturelle,
was to attack the whole Linnaean conception of the family. He regarded
it, along with the principles of Linnaean nomenclature, as thoroughly
unjustified and misleading. Buffon discussed the possibility of the ass
and the horse (or man and the apes) belonging to the same family only in
order to dismiss it, along with the explanation by common descent, and so
bring biology back to its true method. This he held to be the search for
causal laws, on the Newtonian model, by keeping close to observation.
Thus he concluded that ‘families’ existed only in imagination, and that in
nature there were only individuals belonging to species defined strictly in
terms of genetic continuity. But Buffon discussed the possibility that
natural families were produced by descent with variation. His causal
approach made him interested in artificial selection, the geographical
distribution of the quadrupeds, the causes of variation, the extinction of
species, and the exceptions to the rule of hybrid sterility. Thus he was to

! Systéme de la Nature (1751), in (Euvres (Lyon, 4 vols. 1756), vol. 1, p- 148.*
* Essai de Cosmologie (written before 1741, publ. 1750), in GEuvres, vol. 1, pp. 11-12.
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become the inspiration of Lamarck and Saint-Hilaire; Darwin himself
acknowledged Buffon as a forerunner.

A major difficulty for evolutionary theory was the lack of accurate
knowledge of the elementary facts of biological reproduction and heredity.
Yet there was progress in investigating these and other problems of basic
biology, not only by ingenious experiment but by speculation, which
usually ranged far beyond the known facts and yet was sometimes fruit-
ful. The microscope and the mechanistic hypothesis combined to provide
the basic facts, conceptions and controversies that came into play in the
question of generation towards 1700. By this time, the generalization that
all animals reproduce themselves by means of eggs had been elucidated
for oviparous forms such as birds, amphibia, fish and insects by Redi,
Swammerdam, Malpighi, Vallisneri and others, and extended to viviparous
animals by the discovery of the ovaries of selachian fish by Steno and of
mammals by De Graaf. Meanwhile Hartsoeker and Leeuwenhoek had
discovered spermatozoa, though without understanding their function,
and in flowering plants Grew had observed pollen grains and suggested
that the flower-parts were the sexual organs. In 1691 an Italian Jesuit,
Buonanni, published drawings of pollen grains adhering to the styles of
different species, but the first experimental proofs of plant sexuality were
given in 1694 by the German botanist R. J. Camerarius.

The controversies into which these important discoveries were immedi-
ately caught up are a good example of the extremely formalistic character
of biological speculation throughout this period. Reviving three ancient
theories in modern form, a bitter argument arose between the so-called
‘ovist” school which claimed that the egg alone gave rise to the offspring,
the ‘animalculists’ claiming the same for the sperm, and a third school
(including Maupertuis and Buffon) which argued from the facts of
heredity that there must be seed from both parents. A second controversy
raged between the ‘preformationists’, who asserted that each individual
born had been pre-formed either in the egg or in the sperm of its parents
(so that the generations literally unfolded themselves mechanically),
and the ‘epigeneticists’, who maintained a true development in the form
of the embryo. The absurdity to which this controversy went reached its
extreme form in the homunculus—a little man said to be visible fully
formed within the sperm and illustrated in a celebrated drawing (1694) by
Hartsocker. In the dialogue between theory and observation these ideas
scarcely ever suggested new experiments; as a rule they were simply
manoeuvred to fit old ones.! Exceptions occurred chiefly in the testing of

* A good example is provided by the shifts of Charles Bonnet (1720-93), a leading pro-
tagonist of ovism with preformation, to adapt his theory, first to his own important dis-
covery of parthenogenesis in the aphis (1745), and then to the difficulties produced by the
dramatic experiments ca. 1740 of Abraham Trembley (1700-84) with the aquatic polyps
Hydra and Plumatella. Trembley showed that from each of the pieces into which he cut
one of these animals a complete small polyp would become regenerated, and also that
asexual reproduction occurred by budding.
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theories of the origin of life by spontaneous generation,! and of new
species by hybridization. Among the different theories, preformationism
tended to go with a rigid conception of the fixity of species and against
spontaneous generation, epigeneticism with belief in spontaneous genera-
tion and evolution.

Perhaps the best example of an acute, sagacious grasp of the most
fruitful biological problems then within range of solution is the work of
R. A. Ferchault de Réaumur (1683-1757), a great biologist by any
standard. Trained originally in jurisprudence and mathematics, Réaumur
worked first in engineering and in 1706 entered the Académie des Sciences
as a pupil-mechanician. But soon, with a stipend of 12,000 livres a year,
he installed himself in the Faubourg St-Antoine with a large garden, a
laboratory, and his collections. His outstanding contribution was to
realize that it was not sufficient to study only the structure and classifica-
tion of animals: biology must also investigate their physiology and be-
haviour in relation to their environments. His major achievement here
was the Mémoires pour servir a Ihistoire des insectes—six magnificent
volumes published in 1734-42. It was in the investigation of particular
physiological processes that the interchange between experiment and
hypothesis yielded its most lasting results. Since Harvey’s day experimental
physiology had steadily improved in range and precision. The new dis-
coveries provided a notably fruitful succession of models—mechanical,
chemical, and later electrical—such as physiology has always demanded
for the analysis and explanation of living processes; the new apparatus
made possible the quantitative determination of new biological constants.
Except in the study of the nervous system, non-medical scientists were
more active in experimental research; the medical professors were mainly
responsible for the development and criticism of theoretical ideas and
systems. Yet the great medical physiologists—Boerhaave at Leiden, Stahl
and Friedrich Hoffmann (1660-1742) at Halle, von Haller at Gottingen—
all aimed at basing their explanations firmly on experiment, and the last
two made a point of treating physiology as a science of bodily functions
independent of its practical applications in medicine.

The theoretical framework and much of the inspiration for physiological
experiment was provided by three great competing models. The first was
the mechanical model, derived from Descartes and Harvey and character-
ized by emphasis on measurement. Thus a number of investigators tackled
the problems of measuring the quantity, speed and pressure of the blood,
and of the force exerted and work done by the contraction of the heart. In
Vegetable Staticks Hales showed that the sap of plants did not circulate
in the manner suggested by a widely accepted analogy with animals. He
made an important contribution to plant physiology by measuring the

1 Thus, in 1748, John Needham found *animalculae’ in boiled broth which he had kept in
a supposedly airtight container.
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upward pressure of the sap from the roots and its daily variations, the
amount of water absorbed by the roots and transpired by the leaves, and
various other quantities. In his Haemastaticks (1733), he adapted these
techniques to measuring the pressure of the blood in animals, using a long
tube into which the blood was led in different experiments from the caro-
tid or crural arteries or the jugular vein of a horse, a dog, a sheep and a doe;
he established that blood pressure varied in different species and at
different times in the same animal. A few years later Daniel Bernoulli
showed by hydrodynamical analysis how to measure cardiac work
correctly. Haller showed that the heart’s force extended to the capillaries.
And so the circulation became the first physiological function in which
quantitative measures of biological constants were made with reasonable
accuracy. The analysis of physiological function in purely mechanical
terms was clearly a fruitful guide in studying the dynamics of the circula-
tion, in the mechanics of the entry of air into the lungs (of which Haller
gave a correct account), and the mechanics of movement and locomotion
generally. But for many physiological functions the mechanical model
alone was inadequate and misleading, as the progress of chemistry showed.
Hales himself made important discoveries in chemical physiology: thus,
having designed an apparatus for collecting gases, he proved by measure-
ments that plants enclosed over water ‘fixed’ one-seventh of the air in
which they were confined; but perhaps his obsession with mechanical
explanations often prevented him grasping what he had found. In opposi-
tion to the extreme mechanical point of view, Boerhaave became the
leading advocate of the second great source of physiological explanation.
The main area of experimentation inspired by the chemical model was the
study of digestion. Different mechanical and chemical explanations had
been offered for this process, and Boerhaave raised a basic chemical
problem by asserting that the acidity of the gastric juice was its product,
not its cause. Réaumur began his analysis by ingeniously taking advantage
of the buzzard’s habit of regurgitating its food, making it swallow per-
forated tubes containing food thus protected from mechanical action,
and showing that meat but not grain became digested; he also made the
buzzard swallow small pieces of sponge from which he squeezed drops of
liquid to try to effect artificial digestion outside the bird, and on its death
pursued his experiments with a dog and some ducks. He was unable to
determine the rdle of the gastric juice, but he introduced the technique of
studying digestion both in vivo and artificially outside the animal.

Both the mechanical and the chemical models, if carried to extremes,
involved the ‘mechanistic’ assumption that the phenomena of life could
all in the end be reduced to physics and chemistry. Against this the organic
or ‘vitalist’ model was advanced—a challenge and an invitation to bio-
logists to forge their own principles of explanation. In the early eighteenth
century its principal advocates were Stahl, who founded a vitalism of
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principle on his metaphysical beliefs, and Haller, who in contrast based a
vitalism of fact on the observation that organic actions and reactions are
sui generis and not immediately explicable by concepts borrowed from
other sciences. This model was most fruitful in the analysis of the neuro-
muscular system, in terms more empirically adequate than the mechanistic
schemes derived from Descartes. It supplied physiologists with specifically
organic concepts based on observation, such as Stahl’s concept of
muscular fonus and of the co-ordinating function of the nervous system, or
again Haller’s concepts of ‘irritability’ (contractility) as the specific
property of muscle and of ‘sensibility” (conductivity) as that of nerves,
thus distinguishing the domains of ‘sensibility’ and sensation. Haller’s
ingenious experiments, in particular, analysed the relations between the
different parts of the central and peripheral nervous system in involuntary
movements. The organic model also led to a renewed grasp, first by Jean
Astruc of Montpellier and then in 1751 by Robert Whytt of Edinburgh,
of Thomas Willis’s fundamental concept of the reflex (1670) and an under-
standing of the function of the spinal cord. Later, this analysis of levels of
neurological control was used by comparative anatomists to give a new
facet to the scale of nature and eventually of evolution. At the same time
the models of speculative mechanism in most important branches of
physiology began to give way to models provided by the new empirical
sciences of chemistry, electricity and heat.

To those who practised it, the new approach to natural science was,
above all, experimental. As Bacon had said, ‘the secrets of nature reveal
themselves more readily when tormented by art than when they go on
their own way ’.! In science this active attitude was comparatively (though
not of course entirely) novel. But technology, thanks to this approach, had
been advancing steadily and on a broad front since medieval times. The
advent of the ‘experimental philosophy’, then, meant that the spirit of
technology had spread to pure science, and it is not surprising that many
scientists were also very much interested in practical problems. As we
have seen, the two great scientific societies of the seventeenth century
made a point of cultivating practical matters. Yet the intimate union
between pure science and technology that we know today did not come
about overnight.

Although scientists were now keenly aware of technological problems,
it was not often that their scientific knowledge could be applied. There
were of course exceptions. Perhaps the most important (if only a partial)
exception was the problem of navigation at sea. Position in latitude could
be obtained by direct observation of the celestial pole, but there was no
satisfactory method for ascertaining position in longitude; yet an error
might be disastrous in bad visibility or on a long voyage, and from the

1 Novum Organum, Bk 1, Aphorism xcvm.
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sixteenth century large rewards were offered by governments of maritime
nations for a practical solution to the problem. The chief methods of
attack were of three kinds. The first depended on covering charts with
lines along which the magnetic variation was constant: by measuring the
local magnetic variation the ship’s position would be known to lie along a
given line, and a knowledge of the latitude would (in theory) allow the
position to be determined uniquely by its intersection with that line. In
1698 Halley was put in command of an Admiralty pink, the Paramour,
with orders ‘to improve the knowledge of the Longitude and Variations
of the Compasse’; in 1701—2 he published charts of magnetic declination
of great value for navigators, without solving the main problem. The
second method depended on the nearness of the moon and the rapidity of
its motion: Greenwich Observatory was set up in 1675 expressly to make
the necessary observations, but the practical and computational obstacles
were not overcome until the publication of Nevil Maskelyne’s British
Mariners’ Guide (1763) and the Nautical Almanac from 1767. The third
method regarded differences in longitude as differences in local time. The
problem here was to determine whatever time was taken as standard, for
seventeenth-century clocks, despite the great improvement in timekeeping
efficiency that followed the substitution (ca. 1660) of the new pendulum
for the old balance wheel, were hopelessly inaccurate after some time at
sea. Galileo had suggested that a seaman observing an eclipse of one of
Jupiter’s satellites might read off the standard time for the eclipse from
tables, but again practical difficulties proved insuperable. In the end, the
problem was solved not through any theoretical developments but through
the technical excellence of the marine timekeepers made by a Yorkshire
carpenter’s son, John Harrison (1693-1776), the first of which was tested
in 1736. It embodied two original inventions, the ‘gridiron’ pendulum
and the ‘grasshopper’ escapement, which largely overcame the defects of
earlier chronometers by compensating for changes of temperature and
working with 2 minimum of friction.!

In the absence of a guiding theory, problems of technology, like those
of the most primitive fields of science, had to be solved empirically. An
excellent example is the so-called New Husbandry, which introduced
fodder-crops into the rotation system of the light soils of Norfolk, where
clover, wheat, turnips and barley were grown in turn. This was done
because it had been noticed that wheat seemed to grow best on ground
previously occupied by clover, turnips on ground where wheat had grown,
and so on. Why this should be so was not understood until the nineteenth
century; but a classical illustration of the value of observation is the
discovery by Jethro Tull (1674-1741) that pulverizing the soil is to some

! See R. T. Gould, ‘John Harrison and his Timekeepers’, The Mariner’s Mirror, vol.

XXI (1935), pp- 115-39. On the techniques for marine survey ca. 1700, cf. A. H. W. Robinson,
Marine Cartography in Britain (Leicester, 1962), pp. 40-60.
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extent a satisfactory substitute for manuring it. Tull’s horse-hoe and seed-
drill were among the few major additions to the farmer’s tools between
1669 and 1758. He had studied the intensive husbandry of the Netherlands
and elsewhere before 1700, about the time when mention first appears of
the Brabant plough, a foot-plough combining mouldboard and plough-
share in a single concave iron piece, which turned the soil in the furrow
completely over and required little tractive power.

Although we associate the industrial revolution with the later eighteenth
century, certain activities in this period prepared the way for its tech-
nological, organizational and economic procedures. Thus the growing
scale of merchant and naval shipbuilding, even if it evinced no striking
innovations in technique, called for the organization of a complex of
skills and in the naval dockyards for a large labour force. In France, the
vast fortification and canal-cutting programmes of the seventeenth
century demanded manpower and materials on a still bigger scale—in 1669
more than 8,000 men were at work on the Languedoc canal alone—and
the organizational methods so required contained lessons for the later
building of roads and railways, and for industry. All this was dwarfed by
the enterprise of erecting St Petersburg.?

Of the technological problems, some of the most important centred
round the search for new sources of power and prime movers, especially
in mining. A seventh of all patents for inventions issued in England
between 1561 and 1668 had been connected with problems of flooding; in
1660-1700, out of a total of 236, no less than 30 were for draining land or
mines. The old methods of horse-, wind- or water-power were too ex-
pensive for use in the deep copper-mines and collieries. The possibilities
of steam had been glimpsed in the ancient world, and throughout the
seventeenth century attempts were made to apply steam-power, in con-
junction with the piston and cylinder, to the problem of clearing the mines
of water. Thomas Savery’s pump (1698) made a laborious and dangerous
use of steam in combination with atmospheric pressure; an interesting
variation of this idea, proposed by Huygens, involved the explosion of
gunpowder.? But the first effective machine to convert heat into mechanical
energy was not developed till the first decade of the eighteenth century: by
1720 the ‘fire’ engines of Thomas Newcomen (1663-1729), a Devon
blacksmith, were in general use in England (for mines, canal-locks and
reservoirs) and beginning to be exported. Another important problem was
the transport of coal on the surface. As early as 1600 wooden rails were
used in two places in England, the loaded waggons moving downhill

Y G. E. Fussell, The Farmer’s Tools, 15001900 (1952), pp. 218-22, and B, H. Slicher van
Bath, ‘Agriculture in the Low Countires’, Relazioni del X congresso internazionale di
scienze storiche, vol. v (Florence, 1955), pp. 189-91.

2 Below p. 731-2.

* Denis Papin, who anticipated the idea of Savery’s water-raising machine in 1687, when
he was assistant to Huygens, applied it in 1707 to move a boat by means of a paddle-wheel.
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under their own weight and being brought back empty to the pitheads by
horses; in the eighteenth century the carriage of coal over short distances
by horse-drawn railway was to become general in Britain. Meanwhile, the
pressure of war stimulated new applications of coal to the production of
metals, beginning with the development at Bristol in the 1690s of the
reverberatory furnace for copper-smelting. At Coalbrookdale (near
Wolverhampton) Abraham Darby (d. 1717), who had worked in Bristol
as a brass-caster, established the coke-smelting of iron on a commercial
basis about 1709. His process produced only an inferior pig iron, but by
1750 his son was to succeed in refining it into bars that could begin to
compete with charcoal pig in the making of quality wares which required
a metal less brittle than cast iron.

By the eighteenth century science had acquired a unity of outlook and
activity, of formulated natural expectations and practical aims that
placed it among the dynamic influences at work in western civilization.
The attitude to nature and society associated with it was based on the
concrete achievements of the previous century; but it was made explicit
by writers, mostly not scientists themselves, who were prominent in
organizing communication and publicity. In the French Enlightenment,
notably, the empirical methods and rational conceptions attributed to
science were made the standards for all civilized principles, the ground of
action.

Before 1700 the recent progress of science was being used in a famous
literary debate to dispose of the claim for the superiority of Greece and
Rome in the arts and sciences.! William Wotton and John Dryden saw the
scientific revolution as the most important part of the revival of the West
after the centuries of medieval barbarism. Fontenelle filled in this picture
with further ideas. A recurrent theme of his Eloges is the rational inspira-
tion provided by reading Descartes, although Fontenelle distrusted
Descartes’s extreme use of a priori reasoning and his belief in the possi-
bility of rational certainty. A complementary theme is Fontenelle’s praise
for exactitude of observations and attention to facts: here the model is the
Opticks, Newton’s experimental masterpiece, known in France before the
Principia. Fontenelle’s characterization of the scientific approach as one
that aimed at rational explanations in all questions but accepted the
experimental method, with all its difficulties and uncertainties, as the only
method of discovering truth, now became a commonplace. With this he
combined a more general scepticism, derived not from the scientists but
from Lucretius and Montaigne. The result was a view of things corrosive
of religious authority while yet respectful of the mysteries of existence.

Fontenelle’s interpretation of the general meaning of the ‘scientific
revolution” was translated into a view of history by Voltaire. In his

1 Below, pp. 79ff.
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Siécle de Louis XIV (1751) and Essai sur les meeurs (1756) Voltaire set out
to give an example of history written en philosophe—an historical analysis
that would discover the causes of the progress and decline of civilizations,
yield principles as natural science did, and teach by its results. In these
works Voltaire wrote the first full comparative history of civilization. He
included in them a brief comparative account of the history of science and
technology. He defined an attitude to the past and an evaluation of human
activities that made Newton greater than Alexander, Caesar or Cromwell,
because Newton had enlightened men’s minds by the power of his under-
standing whereas these great soldiers had enslaved men by violence. For
Voltaire, the climax of the progress of the human mind, after its escape
from ‘superstition’ through the sceptical philosophy of the Renaissance,
was the discovery of * the true philosophy’ by Galileo, Descartes, Bacon and
Newton. Other eighteenth-century writers—Diderot, Hume, Robertson,
Gibbon, Condorcet—also gave prominence to the scientific movement in
their view of history. At thesame time specialized histories of science began
to appear. A history of medicine by Daniel Le Clerc was published as
early as 1696 and the subject was taught at Gottingen. J. E. Montucla’s
great Histoire des mathématiques (1758) was followed by a succession of
other works. By this time the scientific revolution had been recognized as
a great event in world history, the history of science had found a place in
the development of modern historiography, and the norms of scientific
thought had become the norms of rational thinking in general.
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CHAPTER III

CULTURAL CHANGE IN WESTERN
EUROPE

I. TENDENCIES IN THOUGHT AND LITERATURE

HE factors involved in the relationship between the artistic achieve-
I ment of a nation and success in its other endeavours are complex
and often obscure: there have been great powers with little culture,
more rarely great cultures with little power. There can be few periods in
history, however, in which the cultural influence of the major European
nations corresponded as closely to their political standing as the last
decades of the seventeenth century and the first two of the next. The
France of Louis XIV reached the summit of its power soon after 1680,
and its ascent had been accompanied by a coruscation of literary and
intellectual brilliance which continued to light up the European scene
long after the decline of French political domination and the death of the
Grand Monarque. The literary tradition perfected by Moliere and Racine,
La Fontaine and Madame de la Fayette, La Rochefoucauld and Bossuet,
provided aristocratic standards of taste which dominated the polite
literature of Europe for the best part of a century: and the intellectual
qualities of rationality, clarity and order implied by that tradition them-
selves lie at the root of much in the Enlightenment, however deep the gulf
may seem between the piety of Fénelon and the irreverence of Voltaire.
Alongside continuing French predominance, however, there emerges at
this time a new intellectual and literary influence, that of England,
characterized by a strong emphasis on factual observation and a new
deference to middle-class tastes, which runs parallel with the steady
growth of British wealth and power. The period, indeed, sees the establish-
ment of the pattern of intellectual and literary forces in Europe from which
were to spring all the later developments of the eighteenth century.
Beside this major phenomenon of French cultural hegemony, ultimately
developing into an Anglo-French co-dominance—in itself involving many
fertile conflicts—other countries contributed little of significance. The
decline of Spain was reflected in her failure to throw up any successor,
even in the drama, comparable with Calderén, who died in 1681; revival,
when it began, came in the form of response to the new French and
English influences, and the next major figure in Spanish letters, Feijoo
(1676-1764), while firmly rooted in the Spanish tradition, was primarily a
bearer of the message of the Enlighten