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I. Bernard Cohen (USA) 

THE ORIGINS OF THE CONCEPT OF A COPERNICAN REVOLUTION1 

Whenever there is a discussion of the Scientific Revolution, or of any revolu-
tions in science2, the first image that comes to mind is the Copernican Revolution. 
This expression is used in areas of intellectual activity other than the sciences, such 
as in the frequent references to Immanuel Kant's "Copernican Revolution" in phi-
losophy, a characterization that is usually said to have originated with Kant him-
self3. 

Despite the wide currency of the expression "Copernican Revolution"4, there 
has been little if any inquiry as to when it was first used, and in what context. The 
situation is much the same with respect to Scientific Revolution. Many historians 
and philosophers believe that "Scientific Revolution" is a concept that has come into 
being only in our time; it is even said to have been the intellectual creation of the 
late Alexandre Koyré. Koyré, in fact, did write about the Scientific Revolution5,. 

1 The research on which this article is based has been generously supported by the Spen-
cer Foundation (Chicago, Illinois, USA). A somewhat different version of this article is being, 
published in the Festschrift for Willy Hartner, edited by W. Saltzer and Y. Maeyama. 

2 A distinction is made between: (1) the Scientific Revolution, by which all of science was 
changed radically during the fifteenth and sixteenth centuries and (2) separate and individual re-
volutions in the sciences, such as the Newtonian Revolution, the Chemical Revolution, the Darwi-
nian Revolution, the Einsteinian Revolution, or the Revolution of Quantum Mechanics. 

3 Despite the prevalence of the opinion that Kant referred to his own work as a "Copernican 
revolution", a close scrutiny of Kant's text shows that he never did make this alleged reference. 
On this subject, see Norwood Russell Hanson, Copernicus' role in Kant's revolution, "Journal of 
the History of Ideas", 1959, vol. 20, pp. 275-281. 

Two recently published double units of the second-level course of the Open University (of Great 
Britain) on "The age of revolutions" are entitled Kant's Copernican revolution: speculative philosophy 
and Kant's Copernican revolution: moral philosophy and have been published in 1972 by The Open 
University Press, A202, units 15-16, 17-18. 

4 The currency of this expression has been greatly increased by Thomas S. Kuhn's book, 
The Copernican revolution: planetary astronomy in the development of western thought, Cambridge, 
Harvard University Press, 1957. 

In Edwin Arthur Burtt, The metaphysical foundations of inodern physical science, a historical 
and critical essay, New York, Harcourt, Brace & Company; London, Kegan Paul, Trench, Trubner& 
Co., 1925, Copernicus's work is introduced in such terms as "his revolutionary view" (p. 27), "this 
most radical revolution" (p. 28), and the "Copernican revolution" (p. 50). 

5 For details, see I. Bernard Cohen, Scientific revolution: the history of a concept and a name,. 
New York, Science History Publications, 1977. 
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although he was not (and never claimed to have been) the inventor of this expression. 
One of his books was called The Astronomical Revolution (La revolution astrono-
mique), but curiously enough he did not use the expression "revolution copernicienne" 
in his chapter on Copernicus, although he particularly stressed the "break caused by 
Copernicus" — which for Koyre signified "the end of a period which includes not 
only the Middle Ages but classical antiquity too; for only since the time of Coperni-
cus has man ceased to be the centre of the Universe, and the Cosmos ceased to be 
regulated around him". Furthermore, Koyre called particular attention to "the 
magnitude of intellectual effort, boldness and moral courage involved in this work 
of Copernicus", and he accordingly criticized Arthur Koestler for having reproached 
Copernicus, "whom he calls the timid canon, with lack of courage and intellectual 
boldness"6. Koestler, whose main theme is that Copernicus is not merely timid 
but conservative, does grant that Copernicus's Commentariolus begins with the 
author's "seven revolutionary axioms"7. 

In order to trace the origins of the concept and name, "Copernican Revolution", 
attention has to be given to two other related topics. One is the rise of the concept 
of revolution itself, in the sense of a single event or group of events that produces 
a radical change in the structure of society, the political system, or in the realm of 
intellectual affairs. The other is the application of the concept and term "revolu-
tion", in this new sense, to scientific activity. 

Although many historians of science believe that the concept of revolution in 
science is of fairly recent origin, for some three centuries there has been a more or 
less unbroken tradition of viewing scientific, change as a sequence of revolutions. 
In the eighteenth century, when this tradition appears to have taken its first rise, 
there was still some confusion and ambiguity about the sense of the word "revo-
lution": in relation not only to science but to political events8. Although "revo-
lution" came into general usage during the eighteenth century to denote a breach 
of continuity or a secular change of real magnitude, usually accompanied by vio-
lence, there also remained current the older sense of "revolution" as a cyclical phe-
nomenon, a continuous sequence of ebb and flow, a kind of circulation and return, 
or a repetition. After the French Revolution, the new meaning came to predominate 
and, ever since, "revolution" has commonly implied a radical change and a depar-
ture from traditional or accepted modes of thought, belief, action, social behavior, 
or political or social organization. Thus in early modern times there occurred a dou-
ble transformation of "revolution" and the concept for which it is the name. First, 
a scientific term, taken from astronomy and geometry, came to be applied to a ge-
neral range of social, political, economic, and intellectual or cultural activities; 
and, second, in this usage the term gained a new meaning that was radically different 

6 Alexandre Koyre, La revolution astronomique, Copernic, Kepler, Borelli, Paris, Hermann, 
1961, intro. p. 15, transl. into English by R. E. W. Maddison as The astronomical revolution-, Coper-
nicus-Kepler-Borelli, Paris, Hermann; London, Methuen; Ithaca, New York, Cornell University 
Press, 1973. 

7 Arthur Koestler, The sleepwalkers, a history of man's changing vision of the universe, London, 
Hutchinson, 1959, p. 145. 

8 See I. Bernard Cohen, The eighteenth-century origins of the concept of scientific revolution, 
"Journal of the History of Ideas", 1976, vol. 37, pp. 257-288. 
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f rom —if not diametrically opposite to—the original and strict etymological sense 
of "revolution" (révolution, rivoluzione), which is derived from the mediaeval La-
tin revolutio, a rolling back or a return, usually with an implied sense of revolving in 
time9. 

During the eighteenth century, the point of view emerged that scientific change 
is characterized by an analogue of the revolutions that alter the forms of society 
and the political affairs of the state. Whereas earlier, science had contributed "revo-
lution" to the discourse of social and political change, now social and political 
thought gave back to science the concept of revolution in the newly established sense, 
no longer as a term serving in the scientific explanation of natural phenomena, but 
rather an expression to be used in the social or intellectual explanation of scientific 
change itself—now visualized as a series of secular discontinuities of such magni-
tude as to constitute definite breaks with the past. The rejection of the older and more 
traditional opinions in which scientific change was seen as a cyclical continuous 
process, and the rise of the doctrine that science progresses by radical revolutions 
has occurred by degrees ever since the opening years of the eighteenth century, and 
has been continuously influenced by the development of concepts and theories of 
political and social (and cultural) revolution. 

During most of the eighteenth century—as in the preceding centuries—the pri-
mary signification of "revolution" was astronomical, and thus— associatively or 
derivatively—astrological. The revolutions observed in the diurnal motion of the 
heavens and the apparent diurnal and orbital motions of the "planetary" bodies 
(or of their spheres) had been recorded over centuries in the works of Chaucer, 
Dante, Alfraganus (who was a major source of astronomical knowledge for Dante), 
Messahala, Sacrobosco, and countless others10. This term appears boldly in the 

9 Some historical studies of the concept and name of "revolution" are Felix Gilbert, Revo-
lution, pp. 152-167 of vol. 4 of Dictionary of the History of Ideas, ed. by Philip P. Wiener, New York, 
Charles Scribner's Sons, 1973; Karl Griewaik, Dir neuzeitliche Revolutionsbegriff. Entstehung und 
Entwicklung, Weimar, Hermann Böhlaqs Nachfolger, 1955; Arthur Hatto, Revolution: an enquiry into 
the usefulness of an historical term, "Mind", 1949, vol. 58, pp. 495-517; Melvin J. Lasky, The birth 
of a metaphor. On the origins of Utopia & revolution," Encounter", Feb. 1970, vol. 34, no. 2, pp. 35-45, 
Mar. 1970, vol. 34, no. 3, pp. 30-42; Eugen Rosenstock [=Rosenstock-Hussy], Revolution als poli-
tischen Begriff in der Neuzeit, pp. 83-124 of "Abhandlungen der Schlesisehen Gesellschaft für 
vaterländische Kultur" (Geisteswissenschaftliche Reihe), 5. Heft: Festgabe der rechtsstaatswissen-
schaftlichen Fakultät in Breslau für Paul Heilborn zum 70. Geburtstag 6. Februar 1931 (Breslau, 
M. et M. Marcus, 1931), of which the main points are given in summary in Hatto's article; Vernon 
F. Snow, The concept of revolution in seventeenth-century England, "The Historical Journal", 1962, 
vol. 5, pp. 167-190. 

Useful as first guides to the history and successive meanings of the word "revolution" are E. Littré, 
Dictionnaire de la langue française, 2 vols, and suppl., Paris, Librairie Hachette et Cie, 1881-1882, 
and A new English dictionary on historical principles, ed. by James A. H. Murray, Henry Bradley, 
A. W. Craigie, C. T. Onions, re-issued as The Oxford English Dictionary, 12 vols, and suppl., Oxford, 
the Clarendon Press, 1933. 

10 The noun-form "revolution", in the sense in which we encounter it in astronomy and mathe-
matics, seems to be of late mediaeval origin (revolutio), although there are some occurrences of 
revolutio in earlier Latin {e.g., Augustine, Martianus Capella) for conversion. The verb revolvo 
on the other hand, is found in the classical period and is used by such authors as Cicero, Tacitus, 
Seneca, Vergil, Ovid, and Terence. Its meanings include to roll back, to unroll or unwind (as in the 
reading of a scroll), to revolve, to return, to turn over or read over, to repeat, to go through or 
experience again, to relate again, and eventually to brood or refbet upon. 

Cf. Charlton T. Lewis and Charles Short (eds.), A Latin dictionary founded on Andrews' edition 
of Freund's Latin dictionary, Oxford, the Clarendon Press, 1966; first edition 1879. 

2 — Organon 14 
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title of Copernicus's celebrated book, De revolutionibus orbium coelestium (1543)11, 
and it occurs not infrequently in Galileo's Dialogo sopra i due massimi sistemi (Firenze 
1632; first English version, 1661). It may be found in almanacs and in such popular 
works as Leurechon's la Récréation mathématique (which was Englished by William 
Oughtred), and in Vincent Wing's popular compendiums of astronomy and astro-
logy (1651, 1669) and Streete's Astronomia Carolina (1661, 1710), from which the 
youthful Newton recorded Kepler's third law. "Revolution" also occurs in astro-
nomical works by Kepler, Bullialdus, Seth Ward, N. Mercator, and others. 

In the late Middle Ages, "revolution" came to signify not only the moving of 
a celestial body throughout a complete closed orbit (or the time in which the circuit 
of the orbit is completed), but also any turning or rolling back or around—ranging 
from the circular turning of a wheel to the figurative sense of turning over in the mind 
or considering. By the time of the Renaissance, "revolutions" had a wider signifi-
cation—including any periodical (or quasi-periodical) occurrences, and eventually 
any group of phenomena that went through an ordered set of stages a cycle (in the 
sense of "coming full circle")12. Even the rise and fall of civilizations, or of culture, 
as a kind of tidal ebb and flow, was called a revolution. All of these usages are ob-
viously linked to the primary sense in which this word occurs in astronomy and 
geometry. 

One possible link between the original cyclical meaning and today's common 
usage of "revolution" for a "complete change of affairs" or a "reversal of condi-
tions", an overthrowing (usually accompanied by violence) of established govern-
ment or society or institutions—lies in the close association of a cyclical "turning-
over" and a secular "overturning"13. Today, the associated verb used to denote 
cyclical phenomena is "revolve"; whereas the verb "revolt" implies an uprising 
against the political state or social order. Both "revolve" and "revolt" come from the 
same verb: revolvere, revolutus. In the eighteenth century, prior to 1789, these two 

11 In De revolutionibus, according to Rosen, Copernicus refers to the "revolutions" of the celes-
tial spheres to which the planets are affixed, in a Eudoxian sense. See Edward Rosen (transl. and ed.): 
Three Copernican treatises, New York, Columbia University Press, 1939; revised reprints with sup-
plements have appeared under the imprint of Dover Publications, New York, 1959 and of Octagon 
Books New York, 1971. On pp. 11 sqq., Rosen discusses the doctrine of spheres, seconding the opi-
nions that "Copernicus himself nowhere in his work either explicitly asserts or explicitly denies the 
reality of the spheres". To use today's distinction between "revolution" and "rotation", the celestial 
spheres rotate, carrying the planets around the sun in their revolutions. 

This distinction, however, between "revolution" in an orbit and "rotation" about an axis is 
of fairly recent origin; for instance, so late as Newton's Principia (1687, 1713, 1726) these two words 
are not used consistently in different senses. In Prop. 17 of Book 2 Newton discusses the moon's 
"uniform revolution about its axis", where we would refer to the rotation of the moon, and he also 
uses the verb revolvere (and also gyrare) and the noun revolutio for the orbital revolutions of planets 
about the sun and of satellites about planets. 

In mathematics, even today, a "solid of revolution" may be produced by the rotation of a plane 
figure about an axis. If the axis goes through the plane figure, as when a circle is rotated on an axis 
coincident with a diameter to form a sphere, the solid so generated would be a "solid of rotation" 
rather than a "solid of revolution"; but if the axis were wholly outside of the circle, so as to produce 
a torus, the generated solid could properly be'called a "solid of revolution". 

12 See the works cited in note 9 supra, chiefly Gilbert and Hatto. 
13 Each of these several meanings was applied to science and the sciences during the eight-

eenth century. 
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distinct and very different senses of "revolution" are apt to occur together in discu-
ssions of history and politics as well as the course of development in literature, the 
arts, and the sciences. It is, accordingly, not always a simple task to discover whether 
a given eighteenth-century author may have had in mind a cyclical return (an ebb 
and flow) or a secular change of a significant magnitude (often, but not necessarily, 
accompanied by violence). This ambiguity was particularly a feature of the years 
between the English revolutions of the seventeenth century and the American and 
French revolutions—the era of the Newtonian revolution in science and of the emer-
gence of the concept of revolution as a mode of scientific change. 

There is one term, however, whose usage generally enables the modern (i.e., 
post-1789) reader to distinguish between the two senses of "revolution", that is, 
the use of the word "epoch". Thus there is no ambiguity whatsoever in Alexis Clai-
raut's assertion in 1747 that Newton's Principia was "l 'epoque d'une grande revo-
lution dans la Physique"14 . Here "epoch" is not used in the presently current mean-
ing of an era or an age (the primary sense in American English), but rather signi-
fies an event that inaugurates an age or that is the initial or major occurrence of 
or a revolution: the beginning of a new era. Often, in the late seventeenth and in the 
eighteenth century, this word appears in its late Latin form as epocha, in historical 
and political writings and in scientific works1 5 . 

The sixteenth century knew no full-scale of national revolutions in the sense in 
which we use the word today in social and political contexts; but the seventeenth 
century was witness to the Glorious Revolution (1688)16 and to an earlier series of 

14 Alexis-Claude Clairaut: Du système du monde, dans les principes de la gravitation universelle, 
Suite des mémoires de mathématique, et de physique, tirés des registres de l'Académie Royale des Scien-
ces de l'année M.D.CC.XLV, Amsterdam, chez J. Schreuder et Pierre Mortier le jeune, 1754, p. 465; 
Clairaut's paper was read "à lAssemblé publique du 15 Nov. 1747". Clairaut's statement was re-
peated almost verbatim by Joseph-Louis Lagrange, John Playfair, and Thomas Henry Huxley. 
See my Scientific revolution (cited in note 5 supra). 

15 This is still the first definition of "epoch" in British and French dictionaries: an event that 
begins an era in history, in life, or in science. It is thus somewhat akin to "epoch-making". On 
"epoch", see Bossuet's Discours sur l'histoire universelle, Dessein général de cet ouvrage, Edition 
augmentée des nouvelles additions et des variantes de texte, Paris, chez Lefevre, Libraire, 1823, 
vol. 1, p. 607. 

16 The primary image of revolution in the eighteenth century was the Glorious Revolution, 
cited in the general article on "Révolution" in the Diderot-d'Alembert's Encyclopédie, and in fact 
the chief example there given. The Glorious Revolution grew greater and greater in importance in 
the development of the concept of revolution up to 1789, as it gradually became evident to both 
Englishmen and Continentals that there h a d been a revolution in England, possibly the first true 
revolution in the modern era. In Samuel Johnson's Dictionary of the English language (1755), this 
revolution appears in the third definition of revolution: "Change in the state of a government or 
country. It is used among us.. . for the change produced by the admission of king William and 
queen Mary". 

The Glorious Revolution may not seem quite so revolutionary to us—with our outlook deter-
mined by such greater cataclysms as the French, Russian, and Chinese revolutions—as it did to the 
men and women of the eighteenth century. But to thinkers of so different a political stripe as Jo-
seph Priestley and David Hume, it was indeed a revolution, and a rather glorious one at that, mark-
ing the end of the "divine right" of kings. In Priestley's judgment, " . . . the most important period 
in our history is that of the revolution under king William. Then it was that our constitution, after 
many fluctuations, and frequent struggles for power by the different members of it (several of them 
attended with vast effusion of blood), was finally settled. A revolution so remarkable, and attended 
with such happy consequence, had perhaps no parallel in the history of the world, till the still more 
remarkable revolutions that have lately taken place in America and France. This it was, as Mr. Hu-
me says, that cut off all pretensions to power founded on hereditary right; when a prince was chosen 
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events and political and social movements that we have lately come to call the 
English Revolution. There were thus no political or social events of the sixteenth 
century, or of the seventeenth century before 1688, that could provide examples 
or conceptual models for revolution (in the sense of a drastic or even a sudden 
secular change) in the areas of human creative effort; this fact is mirrored in the 
failure to find an example of a coupling of "science" and "revolution" dating earlier 
than about 1700. About a half-century after the Glorious Revolution, however, 
just at the time when the fullness of Newton's achievement had become recognized, 
the new concept of revolution was applied to science, and specifically to Newton's 
Principia by Clairaut. And even earlier, as we shall see below, the new infinitesimal 
calculus of Newton and of Leibniz had been judged to have constituted a revolution 
in mathematics. 

In the eighteenth century, even before the French and American Revolutions, 
the word "revolution" began to come into general usage in more or less today's 
accepted sense of a radical change. Not only may this be discerned in the social 
and political spheres, but even in discussions of cultural or intellectual affairs. In 
the eighteenth century, as in the late Middle Ages or Renaissance, the old sense of 
the word "revolution" is apt to occur side by side with the new, and even in writings 
of the decades before the French Revolution it is not always transparently clear as 
to whether the word "revolution" is being used unambiguously in the present accep-
tation. Careful analysis may be required to make sure that the revolution in question 
is really a single event, a true secular change of great magnitude, and not merely 
a stage in a cyclical change17. 

Rather early in the eighteenth century, when "revolution" began to gain currency 
in the new meaning of a radical or significant change, there were seen to have been 
revolutions in many domains of human activity. It was then that an interest became 
expressed in two aspects of possible revolutions in science: the scientific revolutions 
that might have occurred in the past (associated with Copernicus, Bacon, Descartes, 
Galileo) and those that were actually in progress. In the extreme, in the decade 
or so before the French Revolution, possibly two scientists concluded that their 
own work was revolutionary. 

An unambiguous reference to a revolution as a radical change occurs in Bernard 
Le Bovier de Fontenelle's preface to his Éléments de la géométrie de l'infini (1727). 
Fontenelle has been discussing the newly discovered (or invented) infinitesimal 
calculus {le calcul de l'infini) of Newton and Leibniz, and the several ways in which 

who received the crown on express conditions, and found his authority established on the same bot-
tom with the privileges of the people.. " Hume referred specifically to "that famous 'revolution', 
which has had such a happy influence on our constitution, and has been attended with such mighty 
consequences." See Joseph Priestley, Lectures on history and general policy, London, printed for 
Thomas Tegg, 1826, Lect. 36, pp. 286-287; David Hume, A treatise of human nature, ed. by L. A. Sel-
by-Bigge, Oxford, the Clarendon Press, 1967 (reprint; first ed., 1888), p. 563, book III, "Of Morals", 
part 2, sect. 10. In 1850, François Pierre Guillaume Guizot, calling for a new attitude toward British 
eighteenth-century history, observed that Hume had "formed... the opinion of Europe", but that 
his "narrative and opinions... had ceased to satisfy the imagination and reason of the public." 
See his History of the English revolution from the accession of Charles I, transi, by Louise H. R. Cou-
rier, Oxford, D. A. Talboys, 1838, Author's Preface. 

17 See, further, the work cited in note 8 supra. 
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"Bernoulli, M. le marquis de l'Hôpital, M. Varignon, tous les grands géomètres" 
carried the subject forward "à pas de géant". Then he says: 

L'infini éleva tout à une sublimité, et en même temps amena tout à une facilité, dont on n'eût 
pas osé auparavant concevoir l'espérance; et c'est là l'époque d'une révolution presque totale 
arrivée dans la géométrie18. 

The conjunction of words époque and révolution leaves no doubt that Fontenelle 
had in mind a change of such an order of magnitude as to alter completely the state 
of mathematics. And Fontenelle went on at once to emphasize that this revolution 
was progressive or benefical to mathematical science, although not unaccompanied 
by several problems19. 

Fontenelle used the term "revolution" in the éloge of the mathematician Michel 
Rolle, which he wrote in his capacity of secrétaire perpétuel of the Royal Academy 
of Sciences. But "revolution" does not here occur in relation to the work of Rolle 
himself, but rather in an aside on the Analyse des infiniment petits (Paris, 1696) of 
the Marquis de l'Hôpital, the first textbook on the new infinitesimal calculus: 

En ce temps- là le livre du marquis de l'Hôpital avoit paru, et presque tous les mathématiciens 
commençoient à se tourner du côté de la nouvelle géométrie de l'infini, jusques-là peu connue. 
L'universalité surprenante des méthodes, l'élégante brièveté des démonstrations, la finesse et 
la promptitude des solutions les plus difficiles, une nouveauté signulière et imprévue, tout 
attiroit les esprits, et il se faisoit dans le monde géomètre une révolution bien marquée20 . 

Fontenelle also used "revolution" in the éloge of l'Hôpital (d. 1704), again in 
relation to his textbook, and the avidity with which "l'Analyse des infiniment petits 
a été saisie par tous les Géomètres naissans". L'Hôpital's aim had been "principale-
ment de faire des Mathématiciens", Fontenelle wrote, and he had the satisfaction 
of seeing that "des Problèmes réservez autrefois à ceux qui avoient vieilli dans les 
épines des Mathématiques, devenoient des coups d'essai de jeunes gens": 

Apparement la révolution deviendra encore plus grande, et il se seroit trouvé avec le temps 
autant de Disciples, qu'il y eût eu de Mathématiciens21. 

These latter two uses of "revolution" in relation to l'Hôpital's textbook differ 
from the former instance, in that the calculus inaugurated a conceptual revolution 

18 Éléments de la géométrie de l'infini. Suite des mémoires de l'Académie Royale des Sciences, 
Paris, de l'Imprimerie Royale 1727, "Préface", a 4 verso- b recto; a variant edition or issue dif-
fers in title only in the first word (ÉLÉMENS for ÉLÉMENTS), and has the same publisher and 
date (although it was apparently published some decades later). The preface is included in the 
Œuvres de Fontenelle, vol. 6, nouvelle éd., Paris, chez Bastien, Servière, Libraires, 1790, pp. 35-56; 
see esp. p. 43. 

19 Ibid.; "Cette révolution, quelque heureuse qu'elle fût, a pourtant été accompagnée de quel-
ques troubles." A succinct appraisal of this work of Fontenelle's is given by Suzanne Delorme in 
the Dictionary of Scientific Biography, ed. by Charles C. Gillispie, vol. 5, New York, Charles Scrib-
ner's Sons, 1972, p. 61 b.; a review by the Abbé Terrasson appeared in "Journal des sçavans", July-
-Oct. 1728, pp. 387-403, 608-625. 

20 Eloge de Rolle, Œuvres de Fontenelle, vol. 7, nouvelle éd., Paris, chez Bastien,Servière, 1792, 
p. 67. This éloge was first published in the Histoire de l'Académie Royale des Sciences. Année 
MDCCXIX. Avec les mémoires de mathématique et de physique, pour la même année. Tirés des re-
gistres de cette Académie, Paris, de l'Imprimerie Royale, 1721, h i s t o i r e , pp. 94-100; see esp. p. 98. 
Fontenelle was the author of the anonymous preface to l'Hôpital's book, which was written in a style 
that would lead the unsuspecting reader to suppose it had been written by l'Hôpital himself. 
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in mathemat ics , whereas the Analyse des infiniment petits consol idated the achieve-
men t s of tha t revolut ion a n d made its me thods and achievements so readily available 
as t o revolutionize the profess ion of mathemat ic ian ; t h a t is, l 'Hôpi ta l was (accord-
ing to Fontenelle) pr imari ly responsible for a t t ract ing young mathemat ic ians 
(géomètres) to the new analysis and endowing them with new powers. Fontenel le 
would thus seem to have m a d e a dist inction between "une révolut ion presque to ta le . . . 
d a n s la géomét r ie" 2 2 a n d "une révolut ion bien marquée" , such as l 'Hôpi ta l ' s b o o k 
p roduced "dans le m o n d e géomèt re" 2 3 . 

T h e revolution within the sciences to which Fontenel le referred was the disco-
very or invention of the calculus by N e w t o n a n d by Leibniz. Ano the r early eighteenth-
century reference to Isaac Newton and a revolut ion in science is f o u n d in Cla i raut ' s 
s ta tement of 1747, quo ted earlier, tha t Newton ' s Principia had m a r k e d " l ' époque 
d ' u n e grande révolut ion dans la Physique" . The fact t h a t these earliest references 
to a revolut ion in science occur in re la t ion to Newton is wor thy of notice, since it 
was N e w t o n ' s achievement in pure mathemat ics coupled with his analysis of the 
system of the world on the basis of gravi ta t ional dynamics tha t actually set the seal 
on the "Scientific Revo lu t ion" and caused scientists a n d phi losophers to recognize 

21 Eloge de M. le Marquis de l'Hôpital, Histoire du renouvellement de l'Académie Royale des 
Sciences en M.DC.XCIX. et les éloges historiques de tous les Académiciens morts depuis ce renouvelle-
ment, Amsterdam, chez Pierre de Coup, 1709, pp. 105-106; facsimile reprint, Brussels; Culture et 
Civilisation, 1969. See also Histoire de l'Académie Royale des Sciences. Année MDCCIV. Avec les 
mémoires de mathématique et de physique, pour la même année. Tirés des registres de cette Académie, 
Paris, chez Gabriel Martin, Jean-Bapt. Coignard, et Hippolyte-Louis Guérin, 1745, h is toi re , 
p. 133. In Œuvres de Fontenelle, vol. 6 (ed. cit.), p. 131, the word "révolution" is misprinted as "ré-
solution". 

22 A "révolution presque totale" would seem an expression more fitting for a cyclical pheno-
menon than for the kind of revolution Fontenelle had in mind. 

2 3 In his Eloge du Czar Pierre, Fontenelle used the word "révolution" in two ways, neither of 
them in relation to science. Thus he wrote that "La révolution, arrivée en Perse par la révolte de 
Mahmoud, attira de ce côté-là les armes du Czar et du grand seigneur". Again, he mentioned "[la] 
nation Moscovite, peu connue que de ses plus proches voisins,... presque une nation à part, qui 
n'entroit point dans le système de l'Europe, .. .et dont à peine étoit-on curieux d'apprendre de tems 
en tems quelques révolutions importantes". (Œuvres de Fontenelle, vol. 7, ed. cit., pp. 188, 166). 
The second quotation appears to have cyclical overtones of the ebbs and flows of ordinary history 
and thus resembles a statement in Fontenelle's Préface sur l'utilité des mathématiques et de la phy-
sique, et sur les travaux de l'Académie des Sciences, Histoire de l'Académie Royale dés Sciences. 
Année MDCXCIX. Avec les mémoires de mathématique et de physique, pour la même année. Tirés 
des registres de cette Académie. Troisième Edition, corrigée et augmentée, Paris, chez Gabriel Martin, 
Jean-Baptiste Coignard fils, H. Louis Guérin, 1732,1-XIX. In this form, the essay is merely entitled 
Préface-, the above title comes from the somewhat truncated reprint in Histoire du renouvellement 
de l'Académie Royale des Sciences {ed. cit.), pp. 1 -26; also in Œuvres de Fontenelle, vol. 6 (ed. cit.), 
pp. 59-75. An English version was published in Miscellanea curiosa, vol. 1, 2nd ed., London, print-
ed by J. M. for R. Smith, 1708; it was not included in the first edition (1705). Fontenelle says 
CHistoire de l'Académie, p. XIII): "L'Histoire ne fournit pas dans toute son étendue, des Exemples 
de vertu, ny des règles de conduite. Hors de là, ce n'est qu'un spectacle de révolutions perpétuelles 
dans les affaires humaines, de naissances et de chutes d'Empires, de moeurs, de coutumes, d'opi-
nions, qui se succèdent incessament; enfin de tout ce mouvement rapide, quoiqu'insensible, qui 
emporte tout, et change continuellement la face de la terre". An addendum (pp. XIII-XIV) makes 
a contrast: "...Si nous voulons opposer curiosité à curiosité, nous trouverons qu'au lieu de ce mou-
vement qui agite les Nations, qui fait naître, et qui renverse des Etats, la Physique considère ce 
grand et universel mouvement qui a arrangé toute la Nature, qui a suspendu les Corps célestes en 
différentes Sphères, qui allume et qui éteint des Etoiles, et qui en suivant toujours des loix invaria-
bles diversifie à l'infiny ses effets". 
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that a revolution had in fact taken place24. In this sense, Newton's Principia of 
1687 would have played the same rôle in the recognition of the occurrence of a scien-
tific revolution that the Glorious Revolution of 1688 apparently did for political 
revolution. 

By the time of the publication of the Encyclopédie, "revolution" had gained curren-
cy —at least in French—in its new meaning of a secular, rather than a cyclical, change 
of great magnitude. During the second half of the eighteenth century, this con-
cept, and the word to express it, were notably applied to realms of the mind, and 
in particular to writings about science. Various authors, however, dated the revo-
lutions at different times, according to their subject.Thus in 1764, Joseph-Jérôme 
Le Français de Lalande [La Lande] saw a revolution in astronomy in the era after 
Hevelius, when 

toutes les nations se disputoient la gloire de découvrir et de perfectionner; l'Académie des 
Sciences de Paris, la Société Royale de Londres, eurent surtout la plus grande part à cette 
révolution: le nombre des gens Illustres et des Astronomes célèbres qu'elles ont produit est 
immense 

But Lalande did not use the word "revolution" for Copernicus's revolt against 
the authority of Ptolemy, nor for the radical novelties discovered or introduced by 
a Galileo or a Kepler; he apparently reserved the designation of "revolution" for 
the process of discovery and improvement that he conceived to have been part and 
parcel of the establishment and elaboration of the subject of astronomy in more 
recent times. 

The writings of Jean-Sylvain Bailly, published in the decade before the French 
Revolution, show the degree to which the concept of revolution in the sciences had 
achieved the form in which, with variations, it continued well established during 
the nineteenth century. In his Histoire de l'astronomie moderne26 Bailly introduced 
revolutions of several sorts and magnitudes. These range in scope all the way from 
revolutionary innovations in the design and use of telescopes27 to the elaboration 
of the Copernican system of the world and the Newtonian natural philosophy. 
They include revolutions of the past and of the recent present, and even forecasts of 

2* This theme is developed in a forthcoming book of mine, The Newtonian revolution in science 
(to be published by Cambridge University Press). 

25 Joseph Jérôme Le Français de La Lande, Astronomie, Paris, chez Desaint et Saillant, Librai-
res, 1764, vol. 1, p. 131. 

26 Histoire de l'astronomie moderne depuis la fondation de l'école d'Alexandrie, jusqu'à l'époque 
de M.D.CC.XXX [M.D.CC.XXXI1], 3 vols., Paris, chez De Bure, 1779-1782; nouvelle édition, 
1785. Bailly was also the author of other volumes on the history of astronomy, including Histoire 
de l'astronomie ancienne, depuis son origine jusqu'à l'établissement de l'école d'Alexandrie, Paris, 
chez les frères De Bure, 1775; seconde édition, Paris, chez De Bure fils aîné, 1781. In the following 
notes, all the page references are the same for both editions. 

27 Bailly had in mind the improvement of telescopes by the addtion of cross-hairs, and espe-
cially of micrometers: "Cette perfection ajoutée aux instrumens, cette exactitude dans la pratique, 
influa sur toutes les observations, et d'une manière assez marquée pour produire une révolution". 
And, "Cette révolution, l'idée de cette application heureuse, fut, selon les uns, le bienfait de Picard 
et d'Auzout". (Histoire de l'astronomie moderne, vol. 2, bk. 6, § XVII, pp. 272, 273). 
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revolutions to come28. There is a clearly worked out concept of a two-stage revo-
lution, applicable to revolutions in science on a grand scale, in which there is first 
a destruction of an accepted system of concepts, followed by the establishment of 
a new system. But even in Bailly's writings, the older concept of revolutionary change 
in cycles is present along with the new use of the term "revolution" to indicate a ra-
dical and dramatic change in science, most often the effect of the work and thought 
of a single individual. 

Although Bailly does not use the actual expression"Copernican Revolution" 
(or "révolution copernicienne"), he leaves no doubt that one of the major revolu-
tions in science was inaugurated (if not, however, accomplished) by Copernicus. 
Copernicus, according to Bailly, was responsible for the introduction of the true 
system of the world, just as Hipparchus was to be credited with the true system 
of astronomy29. Bailly said that a radical step had to be taken at the time of Coper-
nicus : it was necessary for man to forget the apparent motions that can actually be 
seen, in order to be able to believe in those motions that cannot be known to man 
directly through the senses. 

Il faut oublier le mouvement que nous voyons, pour croire à celui que nous ne sentons pas. 
C'est un homme seul qui ose le proposer... Ce n'est pas tout : il falloit détruire un système 
reçu... et renverser le trône de Ptolémée... Un esprit séditieux donne le signal, et la révolu-
tion s'opère. Copernic avoit apperçu la vraisemblance du système, il osa secouer le joug de 
l'autorité, et il débarrassa l'humanité d'un long préjugé qui avoit retardé tous les progrès30. 

Copernicus thus fulfilled the two necessary functions that—according to Bailly's 
implied standards—made his work qualify as a revolution. He undermined the autho-
rity of the old or accepted system and he set up a better one in its place. It made 
little difference to Bailly that the Copernican system itself might have been a reviv-
al of an older system of Aristarchus31 ; what mattered was only that Copernicus 
overthrew the yoke of authority and established a different system of the universe 
than the one that "avoit reçu les hommages de quatorze siècles"32. 

Waltherus, Regiomontanus, en Allemagne, construisirent des instrumens et renouvelèrent 
les observations. A chaque nouveau domicile, la science étoit assujettie à un nouvel examen; 
les connoissances transmises étoient vérifiées: mais à cette époque il se fit une grande révolu-
tion qui changea tout. Le génie de l'Europe se fit connoître et s'annonça dans Copernic33. 

2 8 Bailly did not predict any revolutions on a large scale, but only smaller ones, primarily the 
introduction of new instruments and new methods of computing (without approximations) and 
of integrating; also a replacement for the pendulum clock. 

2 9 Bailly called Copernicus "le restaurateur de l'astronomie physique, et l'auteur de vrai sys-
tème du monde" (Histoire de l'astronomie moderne, vol. 1, bk. 9, § IV, p. 337). For him, "Hypparque 
seroit le fondateur de la véritable astronomie, si cette science n'avoit pas déjà été perdue et retrouvée... 
Hypparque... est au moins le restaurateur de l'astronomie; il en est même pour nous le fondateur", 
ibid., vol. 1, bk. 3, § II, p. 78. 

30 Ibid., vol. 1, bk. 9, § III , p. 337. 
3 1 Bailly pointed out, "Son système n'étoit pas une création, ce n'étoit qu'une adoption", ibid., 

vol. 1, bk. 9, § XXI, p. 363. Earlier in the volume, Bailly had referred to the "opinion qui place le 
soleil en repos au centre du monde, et notre globe en mouvement autour de lui", as having been 
"transmise par Philolaiis [and] adoptée par Aristarque", ibid., vol. 1, bk. 1, § XIX, p. 23. 

32 Ibid., vol. 1, bk. 9, § III, p. 337. 
33 Ibid., vol. 3, Discours VI("Résumé général"), première partie ("Des progrès que l'astronomie 

a faits"), p. 320. 
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In declaring that "Copernic avoit fait un grand pas vers la vérité", Bailly pointed 
out that "[la] destruction du système de Ptolémée étoit un préliminaire indispensable, 
et cette première révolution devoit précéder toutes les autres"34-. Here then is an 
unambiguous reference to the revolution in astronomy wrought by Copernicus. 

On more than one occasion in his history, Bailly referred to the Newtonian na-
tural philosophy in terms of revolution. Thus, after having praised Newton for his 
modesty (a propos of the preface to the first edition of the Principia), Bailly said : 

Newton, plus qu'aucun homme, eut besoin de se faire pardonner son élévation; il avoit pris 
un vol si extraordinaire, il redescendoit avec des vérités si nouvelles, qu'il falloit ménager les 
esprits, qui auroient pu repousser ces vérités. Newton renversoit ou changeoit toutes les idées. 
Aristote et Descartes partageoient encore l'empire, ils étoient les précepteurs de l 'Europe: le 
philosophe Anglois détruisit presque tous leurs enseignemens, proposa une nouvelle philo-
sophie; cette philosophie a opéré une révolution. Newton a fait, mais par des voies plus douces 
et plus justes, ce qu'ont tenté quelquefois en Asie les conquérans qui ont usurpé le trône; ils 
ont voulu effacer le souvenir des règnes précedens, pour que leur règne servît d'époque, pour 
que tout commençât avec eux. Mais ces entreprises de l'orgueil et de la tyrannie ont été le 
plus souvent sans fruit; elles ne réussissent qu'à la raison et à la vérité, qui obtiennent cet 
avantage sans y prétendre35. 

The use here of a full panoply of political metaphor is most striking: the image 
of conquerors usurping the throne and wiping out all trace of their predecessors, 
and the contrast between violence or tyranny and reason or truth. But, again, it is 
to be noted that for Bailly a revolution in science is a two-stage action36. Bailly warn-
ed his readers, however, that although "[le] livre des Principes mathématiques de 
la philosophie naturelle [de Newton] étoit destiné à faire une révolution dans l'astro-
nomie", it was nevertheless true that "cette révolution ne se fit pas tout-à-coup"37. 

Bailly did not apparently have a consistently applied standard for attributing 
the designation "revolution" to major radical innovations in astronomy. Two out-
standing examples of innovators of the first rank in astronomy who seem not to 
have quite merited the accolade of "revolution" were Kepler and Galileo38. Kepler 
fulfilled the qualifications of the two stages, since he had first to destroy "tous les 
epicycles que Copernic avoit laissés subsister", before introducing his own concepts 
of elliptical orbits and motion according to the law of areas. As to his significance : 

34 Ibid., p. 321. Although Bailly does not say expressly that Copernicus created or strated a re-
volution, there is no doubt from his text that this was the thrust of his argument. This is not, however, 
the earliest reference I have found to a revolution associated with Copernicus; see note 43 infra. 

35 Ibid., vol. 2, bk. 12, § XLII, pp. 560-561. 
3 6 These two phases or stages occur in Bailly's presentations of the grand revolutions associat-

ed with Copernicus and Newton, but not with the revolution associated with the micrometer, nor 
other innovations, such as those predicted in vol. 3 of his history; see note 28 supra. It would seem 
as if the two-stage revolution was to be a requirement only for revolutions on a large scale, such as 
the introduction of a new system of the world (Copernicus), or a new natural philosophy, or dyna-
mics and celestial mechanics (Newton). But Bailly did not assign a "revolution"—expressis verbis—to 
the work of Hipparchus or Galileo or Kepler. 

37 Ibid., vol. 2, bk. 13, § I, p. 579. 
3 8 Bailly seems to have delighted in historico-political metaphors and images. After a vivid 

description of Kepler's achievements, he turned to Galileo: "Tous deux honorés par des découvertes 
fondamentales, tous deux également bienfaiteurs de l'esprit humain, ils s'élevoient à la même hauteur 
et se partageoient l'admiration des hommes, comme jadis les Césars de Rome, placés sur deux 
trônes semblables, partageoient l'empire du monde", ibid., vol. 2, bk. 1, § XLIX, pp. 75-76. 
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"Le privilège des grands hommes est de changer les idées reçues, et d'annoncer 
des vérités, qui répandent leur influence sur le reste des siècles. À ces deux titres 
Kepler mérite d'être regardé comme l'un des plus grands hommes, qui ait paru sur 
la terre". In fact, Kepler is "le véritable fondateur de l'astronomie moderne"39. 
For all that, however, Bailly does not consider Kepler's work to have constituted 
a revolution. And the same is true of Galileo, who had first to destroy the accepted 
Aristotelian notions of motion—including the artificial distinction between naturally 
light and naturally heavy bodies—before he introduced his own laws of accelerat-
ed motion and falling bodies, and of the resolution and composition of motions 
(so as to find the parabolic path of projectiles)40. But this too did not apparently 
merit the designation of "revolution"41. 

On several occasions, Bailly expressed his belief in a cyclical process in the de-
velopment of astronomy. Thus a "revolution" might, on occasion, signify a return 
to an older idea or concept, or an older principle. But Bailly shrewdly observed that 
one must not assume that there had been no real change simply because an idea or 
concept now in current use may have occurred once before. The example he gives 
is a curious one: "La théologie païenne supposoit que le monde étoit sorti d'un 
œuf ; ce n'est pas la première fois que l'ignorance et le profond savoir, par des che-
mins opposés, sont arrivés aux mêmes résultats"42. A more complete expression 
of change by cyclical revolution occurs at the beginning of the second volume of 
his history: 

. . . En écrivant cette histoire, nous appercevons d'un côté que les hommes, persuadés de la sim-
plicité du mécanisme de l'univers, tendent constamment à cette idée, même en s'en écartant: 
nous voyons de l'autre [côté] que cette idée est une des plus antiques qui nous ait été conservée. 
La conclusion naturelle est que nous retournons au terme d'où nous sommes partis: telle est 
notre marche, nous parcourons toujours un cercle. Mais ce terme, ce premier commencement 
des travaux connus, devoit être lui-même la fin d'une révolution43. 

39 Ibid., vol. 2, bk. 1, § I, II, III , pp. 2-5. 
40 Ibid., vol. 2, bk. 2, § II, p. 79. 
4 1 It is worthy of note that while Bailly fully appreciated the remarkable contributions of De-

scartes, he did not find the Cartesian innovations revolutionary. Bailly said that astronomical obser-
vations naturally set the question as to causes: "C'est une idée sublime d'avoir osé ramener les loix 
du mouvement général de l'univers aux lois du mouvement des corps terrestres. Cette entreprise 
appartient exclusivement à nos siècles modernes; elle est due à Descartes". Of course his vortices 
were a bad explanation of heaviness (or weight) and of the system of the world, but Bailly insisted 
that they did at least provide a mechanical explanation. Further, "Il a découvert que le même mé-
chanisme devoit faire mouvoir les corps dans les espaces célestes, et à la surface de la terre; s'il 
n'a pas saisi ce méchanisme, on ne doit pas oublier que cette pensée neuve et grande est le fruit de 
son génie. Ce que Descartes s'étoit proposé, Newton l'exécuta. Nous ne dérobons rien à la gloire 
de ce grand homme, en rendant justice à Descartes". (Histoire de l'astronomie ancienne, "Discours 
préliminaire", p. XI). According to Bailly, "Si Descartes a ouvert la route aux plus belles découvertes 
par ses inventions géométriques, Kepler a entrevu, a laissé plus de vérités physiques que lui. Descartes 
a osé davantage, et son audace est la mesure de sa force, il ne lui a manqué que d'être plus savant; 
il paroit ignorer bien des faits connus de son tems". (Histoire de l'astronomie moderne, vol. 2, bk. 4, 
§ XI, p. 192). 

42 Ibid., vol. 2, bk. 12, § XXVI, p. 519. 
43 Ibid., vol. 2, bk. 1, § I, pp. 3-4. An ebb and flow of astronomical science, following the rise 

and fall of civilizations (or empires), appears again and again in Bailly's history, e.g., vol. 1, bk. 8, § I. 
Bailly believed that the astronomy of the Chaldaeans, the Indians, and the Chinese was the 

"débris [of a science of] un peuple antérieur... dont nous ignorons la plus grande partie. Ce peuple 
a été détruit par une grande révolution" (Histoire de l'astronomie ancienne, bk. 1, § XII, pp. 18-19). 
The loss of the astronomical ideas of this civilization could only have occurred "par quelque grande 
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The fact that Bailly was aware of the possible cyclical process in revolutions, so 
obvious to any practicing astronomer, does not diminish the thrust of his use of 
the word "revolution" and the concept of revolution as a phenomenon characteriz-
ed by a secular rather than a cyclical change of considerable magnitude. Since 
Bailly not only expressed a concept of revolution as a radical change in science, but 
actually used both the word and the concept throughout his three-volume 
history of modern astronomy, we may conclude that by this time the word and 
the concept had become fully accepted into the discourse of the history of science 
and of the analysis of the growth of scientific concepts, methods, and systems of 
thought44. And there can be no doubt that after publication of Bailly's history, 
the notion of a revolution on a large scale associated with Copernicus had also 
become well established45, along with the great revolution associated with Newton. 
At this time, for scientists like Bailly, the concept of a Copernican Revolution would 
have come to mind all the more readily to the degree that they were seeing all around 
them the effects of another great (and obvious) revolution, the Newtonian. And it 
is absolutely fitting and proper that an awareness of the Newtonian Revolution 
should have been responsible for the recognition that there had been a Copernican 
Revolution. For the fact of the matter is that Newton's Principia brought to a dyna-
mics-based conclusion, and thus completed, the revolution begun by Copernicus. 
This aspect of Newton's innovation was recognized when Newton's manuscript 
was first presented to the Royal Society on 28 April 1686, when the Principia was 
described as a work in which Newton "gives a mathematical demonstration of the 
Copernican Hypothesis as proposed by Kepler, and makes out all the phenomena 
of the celestial motions by the only supposition of a gravitation towards the centre 
of the sun decreasing as the squares of the distance therefrom reciprocally"46. 

révolution qui détruit les hommes, les villes, les connoissances, et ne laisse que des débris. Tout 
concourt à prouver que cette révolution a eu lieu sur la terre..." (ibid., bk. 2, § XXVI, p. 59). In 
the "Table générale des matières" or "Index", covering the three volumes of the Astronomie moderne 
and the single volume of the Astronomie ancienne, the references to these two revolutions (s.v. "Ré-
volution") precede the references to revolutions of stars and planets. 

4 4 Even earlier than Bailly, Turgot had applied the concept and name "revolution" to science, 
in much the same way. 

45 Bailly was not the first eighteenth-century writer to conceive of a Copernican revolution. 
One predecessor was the historian of mathematics, Jean Etienne Montucla. The latter wrote of 
Copernicus's "pas hardi", which was "comme le signal de l'heureuse révolution qu'éprouva la philo-
sophie peu de temps après". Quite clearly, Copernicus's "sublime découverte" did not—of and 
by itself—constitute a revolution, but was only a sign of a revolution to come. In this way, Mon-
tucla—like others—was able to harmonize the significance of the Copernican system (as developed 
by Kepler and Newton) with the limitations in the work of Copernicus himself. But Montucla, even 
in the revised edition of his history, published after the French Revolution, did not fully develop 
the concept of revolutions in science, at least not in the sense that this had been done by Bailly. 

46 See I. B. Cohen, Introduction to Newton's "Principia", Cambridge, the University Press; 
Cambridge, Mass., Harvard University Press, 1971, p. 130. 


