ROGER ARIEW AND PETER BARKER

INTRODUCTION

Pierre Duhem (1861-1916) was a French physicist who wrote exten-
sively on the history and philosophy of science. From a contemporary
perspective, the attractive and unusual feature of Duhem’s thought is
its combination of original historical research and philosophical analy-
sis. His most important works in history and philosophy of science are:
La théorie physique, son objet et sa structure (Paris, 1906); Sozein ta
phainomena: Essai sur la notion de théorie physique (Paris, 1908);
Etudes sur Léonard de Vinci, 3 vols., (Paris, 1906-13); and Le Systéme
du Monde, 10 vols., (Paris, 1913-59).

Duhem’s philosophical works had an immediate influence. They were
discussed by the founders of twentieth-century philosophy of science,
including Ernst Mach, Henri Poincaré, the members of the Vienna
Circle, and Karl Popper. A second wave of interest in Duhem’s philoso-
phy began with W. V. O. Quine’s reference (Quine 1953) to Duhem’s
thesis that experimental evidence alone cannot conclusively falsify hy-
potheses. (This and related theses are referred to in the literature
as the Duhem-Quine thesis.) As a result, Duhem’s predominantly
philosophical works were translated into English — as The Aim and
Structure of Physical Theory and To Save the Phenomena (Duhem 1954
and 1969). Moreover, the Librairie Philosophique J. Vrin, a leading
French publisher, reissued both volumes in 1981-82.

By contrast, few of Duhem’s far more extensive historical works have
been translated, with five volumes of the Systéme du Monde actually
remaining in manuscript form until 1954-59. Lately, two volumes of
Duhem’s predominantly historical work have appeared in translation —
as The Evolution of Mechanics and Medieval Cosmology (Duhem 1980
and 1985).

There has been a recent resurgence of interest in Duhem’s history
and philosophy of science, as evidenced by the publication of numerous
articles and several books dealing with Duhem, for example, those
of Stanley Jaki (1984), Roberto Maiocchi (1985), and Niall Martin
(forthcoming).
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The current interest in Duhem’s work can be attributed to a change
of climate in the history and philosophy of science. While the dominant
methodology in philosophy of science was logical analysis, discussion
of the Duhem-Quine thesis strayed further and further from any real
contact with Duhem. The decline of logic-based philosophy of science,
and the emergence of new historical approaches, has reopened many
issues addressed by Duhem at the turn of the century: the relation
between history of science and philosophy of science, the nature of
conceptual change, the historical structure of scientific knowledge, and
the relation between science and religion.

In his historical studies, Duhem argued that there were no abrupt
discontinuities between medieval and early modern science (the so-
called continuity thesis); that religion played a positive role in the
development of science in the Latin west; and that the history of physics
could be seen as a cumulative whole, defining the direction in which
progress could be expected. Although Duhem’s coverage of primary
sources in the medieval and early modern periods is rivaled perhaps
only by Thorndike’s History of Magic and Experimental Science, his
work has not been effectively incorporated into the continuing dialogue.
There are several reasons for this. Unlike his philosophical work,
Duhem’s historical work was not sympathetically received by influential
contemporaries, notably George Sarton. His supposed main conclusions
were rejected by the next generation of historians of science who pre-
sented modern science as discontinuous with the science of the middle
ages. This view was echoed by historically-oriented philosophers of
science who, from the early 1960s, emphasized discontinuities as a
recurrent feature of historical change in science (Thomas Kuhn in The
Structure of Scientific Revolutions, for example). However, the rejection
of Duhem’s conclusions occurred before the majority of his historical
works were fully published or translated.

We feel the time is ripe for a reevaluation of Duhem’s positions in the
history and philosophy of science. Recently philosophers have begun to
show a genuine interest in historical work. Duhem’s historical corpus
is now available in its entirely, and significant portions of it have been
translated. New commentaries are being written on Duhem’s thought,
but that work is still isolated and uncoordinated. Historians and philoso-
phers alike are beginning to reject the picture of science as an activity
lurching from one scientific revolution to another, especially for the
period of the Copernican revolution, the chief focus of Duhem’s work.
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The relations between science and religion are again a matter of active
scholarly interest. In all of the areas Duhem may be seen as a potential
contributor to current debates. ’

In March 1989, we held a conference entitled ‘“Pierre Duhem: His-
torian and Philosopher of Science” at Virginia Polytechnic Institute and
State University, as a way of bringing together historians, philosophers,
and others with an active interest in the range of issues sketched above.
Before the conference we circulated our translations of two essays:
‘Logical Examination of Physical Theory’, and ‘Research on the History
of Physical Theories’, corresponding to the second and third parts of
Duhem’s summary of his own work supporting his candidacy for the
Académie des Sciences. These are reproduced at the beginning of the
present issue. The balance of the present work consists of an edited
selection from the papers presented at the conference. We regret that
limitations of space have made it impossible to present all the contribu-
tions to the conference. In several cases the papers have been substan-
tially revised by their authors. We have followed a topical arrangement,
grouping together papers on related subjects, and those that comment
on each other.

We would like to express our thanks to the following individuals,
who led discussions, chaired sessions, or generally facilitated intellectual
exchange: Brian Baigrie, Ezra Brown, Mordechai Feingold, Daniel
Fouke, Steve Fuller, Allen Gabbey, Daniel Garber, James Garrison,
Marjorie Grene, Bernard R. Goldstein, David Lux, Deborah Mayo,
Albert Moyer, Robert Paterson, and Joseph Pitt. We gratefully ac-
knowledge the support of the National Endowment for the Humanities,
an independent Federal Agency, and of the College of Arts and Sci-
ences at Virginia Polytechnic Institute and State University, through
the Center for the Study of Science in Society, the Center for Programs
in the Humanities, the Department of Philosophy and the Department
of History.
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PIERRE DUHEM

LOGICAL EXAMINATION OF PHYSICAL THEORY*

Theoretical physics may be treated in the fashion of Cartesians and
Atomists. They resolve the bodies perceived by the senses and instru-
ments into immensely numerous and much smaller bodies of which
reason alone has knowledge. Observable motions are regarded as the
combined effects of the imperceptible motions of these little bodies.
These little bodies are assigned shapes which are few in number and
well defined. Their motions are given by very simple and entirely
general laws. These bodies and these motions are, strictly speaking,
the only real bodies and the only real motions. When they have been
suitably combined, and recognized as together capable of producing
effects equivalent to the phenomena we observe, it is claimed that the
explanation of these phenomena has been discovered.

Our own view, Energetics, does not proceed in this manner. The
principles it embodies and from which it derives conclusions do not
aspire at all to resolve the bodies we perceive or the motions we report
into imperceptible bodies or hidden motions. Energetics presents no
revelations on the true nature of matter. Energetics claims to explain
nothing. Energetics simply gives general rules of which the laws ob-
served by the experimentalist are particular cases.

Alternatively, theoretical physics may be conceived in the [737b]
manner of Newtonians. They reject all hypotheses about imperceptible
bodies and hidden motions, of which the bodies and motions accessible
to the senses and instruments may be composed. The [152] only prin-
ciples admitted are very general laws known through induction, based
on the observation of facts.

Energetics does not follow the method of the Newtonians. Energetics
recognizes without doubt an experimental origin to the principles it
admits, in the sense that observation has suggested them, and that
experiment has many times counselled their modification. But Ener-
getics does not regard these experiments, which explain the possible
genesis of the principles that Energetics embodies, as capable of confer-
ring any certainty whatever on these principles. Energetics regards
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these principles as pure postulates, or arbitrary decrees of reason. When
they produce numerous consequences conforming to experimental laws,
Energetics regards them as playing their assigned roles well. Agreement
with the teaching of observation is not, therefore, as the Newtonian
method would require, the beginning of physical theory; it has its place
at the end.

Is Energetics being wise when it refuses equally to follow the method
of Cartesians and Atomists, and the method of the Newtonians? Does
careful examination of the epistemological methods of physics justify
the attitude that Energetics adopts? To this question we have replied:
Yes.

We have criticized the method of the Cartesians and Atomists for
not being autonomous (Duhem 1892, 1906a). The physicist who wishes
to follow it cannot use [738a] exclusively the methods proper to physics,
since, behind perceptible bodies and motions which he regards as ap-
pearances, he aspires to get hold of other bodies and other appearances,
which are the only true ones. Here he enters the domain of cosmology.
He no longer has the right to shut his ears to what metaphysics wishes
to tell him about the real nature of matter; hence, as a consequence,
through dependence on metaphysical cosmology, his physics suffers
from all the uncertainties and from all the vicissitudes of that doctrine.
Theories constructed by the method of Cartesians and Atomists are
also condemned to infinite multiplication and to perpetual reformula-
tion. They do not appear to be in any state to assure consensus and
continual progress to science.

We have criticized the Newtonian method for being impractical
(Duhem 1894, 1906a).

A science may progress following the Newtonian method [153] while
its epistemological methods remain those of common sense (sens com-
mun). When science no longer observes facts directly, but substitutes
for them measurements, given by instruments, of magnitudes that math-
ematical theory alone defines, induction can no longer be practiced in
the manner that the Newtonian method requires.

An experiment in physics is not simply the observation of a phenomenon... An experiment
in physics is the precise observation of a group of phenomena accompanied by the
interpretation of these phenomena. For concrete sense-impressions {données] really col-
lected by observation, this interpretation substitutes abstract and symbolic representa-
tions, which correspond to them in virtue of physical theories admitted by the observer.
(Duhem 1894, 1906a)
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From this truism follow numerous consequences strongly opposed to
the idea of a science in which each principle may be supplied by
induction:

The physicist can never submit an isolated hypothesis to the control of experiment, but
only a whole group of hypotheses. When experiment is in disagreement with his predic-
tions, it teaches him that one at least of the hypotheses that constitute this group is wrong
and must be modified. But experiment does not show him the one that must be changed.

Here we are a long way from the mechanism of experiment such as people who are
strangers to its functioning readily imagine it. One commonly thinks [738b] that each of
the hypotheses used by physics may be taken in isolation, submitted to the control of
experience, and then, when varied and repeated proofs have established its value, placed
into the totality of science, in an almost definitive fashion. In reality, it is not so; physics
is not a machine that lets itself be disassembled. We cannot address each piece in
isolation, and wait to adjust it until its soundness has been minutely controlled. Physical
science is an organism one must take hold of in one piece. It is an organism in which
one part cannot be made to function without the parts most distant from it coming into
play, some more, some less, all to some degree. If some difficulty, some malaise reveals
itself in its functioning, the physicist will be obliged to discover the organ that needs to
be adjusted or modified without it being possible for him to isolate that organ and [154]
to examine it on its own. The clockmaker to whom one gives a clock that does not work
takes all the wheels out of it and examines them one by one until he finds the bent or
broken one. But the doctor to whom one brings a sick person cannot dissect the patient
to establish his diagnosis; he must discover the seat of the illness only through the
inspection of effects produced on the whole body. The physicist responsible for repairing
a rickety theory resembles the latter, not the former. (Duhem 1894,1906a)

Physical theory is not an explanation of the inorganic world; still less
is it an inductive generalization of the teachings of experience. So what
is it? (Duhem 1893b,1906a, 1908a, 1908d). Is theory simply, as the
Pragmatists would like it, a tool [device] that gives us truths of empirical
knowledge in the easiest manner, permits us to make faster and more
profitable use of it in our action on the external world, but does not
teach us anything about this world that we would not already have been
taught by experience alone?

Or, on the contrary, does theory teach us about what is real —
something that experience has not taught us and would not be able to
teach us, something that would be transcendent to purely empirical
knowledge?

If we were to respond affirmatively to this last question, we would
be saying that physical theory is true, that it has value as knowledge.
If, on the contrary it is the first question that constrains us to say “Yes”,
we would have to say also that physical theory is not true, but simply
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convenient; that it has no value as knowledge, but solely practical
value. {739a]

When the physicist, turning his attention to the science he is constructing, submits the
procedures that he has used to a rigorous examination, he discovers nothing able to
introduce into the edifice the least particle of truth, except experimental observation. Of
propositions attempting to state the facts of experience and of these alone we may say:
It is true or: It is false. Of these alone we may assert that they will not permit illogicality,
and that of two contradictory propositions one at least must be rejected. As for proposi-
tions introduced by theory, they are neither true nor false. They are simply convenient
or inconvenient. If the physicist finds it convenient to construct two chapters [155] of
physics with the aid of hypotheses that contradict each other, he is free to do so. The
principle of contradiction is able to judge truth and falsity decisively. It has no ability to
decide what is useful and what is not. Therefore, to require physical theory to observe
a rigorous logical unity in its development would be to exert an unjust and insupportable
tyranny on the intellect of the physicist.

When, after having submitted the science that concerns him to this minute examination,
the physicist returns to his own concerns, when he takes notice of the tendencies that
direct the steps of his reasoning, he recognizes at the same time that all his most profound
and most powerful aspirations are crushed by the heartbreaking conclusions of his analy-
sis. No, he cannot bring himself to see in physical theory only a collection of practical
procedures, a bag full of tools. No, he cannot believe that physical theory only catalogs
knowledge accumulated through empirical science, without changing the nature of this
knowledge in the least, and without imprinting it with a character that experience alone
would not be able to engrave at all. If there were no more in physical theory than critical
examination had shown him in it, he would stop devoting his time and his efforts to a
work of so little importance. The study of the method of physical science is powerless to
show the physicist the reason that leads him to construct physical theory.

No physicist, however positivistic we imagine him to be, would be able to deny this
declaration. But his positivism must be sufficiently rigorous that he would not go beyond
this declaration, and say that his efforts towards a physical theory, which is always more
unitary and always more general, are reasonable, although critical examination of the
method of physical science has not been able to discover a reasonable basis for it. Such
a basis, might be [739b] expressed precisely in the following propositions:

Physical theory gives us a type of knowledge of the external world not reducible to
purely empirical knowledge. This knowledge comes neither from experience nor from
the mathematical procedures the theory employs. Purely logical dissection of the theory
would not discover the crack by which this knowledge introduces itself into the edifice
of physics, through a route which the physicist can no more deny is real, any more than
he can describe its course. This knowledge derives from a truth [156] other than the
truths which our instruments are appropriate to grasp. The order into which theory places
the results of observation does not find its full and complete justification in its practical
or aesthetic aspects. We come to see, on the other hand, that this order is, or tends to
become, a natural classification. Through an analogy the nature of which escapes the
grasp of physics, but the existence of which imposes itself on the mind of the physicist
as certain, we come to know that this order corresponds better and better to a certain
overarching order.
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In a word, the physicist is forced to recognize that it would be irrational to work towards
the progress of physical theory if that theory were not the more and more clear, and more
and more precise reflection of a metaphysics. The belief in an order transcending physics
is the sole reason for the existence of physical theory.

The attitude, hostile or favorable by turns, which all physicists take towards this
declaration is captured in this saying of Pascal: “Our powerlessness to prove anything is
invulnerable to Dogmatism; our idea of truth is invulnerable to Skepticism [Pyrrhonis-
me].” (Duhem 1908a)

Separated from the various schools of Pragmatists on the subject of
the value of physical theory, we do not take our stand, in any circum-
stances, among the number of their followers. The analysis we have
given of experiments in physics shows fact to be completely interpen-
etrated by theoretical interpretation, to the point where it becomes
impossible to express fact in isolation from theory, in such experiments.
This analysis has found great favor on the side of many Pragmatists.
They have applied it to the most diverse fields: to history, to exegesis,
to theology. We do not deny that this extension is legitimate to some
extent. However different the problems may be, it is always the same
human intellect that exerts itself to resolve them. In the same way,
there is always something common in the several procedures reason
employs. But if it is good to notice the analogies between our diverse
scientific methods [740a], it is on condition that we do not forget the
differences separating them. And, when we compare the method of
physics, so strangely specialized in the application of mathematical
theory and by the use of instruments of measurement, to other methods,
there are surely more differences to describe than analogies to discover.

[157] We accept that physical theory is able to obtain a certain type
of knowledge of the nature of things; but this knowledge, which is
purely analogical, appears to us as the terminus of theoretical progress,
as the limit which theory endlessly approaches without ever reaching
it. On the contrary, the schools of the Cartesians and Atomists place
hypothetical knowledge of the nature of things at the origin of physical
theory. If, therefore, we separate ourselves from the Pragmatists, it is
not to take a place among the Cartesians or the Atomists.

The school of the neo-Atomists, the doctrines of which center on the
concept of the electron, have taken up again with superb confidence
the method we refuse to follow. This school thinks its hypotheses attain
at last the inner structure of matter: that they make us see the elements
as if some extraordinary ultra-microscope were to enlarge them until
they are made perceptible to us.
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We do not share this confidence. We are not able to recognize in
these hypotheses a clairvoyant vision of what there is beyond sensible
things; we regard them only as models. We have never denied the
usefulness of these models, dear to physicists of the English school
(Duhem 1893a, 1906a). We believe they lend an indispensable aid to
minds more broad than deep, more able to imagine the concrete than
to conceive the abstract. But the time will undoubtedly come when,
through their increasing complications, these representations or models
will cease to be aids for the physicist. He will regard them instead
as embarrassments and impediments. Putting aside these hypothetical
mechanisms, he will carefully release from them the experimental laws
they have helped to discover. Without pretending to explain these laws,
he will seek to classify them according to the method we have just
analyzed and to understand them within a modified and a broader
Energetics.

NOTES

* Part II of Duhem 1917, pp. 151-57, translated by Peter Barker and Roger Ariew;
published also by Duhem in Duhem 1913a, pp. 737-40.
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RESEARCH ON THE HISTORY OF PHYSICAL
THEORIES*

All abstract thought requires the control of facts; all scientific theories
call for comparison with experience. Our logical considerations about
the proper method of physics cannot be judged rationally unless they are
confronted with the teachings of history. We must now apply ourselves
toward gathering these teachings.

During antiquity, the Middle Ages, and the Renaissance, there has
hardly been more than one part of physical theory in which mathemati-
cal theory had sufficient development and observation had sufficient
precision for us to discuss their mutual relations; this part is astronomy.

With regard to the nature and value of astronomical theory, one
might say that the Greek mind, so admirably supple, penetrating, and
varied, conceived all the systems that our time has seen flourish again
(Duhem 1908b). But among these systems, there is one that wins over
the approbation of the most profound thinkers. It can be summarized
in the following principle that Plato taught to those who wanted to
work in astronomy: “When taking certain assumptions as our point of
departure, one must attempt to save what appears to the senses —
Tinon upotethenton, ...sozein ta phainomena.” And this principle spans
the Arabic, Jewish, and Christian Middle Ages, is repeated at the time
of the Renaissance, is explained, specified, or contested, up to the day
when Andreas Osiander formulates it thus, in the preface that he placed
at the head of Copernicus’ book: “Neque enim necesse est eas hypotheses
esse veras, imo, ne verisimiles quidem, sed sufficit hoc unum [159] si
calculum observationibus congruentem exhibeant. (It is neither neces-
sary that these hypotheses be true nor even that they be likely, but
only one thing suffices, namely, that the calculation to which they
lead agrees with the result of observation.)” For two thousand years,
therefore, the majority of those who reflected on the nature and value
of the mathematical theory used by the physicists agreed to proclaim
the axiom that Energetics came to take as its own: the first postulates
of physical theory are not given as affirmations of certain suprasensible
realities; they are general rules which would have played their role
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admirably if the particular consequences deduced from them agreed
with the observed phenomena.

The method followed by Energetics is not an innovation; it can call
forth the most ancient, most continuous, and most noble tradition
for itself. But, what should we say about the essential notions and
fundamental principles of that science? Logic does not require any
justification of Energetics when it defines these notions and posits these
principles; Logic leaves it free to posit its foundations as it wishes, as
long as, having reached its zenith, the edifice is capable of accommodat-
ing without constraint or disorder the laws ascertained by the exper-
imenter. Is that to say that Energetics defines these notions haphazardly
and posits these principles without reason? Not at all. Although Logic
does not impose any constraint upon Energetics, the teachings of history
are an extremely sure and meticulous guide for it; the remembrance of
past attempts, and of their happy or unhappy fate, prevents Energetics
from receiving hypotheses which have led older theories to their ruin,
or persuades it to adopt ideas which have already been shown to be
fruitful. Energetics would not be able to prove its postulates, and does
not have to prove them; but by retracing the vicissitudes they have
gone through before they came to have their present form, it can gain
our confidence for them - that is, it can obtain some credit for them
at the moment when their consequences would be receiving the experi-
mental confirmation we have anticipated.

We undertook to write the history of the great laws of statics and
dynamics in order for Energetics to be in the position to understand and
exhibit the evolution experienced by each of its fundamental principles.

It was known that important reflections on statics were sketched in
the manuscript notes of Leonardo da Vinci. Our reading of Leonardo
da Vinci and Cardano drew our attention to the unexplored statics of
the Middle Ages; and soon, the act of [160] laying bare all the manu-
scripts on statics at the public libraries of Paris yielded unexpected
discoveries in abundance (Duhem 1905-1906, vol. 1). The Christian
Middle Ages had known the writings on statics composed by the
Greeks; some of these writings came to it directly and others through
the intermediary of Arabic commentaries. But the Latins who read
those works were not at all the slavish commentators, devoid of any
invention, that people were pleased to depict to us. The remains of
Greek thought that they received from Byzantium or from Islamic
science did not remain in their minds as in a sterile depository; these
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relics were sufficient to awaken their attention, to fertilize their intel-
lect. And, from the thirteenth century on, perhaps even before that
time, the school of Jordanus opened to students of mechanics some
paths that antiquity had not known.

At first, the intuitions of Jordanus de Nemore were extremely vague
and extremely uncertain; some grave errors were intermixed with some
great truths. But soon, the disciples of the inventor refined the master’s
thought. The errors were eclipsed and began to disappear; the truths
became more precise and firmer, and several of the most important
laws of statics were finally established with complete certainty.

Specifically, we owe to the school of Jordanus a principle whose
importance was demonstrated, with ever-growing clarity, during the
development of statics. Without analogy to the postulates specific to
the lever, of which Archimedes’ deductions made use, this principle
has only a distant affinity to the inexact axiom invoked by Aristotle’s
Mechanical Questions. It affirms that the same motive force can lift
different weights to different heights, as long as the heights are inversely
proportional to the weights. Applied by Jordanus only to the straight
lever, this principle allowed one of his disciples to ascertain the law of
the equilibrium of weights on an inclined plane and, by an admirable
geometric device, the law of the equilibrium of the bent lever.

Descartes took up almost without change what this anonymous math-
ematician of the thirteenth century had written; and henceforth, from
Descartes to Wallis, from Wallis to Bernoulli, and from the former to
Lagrange, then to Gibbs, the principle of virtual displacements con-
tinued to be extended.

[161] Toward the year 1360, Albert of Saxony, a master of arts of
the University of Paris, wrote:

It is not true that every part of a weight tends toward its center becoming the center of
the world — which would be impossible. It is the whole that descends in such a way that
its center becomes the center of the world, and all the parts tend toward the goal that
the center of the whole becomes the center of the world; therefore, they do not impede
one another....

This center, this point which, in every weight, tends to place itself at
the center of the world, is, as Albert repeated on several occasions,
the center of gravity.

Therefore, every weight moves as if its center of gravity sought the
center of the world — a false idea that, during the seventeenth century,
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engendered many errors, engaged the greatest geometers, and yielded
only after a fierce discussion (Duhem 1905-1906, vol.1); but, in the
meanwhile, it was a fertile idea that imparted new truths to statics. In
fact, it immediately gave statics the following proposition: a system of
weights is in equilibrium when the center of gravity is as low as possible.
Torricelli and Pascal one day accepted that proposition as the foun-
dation of all statics, and it gave rise to the theorem of Lagrange and
Lejeune-Dirichlet on the stability of equilibrium.

Leonardo da Vinci, that indefatigable reader, leafed through and
meditated endlessly upon the writings of the school of Jordanus, on the
one hand, and the scholastic questions of Albert of Saxony, on the
other. The former, by acquainting him with the law of the equilibrium
of the bent lever, led him to the following memorable law, which
governs the composition of concurrent forces: with respect to a point
taken on one of the composing forces or on the resulting force, the two
other forces have equal moments (Duhem 1904, 1905-1906, vol.2,
1906-1913, vol. 1, pp. 257-319). Moreover, Albert of Saxony’s ideas
on the role of the center of gravity allowed him to discover the rule of
the polygon of support (Duhem 1905-1906, vol. 2, 1906-1913, vol. 1,
pp- 257-319), which Villalpand plagiarized (Duhem 1905-1906, vol. 2,
1906-1913, vol. 1, pp. 53-89). Thus, we find the origins of several
principles essential to statics in the writings composed during the thir-
teenth and fourteenth centuries.

Was it the same for dynamics?

The dynamics begun by Galileo — and by those who emulated him
and his disciples, such as Baliani, Torricelli, Descartes, Beeckmann,
and Gassendi — is not an innovation; the modern intellect did not
produce it, suddenly and completely, as soon as the reading [162] of
Archimedes revealed the art of applying geometry to natural effects.

Galileo and his contemporaries made use of the mathematical skill,
acquired in antiquity by the geometers while they practiced their trade,
in order to render more precise and to develop a science of mechanics,
a science whose principles and most essential propositions had been
posited by the Christian Middle Ages. The physicists who taught this
mechanics during the fourteenth century at the University of Paris had
conceived it by taking observation as their guide; they substituted it for
Aristotle’s dynamics, convinced of its inability to ‘save the phenomena’.
At the time of the Renaissance, the superstitious archaism, which
delighted equally in the wit of the humanists and in the Averroist
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habit of retrograde scholasticism, rejected this doctrine of the ‘Mod-
erns’. The reaction against the dynamics of the ‘Parisians’ and the
inadmissible dynamics of the Stagirite was powerful, particularly in
Ttaly (Duhem 1906-1913, vol. 3, pp. 113-261). But, in spite of this
hardheaded resistance, the Parisian tradition found some masters and
savants to maintain it and develop it outside the schools, as well as in
the universities. Galileo and his followers were the heirs of this Parisian
tradition. When we see the science of Galileo triumph over the stubborn
Peripatetism of Cremonini, we believe, since we are ill-informed about
the history of human thought, that we are witness to the victory of
modern, young science over medieval philosophy, so stubborn in its
mechanical repetition. In truth, we are contemplating the well-paved
triumph of the science born at Paris during the fourteenth century over
the doctrines of Aristotle and Averroes, restored into repute by the
Italian Renaissance.

No motion can last unless it is maintained by the continuous action
of a motive power directly and immediately applied to the mobile. That
is the axiom upon which all of Aristotle’s dynamics rests.

In conformity with this principle, the Stagirite wanted to apply a
motive power for transporting the arrow, which continues to fly after
having left the bow. He believed he had found this power in the
perturbation of air; it is air, struck by a hand or by a ballistic machine,
which supports and carries forth the projectile.

This hypothesis, which seems to push verisimilitude to the brink of
ridicule, appears to have been accepted almost unanimously [163] by
the physicists of Antiquity (Duhem 1906-1913, vol. 2, pp. 97-281).
Only one of them spoke clearly against it, and he, living during the final
years of Greek philosophy, is almost separated from that philosophy by
his Christian faith; we are referring to John of Alexandria, surnamed
Philoponus. After having demonstrated what was inadmissible about
the Peripatetic doctrine of projectile motion, John Philoponus declared
that the arrow continues to move without any motor applied to it,
because the string has given it an energy that plays the role of motive
virtue.

The last Greek thinkers and Arabic philosophers did not even men-
tion the doctrine of John the Christian, for whom Simplicius and Aver-
roes had only sarcastic comments. The Christian Middle Ages, in the
grip of a naive admiration for the newly discovered Peripatetic science,
at first shared the Greek and Arabic commentators’ disdain for Philo-
ponus’ hypotheses; Saint Thomas Aquinas mentions the hypothesis only
to warn those who might be seduced by it.
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But, following the condemnations brought forth in 1277 by Etienne
Tempier, the Bishop of Paris, against a set of theses upheld by ‘Aristotle
and his followers’, there appeared a large movement that liberated
Christian thought from the shackles of Peripatetic and Neoplatonic
philosophy and produced what the Renaissance archaically called the
science of the ‘Moderns’.

William of Ockham attacked Aristotle’s theory of projectile motion
with his customary zeal (Duhem 1906-1913, vol. 2, pp. 97-281). He

was content, however, in destroying without building, but his critiques
restored into repute the doctrine of John Philoponus for some of Duns
Scotus’ disciples. The energy, the motive virtue of which Philoponus
spoke, reappeared under the name imperus. The hypothesis of impetus
— what was impressed into the projectile by the hand or the machine
that launches it — was taken over by a secular master of the Faculty of
Arts of Paris, a physicist of great genius (Duhem 19061913, vol. 3,
pp. 1-112). Toward the middle of the fourteenth century, John Buridan
took impetus as the foundation of a dynamics that ‘accords with all the
phenomena’.

The role that impetus played in Buridan’s dynamics is exactly the
one that Galileo attributed to impeto or momento, Descartes to quantity
of motion, and Leibniz finally to vis viva. So exact is this correspondence
that, in order to exhibit [164] Galileo’s dynamics, Torricelli, in his
Lezioni accademiche, often took up Buridan’s reasons and almost his
exact words.

Buridan took this impetus, which remains without change within the
projectile unless constantly destroyed by the resistance of the medium
and by the action of weight contrary to the motion, to be proportional
to the quantity of primary matter within the body; he conceived and
described that quantity in terms almost identical to those Newton used
to define mass. With equal masses, the impetus increases as the speed
increases; Buridan prudently abstained from further specifying the re-
lation between the magnitude of the impetus and that of the speed.
More daring, Galileo and Descartes affirmed that this relation is re-
duced to proportionality; thus they obtained an erronecous estimation
for impeto and for quantity of motion, which Leibniz needed to rectify.

Gravity increases indefinitely, as does the resistance of the medium,
and it ends up annihilating the impetus of a mobile thrown upward,
since such a motion is contrary to the natural tendency of that gravity.
But with a falling mobile, motion conforms to the tendency of gravity.
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Thus, the impetus must be augmented indefinitely and speed must
increase constantly during the motion. Such is, according to Buridan,
the explanation for the acceleration observed in the fall of a weight,
an acceleration that Aristotle’s science already understood, but for
which the Greek, Arabic, or Christian commentators of the Stagirite
had given unacceptable reasons.

This dynamics exposited by Buridan presents in a purely qualitative,
but always exact fashion the truths that the notions of vis viva and work
allow us to formulate in quantitative language.

The philosopher of Béthune was not alone in professing this dynam-
ics; his most brilliant disciples, Albert of Saxony and Nicole Oresme,
adopted it and taught it. The French writings of Oresme allowed it to
be understood even by those who were not clerics (Duhem 1906-1913,
vol. 3, pp. 261-583).

When no resistant medium, when no natural tendency analogous to
gravity is opposed to motion, the impetus maintains a constant intensity.
The mobile, to which a motion of translation or of rotation has been
communicated, continues [165] to move indefinitely in the same
manner, with a constant speed. That is the form under which the law
of inertia presented itself to the mind of Buridan; it is the form under
which it was received by Galileo.

From this law of inertia, Buridan derived a corollary whose novelty
we should admire (Duhem 1906-1913, vol. 2, pp. 97-281). The celestial
orbs move eternally with a constant speed, because, according to the
axiom of Aristotle’s dynamics, each one of them is subject to an eternal
motor of immutable power. The Stagirite’s philosophy required that
such a motor be an intelligence separated from matter. The study of
the motive intelligences of the celestial orbs was not only the crowning
glory of Peripatetic metaphysics, it was the doctrine about which re-
volved all the Neoplatonic metaphysics of the Greeks and Arabs; the
Scholastics of the thirteenth century did not hesitate to receive this
heritage of the pagan theologies into their Christian systems.

Now, Buridan had the boldness to write these lines:

Since the creation of the world, God has moved the heavens by movements identical to
those by which they are actually moved. Hence, he has impressed upon them some
impetus by which they continue to be moved uniformly. In effect, these impetus, encoun-
tering no contrary resistance, are never destroyed or weakened . ... According to this
imagination, it is not necessary to posit the existence of intelligences moving the celestial
bodies in an appropriate manner.
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Buridan expressed this thought in various places; Albert of Saxony
formulated it also (Duhem 1906-1913, vol. 2, pp. 97-281); and Nicole
Oresme, in order to formulate it, made use of this comparison: “Vio-
lence excepted, the situation is similar to a man making a clock and
letting it go and move by itself.”

If we wanted to draw a precise line separating the period of ancient
science from the period of modern science, we would have to draw it
at the instant when John Buridan conceived this theory, at the instant
when the stars stopped being perceived as moved by divine beings,
when celestial motions and. sublunar motions were admitted as depen-
dent upon a single mechanics.

This mechanics, both celestial and terrestrial, to which Newton gave
the form we admire today, [166] was attempting to constitute itself ever
since the fourteenth century. The writings of Francis of Mayronnes
(Duhem 1913b) and of Albert of Saxony (Duhem 1909) during the
whole of that century teach us that there were physicists who maintained
that one could construct a more satisfactory astronomical system than
the one in which the earth is deprived of motion, by assuming the earth
mobile, and heaven and the fixed stars immobile. Of these physicists,
Nicole Oresme developed the reasons for this doctrine (Duhem 1909)
with a fullness, clarity, and precision that Copernicus was far from
achieving. He attributed to the earth a natural impetus similar to the
one Buridan attributed to the celestial orbs. In order to account for
the vertical fall of weights, he allowed that one must compose this
impetus by which the mobile rotates around the earth with the impetus
engendered by weight. The principle he distinctly formulated was only
obscurely indicated by Copernicus and merely repeated by Giordano
Bruno (Duhem 1906-1913, vol. 3, pp. 113-261). Galileo used geometry
to derive the consequences of that principle but without correcting the
incorrect form of the law of inertia implied in it.

While dynamics was being established, the laws of falling weights
were being discovered a few at a time.

In 1368, Albert of Saxony proposed these two hypotheses: the speed
of the fall is proportional to the time elapsed from the start; the speed
of the fall is proportional to the path travelled (Duhem 1908c,
1906-1913, vol. 3, 261-568). He did not choose between these two
laws. The theologian, Peter Tataret, who taught at Paris toward the
end of the fifteenth century, reproduced textually what Albert of
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Saxony had said. The great reader of Albert of Saxony, Leonardo da
Vinci, after having accepted the second of these two hypotheses, rallied
to the first. But he was not able to discover the law of spaces traversed
by a falling weight; by a reasoning that Baliani took up, he concluded
that the spaces traversed in laps of equal and successive times are as
the series of whole numbers, while, in truth, they are as the series of
odd numbers.

However, the rule that allowed the evaluation of the space traversed,
in a certain time, by a mobile moving in a uniformly varied motion was
known for a long time. Whether this rule was discovered at Paris,
during the time of John Buridan, or at Oxford, during the time of
Swineshead, it was formulated clearly in the work in which Nicole
Oresme posited the essential principles of analytic geometry (Duhem
1906-1913, vol. 3, 261-568). [167] Moreover, the demonstration that
serves to justify it is identical to the one Galileo gave for it.

This rule was not forgotten from the time of Nicole Oresme to the
time of Leonardo da Vinci; formulated in most of the treatises produced
by the thorny dialectics of Oxford, it was discussed in the various
commentaries of which these treatises were the object, during the fif-
teenth century, in Italy, and then in the various works of physics written
at the start of the sixteenth century by Parisian Scholasticism.

None of the treatises of which we have just spoken, however, contains
the thought of applying this rule to the fall of weights. We encounter
that thought for the first time in the Questions on Aristotle’s Physics
published in 1545 by Domingo de Soto (Duhem 1906-1913, vol. 3,
261-568). A student of the Parisian Scholastics, most of whose physical
theories he received and adopted, the Spanish Dominican de Soto
admitted that the fall of a weight is uniformly accelerated, that the
vertical rise of a projectile is uniformly retarded, and, in order to
calculate the path traversed in each of these two movements, correctly
used the rule formulated by Oresme. That is to say, he knew the law
of fal]ling weights, whose discovery is attributed to Galileo. Moreover,
he did not claim the discovery of these laws; rather, he seemed to be
giving them as commonly received truths. No doubt they were accepted
at the time by the Paris masters whose lessons de Soto followed. Thus,
from William of Ockham to Domingo de Soto, we see the physicists of
the Parisian school posit the foundations of the mechanics Galileo, his
contemporaries, and his disciples developed.



198 PIERRE DUHEM

Among those who, before Galileo, received the tradition of Parisian
Scholasticism, there was none who deserved more attention than Leo-
nardo da Vinci. During the time he lived, Italy firmly resisted the
penetration of the mechanics of the ‘moderni’, of the ‘juniores’. Among
the university masters, even those who leaned in the direction of the
terminalist doctrines of Paris, merely reproduced, under an abridged
and often hesitant form, the essential assertions of that mechanics; they
were far from being capable of having it produce any of the fruits of
which it was the flower.

Leonardo da Vinci, on the contrary, was not satisfied in admitting
the general principles of the dynamics of impetus. [168] He meditated
endlessly upon these principles, and turned them every which way,
pressing them in some fashion to deliver the consequences they enclosed
(Duhem 1906-1913, vol. 3, 113-261). The essential hypothesis of that
dynamics was similar to the first form of the law of vis viva; da Vinci
perceived in it the idea of the conservation of energy, and he found
some terms of almost prophetic clarity to express that idea (Duhem
1906-1913, vol. 2, pp. 97-281). Albert of Saxony had left his reader
in suspense between the two laws of falling weights, the one correct
and the other inadmissible. After some tentative steps that Galileo also
went through, da Vinci came upon the choice of the correct law. He
extended it happily to the fall of a weight along an inclined plane
(Duhem 1906-1913, vol. 3, 261-568). Through a study of composite
impeto, he attempted the first explanation of the curvilinear trajectory
of projectiles, an explanation that was completed by Galileo and Tor-
ricelli (Duhem 1906-1913, vol. 2, pp. 97-281). He glimpsed the correc-
tion that needed to be brought to the law of inertia announced by
Buridan, and he prepared for the work that Benedetti and Descartes
accomplished (Duhem 1906-1913, vol. 3, pp. 113-261).

No doubt, da Vinci -did not always recognize the richness of the
treasures accumulated by Parisian Scholasticism. He set aside some of
them, which would have been complementary to his doctrine of me-
chanics. He misunderstood the role that impetus must play in the
explanation of the accelerated fall of weights (Duhem 1906-1913, vol.
3, pp. 113-261). He was unaware of the rule which allows the calcu-
lation of the path traversed by a body moving of uniformly accelerated
motion. It is no less true that the whole of his physics placed him among
those the Italians of his time called the Parisians.

Moreover, this title was properly given to him. In fact, his principles
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of physics were derived from an assiduous reading of Albert of Saxony,
and probably also from a meditation upon the writings of Nicholas of
Cusa (Duhem 1906-1913, vol. 2, pp. 97-281); and Nicholas of Cusa
was also an initiate of the Parisian mechanics. Da Vinci is therefore
given his proper place among the Parisian precursors of Galileo.

We have just retraced, in broad strokes, the essential laws of equili-
brium and motion at their infancy. On occasion, we have described
some portions of physics at the time when that science had reached
adolescence. Thus, we have inquired into the sources of the hydrostatic
theories of Pascal (Duhem 1905), detailed the role that Mersenne
played in the discovery of the weight of air (Duhem 1906b), and
sketched the genesis of [169] the doctrine of universal attraction
(Duhem 1906a). Now, we did not see any essential principles proceed
from the desire to resolve the bodies we perceive and touch into imper-
ceptible, but simpler bodies; we saw none that had as aim to explain
sensible motions by means of hidden motions. Atomism did not contrib-
ute to their formation in any way. All of them were born from the
desire to formulate some very general rules whose consequences ‘saved
the phenomena’. Thus, the history of the development of physics has
come to confirm what the logical analysis of the methods used by that
science had taught us. From the former and from the latter, we have
gained a renewal of faith in the future fruitfulness of the method of
Energetics.

NOTE

*Part III of Duhem 1917, pp. 158-69, translated by Roger Ariew and Peter Barker.
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F. JAMIL RAGEP

DUHEM, THE ARABS, AND THE HISTORY OF
COSMOLOGY

ABSTRACT. Duhem has generally been understood to have maintained that the major
Greek astronomers were instrumentalists. This view has emerged mainly from a reading
of his 1908 publication To Save the Phenomena. In it he sharply contrasted a sophisticated
Greek interpretation of astronomical models (for Duhem this was that they were mathe-
matical contrivances) with a naive insistence of the Arabs on their concrete reality. But
in Le Systéme du monde, which began to appear in 1913, Duhem modified his views on
Greek astronomy considerably; his more subtle understanding included the recognition
that many Greeks subordinated mathematical astronomy to physical theory. But he could
not completely repudiate his earlier views about Greek astronomy in part because his
extreme nineteenth century prejudices led him to continue to insist on a clear-cut demar-
cation between Greek and Arabic astronomy. The inevitable result is a certain unevenness
in the Systéme and some glaring inconsistencies.

Given the totality of Duhem’s enormous output, one would be hard
put to claim that Arabic science played more than a peripheral role in
his historical and philosophical writings. And because Duhem, who
did not know Arabic, was often grossly mistaken in his views and
interpretations of Arabic science, leaving it little more than a grotesque
caricature, it is appropriate to ask: why bother? There are several
reasons, which may serve both as an introduction and an apologia. It
is a far from worthless exercise to try to discover why a great thinker
goes so far off the track. It is rather facile to claim that Duhem’s views
were a result of his anti-Semiticism; but this takes us only so far and
fails to put his views into historical perspective. Yes, Duhem was rather
extreme in his notions of Arabic science, but I think he only took to a
logical conclusion views that were until recently fairly prevalent. And
the continuing influence of Duhem’s historical works makes an evalu-
ation of his attitude toward Arabic science even more imperative than
it would otherwise be. Another reason to look at Duhem’s understand-
ing of Arabic astronomy is because of his use of it as a foil to put in
bolder relief the genius of Greek science. As we know from recent
debates, Duhem left himself open to interpretation in the use of his
cherished ‘saving the phenomena’. Because in Duhem’s view the Arabs
could never rise to the Greeks’ elevated understanding of astronomical

Synthese 83: 201-214, 1990. .
© 1990 Kluwer Academic Publishers. Printed in the Netherlands.



202 F. JAMIL RAGEP

theory, a study of what he said about their failure — indeed ignorance
~ can provide, I believe, some useful insight into what he intended by
‘saving the phenomena’. My own contention will be that there was a
marked evolution and refinement in his thinking about Greek astron-
omy between To Save the Phenomena (herein abbreviated STP), which
appeared in 1908, and the second volume of Le Systéme du monde,
which was published in 1914. But there was no similar change in think-
ing about Arabic astronomy, a situation that led to a major inconsis-
tency in the Systéme; ironically this inconsistency could have been dealt
with, though perhaps not completely resolved, if Duhem had been
willing to be less hostile toward the Arabs. But he was unable, or
perhaps unwilling, to do this.

In order to illustrate my point, I shall be concentrating on the ques-
tion of Duhem’s understanding of the relation of ancient physics to
mathematical astronomy. I believe that by examining this issue (rather
than, say, the much more intractable question of the reality of astro-
nomical models)! one can most clearly understand Duhem’s evolution
as well as the importance, and limitation, of the criticism of G. E. R.
Lloyd (1978), Duhem’s most severe critic on this point. Without going
into a detailed exposition or analysis of STP, I should like to give a
brief overview of some of its main points.?

According to Duhem, there were basically two methods for dealing
with the celestial realm: the method of the astronomer and the method
of the physicist. Plato had set forth the method of the astronomer,
namely to save the appearances of the planets using only uniform,
circular motions. This was the method of Eudoxus and Callippus, who
sought to save the appearances with homocentric spheres. On the other
hand, Aristotle, representing the physicists, went beyond the merely
mathematical saving of the appearances and sought to impose other
restrictions that had to do with the nature of the heavenly bodies.
Thus the fictitious models of Eudoxus were turned by Aristotle into
combinations of real spheres whose nature it was to move with uniform,
circular motion. Because they were real and not simply mathematical,
Aristotle needed to add extra counterspheres in order to keep the
system of spheres for each planet from interfering with the others.

At this point, Duhem was illustrating the relation of physics to astron-
omy by using the example of a physicist, in this case Aristotle, attempt-
ing to make real the mathematical models of the astronomers. But the
relationship became more complicated when the Greek astronomers
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found that different hypotheses or models could equally well save the
phenomena. This was emphasized by Hipparchus who was struck by
the fact that an epicycle on a concentric deferent could be made mathe-
matically equivalent to an eccentric model. The relationship was further
complicated by the fact that an astronomy using epicycles and eccentrics
was no longer compatible with an Aristotelian physics that demanded
that all celestial motion be uniform about the center of the Universe.
Among others Adrastus of Aphrodisias and Theon of Smyrna sought to
accommodate the new astronomy by proposing a modified Aristotelian
physics that exempted celestial motion from being about the center of
the world but still held that the orbs, whether eccentric, epicyclic, or
concentric, had to be solid bodies.

As we have seen, Duhem claimed that Eudoxus and Callippus had
followed the method of the astronomers as laid out by Plato; he also
put Hipparchus in this category. But it was with Ptolemy that a new,
much more sophisticated understanding of the relation of mathematical
astronomy to physics was reached. Since “no craftsman could have
constructed a wooden or metal representation of [his hypotheses in the
Syntaxis] . . . Ptolemy’s followers were bound — on pain of abandoning
their own doctrines — to liberate astronomical hypotheses from the
conditions to which physicists had generally subjected them”.? Duhem
quoted a number of passages to support his position but the most
important by far was from the Almagest, Bk. 13, Chap. 2,* in which
Ptolemy, according to Duhem, “means to indicate...that the many
motions he compounds in the Synzaxis to determine the trajectory of a
planet have no physical reality; only the resultant motion is actually
produced in the heavens”.® Duhem related this interpretation of Pto-
lemy to the earlier doctrine of the Stoic Cleanthes (d.ca. 230 B.c.),
who held that the planet was self-propelled and described whatever
curves were observed, and to the later view of the neo-Platonist Proclus
(d. 485 A.p.), who, in Duhem’s reading, took the essence of the heav-
enly motions to be irregularity. The final freeing of the astronomers
from the restrictions of the physicists was complete. And what would
be the role of the physicist?

But only the physicist would be authorized to say whether or not [the mathematical
models] conform to reality. Generally speaking, the principles he is able to affirm are
too general, too remote from particulars, to empower him to pronounce that kind of
judgment.®
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In other words, the method of the astronomer was eventually victorious
in ancient Greece.

Lloyd has severely criticized most of Duhem’s contentions in a de-
tailed way. There is no need to rehearse the entire list; it is only
important for our purposes to identify three of his main objections.
First he makes the case that Duhem has ignored the strong evidence
that the astronomers, far from being independent, took their starting-
points or principles from the physicists. This, for example, was stated
explicitly by Geminus, whom Duhem took as a witness for the opposite
point of view.”

A second criticism by Lloyd concerns Ptolemy. Whatever one may
wish to say about his position in the Almagest, there is the matter of
the Planetary Hypotheses in which there is no doubt that he is taking
a realist stance. How else is one to understand the transforming of the
circles of the Almagest into physical bodies, a metamorphosis effected
in Book II of the Planetary Hypotheses? And even if one were to
excuse Duhem in 1908 for not having gotten hold of L. Nix’s German
translation from the Arabic of the nonextant Greek text of Book 11, a
work published in 1907,8 one could still argue, as does Lloyd, that the
physical arguments in Book I of the Almagest should have alerted
Duhem that Ptolemy was ostensibly basing his mathematical models,
indeed subordinating them, to a revised Aristotelian physics.®

Lloyd’s third criticism has to do with Proclus. Duhem did not hesitate
to compare him to the positivists,. indeed to John Stuart Mill;*° but
Lloyd systematically shows that whatever Proclus’s neo-Platonist posi-
tion may have been, and if anything it is ambiguous, he was fairly
consistent in arguing from realist assumptions whether he was criticizing
realist or instrumentalist alternatives.

One cannot but admire the incisive way Lloyd has gone about refuting
Duhem’s contentions in To Save the Phenomena. It is a masterful piece
of writing, but it has not gone without criticism. Niall Martin (1987)
has criticized Lloyd and others for viewing Duhem too simplistically;
Martin claims that Duhem was more than aware that the ancients were
pot instrumentalists per se but rather tied their instrumentalism, if
we can call it that, to cosmological and epistemological stances. Thus
Ptolemy’s instrumentalism was not to be separated from his stoicism
just as Maimonides’ should not be understood as separable from his
religious beliefs; in both cases their skepticism about the possibility
of a complete understanding of celestial phenomena, as distinct from
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sublunar phenomena, led them to their quasi-instrumentalism.""Now
both Lloyd and Martin are basing their positions on STP; from that
context alone, Martin may have a point but one must admit that Duhem
certainly seems to be attributing instrumentalist views to the Greeks.
After all it was Duhem, not Lloyd, who evoked the name of John
Stuart Mill in his discussion of Proclus. But to judge Duhem solely with
reference to STP, as Lloyd and Martin both do, is to do him a grave
disservice. For this was not Duhem’s final word; in Volume II of Le
Systéme du monde (1914) he took up many of the issues of Greek and
Arabic astronomy that he had dealt with before in STP but in a much
more careful way. This is Duhem’s mature work, and I think it only
fair that we take it into account when we discuss his views on Greek
astronomy. And on the crucial issue of the relation of physics to astron-
omy, Duhem has made a number of significant shifts.

While one can hardly say that Duhem has repudiated the thesis of
STP, one can say that he has modified it in subtle and at times decisive
ways in the Systéme. On the surface Duhem seems to carry the main
theme of STP into his later work. For example in the Systéme, he
characterized what he calls “‘this war” as being between “those who
want Physics [in the modern sense] to be deducible from a set philosoph-
ical system and...between those who require nothing more from
[physics] than that it agree exactly with experience”.'® But whereas
many points made in STP were repeated, sometimes verbatim, in the
Systéme, the important relationship between the principles of physics
and mathematical models in Greek astronomy was explored with much
greater depth and precision, and Duhem reached certain conclusions
that undermine, if not contradict, various assertions of STP. For exam-
ple, in discussing the homocentric spheres of Eudoxus and Callippus in
the Systéme, Duhem posed a question never addressed in STP, namely

If Plato and Aristotle were only interested in obtaining mathematical rules that would
permit them to predict with certainty and precision the movements of the stars, why
would they impose in advance of these rules the obligation to be constructed in a
certain manner? . .. Why would they constrain {astronomy] . . . with circular and uniform
movements? Why would they further restrain [astronomy’s] ability to choose by obliging
it to configure the World with a system of homocentric spheres? Such requirements are
enough to give notice that neither Plato nor Aristotle would have consented to reduce
the object of astronomy to the [following] single problem: to conceive of geometrical
hypotheses that would save the phenomena.™

There is more than one thing surprising here. After all Plato in STP
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had been assigned the role of initiator of the call to the astronomers
‘to save the phenomena’. Duhem had mentioned there that Plato had
required that this be done with uniform, circular motions, but the
obvious physicalist implications had been ignored. Here, however, we
see that he has not only recognized the problem but has also drawn
the obvious conclusion about Plato, namely that he was hardly an
instrumentalist.’

But there is another aspect to the problem that was new in the
Systeme. Did an astronomer who accepted uniform, circular motion as
a starting point for astronomy accept ipso facto the constraints of the
physicists? And if so, what did this do to the radical separation between
astronomers and physicists in STP? Again the ambiguities and silence
of STP gave way to a direct assault on the problem in the Systéme. In
discussing Dercyllides, Duhem noted that he was not an innovator when
he “affirms the dependence, generally recognized by the philosophers,
between astronomy and physics; others...have also detailed the charac-
ter of this dependence”. This is not very different from what one might
find in STP. But then he went on to say that “those who compose
astronomical treatises, respectful [respectueux) observers of these pre-
cepts, begin by enunciating the postulates, borrowed from Physics,
which must [devaient] serve as points of departure for their deduc-
tions”.1® We should recall here that one of Lloyd’s criticisms was that
Duhem ignored the relation of the physical principles to the starting
points of the astronomers. But in addressing his future critic, Duhem
has made the previously clear-cut notion of ‘saving the phenomena’
rather ambiguous in the Systéme.

Lest one think that this is somehow unrepresentative, we should
examine what Duhem said in the Systéme about Ptolemy, who was
after all the Greek astronomer Duhem had claimed in STP most clearly
represented the doctrine of ‘saving the phenomena’. Far from denying
that Ptolemy was constrained by physics, Duhem must admit that “at
the beginning of his work, Ptolemy formulates his postulates as if
astronomy must be entirely based upon principles of complete certitude,
upon incontestable verities from Physics”. But Duhem found that “at
the end [of the work] . . . instructed by experience, the author does not
grant his hypotheses to be anything more than contrivances that are
appropriate to save, as simply as possible, the phenomena”.’” Here
one would have expected the Duhem of STP to end the matter; Ptolemy
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had paid lip service to the physical principles, found them too constrain-
ing, and ended by rejecting them. But instead Duhem provided a real
surprise. At this point he himself introduced the same weapon that
Lloyd and others have used to question the Duhemian interpretation
of Ptolemy, namely the Planetary Hypotheses. After assuring his read-
ers, no doubt sadly, that the text is authentic, he proceeded to give a
fairly detailed summary of the second book in which Ptolemy attempted
to physicalize his models from the Almagest.'® Duhem was fully aware
of what this meant for his interpretation of Ptolemy. But he tried to
salvage what he could:

Ptolemy had rightly been able to scorn this desire to represent the movements of the
celestial and imperishable bodies by means of these rough and changing bodies that make
up for us the sublunar world; his criticisms had not won a definitive victory; the error
that they were combatting was one of those which, apparently vanquished, overturned
one moment, rise up again without ceasing, because they are the necessary consequence
of an incorrigible failing of the human spirit. What Dercyllides, Adrastus and Theon had
wanted was to embody abstract thoughts in concrete models that the eyes could see, that
the hands could touch and move; it was to drive away reason in order to put imagination
in its place. Ptolemy, after having defended reason, became, in his turn, a slave of the
imagination.®

At this point Duhem turned to the neo-Platonists, in particular Pro-
clus. What he found was someone less ambiguous and much more to
his liking. But he had to retranslate the relevant passages from the
Hypotyposes since he realized, long before Lloyd would make the point,
that Father Halma’s translation that he had depended on in STP was
seriously defective. Thus Duhem could no longer have Proclus saying
that the “essence of [the celestial] movements...is irregularity”.?° But
Duhem still held that Proclus viewed astronomical hypotheses as mere
fictions in part because he chose to concentrate on his Platonic world-
view, a philosophical stance that led Proclus to be sceptical of all
attempts to deal with the celestial appearances as distinct from the real
heavens, which to him were, as they had been to the divine Plato,
beyond perception. Lloyd, on the other hand, while recognizing this
aspect of Proclus’s position,?' could counter Duhem’s contentions by
pointing to Proclus’s realist (or perhaps it would be better to call them
physicalist) suppositions under which he operated even when dealing
with the appearances.

But again where did this leave Duhem" After losing both Plato
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and Ptolemy as pure representatives of the view that the astronomical
hypotheses were mere contrivances, he was basically left with Proclus,
someone that Lloyd has accurately characterized as “not exactly one
of the leading lights in the history of Greek astronomical theory”.??
One would think that Duhem would be forced to back off from some
of the more extreme claims of STP. But Duhem did not draw the
obvious conclusion from his work, namely that the most important
Greek thinkers held a basically realist position and subordinated mathe-
matical astronomy to physics. It was not a pure position, it was not
completely clear-cut, but his work could lead to no other conclusion.
Though it is too much to expect that Duhem would have completely
repudiated the major thesis of STP, it still comes as a shock to find the
following passage from STP repeated in the Systéme:

After some initial hesitation [the Greeks] balked at the idea that the eccentrics and
epicycles are bodies, really up there on the vault of the heavens. For the Greeks they
were simply geometric fictions requisite to the subjection of celestial phenomena to
calculation. If these calculations are in accord with the results of observation, if the
hypotheses succeed in saving the phenomena, the astronomer’s problem is solved.??

Interestingly enough, this passage does not occur in the chapter on the
Greeks but rather in the introduction to the one on the ‘Semites’. All
the ambiguity, the subtlety of the previous chapter on the Greeks
is lost; Ptolemy once again becomes someone whose hypotheses are
‘calculating devices’.>* The Planetary Hypotheses are conveniently for-
gotten. Why Duhem chose to start his chapter on the ‘Semites’ in this
way is apparent from the next paragraph:

The prodigious geometric ingenuity of the Greeks did not form part of the heritage they
passed on to the Arabs. Nor did the Arabs have the Greeks’ remarkably sure and precise
logical sense. They brought only some very minor improvements to the hypotheses
whereby the Greek astronomers had managed to resolve the complex course of the
planets into simple motions. Moreover, when they did at last come to examine these
hypotheses in an attempt to make out their nature, their vision could not match the
penetration of a Posidonius, a Ptolemy, a Proclus, or a Simplicius; slaves to their imagina-
tion, they tried to see and touch what the Greek thinkers had declared fictive and
abstract.?

It is this stark contrast between the Greek mind and the Arab mind
that Duhem wished to bring out in both STP and the Systéme. The fact
that the Greeks were no longer so pure and that Ptolemy himself had
been called a slave to the imagination did not prevent Duhem from
repeating verbatim in the Systéme what he had written in STP. Duhem’s
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antipathy toward the Arabs is not in doubt; indeed one can see it as
part of the nineteenth century European cultural baggage.?® But even
for the nineteenth century Duhem was extreme. The person closest to
his view on Arabic science was Ernest Renan, with whom Duhem
shared hardly anything else.?” Renan had denied both the Arabs and
Islam a role in the history of science; nomadic Arabs were incapable
of science or philosophy and Islam was too hostile to allow science to
flourish. What went under the name Arabic or Islamic science was due
to Christians, Jews, Persians, and others, or Muslims who, like Galileo,
had heroically freed themselves of their religion.?® But Duhem went
Renan one better; while Renan had not discounted the contributions
that went under the name Arabic or Islamic science, Duhem essentially
denied that there was anything of importance in Arabic astronomy.?
When he did find something worthwhile, such as the homocentric sys-
tem of the Spanish Arab Bitriji (fl. 1200 a.p.), which he claimed
helped pave the way for Copernicus by providing an alternative to the
Ptolemaic system, he rejected the possibility that any Arab could have
been responsible for it.3° The way he did this is extraordinary; Duhem
maintained that the ordering of letters in the diagrams of Bitraji fol-
lowed the Greek alphabet and hence his system must depend on or be
plagiarized from a Greek original.3! It would be hard to exaggerate the
silliness of this argument, and it is incredible to me that someone of
Duhem’s immense abilities could have fallen for something so ludi-
crous.?? Since the Arabic alphanumeric system follows the old Semitic
ordering, the one used, for example, by the Phoenicians who be-
queathed it to the Greeks, it is no wonder that the Greek and Arabic
ordering would be the same. Thus using Duhem’s reasoning, one could
hardly escape the conclusion that virtually every Arabic scientific text
was plagiarized from some Greek original.>?

We have seen how Duhem’s wish to draw a sharp dichotomy between
the Greeks and Arabs led him to gloss over what I consider to be some
of his most important work in the history of cosmology. What is sad,
and indeed unfortunate for the history of science, is that Duhem did
not notice, or did not wish to notice, that the ambiguous Greek attitude
toward the relation of physics and astronomy that he brought to light
in the Systéme was dealt with in interesting ways in Islamic astronomy.
If Duhem had simply drawn the obvious conclusion from his own
research that the major Greek philosophers and astronomers were
committed in varying degrees to the proposition that the principles of
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mathematical astronomy must come from both mathematics and phys-
ics, he would have been more sensitive to the fact that the Arab thinkers
that he studied were not so much naive realists as scientists interested
in reconciling the inconsistencies in astronomical theory that they had
inherited from the Greeks. Let me try to make this point as clear as
possible. In accepting that astronomy was based on both mathematical
and physical principles, Arab astronomers reached a rather simple
conclusion — the mathematical models had to be consistent with the
physical principles. Ptolemy had not been able to accomplish this in
the Almagest, and indeed in Bk. 13, Chap. 2, he does seem to be
taking refuge in some neo-Platonic worldview. But starting with Ibn al-
Haytham in the eleventh century, this was seen not so much as a
serious position on the relation of physics to mathematics but as simple
inconsistency.>*

Despite the fact that Duhem in the Systéme had understood the
difference between metaphysics and physics in the Greek context and
in fact had used it to distinguish between the justifications of Aristotle
and Plato for uniform, circular motion, I would agree with Martin that
Duhem remained committed to the view that “‘astronomy’ is the
ancient correlate of modern physics, and ‘physics’ the ancient correlate
of modern metaphysics”.?> This was what led him, as well as other
historians of astronomy such as E. S. Kennedy and Otto Neugebauer,
not to take the physical principles of ancient and medieval astronomy
as seriously as the physical principles of modern physics. (This is re-
flected in the terminology regarding these physical principles, which
are usually referred to as ‘philosophical’.)*® Thus it is easy to see why
for Duhem, such figures as Ptolemy, Proclus, and Maimonides were the
heroes of his story because they, as ‘neo-Platonists’, sharply separated
astronomy from some true metaphysical reality. But what this ignores
is that the physical principles were not justified solely in a metaphysical
way either by the Greeks or Arabs and were regarded as having, for:
example, empirical justifications. Thus Aristotle, despite having what
we would call metaphysical reasons for preferring uniform, circular
motion in the heavens, did not shy away from giving ‘empirical
proofs’.?” For reasons that we need not go into here, Islamic astron-
omers and physicists sought at various times to disentangle the physical
principles from any metaphysical taint.® Uniform, circular motion
could therefore be understood as justified physical premises that were
established both from observation and from successful usége. In this
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regard it is interesting that when a physical premise did not seem to
have empirical justification, a position taken by Tis1 concerning the
Earth’s state of rest, the response by his successors was to find an
empirical justification, not to insist on some metaphysical principle.*®

It may be argued that Duhem did not know enough about Arabic
science to be able to form a proper judgement. Obviously he did not
know of some of the more recent discoveries nor of the relation of -
Copernicus to Islamic astronomy.*® He did, however, know of Nasir
al-Din al-TiisT’s attempt to reform the Ptolemaic system since this was
in a French translation that Duhem cited in the Systéme.* Duhem
should have realized that Tasi’s proposed model that circumvented the
equant, a device used by Ptolemy in his planetary theory that led to an
irregular motion of the orb, resulted from a desire to deal with logical
inconsistency in the Ptolemaic system, not from naive realism. This
should have been especially clear to him in view of his understanding
of the relation of physics and mathematics that he had come to in the
Systéme. And it should have also been clear to him since Tisi, like
Duhem himself, took seriously the logical foundations of his discipline.
Thus if one begins with certain principles it only seems reasonable to
stick with them, something that Ptolemy did not do. Whether Duhem
would have seen the Arabic contribution in this light we shall never
know. I take this as a tragedy not only for Duhem but for the history
of science since he was a man of great insights and intuitions. But
blinded by prejudice, he did not care to delve into the problems of
those who were ‘slaves to the imagination’.

NOTES

1 As I shall elaborate on below, the issue that became of paramount importance in
Islamic astronomy was that of the consistency between the physical and mathematical
principles, I would argue that given the admitted mathematical equivalence between
various astronomical models that were considered physically acceptable, the question of
whether the models represented the ‘real world’ became rather secondary.

2 Cf. Duhem (1908), pp. 1-27; translation, 1969, pp. 3-24.

3 Ibid., p. 17; translation, p. 16.

4 Heiberg (1903), pp. 532-34; translation, Toomer (1984), pp. 600-601.

5 Duhem (1908), p. 18; translation, 1969, p. 17.

6 Ibid., p. 27; translation, p. 25.

7 Lloyd (1978), pp. 212-14.

8 Heiberg (1907), pp. 111-45.

° Lloyd (1978), pp. 215-17.
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© Duhem (1908), pp. 23-24; translation, 1969, p. 21. Duhem hedges a bit on the compari-
son with the positivists by remarking that *“the line of demarcation [separating the objects
accessible to human knowledge from those that are essentially unknowable to man] is
not the same for Proclus as it is for John Stuart Mill”.

1 Tloyd (1978), pp. 204-11.

2 Martin (1987), pp. 309-12.

3 Duhem (1914), 2, 62-63.

1 Tbid., 2, 69-70.

5 The quoted passage is rather less shocking as regards Aristotle since in STP we had
already been apprised of his physicalist leanings. But Duhem explored the implications
of both Plato’s and Aristotle’s positions in much greater depth in the Systéme. He
concluded that for Plato the insistence on uniform, circular motion was a theological
requirement that resulted from an ontological hierarchy in which the true motions, as
distinct from the observed ones, were as perfect as possible. For Aristotle this was a
physical requirement that resulted from an epistemological hierarchy that made geomet-
rical astronomy subordinate to physics (ibid., 2, 71). Duhem’s entire discussion of the
relation of physics and astronomy before Ptolemy (ibid., 2, 67-83) is extremely valuable.
It is now clear to me that had I read the Systéme more carefully earlier, I would have
seen that the Islamic discussion of this relation owes more to Greek precedents than I
had assumed in Ragep (1982), 1, 129-89; I was there still, at least partially, under the
spell of STP, even while reacting against it, and did not take into account the extent to
which Greek astronomy subordinated itself to physics.

6 Duhem (1913), 1, 469.

7 Duhem (1914), 2, 86.

18 Tbid., 2, 86-99.

¥ 1bid., 2, 99.

20 Duhem (1908), p. 20; translation, 1969, p. 19. Duhem (1914), 2, 103 (n. 1) criticized
Halma’s translation (1820, p. 151) that he had depended on in 1908. In one of the few
places he refers to the Systéme, Lloyd (1978), p. 205, n. 20, notes Duhem’s correction
of Halma.

21 See Lloyd (1978), esp. pp- 207, 209.

22 Ibid., p. 211.

2> Duhem (1908), p. 27 (translation, 1969, p. 25); Duhem (1914), 2, 117. I have not
modified the translation though it does introduce minor changes to Duhem’s text.

24 Duhem (1914), 2, 118.

25 Duhem (1908 ), pp. 27-28 (translation, 1969, pp. 25-26); Duhem (1914), 2, 117-18.
26 Recent books that have rather provocatively described this ‘baggage’ are Said (1978)
and Bernal (1987).

27 Some of the antipathy between Renan’s ‘scientific’ worldview and Duhem’s ‘religious’
one can be gleaned from Jaki (1984), passim.

28 Renan (1883), esp. pp. 14-19.

2% “Islamic science is in large part the plundered spoils of decadent Greek science” [italics
added] (Duhem 1914, 2, 179).

30 Ibid., 2, 156-71.

31 Ibid., 2, 156-57.

32 Duhem stated that he got this argument from Friedrich Hultsch, who claimed that the
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ordering of letters in Arabic is a “sure indication by which one may recognize a work of
Greek origin that has been translated into Arabic” (ibid., 2, 157). Hultsch, who is
principally remembered today for his editions of Greek mathematical and scientific texts,
does not seem to have dealt with Arabic works, at least as far as I have been able to
ascertain. If he did study Arabic, one would have to conclude that he did not get as far
as the alphabet.

33 1t is perhaps worth noting here in passing that Duhem’s position cannot be simply
characterized as anti-Semitic; for one of the people he admired and who Duhem felt had
something of the Greek spirit of Proclus and Ptolemy was Maimonides. In this assessment
Duhem parted company with Renan, who had lumped Maimonides with Averroes; cf.
Duhem (1908), pp. 37-40 (translation, 1969, pp. 33-35) and Duhem (1914), 2, 140-41.
34 On the question of consistency between physics and astronomy in Islam, see Sabra
(1978) and Sabra (1984), pp. 133-34, esp. n. 3; cf. Ragep (1982), 1, 129-89.

35 Martin (1987), p. 303. Duhem expresses this explicitly in his introduction to STP
(1908}, pp. 1-2 (translation, 1969, pp. 3-4).

36 See, for example, Kennedy (1966), pp. 366-67; Neugebauer (1975), 1, p. 1; 2, 572,
942; Hartner (1975), p. 9; and Goldstein (1980), p. 142. For different viewpoints, see
Sabra (1984), esp. n. 3, pp. 145-46 and Ragep (1987), pp. 330-31.

37 See, for example, Aristotle, On the Heavens, Bk. I, Chap. 3, 270b5-16 where he says
“our theory seems to confirm phenomena and to be confirmed by them”; cf. Metaphysics,
Bk. XII, Chap 7, 1072a20-23. For an extended discussion of this point, see Ragep (1982),
1, 149-61.

38 Ragep (1982), 1, 166-74.

3 For an elaboration, and the possible effect of this discussion on Copernicus, see Ragep
(forthcoming), commentary to I1.1[6].6-14.

40 For a discussion of this relationship and further references, see Kennedy (1966),
Hartner (1975), and Sabra (1984), n. 5, p. 146.

4 Duhem (1914), 2, 129. The translation was due to Carra de Vaux (1893), whose
pejorative characterization of Tus’s efforts no doubt met with Duhem’s approval: ‘“Le
chapitre dont nous allons donner la traduction suffira peut-étre a faire sentir ce que la
science musulmane avait de faiblesse, de mesquinerie, quand elle voulait étre originale”.
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STEPHEN MENN

DESCARTES AND SOME PREDECESSORS ON THE
DIVINE CONSERVATION OF MOTION*

ABSTRACT. Here I reexamine Duhem’s question of the continuity between medieval
dynamics and early modern conservation theories. 1 concentrate on the heavens. For
Aristotle, the motions of the heavens are eternally constant (and thus mathematizable)
because an eternally constant divine Reason is their mover. Duhem thought that impetus
and conservation theories, by extending sublunar mechanics to the heavens, made a
divine renewer of motion redundant. By contrast, I show how Descartes derives his law
of conservation by extending Aristotelian celestial dynamics to the earth. Descartes
argues that motion is intrinsically linear, not circular. But he agrees that motion is
mathematically intelligible only where divine Reason moves bodies in a constant and
eternal motion. Descartes strips bodies of active powers, leaving God as the only
natural mover; thus both celestial and sublunar motions are constant, and uniformly
mathematizable. The law of conservation of the fotal quantity of motion is an attempt

to harmonize the constancy derived a priori with the phenomenal inconstancy of
sublunar motions.

1. INTRODUCTION

The physicists of the seventeenth century destroyed one system of
the world and replaced it with another. The old system, which Galileo
called Ptolemaic but which is equally Platonist and Aristotelian, posited
a finite spherical universe with the heavenly bodies moving around
the circumference and the earth at rest in the center. According to
this system, the heavenly bodies must have an eternally uniform rotary
motion, both because they are eternal and incorruptible by nature,
and because they are moved by separate incorporeal movers; in con-
trast, the sublunar elements are naturally corruptible, and move only
a limited distance up or down before they are destroyed and changed
into other elements. The new physics of the seventeenth century
denied this fundamental contrast between celestial and sublunar things:
it posited only a single kind of matter present everywhere in the
universe, whose various configurations and motions must produce all
the phenomena of nature. Thus it becomes a fundamental problem to
find simple and universal laws of motion underlying the phenomena.
The seventeenth-century physicists all hold some form of the doctrine
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of the conservation of motion: at a minimum, they hold what has
misleadingly come to be called the principle of inertia, that a body
in motion tends to remain in motion, and does not naturally come to
rest. The apparent tendency of sublunar bodies to slow and stop must
be explained, like all other phenomena, through the reciprocal impacts
of a system of moving bodies. This ‘principle of inertia’ distinguishes
the philosophers of the seventeenth century from their Aristotelian
predecessors, and serves as an emblem for their revolution in physics.

It was Pierre Duhem, in his- Studies on Leonardo da Vinci,' who
opened the question: what sources did this revolutionary science of
motion have in the older tradition? Duhem found a key part of the
answer in studying scholastic discussions of projectile motion. Aristotle
had held that no motion could exist at any time without an external
mover contiguous to the moved body; he had thus been forced to
bizarre expedients to explain how a projectile could continue to move
after leaving the hand of the thrower. But Duhem found that in
addition to Aristotle’s theory there was an alternate account, according
to which the thrower imparts a certain impetus to the projectile: this
impetus remains naturally in the projectile, and is sufficient to account
for its continued motion. Duhem traced the doctrine of impetus from
the Christian neo-Platonist John Philoponus in the sixth century to
the students of the scholastic master John Buridan in the fourteenth
century; and he tried to indicate the subsequent stages by which the
doctrine of impetus developed, taking on increasing mathematical
precision, into the dynamics of Galileo and his contemporaries,
founded on the natural preservation of motion.

Duhem’s work has been challenged by Anneliese Maier. While she
agrees that impetus theory provided the historical point of departure
for the discovery of the law of inertia, she argues that Duhem has
read the scholastic sources too ‘“‘charitably”, and so exaggerated the
agreement between impetus theory and seventeenth-century mechan-
ics. Maier argues convincingly that Duhem misread the views of
Buridan and his school on the permanence of impetus in the
projectile: while Buridan entertains the hypothesis that a celestial
impetus might last forever, he and all scholastics agree that any impetus
in a sublunar body would perish through the natural resistance of
matter. Maier thinks that this indicates a fundamental difference be-
tween the scholastic conception of impetus and the modern concep-
tion of inertial motion; impetus in a kind of energy which the thrower
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deposits in the projectile, and which converts itself into motion at
each instant until it is depleted; on the modern conception, by contrast,
motion is a naturally persisting state of the body and does not need
to be explained by reference to any moving force. Thus Maier argues,
against Duhem, that the scholastic theory of impetus needed more
than just mathematical precision to become modern dynamics; a further
conceptual revolution was needed to produce the concept that the
motion imparted by a finite agent to a sublunar body is intrinsically
permanent.?

The history of the laws of motion is extremely complex. We have
no reason to suppose that there is a single linear path which leads
from Aristotelianism through impetus theory to the principle of
inertia; on the contrary, it is clear that different seventeenth-century
physicists held different and incompatible laws of conservation of
motion, and that these laws did not all share the same historical
genealogy. Here I propose to test Duhem’s claim of continuity, and
Maier’s counterclaim of discontinuity, by looking at the particular
case of Descartes’s law of the conservation of motion. Descartes is
an interesting case, both because he holds a strong and precise (though
false) principle of conservation, and because he justifies this principle
by an argument from natural theology. This argument might seem at
first to be an ad hoc justification, but I will show that it has deep roots
in older Aristotelian and Platonist philosophy. I will thus trace one of
the many paths which led from the medieval discussions of motion
to the modern consensus that motion is conserved; and I will hope to
shed light on the meaning of one seventeenth-century version of the
law of conservation.

The path which I will indicate from medieval to modern physics is
not quite the same as the path which Duhem had suggested. Maier
proves, against Duhem, that the impetus-theorists did not think of
motion as a permanent being which could remain stable without the
continued influence of a moving cause; she therefore concludes that
they did not possess the principle of inertia. But, as we will see,
Descartes also did not think of motion as stable in this sense; thus
Maier’s argument cannot be sufficient to demonstrate a break between
medieval and early modern discussions of motion. Without in any way
diminishing the importance of the modern abrogation of the.............
distinction between heaven and earth, we can uphold Duhem’s insight
that (at least some of) the theories of inertial motion continued a
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scholastic discussion; but for Descartes, at least, it was not the concept
of a permanent impetus in sublunar projectiles that was his starting
point. My results on the particular case of Descartes will thus confirm
Duhem’s main contention against Maier, while disconfirming some of
his subsidiary theses.

2. ARISTOTLE AND SOME SUCCESSORS ON CONSTANT ETERNAL

MOVERS

In examining the medieval antecedents of Descartes’s law of conser-
vation of motion, I want to bear in mind Maier’s remark that ““the
scholastic analogue to inertial motion”, the only ‘“‘constant velocity
motion occurring in the absence of resistance”, is celestial motion
(Maier 1982, p. 99). In this section I will indicate some themes from
the history of Aristotelian and Platonist thought about the nature
and causes of celestial motion; in the next section I will turn to
Descartes’s discussions of the law of conservation. I will try to show
how Descartes’s theological argument for the conservation of all
motion, celestial or terrestrial, continues and transforms the Platonist
and Aristotelian discussion of celestial motion. I will emphasize the
ways in which the older tradition gave Descartes a point of departure
for thinking about the laws of motion and the intelligibility of nature,
but I will also try to bring out the depth of the disagreement between
Cartesian and Aristotelian—Platonist philosophy.

All Aristotelians, and almost all Platonists,® claim that the motions
of the heavenly spheres are constant and eternal. They confirm this
claim by reasoning from the effects, the apparent positions of the
planets observed by the astronomers, but they think that the true
certainty of the claim lies in the causes which necessitate the
uniformity of celestial motion. Since Aristotelians and Platonists (like
Descartes) assume that all motion requires a mover, the cause of
the uniformity of celestial motion must lie in the nature of the
movers: a mover which itself varies will produce a variable motion, but
a mover which remains constant in itself and always moves a body will
produce an always constant motion in that body.

But what is this constant mover which produces the constant motion
of the heavens? It is surprisingly difficult for the Aristotelian to answer
this basic question, because in different texts Aristotle gives at least
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two and perhaps three different answers, which may or may not be
consistent with each other (some modern commentators believe that
they can trace a development in Aristotle’s views). In Books I and II
of the De Caelo Aristotle argues that the heavens are moved
circularly around the center of the world by their own nature, in
the same way that carth is moved toward the centre and fire away
from the centre. But in Metaphysics XII (and in other works) Aristotle
maintains that the heavens are moved by one or more incorporeal
movers separate from the heavens themselves: in the Metaphysics
the mover at least of the outermost sphere is described as nous or
Reason.* Nous moves its sphere only as a final or exemplar cause, by
being the good which the sphere desires to attain or imitate by its
motion. This seems to imply that the efficient cause of the sphere’s
motion must be a soul which animates the sphere and desires its good,
and so produces a voluntary motion in its body. Thus the basic problem
of celestial dynamics for later Aristotelians is to make simultaneously
intelligible the statements that nature is the cause of celestial motion,
that soul is the cause of celestial motion, and that nous is the cause
of celestial motion.

This picture of the heavens does not at first seem promising for
scientific progress. The heavens are pictured as divine living beings,
moving in desire of further divine powers. Duhem regarded these
Aristotelian Movers as pagan, animistic, and unscientific, and he
thought that John Buridan had made decisive progress by proposing to
bury them.® Duhem was not all wrong: there are certainly elements
of fantasy in the doctrine of the separate movers. But I will try to
show that beneath the fantasy this doctrine contained important
philosophical ideas, which could be useful even for a philosopher who,
like Descartes, had rejected the system of the spheres and the
priority of circular motion.

I will try to show this by elucidating some views of the problem
of celestial dynamics that were current within the Aristotelian and
Platonist tradition. First I will review some of the main data of the
problem as posed by the assertions of Aristotle (and also of Plato);
then I will show how some major figures of the later Aristotelian and
Platonist tradition, in harmonizing Aristotle’s different statements with
each other (and often also with Plato or with revealed scriptures), were
forced to develop Aristotle’s theory further than Aristotle himself had
done, yielding results of lasting philosophical interest.®
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I may begin at the top, with the nous which is for Aristotle the
highest cause of the celestial motions. Some translators render nous as
‘mind’ or ‘intellect’, but this is often inadequate. The word nous
sometimes means the act, sometimes the habit, and sometimes the
faculty, of intellectual perception; but often (as in the common
phrases noun echein or noun kektesthai, to be reasonable; cp. French
avoir raison), it means that which we possess or share in when we do
or think something rationally. Following Ralph Hackforth, I will trans-
late nous in this sense as ‘Reason’.” Reason is not a ‘mind’, in the sense
of a rational soul: it is what souls participate in, in order to think
rationally or rightly. If we are to say that Reason ‘thinks’, it does not
think in the same way that rational souls think, but rather by being the
standard by which thought is measured, according to which thought
can be called rational or irrational, right or wrong. When St. Augustine
wishes to find a Latin equivalent for the Greek word nous as used in
Plotinus, he sometimes says ‘intellectus’ but more usually ‘veritas’,
truth: 1 will not use this rendering, but it is helpful to recall that it is
possible.®

Plato says in the Philebus (28C) that “‘all the wise agree that nous
is king of heaven and earth”; and he means, not a rational soul, but
Reason itself. There is an objective rational order in bodies, especially
in the heavenly bodies, which can be grasped by the rational faculty
in us; Plato believes that we can explain the existence of this order
only by supposing that there is a separate nous, a Reason-itself, and
that this Reason has the power to impose at least some degree of
rational order on bodies. Plato fills out this account in the Timaeus
with a hypothetical story of how Reason, as the ‘demiurge’ or
craftsman of the physical world, might impose sufficient order on an
originally chaotic matter to produce something like the world we now
inhabit. Aristotle too asserts, in De Anima III, 5, that there is a
separate nous or Reason which is the source of intellectual knowledge
to the soul, and he follows Plato in asserting that nous is king, not
directly of the earth, but at least of the heavens. Sublunar motions
are not rational or constant enough to be the object of a mathematical
science; but celestial motions are, and they must therefore somehow
proceed from Reason. Aristotle’s disagreement with Plato concerns the
means by which Reason communicates rational order to bodies.

Plato’s demiurge sometimes resorts to violent means in rationalizing
bodies, imposing numerical constraints on a resisting matter. Aristotle,
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in rejecting these means, is continuing Plato’s own critique of Anaxa-
goras. Anaxagoras too had claimed to derive the world from nous,
but Plato charges that Anaxagoras’ actual explanations relied on merely
mechanical constraints, and not on rationality and the best order of
things. Aristotle continues this critique by insisting that Reason cannot
cause order in things by forcing them to move to their proper positions,
but only by being the good or the model which the things aspire
to or imitate.

But Plato had already offered a less violent account of how rational
order descends from nous to bodies, and this Aristotle finds more
acceptable. Nous cannot directly move bodies, because bodies cannot
directly participate in Reason; but souls can participate in Reason, and
souls can move their bodies. Plato thinks that souls have an innate
internal motion, which becomes rational and orderly when the soul
participates in Reason. When the soul communicates this motion to
its body, it regularizes and rationalizes the body. Aristotle rejects
Piato’s doctrine that the soul moves itself, but he accepts that the
soul moves the body. Aristotle can therefore give an essentially
Platonic answer to the question of the sources of rationality and
constancy to the celestial motions: the ultimate source is Reason
itself, but this rationality can only communicate itself to the heaven
by being first received in the rational soul which immediately moves
the heavens. Once this soul grasps Reason as its goal or model, it will
not pass back and forth between right and wrong thoughts, but will
remain eternally in a constant state of thought and will, and therefore
eternally produce a constant motion in its body.

Thus far it is not so difficult to harmonize Aristotle with himself and
(up to a point) with Plato. It is a greater challenge to harmonize
Metaphysics XII with Aristotle’s assertion in the De Caelo that the
heavenly bodies move around the center by their own nature. In De
Caelo 11, 1, Aristotle explicitly rejects the contention that the heavens
remain in their circles because of a “psychic constraint” (ananke
empsuchos). Aristotle’s language here echoes Plato’s critique of Anax-
agoras (like Plato at Phaedo 99C, he describes his opponents as seeking
a new Atlas to keep the heavens up), but it is clear to any unbiased
reader that Aristotle’s prime target is Plato. Plato had said (Timaeus
36E) that the soul which turns the heaven enjoys an ‘‘unceasing
[apaustos] and intelligent [emphron] life for all time”. Aristotle too says
here that the motion of the heaven is “unceasing [apaustos] for
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infinite time”, but he insists that if a soul is needed to constrain a body
“which is naturally moved in some other way” (as it would be if, as
Plato says, the heavens are made mostly of fire), then this soul must
devote itself to violent effort, and will have no “intelligent [emphron)]
leisure”’; its ceaselessness will not be a blessing but a curse.

Aristotle’s conclusion is that the heaven is moved, not by the
constraint or necessitation of a soul, but by its nature. It might seem
difficult to harmonize this, not just with Plato, but even with Metaphys-
ics XI1. But, as all harmonistic commentators note, Aristotle does not
deny in the De Caelo that the heavens are moved by souls, but only
that they are constrained (anankazesthai) by souls. Perhaps they might
be moved by souls without violence or constraint, if it is also true that
they are moved in circles by their natures. Different commentators,
in different ways, try to harmonize the De Caelo with the Metaphysics
by bringing together the statements that nous and soul are causes of
celestial motion and also that nature is a cause of celestial motion. As
we will see, they tend through time to give greater emphasis to the
separate movers, and to devalue nature as a cause of celestial motion.

We must first point out that, for an Aristotelian, the nature of a
body is not the same as the body: it is the form immanent within
the body. To say that a body is moved naturally is to say that it is
moved by its form. Since Aristotle holds that a soul is the form of a
living body, the obvious way to reconcile the De Caelo with the
Metaphysics is to identify the natures of the heavens with their
souls. This is the solution of Alexander of Aphrodisias, but it is
rejected by the later Greek commentators, who are trying to reconcile
Aristotle with Platonism. The harmonizers of Plato and Aristotle agree
that ‘natures’ are forms which are immanent within bodies and are
therefore destroyed with their bodies. If rational souls were natures
then they would be mortal at least in principle (although those souls
inhabiting immortal bodies would never actually die), and this is unac-
ceptable.”

Consequently, such philosophers as Proclus and Simplicius must posit
not two but three distinct causes, nous, soul, and nature, all working
in harmony to produce the motion of the spheres. According to
Proclus’s scheme, nous is an unmoved mover, soul is a self-moved
mover, nature or immanent form is a moved mover, and body is a
moved nonmover (see Proclus 1968, p. 60 and elsewhere). Proclus goes
beyond what we have already seen mainly in his account of the
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different ways in which soul and nature are causes of motion to bodies.
While natures or other immanent forms are said to be the immediate
movers of bodies, in fact soul becomes the principal mover, and
nature moves bodies only in a peculiar sense. Natures and other imma-
nent forms receive their being from souls, and they can move bodies
only when they themselves are first moved by souls: thus they merely
communicate motion from souls to bodies. Invoking a distinction from
Aristotle (Physics VIII, 4), Proclus and his followers say that nature is
a principle of being-moved (arche tou kineisthai), while only soul is a
principle of moving-something (arche tou kinein). Nature is a principle
of being-moved by endowing the body with an epitedeiotes, a prepared-
ness or disposition to be moved; but no actual motion occurs unless
some soul initiates it. The heavens, in particular, have a nature which
disposes them to be moved circularly (and Proclus endeavours to show
that Plato as well as Aristotle believed this); if they did not possess
this nature, then when a soul moved them circularly in would move
them violently and contrary to nature, as when a human being throws
a stone upward; such violent motion could not be regular or eternal,
as is the motion of the heavens. This satisfies Aristotle’s concerns
in the De Caelo, while diminishing the role of nature, and preserving
soul as the principal cause of motion. Simplicus summarizes the
harmonious causality of nous, soul, and nature as follows:

If someone asks which local motion of the heaven comes from nature and which from soul,
we say that soul, through the mediation of nature, makes the heaven move [kineisthai] in
a circle, and that it is one and the same motion. But it has from nature the connatural
and unforced disposition [epitedeiotes], according to its very form, for being moved
[kineisthai]; while from soul it has the actuality [energeia] of motion towards which it was
disposed by nature. So, too, it has from nous its turning always and in the same way and
according to the same and about the same and in the same [expanding on Timaeus 34A].
For by these things, under the leadership of nous, the psychic motion which is impressed
through nature in body is constituted, and stabilized in the likeness of the activity
[energeia] of nous. Whence also that divine man, having asked why the heaven moves in
a circle, says that it is because it imitates nous.°

The neo-Platonic doctrine that natures, and more transient immanent
forms, are intermediate movers, the agents of soul in bodies, is the
background for scholastic discussions of irmpetus or vis impressa. 1 will
not try to summarize these discussions here: but I want to cite one
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particular text, from Avicenna in the early eleventh century, on the
causes of celestial motion.

Avicenna occupies a key juncture in the history of reflection about
the causes of motion. For the Latin scholastics Avicenna becomes,
after Averroes, the most authoritative interpreter of Aristotelian
philosophy. But Avicenna is a rather loose Aristotelian, as the Greek
Platonizing commentators had been: while he is not fully committed to
harmonizing Aristotle with Plato, often (sometimes for religious rea-
sons) he preserves Platonizing interpretations of particular Aristotelian
doctrines. In particular, he takes up the neo-Platonist interpretation of
Aristotle’s doctrine of the causes of celestial motion, and he transmits
to the West his revised version of this doctrine. Looking at Avicenna
allows us to see how the theory of impetus, especially in the celestial
case, develops out of the Aristotelian and Platonist concerns we have
been discussing. The text of Avicenna I will cite is helpful because it
has close echoes with both Simplicius and Buridan, and also with
Descartes: Avicenna is certainly one of the key links in the develop-
ment and transmission of impetus theory (although I make no attempt
here to trace all the links in the chain), and he also illustrates very
clearly the way a whole tradition thought about how incorporeal
movers move bodies.

Avicenna modifies the neo-Platonist doctrine of nature, soul and
nous in a number of ways (most notoriously by accepting a hierarchy of
Reasons shared in by different levels of souls), but his most important
modification for our purposes is in his conception of nature. Avicenna
does not accept the full neo-Platonist hierarchy of being: he asserts
that all souls are the forms of their bodies, and he denies that there
can be two substantial forms, soul and nature, within the same body.
For this reason, Avicenna goes even further than Proclus and Simplicius
in devaluing the role of nature as a cause of celestial motion: he
will not identify the natures of the heavens with their souls, but
he also cannot accept them as substantial forms inferior to souls, so
that they seem to be squeezed out of his system. And yet he must
preserve the doctrine of the De Caelo that the heavens are
essentially different from sublunar things and that they rotate by their
nature.

Avicenna devotes a chapter of the Shifa’ to the proposition “that
the proximate mover of the heavens is neither a nature nor a nous
but a soul, and that the more remote principle is a nous”.* He begins
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by denying that the rotation of the heavens is “natural”, in the
sense of proceeding from a nature; he then adds that the motion is
“by nature” in a looser sense, in that “its presence in its body is not
contrary to the determination of any other nature in its body: for
the thing which moves it, even though it is not a natural power, is
something natural to this body and not alien to it; it is as if it were its
nature”’.

But Avicenna wishes to find a more positive sense in which the
rotation proceeds from a nature. He solves the problem, in essentially
neo-Platonic terms, as follows:

Furthermore, every power moves only by the mediation of some inclination [mayl],
and the inclination is the thing [ma‘na) which is perceived in the moved body: even if it
is forced to rest this inclination will still be perceived in it, resisting the obstacle and
seeking motion even while it is at rest. This is doubtless something other than the motion,
and other than the moving power, for the moving power still exists when it has completed
the motion, and the inclination does not. Similarly, too, in the case of the first motion,
its mover does not cease to generate inclination after inclination in its body. Nothing
prevents this inclination from being called a nature: for it is not a soul, nor is it from
without, nor does it have will or choice, nor can it not move, or move in other than a
definite direction; nor, further, it is contrary to the determination of an alien nature in
this body. And if this thing [ma‘na] is called a nature, then you may say that the heaven
is moved by nature; but its nature is an emanation from soul, which is multiplied in
accordance with the soul’s activity of thinking. And it is already clear that the principle
of the sphere’s motion is not a nature [accepting a variant reading]; and it is already clear
that it is not violence; it is therefore doubtless from will.

It is this theory which, in one or another variant, is accepted by
Buridan and his school in the fourteenth century. As Duhem noted,
Buridan went beyond earlier thinkers in proposing an imaginatio ac-
cording to which all incorporeal movers inferior to God would be
eliminated, but for Buridan this was only an imaginatio, while the
theory of moving intelligentiae was the truth.® The fourteenth-century
Parisians, then, when beyond Avicenna chiefly in the possibilities
they considered, not in what they really believed. But even their
imaginationes were, in the fourteenth-century context, a natural step
beyond Avicenna’s position. Duhem rightly stressed the importance
for these physicists of theological voluntarism: it was open to them
(as it had not been to Avicenna) to consider scenarios in which God
would do by himself what he is normally thought to do through second-
ary causes. But it was easy and painless for them to modify Avicenna’s
scheme in this way, because he had already effectively eliminated the
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heavenly bodies and their natures as causes of celestial motion. The
real mover for Avicenna is the soul, which looks to Reason, then wills
the body to move and so produces in it an inclination disposing it to
motion: the body itself cooperates only negatively, by not having the
form of a sublunar body which would resist a rational circular motion.
If we abolish soul and Reason as separate entities, and have God step
in to fill their roles, we may retain the basic structure of the doctrine
of celestial motion. If soul and Reason are immutable enough to guaran-
tee the rationality and constancy of celestial motion, then a fortiori
God provides the same guarantee. What has remained is the doctrine
that an immutable incorporeal mover, which has rationality intrinsically
and of itself, will produce an eternally constant motion which can be
the object of a mathematical science. As we will see, this is also the
fundamental doctrine of Descartes’s dynamics.

3. DESCARTES ON THE DIVINE CONSERVATION OF MOTION

Descartes is not a part of the Aristotelian and Platonist tradition I
have been describing. He rejects any essential distinction between ce-
lestial and sublunar bodies; indeed, he rejects immanent forms, the
finite universe, the celestial spheres, and the priority of circular
motion. This is well-known and unsurprising. What is more surprising
is the extent to which Descartes is able to use themes from the
older tradition in constructing his new physics. Descartes draws his
metaphysics (on which his physics is to be based) largely from the
Platonizing doctrines of St. Augustine, and he is trying to persuade
readers nurtured on scholastic Aristotelianism. It is thus natural for
Descartes to call up themes from the Aristotelian and Platonist
discussion of the causes of motion; we will see how he uses and
transforms them.™

Descartes always sets out his philosophy in a definite order, beginning
with metaphysics and then turning to physics. Metaphysics concerns
God and the soul; physics concerns bodies, their essence and existence
and their various motions. Descartes’s metaphysics follows the disci-
pline of ascending from the soul of God which Descartes had taken
from Augustine, Augustine from Plotinus, and Plotinus, ultimately,
from Aristotle’s De Anima 111, 5: first we consider ourselves as rational
souls, as potential knowers, and then we raise our sights to consider
God as Reason or Truth, as the source of our rationality and the
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standard by which we judge that we are thinking rightly. Descartes’s
physics begins with this knowledge of God, and descends to infer a
knowledge of the creatures which proceed from him. Descartes uses
premises about God to argue that the essence of body consists only
in extension, then that a world of bodies actually exists; then, finally,
that bodies obey certain universal laws of motion, from which particular
physical phenomena are derived.

We may schematically contrast the way physics and metaphysics fit
together for Descartes with the way they fit together for Aristotle.
Starting from two different parts of his philosophy, the psychology
and the celestial physics, Aristotle leads us up to contemplate the
divine Reason: in De Anima III he takes us from the potential
reason in ourselves to Reason absolutely, while in Physics VIII and
Metaphysics XI1 he takes us from the constancy of the primary:
celestial motion to immutable Reason as its source. When Descartes
ascends, in the Meditations or in Part One of the Principles, from
the human mind to God, he is following the path De Anima III (at
least as it is interpreted by Plotinus, and taken over by Augustine); but
when Descartes descends, in Part Two of the Principles, from God
to bodily motion, he is reversing the path of Metaphysics X1I, arguing
from the immutability of God to the constancy of the motion
which proceeds from him.

This attempt to reverse Aristotle’s order, descending from God to
bodies, has important implications for Descartes’s philosophy. An Aris-
totelian may simply observe by watching the skies that the celestial
motions are constant; or again, he may begin with the fact of
inconstant motion and argue that it must be contained and measured
by a constant motion. In either case, he discovers God only as the
cause of the primary constant motion and not of all motion. De-
scartes, by contrast, has sought to think away all experience of the
physical world in constructing his knowledge of God, and he has no
grounds for restricting God’s causality to one region of space rather
than another. Abstracting from all evidence of the senses, Descartes
finds the essence of body to be a uniform spatial extension, lacking
any outermost limit: he is therefore led, together with such contempo-
raries as Galileo, to abolish the distinction between celestial and
sublunar physics. Descartes concludes that not only celestial but also
sublunar motions are constant, because they all proceed equally from
God: they are therefore all equally objects of mathematical physics.
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As Duhem would surely have suggested, Descartes’s divergence from
the traditional Aristotelian view is rooted (at least in part) in a Christian
rejection of pagan limitations on the power of God. But it is
insufficient to say that Descartes refuses (as any Christian would) to
restrict God’s power to only the outermost portion of the universe.
This would still be compatible with a broad acceptance of the Aristo-
telian system. For any even moderately Platonizing Aristotelian, there
is nothing in the nature of divine Reason which prevents it from
ruling over the whole world of bodies; the obstacle comes rather
from the nature of bodies, which are not all capable of receiving
the divine ordering without resistance and distortion. On an Aristotel-
ian view, the natures of sublunar bodies incline them to move a finite
distance and then stop, if they are not first corrupted; such mutable
things can receive order only to the extent of observing a rough
periodicity in their transformations. Only the heavens receive constant
circular motion without resistance, because (as Simplicius says), only
they have a natural disposition to receive it, or even more negatively
because (as Avicenna says) only they have no other nature which could
resist it. Thus for Descartes to assert, against such Aristotelians as
these, that God produces a constant motion in sublunar as well as
celestial bodies, it is not enough for him to modify their conception
of God; he must modify their conception of body as well.

We may contrast Descartes’s conception of corporeal nature with
Avicenna’s conception. Avicenna denies that the heavenly bodies
have an intrinsic source of natural motion and concludes that they do
not resist the constant motion. Descartes, however, denies that any
bodies have an instrinsic source of natural motion and concludes that
no bodies resist the constant motion. This follows from Descartes’s
conception of body as pure extension, which is designed precisely to
strip bodies of any natures, immanent forms, or active powers. Only
human and angelic minds, exceptional beings within the natural world,
remain to counteract the divine determination of bodies toward a
constant motion.

This elimination of natures from bodies depends on a theological
voluntarism much more radical than Buridan’s: it is connected with
Descartes’s doctrine of the creation of the eternal truths. In a famous
passage from a letter to Mersenne, Descartes declares that the eternal
truths “have been established by God and depend on him entirely, as
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much as do all other creatures” (Descartes 1964, vol. I, p. 145):

Indeed, it is speaking of God as of a Jupiter or Saturn, and subjecting him to Styx and
the fates, to say that these truths are independent of him. I beg you, be bold to assert
and proclaim everywhere that it is God who has established these laws in nature, as a
king establishes laws in his kingdom. (ibid.)

Descartes is here rejecting the Aristotelian view that there is a radical

plurality of essences or natures which make each body the kind of
thing it is, and so govern its behavior: rather, all bodies are governed"
by universal laws, and these laws are immutable because God is

immutable. Descartes’s voluntarism is not an irrationalism: God’s laws

are not tyrannical whims, but rational truths, proceeding from a God

who is the source of truth and rationality. We might therefore derive

these laws from a knowledge of God’s nature, reversing the procedure

of Metaphysics XII.

Descartes is applying this principle in Part Two of the Principles of
Philosophy, art. 36 and following, where he sets out to derive the laws
of motion.'> Descartes begins by saying that God is the universal and
primary cause of all motion, and this is in itself not controversial; but
Descartes then goes on to assert that the secondary causes of the
particular motions' of bodies are not bodies themselves, nor forms
immanent in bodies, but certain laws proceeding from God. When God
preserves and governs the world through his ordinary concourse (as
opposed to miracles), he “conserves all that matter in [or by] the same
modus and the same ratio in which he previously created it” (art. 36),
or “by the same action and with the same laws with which he created
it” (art. 42). In both of these parallel passages (and a third, earlier in
art. 36), the conclusion is immediately drawn that, in conserving the
totality of matter, God ‘“also always conserves the same amount of
motion in it” (art. 36). The argument seems to be that motion is
constant because it proceeds from God, or more precisely because it
proceeds from the modus, ratio, action, or laws by which God governs
the totality of matter: for “we understand the perfection to be in God,
not only that he is immutable in himself, but also that he operates in
a supremely constant and immutable modus” (art. 36). Because bodies
have no active natures of their own, all their motions are governed
solely by this constant modus or ratio of God’s operation, and therefore
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all their motions are constant. The only possible exception would be
for motions proceeding from human and angelic minds, and Descartes
explicitly refuses to explore this exceptional case (end of art. 40),
reserving it for a treatise De Homine, which he was never to write.

All this seems too easy. Three questions arise: what is this modus or
ratio, or what are these laws? How do they decide whether bodies
move in straight lines or in circles? Finally, how will Descartes meet the
obvious Aristotelian objection, that the sublunar motions we ordinarily
experience do not remain constant, but change and stop?

The first question has two obvious answers, both of which I find
unsatisfactory. The first is that there is no entity which is this modus:
the modus is just the manner of God’s operation, and manners should
not be reified. I think this answer is wrong: it cannot account for the
parallel passage in art. 42, which has actio and leges instead of modus
and ratio.'® Descartes recognizes a special ontological status for non-
" subsistent entities, which are not strictly things but are also nothing:
sometimes he calls these entities eternal truths, but ratio and lex are
also among his favorite terms for this kind of being. Thus Descartes
says (at Descartes 1964, vol. VII, p. 435) that there is nothing which
does not depend on God: “not just nothing subsistent, but also no
order, no law, and no ratio of truth or goodness”. Orders, laws, and
rationes of truth or goodness are not subsistent.things, but they are
norms or standards by which things are measured and which serve to
guide or channel God’s operation among the things. These laws do not
subsist in God, as accidents in his substance; rather, they proceed from
God, both toward the minds which know them and toward the bodies
which obey them. In particular, the ratio or lex of God’s conservation
of matter proceeds from God towards the bodies, and, being immu-
table, always produces in them the same amount of motion.

We can now see what is wrong with the second obvious answer:
namely, that the ratio and the laws are simply the three ‘rules or laws
of nature’ which Descartes deduces, in art. 37 and following, from the
general principle of divine immutability. Descartes says that the rules
or laws of nature are “‘the secondary and particular causes of the various
motions which we observe in individual bodies” (art. 37). But Descartes
does not intend to suggest that propositions are causes, though he may
speak loosely as if they were. Laws or rationes or eternal truths may
be causes, but eternal truths are not ultimately propositions: they are
the real essences that are the subject matter of the propositions and
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make the propositions true.’” The laws which cause motion are not
Descartes’s three propositions, but the reality which those three pro-
positions describe.

I think the true answer is that Descartes conceives the law by which
God moves bodies to be something very much like Avicenna’s “incli-
nation to motion”, which proceeds to the heavenly bodies from their
separate movers, and which substitutes for an active nature in the
bodies themselves. In various passages Descartes speaks about such an
inclination to motion, in terms similar to Avicenna’s. Thus in a letter
to Henry More, Descartes agrees that “matter left freely to itself, and
receiving no impulse from elsewhere”, (Descartes 1964, vol. V, p. 404)
will remain at rest; but in fact “it is impelled by God, who conserves
in it as much motion or translation as he put in it from the beginning”.
The impulse to motion does not come from the nature of matter, but,
Descartes immediately adds, the motion is “no more violent to matter
than rest is”, because bodies have no contrary action or positive force
with which to resist it; motion proceeding from the divine impulse can
therefore be said to be natural to matter.

If we understand this similarity between Descartes and the older
philosophical tradition (of which Avicenna is a representative), we can
also understand the divergence which comes in their answers to our
second question: how do the laws (whatever they are) determine
whether bodies should move in straight lines or in circles?

Descartes believes that the divine impulse to motion leads bodies
to move in straight lines, because only rectilinear motion is rational
motion:

One must say that God alone is the author of all the motions which there are in the
world, inasmuch as they are, and inasmuch as they are straight, but that it is the various
dispositions of matter which render them irregular and curved; just as the theologians
teach us that God is also the author of all our actions, inasmuch as they are, and inasmuch
as they have some goodness, but that it is the various dispositions of our wills which can
render them vicious. (Descartes 1964, vol. XI, pp. 46-7)

Now the older tradition had maintained, in very similar terms, that
only rational motions proceeded from divine Reason, and that devi-
ations from rational motion were due to the incapacity of matter; but
Aristotelians and Platonists identify the rational motion as circular
motion.

Descartes, unlike Avicenna, unlike Buridan, and unlike Galileo,
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cannot possibly regard circular motion as the rational motion; this is
ruled out by his abstract consideration of body as bare geometrical
extension, without limit or center. Descartes agrees with Avicenna that
the will of the divine mover “does not cease to generate inclination
after inclination in its body” (Avicenna, as quoted above); these inclina-
tions last only for a moment and pass immediately out of existence,
but are continually replaced by equivalent inclinations, because the will
of the divine mover is constant. Because of the “immutability and
simiplicity of the operation through which God conserves motion in
matter” (art. 39), God always conserves motion “precisely as it is in
that same moment of time in which he conserves it, having no regard
[nulla habita ratione] to what perhaps it was a little while before”.
Avicenna would say that the conservation of circular motion satisfies
this condition: the sun’s mover always gives the sun an inclination to
move westward around the earth, and it always reproduces this incli-
nation in the same direction, westward, without referring to the sun’s
previous history. But we can say that this inclination is in ‘the same
direction’ from moment to moment only by referring it to the center
of rotation, which is (for Avicenna) the center of the universe. For
Descartes, however, the universe has no center, and any reference to
a center of rotation is extrinsic to the inclination to motion. Thus

of all motions, it is only the straight which is entirely simple, and whose whole nature is
comprehended in an instant: for to conceive it, it is enough to think that a body is in the
act of moving in a certain direction, which occurs in each of the instants which can be
picked out while it is in motion. Whereas, to conceive circular motion, or any other there
may be, one must consider at least two of its instants, or rather two of its parts, and the
relation between them. (Descartes 1964, vol. XI, pp. 44-45)

Descartes knows that no actual motion, rectilinear or otherwise, can
take place in an instant; but he insists that “all that is required to
produce [rectilinear motion] is found in bodies in each instant which
can be picked out while they are in motion, but not all that is required
to produce circular motion” (ibid.). In terms of a modern mathematical
understanding of motion, this is nonsense: there is no sense in which
the first derivative of a body’s position is ‘comprehended in an instant’,
but the second derivative is not. But in terms of a theory of inclination
or impetus, Descartes’s assertion makes excellent sense: at each instant
what God creates in a body is a bare inclination to move with a certain
speed in a certain direction, not rectilinearly or circularly or in any
other determinate way; but at each instant God renews in this body an
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inclination to move with the same speed and in the same direction, and
so he produces a uniform rectilinear motion.

So far, we have avoided the greatest and most obvious problem for
Descartes’s theory of the causes of motion: on Descartes’s account, God
produces only rational motion, which is uniform rectilinear motion. But
God is the only source of motion, excepting the case of finite minds:
how then is it that motions other than uniform rectilinear motion are
in fact observed, both in the heavens and on the earth?

The way Descartes deals with the difficulty reveals perhaps his most
profound divergence from the old Platonic-Aristotelian tradition. The
older philosophers held that circular motion was the only rational mo-
tion and that this motion was perfectly realized in the heavens: since
the phenomenal motions of the heavenly bodies are not perfectly circu-
lar, they encouraged the construction of astronomical hypotheses to
resolve the phenomenal motions into perfect circles. But since rational
motion does not appear to be fully realized beneath the moon, they
concluded that sublunar bodies were not fully rational, that their na-
tures prevented them from fully receiving the divine impulse toward
order; thus while sublunar bodies obey an approximate rationality, we
cannot construct an exact science of their motions, and there is no point
in trying. Descartes refuses to accept this solution: for him bodies are
purely intelligible in their essence, and he will not consign any portion
of the physical world to the realm of mere semi-intelligible phenomena.
The world is highly complex, but it must be, in principle, fully intelli-
gible. Thus for Descartes the problem of sublunar physics is the same
as the problem of celestial physics: to explain how simple laws or
inclinations to rational motion, compounded with one another in com-
plex configurations, yield the apparently disorderly phenomena which
we observe.

Now we have already quoted Descartes as saying, in very traditional
language, that ‘“‘the various dispositions of matter” can distort the
impulse to motion into crooked and irregular paths, just as our will can
distort the divine impulse towards the good. But by Descartes’s own
view the analogy cannot be perfect: minds have the power to resist the
divine determination, and bodies do not. The dispositions of matter
can render motion crooked and irregular only by complicating it, by
bringing two impulses to motion together in the same part of matter,
forcing them to be resolved into a single resultant motion which will
no longer be uniform.
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This happens when bodies collide, as a plenum of bodies in rectilinear
motion inevitably must, unless the whole universe is moving with a
single rigid motion. For the Aristotelians, this had been an argument
that the primary motion must be circular, since no rectilinear motion
could continue indefinitely. Descartes agrees that actual motion must
go in circles, but he insists that all motion is intrinsically rectilinear and
that a moving body tends to continue in a straight line unless some
other body prevents it. Thus circular motion, even in the heavens,
cannot simply be posited: it must be explained as the result of collisions
of bodies moving in straight lines.

Descartes insists that collisions are not violations of the law of conser-
vation of motion; they are just circumstances dictating that this law
must be observed in a complicated way. Motion, or rather the impulse
to motion continually proceeding from God, remains constant: but this
constant power ‘“‘now applies itself to some and now to other parts of
matter” (Descartes 1964, vol. V, p. 405), so that in a collision one body
can transfer some of its motive force to another. Descartes attempts to
calculate how much motion bodies will lose and gain in collisions, and
so discover universal rules of impact. Descartes’s way of calculating
the quantity of motion is crude and unargued, and all his subsequent
conclusions are wrong. He is struggling, with inadequate data and
inadequate conceptual equipment, to explain how a simple constant
force, governed by a universal law of conservation, can produce phe-
nomena of indefinite complexity, so that “even this continual mutation
in creatures is an argument of the immutability of God” (art. 42). If
Descartes had little success in explaining phenomena through simple
laws, he at least succeeded in laying down a challenge for other physi-
cists.

Now, in setting out Descartes’s thought on the causes of motion, and
on the role of God in establishing the law of conservation, it would
have been possible to start at the end, with Descartes’s law of the
conservation of the total quantity of motion in the universe. But this
would give a distorted picture of the way Descartes thinks about conser-
vation. Descartes’s fundamental idea, shared with Aristotelians and
Platonists, is that God communicates his constancy to the world by
continually reproducing a constant impulse to motion in a given body.
Because Descartes makes this conservation universal, not restricting it
to bodies with apparently uniform motion, he is forced to invoke the
transference of motion in collisions in order to save the phenomena.
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In the process, Descartes speaks of an amount or quantity of motion,
and formulates what looks like a modern conservation law, with a
specified “conserved quantity”’. But this is just an accidental by-product
of Descartes’s great innovation, which is to extend to all the parts of a
uniform space the divine conservation of motion formerly restricted to
the heavenly bodies.

My report on Descartes generally supports Duhem’s thesis of conti-
nuity between medieval and early modern discussions of the causes of
motion. At a sufficiently abstract level, Descartes’s theory of the causes
of motion is very close to the older theory represented by Avicenna;
the great difference, of course, is Descartes’s conception of body as
extension, which abolishes the finite universe and the privileged status
of the heavens. The study of Descartes, again, confirms Duhem’s view
of the importance of medieval discussions of impetus: but we must
consider impetus theory in a broad way, not as a particular explanation
of the motion of projectiles, but as the Platonist (or Platonizing Aristo-
telian) discussion of the relation between separate and immanent forms
as causes of motion. The doctrine of a natural permanence of impetus,
which Duhem claimed to find and Maier claimed not to find in various
fourteenth-century figures, proves not to be important for Descartes:
conservation of motion is consistent with the doctrine that all motion
always proceeds from a mover, as long as that mover is God.

Perhaps our most surprising result is the continued vitality, for Des-
cartes, of the Aristotelian and Platonist doctrine of separate incorporeal
movers. In a way this would have pleased Duhem, for Descartes is
certainly dismissing any angelic movers, and letting the will of God
take over their functions. But Duhem suggests that “‘the instant when
the stars stopped being perceived as moved by divine beings” marked
the divide between ancient and modern science (Duhem 1913, p. ix).
This division does not work, at least not for the one peculiar strand of
early modern science which is Cartesian physics. The less naturalistic
the Aristotelian account of celestial motion became, the closer it came
to Descartes. Descartes could not have used an account of bodies as
naturally disposed to motion by their own substantial form; he could
and did use an account of bodies as moved by a separate divine Reason.
Precisely because the separate movers were outside the natural order,
they could survive the destruction of the old world picture, and play a
constructive role in one variety of the new physics.
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NOTES

* 1 would like to thank Daniel Garber, Alison Laywine, and Ian Mueller for their
comments. Since I have not seen a text of Professor Westman’s remarks, either before
or after he delivered them, I cannot respond to his criticisms.

! Duhem (1913). My summary of Duhem’s work corresponds closely to his own review
of (what he saw as) his chief results in his preface to this volume.

2 Here I am summarizing Maier’s main points in criticism of Duhem in her article ‘The
Significance of the Theory of Impetus for Scholastic Natural Philosophy’, collected (in
English translation) in Maier (1982), pp. 77-102.

3 By an ‘Aristotelian’ I mean here any writer who accepts Aristotle as an authority in
philosophy, and who therefore prefers not to disagree with Aristotle when he can avoid
it; some Aristotelians will be more ready than others to disagree with Aristotle on special
occasions, or to interpret Aristotle’s text in implausible ways to harmonize him with
other authorities. How far Aristotle himself was an Aristotelian depends on how far he
tried to remain consistent with himself, an issue I will not address here. A ‘Platonist’,
similarly, is a writer who accepts Plato as an authority. Thus the Athenian and Alexand-
rian philosophers of the fifth and sixth centuries A.p. are (to varying degrees) both
Aristotelians and Platonists at once. The histories of Aristotelianism and Platonism are
closely interwoven, and it is a serious mistake to look only at Aristotelians (or, worse,
only at ‘pure’ Aristotelians) in studying the medieval background to early modern science.
4 1 will frequently keep nous in the original, and use it as a technical term within an
English context. It is translated into Arabic as ‘agl, which often becomes intellectus in
Latin, but in the context of celestial physics becomes instead intelligentia. In citing Arabic
texts, I will retranslate the Arabic ‘agl back into the Greek nous. For what follows, 1
will be chiefly interested in the paradigmatic case of the outermost heaven; I will not
explore the problem of the plurality of unmoved movers and their relation to the first
mover.

5 See Duhem (1913), p. ix. He adds there that the moment when Buridan made this
proposal marked the line ‘“‘separating the reign of ancient science from the reign of
modern science”.

6 T will necessarily be brief and will discuss only selected thinkers and texts. I give some
interpretations which are controversial, particularly of the Philebus and Timaeus (where
I generally agree with Hackforth and with the consensus of the ancient Platonists), and
of Aristotle De Anima III, 5 (where I agree with Alexander of Aphrodisias). I cannot
defend these interpretations adequately here; this is inevitable, in a study not primarily
devoted to Plato and Aristotle. 1 will develop these interpretations at length in other
works.

7 See Hackforth (1945) and Hackforth, ‘Plato’s Theism’, collected in Allen (1965).

8 Compare Plato: “nous is either the same as truth, or it is of all things the most like to
it and the truest” (Philebus 65D).

° Simplicius In Aristotelis Physicorum Libros Quattuor Posteriores Commentaria, in
(1882), vol. 10, p. 1219, quotes Alexander as saying this in his (now lost) commentary
on De Caelo Book II. Simplicus remarks there that Alexander is interpreting Aristotle
“harmoniously to his own opinion about the soul”, namely that soul is inseparable from
the body (and thus mortal), as a nature would be; it is clear that this implication for the
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soul is why all the Platonizing commentators object to Alexander’s doctrine of the causes
of celestial motion. They routinely refer to the doctrine of the soul’s mortality as ‘‘his
[Alexander’s] own opinion”, and accuse him of forcing Aristotle to agree with him; in
fact their charge suits themselves better than Alexander. Their arguments (besides the
doctrine of immortality) for denying that Aristotle could count the soul as a nature come
from Aristotle’s description of the soul as the entelechy of a certain kind of natural body:
soul is therefore something superadded to a body which already possesses a nature.

10 Simplicius In Aristotelis De Caelo Commentaria, in (1882), vol. 7, p. 382; Simplicius
is commenting on De Caelo 11, 1, which he is harmonizing with Timaeus 34A and other
Platonic texts. The ‘divine man’ is not (as the editor wrongly says) Plato, but Plotinus;
the reference is to the opening sentences of Plotinus I1.2, ‘On the Motion of the Heaven’,
which in turn are explicating Timaeus 34A.

11 While I do not mean to devalue the role of John Philoponus in the history of impetus
theory, I do think it is important to bring out the role of Avicenna, who is much more
squarely in the mainstream of the history of philosophy and science. Duhem, pp. VI-VII,
says that the late Greek and Arab philosophers do not even mention impetus theory,
and he implies that this is because they despised its (supposed) Christian origins. While
everyone now knows that Duhem was wrong about this, I think it is important to bring
out just how universally Platonists and Platonizing Aristotelians accepted some version
of impetus theory.

2 This chapter, from which the subsequent quotations are drawn, is Book IX, Chapter
2 of the Metaphysics of the Shifa’. 1 translate from Ibn Sina 1960, in which the chapter
is pp. 381-93.

3 Buridan proposes this imaginatio, explicitly qualifying it as such, at Buridan (1942),
pp. 180-81, and in other works. Throughout this work (e.g., at p. 132), and in other
works, Buridan continues to uphold and presuppose the theory of moving intelligentiae.
¥ For a discussion of Descartes’s use of the older tradition, see my unpublished, disser-
tation, Menn 1989. 1 am better able there than here to defend some controversial
interpretations.

5 The Principles of Philosophy is found in Descartes (1964), vol. IX, pt. 1. I will refer
to the different sections of Part Two of the Principles simply by their article numbers.
16 The French translator also uses “les mesmes loix™ for the “eadem ratione” of art. 36.
7 Thus Descartes says at Descartes (1964), vol. I, p. 152: “*he [God] is the author of the
essence as well as of the existence of creatures: but his essence is nothing other than
these eternal truths”; and there are quite a few parallels. It is nor possible to read
Descartes as explaining essence in terms of eternal truths; in context, the explanation is
clearly the other way around.
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WILLIAM WALLACE

DUHEM AND KOYRE ON DOMINGO DE SOTO

ABSTRACT. Galileo’s view of science is indebted to the teaching of the Jesuit professors
at the Collegio Romano, but Galileo’s concept of mathematical physics also corresponds
to that of Giovan Battista Benedetti. Lacking documentary evidence that would connect
Benedetti directly with the Jesuits, or the Jesuits with Benedetti, I infer a common
source: the ‘Spanish connection’, that is, Domingo de Soto. I then give indications that
the fourteenth-century work at Oxford and Paris on calculationes was transmitted via
Spain and Portugal to Rome and other centers where Jesuits had colleges, and figured
in the rise of mathematical physics at the beginning of the seventeenth century. A result
of these researches is their vindication of Duhem, as contrasted with Koyré, on the
origins of modern mechanics.

Pierre Duhem and Alexandre Koyré, both eminent French historians
of science, held radically different views of the importance of Domingo
de Soto for the evolution of modern science. For Duhem, Léonardo
da Vinci was the linchpin in a development that stretched from the
Doctores Parisienses to Soto, and Soto himself was the proximate source
of Galileo’s early writings and of the ideas contained in his later works
(Duhem 1906-1913). Duhem based his analysis on two of Galileo’s
early manuscripts, now numbered 46 and 71 in the Galileo Collection
in Florence, which had been transcribed and published by Antonio
Favaro in the National Edition of 1890 with the titles Juvenilia and De
motu respectively. For Koyré, on the other hand, Soto was merely an
enigma, a Spanish scholastic isolated from the main flow of European
thought (Koyré 1964). In his view neither Soto nor the Parisian doctors
nor Léonardo figured importantly as sources of Galileo’s science. Fol-
lowing Favaro’s lead, Koyré preferred to see the whole of that tradition
summarized in the writings of two of Galileo’s Italian predecessors,
Francesco Buonamici and Giovan Battista Benedetti (Koyré 1939,
1978). The first he discerned behind Galileo’s MS 46 and the second
behind his MS 71. The medieval and Renaissance development that
had been traced in such detail by Duhem might be of antiquarian
interest, but it was not at all necessary for Koyré’s understanding of
Galileo and the ‘new science’ he had brought into being.

Some years ago, at a conference in this Center, I focused on the
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debate between Duhem and Favaro as recorded in Favaro’s 1916 review
of Duhem’s Edes sur Léonard de Vinci and his 1918 resumption of
that review in an essay entitled ‘Galileo Galilei e i Doctores Parisienses’
(Favaro 1916, 1918). My conclusion then was that, eminent though
both were as scholars, neither had gone far enough in his researches;
if they had, the dispute between them could have been dissolved in
terms of what I was then developing as a ‘qualified continuity thesis’
(Wallace 1978, 1984b). In this essay I wish to enlarge on that theme
by focusing not on Favaro but on Koyré, and by doing so in light of a
third Galileo manuscript that was completely misjudged by Favaro,
excluded by him from the National Edition, and as a consequence was
unknown to both Duhem and Koyré. I refer to MS 27, the manuscript
containing Galileo’s treatises on Aristotle’s Posterior Analytics, recently
transcribed and edited by William F. Edwards and myself (Galilei
1988). This manuscript provides yet stronger support for Duhem’s conti-
nuity thesis — but in a way that is somewhat surprising in that it allows
one to integrate Koyré’s findings into it and so include Benedetti as
another possible link between Galileo and Soto. The intermediary that
makes the linkage possible is the one that enabled me to dissolve the
Duhem-Favaro controversy well over a decade ago, namely, the Jesuit
tradition at the Collegio Romano. It is clear now that Galileo’s MS 27
derives from lectures given at the Roman College, and, in light of that
derivation, that MSS 46 and 71 derive similarly from the same source
(Wallace 1986). What is more problematical is how to relate Benedetti
to the Roman Jesuits. I shall therefore start with the Benedetti-Jesuit
relationship and then work back from this to Domingo de Soto.!

BENEDETTI AND JESUIT SCIENCE

At first glance there would seem to be little that would connect the
Collegio Romano, the Jesuit university founded by Ignatius Loyola in
Rome in 1551, with Giovan Battista Benedetti, the patrician of Venice
whose life spanned the years from 1530 to 1590. Benedetti’s visits to
Rome apparently were few. He is recorded as having lectured there on
the science of Aristotle in the winter of 1559-1560, when the Collegio
was but a fledgling institution, but to my knowledge had no contact
with Jesuits at that time. From the Collegio side, in the years up to
Benedetti’s death there seems to have been little appreciation of his
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scientific work on the part of its philosophy professors, although he
was known to the eminent mathematician on the faculty, Christopher
Clavius. Such tenuous connections offer little basis for a documentary
analysis of possible ties between Benedetti and the Roman Jesuits
(Wallace 1987b, nn. 1-5).

In the absence of such evidence, I shall turn to a conceptual study
and focus instead on the role of mathematics in the study of nature as
an apt basis for comparison. In it I aim to show that by the time of
Benedetti’s death in 1590, the faculty at the Collegio Romano had
come to a view of mathematical physics very similar to his. This would
seem to be an important consideration, for it was such a conception of
mathematical physics that channeled into MSS 27, 46, and 71 of the
young Galileo and thence exerted an influence on the development of
his science. Thus the terminus ad quem of my investigation is Galileo’s
writings on motion and mechanics around the year 1590. The terminus
a quo is somewhat more problematical, and I will come to that later.
For the moment I shall identify it simply as ‘the Spanish connection’,
based on the facts that, on the one hand, Benedetti’s father was a
Spanish philosopher and physicist (or physician) and that many of his
own professional contacts were with Spaniards, and, on the other, that
the early Jesuit professors at the Collegio Romano were also Spanish
and imported from the Iberian peninsula several ideas that proved
seminal in the new mathematical physics (Wallace 1987b, nn. 6-9).

Starting, then, in somewhat ahistorical fashion with the terminus ad
quem, let me characterize briefly the concept of science that emerges
clearly in Galileo’s early treatises on motion in MS 71 and that con-
tinued to dominate his later writings down to the Two New Sciences of
1638. This was very much a mathematical physics that proposed itself
as a scientia and presented its reasonings in the form of demonstrationes;
its model was ostensibly that of Archimedes, but the ideal was already
Aristotle’s as formulated in his Posterior Analytics. Working out the
implications of his new scientia (in effect a scientia mixta or scientia
media, subalternating physics to mathematics), Galileo was sharply
critical of the causal analyses found in Aristotle’s Physics and De caelo,
while at the same time he was intent on searching out, in an Aristotelian
mode, the verae causae of natural phenomena. Local motion (motus
localis) was his major concern; to explain this he invoked the principal
concepts used by Aristotle — nature and violence, time, place and space,
force and resistance, causality — although he rejected others associated
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with the medium through which the moving object passed, e.g., Aristo-
tle’s teaching on the void and his solution to the projectile problem. In
their place Galileo substituted the scholastic concept of impetus, which
he used to explain both violent and natural motion. His most important
methodological innovation was his clever use of suppositiones when
framing his demonstrations, making them amenable to the use of limit
concepts and to applications in experimental situations where a mathe-
matical ideal could be closely approximated in the physical world (Wal-
lace 1987b, nn. 10-~14).

Much of my recent research has been directed at showing how this
view of science is indebted to the teaching of Jesuit professors at the
Collegio Romano, whose lecture notes on logic and natural philosophy
were the proximate source of Galileo’s MSS 27 and 46 and prepared
for the De motu antiquiora of MS 71. But those who are acquainted
with the works of Benedetti will surely have noticed how closely Gali-
leo’s concept of mathematical physics just sketched by me corresponds
to that of Benedetti. Such correspondence suggests points of compari-
son between Benedetti and the professors of the Collegio. To develop
it, we must look in detail at Benedetti’s main theses and then see how
these compare with related teachings among the Jesuits whose lecture
notes I have studied (Wallace 1987b, nn. 15-16).

BENEDETTI'S MATHEMATICAL PHYSICS

For convenience let me divide my consideration of Benedetti’s physics
into two parts, the first concentrating on its logical and methodological
foundations, the second on its treatment of problems relating to local
motion. With regard to the first, there can be no doubt that, from the
outset of his career, Benedetti wished to reinforce his arguments as
much as possible with ‘mathematical demonstrations’ (Benedetti 1553);
in his last and most important work he identifies his basic disagreement
with Aristotle as based “on the unshakable foundation of mathematical .
philosophy, on which I always take my stand” (Benedetti 1585, p.
196). This presupposes, of course, a difference between physics and
mathematics, of which Benedetti was well aware: “‘balances or levers
are not pure mathematical lines”, he writes, “but are physical, and as
such exist in material bodies” (144).2 Again, “since balances are ma-
terial and are sustained . . . not by a mathematical point but by a line
or a physical surface having a material existence, some resistance arises
to the motion of the arms” (153). Yet he wished to use mathematical
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principles, such as that “a sphere touches a plane at only one point”
(155), to establish physical conclusions. The only way he could do this,
he recognized, was through the use of appropriate suppositions and
thought experiments. It is thus important to recognize how frequently
the terms suppositio and imaginemur (and their variants) recur in Bene-
detti’s writings. Well known are his disagreements with Tartaglia and
Jordanus Nemorarius in his solution of mechanical problems; invariably
these are occasioned by the divergent suppositiones on which the
respective solutions are based. For example, Benedetti frequently re-
proves Tartaglia for supposing that the “lines of inclination” going from
the ends of a balance to a distant center of gravity are parallel (150).
Yet on some occasions he makes the same supposition himself, noting
that the line of inclination is fere perpendicularis to the beam of the
balance or that, if the angle it makes is not a right angle, the deviation
is negligible. But, when discussing the imagined case of a balance
situated close to the earth’s center, he rightly insists that the approxi-
mation cannot be made and that the simplifying supposition cannot be
employed in a rigorous proof (143).

Such suppositions are important in the treatment of problems in
statics, but they are crucial for the development of a science of dynam-
ics. Benedetti was intent on discovering the verae causae — an expression
that occurs repeatedly in his writings — of various kinds of metion in
the universe, both natural and forced. An important contribution was
his study of horizontal motions on the earth’s surface; here he was
convinced that the only truly natural motion is circular, for this alone
can be perpetual (184). But, he reasons, there is “no noteworthy differ-
ence” between a perfect sphere and a plane surface of small extent.
For this reason one will encounter no difficulty in moving a sphere
along a horizontal surface; indeed, it can be moved by “a force no
matter how small” (156). In another context he qualified an argument
to specify that it holds only “when all impediment is removed” (154).
Such insights, plus Benedetti’s frequent allusion to the natural tendency
of a body when released from a sling to move in a straight line, shows
how close he came to the principle of inertia later formulated by Sir
Isaac Newton.

Moving on to his study of problems relating to local motion, we can
treat these under three headings, namely, those relating to motion in
general, those relating to falling motion, and those relating to the
movement of projectiles. With regard to the first, Benedetti was Aristo-
telian in his conviction that nature is an inner source of motion in a
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body; even forced or violent motion he saw as caused by an impetus
or virtus movens impressed within a body. But unlike Aristotle he
seems not to have invoked a sharp dichotomy between natural and
violent motion, or between curvilinear and rectilinear motion, regarding
the latter two as mathematically comparable (194). He does not discuss
explicitly the possibility of a motus medius, i.e., one intermediate be-
tween the natural and the violent, but for him horizontal motion for
limited distances would answer to that description. And in the case of
reflex motion, he invokes the principle that a circle touches a line at
only one point to argue that no intermediate rest (quies medius) inter-
rupts the upward and downward motion of a body, making its motion
truly continuous (184).

Benedetti is most known, of course, for his study of falling motion,
especially for his argument contra Aristotelem et omnes philosophos
that velocity of fall is dependent not on weight but on specific gravity,
and therefore is conditioned by the medium in which the body falls and
the resistance it encounters (Maccagni 1983). He proposed that velocity
of fall increases with distance of travel because impetus builds up
naturally in the falling body, and that all bodies would fall with the
same speed in vacuo, where buoyancy and resistive effects can be
neglected. Gravity and levity became for him relative concepts, so that
air has no weight in air, nor water in water. And he analyzes the case
of a body falling through the center of the earth to argue that it would
oscillate about the center, on the analogy of the motion of the bob of
a pendulum of exceedingly long length (Benedetti 1985, pp. 174-85,
368-69).

Equally ingenious is Benedetti’s study of projectile motion, which is
dominated by his skillful use of the concept of impetus, already referred
to. This he regarded as a force impressed on a body from without but
that moves it from within, decreasing gradually and continually with
the body’s motion (160). Most motions involving trajectories of bodies
he saw resulting from a composition of motions, partly natural and
partly forced (161), and in this is seen as having noticeably advanced
beyond the teaching of Tartaglia.

COUNTERPARTS IN JESUIT TEACHINGS

Such was the contribution of Benedetti to the foundations of mathemat-
ical physics by the time of his death in 1590. The question I now would
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raise is this: how similar were the teachings of Benedetti as I have just
outlined them to those at the Collegio Romano during the years, say,
from 1560 to 1590? An answer is difficult because of the paucity of
records that have survived from this period. At the beginning, Francisco
Toletus taught the physics course in Rome during the academic year
1560-61, and his printed text gives indication that his ideas were fairly
similar to Benedetti’s. But only a year or two later, Benedictus Pererius
took over the course in 1562-63, and, as his textbook indicates, set it
on a path almost diametrically opposite to his predecessor’s. Decidedly
antimathematical and Averroist in his approach, Pererius combatted
most of the Benedetti’s theses concerning motion, not naming him
explicitly or even being aware of his teachings, but simply rejecting out
of hand the principles on which they were based (Giacobbi 1977).

This mentality apparently persisted at the Collegio for some fifteen
years, and then gradually changed owing to two factors: the influence
of Clavius, who fought strenuously to give mathematics a respectable
place in the curriculum, not merely in its own right but also as an
adjunct to natural philosophy; and the advent of a new physics pro-
fessor, Antonius'Menu, who was much interested in ‘calculatory’ tech-
niques and imported them where possible into his lectures. A series of
professors who followed Menu - Paulus Vallius, Muzius Vitelleschus,
and Ludovicus Rugerius — developed their teachings on motion and the
heavens along lines more acceptable to Clavius, and thus closer to
Benedetti. Finally one of Clavius’s special students, Giuseppe Biancani,
synthesized all this work by systematically elaborating a mathematical
physics capable of dealing with the problems of natural philosophy
(Giacobbi 1976).

I shall elaborate more fully on this development later in the essay.
Suffice it here to call attention to Vallius’s commentary on the Posterior
Analytics, particularly to his treatise De praecognitionibus, which was
appropriated by Galileo in his MS 27 (Galilei 1988); this, taken in
conjunction with Clavius’s preface to his Elernents and Biancani’s later
emendations, shows how suppositiones can be employed to uncover
causes and supply demonstrationes in these difficult subject matters.
Menu and Vallius recovered the concept of impetus and showed how it,
and other notions in the scholastic tradition, could improve Aristotelian
teachings as these were being advanced by the peripatetics of their day
(Wallace 1981c). Vitelleschus and Rugerius built on these foundations.
Vitelleschus is particularly important for his awareness of Benedetti’s
analysis of falling motion, though he knew it only through a work
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by Jean Taisnier that plagiarized Benedetti’s Demonstratio of 1554
(Maccagni 1967). The reference occurs in Vitelleschus’s lectures on the
De caelo of Aristotle (given in 1590), where he questions Aristotle’s
laws of motion as stated in Books 4 and 7 of the Physics, and directs
his students to the treatises of Bradwardine and Taisnier on the ratios
of motions. In the same manuscript Vitelleschus echoes Benedetti’s
sentiment against the authority of Aristotle, stating that it is safer to
abandon some of his teachings than it is to interpret them, for the
authority of a philosopher should be used to confirm the truth, not
abandon it, seeing that truth is the philosopher’s friend. Rugerius then
took up Vitelleschus’s teachings on the ratios of motion, noting that
Aristotle’s rules for comparing motions labor under severe difficulties.
For a fuller discussion of how they might be revised he then refers his
students to the commentaries of Toletus and Soto, among others, in
their commentaries on the Physics (Wallace 1987b, nn. 53-57).

In the writings of Jesuit professors from Menu to Rugerius, therefore,
one can find illuminating discussions of the internal causes of motion,
of the possibility of motion in a void, and of an intermediate or neutral
motion (neither natural nor violent) that can endure perpetually. One
can find too a rejection of the quies medius in reflex motion; a rejection
of Aristotle’s dynamical laws of motion; a sophisticated discussion of
gravity, including the distinction between extensive and intensive grav-
ity, similar to Benedetti’s notion of specific gravity; a rejection of the
notion that air has weight in air based on Archimedian principles; and
detailed analyses of the factors that cause bodies to accelerate as they
fall. Not all these teachings are the same as Benedetti’s, but one gains
the impression that, had the Venetian mathematician visited the Colle-
gio in the years following the publication of his last work, he would
have found a compatible atmosphere in which to advance his researches
(Wallace 1987b, nn. 58-59).

THE SPANISH CONNECTION

This, then, brings me back to terminus ad quem with which I began
this discussion. Most of the ideas I have just sketched are to be found,
in various ways, in the lectures of Jesuits in Rome around 1590, in
Galileo’s MSS 27, 46, and 71, likewise composed around 1590, and in
Benedetti’s publications, probably known to Galileo through Jacopo
Mazzoni, with whom he studied in 1590. I suspect that it was a fusion
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of ideas gleaned from Benedetti and the Jesuits that lay behind the
various drafts on motion in Galileo’s MS 71. Yet I have found no
documentary evidence that would connect Benedetti directly with the
Jesuits, or the Jesuits with Benedetti, in the development of these
concepts. Was there a common source from which they could have
derived? I suspect that there might have been, and I would like to
speculate about this as the ferminus a quo of my investigation — the
‘Spanish connection’ to which I have alluded above.

A plausible candidate for the origin of a mode of thought that would
allow mathematics to enter into an experimental study of motion is
none other than the Spanish Dominican who first proposed that the
motion of falling bodies is uniformly accelerated with respect to time
— uniformiter difformis is the expression he used — and who was seen
by Duhem on this account to be a scholastic precursor of Galileo
(Duhem 1906-1913). I refer, obviously, to Domingo de Soto. Soto was
known to the Jesuits; indeed, Toletus had studied under him at Sala-
manca before joining the faculty of the Collegio, and Rugerius, as we
have seen, called attention to his superior treatment (along with Tole-
tus’s) of Aristotle’s dynamic laws of motion. Now, in his commentary
and his questions on the Physics, Soto assimilated his doctrine on
impetus to his teaching on gravitas and taught that a falling body acceler-
ates continuously because of the impetus being built up in it during its
travel — ideas very similar to.those found in Benedetti. These notions
are not fully developed in an incomplete edition of Soto’s Physics,
published at Salamanca around 1545, but they are present in the edition
of 1551 as well as in the more widely diffused second edition of 1555,
both also printed in Salamanca. Between 1545 and 1550, moreover,
Soto was present at the Council of Trent, which took place just north
of Venice. As the most illustrious theologian in the Dominican Order,
he was surely known to Abbot Gabriel de Guzman and the two Spanish
Dominicans Benedetti praises so lavishly in his Resolutio of 1553 and
his two versions of the Demonstratio of 1554 and 1555, directed, as we
saw, “‘against Aristotle and all philosophers”. While in northern Italy,
it is also possible that Soto became acquainted with experimental work
being done there on laws of fall, which would have buttressed his own
rejection of Aristotle’s teaching on this subject. And finally, though I
have found no mention of Soto in Benedetti’s Speculationes of 1585, it
may be no mere coincidence that Soto’s Physics, both commentary and
quaestiones, was reprinted in Venice in 1582 with an introduction that
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gives fulsome praise to his ability as a natural philosopher (Wallace
1987b, nn. 63-68). All bits of coincidental evidence, but all pointing to
Soto as a link that could ultimately tie together Benedetti, Galileo, and
the Jesuits of the Collegio Romano.

SOTO’S SECOND ENIGMA

Earlier I remarked that Soto was an enigma for Koyré, but I did not
elaborate on Soto’s enigmatic status. Actually two enigmas can be
associated with Domingo de Soto. The first is how he came to know
that the motion of heavy bodies in free fall is uniformiter difformis with
respect to time, and the second is how this knowledge might have been
transmitted to Galileo. The first enigma was what puzzled Koyré and
served as the subject of an essay I published years ago with the title
‘The Enigma of Domingo de Soto: Uniformiter Difformis and Falling
Bodies in Late Medieval Physics’ (Wallace 1968). The second enigma,
to my knowledge, was not explicitly addressed by Koyré, although it
posed the problematic on which much of his Etudes galiléennes was
based. Let us address this second enigma now, for, if we can cast light
on that, we may additionally be able to fill a lacuna in Duhem’s thesis
about Soto and his importance for Galileo’s science. We can do so
through a study of books and manuscripts written by Jesuits in Italy and
Portugal in the century following Soto’s publication of his uniformiter
difformis doctrine.

Galileo mentions Soto twice in MS 46, in a Tractatus de elementis
that occupies the last part of the manuscript. We now know that this
Tractatus, as well as other treatises written by Galileo at Pisa around
1589-1591, were based on lectures given by the Jesuits mentioned above
(Wallace 1977). Some of these lectures were published, but the majority
survive only in manuscript. They were based on scholastic and Renais-
sance authors, whom they cite extensively, and are otherwise prosaic
teaching notes. What makes them somewhat distinctive is the attention
they pay to nominalist teachings deriving from the Calculatores of
Oxford University and the Doctores Parisienses.

The development of these lecture notes took place in Rome at the
Collegio Romano over a period of some thirty years. There the intro--
duction of calculatory thought is traceable to Toletus, himself a Span-
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iard, who taught the course in natural philosophy in 1560 and imported
ideas he had learned from Soto at Salamanca. Some of this material
was taken up by two other Spanish Jesuits, Pererius, mentioned above,
who taught natural philosophy at the Collegio between 1558 and 1566,
and Francisco Suarez, who taught theology there between 1580 and
1585. Fortunately these authors published their materials, which have
been analyzed in some detail by Christopher Lewis (Lewis 1980). Lewis
picked out for examination the use by all three of calculatory language
in the following areas of natural philosophy: (1) when discussing prob-
lems of action and reaction; (2) when treating the intension of forms
in alteration and identifying distributions of qualities as uniform, uni-
formly difform, etc.; and (3) when analyzing the ratios of motions
following the tradition of Thomas Bradwardine.

Of the three Jesuits, Toletus undoubtedly made fullest use of the
Calculatores in these areas, even referring to “‘the calculator Suisset”
(i.e., Swineshead) by name in his treatments of reaction and alteration.
He also had the clearest understanding of calculatory terminology,
although he frequently departed from positions held at Oxford and
favored instead those developed at Paris. In treating expressions such
as uniformiter difformis, moreover, Toletus made the interesting com-
ment that “these [terms] should be very carefully considered in order
to understand many matters that are met with in physics”. Suarez
likewise took up uniform difformity in some detail when analyzing the
action of natural agents in his Disputationes metaphysicae of 1597,
although he rejected the view (apparently subscribed to by Toletus)
that velocity could be viewed as an intensity of motion, which would be
expected of one subscribing to Mertonian developments in kinematics.
Pererius, predictably, showed the least acquaintance with, or interest
in, the calculatory tradition, although he was acquainted with some of
its terminology. In discussing the dynamical laws given by Aristotle in
the seventh book of the Physics, for example, Pererius accepted and
defended them without even a nod in the direction of Bradwardine,
thus showing little sympathy for the mathematical physics developed
two centuries earlier at Merton College, Oxford (Lewis 1980).

As already noted, partially because of his antimathematical bias Per-
erius was replaced after 1566 and succeeded by a series of other profes-
sors. Lecture notes survive from only two who taught between then
and 1585, viz., Hieronymus de Gregorio and Antonius Menu, but the
second of these, Menu, enjoyed the longer tenure and seems to have
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had the greater influence. Menu revived the approach of Toletus and
had a notable effect on the Jesuits mentioned above who taught natural
philosophy at the Collegio between 1585 and 1592, namely, Vallius,
Vitelleschus, and Rugerius, all of whose lecture notes survive in whole
or in part. Although some details are lacking, these four professors
supplied the materials on which Galileo’s early notebooks on the De
caelo and De generatione and the early versions of his De motu were
based, and so serve to explain Galileo’s knowledge of the calculatory
tradition (Wallace 1987a, n. 14).

Menu is of particular importance for standing at the head of this
fifteen-year tradition, which used Mertonian terminology but usually
applied it in ways more consistent with teachings in vogue at Paris in
the fourteenth century and so associated with the Doctores Parisienses.
Indeed, Menu cites these doctors when treating the question whether
the world could have existed from eternity and when discussing the
ratios of the elements. He was also favorable to their adoption of
impetus, or virtus impressa, as necessary to explain the motion of
projectiles. Particularly striking are his arguments in favor of the propo-
sition that ‘“‘the motion of a simple or compound body through a void
will be successive, for granted that it would encounter no extrinsic
resistance, there would still be intrinsic resistance’ to overcome. These
are clearly those of the Parisienses, adopting the calculatory stance of
the Mertonians but applying it to physical problems in the tradition of
Jean Buridan, Albert of Saxony, and others who worked in fourteenth-
century Paris (Wallace 1987a, nn. 15-16).

The lecture notes of Vallius, Vitelleschus, and Rugerius do not em-
ploy these particular arguments, but they nonetheless touch on all the
matters pertaining to the mathematical or calculatory tradition that are
to be found in Galileo’s early writings. The latter’s notes in MS 46 are
written in the form of a questionary based on Aristotle’s De caelo
and De generatione. The questions wherein analytical languages in the
Mertonian and Parisian traditions occur most frequently are in the
treatises De alteratione and De elementis, where inquiries are made into
the intension and remission of forms, the parts and degrees of qualities,
and the number and quantity of the elements. There seems little doubt
that all of these materials are derived from lectures given at the Collegio
some time prior to 1591. The precise author is difficult to identify,
however, since correspondences can be found between Galileo’s notes
and passages in Rugerius, Vitelleschus, Vallius, and Menu, and indeed



DUHEM AND KOYRE ON DOMINGO DE SOTO 251

all the way back to Pererius and Toletus. At the present stage of
research Vallius seems to be the most likely candidate, for, although
his surviving lecture notes are incomplete, the portions that survive
show closest agreement with Galileo’s text. There is excellent evidence,
moreover, to connect Galileo’s MS 27, the one containing questions on
Aristotle’s Posterior Analytics, with Vallius’s lectures on logic, which
were completed in the summer of 1588 and manifest a good knowledge
of nominalist positions on science and demonstration (Wallace 1987a,
nn. 19-21).

My study of all these materials thus encourages me to go considerably
beyond Christopher Lewis in identifying likely sources of Galileo’s
knowledge of the calculatory tradition. Suffice it to mention that ci-
tations from Walter Burley and William Heytesbury, as well as Brad-
wardine and Swineshead, are to be found in these Jesuit lectures. And
not only do such citations occur in discussions involving intension and
remission, latitudes of qualities, and maxima and minima, but they also
occur in discussions of local motion and of Aristotle’s dynamical laws
involving ratios between forces, resistances, and velocities of motion.
Vitelleschus, for example, cites experimental evidence against the Aris-
totelian formulations in Book 7 of the Physics and refers his students
to Bradwardine’s De proportione moruum for an alternative view. Ru-
gerius likewise discerns difficulties with Aristotle’s rules and, as already
noted, sends his students to Toletus and Soto for more satisfactory
treatments of the ways in which velocity varies at the beginning,-middle,
and end of motion (Wallace 1987a, nn. 22-24).

Of the natural philosophers who taught physics at the Collegio Ro-
mano after Rugerius down to 1626, I have thus far located reportationes
of lectures by four other Jesuit professors: Robert Jones, an English-
man, who taught in 1592-93, Stefano Del Bufalo, who taught in 1596~
97 and again in 1598-99; Andreas Eudaemon-Ioannis, who taught in
the intervening year 1597-98, while Del Bufalo had the course in meta-
physics; and Fabiano Ambrosio Spinola, who taught in 1625-26. Of
these, the treatments of the first and the last, Jones and Spinola, show
less concern with the calculatory tradition. Del Bufalo, on the other
hand, has a rather full discussion of alteration, degrees of qualities,
intension and remission of forms, and action and reaction — in the last
of which he mentions the teaching of the Calculator and contrasts it
with those of Pomponazzi, Buccaferreus, Flaminio Nobili, Franciscus
Neritonensis, and Zabarella. In his discussions of gravitas and levitas,
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moreover, he mentions the Parisienses and compares their teachings
with those of Geronimo Borro and Buonamici — and this in 1597, the
year in which Buonamici’s De motu had just appeared. It is noteworthy
that all of Del Bufalo’s notes located thus far are in the National Library
at Lisbon, where they had been taken from the Jesuit college at Evora,
having been sent there from Rome by October of 1603, as recorded in
one of the codices containing them (Wallace 1987a, nn. 25-28).

The other professor who deserves mention for his calculatory inter-
ests is Eudaemon, who, as already mentioned, had the course in natural
philosophy in 1597-98. In addition to his lecturés on the Physics, De
caelo, and De generatione, he left a tractatus in two books on action
and passion and a quaestio on the motion of projectiles, both of which
are written in the calculatory manner. As I have pointed out in my
Galileo and His Sources, Eudaemon is of some importance for the fact
that he discussed “the ship’s mast™ experiment with Galileo at Padua,
and, along with Biancani, also teaching there, could have influenced
Galileo’s use of calculatory terms in his De motu accelerato fragment
and later writings (Wallace 1984a; 1987a, nn. 29-30).

The first book of Eudaemon’s work on natural agency, entitled simply
Tractatus primus, is prefaced by five definitions and nine suppositions;
it then develops twenty-one propositions, with proofs and corollaries,
all relating to the ways in which qualities come to be mathematically
distributed as a result of such agency, with occasional geometrical
diagrams in the margins illustrating the text. Noteworthy among the
definitions are the third and the fifth, the third stating that “something
is said to be distributed uniformly difformly when it diminishes in the
same ratio as the distance increases,” and the fifth explaining how
quantitative attributes can be ascribed to a quality that is uniformly
difformly distributed. Following the definitions Eudaemon begins his
suppositions, which he prefaces with the note:

Because the matters with which we shall be concerned are physical, it is necessary to take
some propositions from our physical disputations that can be presupposed as principles in
this treatise. Things that are commonly conceded in physical science or are sufficiently
proved and explained may be seen in our disputations on De generatione and on the
Physics. And since this treatise is principally mathematical, it will not be necessary to
note and prove propositions that come from mathematics.

This notation, and the nine suppositions that follow it, are important
for the fact that they show Eudaemon adopting the stance of a mathe-



DUHEM AND KOYRE ON DOMINGO DE SOTO 253

matician and attempting to develop a mathematical physics of natural
agency, even though he was a philosopher entrusted with the main
sequence of courses at the Collegio. Also noteworthy is Eudaemon’s
first supposition, which reads as follows:

We presuppose that every natural agent acts uniformiter difformiter on a quantified
subject when applied to it. Physicists commonly concede this, at least with respect to
some parts of the sphere of activity, because we see that when close the agent acts more
vehemently and when farther way less so; therefore, the closer the greater, the farther
the lesser; therefore, as the distance increases the action decreases; therefore the action
is uniformly difform.

Noteworthy here and throughout the treatise is the preoccupation with
the expression uniformiter difformis as applicable to natural agency
(Wallace 1987a, nn. 31-33).

The second book of this same treatise is titled De iis quae in actione
et passione physica contingunt and it begins, like the first, with defi-
nitions, ten in number, then notes a single supposition, and concludes
with proofs of thirty-one propositions, some of which contain substan-
tial numbers of corollaries. The reason for this development is not
transparently clear at first reading, but it all becomes intelligible when
we get to the Quaestio de motu proiectorum that follows immediately
after the second book. The entire treatise on natural agency had occu-
pied fifty-one closely written folios; that on the motion of projectiles
coming after it takes up seventy-two more. Divided into three articles,
it inquires first whether the projector moves the projectile immediately
at a distance, then whether the vis movens is within the projectile itself,
and finally whether the virtus movens is located in the medium, and if
so, how (Wallace 1987a, n. 34). Somewhat surprisingly, considering the
fact that his predecessors at the Collegio had all adopted the impetus
explanation of projectile motion, Eudaemon ends up by rejecting an
impetus in the projectile and by putting the virtus movens in the air. 1
have not yet analyzed his arguments in detail, but I suspect that his
reason for doing so is to subsume projectile motion under natural
agency so as to show that it slows down uniformly difformly. This, we
may recall, was Soto’s position, for he held that falling motion is
accelerated and projectile motion decelerated in the same quantitative
way, namely, uniformiter difformiter.

If such was Eudaemon’s thesis in this manuscript, undated but proba-
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bly written in 1599, his discussions with Galileo at Padua around 1604
take on special significance. At that time Galileo was looking for a
principle on which he could construct his new science of motion, as we
know from his letter to Paolo Sarpi. His telling Eudaemon that he had
experimented with a stone dropped from the mast of a ship first at rest
and then in motion shows that both were still interested in the problem
of impetus. Eudaemon could therefore have been a source that directed
Galileo’s attention around 1604 to calculatory treatments of uniform
acceleration and deceleration, later to be reflected in the De motu
accelerato fragment on which the Two New Sciences would be based
(Wallace 1987a, nn. 35-37).

Let us look back, then, at the situation at the Colleg1o Romano from
the time of Pererius, say 1566, when he taught, or 1576, when his
textbook was published, to Eudaemon in 1599. In all of that time there
were many references to the Calculatores and Parisienses and how they
impacted on theses in natural philosophy. Not one, however, is to be
found in a printed text - all occur only in manuscript sources. It is not
surprising, therefore, that influences deriving from this tradition have
thus far been overlooked by scholars and so have not been seen as a
significant factor in the growth of mathematical physics among the
Roman Jesuits toward the end of the sixteenth century.

THE JESUIT TRADITION IN PORTUGAL

To move now to the Iberian peninsula, a situation similar to that at
the Roman College existed in the Jesuit colleges there, particularly in
those at Evora and Coimbra. The Coimbran Cursus philosophicus was
a five-volume course, first published at Coimbra between 1592 and 1605
and reprinted often thereafter. My researches have shown that natural
philosophy in Portugal became less technical and mathematical from
the end of the sixteenth century onward, and this possibly explains why
there is no conspicuous use of calculatory terminology in the famous
Cursus. A goodly number of manuscripts from Evora and Coimbra
dating from the 1570s and 1580s are still extant, however, and these
show the same patterns deriving from the Calculatores and the Parisien-
ses as do the lecture notes from the Collegio Romano.

Lectures on the Physics and De caelo for the years 1570, 1582,
1587, and 1588 by professors named Juan Gomez de Braga, Luis de
Cerqueira, Antonio del Castelbranco, and Manuel a Lima respectively
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are all extant. Some of these Jesuits taught at Evora, others at Coimbra,
but the substance of their notes is all the same; in some cases the
wording is repeated almost exactly, suggesting a transmission of notes
from one professor to another. In addition, notes from a Trinitarian,
Marcus de Moura, who taught at Lisbon in 1588 are available, and his
lectures are substantially the same as those given by Manuel a Lima at
Evora in the same year. The same could be said of an anonymous set
of lectures on the Physics, De caelo, and Meteorology given at Coimbra
in 1580 (Wallace 1987a, nn. 40—42).

The anonymous lectures of 1580 are a good place to start, for their
author gives a key to the source of most of the materials the others
contain. The fifth chapter of his commentary on the seventh book of
the Physics begins with two questions: (1) whether the velocity of local
motion is to be ascertained from the quantity of space it traverses as
from an effect, and (2) whence the velocity of motion is to be judged
as from a cause. Following his replies to these queries the author writes:
“These last two questions are treated more fully by Domingo de Soto
and can be studied there. For this reason, and especially because of
limitations of time, we will pass over them quickly.” And his reply to
the first question indicates the extent of his dependence on Soto, which
I give in the slightly clearer formulation of Cerqueira, who repeated
this material at Coimbra two years later, in 1582:

Sometimes the mobile is moved so difformly with respect to time that, taken [any] part
of time in which it moves, the velocity it has at the middle instant will exceed the velocity
it had or will have at one terminal instant of that time by the same amount as it is
exceeded by the velocity it had or will have at another [terminal instant]. Such a motion
is said to be uniformiter difformis with respect to time, and it is found in heavy and light
bodies when they move naturally, since the more they depart from their starting point
the greater is the velocity with which they move.

This, of course, is the teaching developed by Soto around 1550, which
is reiterated in most of these lecture notes preserved in Portugal
throughout the 1570s and 1580s. It is further explained and extended
to projectile motion by Cerqueira, and by Manuel a Lima again in
1588, in the following terms:

It is customary to ask at this place why it is that things that are moved naturally in
rectilinear motion are moved more swiftly at the end than at the beginning of their motion,
whereas those that are moved violently are moved more swiftly at the beginning . . . . The
reason for this is that, just as the force that exists in the hand of the thrower when






































































































































































































































































































































































































































































































































































































