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Introduction

Philosophy can be a subject of tremendous immediacy, and no philosopher in the canon
writes with more immediacy than Descartes. In an intuitive and natural way, he raises
questions that occur to almost anyone in the course of life: What can I know with
certainty? Am I alone in the world? Who or what made me? Is there a God? Am I the
same thing as my body? If T am not, then how am I related to it? Ideally, students should
encounter Descartes for the first time on their own; otherwise they will miss the inti-
macy and excitement of grappling directly with this great thinker’s claims and argu-
ments. There is such sheer exhilaration in a direct encounter with Descartes’s ideas:
his skeptical arguments that throw all of my knowledge into doubt; the cogito reasoning
that rescues my knowledge of my own existence from the abyss of the doubt; the
tantalizing (if baffling) arguments that I have been created by a supremely perfect God;
and the argument that although I am “really distinct” from my body and could exist
without it, I am all the same more intimately united with it than a sailor is to his ship.
The sense of exhilaration is not something any reader should miss.

But often this experience leaves the first-time reader wanting to learn more: more
about who Descartes was, who he was arguing with, what he thought about a whole
range of issues, and what he meant by his sometimes mystifying ways of putting things.
For example, a first-time reader of the First Meditation is bound to ask, “Who is this ‘T’
narrating his meditative thinking, and what are the sciences in which he wants to
establish lasting results?” The question about “I” may lead on to questions about the
Second Meditation, in which the self-knowledge of the “I” plays a pivotal role; and the
question about the sciences may lead to questions about the way in which the role of
the senses in knowing the world shrinks throughout the Meditations, while the role
of the intellect expands. And of course these questions may lead to still others: Did
Descartes think our certainty about our own existence established the distinction
between the mind and the body? Did he think a physicist could make discoveries about
the world just by sitting and thinking? And then there are the claims that mystify us,
couched as they are in unfamiliar terms. What is objective reality? Eminent causation?
A true and immutable nature?

As such questions arise, readers may want to invite a third party to join their
encounter with Descartes: someone who has been around the block and can share his
or her scholarly and philosophical experience. For example, it helps to have a better
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INTRODUCTION

picture of the full range of Descartes’s works. After all, he was a prolific writer and a
systematic thinker, and surely his pioneering work in mathematics had something to
do with the way in which he approached questions in philosophy. And it is useful to
understand more about the intellectual milieu in which Descartes worked: the sorts of
philosophical ideas he grew up with, and which he may either be assuming or attack-
ing (or both). For example, were his metaphysical ideas about causality and substance
borrowed from his Aristotelian teachers, or did they represent a break with Scholastic
philosophy? And to what extent did his advocacy of a mathematized physics drive the
rest of his philosophy? Readers may also want help in focusing more intensely on spe-
cific philosophical claims and arguments that are prominent in Descartes’s writings,
either those that remain controversial and interesting to philosophers today — for
example, skepticism about the external world, or mind-body dualism — or those that,
while no longer live options today, were powerful in Descartes’s own time, such as his
corpuscular theory of the physical world.

Given all of these ways of illuminating Descartes’s work, perhaps it is unsurprising
that there is some controversy in scholarly circles concerning which approach to
Descartes’s thought we ought to take. For example, some would say that the study of
the work of a great philosopher like Descartes is best carried out by scholars with spe-
cialized historical training; others are convinced that readers without such training can
achieve valuable insight too. We ourselves believe that illumination of Descartes’s
philosophy can come from many perspectives, and that it would be foolish to disdain
any of them. (Of course, that is different from saying that anything anyone writes about
Descartes is illuminating, or that everyone will find the same perspectives intellectually
exciting.)

What we have aimed to provide in this volume is a series of essays that will help
readers of Descartes follow up on a host of questions. Besides having a wide range of
topics, the volume also represents a wide range of perspectives on Descartes’s philoso-
phy, and we hope that this will be valuable to readers, too, by showing how many
different ways there are to approach his work fruitfully. There is overlap among the
essays, because the scholars and philosophers whose essays are published here cross
one another’s paths as they follow out different lines of thought in Descartes. Indeed,
in some places readers will find the authors of these essays taking opposing positions
on questions of interpretation; as readers who are familiar with philosophy will know,
this is characteristic of philosophical discourse. Our aim in editing this volume has not
been to produce a consistent and linear “story” about Descartes; rather, it has been to
stimulate inquisitive readers of Descartes and to enable them to become more sophis-
ticated students — historically, intellectually, and philosophically — of his thought.
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The Intellectual Context






Chapter 1
Life and Works

STEPHEN GAUKROGER

In the seventeenth century, Descartes’s reputation rested primarily first on his math-
ematics and then on his cosmology. In the eighteenth century, it shifted gradually from
his cosmology to his mechanistic physiology, particularly his theory of “animal
machines.” In the wake of Kant’s fundamental rewriting of the nature of philosophy,
it was Cartesian metaphysics and epistemology that came to the fore in the nineteenth
century. In Anglophone philosophy in the twentieth century, the revival of interest in
empiricist epistemology, helped by the rise of positivism, resulted in skepticism being
taken much more seriously as a philosophical problem, and Descartes’s skeptically
driven epistemology came to occupy the central ground. In French and German phi-
losophy, by contrast, interest centered from the 1930s onwards on the ethical and
political consequences of Descartes’s idea of a self as independent of the world in which
it finds itself, as a locus of subjectivity that is given prior to any interactions that it has
with other subjects.

All these themes can be found in Descartes, as indeed can support for the eighteenth-
century reading of Descartes as a dangerous materialist, as well as support for the
twentieth-century reading of him as the paradigmatic dualist. These opposing posi-
tions are usually generated in the context of different projects, which have been
homogenized — in the twentieth century this was achieved by taking the Meditations as
a canonical text — in a way that hinders not only our understanding of Descartes, but
also our understanding of the issues in their own right. Clarification is needed here, and
considerable clarification can be achieved through a proper understanding of the devel-
opment of Descartes’s intellectual interests.

Early Life, 1596-1618

Descartes’s mother died in childbirth just over a year after Descartes’s own birth in
1596, and he had little contact with his father, who was a Councillor at the Parlement
at Rennes, which required him to spend several months a year at Rennes: he moved
there permanently in 1600, leaving Descartes at La Haye, where the family house was,
with his grandmother. In 1606 Descartes was sent to the Jesuit College at La Fleche,
one of the model colleges founded by the Jesuits at the end of the sixteenth century,
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STEPHEN GAUKROGER

which were primarily designed to educate children of the gentry. These were boarding
schools, and “total” institutions: holidays decreased from four weeks to one week a year
as the child moved up the school, visits to parents outside the holidays were allowed
only in dire cases, and life at the school was regulated in the finest details, with pupils
subject to the exclusive authority of the masters. Yet the environment was designed to
be a nurturing one, and a good deal of attention was devoted to motivating students.
The aim was not to provide either an education for clerics or for the general populace.
Rather, it was to make sure that those who were to take up positions of power in eccle-
siastical, military, and civil life were inculcated not only with the requisite Christian
values, but also with an articulate sense of the worth of those values and an ability to
defend and apply them; and above all with an ability to act as paradigmatic Christian
gentileshommes.

The first five years of the course at La Fleche were devoted to providing the student
with a good knowledge of Latin, a basic knowledge of Greek, and a familiarity with a
wide range of classical texts, with Cicero predominating. Most students left college after
these initial five years, but some, including Descartes, stayed on. The final three years
covered Aristotelian philosophy: dialectic — primarily the topics and syllogistic — then
natural philosophy, including some elementary mathematics, and finally metaphysics
and ethics. Theologically contentious issues were generally avoided, and the commen-
taries and compendia from which Descartes learned his philosophy had as their aim
the reconstruction of a Christianized Aristotelianism from first principles. These text-
books were broadly Thomist in orientation, but the student was not exposed directly to
Aquinas, so it is not surprising that Descartes shows no familiarity with the writings of
Aquinas until around 1628. More surprising is his lack of familiarity with develop-
ments in the scholastic textbook tradition: in 1640 he wrote to Mersenne asking him
for the names of scholastic textbooks, mentioning that he remembered the names of
one or two authors from school but that he hadn’t looked at anything in this genre for
20 years and was completely out of touch with it (AT 3:185). Descartes’s philosophical
interests evidently developed quite independently of his scholastic training.

On graduating from La Fléche, he spent some time in Paris before attending the
University of Poitiers studying law, and perhaps some medicine, completing his law
examinations at the end of 1616. He considered a career in law, but instead finally
decided to join the army of Maurice of Nassau. Maurice's army was of a new kind and
Descartes studied fortification, military architecture, and various other practical engi-
neering skills. It is around this time that we find Descartes’s life taking a distinctive
intellectual trajectory.

Apprenticeship with Beeckman, 1618-1619

At the end of 1618, Descartes met Isaac Beeckman, eight years his senior. Beeckman
had been working on natural philosophical and practical mathematics from 1613,
when he had set out a novel theory of the behavior of unconstrained bodies (which
later became a theory of inertia). “Physico-mathematicians are very rare,” he wrote in
a diary entry for December 1618, shortly after meeting Descartes for the first time, and
he notes that Descartes “says he has never met anyone other than me who pursues his
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LIFE AND WORKS

studies in the way I do, combining physics and mathematics in an exact way. And for
my part, I have never spoken with anyone apart from him who studies in this way.” It
was Beeckman who introduced Descartes to a quantitative micro-corpuscularian
natural philosophy, one that he was to reshape and make into his own very distinctive
system of natural philosophy.

Descartes’s earliest writings, which derive from late 1618 and early 1619, deal with
questions in practical mathematical disciplines. He composed a short treatise on the
mathematical basis of consonance in music, exchanged letters with Beeckman on the
problem of free fall, and worked with him on a number of problems in hydrostatics.
The second, and particularly the third, of these exercises are of interest. In the corre-
spondence on free fall (AT 10:58-61, 75-8, 219-22), Beeckman poses Descartes a
mathematical question about the relation between spaces traversed and times elapsed
in free fall, but Descartes seems keen to steer the question in the direction of dynamics,
seeking the nature of the force responsible for the continued increase in motion. The
move is not successful, and in fact it leads Descartes to misconstrue the original problem,
but it is indicative of what will be an important and productive feature of his thinking
about mechanical problems, and later about physical problems more generally.

The hydrostatics manuscripts (AT 10:67-74) are of even greater interest in this
respect. Here Descartes turns his attention to a paradoxical result that Simon Stevin
had proved in hydrostatics, namely that the pressure exerted by a fluid on the base of
its container is independent of the amount of fluid and, depending on the shape of the
vessel, can be disproportionate to the weight of the fluid. Here, Descartes takes a ques-
tion which has been solved in rigorous mathematical terms and looks for the underly-
ing physical causes of the phenomenon. He construes fluids as being made up from
microscopic corpuscles whose physical behavior causes the phenomenon in question,
and he asks what kinds of behavior in these corpuscles could produce the requisite
effect. This is in effect an attempt to translate what Stevin had treated as a macroscopic
geometrical question into a dynamically formulated micro-corpuscularian account of
the behavior of fluids. In the course of this, Descartes develops a number of rudimentary
dynamical concepts, particularly his notion of actio, which he will use to think through
questions in physical optics in the mid-1620s, and then questions in cosmology in
1629. This is of particular importance because his whole approach to cosmological
problems, for example, is in terms of how fluids behave, because it is fluids that carry
celestial bodies around in their orbits.

By the end of 1619 Descartes’s principal interest had shifted to mathematics, and
this interest was stimulated by reflection upon an instrument called a proportional
compass, which had limbs that were attached by sliding braces so that, when the
compass was opened up, the distances between the limbs were always in the same
proportion. The proportional compass enabled one to perform geometrical operations,
such as trisection of angles, and arithmetical ones, such as calculation of compound
interest, and Descartes asked how it was possible for the same instrument to generate
results in two such different disciplines as arithmetic, which deals with discontinuous
quantities (numbers), and geometry, which deals with continuous quantities (lines).
Since the principle behind the proportional compass was continued proportions, he
realized that there was a more fundamental discipline, which he initially identified with
a theory of proportions, later with algebra. This more fundamental discipline had two
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features. First, it underlay arithmetic and geometry, in the sense that, along with
various branches of practical mathematics such as astronomy and the theory of
harmony, these were simply particular species of it, and for this reason he termed it
mathesis universalis, “universal mathematics.” Its second feature was that this universal
mathematics was a problem-solving discipline: indeed, an exceptionally powerful
problem-solving discipline whose resources went far beyond those of traditional geom-
etry and arithmetic. Descartes was able to show this in a spectacular way in geometry,
taking on problems, such as the Pappus locus-problem, which had baffled geometers
since late antiquity, and he was able to show how his new problem-solving algebraic
techniques could cut through these effortlessly. In investigating the problem-solving
capacity of his universal mathematics, however, Descartes suspected that there might
be an even more fundamental discipline of which universal mathematics itself was
simply a species, a master problem-solving discipline which underlay every area of
inquiry, physical and mathematical. This most fundamental discipline Descartes termed
“universal method,” and it is such a method that the Regulae sought to set out and
explore.

The Regulae, 1619-1628

When Descartes began work on the Regulae, it was intended to be in three parts, each
part to contain twelve “Rules.” What was offered was a general treatise on method,
covering the nature of simple propositions and how they can be known (first twelve
Rules), and how to deal with “perfectly understood problems” (second set of Rules) and
“imperfectly understood problems” (projected third set). The composition proceeded in
two stages, however, and the nature of the work shifted somewhat between stages. In
1619-20 Descartes completed the first eleven Rules, and then apparently abandoned
the project. When he took up the Regulae again in 1626-8, he revised two of these
(Rules 4 and 8) and added Rules 12 to 18, with titles only for Rules 19-21. The thrust
of the work remains methodological, and mathematics is still taken very much as the
model — which is what we would expect, since the fact that the move to universal
method comes through universal mathematics is what provides the former with its
plausibility. But the completed Rules of the second part, particularly Rules 12-14, focus
on the question of how a mathematical understanding of the world is possible by inves-
tigating just what happens in quantitative perceptual cognition, that is, just what
happens when we grasp the world in geometrical terms.

Descartes’s thinking on perceptual cognition was doubtless stimulated by his work
in optics. He settled in Paris in 1625, and began working on optics partly in collabora-
tion with Claude Mydorge. Some time between 1626 and 1628, he discovered the sine
law of refraction, and on the basis of this he was able to establish what curvature the
surface of a lens needed if it was to refract parallel rays striking its surface to a single
point. Spherical surfaces were unable to do this, and as a result the spherical sections
used as lens did not form a single clear image, which was an immense drawback, espe-
cially in telescope lenses. At this time he also attempted to develop a physical theory of
light which would explain why light behaved in particular geometrically circumscribed
ways when reflected and refracted. His work on the way in which the visual system in
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animals worked resulted in a naturalized account of perceptual cognition (Rules 12—-14
of the Regulae, later developed in more detail in L'Homme) in which he began to think
through questions of our perceptual representation of the world. One general question
that guided his work on representation was whether there was a way of representing
information in such a way that its truth or falsity would be immediately manifest.
Descartes believed he had found such a means of representation in the case of math-
ematics, and the aim was to generalize this in the form of a “universal method.”

Specifically, the problem that Descartes faced was that universal method was sup-
posed to provide a general form of legitimation of knowledge, including mathematical
knowledge, but algebra also provided its own specific kind of legitimation of math-
ematical knowledge. The point at which the Regulae break off and are abandoned is
exactly that at which it becomes clear that these two forms of legitimation come into
conflict. The general form of legitimation provided by universal method is one in which
problems are represented in the form of clear and distinct ideas, and Rule 14 spells out
just what this means in the case of mathematics: it means representing the pure abstract
entities that algebra deals with in terms of operations on line lengths, and in this way
the truth or falsity of the proposition so represented is evident. To take a simple example,
the truth of the proposition 2 + 2 = 4 is not immediately evident in this form of repre-
sentation, but it is evident if we represent the operation of addition as the joining
together of one pair of points, :, with another, :, and we see that the sum is :: (Descartes
uses line lengths but the principle is the same). In this case we can see how the quanti-
ties combine to form their sum (and this is just as evident in the case of very large
numbers the numerical value of whose sum we cannot immediately compute). This is
a very insightful and profound move on Descartes’s part. The problem he is concerned
with is that of identifying those forms of mathematical demonstration in which we can
grasp not merely that the solution or conclusion follows from the premises, but in
which we can track how the solution or conclusion is generated. The difficulty that
arose was that the range of operations for which this kind of basic legitimatory proce-
dure held did not extend to the more sophisticated kinds of operation with which
Descartes’s algebra was able to work. And it is just such operations that begin to be
envisaged in Rules 19-21, namely the extraction of higher-order roots, where no
manipulation of line lengths is going to generate the result.

It is at this point that the Regulae are abandoned, and this also marks the end of the
attempt to model knowledge on mathematics, at least in anything other than a merely
rhetorical sense. When mathematics is invoked from now on, it will be invoked as a
paradigm of certainty, but, in contrast to the work of the 1620s, it will cease to be
accompanied by an attempt to capture at any level of mathematical detail just what
this certainty derives from or consists in. Indeed, Descartes’s interest in methodological
questions in his later writings comes to be overdetermined by metaphysical, epis-
temological, and natural philosophical issues.

Le Monde and L’Homme, 1629-1633

In 1630 Descartes moved to the Netherlands, which was to be his home for the next
twenty years, and from the end of 1629 he began work on a new project, which was
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originally intended to be in three parts. The first part (Le Monde) would cover inanimate
nature, the second (L’Homme) would cover animal and human non-conscious func-
tions, and these were to have been complemented by a third part, on the “rational soul,”
which never appeared.

Le Monde sets out a theory of the physical world as something consisting exclusively
of a homogeneous matter, which can be considered as comprising three types of cor-
puscle, distinguished solely by size. On the basis of laws describing the motion of these
corpuscles, a mechanistic cosmology is set out which includes both a celestial physics
and an account of the nature and properties of light. Descartes begins with an argu-
ment to the effect that the world may be different from our perceptual image of it, and
indeed that our perceptual image may not even be a reliable guide to how the world is.
This is in no sense a skeptical argument, and once Descartes has established the nature
of the world, it is clear that we can know it to be very different from our perceptual
image of it.

Matter theory is developed in a systematic way in Le Monde. The general principle
from which Descartes works is that, given that all bodies can be divided into very small
parts, a force is required to separate these parts if they are stationary with respect to
one another, for they will not move apart of their own accord. If the very small parts
of which the body is constituted are all at rest with respect to one another, then it
will require significant force to separate them, but if they are moving with respect to
one another, then they will separate from one another at a rate which may even be
greater than that which one could achieve by applying a force oneself. The former
bodies are what we call solids, the latter what we call fluids, and in the extreme cases
they form the ends of a spectrum on which all bodies can be ranked, with rigid solids
at one terminus and extremely fluid bodies at the other. This ranking on a spectrum of
fluidity provides the basis for Descartes’s theory of matter, for it enables him to reduce
the properties of matter to the rate at which its parts move with respect to one
another.

All bodies, whether fluid or solid, are made from the one kind of matter on this
account. Descartes famously argues that there are no interstitial vacua in matter: the
universe is a plenum. Moreover, he argues that even if one assumed there were vacua,
the degree of fluidity of a body would not be proportional to the amount of vacuum that
exists between its constituent parts because the parts of a liquid would be more readily
compressed into a continuous whole than would be the parts of a solid. On his account
of matter, if we strip the world of the traditional forms and qualities, what we would be
left with would be its genuine properties. This new world is to be conceived as “a real,
perfectly solid body which uniformly fills the entire length, breadth, and depth of the
great space at the center of which we have halted our thought” (AT 11:33). This per-
fectly solid body is “solid” in the sense of being full and voidless, and it is divided into
parts distinguished simply by their different motions. At the first instant of creation,
God provides the parts with different motions, and after that he does not intervene
supernaturally to regulate their motions. Rather, these motions are regulated by three
laws of nature, set out in chapter 7 of Le Monde: first, a body will always continue in
its state of motion unless stopped or retarded by another body; second, in collisions
between such bodies the total amount of motion is conserved; third, whatever the path
of a moving body, its tendency to motion is always rectilinear.
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Using the theory of matter and laws of nature which have now been elaborated,
Descartes now sets out the details of a heliocentric cosmology in the form of an account
of a hypothetical “new world.” The key to this whole cosmology is Descartes’s account
of vortices. Because the universe is a plenum, for any part of it to move it is necessary
that other parts of it move, and the simplest form of motion which takes the form of
displacement is going to be a closed curve, although we have no reason to think that
the universe turns around a single center: rather, we may imagine different centers of
motion. The matter revolving furthest away will be the largest or most agitated because
it will describe the greatest circles, owing to its greater capacity to realize its inclination
to continue motion in a straight line, for the larger the circle, the closer it approximates
a straight line. Whatever differences in size and agitation we may imagine there to have
been in the early stages of the universe, however, except for the large clumps of the
third element (see below), we can imagine that the constant motion and collision
caused the difference in sizes of matter to be reduced as “the larger pieces had to break
and divide in order to pass through the same places as those that preceded them.”
Similarly, differences in shape gradually disappear as repeated collisions smooth off the
edges and all matter (of the second element) becomes rounded. Some pieces of matter
are sufficiently large to avoid being broken down and rounded off in this way: these are
what Descartes refers to as the third element, and such pieces of matter form the planets
and the comets. Finally, the collisions yield very small parts of matter, which accom-
modate themselves to the space available so that a void is not formed, but this first
element is formed in a greater quantity than is needed simply to fill in the spaces
between pieces of the second and third element, and the excess naturally moves towards
the center because the second element has a greater centrifugal tendency to move to
the periphery, leaving the center the only place for the first element to settle. There it
forms perfectly fluid bodies which rotate at a greater rate than surrounding bodies and
which extrude fine matter from their surfaces. These concentrations of the first element
in the form of fluid, round bodies at the center of each system are suns, and the pushing
action at their surfaces is “what we shall take to be light.”

The universe, as Descartes represents it, consists then of an indefinite number of
contiguous vortices, each with a sun or star at the center, and planets revolving around
this center carried along by the second element. Occasionally, however, planets may
be moving so quickly as to be carried outside the solar system altogether: then they
become comets. Descartes describes the difference between the paths of planets and
comets in terms of an engaging analogy with bodies being carried along by rivers: the
latter are like bodies that will have enough mass and speed to be carried from one river
to another, whereas the former are like bodies that are just carried along by the flow
of their own river. Planets eventually enter into stable orbits — the less massive they
are, the closer to the center — and once in their orbits they are simply carried along by
the celestial fluid in which they are embedded. The stability of their orbits arises because,
once a planet has attained a stable orbit, if it were to move inward it would immediately
meet smaller and faster corpuscles of the second element which would push it outward,
and if it were to move outward, it would immediately meet larger corpuscles which
would slow it down and make it move inward again.

Descartes’s achievement in Le Monde is twofold. In the first place, his vortex theory
explains the stability of planetary orbits in a way that presents an intuitively plausible
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picture of orbital motion which requires no mysterious forces acting at a distance: the
rapid rotation of the sun at the center of our solar system, through its resultant cen-
trifugal force, causes the “pool” of second matter to swirl around it, holding planets in
orbits as a whirlpool holds bodies in a circular motion around it. Moreover, it explains
this motion in terms of fundamental quantifiable physical notions, namely centrifugal
force and the rectilinear tendencies of moving matter. In other words, the heliocentric
theory is derived from a very simple theory of matter, three laws of motion, and the
notion of a centrifugal force. Secondly, this account also enables Descartes to account
for all the known principal properties of light, thereby providing a physical basis for the
geometrical optics that he had pursued so fruitfully in the 1620s.

The second part of the project, L’'Homme, is part of the same enterprise in natural
philosophy, extending the mechanist program into physiology, and relying on the
matter theory and mechanics established in Le Monde. In some ways, L'Homme was
even more radical than Le Monde. The idea that mechanism might allow one to account
for everything from physical processes to the behavior of celestial bodies was certainly
contentious, not least in the Copernican consequences that Descartes draws from this.
But the project was common ground among quite a few natural philosophers in the
1630s: Beeckman, Mersenne, and Gassendi, for example. A mechanistic physiology
was a different matter: this was both far more ambitious and far more threatening. In
Le Monde, Descartes postulated a single kind of matter in the universe and this matter
is inert, homogeneous, and qualitatively undifferentiated. The boundaries of bodies are
determined by motion relative to surrounding matter and any variation in properties
is a function of the size, speed, and direction of the matter. It is with this notion of matter
that Descartes attempts to account for all functions and behavior of animals.

Animal physiology is introduced right from the beginning of L'Homme as the work-
ings of a machine. The digestion of food is described in a mixture of mechanical and
chemical terms. The food is first broken down into small parts and then, through the
action of heat from the blood and that of various humours which squeeze between the
particles of blood, the food is gradually divided into excrementary and nutritive parts.
The heat generated by the heart and carried in the blood is the key ingredient here, and
Descartes devotes much more attention to the heart and the circulation of the blood
than to functions such as digestion and respiration. He accepts that blood circulates
throughout the body, but like most of his contemporaries rejects Harvey’s explanation
of circulation in terms of the heart being a pump, preferring to construe the motion as
being due to the production of heat in the heart. The heart is like a furnace, or rather
like the sun, for it contains in its pores “one of those fires without light,” which are
comprised of the first element that also makes up the sun. In fact, Descartes really had
little option but to reject Harvey's account. To accept that the motion of the blood was
due to the contractive and expansive action of the heart would have required providing
some source of power for its pumping action, and it was hard to conceive how he could
do this without recourse to non-mechanical powers, whereas at least he can point to
phenomena such as natural fermentation in defending his own account of thermo-
genetic processes creating pressure in the arteries. The most important features of the
circulation of the blood from the point of view of Cartesian psychophysiology is the fact
that it carries the “animal spirits,” which it bears up through the carotid arteries into
the brain. These are separated out from the blood and enter the brain through the
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pineal gland, at the center of the cerebral cavities. This is a mechanical procedure in
that the animal spirits are the subtlest parts of the blood and hence can be filtered into
the pineal gland through pores too fine to admit anything larger (AT 11:128).

Having dealt with the heart — the heat of which is the “principle of life” — and the
circulation of the blood, Descartes now turns (AT 11:130) to the nervous system. The
nervous system works by means of the animal spirits, which enter the nerves and
change the shape of the muscles, which in turn results in the movement of the limbs,
an analogy being drawn with the force of water in fountains. In general terms, what
happens is that external stimuli displace the peripheral ends of the nerve fibers, and a
structural isomorph of the impression made on the sense organ is transmitted to the
brain. This results in changes in the patterns formed by the animal spirits in the brain,
which can produce changes in the outflow of spirits to the nerves. At the muscle, a
small influx of spirit from the nerve causes the spirits already there to open a valve into
its antagonist. Spirits then flow from the antagonist which causes it to relax, as well as
causing the first muscle to contract.

The two greatest challenges for Descartes’s mechanized physiology lie in two areas
which had traditionally been treated as unproblematically goal-directed: the formation
of the fetus, and perceptual cognition. In the case of fetal development, Descartes’s aim,
in L’Homme and in the later physiological text Description du corps humain, is to show
that a perfectly good account of this can be given which makes no reference to intrin-
sic goals at all.

Most biological processes can be thought of in goal-directed terms: nutrition, respira-
tion, excretion, sleep, etc. But then many non-biological physical processes can also be
thought of in goal-directed terms, and Aristotle had argued that the explanation of the
fall of heavy bodies to the ground had to display the goal-directedness of this process.
This raises the problem of where we draw the line. We may concede that a process can
be described in terms of a goal without conceding that goal-directedness plays any
genuine part in explaining the process. Unless we think that teleology must play a part
in every natural organic process, for example, we will not be inclined to think that
growth in adolescents or adults requires explanation in terms of ends or goals. On the
other hand, we may be inclined to think that the development of the fetus does require
an explanation in terms of ends or goals: it develops in this way because it is developing
into a horse, or a person, or a bird. In the middle of these two is a gray area. We can
think of Descartes’s strategy as pushing fetal development into the gray area, in which
case the question of the right kind of explanation will no longer be judged by a priori
considerations about whether goals are relevant, but by how effective whatever con-
crete explanation one comes up with is in accounting for the detail. More schematically,
although Descartes does not lay out his plan for dealing with this question explicitly, it
seems clear that a threefold strategy must lie behind any thoroughgoing mechanist
approach to embryology. First, ordinary growth is accounted for in a way that makes
no references to goals. Secondly, the process of formation and maturation of the fetus
is treated simply as a species of growth: it involves a significantly greater increase in
complexity and internal differentiation of parts than the process of growth from child-
hood to adulthood, of course, but this in itself does not make it qualitatively different.
Third, the mechanist must show how the development from a low degree of complexity
and internal differentiation to a high degree of complexity and differentiation is
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something that can be handled in mechanistic terms. What this strategy allows one to
do is to provide a general account of growth, in terms of how raw material is introduced
into the organism from outside and transformed into the kinds of highly differentiated
material making up bones, blood, muscle, etc. Then, having done this, one shows how
the kind of account developed in this way can be extended to the case where the organs
are not simply being increased in size but are actually being formed anew.

Descartes allows a form of genuine perceptual cognition in animals, whom he
considers to be strictly mindless, and his highly naturalistic account of cognition in
“automata” also applies to many features of human cognition. But unlike fetuses,
human beings harbor intrinsic goals, above all the goal of understanding the world,
and human cognition can be criticized to the extent to which it fails to achieve that
goal.

Skeptically Driven Epistemology, 1633-1641

Le Monde and L'Homme were suppressed by Descartes on hearing of the condemnation
of Galileo, and they did not appear in his lifetime. Galileo’s Dialogue Concerning the Two
Chief World Systems was condemned by the Roman Inquisition on July 23, 1633, and
the condemnation had clear implications for Le Monde. Galileo’s Dialogue provided
physical evidence both for the Earth’s diurnal rotation, in the tides, and for its annual
orbital motion, in cyclical change in sunspot paths. The Inquisition’s condemnation
focused on the question of the physical reality of the Copernican hypothesis. A core
issue was “a matter of faith and morals” which the second decree of the Council of Trent
had given the Church the sole power to decide. Opponents of Galileo treated scripture
as a source of scientific knowledge, and argued that the case was covered by the crite-
rion that stated that the Church Fathers, if they agreed on something, cannot err on
dogmas of the faith. In the 1633 condemnation this interpretation was effectively
established, and this meant that the physical motion of the Earth could not be estab-
lished by natural philosophical means. Thus not only did the kind of argument that
Galileo had offered in the Dialogue have no power to decide the issue, but neither did
the kind of arguments that Descartes had offered in Le Monde.

Descartes’s reaction to this was twofold. In the first place, he collected some of his
scientific work that was untouched by the 1633 condemnation and published this as
three essays, on optics, meteorology, and geometry. The cosmological setting for
Descartes’s theory of light is ignored in the Dioptrique, where the concern is with geo-
metrical optics, rather than physical optics, and the contentious cosmological conse-
quences of his physical optics are avoided. Most of the material in the essay on
meteorology is very traditional, but one section, that on the rainbow, is novel, and
indeed Descartes identifies it as the example of his “method.” It is of interest in counter-
ing those views of Descartes that construe him as deducing his results in natural phi-
losophy from first principles, for the procedure adopted there offers an experimental
means of sifting empirical hypotheses, and offers a model of how to quantify optical
phenomena.

The second kind of reaction, offered in the Discourse and the Meditations, was more
radical. The ultimate outcome of the crisis provoked by the condemnation of Galileo’s
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heliocentrism was a new direction in Descartes’s work. He does not abandon interest
in natural philosophy, and to the end of his life continues to think it has been his most
important contribution. In a letter to Princess Elizabeth of Bohemia of June 28, 1643,
he tells her that the principles of metaphysics must be understood, but once understood
one need spend no more time upon them. Rather, one should then proceed to devoting
one's time “to thoughts in which the intellect co-operates with the imagination and the
senses” (AT 3:695), that is, natural philosophy. The same point is made to Burman in
1649, Descartes insisting that one should not waste too much time on metaphysical
questions, especially his Meditations, as these are just preparation for the main ques-
tions, which “concern physical and observable things” (AT 5:165).

But Descartes’s interest in natural philosophical areas such as optics, mechanics,
and cosmology after 1633 is confined largely, if not exclusively, to polemics and sys-
tematization, and above all to the legitimation of a mechanist natural philosophy by
metaphysical and epistemological means, a completely different enterprise from that
pursued in the pre-1633 works, of which Le Monde and L’Homme are the culmination.
Setting out the kind of metaphysics that gives just the right fit with his natural phi-
losophy, indeed grounds the kind of natural philosophy he wants, is the preoccupation
of the Meditations and the first Part of the Principia, which reworks the Meditations.

The Meditations use a skeptically driven epistemology to systematically strip down
the world — the world of common sense and the world of Aristotelian natural
philosophy — so that the assumptions that lie behind this picture are laid bare, and
found wanting. Descartes then proceeds to build up the world metaphysically from first
principles, using a notion of clear and distinct ideas, backed up by a divine guarantee.
What this yields is a sharp distinction between the mind and the corporeal realm, and
an account of the corporeal realm radically different from that with which the
Meditations began. Because our new starting point is clear and distinct ideas (the para-
digm for which is the cogito), we cannot ask about the existence of the corporeal world
without having a clear and distinct idea of what it is that we are asking for the existence
of. The question of existence only becomes determinate, and thereby answerable on
Descartes’s account, when we ask whether something with particular characteristics
exists, where the characteristics in question are not only fully specified but securely
grasped. Unless we start from things that we clearly and distinctly grasp we can never
be sure we are actually getting anywhere. The question is whether there are any con-
ceptions of the corporeal world available to us which offer a grasp of this kind. Descartes’s
answer is that he knows of only one, namely a mathematical grasp of the world.
Corporeal things, he tells us at the end of the Meditations, “may not all exist in a way
that exactly corresponds with my sensory grasp of them, since sensory understanding
is often very obscure and confused. But at least they possess all things that I perceive
in them clearly and distinctly, that is to say, all those things which, generally speaking,
come under the purview of pure mathematics” (AT 8A:80).

If the arguments of the Meditations go through, what Descartes has established is
that our starting point in natural philosophy must be a world stripped of all Aristotelian
forms and qualities, and consisting in nothing but geometrically quantifiable extension.
The only natural philosophy compatible with such a picture is mechanism, in particu-
lar, mechanism of the kind set out by Descartes in the matter theory and mechanics of
Le Monde. If we grant him his matter theory, and two of the basic principles of his
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mechanics, the principle of rectilinear inertia and that of centrifugal force, then, if the
argument of Le Monde is correct, we have heliocentrism, for this is all he needs. In this
way, the Meditations connect up directly with Le Monde, providing a metaphysical
route to the natural philosophy of the latter and providing a legitimation of the whole
enterprise.

A System of Philosophy, 1641-1644

The year in which Descartes prepared the Meditations for publication marked the begin-
ning of an acrimonious five-year period in which Descartes was publicly attacked by
the Dutch theologian Gisbert Voetius. Descartes’s follower Regius had alienated a
number of his colleagues with his polemics on behalf of Cartesianism, and Voetius,
failing to have Regius removed from his chair of medicine at Utrecht, directed his
attacks at Descartes. At this time, Descartes was preparing to connect his natural phi-
losophy to his new legitimatory foundations, in the Principia, the first four books of a
projected six appearing in 1644.

The Principia begins with what is, despite a reordering of some arguments, in effect
a summary of the Meditations, but it does not simply lead into Le Monde. Much the same
ground is covered, but the material is reworked in terms of a metaphysical vocabulary
of substance, attributes, and modes wholly absent from Le Monde, and not required for
its natural philosophical focus (as opposed to the legitimatory thrust of the Principia).
This metaphysical rewriting of Cartesian natural philosophy provides it with a wholly
new focus, as questions of the legitimacy of this way of proceeding in natural philoso-
phy overshadow those of how specifically natural philosophical processes are to be
understood. Nevertheless, the metaphysical apparatus set out in the first part of the
Principia is not an optional extra. What Descartes wants to show is that his system of
natural philosophy is the only one that meets a set of stringent foundational require-
ments, requirements which must be satisfied if one is even to begin setting out a natural
philosophical system. These requirements turn on the question of clarity and distinct-
ness. The key move in Descartes’s foundational strategy is the use of skeptical doubt to
force open the question of what our starting point in any cognitive enterprise should
be, and to establish clear and distinct ideas as the only possible starting point. This is
reinforced by his insistence that we cannot even ask about the existence of something
unless we have a clear and distinct grasp of what it is that we are asking about: only if
the world is conceived in a particular way can we begin to inquire into its existence
and ask what properties it has.

This way of proceeding depends on an understanding of metaphysics as something
guided by epistemological concerns (in the form of the doctrine of clear and distinct
ideas), and on an understanding of epistemology as being driven in turn by natural
philosophical considerations. On the first question, it is worth noting, for example, that
when Descartes’s account of substance in Book I of the Principia turns out to yield two
incompatible definitions (arts 51 and 52), he resolves this by ignoring metaphysical
considerations and settling the question via the doctrine of clear and distinct ideas
(arts 54 and 60), so that it is now the fact that our clear and distinct conceptions
of God, mind, and matter are completely different from each other that secures their
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status as independent kinds, and no longer considerations of substance. On the
question of the role of natural philosophy, one needs only to compare Books II to IV of
the Principia with Le Monde to realize that the role of the epistemologized metaphysics
of Book I is that of providing a legitimating foundation for a system of natural philo-
sophy which has already been developed without the benefit of these legitimating
foundations.

Yet Descartes is adamant that what marks out his system from others is that it is the
only ultimately legitimate one, and when in 1646 his erstwhile follower Regius pub-
lished his own version of Cartesian natural philosophy, which dispensed with any of
Descartes’s legitimatory apparatus, Descartes immediately distanced himself from it
and attacked Regius, in 1648 publishing his Notae in programma, a point-by-point
response to Regius, in which the errors to which one is subject when one has not
thought through the questions in basic foundational terms are exposed.

The Passions of the Soul, 1643-1650

In 1643 Descartes began an affectionate and fruitful correspondence with Princess
Elizabeth of Bohemia, who was at that time 24. He did not see her very frequently
between 1643 and 1646, when she departed from the Netherlands, but he clearly had
a strong personal attachment to her right up to his death. Elizabeth pressed Descartes
on a number of questions about the passions, raising issues of the mind-body relation-
ship and ethics. In the context of affective states, he returns to the largely naturalistic
account that guided his account of cognitive states in L’Homme. In this correspondence
he distinguishes “three kinds of primitive notions,” namely the mind, the body, and the
union of the two (AT 3:691), and it is the union of the two — that is, for all intents and
purposes, embodied mind — that does all the work as far as mind is concerned, for dis-
embodied mind plays no role in perceptual cognition, and it is far from clear what role
it plays in the more problematic case of intellectual cognition. Nevertheless, it is crucial
for Descartes’s program that the sharp distinction between mind and body not be
blurred (he rejects the almost universally held conception of higher and lower faculties
on these grounds). This is, I believe, primarily because his ethics requires him to con-
ceive of the human mind as distinctive, in that we can stand back from our cognitive
and affective states and make judgments about them, and for this human being must
have a unified locus of subjectivity, over and above the modularized corporeal faculties
we share with animals.

In 1649 Descartes left the Netherlands for the court of Queen Christina of Sweden.
The move does not seem to have been a success. The dominant intellectual influence
at the court was the Dutch humanist Isaac Vossius, and his understanding of an intel-
lectual culture was very different from that of Descartes, effectively marginalizing
Descartes, despite his greater reputation. The winter of 1649/50 was the coldest one
for sixty years, and Descartes caught pneumonia. Refusing the attentions of Christina’s
personal physician, Johan van Wullen, who had sided with the Dutch theologian
Regius in a vicious attack on Descartes’s work, he followed his own cure of wine fla-
vored with tobacco. This was not a success and he died on February 11, 1650. His
remains were returned to France in 1666, exhumed several times, and his skull, which
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was removed from the rest of the remains in 1666, now rests in the Musée de I'homme
in Paris.
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Chapter 2

Aristotelian Natural Philosophy:
Body, Cause, Nature

DENNIS DES CHENE

It is difficult now to imagine an intellectual landscape so thoroughly dominated by one
figure as was that of the Schools by Aristotle. Except on certain well-known questions,
the presumption was that Aristotle, suitably interpreted, was right. Nevertheless
Aristotelianism was no frozen monolith (Schmitt and Skinner 1988). During the four
centuries of its predominance, it continued to change, and admitted on all but funda-
mental points or those on which ecclesiastical authorities had pronounced, a great
latitude — within, as in all such frameworks, the limits of its thinkable.

In what follows I present some basic features of Aristotelian natural philosophy
around 1600. I do so with Descartes in mind, and from his perspective. I therefore
emphasize the views of Jesuit authors. In the first section of this chapter, I outline the
institutional setting and discursive forms in which Aristotelian natural philosophy was
presented, examining in particular the role of authority and experience. The rest of the
chapter takes up three topics: substance, especially corporeal substance or body; natural
change and the efficient and final causes; art and nature. The aim is to provide a sense
of the philosophical framework within which Descartes was educated and to which he
continued to respond. Knowing that framework helps to forestall misunderstandings;
it gives us a Descartes who, interpreted not from the future but from his past, will not
be a mere spokesman for some present-day position.

Institutions, Forms, Authorities

In the first book of the Principles, Descartes describes the prejudicia or preconceived
opinions we acquire early in life when the mind is in thrall to the body. Those opinions
turn out quite often to coincide with the opinions of the Schools. That Descartes thinks
of Aristotelianism as foisted upon a mind still in tutelage is no surprise. It was, in the
intellectual setting of the early seventeenth century, above all something taught. From
the 1250s on, Aristotle’s works were the basis of the baccalaureate curriculum. In
three years, students would hear lectures on logic, metaphysics, natural philosophy,
and ethics, lectures which took the form of commentary on Aristotle’s text, divided into
small portions called lectiones or textus. Paraphrases and philological elucidations were
accompanied by questiones or “questions” suggested by the text. To each of the works
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that figured regularly in teaching there was attached a series of standard questiones in
disputational form (Marenbon 1987).

In the second half of the seventeenth century, the format of commentary and ques-
tions began to give way to that of the cursus or textbook (Stone 2005), in which the
subject matter was treated not in the order imposed on commentary by the text, but
systematically, as in Suarez’s Disputationes metaphysice (1597) or the Cursus philo-
sophicus of Roderigo Arriaga (1632). The textbook made possible a pedagogically con-
venient arrangement of the material; because it was no longer bound to the text, new
topics could be more easily introduced. The Cursus (1632-5) of John of St. Thomas, for
example, includes a question on the “new star” observed by Tycho Brahe. The Physica
(1669-71) of Honoré Fabri, a Jesuit who corresponded with Mersenne and Leibniz,
departs even more from tradition, engaging in controversy with Descartes and other
new philosophers.

That commentary should have been central to the teaching of natural philosophy
for so long reflected the economy of knowledge in the medieval period. In matters of
faith, God was the highest authority, whose judgments are given to us in the Bible, and
the Fathers of the Church, especially Augustine, were the highest human authorities.
The realms of human knowledge were divided among several authorities, subordinate
to faith, but otherwise presumed true: Aristotle in philosophy, Galen in medicine,
Thomas in theology. An authority, once established, could be displaced only with effort.
Nevertheless in some fields they were: in anatomy, for example, Vesalius rapidly took
the place of Galen after 1570.

The new philosophers of Descartes’s generation often portrayed their predecessors’
attitude to authorities as one of unquestioning agreement. It is more illuminating to
consider it in terms of trust and burden of proof. An authority has the presumption in
their favor, and the burden lies more or less heavily on those who disagree to refute the
claims of authority. God’s authority alone is absolute. Human authority is limited not
only by faith but by experience: Aristotle’s opinion that the world is eternal was rejected
first of all because it contradicts Genesis; philosophers endeavored also to show that it
is inconsistent with experience.

Many events conspired in the sixteenth century to cast human, and even divine,
authority into doubt. The familiar list includes the discoveries of the New World, the
theories of Copernicus, schisms within the Christian Church and the wars that resulted
from them, political turmoil and economic distress. Philosophical skepticism, revived
from the ancients, was invoked to debunk the claims of authority. Descartes, unlike
true skeptics in his period, held that human understanding, assisted by method and
freed from the bonds of prejudice, can effectively replace authority in the pursuit of
knowledge. He carefully shielded religious and political authority from doubt; but in
natural philosophy and metaphysics he held that human understanding alone has
authority. A letter to Beeckman in 1630 records his view that what I have reasoned
my way to I have learned as if by my own power only (AT 1:160). If others have told
me those things, that was at most only an occasion for my thinking about them. In
such an economy of knowledge there is no place for authority.

Reliance on authority did not preclude appeal to experience. Experimentum (or
experientia), which in Descartes’s time was used indifferently for what we now distin-
guish as experiment and observation, denoted first of all an empirical truth vouched
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for by common experience (Dear 1988). On such matters each of us, or the “common
sense” of all, is an authority: fire burns, plants grow from seeds, animals reproduce
their own kind. An experimentum can also be an empirical truth vouched for by a
trustworthy author. Pliny’s Natural history supplies many unusual observations
concerning plants and animals. The human body dissected is not part of everyday life.
But Vesalius’ De humani corporis fabrica, given his authority, yields reliable claims about
its anatomy.

Of the experimenta mentioned in textbooks, very few are first-hand reports. They
seldom describe the manipulation of objects so as to yield new phenomena — “experi-
ments” in our sense. That, more than any supposed incapacity or refusal to read the
book of nature, distinguishes the role of experience in Aristotelian natural philosophy.
The construction of devices by which to produce or reproduce natural phenomena
(Galileo’s use of balls rolling down inclined planes, Boyle’s air-pump), the generation
of new phenomena with the express aim of testing hypotheses, the recording of results
in first-person dated accounts — all this, though not entirely absent from Aristotelian
science, was incidental to the achievement of its aims.

Experimenta supply probable reasons in argument. They are often brought forward
in conjunction with a priori arguments to the same conclusion. Suarez, for example,
adduces both experimenta and a priori reasons to show that the powers of a natural body
must be united in a form. Arguments on the existence of the void (Schmitt 1967)
included a priori reasons (Aristotle’s argument, for example, that the motions of bodies
in a void, which offers no resistance to them, would be incommensurable with motion
in any medium) and experimenta (the air in a sealed vessel forces its way out violently
when the vessel is heated) (Schmitt 1967).

Descartes’s use of experimenta remains in many ways close to that of the Schools.
Like them, he combines a priori arguments with experimenta. The empirical basis, more-
over, for the analogies he so often appeals to is common experience; and the phenom-
ena he attempts to explain are for the most part drawn either from everyday experience
or from other authors. The table of angles of incidence and refraction in the Dioptrique
comes from Witelo; the anatomy of the Traité de 'homme from the treatises of Caspar
Bauhin and others (Bitbol-Hespériés 1990). It is not in the production of new phenom-
ena that the novelty of Descartes’s natural philosophy is to be found, but in his concep-
tion of corporeal substance and the ideal of mechanistic causal explanation.

Body as Substance

Body is first of all substance. An individual body is a “complete” substance composed
of two “incomplete” substances, matter and form. The term incomplete registers the fact
that neither matter nor form can exist naturally except when joined with the other in
an individual body. The term substance was, following Aristotle, defined in two ways:
logically, as an ultimate subject of predication, and ontologically, as an individual
capable of subsisting apart from any other individual.

Substance defined in the first way is contrasted with accident — with things that
ordinarily only exist “in” another, as heat exists only in hot things. The relation of
accidents to the things they exist in was called inherence.
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Substance defined in the second way is contrasted with any entity that, even by
God’s absolute power, cannot exist apart from all others. Substance in this sense
is contrasted with mode. The relation of modes to substances I will call “ontological
dependence.”

Figure, for example, is a mode (Suarez 1965, 25: 615). It cannot exist apart, even
miraculously, from the figured thing; the definition of figure essentially presupposes the
existence of the quantity of which it is the figure. The definition of the human soul, on
the other hand, though it will make reference to the body as that to which the soul is
naturally joined and through which it exercises some of its powers, does not presuppose
the existence of the body; one of the standard arguments for its immateriality is that
some of its powers can operate without an organ, and thus that the human soul, as the
seat of those powers, can exist apart from any material substrate.

In his polemics against the Schools, Descartes has two bétes noires: “real qualities,”
as he calls them, and substantial forms. The rejection of real qualities amounts to an
identification of inherence with ontological dependence; the rejection of forms is part
of his program in physics of restricting the properties of bodies to figure, size, and
motion.

The first béte noire: real qualities

By “real qualities” Descartes means qualities which, like the sensible qualities of the
Host after transubstantiation, were supposed to subsist even though the substance in
which they had inhered was annihilated and replaced by the body of Christ. In the
Thomist account of transubstantiation, the sensible qualities of the Host were said to
inhere in its quantity which, once the matter of the Host is annihilated, itself inheres
in nothing. Quantity, then, could not be a mere mode of substance; it must be a res, a
thing, capable, as substances are supposed to be, of existing apart from any other thing.
Essential to being an accident is not actual inherence but only potential inherence; acci-
dents have this, substances do not (Fonseca 1964, 3: 199).

The term real in this context (Latin realis, from res, “thing”) is likely to mislead
readers now. Whether Descartes thought that sensible qualities like color and heat are
real in current senses of that word is a delicate question; but when he denies that they
are “real” qualities, he is not denying that they have some sort of existence independent
of our conception of them, he is denying that they are res — that they can exist apart
from their ordinary subjects of inherence. Having identified inherence with the onto-
logical dependence of modes on substances, Descartes concludes that the doctrine
of real qualities says of them that they are and are not substances, which is plainly
contradictory. Not surprisingly, he refers to the doctrine with disdain.

For Suarez, a res or thing is “that which of and in itself is something in such a way
as not to require being always intrinsically and essentially affixed to another”; nor can
it be united with another except “by a medium in some way distinct by nature from it”
(Suarez 1965, 25: 257). Not only bodies but also their sensible qualities are res in this
sense. Inherence, as the relation of a sensible quality to a subject, is thus distinct from
the ontological dependence of modes on substances.

Res are contrasted with modes, whose nature requires that they be “affixed
to another.” A mode includes in its definition, its “essential reason,” an intrinsic
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dependence on something else: in considering the definition of “figure,” say, we can see
that “figure without quantity” is contradictory, and that not even God can conserve the
figure of a thing without its quantity. If we consider the definition of color, on the other
hand, we should find — since colors for Suarez are res, and capable of existing without
their ordinary subject — that it does not include an intrinsic dependence on something
else actually existing. Color, unlike figure, does not intrinsically depend on quantity,
even if, in the ordinary course of nature, it occurs only in quantified substances.

In the Principles Descartes, like Suarez, divides things into substances and the modes
that are ontologically dependent on them. But he has no use for any distinction between
inherence and ontological dependence. Corporeal substances are either identical or
really distinct; the only other relation he admits is that of mode to substance. Since the
essence of body is extension (which here we can take to denote what the Aristotelian
term quantity denotes), everything that pertains to body must be a mode of extension.
In particular, colors and other sensible qualities, if they exist at all in bodies, must be
modes of extension.

One motive for ridding the world of real qualities, and thus for eliminating
inherence, was that if colors are not just modes, the program of restricting the explan-
atory apparatus in natural philosophy to the modes of extension will fail. Descartes
was bound therefore to deny that sensible qualities are res (Menn 1995: 194). He does
not, on the other hand, show that they cannot be modes of extension, taking for
granted, I think, that his usual list — figure, size, and motion — would be treated as
exhaustive.

The second béte noire: substantial form

The object of natural philosophy is body, more precisely (since metaphysics also treats
body as substance) body as changeable — ens mobile (Toletus 1985, 4: 4). That there is
change in the world and that the senses yield true beliefs about change the Aristotelians
never doubted. The fact is certain: what remains is to provide a scheme for describing
change and to determine its causes. Physics proper, in addition to defining matter, form,
and change, sets out the four sorts of cause and proves that there is a first cause of all
change, a primum mobile. The more specialized parts of natural philosophy consider
particular kinds of body and the causes and effects peculiar to them.

Body, or corporeal substance, Aristotle says, is a composite of matter and form. The
basic argument for the distinction, a version of which can be found already in Plato’s
Timeeus, is this: even in the most radical changes — the death of an animal, the trans-
mutation by heat of water into air — some component of the thing changed must of
course be different, but some component must be the same. Otherwise we could not say
this thing has changed; we would have to say that one thing had been replaced by
another. What persists through change is the matter of the thing (with respect to that
change); what differs is form.

By itself the argument yields little. It does not show that in each thing there is one
matter that persists through all its changes; and because a thing can typically undergo
many sorts of change, the argument would seem to show that it must have many forms.
Nevertheless the Aristotelians held that in every natural thing there is one form that
deserves to be called the form of that thing: its “substantial” form. In a living thing, for

21



DENNIS DES CHENE

example, the soul is the substantial form, accompanied by many “accidental” forms —
the quantity and qualities of body and soul. There is also in every natural thing a first
or “prime” matter that persists even when the thing is destroyed or corrupted to the
point of becoming, as an animal does in death, another kind of thing.

Corporeal substance is, first of all, a composite of substantial form and prime matter.
In the form certain powers inhere, most importantly the active powers characteristic of
the species to which the substance belongs. Cats have the active powers of locomotion
and appetite and the passive powers of seeing, hearing, and so forth. Those powers, in
order to operate, require certain dispositions in the body — particular temperaments or
mixtures of the elements, particular shapes, and so forth. The eye, for example, is round
and contains a crystalline humor suited to the reception of color.

The role of substantial form in this scheme is twofold. It is the seat of the powers of
a body, the source from which they all spring; and because the basis upon which bodies
are classified into kinds is primarily the powers and dispositions associated with each
body, that classification is based upon the form by which those powers and dispositions
are determined. For that reason, form, considered as a cause, is said to give “specific
being” to substance.

Descartes holds that form is an idle wheel in the machinery of physics. Aristotelian
authors, however, knowing that some philosophers had denied the existence of form,
took care to offer not only conceptual but empirical arguments for postulating, in addi-
tion to the qualities revealed to us by the senses, a form in which those qualities were
united and by which they are brought into existence.

I will mention one such argument. On the basis of various experientia, Aristotelian
authors hold that a distinction must be made between accidental change, in which a
thing changes but remains of the same kind, and substantial change, the result of which
is a new kind of thing. A standard example is the heating of water. In moderation, it
merely alters the “intensity” of a certain quality. But in extremis it turns water into what
they considered to be a distinct kind of thing — the element “air.” This second sort of
change is all-or-nothing, irreversible, and accompanied by a wholesale alteration of the
accidents of the water. What was heavy becomes light, what was cold becomes hot,
and so forth. The phenomenal distinction thus made between two sorts of change is
best explained, the Aristotelians believed, by postulating a distinction between the
“accidental” qualities of the thing and its substantial form, so that substantial change
is the replacement, not merely of one accident by another, but of one substantial form
by another, together with all the changes implied by that (Suéarez 1965, 25: 501-2).

In Cartesian physics there is, fundamentally, no way to distinguish substantial from
accidental change. Material stuffs consist of corpuscles whose shapes are continuously
deformable into one another. In principle lead could be made into gold by mere local
motion. Boyle, who unlike Descartes attempts to refute the empirical arguments for
form, argues that the phenomenal distinction is one of degree only. To preserve the
commonsense view that there are different kinds of stuff he supposes that the corpuscles
of a homogeneous stuff like iron or water share the same shape or “texture,” assuming
implicitly that texture has the requisite stability (Boyle 1991).

Had the role of form in physical explanation alone been at issue, Descartes could
have contented himself with substituting for the obscure Aristotelian notion his own
clear and distinct notion of figure. But the Aristotelian holds that substantial form is
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itself substance, and really distinct from matter (Fonseca 1964, 2: 82). If we consider
only what form is according to its essential definition — as “that which gives specific
being to matter” — and we take the definition to require not actual, but only potential
“giving of specific being,” then it is not contradictory to suppose a form could exist
without its matter. God, who can bring about whatever is not contradictory, could
bring this about; the separated human soul is evidently just such a case.

Form neither inheres in matter nor does it ontologically depend on matter. Its rela-
tion to matter is the sui generis relation of union. Except in the human case, Descartes
has no need of this relation, no more than he has for a relation of inherence distinct
from ontological dependence.

Superfluous too are the quasi-substances form and matter, along with “real quali-
ties.” Each of these includes in its essential reason a relation, which need only be
potential, to something else from which it is really distinct — of form to the matter that
gives it particular existence, of matter to the form that specifies it, of qualities to their
subjects of inherence. In Descartes’s world, on the other hand, only things whose
essential reasons are wholly independent are really distinct. The essence of body con-
tains nothing that pertains to mind, and that of mind nothing that pertains to body
(imagination and sensation, which ordinarily require bodily organs, are not part of its
essence strictly speaking). Whatever is not wholly independent of a thing must be
wholly dependent on it, and cannot exist without it, not even by God’s absolute power.
There is no middle ground.

Matter and quantity

Bodies are composite of form and matter. Requiring union with matter to exist natu-
rally is the defining character of material form. Spiritual forms, though they can inter-
act with matter, never join with it to form a complete substance. In the late sixteenth
century and the early seventeenth there was notable uncertainty concerning the
essence of matter, an uncertainty that the best efforts of the Aristotelians, and of
Descartes too, failed to dispel.

One point of agreement was that bodies ordinarily occupy space. In an Aristotelian
context, occupying space is proper to things having quantity. The understanding of
matter thus begins with the definition of quantity. Among the Aristotelians there was
serious disagreement. Each of the major schools had its own view, and even among the
Jesuits there were differences — the Coimbran commentary agrees with Thomas that
the essence of matter is pura potentia, Fonseca and Suarez do not. The positions I
describe are those of Fonseca and Suarez.

Quantity is divided first into discrete and continuous. Continuous quantity is again
divided into intensive and extensive. Intensive quantity is a property of qualities like
heat, impetus, and courage that admit of degrees. Lengthy questions were devoted to
the waxing (intensio) and waning (remissio) of qualities. Descartes ignores the issue. In
his physics, local motion alone admits of degrees, and those degrees are measured by
comparing the distances — distance or length being an extensive quantity — traveled by
bodies in equal times.

Extensive quantity has three distinguishing features: it is the measure, as Aristotle
says, of substance; it admits of division into integral parts, each of which is capable of
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existing separately; and it confers on matter the capacity not only to be present at, but
to occupy distinct spatial places. Each of these features had been put forward as the
essence of quantity. Fonseca and Suarez (who cites Fonseca) argue for the third.
Following Scotus, Fonseca holds that the definition or “formal reason” of quantity is to
be per se extended (qualities like color are extended too, but only per accidens, as the
accidents of quantified substances) (Fonseca 1964, 2: 639). Suarez holds the formal
reason of quantity is not actual but potential extension, not the actual occupation of
space but an aptitude or habitude toward doing so (Suarez 1965, 26: 547). Actual
extension, then, is the “formal effect” of quantity, not quantity itself. From that effect
the other features, measurability and divisibility, of quantity follow.

Descartes holds that there is nothing more to matter than extension, from which it
follows that a material substance and its quantity are not really, or even modally, dis-
tinct. His position is, in almost so many words, that of Ockham, who argued that there
is no real distinction between substance and quantity. From substantiality alone the
three distinguishing features of quantity already follow, and since a real distinction
must not be introduced without a compelling reason to do so, there is no reason to
hold that substance and quantity are distinct except in our conception (Suarez 1965,
26:533).

It is worth dwelling for a moment on the Jesuits’ replies to this argument. The first
is that in the Eucharist, the substance of the bread and wine is annihilated, and replaced
with the body and blood of Christ; the quantity, nevertheless, and the sensible qualities
of the bread and wine must remain, since after all they appear to the senses just as
before. Quantity, therefore, can exist without substance. But if substance could not exist
without quantity, it would be a mode of quantity, which is evidently false. Substance
and quantity are therefore really distinct (Suarez 1965, 26: 534). Descartes encoun-
tered the same argument from Arnauld in the Fourth Objections. His difficulties in
responding to it —then and later — were among the grounds on which Cartesian natural
philosophy was condemned after his death (Armogathe 1977).

Suarez, acknowledging that the first reply to the Ockhamist argument rests on
accepting the “mystery” of the Eucharist, holds also that the capacity of bodies to keep
others from occupying their place — impenetrability, in short — is not the effect of sub-
stance alone. From the essence of substance (which is, as we have seen, the possibility
of existing separately), or from that of matter, impenetrability does not follow. Ockham’s
razor cannot be applied; quantity must be distinct from substance and from matter.

If quantity is distinct from matter, it cannot be part of its essence. What then is the
essence of matter? The Thomists held that because not only quantity but all the other
accidents of substance exist in substance by way of form, matter, considered by itself,
has no other essence than that of potentially receiving form and all that comes with
form: it is pura potentia, “pure potency.” God is actus purus, “pure act”: everything that
God can be, he is. Matter is, in this respect, as distant from God as anything that is not
nothing can be. God has all perfections, matter has none, not even that of existence.

Descartes’s name for that which lacks all perfection is nothing (AT 7:54). Indeed, it
is not easy to understand how an entity having no existence of its own could be joined
with form to generate something new — a complete substance. Even the Coimbrans,
who agree with Thomas, hold that matter has an existence of its own, even when it is
not joined with form. Its existence is imperfect and incomplete, so much so that in the
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ordinary course of nature matter cannot exist without form. That matter has an essence
which is not just pura potentia is indicated by the fact that, although it is receptive to
every form (and in that limited sense pura potentia), it receives forms only in a certain
order. The forms of the elements are received first, then those of mixtures like blood and
flesh, and finally higher forms like those of plants and animals. Suarez, noting that the
receptiveness of matter to quantity is a natural precondition to its union with form,
holds that being receptive to quantity is proper to matter. The potentia of matter is
biased, so to speak, and therefore not pura.

In this setting, Descartes’s position — that the essence of body is extension — has two
distinguishing features. The first is that body in general is already a substance in its
own right, whose “form” is extension. Extension, like form, confers substancehood on
whatever has it, and generically distinguishes material from spiritual substances; in
these respects, and because all the properties of bodies are supposed to follow from
extension, it resembles substantial form. But only up to a point: in Descartes’s physics,
there are no individual or specific substantial forms. The differences between natural
kinds are all of the sort that an Aristotelian would call accidental. Unlike form, more-
over, extension cannot be separated from its “matter” even by God.

The second noteworthy feature is what might be called Descartes’s super-
nominalism. At the outset of his career, in his collaboration with Isaac Beeckman,
Descartes already committed himself to a physics in which bodies are conceived to have
only “mechanical” properties, namely, the modes of extension. In the Rules, we see
him arguing already that extension and body cannot be clearly distinguished (AT
10:444-5). In The World, a few years later, the matter of his hypothetical universe is
supposed to consist only in extension (AT 11:33). Descartes there begins to make ontol-
ogy conform to method. But only after renewing his acquaintance with the School
philosophers in the late 1630s did he formulate, in terms most likely taken from Suéarez,
the ontology of created things as one of substance, attribute, and mode; only then did
he identify space, quantity, and matter. Like Ockham, Descartes holds that a body and
its quantity are distinct only in our conception. But unlike Ockham he takes quantity
—that is, extension — to constitute the nature of body, and infers that every accident of
body is a mode of extension.

Change and Causes

In Cartesian physics all change is local motion, and all causation is efficient causation.
God and the human mind, the only active powers in Descartes’s world, intervene in
nature but lie outside the purview of its laws, and so also outside natural philosophy.
Because they do, consideration of ends must likewise be excluded from natural phi-
losophy: agency, ends, and cognition cannot be separated. Descartes was in this respect
more radical in his departure from the Schools than most of his contemporaries and
successors. Some of them, notably Leibniz and the Cambridge Platonists, tried to rein-
state notions of agency and end. To understand what was at stake, it is essential to keep
in mind the fundamentals of Aristotelian theories of agency and the role of ends in
nature. Our intuitions, being Cartesian, are likely to mislead us when we turn to the
seventeenth century: the framework we take for granted was then still in flux.
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Aristotelian natural philosophy is saturated with purposiveness. Natural change,
properly understood, is directed change. Blind efficient causes and mere motion from
place to place are marginal, limiting cases. A world like Descartes’s was not unthink-
able: the Aristotelians had, after all, the examples of Democritus and Epicurus to con-
sider. But to conceive of natural change in their manner, or in Descartes’s, would
in their view have precluded knowing the natures of things and the true causes of
change.

Actual and potential

Fundamental to the Aristotelian conception of natural change is the distinction between
actus and potentia (“act” and “potency”). A thing is said to be in potentia such-and-such
if, given a suitable agent and an environment free of hindrances, it will, in the ordinary
course of nature, become such-and-such. Being in potentia such-and-such entails being
possibly such-and-such, but it usually has the richer sense of tending to become such-
and-such, by virtue of some real feature. The seed is in potentia a mature organism, not
merely by virtue of its being logically possible for it to be one, but by virtue of some real
feature that the seed now has.

It makes sense, therefore, to regard a thing which is in potentia such-and-such but
which has not become such-and-such as imperfect, as having been hindered in its
development. People normally acquire the sense of vision; a person who lacks vision is
not just a “not-seer,” as a stone might be said to be; a human “not-seer” is blind —
deprived of vision, hence lacking what a human being, by its nature, should have.

Ontologically, actus is just existence. The actus of my power to speak is an existing
utterance. But actus is not existence simpliciter. It is existence conceived as a fulfillment
or perfection that follows, under normal circumstances, from the nature of the thing
whose actus it is. Actus, moreover, is a relational, not an absolute designation. An actus
may itself be a potentia. Among the actus of my soul is the power of memory, which is
itself a potentia whose actus is the recording and recollection of perceptions.

Natural change, or motus, is “the actus of a being in potentia insofar as it is in potentia”
(Coimbra 1984, 1: 350). Descartes cites this as a piece of Scholastic nonsense (AT
11:39), but Aristotle’s commentators, though they disagreed about its interpretation,
had no trouble making sense of it. I think it is best understood as a schema by which
to pick out, in a thing that is changing, just what the change consists in. Heating is the
actus (an actually existing quality of heat) of the thing heated (which is in potentia hot
or at least hotter) insofar as it is in potentia (not yet as hot as it is going to be, or as it is
naturally capable of becoming). Aristotle’s definition directs us to consider in any
natural change the condition of the thing changed by virtue of which it initially admits
of being changed in that way, together with the terminus or natural stopping point of
that change. Change, at least in the central cases, is always directed.

Natural change is inseparable from agency. More precisely: “These five are to be
considered in every action: the agent, the patient, the form which is brought about, the
fluxus of the form, and the various respects or relations consequent upon them” (Toletus
1985, 4: 86rb). The form is the terminus of the change, the “flux” is the motus itself.
Some Aristotelians held that the flux is a stage of the form itself designated as a member
of a succession of forms, others that it was somehow distinct; we can set that dispute
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aside. The agent is the efficient cause of the form, which is received in the patient, as
heat is received in earth from the sun; but even though the form is said to be “received,”
nothing passes from the agent to the patient. The form that results from the change is
newly generated in the patient — “educed,” as the common view put it, from the poten-
tia of the patient’s matter.

From the asymmetry of agent and patient it was thought to follow that the agent is
not changed in acting, except incidentally by reciprocal action or by way of improving
the capacity of the patient to serve as its instrument. I become a better craftsman by
building better tools, but strictly speaking only the tools are perfected, not me. It follows
also that action, passion, and motus are not really distinct. “Action” denotes the motus
insofar as it is related (causally) to the agent, “passion” denotes the motus insofar as it
is, or results in, a form in the patient. Thus Descartes, when he says that action and
passion differ only in reason, was merely repeating a commonplace (AT 3:428, 11:328).
The motus, it should be noted, is unambiguously an accident of the patient; Descartes,
in identifying action and passion, probably did not intend that we should think of the
passions of the soul as joint modes of mind and body.

Cartesian physics has little use for the agent-patient scheme. Its basic event is the
collision of two bodies, an event in which there is no asymmetry by which to distinguish
agent from patient. In Cartesian psychology, on the other hand, voluntary action pres-
ents us with an evident asymmetry between mind and body: mind is the agent, will its
active power. But Descartes also applies, not so aptly, the scheme of agent and patient
to sensation. In the sixth Meditation, the passivity of sensation is necessary to the proof
of the existence of body, which is, it would seem, the agent of sensation. The difficulty
is that bodies have no active powers. If the scheme was seriously meant to be applied
to sensation, God, it would seem, would be the agent. But one might also take Descartes
to be altering, as he did in other instances, the sense of a term borrowed from the
Schools: here, perhaps, “patient” means no more than “thing affected,” and “agent”
no more than “causal antecedent.”

Causes in general and the efficient cause

The matter-form account of substance is combined with the agent-patient scheme of
change in the Aristotelian system of the four causes. The material cause of a thing is its
matter, and the formal cause its form. The agent or quality of the agent that brings it
about that the matter has that form is the efficient cause, and the end for which the
agent acts is the final cause. The reason under which matter, form, agent, and end are
rightly called causes is, Suarez argues, that each in its own manner “gives being” to its
effect. Suarez uses the phrase influere esse, “to inflow being”; the model here is God, who
in creation imparts, out of the fullness of his own being, existence to all created things.
The “influx” here is not a transfer of being but rather a kind of assimilation of creature
to God with respect to perfection, the most fundamental of which is existence itself. So
too in ordinary causal relations nothing is transferred from the cause to the effect. The
sun does not lose its heat by heating the earth:; it elicits from the substance of earth the
quality of heat which hitherto has been in it only potentially.

The material and formal causes we have seen already. As for the efficient cause, it
is worth noting first that Descartes agrees with the Aristotelians on what might be
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called its formal aspects. Efficient causes necessitate their effects; they precede them in
time; there is no action at a distance; “nothing comes from nothing,” and so the more
perfect cannot be brought into existence by the less perfect. The application of the
principle in its general form presupposes an order of degrees of perfection (or, in
Descartes’s formulation, “reality”). Accidents, since they are dependent beings, are less
perfect than substances and cannot cause them; material forms cannot cause spiritual
forms.

Descartes’s innovation was to initiate a parting of the ways between (efficient) cau-
sation and (active) power. Descartes has no qualms about saying that one body causes
another to move. But he denies that any body has the power to move another. The
question here raised was treated in the Schools under the heading of the “efficacy of
second causes.” God is the first cause, and evidently an active power: are there any
others? Already in Islamic Aristotelianism it had been argued that God is the only active
power. Created things are merely “occasional” causes of change, where an occasional
cause satisfies the formal conditions on efficient causes, but which is supposed not to
initiate the changes it brings about. Occasionalism was a constant temptation for phi-
losophers who held that the world is created and sustained by an omnipotent deity.
Almost everyone agreed that God can perform the office of any creature; but then it is
not easy to see why active power should be attributed to anything else: why should the
world not depend on God in this respect as it does for its existence?

Aristotelian authors argued at length for the efficacy of second causes — the human
will first of all, but also natural agents. One alternative — that second causes are effica-
cious and entirely independent in their operation from God — was ruled out from the
start. The favored alternative was to hold that God concurs in the acts of creatures — that
he cooperates with them in the production of their effects, but in such a way as not to
deprive them of their own efficacy. Descartes’s position was clear with respect to the
human will: it is an active power, genuinely efficacious. With respect to bodies, his
position was ambiguous and remains a matter of dispute. It is worth noting, however,
that (the case of the will aside) the considerations urged on behalf of the efficacy of
second causes by the Aristotelians would have had little force for Descartes. He could,
moreover, count on the Aristotelians’ agreeing that if body is nothing other than
extension, then indeed bodies can have no active powers. Extension, as Descartes well
knew, is in the Aristotelian world utterly inert.

Ends and final causes

In the Aristotelian world, ends are everywhere. In the Cartesian, there are ends only
where there are minds. That difference is not so radical as it might seem. Unlike Aristotle
himself, Aristotelians in a theistic setting tended to restrict ends as causes to those
which are cognized by a rational agent. Irrational agents —inanimates and non-human
animals — have ends only derivatively, as means to divine ends.

For the Aristotelian, the question is not whether nature acts according to ends (if
we take those ends to be God’s). Rather, it is how ends can be understood as causes.
Part of the answer is easy: an end “gives being” to a thing by virtue of being its comple-
tion or perfection — the actualization of its nature. Actuality is existence: the perfected
thing has more being or more reality than the imperfect thing.
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The causality of ends was understood by invoking, first of all, the familiar scheme of
intentional action: the thought of the end moves the will to act toward that end. But it
might be said — and some medieval philosophers did say — that then the end comes out
as a special sort of efficient cause. Suarez and the Coimbrans, who were familiar with
that argument, argued that nevertheless the causality of ends is distinct from that of
efficient causes. The end acts on the will not simply as something cognized; it acts under
the “formal reason of goodness.” My thought that eating the apple in front of me pro-
motes health is part of the efficient-causal explanation of my eating it; but being thought
of, though necessary to the will's being moved, is only incidental to understanding how
it is that eating the apple becomes an end toward which I act. The healthiness of eating
the apple — eating considered under the “formal reason” of perfecting the body — must
be invoked.

Art and Nature

Descartes’s natural philosophy, and especially his physiology, makes abundant use of
analogies between human artifacts and natural things. Living things are just configu-
rations of extended matter; they differ from human machines only in complexity. From
the structure of human machines we can thus infer, on the basis of similarity in oper-
ation, the structure of living things. In Aristotelian physics, on the other hand, the
utility of art in generating knowledge by analogy about the powers of natural things is
strictly limited. Art, even though it is said to imitate nature, cannot serve as a model,
because human production is by comparison with divine creation secondary, superfi-
cial, and subordinate.

1 Secondary That art imitates nature, and is thus secondary to it, is obvious in the case
of the arts of depiction. Other arts — carpentry, tailoring, cobblery — though they do not
imitate preexisting natural effects, imitate those that “ought to have preexisted” and
strive to fashion them as nature would have (Toletus 1985, Phys. 2¢2q6; 4: 54v). The
claws, fur, fins that nature gave to animals nature gives us by endowing us with an
intellect capable of conceiving the forms of all those tools. Human art can thus attain
to a more direct imitation of the divine mode of production than is realized by natural
agents.

Nevertheless art could not exist without the creative act of God and the generative
acts of nature. God realizes in matter the exemplars or divine ideas of the forms of
things. The active powers of nature execute the divine plan, generating substances
composed of prime matter and substantial form, supported and embellished by suitable
qualities. Art operates only on the finished substances of nature. Unlike God, it cannot
create from nothing; unlike nature, it cannot reduce an existing substance to prime
matter and give it a new substantial form.

2 Superficial The forms of art are not the substantial forms of things, but their figures,
their outward shapes. Figures follow forms. They are the attendants of form, the indices
of substance. Human art cannot bestow on matter new substantial forms. To imitate
the effects of natural substances on vision it can only employ the signs of form, that is,
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the shapes of things. This holds not only for the arts of depiction but also to some degree
for the other arts: the rudder of a ship may look like a tail, but it is only by courtesy an
organic part of the ship. Art remains at the surface.

Arriaga holds that the forms of art consist merely in the locations (ubicationes) of
preexisting substances. All we change is the ubi, the “where,” of various bits of stuff.
The forms of artifacts are simply displacements of their materials (Arriaga 1632: 319;
see Des Chene 1996: 245). In those arts which, like baking and cooking, do not merely
move things around, the human contribution amounts only to the application of
natural powers to suitable patients, as fire to dough. Nature, not art, produces whatever
new forms are thereby generated; art merely provides the occasion.

3 Subordinate Nature’s powers are subordinate to God; human industry is subordinate
both to nature and to God. God, the Coimbrans write, brings forth (things) from nothing:
nature from the potential being: art from perfected being: God by creating, nature by
generating, art by compounding or composing (Coimbra 1984, 1: 214).

Natural forms are “active [actuose] and as if alive.” But the forms of art are “as if
inert [stolide] and dead, having no effective force [effectricem vim].” They are nothing
more than reshapings of things. But shape pertains to quantity, and quantity “of itself
is idle [ignava] and inert; it is given by nature [to things] as if it were another matter,
to sustain their accidents.” Figure inherits from quantity its passivity. Art, in short, has
no effects as such; and if the nature of a thing is, as Aristotle says, its principle of rest
and motion, then artifacts have no natures.

The contrast could hardly be greater. Art deals only in the surfaces of complete
substances, its forms are mere shapes, it is inert — more so than even the inanimate
substances of nature. Nature, on the other hand, works from within and needs only
prime matter for its material; the creatures of nature not only have active powers but
are capable of conferring those powers on others.

Yet there seem to be instances in which art exceeds the limits thus set for it. The
Coimbrans consider three cases: automata, magical figures and characters, and alchemy,
to which they devote a special question (on the relations of art and nature in alchemy,
see Newman 2004). The statues of Daedalus, the dove of Archytas, and the animated
stools of Apollonius of Tyana all seem to have possessed powers not unlike those of
living things. Likewise the images and amulets produced by astrologers and natural
magicians seem to exceed in their effects the powers of natural agents. And if alchemists
can indeed generate gold from base metal, as they say, art will have managed not
merely to relocate bits of stuff but to impose a new substantial form on prime matter.

But all this is either fakery or can be ascribed to natural causes. “Neither art nor
artificial form by its own power is capable of the work of nature” (Coimbra 1984, 1:
218). If witches and magicians sometimes seem to endow figures and characters with
active powers, the actions they bring about are, if not illusory, due to “the industry of
demons who at the sign [given by the witch] hasten by tacit or express agreement to
play with the minds of men.” The instruments of witchcraft are just visible manifesta-
tions of the witch's intentions. In other cases ordinary natural causes are at work, and
the appearance of activity in an artifact is owed to the concealment of those causes.
So it is with automata, whose actions are brought about by “little machines hidden
within,” which act in perfectly natural ways.
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Concerning alchemy, the Coimbrans’ conclusion is a bit of a surprise: “Even if it is
extremely difficult to produce true gold by chemical recipes, still it does not seem that
one can judge it entirely impossible.” If gold has hitherto been made only under the
earth, that is merely because only there have the requisite matter and the requisite
agents been brought together. But the natural processes that produce it can occur
anywhere, even in the alchemist’s den.

Having thus approached what we would call a modern view of the matter, the
Coimbrans immediately retrace their steps. They remind the reader that in fact no one
has demonstrated the art of making gold. In every case the product was either not
true gold or, if genuine, was surreptitiously introduced during the process. Alchemists
therefore deserve their bad name. And if the day comes when gold is made by art, it
will be by way of applying natural agents to suitable materials. Art itself will remain
an inert bystander. Alchemy, like natural magic, tests the limits of art but cannot
exceed them.

Human art, even if it manages to produce substances, remains subordinate to nature.
In Descartes’s natural philosophy, the subordination of art to nature is not altogether
rejected. But the difference between human and divine art no longer turns on the all-
or-nothing presence or absence of generative powers. It is instead the difference between
the finite and the indefinitely large, a difference in number and intricacy of parts.
Human art is only accidentally, not essentially, subordinate to nature. The barrier
between art and nature is thus displaced. Art is, one might say, that which is actually
made in accordance with our desires; nature is that which is not, or which is only
potentially so.
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Chapter 3

Descartes and Augustine

CATHERINE WILSON

Descartes’s relationship to his predecessor, the fifth-century Bishop of Hippo, St.
Augustine, has attracted much scholarly interest and commentary. Among the Fathers
of the Early Church, St. Augustine was preeminent in establishing Christian doctrine.
His theories of sin, the human will, angels and demons, the relationship of temporal to
religious authority, and the nature of the soul remained authoritative for centuries.
Even with the appearance of St. Anselm and St. Thomas Aquinas, representing a more
intellectual approach to the synthesis of philosophy and theology, Augustinian
Christianity influenced both Catholics and Protestants, including Luther and Calvin.
Not until the end of the seventeenth century did Augustine’s influence begin to wane,
and in certain Christian sects it has always remained strong. The relationship between
the medieval theologian and the early modern philosopher raises many historiograph-
ical questions, both text-internal, with respect to their respective doctrines and argu-
ments, and text-external, with respect to Descartes’s own position and influence in the
intellectual communities of the seventeenth century.

There are a number of parallel thoughts and arguments in the writings of the two
thinkers, and it will be worthwhile briefly to cite certain striking passages. Descartes
reported in his Discourse on Method of 1637 that at one point in his life he had engaged
in some very unusual meditations, perhaps “too metaphysical and uncommon for
everyone's taste” (1:126; AT 6:31). He had decided to reject as false everything that it
was possible to doubt. He had then established that, even if he was the victim of an
illusion with regard to everything that he seemed to experience and to have learned
through the use of his senses, he at least existed:

I noticed that while I was trying thus to think everything false, it was necessary that I,
who was thinking this, was something. And observing that this truth ‘T am thinking,
therefore I exist’ was so firm and sure that all the most extravagant suppositions of the
skeptics were incapable of shaking it, I decided that I could accept it without scruple as the
first principle of the philosophy I was seeking. (1:127; AT 6:32)

Another version of the realization of the fact of his own existence in the face of doubts
about the existence of a world was presented in the Meditations of 1640:
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I have convinced myself that there is absolutely nothing in the world, no sky, no earth, no
minds, no bodies. Does it now follow that I too do not exist? No: if I convinced myself of
something then I certainly existed. . . . [A]fter considering everything very thoroughly, I
must finally conclude that this proposition, I am, I exist, is necessarily true whenever it is
put forward by me or conceived in my mind. But what then am I? A thing that thinks.
What is that? A thing that doubts, understands, affirms, denies, is willing, is unwilling,
and also imagines and has sensory perceptions. (2:17; AT 7:24-5; cf. 1:127; AT 6:32)

These “uncommon” thoughts had, however, been anticipated in Augustine’s On the
Trinity. There, Augustine maintained that we have an immediate knowledge of our
own existence and thinking, that this knowledge is acquired by non-sensory means,
and that no mistake in these matters is possible:

[W]ho would doubt that he lives, remembers, understands, wills, thinks, knows, and
judges? For even if he doubts he lives, if he doubts, he remembers why he doubts; if he
doubts, he understands that he doubts; if he doubts, he wishes to be certain; if he doubts,
he thinks, if he doubts, he knows that he does not know; if he doubts, he judges that he
ought not to consent rashly. Whoever then doubts about anything else ought never to
doubt about all of these; for if they were not, he would be unable to doubt about anything
at all. (Augustine 2002: 56)

In the City of God, Book 11, Chapter 26, Augustine argued that, regardless of whether
his experience of a sensory world was illusory or not, his knowledge of his own
existence (and by implication everyone else’s knowledge of his own existence) was
secure:

[W]e both are, and know that we are, and love our existence and our knowledge of it.
Moreover, in these three statements that I have made, we are not confused by any mistake
masquerading as truth. For we do not get in touch with these realities, as we do with
external objects, by means of any bodily sense. We know colours, for instance, by seeing
them, sounds by hearing them, odours by smelling them, the taste of things by tasting
them, and hard and soft objects by feeling them. . . . But it is without any deceptive play
of our imagination, with its real or unreal visions, that I am quite certain that I am and
that I love this being and knowing. (Augustine 1968, 3: 532-3)

I need not quail before the Academicians when they say: “What if you should
be mistaken?” Well, if I am mistaken, I exist. .. it is certain that if I am mistaken, I
am. (Augustine 1968, 3: 533)

Although Augustine took himself to be demonstrating that he was alive rather than
that he simply existed, the argumentation is similar. Yet despite these and other pas-
sages suggestive of close study and direct influence, Descartes persistently maintained
that Augustine’s writings were unknown to him. When Marin Mersenne raised the
issue after the Discourse had gone to press and sent him some passages from Augustine,
Descartes refused to admit their relevance (AT 1:376). On November 15, 1638, his
conscience may have been bothering him, for he wrote to Mersenne, “I have looked for
the letter in which you quote the passage from St. Augustine, but I have not been able
to find it; nor have I managed to obtain the works of the Saint, so that I could look up
what you told me, for which I am grateful” (3:129; AT 2:435). When another corre-
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spondent, Andreas Colvius, called his attention to the doubt argument in the City of
God in 1640, Descartes thanked him for the reference, adding, “I went to the library of
this town [Leiden] to read it, and I do indeed find that he does use it to prove the cer-
tainty of our existence.” “I am very glad,” he continued, “to find myself in agreement
with St. Augustine, if only to hush the little minds who have tried to find fault with the
principle” (3:159; AT 3:247-8). But he denied that his intentions and Augustine’s
were the same. Unlike Augustine, he pointed out, he had used an argument from
doubtfulness to show that “this I which is thinking is an immaterial substance with no
bodily element” (3:159; AT 3:247). In another letter, to Denis Mesland, written in
1644, Descartes again expressed his hopes that the accidental similarity between his
views and Augustine’s would facilitate the acceptance of his philosophy:

I am grateful to you for pointing out the places in St. Augustine which can be used to give
authority to my views. Some other friends of mine had already done so, and I am pleased
that my thoughts agree with those of such a great and holy man. For I am not the kind of
person who wants his thoughts to appear novel; on the contrary, I make my views conform
with those of others so far as truth permits me. (3:232; AT 4:113)

Thus Descartes tended to insist either on his ignorance of Augustine, or on the use-
fulness for his overall agenda of a fairly superficial but lucky coincidence. And indeed,
Descartes’s claim that Augustine had not used his indubitability argument as part of a
demonstration of the incorporeality of the soul was justified. Augustine did not deduce
that thesis from a specific set of premises. However, he followed Plato in maintaining
that the human soul was an incorporeal substance with no corporeal element, and he
insisted on this point frequently.

Was Descartes’s dismissive attitude really representative of his relationship to
Augustine, or was it another example of his notable tendency to downplay the extent
to which other writers had influenced his thinking (Kamlah 1961; Menn 2003)? In
April 1619, Descartes wrote affectionately to Isaak Beeckman with whom he had been
studying physics: “It was you alone who roused me from my state of indolence, and
reawakenedthelearning which by then had almostdisappeared frommymemory. . . . [I]f
perhaps I should produce something not wholly to be despised, you can rightly claim
it all as your own” (3:4; AT 10:163). In 1630, however, he turned on Beeckman, who
had complained of his ingratitude, furiously: “I have never learnt anything but idle
fancies from your Mathematical Physics,” he wrote. “You should not indulge your sick-
ness by dwelling on the fact that I have sometimes accepted what you said, for it occa-
sionally happens that when even the most incompetent person discusses philosophy,
he says many things which by sheer chance coincide with the truth” (3:27; AT 1:159).
Descartes was not inclined to be generous in acknowledging his intellectual debts.
However, it is significant that Antoine Arnauld, the Jansenist philosopher-theologian,
before receiving satisfaction on certain points and converting to Cartesianism, cited not
only some overlap, but some serious conflicts with Augustinian doctrines.

Descartes’s appropriation by the theologians and philosophers of the Oratory,
notably by Nicolas Malebranche, as well as by the Jansenists of the Port-Royal school,
was fortunate for his reputation, according to Henri Gouhier, but indicative of no real
intellectual affinity. According to Gouhier, “The soul of the Cartesian system is not that
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of Augustine’s,” and Descartes’s distancing was appropriate. “It matters little,” Gouhier
says, “that the cogito is found in one and in the other; it matters little that the two
apologetics have recourse to the same procedures; it matters little that the two dialectics
work themselves out beyond the bounds of the sensible world. Should their proceedings
be rigorously parallel, should their expressions be identical, above all this there is a soul
which these resemblances do not touch, and it is to this soul that a study like ours
should lead” (quoted in Menn 1998: 8). Challenging Gouhier’s position, Stephen Menn
has argued not only for Descartes’s deep indebtedness to Augustine, but also for a
certain harmony of aims and intentions in philosophy. According to Menn, Descartes’s
goal was “roughly, to construct a complete scientific system, including a mechanical
physics and ending in the practical disciplines, on the basis of an Augustinian meta-
physics” (Menn 1998: 15).

These two views are not entirely incompatible. If the soul of the Cartesian system
can be construed as “a complete scientific system including a mechanical physics and
ending in practical disciplines,” then both commentators can be right. However, it is
perhaps more accurate to say in that case that Augustinian metaphysics provided a
frame rather than a basis for Descartes’s scientific system. Though Augustine’s attitude
towards the natural world and its corporeal objects is complex, reflecting the complex-
ity of the Platonic doctrines of the relationship between the sensible and the intelligible
world from which Augustine drew inspiration, he attached little importance to natural
science. By contrast with Descartes, he saw it as a mostly worthless distraction from
the task of perfecting one’s relationship with God, and in his old age he rejected the
study of philosophy — critical, analytic, speculative thought — entirely in favor of faith.
The basis for Descartes’s scientific system is the atomism of Democritus and his succes-
sors, together with the physiology of Galen, that is, the pagan science revived in the
Scientific Revolution, of which Augustine strongly disapproved. Descartes’s Augustin-
ian metaphysics complemented the scientific image of the world rather than support-
ing it. It substituted monotheism for the atheism and nature-worship associated
with the science, and often the metaphysics, of the ancients.

Two Seekers After Truth

Augustine’s autobiographical narratives and his theoretical constructions are domi-
nated by images of a body-in-motion and at rest. The subject of Augustine’s personal
history, as well as the implied subject of his philosophical inquiry, wanders, seeks, flees,
and ultimately finds sanctuary and repose. As he recounted the story of his life in the
Confessions, Augustine’s youth was marked by wanton living and a sense of wretched-
ness that he ascribed to his involvement with bodies. Not only was he immersed in the
fleshpots of the city and enmeshed in love affairs, he was tangled up in a materialistic
philosophy. “[M]y conceit ranged through corporeal forms,” he said, “and I defined and
distinguished as fair, what is so, absolutely of itself, . . . and confirmed my argument by
corporeal examples” (Augustine 1912, 1: 191). He held metaphysical views of an
extreme sort: “[W]hatsoever was not stretched out over certain spaces, nor diffused
abroad, nor amassed up into bulk, nor swelled into breadth, or which did not or could
not receive some form of these dimensions, I thought to be just nothing” (Augustine
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1912, 1: 335). He even thought of God, he says, as “some huge corporeal substance,
on every side piercing though the whole globe of this world” (ibid.). In this phase of his
life, he misunderstood the nature of the soul as well:

I set my studies . . . to consider of the nature of the soul, but that false opinion which I had
already entertained concerning spiritual matters, would not let me discover the truth, yet
the force of truth did ever and anon flash into mine eyes, but I turned away my panting
soul from all incorporeal substances, setting it upon lineaments and colours, and swelling
quantities. And for that I was not able to see all these in my soul, I verily believed that I
could not see that soul of mine. (Augustine 1912, 1: 191)

The materialism to which Augustine alludes in these passages was a feature of the
most ancient philosophical systems. Augustine cites Thales as the author of the system
in which everything is water, Anaximenes as the author of the system in which every-
thing is air, and the Stoics as having maintained that the principle of life, wisdom, and
divinity is fire. The most powerful and comprehensive of these systems was that of the
atomists; it had originated with Democritus, been developed by Epicurus, and was fully
articulated in Titus Carus Lucretius’ long Latin poem, On the Nature of Things, a version
of a lost Greek manuscript of Epicurus.

The atomists maintained that there existed only material particles and the void. The
human soul was composed of especially fine and subtle atoms and did not survive the
death of the rest of the body it was mingled with during life. The gods, if they were not
imaginary, were material beings who inhabited distant regions of space and took no
interest in human affairs, and death was the end of all experience and existence. Ethical
hedonism, the doctrine that the pursuit of pleasure and the avoidance of pain were the
only reasonable goals for human beings, seemed to follow (Lucretius 2001, passim).
Plato, through his theory of separated, immaterial Forms, and Aristotle, through his
doctrine of forms wedded to matter (hylomorphism), had rejected atomism and its
theological and ethical implications, though Aristotle at least allowed Democritus pride
of place among the pre-Socratics.

The young Augustine was deeply impressed, not only by materialism, but by
the ethical doctrines of the atomists in particular. Even after he met St. Ambrose,
who persuaded him of the truth of Christianity, and of the resurrection and of our
accountability to God, Augustine continued for a while to believe that Epicurus
had been correct in treating pleasure as the supreme good. That it was prohibited and
punished by God was the only reason Augustine could find to abstain from carnal
indulgence.

Nor did anything call me back from that deeper gulf of carnal pleasures, but only the fear
of death, and of thy judgement to come. . . . Epicurus, in my judgement should have won
the garland, had I not verily believed that there remained a life for the soul after the body
was dead, and the fruits of our deservings, which Epicurus would not believe. (Augustine
1912, 1: 327)

In his search for a metaphysical system that could explain his sense of inner conflict,
relieve his sense of guilt, and put an end to his confusions about how to live, Augustine
turned first to Manichaeism, the doctrine that good and evil principles of equal force
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struggle for supremacy in the cosmos. Finding it ultimately of no help, he turned to
Platonism.

The Platonism he encountered was that of the Phaedo, the Symposium, and the
Timaeus. These Platonic works were not valued for Socrates’ skillful dialogical argu-
ment, but for their imaginative depiction of a supersensible realm of ideas or “forms”
beyond the world of sensible, tangible objects. Everything in the sensible world, accord-
ing to Platonic doctrine, is changeable, fleeting, and destructible, as the atomists main-
tained, but there exist Forms that are eternal and unchanging. Platonic ontology
relegated matter to a shadowy, derivative existence relative to these incorporeal Forms,
and in moral theory, Platonism took a stand against prevailing relativistic, pragmatic,
and conventionalist accounts of good and evil. The Timaeus asserted that we can earn
immortality by renouncing mundane goals and desires. “If a man has become absorbed
in his appetites or his ambitions and takes great pains to further them, all his thoughts
are bound to become merely mortal. . .. On the other hand, if a man has seriously
devoted himself to the love of learning and to true wisdom, if he has exercised these
aspects of himself above all, then there is absolutely no way that his thoughts can fail
to be immortal and divine” (Plato 1997: 1289; 90b). Good actions, Platonists main-
tained, partook of the Form of the Good, but Platonists did not acknowledge a Form of
Evil. Unlike Manichaeans and Gnostics, they held that the world, as the product of a
divine creative mind, was essentially good, through and through. Yet their system
could not but surround the concept of matter with an aura of shame and unworthiness,
and their division between the sensory world and the intelligible world fit well with
Judaeo-Christian notions of pollution and sin. The soul of man, Socrates had argued in
the Phaedo, was invisible and indivisible, unlike everything material, and hence inde-
structible and immortal. The soul, Plato says,

is most like the divine, deathless, intelligible, uniform, indissoluble, always the same as
itself, whereas the body is most like that which is human, mortal, multiform, unintelligible,
soluble, and never consistently the same. (Plato1997: 70; 80b)

Through his encounters with Platonists, described in Book 7 of his Confessions and
Book 8 of the City of God, Augustine came to appreciate the existence and significance
of incorporeal things — God and the soul (Augustine 1912, 1: 393f{f.). He decided that
materialism was a theory propounded for ideological reasons by persons addicted to
pleasure, as he had once been, or at least propounded by persons who were biased by
their love of objects perceived by the senses. He described them as philosophers “who
have adopted a belief in the material elements of nature because their own minds are
subservient to the body,” initiating a long tradition of ad hominem attack on the classi-
cal atomists and their teachings (Augustine 1968, 3: 27). “These . . . philosophers . . .
have been able to conceive only what their hearts, bound to their bodily senses, have
devised for them” (ibid.). Even though they “had within them something which they
did not see,” they did not recognize it as such, and they believed erroneously that life
can come from non-living things.

His new synthesis of theology and philosophy provided Augustine with the repose
he longed for, freeing him from the pummeling he had received in his pursuit of love
and experience. All corporeal beauty, he determined, was transitory and mutable: all
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beautiful objects except God “rise, and set; . .. they grow up, that they may attain
perfection, which, having attained, they wax old and wither” (Augustine 1912, 1:
175). He saw the underlying materialist fallacy exemplified in the idolatry of gentiles,
who “changed the glory of thy incorruptible nature into idols, and divers shapes, into
the likeness of the image of corruptible man, and birds, and beasts, and serpents” and
even of “a calf which eateth hay” (Augustine 1912, 1: 369). Created things, he decided,
had no “absolute being,” though they were not nothing either; they came from God
but lacked the complete being of God (Augustine 1912, 2: 375). He came to understand
that “the matter of the whole universe, its shapes, qualities, its regulated movements,”
together with the life of animals, plants, and human beings, could have no existence
“except as it comes from Him who is absolute being” (Augustine 1968, 3: 31). Evil, he
decided further, was not real and consisted merely in the negation of the good, for
everything created must be good.

Asceticism is central to most religions and characterizes most notions of holiness;
Plato’s Timaeus is concerned with the state of holiness attainable by human beings, as
is the New Testament of Christianity. Both sects — Platonists and Christians — demanded
renunciation of worldly pleasures. Yet both sects also found it difficult or impossible to
depict the condition of holiness except through erotic language and imagery, including
the Song of Solomon in the Old Testament, the many references to brides and marriages
in the New Testament, and the evocations of longing and fulfillment in the Symposium.
There was a further internal tension in both sects between the ontological doctrine of
the “good world” as expressed in Genesis and in the Timaeus and the moral injunction
to transcend the world or to die to it, or simply not to care about it. If the world of
creatures is good, why do we need to turn away from it rather than embracing it?
If we are the creations of an omnipotent and supremely benevolent being, how can
we be so fundamentally misled about value?

Augustine left these problems — versions of the age-old Problem of Evil — largely
unresolved, though he drew, as I will show below, an implicit distinction between the
natural world, which he regarded as essentially good, and the artificial world of human
elaboration, which he regarded as vain and meretricious. He maintained that a form
of happiness would reward those who submitted entirely to God's commands that
outshone the happiness that could be obtained from contemplation of the Creation, as
fine as it was. But one cannot say these distinctions were sufficient to dissipate the
paradox, and Augustine was not entirely averse to unresolved paradoxes. He was fas-
cinated by philosophical oddities, such as the ruin of mankind through the mind of a
woman and the salvation of mankind through the body of a woman (Augustine 1997:
14), and the Problem of Evil was one he returned to frequently in his writings
(Macdonald 2001). At the end of his life, however, he expressed a disenchantment with
all philosophy — even Platonic philosophy — in his Recantations. Faith alone was to be
our guide, and scripture our only text.

Already in the process of his conversion, Augustine was much disheartened by the
“wrangles of all those cavilling questions, whereof I had read so much amongst the
Philosophers contradicting each other” (Augustine 1912: 283). Mankind, he decided
“would prove too weak to find out the truth by way of evident reason, and for this case
there was need of the authority of the Holy Writ” (Augustine 1912: 285). What had
seemed to him “absurdities” when he had first looked into the Bible now appeared to
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be deep mysteries, “and the authority of that Book appeared so much the more vener-
able, and so much the more worthy of our religious credit” (ibid.). Descartes responded
very differently to the problem of contradictory voices in philosophy. He would not
abandon reason, and he would not welcome mystery; rather, he would apply his
human reason consistently, and this consistent application would not only prove to
anyone's satisfaction the existence of God without any need for reliance on faith —
which Descartes thought could not be reasonably demanded of those who had not been
brought up in a Christian culture — but the reliability of human reason itself. The
immortality of the human soul, however, he admitted, was a matter for faith and could
not be proved (2:291; AT 7:431).

Descartes’s autobiography shares some features with Augustine’s. In the Discourse,
he presented himself as a body-in-motion, traveling about the world in the company of
Prince Maurice, and even in later life he was an extraordinarily restless person who
changed his dwelling-place frequently (Baillet 1691). Unlike Augustine, who became
an enthusiastic adherent of one sect after another in his search for something to believe
in, Descartes maintained a certain non-committal aloofness about philosophy in his
youth. He liked mathematics, he tells usin the autobiographical sections of the Discourse,
but he was not captivated by the rest of his education, certainly not by the natural
philosophy of the Scholastic philosophers he read. At the conclusion of his formal
studies, at the age when Augustine was making his way through the philosophical
canon of his time, Descartes was studying music theory, physics, military engineering,
and animal physiology (Baillet 1691). Where religion was concerned, Descartes had
been born into a Christian culture, and he accepted Catholicism, but he lacked the
fervor of a convert to a new religion. Though he assures the reader that he “revered
theology,” and although he did come to feel himself specially favored by God, his
Meditations does not resemble the conventional religious meditation in which the med-
itator is drawn into an “I-thou” relationship with a caring, loving, but also demanding
divinity. And if Descartes experienced guilt and conflict over his enjoyment of sensory
pleasures, he does not tell the reader about it. Renunciation is not a driving theme for
him, as it is for Augustine.

As I will try to show later, Descartes took on the Problem of Evil, and succeeded very
well in solving it, but at the price of dispensing with the distinction between the artifi-
cial and the natural that was meaningful to Augustine, and with the doctrine of indi-
vidual salvation as well. Menn is surely right to suggest that Platonic-Augustinian
problems about the ultimate value of corporeal things were of central concern for
Descartes, but Gouhier was surely right to suggest that Augustinian theology, which
represents one’s relationship to God as deeply personal and intimate, and its cultivation
as more important than any earthly endeavor whatsoever, is very far from Descartes’s
own theology.

Coincidence and Divergence

Above and beyond their common appeal to an indubitability argument — that doubt
implies the existence of an understanding, willing subject — there are many points of
overlap in Augustine and Descartes. Probably, Descartes had read Augustine in his
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youth, or at least heard lectures on Augustinian metaphysics and theology, though no
one has proved that this is so. Probably, Augustine’s doctrines came back to him as
he composed the Meditations, even if he had forgotten their source. Both philosophers
(I have relegated many of their comparable statements to an appendix below) assert
that:

e Our daily familiarity with sensory objects produces certain prejudices.

« Itis essential to “withdraw” from sensory experience to gain knowledge, especially
of oneself.

*  Wrongly informed philosophers and naive people believe the soul to be material.

e The soul can be known to be an incorporeal substance.

* The attribution of mentality to other creatures is inferential.

*  We possess innately an idea of God that corresponds to God.

» The existence of sin and error must be reconciled with God’s goodness.

To this list of common doctrines might be added the absolute dependency of created
nature on God that Descartes enunciated in the Third Meditation, where he claimed
that his existence was secured from moment to moment only by the will and action of
God, on the grounds that “the same power and action are needed to preserve anything
at each individual moment of its duration as would be required to create that thing
anew if it were not yet in existence” (2:33; AT 7:49), and his notion that, as a created
being, he stands midway between Nothingness — the absence of all perfection — and
God — the absolutely perfect being — in the Fourth Meditation (2:38; AT 7:54). To be
sure, there are marked differences in doctrine. As noted, Augustine identified the soul
with a principle of vitality, and he ascribed not only life but also mentality — perception,
recollection and memory, and intention —to animals (Augustine 2002: 8 3), as Descartes
notoriously did not (1:335; AT 11:341-2). Above and beyond the substantive differ-
ences in their doctrines, there is also an important formal difference in the use to which
the propositions just listed are put.

Augustine enunciated them over and over and elaborated them in various ways in
his many works. They formed a philosophical picture that was generally coherent,
though subject to the tensions described above. He expected his readers to ponder these
points and their significance throughout their remaining lives. Nothing less than their
salvation was at stake. Descartes, by contrast, emulated the procedure of the mathema-
ticians. The Meditations approaches to the condition of a single lengthy, sustained,
sequential argument. Descartes begins with a hypothesis he intends to overturn. The
hypothesis is: “There exists an Evil Genius, a malevolent God, who deceives me about
the existence of a material world and who has ensured that I know absolutely nothing.”
In the course of reducing this hypothesis to absurdity, he establishes various lemma-
like propositions along the way, and he builds further on his results to show that there
exists a unique and good God, and that he, Descartes, knows a great deal and can know
a great deal more about the corporeal world.

Descartes did not consider the propositions listed above to represent the content of
his philosophy, requiring articulation, rephrasing, expansion, and repetition in order
to bring puzzled or skeptical auditors around to the correct view of humanity, God, and
nature. He saw himself as having produced an argument that, if carefully followed, was
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as apodictic and as economical as any good piece of mathematical reasoning. Beyond
clearing up some confusions in the Replies to Objections that he published with the
Meditations, Descartes saw no need to refine and explain his position further. Nor did
he expect his readers to spend their future philosophical hours meditating upon the
propositions above for the sake of their souls. Rather, Descartes intended his ideal
reader to imitate his, Descartes’s, own reasonings and to master the argument of the
Meditations by reading it through carefully and with full attention once. Its conclusions
mastered, the reader should turn his attention back to practical matters — and perhaps
to the experimental science of bodies to which Descartes was himself devoted, and
which constituted for him “philosophy.” He reportedly spoke as follows to Frans Burman
in 1648, two years before his death:

A point to note is that one should not devote so much effort to the Meditations and to
metaphysical questions, or give them elaborate treatment in commentaries and the like.
Still less should one try to do what some try to do, and dig more deeply into these questions
than the author did; he has dealt with them quite deeply enough. It is sufficient to have
grasped them in a general way, and then to remember the conclusion. Otherwise, they
draw the mind too far away from physical and observable things, and make it unfit to
study them. Yet it is just these physical studies that it would be most desirable for people
to pursue, since they would yield abundant benefits for life. (3:346-7; AT 5:165)

Writing at the dawn of the Scientific Revolution, inspired by the Baconian program
ofincreasing wealth and improving health in human beings through an understanding
of natural processes, Descartes was deeply committed to the expansion and revision of
ancient physics, medicine, and morals — morality consisting in his view as a kind
of medicina mentis — a practical theory of mental health. He revived the conception of
matter as composed of subvisible corpuscles with no properties except shape, size, and
motion, without admitting the existence of indivisible particles — true atoms — or void
that had been rejected by Plato, Aristotle, and Augustine, and he made it the basis
of his cosmology, physics, and physiology. His Galilean inquiries into cosmology and
the physics of inanimate bodies, which he surveyed in his early unpublished treatise
The World and later in the Principles of Philosophy, were supplemented by his inve-
stigations of the animal machine. These were first reported in his posthumously pub-
lished Treatise of Man completed around 1628-9. They are also the principal focus
of the Parts V and VI of the Discourse on Method and of the Sixth Meditation. Whereas
Augustine maintained firmly against the Epicureans that life could not arise from non-
living matter, Descartes maintained, in effect, that “life” was the name given to the
phenomena of machines that men had not constructed, but that had come into
being as a result of time and chance (1:329-30; AT 11:330-1; cf. 1:257; AT 8A:101).
Since life was mechanism, the amelioration of life implied nothing more difficult
or mysterious than the improvement of any machine, except that the machines of
nature were composed of more parts and were more complex than the machines
of men.

The conclusion Descartes reached in the Sixth Meditation and that he hoped his
readers would take note of was not just the incorporeal nature of the thinking soul, but
the dependence of all our experiences and emotions upon the body, and especially upon
its nervous system. Referring to “the law that obliges us to procure, as much as is in
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our power, the common good of all men,” Descartes had said in the Discourse that his
train of reflections

made me see that it is possible to arrive at knowledge that would be useful in life and
that, in place of that speculative philosophy taught in the schools, it is possible to find a
practical philosophy, by means of which, knowing the force and the action of fire, water,
air, the stars, the heavens, and all the other bodies that surround us, we might be able, in
the same way, to use them for all the purposes for which they are appropriate, and thus
render ourselves, as it were, masters, and possessors of nature. (1:142-3; AT 6:61-2)

The ambition to revive ancient science and improve it, with an eye to controlling
the processes of nature, was foreign to Augustine. This was not because Augustine lived
in a pre-scientific era, but because he set little store by the science of the pagans —
Graeco-Egyptian learning in mathematics, astronomy, mechanics, logic, practical
chemistry, and medicine. Though he did not absolutely condemn these studies, as he
did the magical arts of divination and all commerce with demons for the discovery of
esoteric secrets, and although he even recommended the compilation of an encyclope-
dia of natural history, he thought that they lacked the intrinsic worthwhileness of the
care of one’s incorporeal soul:

As for the other branches of learning found in pagan society, apart from the study of things
past or present which concern the bodily senses (including the productions and experi-
mentations of the practical arts) and the sciences of logic and number, I consider nothing
useful here. In all these subjects the watchword must be, nothing in excess, and nowhere
more so than in those which concern the bodily sense and are subject to time or restricted
in space. (Augustine 1997: 63-4)

For Augustine, the contrast between the ungrateful and perishable things of the
visible world and the invisible things of God presented itself with increasing starkness,
as he realized the folly of his early attachment to corporeal things: “What shall I say,
when as sitting in mine own house, a lizard catching flies, or a spider entangling them
in her nets, ofttimes makes me attentive to them. . . . One thing it is to get up quickly
and another thing not to fall at all. And of such toys my life is full; and my only hope
is thy wonderful great mercy” (Augustine 1912, 2: 181). Curiosity was for Augustine
a “disease,” related to the sin of concupiscence. “Curiosity for trial’s sake pries into
objects ... merely out of an itch of gaining the knowledge and experience of
them. . . . Hence also men proceed to investigate some concealed powers of that nature
which is not beyond our ken, which it does them no good to know, and yet men desire
to know for the sake of knowing” (Augustine 1912, 2: 177).

An appreciation of Descartes’s ambitions with respect to practical philosophy, as
opposed to the metaphysics he discussed in Meditations I-V and the first half of
Meditation VI, helps to make clear both the text-internal parallels between them and
Descartes’s sense that Augustine would prove a useful ally. First, the existence of a God
upon whom all of nature depended for its continued existence, and upon whom all the
regularities captured in the laws of nature depended, and of an incorporeal human soul,
which Descartes claimed to have demonstrated, provided a wide metaphysical frame-
work in which corporeal nature was not “all there is.” By rejecting atheism and by
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dissociating his theory of the soul from that of the materialists who considered it to be
something vaporous, or fiery, or simply atomic, Descartes gave due weight, as it were,
to incorporeals. The Meditations appeared to some of Descartes’s contemporaries rather
aberrant in the context of his work as a whole, sandwiched in as it was between the
pre-Meditations Essays on Optics, Meteorology, and Geometry and his suppressed trea-
tises on cosmology and on animals, and the post-Meditations Principles. Though the
Meditations was a small work, it presented corporeal nature as small in relation to God,
and natural philosophy as unthreatening to theology.

When Descartes dismissed sensory qualities such as color and odor as “confused”
products of mind-body interaction in the Third Meditation (2:30; AT 7:43) and denied
them the status they had held in Aristotelian ontology, he seemed to echo the Platonic
position that the world of experience is an image of something more real, or even a kind
of illusion. But it is important to remember that matter — extended substance — is per-
fectly real for Descartes and that it completely determines the character of our sensory
experience via the action of minute material corpuscles and the subtle structures they
compose. Further, by reserving a role for incorporeal substances, Descartes could neatly
segregate the parts of his philosophical program that were likely to be successful — the
explanation of phenomena such as growth, digestion, and generation — from the parts
that did not lend themselves to corpuscularian explanation — the origins of thought,
especially abstract and mathematical thought, and consciousness, intentionality, and
language. The doctrine of the incorporeality of the soul, understood as a thinking prin-
ciple, not as a principle of vitality, left him the option of studying the phenomena of
life — including sensation and emotion, and the experience of volition or agency — by
experimental means.

Living in the Netherlands, Descartes was safe from the fate of Galileo. He had,
however, aroused the ire of the Protestant establishment at the University of Utrecht.
By defending himself against accusations that he had borrowed from Augustine without
giving him credit, yet welcoming perceptions of the confluence of their doctrines,
Descartes could represent natural science and his own interest in it as theologically
innocuous. Curiosity about corporeal nature need not imply nature-worship, the “idol-
atry” that alarmed theologians. The neo-Epicurean ontology he was advancing in place
of Aristotle’s hylomorphism did not necessarily imply the mortality of the soul. His
ally Mersenne approved of this strategy, observing that “The authority of St. Augustine
will at least prevent that Calvinist theologian [Voetius] from denouncing the new
philosophy as an atheism and a danger to religion” (Gouhier 1978: 31).

The Good World Doctrine

A common element in Augustinian and Cartesian philosophy, as noted earlier, is the
Christian-Platonic doctrine that the Creation is essentially good. Thus Augustine:

And Thou, O God, sawest everything that thou hadst made, and behold it was very
good: because we also have seen the same, and lo, everything is very good. (Augustine
1912:455)
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Thanks to thee, O Lord. We behold the Heaven and the Earth, be it either the corporeal
part, superior or inferior; or the spiritual and corporeal creation: . ... We behold the
luminaries shining from above. ... We behold on all sides a moist element, teeming
with fishes, beasts, and birds: . . . We behold the face of the earth decked up with earthly
creatures, and Man created after thine own image and likeness, even through that very
Image and likeness (that is the power of reason and understanding) made superior to all
unreasonable creatures. (Augustine 1912, 2: 465)

Yet Augustine calls for his readers to imitate him in what Menn calls his method of
“aversion,” turning away from the distractions and delights of the sensory world to
permanent and unchangeable good and contemplation of God. In his Symposium, Plato
described a process of ascent, by which we climb up a ladder, from the appreciation
of the beauty of individual corporeal things on the lowest rung, to the appreciation of
beautiful corporeal things in general, to the appreciation of beautiful incorporeals, first
ideas, then Forms, including “the beautiful itself, absolute, pure, unmixed, not polluted
by human flesh or colours or any other great nonsense of mortality” (Plato 1997, 211e:
494). Awareness of the beauty of creatures as Augustine responds to and expresses it
is a stage on the way to the Christian equivalent: the “beatific vision” that, according
to medieval theologians, we can anticipate in this life, but will experience only in
Heaven when we meet God face to face. Augustine fled from human artifice — repre-
sented for him by stage-plays, conjurors and magicians, and women with painted faces
and dyed hair — but he discovered and describes at the close of his Confessions the beauty
of nature as it issued directly from the hand of God, and even the beauty of unadorned
woman, who “in the mind of her reasonable understanding,” had “a parity of nature”
with his own (Augustine 1912: 465).

Descartes never waxed rhapsodic about visible nature. He seems not to have been
particularly sensitive to landscapes, or to birds and animals in their native elements,
evidently preferring the latter on the dissecting table. He did however assert that the
created world investigated by physics and metaphysics expressed God's benevolence
and power. He maintained that, as a product of God's workmanship, he had been made
good a being as he could be made, and that the perfecting of his capacities, through
the expansion of his knowledge and the disciplining of his will, was up to him. He
provided explanations for epistemological and moral failure that made no reference to
Original Sin, presenting the liability to error as an unfortunate side-effect of an overall
beneficent dispensation (Wilson 2003: 102, 215ff.):

I cannot deny that there may in some way be more perfection in the universe as a whole
because some of its parts are not immune from error, while others are immune, than there
would be if all the parts were exactly alike. And I have no right to complain that the role
God wished me to undertake in the world is not the principal one or the most perfect of all.
(2:42-3; AT 7:61)

And experience shows that the sensations which nature has given us are [most frequently
conducive to the preservation of the healthy man]; and so there is absolutely nothing
to be found in them that does not bear witness to the power and goodness of God. (2:60;
AT 7:87)
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Descartes’s writings nevertheless often seem to be characterized by the same internal
tension that Augustine displays between the good world doctrine and the need for
“aversion.” Descartes advises us in the Meditations that incorporeal things are “better
known” than corporeal things and that corporeal things are better known by the intel-
lect than by the senses (2:20ff.; AT 7:30ff.). “As for...light and colours, sounds,
smells, tastes, heat and cold, and the other tactile qualities,” the Meditator confesses,
“I think of these only in a very confused and obscure way, to the extent that I do not
even know whether they are true or false, that is, whether the ideas I have of them are
ideas of real things or of non-things” (2:30; AT 7:43). Sensory properties fluctuate, and
attributions of them are unstable, as Descartes noted in considering a piece of wax
(2:20ff.; AT 7:30ff.).

In the Cartesian system, however, there is no suggestion that the excellence of
Creation, considered under its corporeal aspect, points beyond itself or indicates the
excellence of a life in some future condition in another world. Indeed, the incorporeal
soul, which cannot, according to the account given in the Sixth Meditation, perceive,
remember, imagine, or feel, is hardly a fit candidate for life in Heaven or Hell. Our
purpose on Earth is to extend our knowledge as far as possible and to use it for human
good, and the intense curiosity of the student of the magnet, the rainbow, snow, and
animal physiology in all its colorful, pulsating complexity is not only commendable
because it may bring useful results, but in accord with our God-given nature. One of
the marks of his workmanship an omniscient God has left upon our souls is our striving
for continuous improvement in our empirical knowledge.

In the Sixth Meditation, Descartes completed his demonstration of the incorporeality
of the soul, not just in thought, but in actuality. But his intention was not to draw men
away from their concern with corporeal things. On the contrary, it was to show them
what a science of corporeal nature could accomplish, once soul-body relations and the
genesis of our experiences were properly understood. The ethical importance of the
animal machine doctrine is barely hinted at in the Meditations, but it is developed in
the Passions of the Soul. In Descartes’s view, ethics is the science of managing our emo-
tions, as the old Stoic philosophers maintained. Contrary to what the Stoics thought,
however, the emotions, as created by God, are generally beneficial to us, like the rest
of our conscious experiences, and only excessive or socially harmful emotions need to
be suppressed. Self-control and control of our appetites is necessary, not in light of
Original Sin or to gain our reward in Heaven and avoid the torments of Hell, but simply
because we are animal machines whose output is complex and sometimes undesirable
when we act on emotional prompts or make hasty judgments. Since cultivating a
general condition of ataraxia or perfect tranquility would be, in effect, impious, the key
is to use one’s will, as one does in epistemological contexts, selectively. We often cannot
control the flow of spirits through the brain and nerves directly and so cannot vanquish
emotions, which are the conscious awareness of these physiological changes. But we
can often regulate our physiological responses by generating thoughts and ideas
(1:343ff.; AT 11:359f1f.).

Augustine found that philosophical ideas detached him from his involvement with
corporeal things and that thoughts about God enabled him to find and stay on the right
moral track. Descartes could claim to have explained why thinking and imagining were
effective in combating undesirable drives and emotions. It was, however, an implica-
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tion of his account that the generation of ideas and images would be effective against
drives and emotions, whether or not the ideas were true and the images were accurate.
Ideas about God, for example, might be morally efficacious whether or not God existed.
Cartesian ethics was thus separated twice over from the ethical divine command theory
of Augustine. It was prudential, like pagan ethical theory, and it made essential refer-
ence to ideas, not Beings or future states of affairs. While Augustine’s ethical system
was intended to promote “a life of true happiness,” and while certain fundamental
ethical concepts such as kindness and wrongdoing actually constrained, he thought,
our interpetation of scripture (Augustine 1997: 80), a knowledge of God’s will was
indispensable in ethics. Fear of God's wrath and his punishing capabilities provided
motivation to learn his will (Augustine 1997: 33).

Both Descartes’s relative indifference to faith, and his insistence that we should
submit all our beliefs to rigorous testing for their intellectual clarity and not accept any
propositions without proper and personal warrant, were initially perceived by Arnauld
as contrary to Augustinian doctrine. Arnauld insisted that Descartes should make clear
that “when he says we should only assent to what we clearly and distinctly perceive
heis talking only about the sciences and intellectual contemplation, not matters belong-
ing to faith and conduct; the prudent beliefs of the faithful are not subject to this test.”
Augustine, Arnauld commented, had warned that “[A]bsolutely nothing in human
society will be safe if we decide to believe only what can be regarded as having been
clearly perceived” (2:151-2; AT 7:216-17). Arnauld in turn expressed concern that
the atheists of his age might well try to “distort” Descartes’s words to subvert religion.
Descartes replied blandly that the entire context of his book made it clear that “when
I asserted that ‘we should assent only to what we clearly know’ this was always subject
to the exception of ‘matters which belong to faith and the conduct of life’” (2:172; AT
7:248).

Descartes has been described as having married Platonic metaphysics to Democritean
physics (Wundt 1914: 161), and this judgment should by now seem very apt. The
Platonic-Christian-Democritean system of Descartes would have been impossible to
construct if Augustine — or someone like him — had not first synthesized Christianity
with Platonism. And the resulting mixture of three terms was a potent combination
that, for a time, had considerable force against the Aristotelian metaphysical physics
that still dominated the natural philosophy curriculum in the first half of the seven-
teenth century. Aristotle’s philosophy could be attacked as unchristian at the same
time as his physics could be shown to be obscure and of no practical use. Plato’s
ridiculous physics and the atomist’s scandalous moral-theological doctrines could be
overlooked, since their corresponding virtues compensated for these defects, when the
best parts of each were selected and combined.

Augustine is, in this respect, responsible for some key elements of what we designate
as seventeenth-century “rationalism” and that we identify especially with Descartes.
Over the long term, however, the marriage of Plato and Democritus was not very stable;
metaphysics split off from physics, and Cartesian rationalism fell into disrepute. The
“empiricism” with which rationalism is typically contrasted is characterized by its
skepticism with regard to incorporeal substances and by its general disregard for ascet-
icism and for the method of “aversion.” John Locke, for example, who eclipsed Descartes
in popularity in the eighteenth century, exemplified both tendencies. Yet the esteem
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with which we regard Descartes, as the author of a beautifully constructed philosoph-
ical system, can survive the realization that his views about God, the soul, and
the world are not true and indubitable and that his physics and physiology, though
historically influential, did not have the certainty he claimed for them.

Appendix: Passages Relating to Shared Doctrines
in Augustine and Descartes

(1) Our daily familiarity with corporeal objects produces certain prejudices.

How the mind may seek and find itself is, therefore, a remarkable question: . . . [W]hat is
so much in the mind as the mind? But because it is in those things of which it thinks with
love, and it has grown accustomed to thinking of sensible things, that is, of bodies, with
love, it is incapable of being in itself without the images of those things. (Augustine
2002: 52-31)

[O]ur familiarity with bodies has become so great, and our thought has projected
itself outwardly with so wonderful a proclivity towards these bodies, that when it has
been withdrawn from the uncertain realm of bodies and fixed its attention on the
much more certain and more stable knowledge of the spirit, it again takes refuge in
these bodies and seeks rest there from the place where it drew its weakness. (Augustine
2002: 61)

The first and main cause of all our errors may be recognized. In our early childhood the
mind was so closely tied to the body that it had no leisure for any thoughts except those
by means of which it had sensory awareness of what was happening to the body. (1:218;
AT 8A:35)

Some years ago I was struck by the large number of falsehoods that T had accepted
as true in my childhood, and by the highly doubtful nature of the whole edifice that
I had subsequently based on them. ... Whatever I have up till now accepted as most
true I have acquired either from the senses or through the senses. (2:12; AT 7:17-
18)

(2) It is necessary to “withdraw” from sensory experience to gain knowledge, especially
of oneself.

When [the mind] is . .. commanded to know itself, it should not seek itself as though it
were to be withdrawn from itself, but it should rather withdraw from what it has added to
itself. For it is more deeply within, not only than those sensible things which are evidently
without, but even than those images which are in some part of the soul even beasts
have. (Augustine 2002: 53)

I will now shut my eyes, stop my ears, and withdraw all my senses. I will eliminate from
my thoughts all images of bodily things, or rather, since this is hardly possible, I will regard
all such images as vacuous, false and worthless. I will converse with myself and scrutinize
myself a little more deeply; and in this way I will attempt to achieve, little by little, a more
intimate knowledge of myself. (2:24; AT 7:34)
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(3) Wrongly informed philosophers and naive people believe the soul to be material.

[SJome thought [the soul] to be the blood, others the brain, others the heart. . . . Others
believe that it consisted of very minute and indivisible bodies called “atoms,” which meet
and cling together. Others said that its substance was air, others fire. Others could not
think of any substance except as a body, and since they found that the soul was not a body,
they said that it was not a substance at all, but the harmony itself of our body. . .. And,
consequently, all these have regarded the soul as mortal; for, whether it were a body or
some arrangement of the body, in either case it could certainly not live forever. (Augustine
2002: 51)

[T]he first thought to come to mind was that I had a face, hands, arms and the whole
mechanical structure of limbs which can be seen in a corpse, and which I called the body.
The next thought was that I was nourished, that I moved about, and that I engaged in
sense-perception and thinking; and these actions I attributed to the soul. But as to the
nature of this soul, either I did not think about this or else I imagined it to be something
tenuous, like a wind or fire or ether, which permeated my more solid parts. (2:17; AT
7:26)

(4) The soul can be known to be an incorporeal substance.

Whoever sees in all these opinions that the nature of the mind is a substance, and certainly
not a corporeal one, that is, it does not occupy a less extension of place with a less part of
itself, and a greater with a greater part, ought to see at the same time that those who regard
the mind as a corporeal substance do not go astray because their mind is lacking in knowl-
edge, but because they add those things without which they are unable to conceive of any
nature. (Augustine 2002: 52)

And we, simply rational souls, are not perceptible by the senses, that is, we are not bodies
but intelligible beings, since we are life. (Augustine 2002: 61)

I thus realize that none of the things that the imagination enables me to grasp is at all
relevant to this knowledge of myself which I possess, and that the mind must therefore be
most carefully diverted from such things if it is to perceive its own nature as distinctly as
possible. (2:19; AT 7:28)

I think that a stone is a substance, or is a thing capable of existing independently, and I
also think that T am a substance. . . . I conceive of myself as a thing that thinks and is not
extended, whereas I conceive of the stone as a thing that is extended and does not think,
so that the two conceptions differ enormously; but they seem to agree with respect to the
classification ‘substance’. . . . I have the idea of substance in me in virtue of the fact that I
am a substance. (2:30-1; AT 7:44-5)

(5) The attribution of mentality to other creatures is inferential.

[W]e ... recognize, from a likeness to us, the movements of bodies by which we perceive
that others besides us live. . . . [I|ndeed the beasts perceive as living, not only themselves,
but also each other and one another, and us as well. Nor do they see our souls except
through the movements of our bodies. . . . Therefore, we know the mind of anyone at all
from our own; and from our own case we believein that which wedonotknow. (Augustine
2002: 14)
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[I]f I look out of the window and see men crossing the square, as I just happen to have
done, I normally say that I see the men themselves, just as I say that I see the wax. Yet do
I see any more than hats and coats which could conceal automatons? I judge that they
are men. And so something which I thought I was seeing with my eyes is in fact grasped
solely by the faculty of judgement which is in my mind. (2:21; AT 7:32)

(6) We possess innately an idea or image of God that corresponds to God.

[W]e too as a matter of fact recognize in ourselves an image of God, that is, of the most
high Trinity, even if the image is not equal to him in worth, but rather very far short of
being so. This image is not co-eternal and . . . it is not formed of the same substance as
God. Yet it is nearer to him in the scale of nature than any other thing created by
him. (Augustine 1968, 3: 531)

Some of [my] thoughts are like images of things . . . as when I think of a man, or a chimera,
or the sky, or an angel, or God. (2:25; AT 7:37)

[T]he idea that gives me my understanding of a supreme God, eternal, infinite, [immuta-
ble,] omniscient, omnipotent and the creator of all things that exist apart from
him, certainly has in it more objective reality than the ideas that represent finite
substances. (2:28; AT 7:40)

(7) The existence of sin and error must be reconciled with God’s goodness.

Who made me? Did not my God, who is not only good, but Goodness itself? Whence then
came it that I can will both evil and will good? ... Who was it that set this in me, that
ingrafted into my stem this scion of bitterness seeing I was wholly made up by my most
sweet God? If the Devil were the author, whence is that same Devil? (Augustine 1912,
1:343)

When T attend to the nature of God, it seems impossible that he would have placed in me
a faculty that is not perfect in its kind. (2:38; AT 7:55)
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Chapter 4

Descartes and the Legacy of
Ancient Skepticism

CASEY PERIN

Introduction

In the sixteenth and seventeenth centuries there was an intense interest among
philosophers, scientists, and theologians in the arguments of ancient skepticism. Both
Cicero’s Academica, the principal source for the Academic skepticism of Arcesilaus and
Carneades, and Augustine’s Contra Academicos had long been available in the Latin
West. In 1562 Henri Estienne published a Latin translation of Sextus Empiricus’ Outlines
of Pyrrhonism, a complete exposition from the third century cg of Pyrrhonian skepti-
cism. (For details about the rediscovery of ancient skepticism and its impact on early
modern philosophy, see Popkin 1979, Schmitt 1972, Schmitt 1983, Larmore 1998,
and Floride 2002.) Descartes himself thought that the skeptical arguments he presents,
and claims to refute, in the Meditations on First Philosophy are no different from the
arguments of the ancient skeptics. In response to Hobbes’s complaint that the First
Meditation is a rehash of ancient material, Descartes insists that “I was not trying to
sell them [the arguments for doubting] as novelties” (2:121; AT 7:171). In a passage
from the Second Replies Descartes explains that “Although I had seen many ancient
writings by the Academics and the Skeptics on the subject, and was reluctant to reheat
and serve this stale cabbage, I could not avoid devoting one whole Meditation to it”
(2:94, trans. alt.; AT 7:130). And in a letter of April or May 1638 Descartes writes that
“Although the Pyrrhonists reached no certain conclusions from their doubts, it does
not follow that no one can.” (3:99; AT 2:38-9). He then suggests that the Pyrrhonists’
doubts can be used to prove the existence of God. The skeptical arguments of the First
Meditation are part of Descartes’s method, the method of doubt, for identifying a small
set of certainties (including the existence of God) that are to serve as the metaphysical
foundations of science. Descartes’s suggestion here is that what is new in his method
are not the skeptical arguments themselves — for they are just the arguments of the
ancient skeptics — but the use to which he puts these arguments. And so in Comments
on a Certain Broadsheet Descartes writes in reference to the skeptical arguments of the
First Meditation that “I was not the first to discover such doubts: the skeptics have long
been harping on this theme” (1:309; AT 8B:36-7).

There is, however, one difference between the arguments of the ancient skeptics and
the skeptical arguments of the First Meditation. The ancient skeptics offered arguments
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that, in different ways, were designed to generate reasons for suspending judgment. That
is why Arcesilaus and other early Academics were commonly called “those who
suspend judgment about everything” (ol mepi mdviwv énéyovtec), and the standard
Pyrrhonian skeptical arguments are presented by Sextus Empiricus as “modes of sus-
pension of judgment” (tpdmot Tg émoyne), that is, ways for the Pyrrhonian skeptic to
bring herself or someone else to suspend judgment. A reason for me to suspend judg-
ment about a proposition p is a reason for me to withhold assent both from p and from
itsnegation (or from any proposition I recognize as entailing p or its negation). Descartes,
in contrast, uses the skeptical arguments of the First Meditation to generate reasons for
doubt (rationes dubitandi). A reason for me to doubt p is a reason for me to be less than
certain that p. Defined in this way, a reason for doubt can but need not be a reason for
suspending judgment. For it is possible for me to have a reason to doubt p, and so a
reason to be less than certain that p, and nonetheless to have enough evidence for the
truth of p to believe that p and to be justified in doing so. I know, for instance, that
occasionally cars do not start in extreme cold. The fact that it is now extremely cold is,
therefore, a reason for me to doubt that my car will start. But if T also know that in the
past my car has always or usually started even in extreme cold, then I have enough
evidence that my car will start to believe that it will start and to be justified in doing so.
In this case my having a reason to doubt that my car will start just means that I am
not certain that my car will start. Given my past experience with my car in extreme
cold, my reason to doubt that my car will start is not a reason for me to suspend judg-
ment about whether it will start.

Here I want to take up two questions raised by the distinction between reasons for
suspending judgment and reasons for doubt. First: is Descartes right in thinking that
the skeptical arguments of the First Meditation are no different from the arguments of
the ancient skeptics? Is Descartes right in thinking, more specifically, that the way in
which the skeptical arguments of the First Meditation generate reasons for doubt is no
different from the way in which the arguments of the ancient skeptics generate what
those skeptics, at least, regarded as reasons for suspending judgment? Second: does
Descartes think that the reasons for doubt generated by the skeptical arguments of the
First Meditation constitute by themselves reasons for suspending judgment about (for
example) whether I have hands or whether 2 + 3 = 5?

The Structure of Skeptical Arguments

In the First Meditation Descartes, in the guise of the meditator, is seeking reasons to
doubt the truth of as many of his beliefs as possible. He thinks that he has acquired
most of his beliefs “either from the senses or through the senses” (2:12; AT 7:18), and
he recognizes at once that the fact that the senses deceive him in some circumstances
— when, for instance, an object is very small or far away — is not a reason to doubt the
truth of any belief he forms on the basis of the senses in other and more favorable
circumstances. For, the meditator explains,

there are many beliefs about which doubt is quite impossible, even though they are derived
from the senses — for example, that I am here, sitting by the fire, wearing a winter dressing
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gown, holding this piece of paper in my hands, and so on. Again, how could it be denied
that these hands or this whole body are mine? (2:13; AT 7:18).

But he then considers the possibility that these beliefs have been produced in just the
way (whatever that is) the false beliefs of madmen are produced. The meditator dis-
misses this possibility only to consider next the possibility that he is now dreaming and
that his beliefs that he is sitting by the fire, etc. have been produced in just the way
(whatever that is) dreams are produced. Since at this point in the Meditations he claims
to “see plainly that there are never any sure signs by means of which being awake
can be distinguished from being asleep” (2:13; AT 7:19), the meditator concludes
that now at least he cannot eliminate the possibility that he is dreaming. He takes this
fact to be a reason to doubt the truth of all his beliefs about bodies. But the meditator
does not regard the fact that now at least he cannot eliminate the possibility that he is
dreaming as a reason to doubt the truth of his mathematical beliefs: “For whether I am
awake or asleep, two and three added together are five, and a square has no more than
four sides. It seems impossible that such transparent truths should incur any suspicion
of being false” (2:14; AT 7:20). Yet the meditator has long held the belief that he is the
creation of an omnipotent God, and this belief now leads him to consider a new possibil-
ity:

How do I know that he [an omnipotent God] has not brought it about that there is
no earth, no sky, no extended thing, no shape, no size, no place, while at the same time
ensuring that all these things appear to me to exist just as they do now? What is more,
since I sometimes believe that others go astray in cases where they think they have the
most perfect knowledge, may not I similarly go wrong every time I add two and three or
count the sides of a square, or in some even simpler matter, if that is imaginable? (2:14;
AT 7:21)

The fact that now at least he cannot eliminate the possibility that all of his beliefs,
including those beliefs whose truth seems completely evident to him, have been pro-
duced by an omnipotent God intent on deceiving him seems to the meditator to be a
reason to doubt the truth of any belief he now has.

The principal skeptical arguments of the First Meditation — and by that I mean the
dream argument and the deceiving God argument — are skeptical scenarios (Curley
1978: 86-89, Broughton 2002: 64—-67). A skeptical scenario is a story about how I
have acquired some or all of my beliefs according to which those beliefs are false or
defective in some other way. A skeptical scenario constitutes a reason for doubt only if
it satisfies both an explanatory and an epistemic requirement. For it must explain how
I have acquired the beliefs which fall within its scope despite the fact that these beliefs
are false or defective in some other way. And it must be the case that I cannot eliminate
the possibility that I have acquired these beliefs in the way described by the skeptical
scenario. Now two types of skeptical scenario can constitute a reason for doubt. A
skeptical scenario of the first type is such that if I have acquired a belief in the way
described by the scenario, then my belief is false. Call a skeptical scenario of this type a
false belief scenario. A skeptical scenario of the second type is such that if I have acquired
a belief in the way described by the scenario, it does not follow from this fact alone that
my belief is false. It does follow that my belief is defective to the extent that it has a
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deviant causal history, but it is possible for a belief with this deviant causal history to
be true. Call a skeptical scenario of this type a deviant causal history scenario.

A skeptical scenario of either type constitutes a reason for doubt, if it does, because
it introduces an uneliminated, and perhaps ineliminable, possibility that the beliefs
which fall within its scope are false. This is obviously the case with a false belief sce-
nario. For the possibility that I have acquired a belief in the way described by a false
belief scenario is just the possibility that that belief is false. But if I cannot eliminate the
possibility with respect to a belief of mine that it is false, then I have a reason to doubt
— where, at a minimum, that is a reason to be less than certain of — the truth of that
belief. Suppose I believe (as, in fact, I do) that I have hands. The possibility that I have
acquired this belief as a result of the machinations of an omnipotent and deceptive God
is just the possibility that my belief that I have hands is false. If I cannot eliminate this
possibility, then I have a reason to doubt — where, at a minimum, that is a reason to be
less than certain of — the truth of my belief that I have hands.

It is worth noting that Descartes presents the dream argument as well as the deceiv-
ing God argument as a false belief scenario. If I am dreaming that p and believe that p
because I am dreaming that p, it does not follow, and Descartes does not think it follows,
that my belief that p is false. But Descartes thinks that in the past he has dreamed that
p and believed that p because he was dreaming that p, and his belief that p was false.
“How often, asleep at night, am I convinced of just such familiar events — that I am
here in my dressing-gown, sitting by the fire — when in fact I am lying undressed in
bed!” (2:13; AT 7:19). The possibility Descartes, in the guise of the meditator, considers
here and claims he cannot eliminate is not just the possibility that he is dreaming that
he is wearing a dressing gown and sitting by the fire, but that he is dreaming that these
things are so when in fact they are not. So in the First Meditation the dream argument
involves the scenario in which I believe that p because I am now dreaming that p when
in fact it is false that p. Moreover, in the context of the method of doubt Descartes con-
sistently presents the possibility that he is dreaming as the possibility that he is dream-
ing that p when it is false that p. In Part Four of the Discourse on the Method Descartes
writes that “considering that the very thoughts we have when awake occur while we
sleep without any of them being at that time true, I resolved to pretend that all the
things that had ever entered my mind were no more than the illusions of dreams”
(1:127; AT 6:32). In the Search for Truth Eudoxus, Descartes’s mouthpiece, asks: “How
can you be certain that your life is not a continuous dream, and that everything you
think you learn from the senses is not false now, just as much as when you are asleep?”
(2:408; AT 10:511-12). And, finally, in Part One of the Principles of Philosophy
Descartes’s second reason for doubting beliefs acquired on the basis of the senses “is
that in our sleep we regularly seem to have sensory perception of, or to imagine, count-
less things which do not exist anywhere” (1:194; AT 8A:6).

A deviant causal history scenario, too, introduces the possibility that the beliefs
which fall within its scope are false, though it does so more obliquely than a false belief
scenario. To see this recall that if I have acquired a belief in the way described by a
deviant causal history scenario, then it does not follow from this fact alone that my
belief is false. In this respect a deviant causal history scenario is different from a false
belief scenario. But at the same time — and this is the important point —if I have acquired
a belief in the way described by a deviant causal history scenario, then it does not follow
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from this fact alone that my belief is true. If I have acquired a belief in the way described
by a deviant causal history scenario and that belief is true, it is true only by accident.
So the possibility that I have acquired a belief in the way described by a deviant causal
history scenario is just the possibility that I have acquired that belief in a way that is
compatible with its being false. This possibility, in turn, introduces the possibility that
my belief is false. That is why if I have not eliminated the possibility that I acquired a
beliefin the way described by a deviant causal history scenario, I have a reason to doubt
the truth of that belief.

Suppose that unlike Descartes we treat the dream argument as a deviant causal
history scenario. Suppose, further, that I believe that I am holding a piece of paper in
my hands. If I am now dreaming, it does not follow that my belief is false. For I might
be dreaming that I am holding a piece of paper in my hands while I am in fact holding
a piece of paper in my hands. But if I am now dreaming, then I have not acquired my
beliefin the way I think I have acquired it. For I think I have acquired my belief because
I see and feel the paper in my hands. But if I am now dreaming, then I do not see or feel
anything. Moreover, I think that if T have acquired the belief that I am holding a piece
of paper in my hands because I now see and feel the paper in my hands, then it is not
an accident that my belief is true. For it follows from the fact that I now see and feel the
paper in my hands (and do not merely seem to see and feel it) that my belief that I am
holding a piece of paper in my hands is true. The possibility that I am now dreaming is
the possibility that I have acquired my belief in a way which, unlike seeing and feeling
the paper in my hands, does not entail its truth. So the possibility that I am dreaming
is in the first instance the possibility that I have acquired my belief in a way that is
compatible with its being false. That possibility, in turn, introduces the possibility that
my belief is false. That is why if I have not eliminated the possibility that I am now
dreaming, then I have a reason to doubt the truth of my belief that I am holding a piece
of paper in my hands.

Consider, in this connection, the following kind of case. Suppose as a member of a
jury I believe, on the basis of the testimony of someone I take to be a reliable witness,
that the suspect was in Cincinnati on the night of the murder. The defense attorney
then introduces the possibility that the witness is unreliable, at least about this matter,
and on reflection I find I cannot eliminate this possibility. Now if the witness is in fact
unreliable, it does not follow that my belief that the suspect was in Cincinnati on the
night of the murder is false. Sometimes an unreliable witness provides true testimony
on a matter about which he is unreliable. But if the witness is unreliable about the
matter, if I believe that the suspect was in Cincinnati on the night of the murder solely
on the basis of the testimony of this unreliable witness, and if my belief is true, then it
is true only by accident. The possibility that the witness is unreliable is in the first
instance not the possibility that my belief is false, but the possibility that my belief, being
based on the testimony of an unreliable witness, has been acquired by me in a way that
is compatible with its being false. This possibility, in turn, introduces the possibility that
my belief is false. That is why if I cannot eliminate the possibility that the witness is
unreliable, then I have a reason to doubt the truth of my belief that the suspect was in
Cincinnati on the night of the murder.

To sum up this part of the discussion. A skeptical scenario constitutes a reason for
doubt, if it does, because it introduces the possibility that the beliefs which fall within
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its scope are false. A deviant causal history scenario introduces this possibility less
directly, and so less perspicuously, than a false belief scenario. If Descartes recognized
this fact, it provided him with a reason to present the dream argument as a false belief
scenario rather than a deviant causal history scenario.

The Arguments of the Ancient Skeptics

The arguments of the ancient skeptics did not take the form of either kind of skeptical
scenario. The Stoics claimed that knowing, rather than merely believing, something
about the world was a matter of assenting to a particular kind of perceptual experience
they called a “cognitive impression” (KotoAnmtikn eovtocio). The Stoics were also
committed to the principle that a person ought to assent only to cognitive impressions.
Call this principle the Stoic maxim for assent. The Academics, beginning with Arcesilaus
and continuing to the end of the skeptical Academy in the first century Bck, challenged
the Stoic claim that at least some perceptual impressions are cognitive impressions. The
Academics presented several arguments for the indiscernibility thesis. This is the thesis
that every true impression is such that some false impression just like it is possible. (For
theindiscernibility thesis, see Cicero, Academica 2.40-1,2.77-8, 2.83; Sextus Empiricus,
Adversus mathematicos 7.154.) The Stoics themselves conceded that if every true impres-
sion is such that some false impression just like it is possible, then no impression is a
cognitive impression. So if the Academic arguments for the indiscernibility thesis are
successful, these arguments in conjunction with the Stoic maxim for assent constitute
areason for the Stoic to withhold assent from every impression and to suspend judgment
about everything.

The Academics offered two principal arguments for the indiscernibility thesis: an
argument from the existence of twins or perceptually indiscernible objects and an
argument from dreams and madness. (For these arguments see Cicero, Academica 2.48,
2.83-5, 2.88-90; Sextus Empiricus, Adversus mathematicos 7.402—405, 7.408-410.)
Cicero reports that the Academics also presented an argument from the capacity of
God to produce in us false but convincing impressions (Cicero, Academica 2.47). Many
commentators take these Academic arguments to be skeptical scenarios (or, more
precisely, false belief scenarios). For they think that with these arguments the Academics
claim to have introduced with respect to any perceptual impression a person entertains
the uneliminated, and ineliminable, possibility that the impression is false. (See Sedley
1982: 263, Striker 1996a: 139, and Striker 1996b: 160.) So, on this line of interpreta-
tion, the Academics argued that if I have the impression that this person is Socrates,
I cannot eliminate the possibility that this impression is false. For I cannot eliminate
the possibility that I formed this impression as a result of looking not at Socrates but at
his twin, or because I am now dreaming or mad and someone else or no one at all
is now before me, or because God has produced this impression in me when it is in
fact false.

But consider the Academic argument from twins or perceptually indiscernible
objects. Ifit is supposed to introduce an uneliminated and ineliminable possibility, then
it is a dismal failure. And that is because in the case of my impression (for example)
that this person is Socrates, the argument leaves intact claims to knowledge on my part
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whose truth enables me to eliminate the possibility that my impression is false because
I am looking not at Socrates but at his twin. If I know that Socrates has no twin because
(for example) I know that his mother reports that he has no twin, and I know that
Socrates’ mother is a reliable source of information on the matter, then I can eliminate
the possibility that I am looking not at Socrates but at his twin and that for this reason
my impression is false. For the Academic argument offers no consideration which calls
into question my claim to know that Socrates has no twin or the other claims to knowl-
edge on which this claim is based. Hence, the argument does not show that I cannot
eliminate the possibility that Socrates has a twin and that I am looking not at Socrates
but at his twin. In fact, it is difficult to see how the Academics (or anyone else) could
construct a skeptical scenario with a scope of any significance on the basis of the fact
that twins exist or that two or more objects are perceptually indiscernible.

The argument from twins or perceptually indiscernible objects is more successful if
we see it as an attempt by the Academics to establish the truth of certain counterfactual
conditionals. For the Academics think that the truth of the indiscernibility thesis follows
from the truth of these counterfactual conditionals. So assume that Socrates does not
have a twin, that I know this fact about Socrates, and that as a result of looking at
Socrates I form a true impression that this person is Socrates. On my view the Academics
argued that even with these assumptions in place the following counterfactual condi-
tional is true:

(A) If Socrates had a twin, i.e., if there were someone who is perceptually indiscernible
from Socrates, and if as a result of looking at Socrates’ twin I had formed the false
impression that this person is Socrates, my false impression would have represented
the person before me (= Socrates’ twin) as Socrates in just the same way my true
impression represents the person now before me (= Socrates) as Socrates.

The Academics think the counterfactual conditional (A) is true if it is possible for
Socrates to have had a twin, i.e., if it is possible for there to have been someone who is
perceptually indiscernible from Socrates. They argue that this, in turn, is possible if it
is possible for two objects to be perceptually indiscernible from one another. The sim-
plest way to prove that it is possible for two objects to be perceptually indiscernible from
one another is to appeal to two objects that actually are indiscernible from one another,
i.e., two eggs or two snakes or two identical twins. This is just what the Academics
do.

But what follows? If (A) and other counterfactuals like it are true, the Academics
argue, then every true perceptual impression of Socrates is such that some false impres-
sion just like it is possible. If that is so, then the indiscernibility thesis is true with respect
to impressions of Socrates and no true impression of Socrates is a cognitive impression.
For if it is possible for Socrates to have had a twin, then for any true impression of
Socrates it is possible for there to have been a false impression, formed as a result of
looking at Socrates’ twin, that represents the object being perceived (= Socrates’ twin)
as Socrates in just the same way the true impression represents the object actually
being perceived (= Socrates) as Socrates. But, the Academics will continue, what is true
with respect to Socrates is true with respect to any perceptible object. (That is why
Cicero says that if two objects are perceptually indiscernible from one another, then
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everything will be called into doubt (Academica 2.84).) For any perceptible object O, it is
possible for there to have been an object O* distinct but perceptually indiscernible
from O. If that is so, then for any true impression of O it is possible for there to have
been a false impression, formed as a result of looking at O*, that represents the object
being perceived (= O*) as O in just the way the true impression represents the object
actually being perceived (= O) as O. If this is so, then for any object O, no true impres-
sion of O is of a kind which could not be false; therefore, for any object O, no true
impression of O is a cognitive impression. If that is so, then there are no cognitive
impressions. That conclusion in conjunction with the Stoic maxim for assent compels
the Stoic to withhold her assent from every impression and to suspend judgment about
everything.

The Academic argument from dreams and madness can be understood in the same
way. Even if  am awake and sane when I entertain the true impression that this person
is Socrates, and even if I know that this is so, the Academics argued that nonetheless
it is possible for me to have entertained in a dream or episode of madness a false impres-
sion that represents it as being the case that Socrates is before me in just the way my
true impression now represents this as being the case. But what is true with respect to
my impression that this person is Socrates is true with respect to any true perceptual
impression I entertain. If that is so, then every true impression is such that some false
impression just like it is possible. Hence, no true impression is a cognitive impression.
The Academic argument from dreams or madness, then, need not challenge my claim
to know that, in entertaining a true impression that this person is Socrates, I am not
now dreaming or mad. The argument purports to show only that it possible for me to
have had in a dream or episode of madness a false impression which represents it as
being the case that Socrates is before me in just the way my true impression that this
person is Socrates represents this as being the case. That is true even if I can eliminate
the possibility that now, in entertaining the impression that this person is Socrates, I
am dreaming or mad. For an eliminated possibility is still a possibility. It is, however, a
consequence of the Academic argument that if I do know that I am not now dreaming
or mad, my knowing this cannot depend on my having an impression that represents
something as being the case (e.g., that the person before me is Socrates) in a way that
no false impression could. (For a much more detailed presentation and defense of this
interpretation of the Academic arguments, see Perin 2005.)

The version of Pyrrhonian skepticism on offer in Sextus Empiricus’ Outlines of
Pyrrhonism generates a reason for suspending judgment by appealing to conflicting
appearances. Suppose the tomato on the table appears red to me. A Pyrrhonian skeptic
of the sort described by Sextus will submit for my consideration the fact that the tomato
appears some other color, e.g., yellow, either to me in other circumstances or to someone
else or to a creature of another kind. According to Sextus the fact these two appearances
conflict is not by itself a reason for me to suspend judgment about the color of the
tomato. But for Sextus if there is no rational basis for resolving this conflict of appear-
ances, then I do have a reason to suspend judgment about the color of the tomato. And
Sextus argues that there is no rational basis for resolving this conflict of appearances
by arguing that any consideration I might take as a reason to believe that the tomato
is red rather than yellow, or vice versa, including the fact that the tomato appears red
to me now, produces an infinite regress or relies on an arbitrary assumption or involves
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reasoning in a circle. But if this is so, and if neither an infinite regress nor an arbitrary
assumption nor reasoning in a circle constitutes a reason for belief, then I have no
reason to believe that the tomato is red rather than yellow, or vice versa. And that fact
is a reason for me to suspend judgment about the color of the tomato.

Note that Sextus’ argument from conflicting appearances need not satisfy the
explanatory and epistemic requirements a skeptical scenario must satisfy. For in gen-
erating a reason for suspending judgment about the color of the tomato Sextus need
not provide an explanation of how the tomato could appear red to me, or of how I could
believe that the tomato is red, when in fact it is not. (But contrast here Curley 1978:
88-9.) Sextus proceeds on the assumption that I will suspend judgment about the color
of the tomato if I take myself to lack any reason to believe that the tomato is one color
rather than another. That is why his strategy is to undermine the status of any consid-
eration, and especially the fact that the tomato appears red to me now, as a reason to
believe that the tomato is red. But he does not execute this strategy by first describing
a way in which the tomato could appear red to me, or I could come to believe that the
tomato is red, when it is not, and then claiming that I cannot eliminate the possibility
that the tomato appears red to me, or that I have come to believe that it is red, in this
way. If I believe that p, Sextus simply introduces an alternative candidate for belief g,
and then employs very general arguments (the so-called ‘Agrippan modes’: see Outlines
of Pyrrhonism 1.164-77) that purport to show that I have no reason to assent to p
rather than to ¢, and vice versa.

It seems to me, then, that Descartes was mistaken in thinking the skeptical argu-
ments of the First Meditation are just the arguments of the ancient skeptics. The argu-
ments of the First Meditation generate reasons for doubt by introducing in different
ways the uneliminated, and perhaps ineliminable, possibility that the beliefs which fall
within their scope are false. Neither the Academic nor the Pyrrhonian skeptical argu-
ments do this. The Academics do argue that for any true perceptual impression I form,
there are various ways in which I could have formed a false impression that is identical
in certain important respects to my true impression. But they do not argue that for any
impression I form, I cannot eliminate the possibility that in fact I have formed my
impression in one of these ways. The Pyrrhonian skeptic generates a reason for me to
withhold my assent from some candidate for belief p by arguing that I have no reason
to assent to p rather than to some alternative candidate for belief g (where g is or entails
the negation of p). The truth of that conclusion does not require that there is some pos-
sibility I cannot eliminate that p is false, but only that I have no reason to think that p,
rather than g, is true.

Reasons for Doubt vs. Reasons for Suspending Judgment

In the special context of the First Meditation, a reason for doubting the truth of a
proposition p is a reason to withhold assent from p. For there Descartes devotes himself
to the general destruction of his beliefs, and with that end in view he declares that

Reason now leads me to think that I should hold back my assent from opinions which are
not completely certain and indubitable just as carefully as I do from those which are
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patently false. So, for the purpose of rejecting all of my opinions, it will be enough if I find
in each of them at least some reason for doubt. (2:12; AT 7:18)

Call the principle that I should withhold my assent from p if I have a reason for doubt-
ing p the strong maxim for assent. (I borrow this term from Broughton 2002: 44-5.) The
strong maxim for assent transforms a reason for being less than certain that p into a
reason to withhold assent from p.

There is a point in the First Meditation where it seems to the meditator as if he has
given up all of the beliefs he possessed at the outset of his inquiry in the Meditations.
This is the point at which he announces that “I . . . am finally compelled to admit that
there is not one of my former beliefs about which a doubt may not properly be raised;
and this is not a flippant or ill-considered conclusion, but is based on powerful and well
thought-out reasons (validas & meditatas rationes) (2:14-15; AT 7:21-2). Many com-
mentators attribute to the meditator here the claim that he has “powerful and well
thought-out reasons” for doubting the truth of his belief that he has hands, for example,
or his belief that 2 + 3 = 5. (See Frankfurt 1970: 48, Curley 1978: 106, Stroud 1984:
12; Macarthur 2003: 160-4.) But the meditator makes no such claim here. He claims
to have “powerful and well thought-out reasons” only for the second order conclu-
sion:

(C) For each of my former beliefs, there is at least some reason for doubting the truth of
that belief.

The “powerful and well thought-out reasons” the meditator takes himself to have for (C)
are, of course, the skeptical scenarios introduced in the First Meditation. Now (C) states
that for each of the meditator’s former beliefs, he has some reason for doubting the truth
of that belief. So it follows from (C) that if the meditator formerly believed that p, he now
has a reason for doubting p. But (C) says or implies nothing about the kind of reason the
meditator has for doubting p. In particular, it does not follow from (C) that the reason
the meditator has for doubting p renders his belief that p unreasonable. If he has a reason
for doubting p, then this reason renders his belief that p uncertain. For his belief that p
is certain just in case he has no reason for doubting p. But a reason for doubt can under-
mine a belief’s claim to certainty without undermining its claim to reasonableness.
And Descartes, in the guise of the meditator, does not think that the reasons for doubt
raised in the First Meditation undermine the reasonableness of his former beliefs. For he
continues to describe those beliefs as “highly probable opinions — opinions which, despite
the fact that they are in a sense doubtful, as has just been shown, it is still much more
reasonable (multo magis rationi consentaneum) to believe than to deny” (2:15; AT 7:22).
(For this point see especially Broughton 2002: 47-9 and cf. Macarthur 2003: 166-71.)
The fact that Descartes does not think that the reasons for doubt raised in the
First Meditation undermine the reasonableness of his former beliefs explains why else-
where he characterizes these reasons for doubt as slight (2:25; AT 7:36), metaphysical
(2:25; AT 7:36,2:121; AT 7:172, 2:308; AT 7:460, 2:373; AT 7:546), and exaggerated
(2:61; AT 7:89, 2:159; AT 7:226, 2:308; AT 7:460).

This fact also explains why, by his own report, it is difficult for the meditator to give
up his former beliefs or, if he does give them up, to avoid forming them again. The
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meditator, like anyone else, is disposed to believe whatever he regards as the most
reasonable candidates for belief. That is why he introduces the pretense of the malicious
demon. This thought experiment is supposed to aid the meditator in overcoming the
psychological obstacles to giving up beliefs he regards as reasonable. If he formerly
believed that p, but now recognizes that he has a reason for doubting p, the meditator
is supposed to retract his assent from p. That is what the strong maxim for assent tells
him to do. The problem is that while the meditator recognizes that he has a reason for
doubting p, he also continues to regard his belief that p as reasonable. He continues to
think, in other words, that his reason for doubting p not withstanding, he has more
reason to assent to p than to withhold assent from p. And it is difficult for someone in
that position to avoid believing that p.

There is an important passage in the Seventh Replies where Descartes explains the
sense in which the reasons for doubt raised in the First Meditation are “powerful and
well thought-out”:

There may be reasons which are strong enough to compel us to doubt, even though these
reasons are themselves doubtful, and hence not to be retained later on, as I have just
pointed out. The reasons are strong so long as we have no others which produce certainty
by removing the doubt. Now since I found no such countervailing reasons in the
First Meditation, despite meditating and searching for them, I therefore said that the
reasons for doubt which I had found were ‘powerful and well thought-out’ (2:319; AT
7:473-4).

Descartes’s remarks here seem to me to require careful explication. In the First
Meditation the meditator thinks that the skeptical arguments he considers compel
him to doubt that he has hands or that 2 + 3 = 5 only in the sense that they compel
him to accept that there is some reason for doubting he has hands or that 2 + 3 = 5.
These arguments generate “strong” reasons for doubt in the sense that they provide
the meditator with genuine grounds, however slight, for doubting that he has hands or
that 2 + 3 = 5. Since, moreover, the skeptical arguments of the First Meditation provide
the meditator with genuine grounds for doubting not one or two beliefs, but each
member of a very large class of beliefs, the meditator thinks that these arguments
compel him to accept the second order conclusion (C). But, as we have seen, Descartes
in the guise of the meditator does not think that the skeptical arguments of the First
Meditation compel him to doubt in the sense that they rationally compel him to give
up his belief that he has hands or that 2 + 3 = 5. (If this were the sense in which these
arguments compelled the meditator to doubt, the strong maxim for assent would be
otiose.) The meditator continues to regard his beliefs as reasonable, and for this reason
it is difficult for him to give up those beliefs. Descartes’s point here in the Seventh
Replies, I think, is that in the First Meditation he did not have any reason at all for
denying the second order conclusion (C). A reason for denying (C) would be a reason
for the meditator to think that for at least one of his former beliefs, there is no reason
at all for doubting the truth of that belief. In the absence of a reason for thinking that
at least one of his former beliefs is immune to doubt, the skeptical arguments of the First
Meditation provide the meditator with strong reasons for thinking that all his beliefs
are subject to doubt.
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It is more difficult to make sense of a passage from the Fourth Meditation (2:40-1;
AT 7:58-60). Suppose I consider a proposition p and I cannot discern any reason to
believe either p or its negation. In this case my will is “indifferent” (indifferens) — I feel
no inclination to assent either to p or to its negation. Descartes claims that if by an
exercise of will I were to assent either to p or to its negation, I would be at fault. For
even if my resulting belief is true, it is true only by accident. More importantly, I have
given my assent to a proposition whose truth I did not clearly and distinctly perceive:
in Descartes’s language, the determination of my will has preceded the perception of
my intellect. Now consider, as Descartes proceeds to do, a different kind of case. I am
considering a proposition p, and though I recognize a reason for doubting p, I still regard
myself as having more reason to assent to p than to assent to its negation or to suspend
judgment. I am, according to Descartes, in a situation in which “probable conjectures”
(probabiles conjecturae) incline me to assent to p. But, Descartes writes,

although probable conjectures may pull me in one direction, the mere knowledge that they
are simply conjectures, and not certain and indubitable reasons, is itself quite enough to
push assent the other way. My experience in the last few days confirms this: the mere fact
that I found that all my previous beliefs were in some sense open to doubt was enough to
turn my absolutely confident belief in their truth into the supposition that they were
wholly false (2:41; AT 7:59).

Descartes here seems to me to misrepresent the experience of the meditator in the First
Meditation. For there the meditator claims that it is difficult for him to withhold his
assent from his former beliefs despite the fact that he has reasons for doubting the truth
of each of those beliefs and, therefore, that he does not have “certain and indubitable
reasons” for them. The meditator thinks he can detach himself from beliefs he continues
to regard as reasonable only by engaging in make-believe. So if his initial confidence
in the truth of his former beliefs turns into the supposition that those beliefs are false,
that transformation is the product not of the meditator’s recognition that his reasons
for his beliefs fall short of certainty and indubitability, but of a psychological trick (the
pretense of the malicious demon).

Two Puzzles

Descartes, then, thought that the reasons for doubt generated by the skeptical argu-
ments of the First Meditation do not by themselves constitute reasons for suspending
judgment. It seems to me that Descartes’s view here raises at least two puzzles.

The first puzzle is why Descartes thought the skeptical arguments of the First
Meditation undermine claims to certain knowledge but not claims to reasonable belief.
Descartes’s view is puzzling given the fact that many philosophers and theologians in
the sixteenth and seventeenth centuries used the arguments of the ancient skeptics —
the very same arguments Descartes thought he was rehearsing in the First Meditation
—in their effort to prove that there is no rational basis for religious belief. These argu-
ments were taken to show that there is no (epistemic) reason to accept the basic articles
of Christianity or to endorse one side rather than another in the religious controversies
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that dominated the early modern period. Montaigne, for example, thought that reflec-
tion on the arguments he found in Sextus Empiricus would lead a person to suspend
judgment on a wide range of matters, including matters of religion, and would thereby
place her in the best possible condition to receive the gift of faith from God. (See e.g.,
Montaigne 1965:375, Popkin 1979:42—65, and Larmore 1998:1147-52).

The second puzzle is a puzzle about the precise force of the skeptical arguments of
the First Meditation — arguments that, in one form or another, continue to preoccupy
philosophers today. Ifthese arguments undermine claims to certain knowledge, do they
also undermine claims to reasonable belief? And if these arguments undermine claims
to reasonable belief, how do they do so? How, that is, do they leave us in a position, if
they do, in which we have not only a reason to doubt, and so a reason to be less than
certain of, the truth of our beliefs about the world, but also a reason to give up those
beliefs and suspend judgment? That is the position in which in different ways the argu-
ments of the ancient skeptics, if successful, leave us. And if Descartes is wrong in think-
ing that the reasons for doubt generated by the skeptical arguments of the First
Meditation do not by themselves constitute reasons for suspending judgment, it is the
position in which these arguments, if successful, leave us.
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Chapter 5

Descartes and Galileo: Copernicanism and
the Metaphysical Foundations of Physics

MICHAEL FRIEDMAN

Copernicus published On the Revolutions of the Celestial Spheres in 1543, replacing a
geocentric model of the solar system in which the Earth is at rest at the center with a
heliocentric model in which all planetary bodies, including the Earth, orbit around the
central sun. In the high Middle Ages a combination of geocentric Ptolemaic astronomy
and Aristotelian natural philosophy had attained the status of a kind of orthodoxy, and
some elements in the Catholic Church became alarmed early in the following century,
at the height of the Counter-Reformation, when Galileo mounted an aggressive defense
of Copernicanism, and a complementary attack on Aristotle, culminating in the publi-
cation of his Dialogue Concerning the Two Great World Systems in 1632. Accordingly,
Galileo was condemned and sentenced to house arrest by the Roman Inquisition
in June of 1633. (For basic information on the Copernican revolution and Galileo’s
reaction to it, see Kuhn 1957.)

As a direct result of Galileo’s condemnation, Descartes suppressed his first major
work, The World or Treatise on Light, which was to be a comprehensive exposition of his
physics. According to this physics, all phenomena in nature are to be accounted for in
terms of the motions and interactions of tiny parts of matter or corpuscles, which, in
turn, possess only the purely geometrical properties of extension, figure, and motion,
and interact with one another only by impact. In particular, according to Descartes’s
Copernican theory of planetary motion, and of light, the planets are carried along in a
rotating vortex of invisible fluid matter with the sun — more generally a star — at the
center, where the light associated with the star consists of what we now call a cen-
trifugal pressure propagated rectilinearly from this center. Moreover, even in this early
work physics was supposed to have a metaphysical foundation, for the basic law of
nature governing all changes of motion of matter — the conservation of what Descartes
called the total “quantity of motion” — is grounded in the unity and simplicity of God,
whereby God continually recreates the entire material universe at each instant while
constantly expressing the very same divine essence. But Descartes did not undertake a
systematic development of metaphysics in The World; and he was not to do so until
several years later, first as a sketch in the Discourse on Method of 1637 and then, most
fully, in the Meditations on First Philosophy of 1641.

Descartes learned of Galileo’s condemnation by the Fall of 1633, and he wrote to
Mersenne in November to say that he was just about to send him The World (now
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almost ready for publication), but that, on learning of Galileo’s condemnation, he then
had a drastic change of plans:

I was so astonished at this that I almost decided to burn all my papers or at least to let no
one see them. For I could not imagine that he [Galileo] — an Italian and, as I understand,
in the good graces of the Pope — could have been made a criminal for no other reason than
that he tried, as he no doubt did, to establish that the earth moves. . . . I must admit that
if the view is false, so too are the entire foundations of my philosophy, for it can be dem-
onstrated from them quite clearly. And it is so closely interwoven in every part of my
treatise that I could not remove it without rendering the whole work defective. But for all
the world I did not want to publish a discourse in which a single word could be found that
the Church would have disapproved of; so I preferred to suppress it rather than to publish
it in a mutilated form. (3:40-1; AT 1:270-1)

Indeed, The World never appeared in Descartes’s lifetime, and he did not return to his
physics until the Principles of Philosophy of 1644, where the system of The World is now
derived from the metaphysics of God and the soul most fully articulated in the
Meditations. Although, as Descartes explains in an earlier letter to Mersenne in April
1630, his initial plan had been first to publish his physics and then publish on meta-
physics only after he had “seen how my treatise on physics is received” (3:22; AT
1:144), his new strategy, after the condemnation of Galileo, was precisely the opposite.
An understanding of what was at stake in this condemnation, and why Descartes
reacted as he did, can therefore shed light on exactly how, for Descartes, physics and
metaphysics are related.

The Crime of Galileo

The condemnation of Galileo in 1632 was the culmination of events beginning in the
years 1615-16 in which Cardinal Robert Bellarmine, a leading Counter-Reformation
theologian and member of the Roman Inquisition, played a key role. In particular,
when Copernicanism was formally censured as heretical in February 1616 (on the
grounds that many scriptural passages describe the Earth as stationary and the sun as
moving, and that only the Church can legitimately interpret scripture), Pope Paul V
asked Bellarmine to convey this censure personally to Galileo and order him both to
abandon Copernicanism and refrain from teaching or defending it on pain of imprison-
ment. It was the perception that Galileo’s publication of his Dialogue in 1632 had vio-
lated the terms of this order which then led to his condemnation and house arrest. Yet
Galileo had earlier attempted to prevent the original censure in 1616, first in his Letter
to Castelli of 1613 and then in his famous Letter to the Grand Duchess Christina of 1615.
The basic points of both Letters are these: (1) scripture and true natural philosophy can
never contradict one another, since God is the source of both nature and scripture; (2)
scripture is concerned with the salvation of our souls, not with questions of natural
philosophy; (3) scriptural passages that seem to contradict Copernicanism (such as the
passage at Joshua 10:12 where Joshua commands the sun to stand still) need not be
interpreted literally, since they are merely using common language and not addressing
astronomical questions.
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Bellarmine never responded officially to either of Galileo’s Letters, but he did respond
(in 1615) to a closely related Letter by Paolo Foscarini, and Bellarmine’s response men-
tionsboth Foscarini and Galileo. Moreover, Galileo made notes on Bellarmine’s response,
and this “exchange” between the two raises very important methodological issues. (For
these and related documents see Blackwell 1991, which I am closely following here.)
Bellarmine is happy to accept Copernicanism as a mere assumption or hypothesis for
saving the appearances, but not as an assertion of the real physical mobility of the
Earth. Bellarmine also admits, however, that, ifa “true demonstration” of Copernicanism
in natural philosophy could be produced, then it would be necessary to proceed with
caution in interpreting the relevant scriptural passages. But no such demonstration
has been produced, and, in particular, a demonstration that Copernicanism accurately
saves the appearances is not a demonstration of its truth. Galileo, for his part, concedes
that a conclusive demonstration of Copernicanism has not yet been produced and that
its mere success in saving the appearances is not such a demonstration. Nevertheless,
Galileo does not accept the merely hypothetical interpretation Bellarmine recommends,
and he continues to maintain the real physical truth of the Copernican system.

An especially clear statement of Galileo’s “realism” concerning the Copernican ques-
tion appears in his First Letter on Sunspots of 1612, which, in particular, distinguishes
“mathematical” from “philosophical” astronomers. Whereas the former use any devices
they can “to facilitate their calculations,”

philosophical astronomers [are those] who, going beyond the demand that they somehow
save the appearances, seek to investigate the true constitution of the universe — the most
important and most admirable problem that there is. For such a constitution exists; it is
unique, true, real, and could not possibly be otherwise; and the greatness and nobility of
this problem entitle it to be placed foremost among all questions capable of theoretical
solution. (Drake 1957:97)

Thus, Galileo firmly believes that it is one thing for an astronomical system to save the
appearances, quite another for it to be “real” and “true.” But what does such “reality”
and “truth” amount to? How can any astronomical system go beyond saving the
appearances so as to capture or correspond to the “true constitution of the universe”?
It might appear that Galileo is simply expressing a naive realism here and, more gener-
ally, that he fails to appreciate the modern hypothetico-deductive method — according
to which all we can ever do is derive consequences from our theoretical hypotheses so
as thereby to test them against observational data. There can thus be no question, from
this point of view, of any kind of “demonstration” of such hypotheses from the obser-
vational data.

The crucial point, however, is that the new mathematical science of the seventeenth
century, beginning with Galileo and culminating in Newton, involved a conception of
scientific method that was self-consciously distinguished from the traditional astro-
nomical ideal of saving the phenomena and was considerably stronger than the modern
hypothetico-deductive method. Mathematics, on this conception, could not only be
used to model phenomena, as had long been done in traditional astronomy; it could
also be used progressively to analyze the actions of the causes of phenomena. Galileo’s
celebrated analysis of free fall and projectile motion was paradigmatic here, where
projectile motion, in particular, is analyzed as the product of two independent actions:
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a tendency to persist uniformly in horizontal motion (in accordance with what we now
call the law of inertia) and a tendency to accelerate vertically downwards at a constant
rate under the action of terrestrial gravity. The resulting parabolic trajectory is not
simply arrived at by fitting a curve to the observed data; it is mathematically derived
from an analysis of the relevant causal actions. Moreover, this analysis is itself sup-
ported empirically, at least in the case of the vertical component, by experiments veri-
fying the constant acceleration of fall.

Finally, since our description self-consciously abstracts from all other actions (fric-
tion, air resistance, and so on), this is only the first step of the analysis. A full mathe-
matical theory will therefore proceed progressively, as we are able to incorporate
additional causal actions (beyond the assumed horizontal and vertical components
representing “ideal” projectile motion in a vacuum) into our initial framework; and the
result, accordingly, will be much more than one model among others for saving the
appearances (or one hypothesis among others from which we can derive the observa-
tional data). Rather, the progressive ongoing interaction between mathematical causal
analyses and empirical evidence will, it was hoped, ultimately result in a unique model
— which then has the status of a conclusion mathematically “demonstrated” from the
phenomena.

Copernicanism played a key role in this new methodological ideal. Whereas on the
Aristotelian-Ptolemaic system, the universe is separated into two very different regions
— terrestrial and celestial — governed by two very different types of principles,
Copernicanism opened up the possibility of providing a unified mathematical account
of the entire universe based on a single system of laws. Traditional mathematical
astronomy could thereby fruitfully interact with the new mathematical theories of ter-
restrial phenomena just being developed by Galileo and others; and we could then hope
eventually to arrive at a unique model of the entire universe resulting from a progres-
sive mathematical analysis of all the causal actions involved. Indeed, Galileo was
hoping for just this kind of progress in his theory of the tides, which aimed to derive the
mathematical details of their ebb and flow from the two motions of the Earth (rotational
and orbital) fundamental to Copernican astronomy. Such a mathematical analysis — at
the intersection of the terrestrial and celestial realms — would have counted as a dem-
onstration, for Galileo, of the truth of the Copernican system; and he had hoped thus
to settle the matter (and avoid the original censure) as early as January 1616. The main
point of difference between Galileo and Bellarmine, then, is that Galileo is operating
under the new progressive ideal of scientific method: since a mathematical demonstra-
tion of Copernicanism (from the phenomena of the tides, for example) may very well
be produced in the future, the Church should not now condemn it as heretical on the
basis of an overly literal interpretation of scripture.

But Galileo’s theory of the tides was not successful, and, more generally, he did not
succeed in developing a unified mathematical analysis of celestial and terrestrial phe-
nomena. A little more than fifty years after Galileo’s condemnation, however, Newton's
Mathematical Principles of Natural Philosophy of 1687 finally succeeded in this project,
building on earlier contributions of Galileo, Descartes, and Christiaan Huygens. In
particular, Newton articulated a very general mathematical concept of force (as cause
of motion) suitable for all the actions his predecessors had analyzed, and, most impor-
tantly, he applied this concept in giving the first adequate dynamical treatment of
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planetary motion, which subsumed both the motions of the planets and terrestrial
gravity under the single law of universal gravitation. (An especially important step in
this unification was the so-called moon test, whereby Newton demonstrated that the
acceleration of the moon towards the Earth is, when brought down to the surface of
the Earth in accordance with the inverse-square law, quantitatively equal to the con-
stant acceleration g = 32 ft. per sec. per sec. of terrestrial gravity.) Newton thereby
developed what he himself called a “deduction from the phenomena” of universal
gravitation, from which the (approximate) truth of the Copernican system (as perfected
by Kepler) rigorously follows. (Universal gravitation also makes possible a more ad-
equate mathematical treatment of the tides, in terms of the actions on the sea of both
the moon and the sun.) In this sense, the new methodological ideal of progressive
mathematical analysis in ongoing interaction with empirical evidence did in fact event-
ually succeed in providing what Galileo had hoped for: a unique — and thus “real” and
“true” — constitution for the universe. (For further discussion of Newton’s methodology,
see Cohen 1980; Smith 2002.)

A Discourse on Method

Descartes’s work before 1633 had revolved around mathematics and natural philo-
sophy. In the years 1618-19 he had worked closely with Isaac Beeckman, who was
one of the first thinkers actively to pursue a program of micro-mechanical physics —
where the speeds and directions of tiny parts of matter or corpuscles, and their resulting
impacts on one another, were the primary explanatory devices. In particular, Descartes
had begun a mathematical analysis of hydrostatic phenomena based on a consider-
ation of independent infinitesimal tendencies to motion (pressures) in various direc-
tionsin a fluid. Shortly after this period, Descartes discovered the fundamental procedure
of his new analytic geometry, involving a deep and novel connection between extended
geometrical constructions (using proportional compasses) and what we now call alge-
braic equations (so that a uniform treatment of all algebraic curves, beginning with
lines and circles, and progressing through the conic sections and then all higher-order
algebraic curves, was now possible). This sparked Descartes’s ambition to articulate a
new “universal mathematics” capable of solving all theoretical problems in any area
of science, resulting in his early incomplete methodological study, Rules for the Direction
ofthe Mind. From the mid-1620s through the early 1630s, Descartes also made ground-
breaking contributions to optics (some of which involved his new geometry), and these
led, step by step, to the composition of The World. (For a detailed discussion of the devel-
opments sketched in this paragraph and the next, see Gaukroger 1995.)

Descartes began with his formulation of the law of refraction, arrived at by factoring
the motion of the incoming light ray into two independent components, perpendicular
and parallel to the surface of the refracting medium, and then stipulating that only the
perpendicular component is affected. But the real breakthrough came when Descartes
was able to apply this law in the precise mathematical explanation of important prop-
erties of the rainbow (and related meteorological phenomena), using a sophisticated
combination of mathematical and experimental analysis. It was this work, in particu-
lar, which eventuated in the complete system of physics presented in The World — based
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on the fundamental insight that, by understanding the transmission of light from
heavenly bodies as the propagation of rectilinear pressure from the center of a fluid
vortex in accordance with the laws of motion (in particular, what we now call rectilin-
ear inertia), we could thereby forge a mathematical connection between celestial phe-
nomena (planetary motion, the production of light by stars) and terrestrial phenomena
(especially in meteorology). Descartes’s work in micro-mechanical hydrostatics, geo-
metry, optics, and meteorology had all come together in a brilliant and comprehensive
sketch of a new total system of cosmology and physics.

As suggested at the beginning of this chapter, Descartes had also begun serious work
in metaphysics by this time; and it appears that a meeting with Cardinal Pierre de
Bérulle, aleader of the French Counter-Reformation, had directly stimulated Descartes’s
interest in the subject. Bérulle was an Augustinian, and a return to Augustine, more
generally, was a central theme of the Counter-Reformation, especially in France.
Stephen Menn (1998) has argued in great detail that the character of Descartes’s
metaphysics of God and the soul, from this point on, was fundamentally Augustinian.
In particular, Descartes follows the Augustinian “method of ascent” (ultimately derived
from Platonic sources), whereby we come to a knowledge of God from a knowledge of
ourselves: we first grasp that our essential nature is intellectual (and thus non-sensible
and incorporeal), then appreciate the fact that our intellect is finite and imperfect, and
finally arrive at knowledge of a fully perfect, infinite intellect — God. Descartes follows
this method in both the Discourse on Method and the Meditations; and, as he tells
Mersenne in November 1630, he had already begun work on “a little treatise of
Metaphysics” in the years 1629-30: he has here found a proof “which makes me know
that God exists with more certainty than I know the truth of any proposition of geom-
etry,” or, more fully, a proof of “the existence of God and of our souls when they are
separate from the body, from which their immortality follows” (3:29; AT 1:182).
Moreover, the central idea of the method of ascent —according to which self-knowledge
and knowledge of God are complementary sides of the same intellectual vision —appears
in the letter to Mersenne of April 1630 where Descartes first speaks of a metaphysical
foundation of physics:

I think that all those to whom God has given the use of [human| reason have an obligation
to employ it principally to know him and to know themselves|; t]his is the task with which
I began my studies [during the past two years], and I can say that I would not have been
able to discover the foundations of physics if I had not looked for them along this
road. (3:22; AT 1:144)

I will here follow Menn, therefore, in the view that, from this point on, Descartes is
pursuing the strategy of using the authority of Augustinian metaphysics on behalf of
his own, radically anti-Aristotelian approach to physics.

However, as we observed, Descartes had initially intended to delay the publication
of his “little treatise on Metaphysics” until after the publication of his physics, and he
was preparing this physics for publication in 1633 —learning of Galileo’s condemnation
then called a halt to all these ambitious plans. Indeed, Descartes first resolved not to
publish at all, since Copernicanism “is so closely interwoven in every part of my trea-
tise” — moreover, it apparently infects even his metaphysics as well, since the latter
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supplies the “foundations of my philosophy” and Copernicanism “can be demonstrated
from them quite clearly.” Yet Descartes gradually arrived at the plan of publishing his
optical (and then meteorological) discoveries separately. His good friend Constantijn
Huygens (the father of the great mathematical physicist Christiaan) was especially
encouraging in this respect, and Descartes thus writes to (Constantijn) Huygens in
November 1635 about his latest plans:

I plan to add the Meteorology to the Optics, and I worked quite diligently at this during the
first two or three months of this year, since I found many difficulties which I had not yet
gone into and which it was a pleasure to solve[; bJut I must confess to you my somber
mood: as soon as I lost hope of learning anything more about this subject, I found it impos-
sible to take any more trouble over it, other than to put things in order and to write a
preface which I intend to add to it. (3:50; AT 1:592)

As late as November 1635, then, Descartes’s plans are still quite limited, and his
depressed state, arising from the failure of his original grand ambitions, is still quite
evident. It appears likely, therefore, that (as Gilbert Gadoffre has argued, for example,
in Grimaldi and Marion 1987) the “preface” Descartes mentions at this time was to
comprise at most Part Six of what eventually became the Discourse on Method. Here
(in the published Discourse) Descartes first explains why he did not publish The World
(precisely because of the condemnation of Galileo), asserts that he has now “resolved
not to publish any other work during my lifetime which was so general in scope
or by which the foundations of my physics might be understood,” and says that
he is instead publishing only on “certain subjects which, without being highly con-
troversial and without obliging me to reveal more of my principles than I wished, would
nonetheless show quite clearly what I can, and I cannot, achieve in the sciences” —
where the only works then mentioned are the Optics and Meteorology (1:149; AT
6:74-5). In these works, in particular, he will begin with certain “suppositions” (con-
cerning the rectilinear propagation of light), because he has “deliberately avoided car-
rying out [their] deductions” from the fundamental principles of his physics (1:150; AT
6:76). And he wanted to avoid such “deductions,” it is clear, because they would
proceed by way of his vortex theory and thus inextricably involve him with
Copernicanism.

In March 1636, however, Descartes’s plans (and mood) have dramatically shifted.
As he writes to Mersenne, he now plans to publish “four treatises, all in French,” under
the general title:

The Plan of a Universal Science which is capable of raising our Nature to its Highest Degree
of Perfection, together with the Optics, the Meteorology and the Geometry, in which the
Author, in order to give proof of his universal Science, explains the most abstruse Topics
he should choose, and does so in such a way that even persons who have never studied
can understand them. (3:51; AT 1:339)

Moreover: “In this Plan I explain a part of my method, I try to prove the existence of
God and of the soul apart from the body, and I add many other things which I imagine
will not displease the reader” (ibid.). Descartes has thus arrived at the full conception
of the soon to be published Discourse on the Method of rightly conducting one’s reason and
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seeking the truth in the sciences, and in addition the Optics, the Meteorology and the Geometry,
which are essays in this Method. The “Plan” (the finished Discourse) now includes, in
particular, a sketch of the method first described in the Rules and therefore closely con-
nected with the Geometry (Part Two), and, most importantly, a sketch of a metaphysics
of God and the soul (Part Four) which will only later be fully developed in the Meditations.
The grandly expansive, ambitious Descartes has returned.

What was responsible for Descartes’s dramatic change of plans between November
1635 and March 1636? At this point, we do not really know. But there was a remark-
able coincidence between Descartes’s trajectory and Galileo’s during these months,
which, T believe, is well worth considering. In particular, in the years 1635-6, two
friends of Galileo’s, Elia Diodati and Matthias Bernegger, attempted, in the wake of
his condemnation, to spread Galileo’s ideas in Northern Europe and defend the com-
patibility of Copernicanism with scripture. Their main achievement was a Latin trans-
lation of Galileo’s Dialogue, printed in Strasbourg (where Bernegger was located) but
published and distributed by the Elzeviers in Leiden, with preface dated March 1, 1635.
Moreover, they had originally hoped to include Galileo's Letter to Christina as an appen-
dix, in Latin translation together with the original Italian in parallel columns, but the
translation was not quite ready in time. So they instead included Foscarini’s Letter
of 1615, together with a short selection from Kepler, and they pursued the idea of
publishing the Letter to Christina separately: the latter finally appeared in early 1636,
again printed in Strasbourg but published and distributed by the Elzeviers in Leiden,
with preface dated February 1, 1636. This was the first time the Letter to Christina
had ever been published, now bearing the title New-Old Doctrine of the Most Holy Fathers
and Esteemed Theologians on Preventing the Reckless Use of the Testimony of the Sacred
Scriptures in Purely Natural Conclusions That Can Be Established by Sense Experience and
Necessary Demonstrations. (For a discussion of the Strasbourg editions, see Finocchiaro
2005.)

The reason this is relevant is twofold. On the one hand, the principal “most holy
father” serving as an authority for Galileo is Augustine, who is quoted repeatedly in
the Letter. In particular, Galileo makes frequent use of passages from Augustine’s The
Literal Meaning of Genesis to argue that, where scripture appears to assert something
about phenomena in the heavens, and this concerns a point that is still in doubt but
may eventually be “established by sense experience and necessary demonstrations,”
then we should not interpret scripture overly literally on this point, on pain of making
scripture look foolish. Indeed, in the Strasbourg edition, one such quotation from
Augustine occurs on the second page, clearly set off in italicized Latin (as are all sub-
sequent quotations) from the two parallel Latin-Italian columns. On the other hand, in
February and March of 1636, Descartes himself was in Leiden, having come there
precisely to discuss the publication of his new work with the Elzeviers. Indeed, Descartes
begins the letter to Mersenne where he first announces his plans for the Discourse by
explaining that he has been in Leiden for discussions with the Elzeviers, but has now
“resolved to go to someone else” (3:51; AT 1:338). It appears quite possible, therefore,
that Descartes may have seen a copy of the new Strasbourg edition during these
discussions. (After all, Descartes makes it very clear to everyone in Part Six of the
Discourse — which may well have comprised his original “preface” to the Optics and
Meteorology — that Galileo’s condemnation was a crucial event for him.)
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If Descartes had seen a copy of Galileo’s Letter at this time, a new version of his
Augustinian strategy could then have snapped into place. Whereas Galileo had pursued
the relatively weak (and ultimately unsuccessful) strategy of using Augustine to estab-
lish the compatibility of Copernicanism and scripture, he, Descartes, had something
much stronger up his sleeve: he could show that a proper understanding of Augustinian
metaphysics provides the foundation for an essentially Copernican and anti-Aristotelian
cosmology and physics. In particular, he could now publish his Augustinian metaphys-
ics of God and the soul first, without explaining his full system of cosmology and
physics, and later develop this physics and cosmology separately, after his metaphysics
had already been accepted. Counter-Reformation Catholicism — especially in France —
would thereby be forced to accept Descartes’s new physics before the question of
Copernicanism could even arise. And, in any case, although the idea that Descartes
may have in fact seen a copy of Galileo’s Letter at Leiden is still largely conjectural, there
is no doubt that it was precisely this strategy on which Descartes now embarked, first
in the Discourse and then, most fully, in the Meditations.

The Metaphysical Foundations of Physics

Descartes asserts that the Meditations contains the foundations of his physics in a letter
to Mersenne of January 1641:

I may tell you, between ourselves, that these six Meditations contain all the foundations
of my physics. But please do not tell people, for that might make it harder for supporters
of Aristotle to approve them. I hope that readers will gradually get used to my principles,
and recognize their truth, before they notice that they destroy the principles of
Aristotle.  (3:173; AT 3:297-8)

Here his new strategy is clearly evident; and it is even more evident a few months later
(now linked explicitly to Galileo’s condemnation), when he explains that his aim is

to fight with their own weapons the people who confound Aristotle with the Bible and
abuse the authority of the Church in order to vent their passions — I mean the people who
had Galileo condemned. They would have my views condemned likewise if they had the
power; but if there is ever any question of that, I am confident I can show that none of the
tenets of their philosophy accords with the Faith so well as my doctrines. (3:177; AT
3:349-50)

Descartes’s new strategy is to show that his doctrines best accord with the Faith before
the question of Copernicanism even arises, and this is why, in particular, he adds a
dedicatory letter to the Sorbonne addressed To those most learned and distinguished men,
the Dean and Doctors of the sacred Faculty of Theology at Paris. Indeed, Descartes had
earlier written to Mersenne in November 1640 about his concern for “the approbation
of the Sorbonne, which I want, and which I think may be very useful for my purposes,
for I must tell you that the little book on metaphysics which I sent you [the Meditations)]
contains all the principles of my physics” (3:157; AT 3:233).

In what sense, however, do Descartes’s six meditations contain all the principles of
his physics? They do not contain the metaphysical foundation Descartes had presented
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in The World (and will later publish in the Principles of Philosophy), according to which
the fundamental laws of motion (conservation of the total “quantity of motion,”
together with what we now call rectilinear inertia) are grounded in the unity and
simplicity of God. Indeed, in Part Five of the Discourse, where Descartes summarizes
some of the content of The World, he is careful not to “reveal the whole chain of other
truths that I deduced from these first ones [the metaphysics of Part Five],” because “in
order to do this I would have to discuss many questions that are being debated among
the learned, and I do not wish to quarrel with them” (1:131; AT 6:40). In particular,
although he is willing to say that “I showed what the laws of nature were, and without
basing my arguments on any principles other than the infinite perfections of God, I tried
to demonstrate . . . those laws,” he deliberately does not say what these laws actually
are (1:132; AT 6:43). This would take him too close to his vortex theory and the issue
of Copernicanism — and, in the Meditations, Descartes does not even mention such a
derivation of the laws of nature.

In his prefatory Synopsis of the Meditations, Descartes explains that he will develop
“a distinct concept of corporeal nature, . .. partly in the Second Meditation . . . and
partly in the Fifth and Sixth Meditations” (2:9; AT 7:13). In particular, whereas the
Fifth Meditation, and parts of the Second (the famous piece of wax argument), are
concerned with “the essence of material things,” the Sixth is concerned with “the exis-
tence of material things.” The essence of matter, for Descartes, is of course pure spatial
extension: “the extension of quantity (or rather of the thing which is quantified) in
length, breadth and depth” (2:44; AT 7:63). For, of all the properties matter is supposed
to possess, only this is clearly and distinctly conceived by the intellect — namely, as the
object of pure geometry. By the end of the Fifth Meditation, then, we know the essence
of “the whole of that corporeal nature which is the object of pure mathematics” (2:49;
AT 7:71), but, as Descartes reiterates at the beginning of the Sixth, we do not yet know
that corporeal nature in this sense actually exists. Proving this is precisely the burden
of the Sixth Meditation itself, whose argument for the existence of matter is in fact
peculiar to the Meditations. It does not appear at all in Part Four of the Discourse, and,
when Descartes later arrives at the corresponding point in the Principles, he simply
refers the reader back to the Meditations (Part One, §30; compare Part Two, §1).

Before Descartes begins the argument, he suggests that, in order to move beyond the
merely possible existence of extended matter to its actual existence, we need also to
move beyond the pure intellect:

But besides that corporeal nature which is the object of pure mathematics, there is much
else that I habitually imagine, such as colors, sounds, tastes, pain and so on — though not
so distinctly. Now I perceive these things much better by means of the senses, which is
how, with the assistance of memory, they appear to have reached the imagination. So in
order to deal with them more fully, I must pay equal attention to the senses, and see
whether the things which are perceived by means of that mode of thinking which I call
“sensory perception” provide me with any sure argument for the existence of corporeal
things. (2:51; AT 7:74)

Thus, although only ideas of the intellect are clear and distinct, while sensory ideas, by
contrast, are generally obscure and confused, we still need to consider the contribution
of the senses in order to establish the actual existence of material things. Several pages
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later, immediately before presenting the argument, Descartes puts the point this way:
“[A]lthoughIdo not think I should heedlessly accept everything I seem to have acquired
from the senses, neither do I think that everything should be called into doubt” (2:54;
AT 7:77-8).

At the end of the argument, immediately after concluding that “corporeal things
exist,” Descartes qualifies this conclusion by again distinguishing between purely intel-
lectual ideas of external bodies and the ideas they produce by means of the senses:

They may not all exist in a way that exactly corresponds with my sensory grasp of them,
for in many cases the grasp of the senses is very obscure and confused. But at least they
possess all the properties which I clearly and distinctly understand, that is, all those which,
viewed in general terms, are comprehended in the object of pure mathematics. (2:55;
AT 7:80)

Once again, therefore, the essence of matter is purely intellectual, but we need explicitly
to consider its effects on our senses in order to know that this essence exists in nature.
Indeed, to say that purely geometrical extended matter actually exists, for Descartes, is
to say that it is precisely this object —not God himself nor any other non-extended being
— which is the cause of our sensory ideas.

Descartes’s argument for this conclusion, of course, directly appeals to the veracity
of God:

[Slince God is not a deceiver, it is quite clear that he does not transmit [sensory]| ideas to
me either directly from himself, or indirectly, via some creature which contains the objec-
tive reality of the ideas not formally but only eminently. For God has given me no faculty
at all for recognizing any such source for these ideas; on the contrary, he has given me a
great propensity to believe that they are produced by corporeal things. So I do not see how
God could be understood to be anything but a deceiver if the ideas were transmitted from
a source other than corporeal things. (2:55; AT 7:79-80)

And this argument, in turn, appears initially disappointing. But it is not problematic
simply because Descartes here appeals to the veracity of God. After all, basing all the
rest of our knowledge on a knowledge of God is fundamental to Descartes’s Augustinian
project, and it applies equally to our intellectual knowledge of pure mathematics. The
real problem, rather, is that it is not immediately clear how the “great propensity to
believe that [sensory ideas] are produced by corporeal things” differs from the “natural
impulse” to believe that my sensory ideas “must come from things located outside me”
which has been previously discussed, and dismissed, in the Third Meditation (2:26-7;
AT 7:38-9). Indeed, this same “natural impulse” there led me (falsely) to believe that
my sensory ideas resemble corporeal things as well.

However, the Third Meditation also makes a sharp distinction between what is
taught by a spontaneous natural impulse and what I learn through a “natural light”:

When Isay “Nature taught me to think this [that sensory ideas resemble corporeal things],”
all I mean is that a spontaneous impulse leads me to believe it, not that its truth has been
revealed to me by some natural light. There is a big difference here. Whatever is revealed
to me by the natural light . . . cannot in any way be open to doubt. This is because there
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cannot be another faculty both as trustworthy as the natural light and also capable of
showing me that such things are not true. (Ibid.)

By contrast, our natural impulse to believe that sensory ideas resemble corporeal things
can easily be shown to be delusory:

I think I have often discovered a great disparity [between sensory ideas and their objects]
in many cases. For example, there are two different ideas of the sun which I find within
me. One of them, which is acquired as it were from the senses and which is a prime example
of an idea which I reckon to come from an external source, makes the sun appear very
small. The other idea is based on astronomical reasoning, . . . and this idea shows the sun
to be several times larger than the earth. Obviously both of these ideas cannot resemble
the sun which exists outside me; and reason persuades me that the idea which seems to
have emanated most directly from the sun itself has in fact no resemblance to it at
all. (2:27; AT 7:39)

Thus, the natural light of reason — the pure intellect — can and does correct our sensory
ideas: in particular, it corrects our natural impulses initially associated with these ideas.
But we have no further faculty capable of correcting the pure intellect.

This point represents the crux, I believe, of the argument of the Sixth Meditation.
For, in the first place, immediately before emphasizing our “great propensity” to believe
that sensory ideas proceed from corporeal things, Descartes says that “God has given
me no faculty at all for recognizing any [other] source for these ideas.” Although our
original naive belief that the causes of our sensory ideas resemble them can be corrected
and refined by the pure intellect, our considered judgment that Cartesian pure exten-
sion alone causes these ideas cannot, if false, be corrected by any human faculty: if this
were our predicament, God would indeed be a deceiver. And, in the second place,
immediately after concluding the argument, with the assertion that material things
therefore “possess all the properties which I clearly and distinctly understand, that is,
all those which, viewed in general terms, are comprehended in the object of pure math-
ematics,” Descartes goes on to extend this conclusion to all of our (potential) knowledge
of nature:

What of the other aspects of corporeal things which are either particular (for example that
the sun is of such and such a size or shape), or less clearly understood, such as light or
sound or pain, and so on? Despite the high degree of doubt and uncertainty involved here,
the very fact that God is not a deceiver, and the consequent impossibility of there being
any falsity in my opinions which cannot be corrected by some other faculty supplied
by God, offers me a sure hope that I can attain the truth even in these matters. (2:55-6;
AT 7:80)

Beginning with a firm grasp of Cartesian pure extension (“the object of pure mathe-
matics”), I can then correct and refine my sensory representation of nature: first by
developing a rational (astronomical) knowledge of the sun and other heavenly bodies,
then inquiring into the main causal processes (such as light) by which sensory ideas
are conveyed to me, and finally, on this basis, developing a progressive scientific
understanding of all the remaining phenomena in nature (including physiology and
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medicine). Clear and distinct knowledge of the pure intellect, in interaction with or
applied to the deliverances of the senses, thereby provides the one and only possibility
for a genuine, rational knowledge of nature. Physics — Cartesian physics — now has a
metaphysical foundation.

This interpretation of Descartes’s argument for the existence of matter in the Sixth
Meditation was first presented in Friedman (1997); and, if it is correct, we are now in
a position to see that the metaphysical foundation for physics contained in the
Meditations is, above all, a foundation for the new ideal of scientific method first sug-
gested by Galileo — according to which we use pure mathematics, in interaction with
or applied to the deliverances of our senses, to analyze the actions of the causes of
natural phenomena so as progressively to refine our scientific understanding of these
phenomena. And, although Descartes does not say so here, the crucial role of
Copernicanism in this process is evident to all who have eyes to see: it is precisely by
integrating celestial and terrestrial phenomena within a single mathematical descrip-
tion of nature (as Galileo attempted in his Copernican theory of the tides and Descartes
attempted in his vortex theory of planetary motion and light) that the new method-
ological ideal can most clearly bear its intended fruit. By the argument of the Sixth
Meditation, however, these methodological ambitions of the new mathematical science
have been shown to rest on the Augustinian metaphysics of God and the soul Descartes
develops in the first three meditations.

More precisely, the sense in which Descartes’s six meditations contain all the foun-
dations of his physics can now be elucidated as follows. We first comprehend that our
own nature is purely intellectual; we then come to see that this nature is entirely
dependent on God; and we finally understand how our purely intellectual nature, when
applied to the deliverances of the senses, provides the basis for the one possible science
of (corporeal) nature. Just as Augustinian intellectual contemplation of God and the
soul provides a foundation for the new scientific method, this scientific method is a
manifestation or expression of Augustinian intellectual contemplation — and it is there-
fore the new mathematical science rather than Aristotelian natural philosophy which
best accords with the Faith. It is not that Descartes provides a foundation for the new
scientific method by providing some kind of guarantee that it will necessarily succeed.
Indeed, Descartes expresses considerable ambivalence, in the Principles (Part Four,
§§204-7), about whether the unique model this method aims at can actually be
achieved. This method, as Descartes himself puts it, rather provides us with our one
“sure hope” for a rational knowledge of nature, a hope which is itself firmly grounded,
in turn, in a thoroughly orthodox account of our rational knowledge of God and
soul.

Finally, if the present interpretation is correct, there is an additional twist to
Descartes’s argument, which, viewed in the context of the Fourth Meditation and the
remainder of the Sixth, brings Descartes even closer to Augustine in one respect, while
simultaneously distancing him from Augustine in another. Menn (1998) has argued
convincingly that Descartes’s treatment of the origin of error in the Fourth Meditation
is closely modeled on Augustine’s treatment of the origin of evil in such works as the
Confessions and On Free Choice of the Will. Evil is not a positive reality but a privation
— a defect in our finite, not fully perfect nature, which thereby participates to some
extent in non-being. Moreover, evil originates with the exercise of our own free choice,
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and it is better that we have such choice, all things considered. But could God not have
created finite creatures with free choice who nonetheless never sin? Certainly; and, in
fact, he has already done so: the angelic souls who stand at the summit of the order of
creation, and whose special office is to maintain the cosmic order. Yet our distinctively
human office, as purely intellectual souls imprisoned in a body, is quite different; and
this is why, as Menn puts it, “we have been placed in corruptible terrestrial bodies,
toward the bottom of the chain of physical causality, while the angels have been given
charge over the incorruptible celestial bodies which preserve the order of the physical
universe” (1998: 181). Nevertheless, a universe containing both human beings, who
are liable to sin, and privileged angelic souls, who are not, is better overall than one
containing only angels. For “God, in placing the soul in a mortal body, is dispensing
goodness even to the lowest part of creation, allowing the corruptible body to receive
perfection through a soul that is capable of following divine order” (Menn 1998:
183).

Descartes follows this same strategy in the Fourth Meditation, now applied to the
problem of intellectual error (falsehood) rather than moral evil (sin). Just as in the case
of moral evil, intellectual error originates in the exercise of our own free will — which,
being infinite, may greatly exceed the capacity of our finite, purely intellectual grasp of
clear and distinct ideas. The main source of such error, in fact, is extending our capac-
ity for judgment (which, for Descartes, is an exercise of our will) to matters about which
we do not yet have a clear and distinct understanding. Chief among these, of course,
are the initial deliverances of our senses, which, by a natural and spontaneous impulse,
we take to resemble the external corporeal things from which they proceed. But could
God not have created us with a finite intellect together with an infinite free will, and
such that we would nonetheless never err? Certainly; and Descartes explicitly considers
this possibility:

Had God made me this way, then I can easily understand that, considered as a totality
[French edition: as if there were only myself in the world], I would have been more perfect
than I am now. But I cannot therefore deny that there may in some way be more perfection
in the universe as a whole because some of its parts are not immune from error, while
others are immune, than there would be if all the parts were exactly alike. And I have no
right to complain that the role God wished me to undertake in the world is not the princi-
pal one or the most perfect of all.  (2:42-3; AT 7:61)

As Menn (1998: 320) points out, Descartes is here tacitly assuming the existence of
angels, and appealing, like Augustine before him, to our distinctively human office as
an inferior but still very important part of creation as a whole.

But what exactly is this distinctively human office? The present interpretation of the
sense in which Descartes provides a metaphysical foundation for physics yields a
perhaps surprising result. Descartes explains in the remainder of the Sixth Meditation
that our nature is that of a mind-body composite, and, “notwithstanding the immense
goodness of God, the nature of man as a combination of mind and body is such that it
is bound to mislead him from time to time” (2:61; AT 7:88). Since our intellectual soul
is inextricably lodged in an animal body, it can receive information about the configu-
ration of corporeal nature around it only by means of the stimulation of the senses. The
primary function of the senses, for all organic bodies, is to alert the body to features of
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its environment that may be helpful or harmful, and, in general, the senses perform
this function quite reliably. Unlike the other animals, however, we are also spiritual
beings with intellect and will, who, in our initial state of childish immaturity, naturally
make judgments about the deliverances of our senses without yet being able to appre-
ciate the difference between clear and distinct ideas (of the intellect) and obscure and
confused ideas (of the senses). It is then precisely the task of Cartesian science to employ
the pure intellect in a progressive ongoing refinement of these deliverances by applying
the method of the new mathematical natural philosophy.

It is precisely by doing Cartesian science, then, that we best fulfill our distinctively
human office. It is in this way, as Descartes once described the project of his Discourse,
that we pursue a “Plan of a Universal Science which is capable of raising our Nature
to its Highest Degree of Perfection,” and it is here, in particular, that we encounter
Descartes’s most fundamental divergence from Augustine. We do not pursue the per-
fection of our nature by means of a purely spiritual discipline of intellectual contempla-
tion of God and the soul. On the contrary, the fruit of such intellectual contemplation,
for Descartes, is an active engagement with the world in the practice of the new math-
ematical science — which, through the ongoing development of physiology and medi-
cine, will eventually address the problem of human moral perfectibility as well.
Descartes’s vision, in the end, is in this way profoundly modern, and he thus points the
way towards the later scientific humanism of the eighteenth-century Enlightenment.
But this is a story for another occasion.
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Chapter 6

Explanation as Confirmation in Descartes’s
Natural Philosophy

ERNAN MCMULLIN

The linked concepts of explanation and confirmation play a major role in Descartes’s
natural philosophy. But that role turns out to be something other than the one that
the most general principles of that philosophy would have led one to expect, other,
indeed, than what Descartes himself had originally expected. Like Aristotle before him,
he held out the promise of a science of nature that would be in broad terms deductive;
warrant would descend majestically downward from premises themselves intuitively
secured. In this way would certainty, the supreme goal of his discursive effort, be
assured. No additional confirmation would be needed. Two and only two epistemic
processes would be involved: intuition and deduction.

But the universe he had assiduously fashioned so as to yield itself to this plan quickly
proved recalcitrant, as Aristotle’s had done, and for some of the same reasons. The
downward flow of deductive warrant wavered and a very different mode of confirma-
tion had to be brought in to the rescue, one less easy to subject to rule than deduction
would have been. Around this shift, the entire Cartesian project of a certainty-
producing science of nature hung in the balance. Aristotle has already been mentioned.
It seems appropriate, then, to begin with a brief sketch of how he dealt with an issue
that would become much more troublesome for Descartes.

Aristotelian Prelude

As far as Aristotle was concerned, the mark of science proper (epistémé) is successful
demonstration (apodeixis). Demonstration proceeds deductively from premises known
through epagégé (roughly, intuition) to be true in their own right to a conclusion
which is thereby both explained and proved. In the simplest case, the premises
should explain what causes a particular nature necessarily to possess a particular
characteristic. We should not have to have recourse to the conclusion in order to prove
the truth of the premises. “Since the primary premises are the cause of our knowledge,
that is, of our conviction, it follows that we know them better, that is, are more
convinced of them than of their consequences, precisely because our knowledge of
these latter is the effect of our knowledge of the premises” (Posterior Analytics 1, 2; 72a
30-2).
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But a difficulty immediately looms, one of which Aristotle was, I think, well aware.
When we try to explain something in terms of its cause, that something is ordinarily
better known to us than is the cause we are to search for. The latter may qualify as
“better known in itself” once the demonstration goes through, more intelligible, that
is, in its role as cause. But this does not help very much. It is what is better known
to us that allows the demonstration to progress in the first place. Things more
intelligible in themselves “are on the whole the hardest for men to know, for they
are farthest from the senses” (Metaphysics 1, 2; 982a 23-5). It is the conclusion of
the demonstration that is closest to the senses, closest therefore to our immediate
experience. How is the direction to be reversed, as the notion of demonstration seems
to demand?

Aristotle distinguishes between “knowledge of the fact” (oti, quia) and “knowledge
of the reasoned fact” (dioti, propter quid). To have knowledge of the fact means having
a proof merely of the truth of the claim in question. Knowledge of the reasoned fact
requires in addition an understanding of why it is true, what the causal connections
are. By way of illustration, he turns to celestial phenomena even though he elsewhere
notes that the heavenly bodies “are excellent and divine but less accessible to knowl-
edge. The evidence that might throw light on them . .. is furnished but scantily by
sensation” (Parts of Animals 1, 5; 644b 25-7). Perhaps he chose the examples he did
because the explanations he can offer in these cases are so plausible that he could dis-
regard, in effect exclude, the likelihood of alternative explanations and in that way, as
we shall see, convert explanation into demonstration.

An example of a proper demonstration, he says, would be: “Whatever is spherical
waxes in a certain way. The moon is spherical. Therefore, the moon waxes in that way”
(Posterior Analytics I, 13; 78b 3-13). This explains the observed lunar property of
waxing. But how does one know that the moon is spherical? Aristotle suggests that we
alter the order of the syllogism: “Whatever waxes in a certain way is spherical. The
moon waxes in that way. Therefore, it is spherical.” This provides the “knowledge of
the fact,” i.e., of the sphericity of the moon, that the earlier syllogism needed to make
it fully demonstrative. But does it work? (McMullin 1992).

He notes, in passing as it were, that for this argument to hold, the major premise
has to be “convertible,” logically, that is, it must hold good irrespective of the order of
the terms. Now while a simple piece of geometrical reasoning will show that whatever
is spherical will wax in a certain way (given a couple of plausible assumptions about
light), it is by no means true that whatever waxes in a certain way is spherical. True,
it is highly plausible. But it must be more than that for a strict demonstration to go
through.

An even more striking example: “Nearby luminous objects do not twinkle. Planets
are nearby luminous objects [relative to the fixed stars]. Therefore, they do not twinkle”
(Posterior Analytics 1, 13, 78a 30—78a 2). Once again, this appears to be a proper dem-
onstration of the reasoned fact since the nearness of the planets is presented as the
cause of their non-twinkling. But is it? We need to know first that it is true that the
planets are near. So according to instructions, we convert the major premise which
becomes: “Luminous objects that do not twinkle are nearby.” And then the demonstra-
tion of the needed fact follows: “Planets do not twinkle. Therefore, they are nearby.” It
is even more obvious in this case that the conversion of terms in the major premises is
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illegitimate: it by no means follows from any information given that luminous objects
that do not twinkle are nearby. For all that was known then, some of them could be
even further away than the fixed stars!

Aristotle’s laconic instruction to exchange the order of the terms in the major
premises, giving no reason why this should be permissible, does not do justice to what
is really going on in examples such as these. There is no need for the (defective) “dem-
onstration of the fact.” What Aristotle is assuming, in effect, is that the explanation
offered by the middle term in each case (the spherical shape of the moon, the nearness
of the planets) is the only possible explanation of the observations he cites, that the
explanation is highly plausible and that no alternative explanation immediately offers
itself.

The inference clearly depends on the quality of the explanation offered, rather than
on the intuitive warrant of the individual premises. It is no longer strictly syllogistic or
intuitive-deductive. It is instead retroductive, to call on a useful label we owe to C. S.
Peirce, “retro” because it is an inference from known effect back to explanatory cause.
What distinguishes retroduction from the other two main forms of inference employed
in inquiry into nature, deduction and induction (inductive generalization), is its
reliance on explanatory quality for its epistemic force (McMullin 1992).

But it is not just retroductive. It makes a stronger claim than does an ordinary
retroductive inference, which relies only on the intrinsic quality of the explanation
given. In order to approximate to his original deductivist ideal, Aristotle also implicitly
assumes that it is the only explanation, and hence is deducible from the effect. This
clearly requires additional argument of a methodologically different sort, establishing
that this is the only possible explanation. How would this be done? Reviewing all the
different possible alternatives? Showing that no other explanation is possible? There
is a suggestion here of what in recent times has been dubbed “inference to best
explanation” (IBE). It too is a special sort of retroductive inference, needing a
second, methodologically diverse, sort of argument to show that, as well as explaining
the data, it is the best explanation, the best presumably among the explanations on
offer.

As it stands, the inference on which Aristotle is relying in order to conclude that
the relative nearness of the planets is the cause of their light's not being of the
twinkling variety is the simple retroductive one appealing to the quality of the
explanation this affords. He makes no further attempt to show that this is the best
explanation available, let alone that it is the only one. The distinction between these
three: explanation, best explanation, only explanation, also signifies a difference
between three levels in the confirmation they confer on the hypothesis involved. (It is
worth noting that the term confirm is troublesomely ambiguous between these three
levels in ordinary English usage.) Let us call them: level 1, claiming to confer some
degree of plausibility; level 2, laying claim to a higher level of plausibility, and level 3,
asserting outright proof, amounting in effect to a form of demonstration dioti (propter
quid). Aristotle claims level 3 confirmation for his planetary illustration above, but it
comes in at best at level 2. This distinction will be of service when we come to assess
the kind of confirmation that explanation is taken to afford in Descartes’s natural
philosophy.
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Cartesian Ambition

Descartes’s original ambition in his natural philosophy strikes one as being similar to
Aristotle’s, though with the significant substitution of certainty for demonstration as
the goal. Like the ideal of method proposed by Aristotle, that of Descartes in his early
work, the Regulae, likewise reduces to two steps, bearing the same names, at least, as
those in the Aristotelian scheme: intuition and deduction. Warrant begins from the top
and then, supposedly, is carried deductively downward, stage by stage, to knowledge
of more particular natures. So the certainty granted by the intuition of principles is
steadily transmitted downwards from level to level.

To clarify what Descartes means by “intuition,” the first of the two key terms in this
scheme, the Regulae has this to say:

By “intuition” I do not mean the fluctuating testimony of the senses or the deceptive judg-
ment of the imagination as it botches things together, but the conception of a clear and
attentive mind, which is so easy and distinct that there can be no room for doubt about
what we are understanding. Alternatively, and this comes to the same thing, intuition is
the indubitable conception of a clear and attentive mind which proceeds solely from the
light of reason. (1:14; Rule 3; AT 10:368)

So the testimonies of the senses and the imagination are rejected as sources of cer-
tainty at the level of the principles constituting the starting point of the new science of
nature. This certainty derives solely from the conception of a clear and attentive mind.
Nevertheless, the senses may be indirectly involved at a later level. When discussing
whether a natural power can travel instantaneously to a distant place, Descartes says
that the response should not start from considerations of magnetism and light directly,
since these are not the sort of “easy and accessible” matters yielding a starting point
for which certainty could be claimed. Instead: “I shall rather reflect on the local motions
of bodies, since there can be nothing in this whole area that is more readily perceivable
by the senses” (Rule 9; 1:34; AT 10:402). In this important example, key to the entire
treatment of light in the Optics, intuition evidently works on the deliverances of the
senses, transforming them so as to yield a certainly-known principle that can serve as
starting point for what comes after. The echo here of Aristotle’s notion of epagdgé is
unmistakable.

This emphasis on the ability of mind to formulate epistemically secure first principles
remains a constant in Descartes’s later writings, though he finds different ways of
grounding it. In the Discourse, for example, he speaks of deriving his “principles only
from certain seeds of truth which are naturally in our souls” (1:143—4; AT 6:64). While
in the Principles he speaks, rather, of clear and distinct ideas:

A perception which can serve as the basis for a certain and indubitable judgment needs to
be not merely clear but also distinct. I call a perception “clear” when it is present and
accessible to the attentive mind . . . [and] “distinct” if, as well as being clear, it is so sharply
separated fromall other perceptionsthatitcontainswithinitselfonly whatisclear. (1:207-
8; AT 8A:22)
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On these rather different ways of characterizing the ways that the mind may arrive at
first principles, the original Cartesian ambition for natural philosophy squarely rests.

Complementing intuition in Descartes’s two-part epistemic schema is what he calls
“deduction.” Given that he is frequently critical of the way in which formal logic cramps
the mind (1:57; AT 10:439; 1:119, AT 6:17), it is not surprising to find that “deduc-
tion” for him can range all the way from the strict formal inferences of the mathemati-
cian to sequences of reasoning that could not possibly qualify as deductive in the usual
sense. (See, for example, his discussion of the causes of color in the rainbow, Meteorology,
AT 10:331ff.) The French term deduire was already quite ambiguous in the usage of
that time. Rather than “deduce” in the logical sense, it meant deduct, or alternatively,
draw out, enumerate (Clarke 1982: 65-70; 207-10). In this latter sense, it could be
conflated with “induction” where this is taken to mean the enumeration of the stages
to be followed in developing an explanation or in laying out the alternatives to be con-
sidered at one of the stages of a complex inference. “The deduction is made through
intuition when it is simple and transparent, but not when it is complex and involved.
When the latter is the case, we call it ‘enumeration’ or ‘induction,’ since the intellect
cannot simultaneously grasp it as a whole” (Rule 11, 1:37; AT 10:408). See, for
example, Descartes’s determination of the lens shape required to bring parallel light-
rays to a focus (Rule 8, 1:28; AT 10:394-5).

The close affinity between deduction and explanation, as Descartes understands
them, is of particular importance to us here. In the context of his natural philosophy,
to deduce from true principles is also to explain correctly what is deduced. So that
deduction and correct explanation go hand in hand. Proceeding from cause to effect in
this way can be described as both deductive and explanatory. However, working back
from effect to cause can be explanatory without being deductive; this is where hypoth-
esis comes in. And proceeding deductively from cause to effect can be explanatory
without its necessarily providing the correct explanation where the cause is hypo-
thetically postulated. Descartes frequently points in the direction of an explanation
without actually having worked out the details, taking this to be already a sort of
promissory explanation. The step from cause to effect in such cases would likewise be
deductive only in a loose promissory sense, resting in effect on the strength of the
explanatory appeal. But “deduction” it is for Descartes nonetheless, in a system which
would allow only two epistemic procedures.

If the Cartesian ambition in regard to procedure still shows the influence of Aristotle,
the same is not true in another domain where that ambition involved a complete depar-
ture from the older tradition. His insistence in his epistemology on the primacy of clear
and distinct ideas leads him to an extreme form of reductionism in his ontology where
all that he admits are “bodies which are extended in length, breadth, and depth, and
which have various shapes and move in various ways.” That, he says, is all he needs
“to deduce the truth of other things” (Principles; 1:184; AT 9B:10). Matter, which had
been indeterminate in the Aristotelian tradition, is now defined by extension, in effect
combining matter and an accidental form into one (as Aristotle understood those
terms) and in this way making matter entirely accessible to geometrical analysis. The
laws of mechanics are three only and are said to follow “manifestly from the mere fact
that God is immutable” (1:96; AT 11:43). In modern terms, they amount to continuity
of state (shape, rest, motion) unless disturbed, conservation of motion (momentum),
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and something akin to rectilinear inertia (Le Monde 1:93-7; AT 11:38-46). Finally,
causal action between bodies can take place only through contact.

Reduction on this scale forces him to a new level of explanation, one which has no
parallel in Aristotelian natural philosophy. Properties like color and weight which are
simple givens for Aristotle now have to be explained (or explained away) in terms of
extensions (or bodies) and motion alone, a daunting task for anyone less committed to
clear and distinct ideas than was Descartes. Like the atomists of old, he can only have
recourse at this point to the microlevel, to a domain of particles that lies far below the
reach of the human senses. It is in terms of these and their motions that all the immense
variety of the sensed world will have to be explained. The task of explanation in natural
philosophy has to be shifted an entire level downwards, and what is far more problem-
atic in epistemic terms, to a level that can only be imagined, not observed.

It is thus necessarily retroductive: the world of the senses becomes a vast set of effects
for which the causes, themselves not directly accessible, have to be established by indi-
rect means. Where retroduction was an incidental feature in Aristotle’s one-level sense-
given world, it becomes altogether central for Descartes. Plausible explanation begins
to complement, almost to supplant, deduction from secure first principles as a source
of confirmation. And imagination as the source of explanation takes the place of intu-
ition. What greatly complicates his task is his commitment to certainty in natural
philosophy. Hypothesis for him will not do. The inference has to be not only to plau-
sible explanation, but to best (indeed, only) explanation, conferring level 3 confirma-
tion. As we follow the course of his thought in his successive writings, we will see how
he struggles to make good on this promise.

From Le Monde to the Discourse

Already in Le Monde, his first attempt at an all-encompassing cosmic physics, left unfin-
ished and unpublished at the news of Galileo’s condemnation, Descartes is blending
two very different epistemic strategies. He opens by appealing to imagination: “Allow
your thought to wander beyond this world to view another world — a wholly new one
which I shall bring into being before your mind in imaginary spaces” (1:90; AT 11:31).
And he reinforces this theme: “Now since we are taking the liberty of fashioning [the
matter of this imagined universe] as we fancy, let us attribute to it, if we may, a nature
in which there is absolutely nothing that everyone cannot know as perfectly as
possible” (1:90; AT 11:32).
And what would that be?

Nor should [philosophers] find it strange if I conceive its extension, or the property it has
of occupying space, not as an accident but as its true form or essence. For they cannot
deny that it can be conceived quite easily in this way. And my purpose is not to
explain . . . but only to make up, as I please, a world in which there is nothing that the
dullest minds are incapable of conceiving. (1:92; AT 11:36)

The initial test of this model universe is, therefore, one’s ability to imagine it. It must
have no property — like gravity, for example — whose operation one cannot imagine,
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that, in effect, one cannot represent geometrically: “Since everything that I propose
here can be distinctly imagined, it is certain that even if there were nothing of this sort
in the old world, God can nevertheless create it in a new one. For it is certain that he
can create anything that we can imagine” (1:92; AT 11:30). But might God not create
something that we cannot imagine? Has not Descartes stripped down his imagined
universe so far that it could not possibly represent the real world?

He does manage to smuggle back in a couple of needed extra properties through a
generous interpretation of “extension”: “Let us conceive [matter] as a real, perfectly
solid body which uniformly fills the entire length, breadth, and depth of this huge
space” (1:91; AT 11:33). And “solidity” implies for him that the matter-extension
cannot be “squeezed,” that it also has the property of incompressibility.

At this point, imaginability might seem to be threatened: how is one to imagine an
extension that, simply as extension, repels other extensions? Even more seriously, there
is a missing property that his readers would be bound to notice. Quantity of matter in
the later Scholastic tradition had been defined as the product of volume (or extension)
and density. What has happened to density? Can one distinguish between two balls of
the same size, one of lead and one of wood, say, in terms of their extension only, recall-
ing that neither ball, in Descartes’s universe, contains any vacua? Each, after all, must
contain as much matter/extension as the other.

How is Descartes to persuade his readers that this sparse model can describe the real,
the “old,” world in all its diversity? How are extended shapes, even solid shapes, set in
a diversity of motions by the Creator at the moment of cosmic origin, to make our
universe? Descartes’s answer: let me just show you! And there follows a virtuoso exer-
cise of the imagination where the solid shapes grind one another down and three dif-
ferent “elements” emerge: tiny, small, and large “parts of matter.” These gradually take
on more or less orderly circular motions, the fastest-tiniest at the center of each swirl
playing a major role in the sun and the other stars, the slowest-largest forced further
out and coalescing into planets, some of which stray from one swirl to the next, becom-
ing comets, others of which are swept along by larger planets and become moons.
Though he does not say so, imagination plays an altogether crucial role in the retroduc-
tive method of his new science (McMullin 1996).

He next takes on the particular challenge for him of explaining weight, that is, “what
the force is that unites all parts [of the Earth] and makes them all tend towards the
center, each more or less according to the extent of its size and solidity.” How is this to
be explained in a universe without the property of gravity? His answer is confident:
“This force . . . consists in nothing but the parts of the small heaven which surround
[the Earth] turning much faster than [the Earth’s] own parts about its center, and
tending to move away with greater force from its center, and as a result pushing the
parts of the Earth back towards its center.” Pushing? But he realizes: “You may find
this presents difficulties, given that I have just said that the most massive and most solid
bodies [such as comets] tend to move outwards to the circumference of the heavens”
(AT 11:73; Descartes 1995: 47).

There follows an extraordinarily complicated argument intended to show that, nev-
ertheless, despite all appearances, the air above the falling stone has “the force to make
the stone move downwards,” that amount of air being “light when compared with the
stone, but heavy when compared with the pure celestial matter above it” (AT 11:77;

90



EXPLANATION AS CONFIRMATION IN DESCARTES'S NATURAL PHILOSOPHY

Descartes 1995: 49). It is an ingenious, if somewhat strained, retroductive effort,
relying entirely on its explanatory force for confirmation. It is not deductive: there are
many other possible ways that one might try the difficult task of explaining planetary
formation or falling motion on the Earth’s surface, consistent with the slender explan-
atory resources of the universe Descartes envisioned. Nor is it predictive in a quantita-
tive sense, allowing it to be epistemically tested other than by the persuasive appeal,
such as it is, of the loosely specified mechanical model so confidently advanced by
Descartes. The explanations he advances of specific natures are for the most part of this
sort. The confirmation they offer to the models themselves is at level 1, but obviously
of an extremely weak kind.

The mere fact that a moderately plausible model can be found might, however, be
said to offer slightly stronger confirmation, still at level 1, to the principles from which
the inquiry began: the controversial minimalist definition of matter as extension con-
joined with the three laws of motion. That such a model can be found at all might be
taken to strengthen the epistemic credentials of those principles, though of course as
Descartes presents them, they are supposed in advance to be recognized as true on
intuitive grounds, needing therefore no further confirmation. But he knew perfectly
well that his reductive definition of matter, so sharply at odds with the tradition in
natural philosophy and even with our ordinary experience of the differences of density
between material bodies, could use a measure of confirmation beyond that afforded by
the intuition-based considerations he had offered in its support.

Le Monde remained unpublished, but Descartes was, quite naturally, averse to allow-
ing its insights to remain unappreciated by the broader public. In Part Five of the
Discourse a few years later, he returned to his ambitious project of a mechanistic cos-
mogony, describing it this time only in outline, with none of the explanatory detail of
the earlier work. In rhetorical terms, this lacked the explanatory appeal, such as it was,
of Le Monde, but more than made up for that, perhaps, by conveying the impression
that the explanatory accounts his cosmogonic claims would need in their support did
in fact exist, even though he was not, for the moment, making them available. In this
way he exempted them from critical scrutiny, for the time being at least.

What led him to attempt an account of the universe’s origins, a project unthought
of in the natural philosophies of his predecessors, and one risking theological censure
besides? The answer is simple. It was prompted by the reductionist model to which his
intuitionist starting point had committed him. If one can explain the complex properties
of the world of today in terms of the sizes, shapes, and motions of imperceptible con-
stituent particles, then it is tempting to carry the argument a step further (much as the
ancient Atomists did) and assume that our familiar world could therefore have been
built up gradually by the growing aggregations of these same particles. More of that
assumption later.

Though the summary he offers in the Discourse is, on the whole, faithful to the cos-
mogony outlined in Le Monde, there are some differences of emphasis worth noting.
There is still the insistence that this is a “new world” of his own invention, where God
is supposed to create enough matter somewhere in this newly imagined space (but are
not space and matter identical?) and to set this matter in motion “so as to form a chaos
as confused as any the poets could invent,” then “lending his regular concurrence to
nature, leaving it to act according to the laws he established” (1:132; AT 6:42). As
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before, these laws are said to be based on nothing other than the infinite perfections of
God; they are such that “even if God created many worlds, there could not be any in
which they fail to be observed.” But the identification of matter with extension is no
longer made explicit: matter is just to be represented in such a way “that there is
nothing, I think, which is clearer and more intelligible, with the exception of what has
just been said about God and the soul” (1:132; AT 6:42).

It certainly sounds as though the world and its laws of motion that he envisages have
to be of the kind he proposes. And the theme of necessity is to be extended further. He
claims to have showed in Le Monde “how, in consequence of these laws, the greater
part of the matter of this chaos had to become disposed . .. [so as] to resemble our
heavens,” how “some of its parts had to form an earth, some [to form] planets and
comets, and other [parts] a sun and fixed stars” (1:132-3; AT 6:43; emphasis added).
He is presenting the cosmogony of Le Monde in necessitarian terms that are in no way
warranted by the text as we now know it.

But then there is an apparent admission as he ends this part of the cosmogony: “I
thought I had thereby said enough [in Le Monde] to show that for anything observed
in the stars and heavens of our world, something similar had to appear, or at least could
appear, in those of the world I was describing” (1:133; AT 6:43—4; emphasis added).
There is all the difference in the world between “had to appear” and “could appear” in
this context, one a necessary outcome, the other hypothetical, one involving deductive,
the other retroductive, inference. Which was it to be? This was more and more clearly
becoming the central epistemic issue for the Cartesian program, as the correspondence
evoked by the appearance of the Discourse would soon bring out (Clarke 2006: ch. 6).
The next sentence reverts to the unqualified deductive mode, speaking of the Earth:
“how, although I had expressly supposed that God had put no gravity into the matter
of which it was formed, still all its parts tended exactly towards its center.” But there
follows a sequence of hypotheticals: “could appear,” “could be formed,” “could come
into being” (1:133; AT 6:44). The ambivalence of the text at this point is surely
significant.

But there is still another possibility that Descartes knew he had to take into account.
God might, after all, have brought all of these structures into being in their finished
form: the “much more likely” alternative. This was a prudent disclaimer in an age when
biblical literalism was gaining ground, as the Church’s condemnation of the Copernican
system had just made abundantly clear. But Descartes wanted his readers to appreciate
the choice that had to be made here between an account of cosmic origins that relied
extensively on Divine action outside the natural course, or an account that nowhere
went beyond the ordinary bounds of nature. The implication was clear: God did not
need to do it the hard way!

Discourse, Part Six

At this point, Descartes set aside the Discourse, coming back to it only after three years
had passed. In the meantime he had had the opportunity to reflect on how his project
in natural philosophy could be carried further. He was still confident about the
cosmogony he had sketched earlier. But:
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When I sought to descend to more particular things, I encountered such a variety that I
did not think the human mind could possibly distinguish the forms or species of bodies that
are on the earth from an infinity of others that might be here if it had been God’s will to
put them there. (1:45; AT 6:64)

He was embarking on a radically non-Aristotelian way of understanding the physi-
cal world, as we have already noted. The simplicity and a priori status of the starting
point of the new physics, as well as the unmysterious character of the new explanatory
machinery, were purchased, however, at the expense of a radical turn to the hypo-
thetical. Eliminating the formal and final causes of the earlier tradition had left the
single type of explanation remaining with an entirely new agenda, one in which imag-
ination would play as large a role as the intuition from which the whole process was
supposed to begin. Did Descartes himself realize the cost of the bargain he was offering?
There are some indications that he did, and one of the clearest is to be found in the
continuation of this text in the Discourse.

The query he is putting is cosmogonic in form: how is he to derive from his very
general starting point the particular kinds of bodies that are to be found on Earth? The
“only way,” he says, is “to progress to the causes by way of the effects and to make use
of many special observations/experiments [expériences]” (1:144; AT 6:64). So the infer-
ence, initially at least, moves from effects back to cause, guided by the constraints
imposed by his principles on the choice of cause. Still, he assures his readers that he
has never yet encountered a kind of object “which I could not explain quite easily by
the principles I had discovered.” But this is too easy: how is one to know that this is the
correct explanation? And his celebrated response:

I must also admit that the power of nature is so ample and so vast, and those principles so
simple and so general, that I notice hardly any particular effect of which I do not know at
once that it can be deduced from the principles in many different ways; and my greatest
difficulty is usually to discover in which of those ways it depends on them. I know of
no other means to discover this than by seeking further observations whose outcomes
vary according to which of these ways provides the correct explanation. (1:144; AT
6:64-5)

One would wish for a couple of concrete examples to bring out just how this would
work: “deduced from the principles in many different ways” sounds like a single task
but involves in fact several different ones. First he has to conjure up a configuration of
(unobservable) material elements and their motions. Then he has to give some reason
to believe that this configuration would mechanically produce the observed traits char-
acteristic of the terrestrial kind under study (glass or steel, say, two examples from the
later Principles). The inference here would be a typically retroductive one, relying on
the confirmatory force (level 1) of the explanation offered. The main constraint laid on
it would be that the chosen configuration would have to be consistent with the general
principles of his natural philosophy. The reference to testing the proposed configuration
by means of further observations makes this the closest that he comes to the hypo-
thetico-deductive model of inference anywhere in his work.

What complicates matters even further, however, is the cosmogonic format he has
chosen for his narrative. Not only must he hit upon a configuration that would explain
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the properties of the body he is addressing, but he must also ask how that configuration
would itself eventually come about from the operation of the laws of mechanics on the
ensemble of particles alone, and in that sense be deducible from those principles. Were
this to be taken into account it would on the one hand introduce a further source of
hypothesis but on the other a further constraint, presumably, on the choice between
the competing alternatives.

Descartes conflates the different sources of hypothesis as though only a single one
were involved: “I notice hardly any particular effect of which I do not know at once
that it can be deduced from the principles in many different ways.” He makes it sound
as though he is deducing an observed trait of glass, its transparency say, directly from
the laws of motion and the definition of matter. But there is an intermediate stage, as
his earlier comment about “progressing to the causes by way of the effects” makes clear.
The “causes” among which he has first to choose are not the original principles. They
are the postulated configurations that correspond to the particular kind of body he is
investigating. In the earlier part of his inquiry, as he himself notes, the kinds of thing
he was investigating: stars, planets, air, fire, are “the most common of all and the sim-
plest” and are “consequently the easiest to know.” No intermediate stage might there-
fore have seemed to him to be needed: he could define stars and the like by a simple
observed property and then set out to try to show how something of that general sort
would necessarily have to develop as the cosmogonic swirl progressed. But this will not
work when the distinctive composition of the terrestrial kind under investigation, like
glass, say, has itself to be discovered.

The procedure he proposes that would allow him to sort among the variety of pos-
sible causes is obviously addressed to the first part of this inferential process, not to the
second cosmogonic, one. He goes on to emphasize that the observations that will be
needed to carry this project through for the different sorts of bodies “are of such a kind
and so numerous that neither my dexterity nor my income (were it even a thousand
times greater than it is) could suffice for all of them” (1:144; AT 6:65). But how exactly
these “observations” are to be planned, what they should look for, how they are to serve
the goal assigned to them, he leaves in shadow. And there is little evidence in his later
work of any sort of sustained effort of this sort.

As the Discourse ends, Descartes remarks that some of his readers may be shocked
by his occasional use of the term supposition to describe claims he makes in the Optics
and the Meteorology. But he asks for their patience and a closer look at what these works
have actually accomplished:

For I take my reasonings to be so closely interconnected that just as the last are proved by
the first, which are their causes, so the first are proved by the last which are their effects.
It must not be supposed that I am here committing the fallacy that logicians call “arguing
in a circle.” For as experience makes most of these effects quite certain, the causes from
which I deduce them serve not so much to prove them as to explain them; indeed, quite
to the contrary, it is the causes which are proved by the effects. (1:150; AT 6:76)

This response echoes the discussions of regressus in Paduan commentaries on
the Posterior Analytics of the previous century. The effects are what are known in
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advance in these inferences. So the proposed causes more properly can be said to
explain rather than to prove them. Whereas the effects might be said to “prove” the
proposed causes, in the qualified sense, at least, of serving as a confirmation of some
sort for them, Jacopo Zabarella had argued a century before Descartes that this ascent
by way of “proof” from effect to cause, conjoined with a descent by way of explanation
from cause to effect (recall the joint demonstrations of fact and of the reasoned fact in
the Posterior Analytics), could, in favorable circumstances, count equivalently as a
demonstration (i.e., confirmation at level 3). And this is, in effect, just what Descartes
is here claiming.

His correspondents were not convinced. Responding to a query from Marin Mersenne,
he wrote:

You ask whether I believe that what I have written about refraction is a demonstration. I
believe it is, at least insofar as it is possible to provide a demonstration in this subject matter
without having first demonstrated the principles of physics by means of metaphys-
ics ... and insofar as any other question in mechanics, or optics, or astronomy, or any
subject which is not purely geometrical or arithmetical, has ever been demonstrated. But
to demand geometrical demonstrations from me in something which depends on physics
is to expect me to do the impossible. If one wishes to apply the term “demonstration” only
to geometrical proofs, then one must say that Archimedes never demonstrated anything
in mechanics, nor Witelo in optics, nor Ptolemy in astronomy. For in these disciplines one
is satisfied if the authors presuppose certain things which are not manifestly incompatible
with experience and then speak consistently, without committing any logical mistakes,
even if their assumptions are not exactly true. (Descartes to Mersenne, May 27, 1638;
Descartes 1999: 73; 3:103; AT 2:141-2)

Demonstration in the strict sense is confined to the mathematics used in
these fields, but Descartes is appealing to a broader usage of the term which would
allow it to be applied to a science yielding only approximation because of an element
of idealization in fitting the original lawlike formalisms to the observational data.
To settle for this in his own work would already be to yield ground. But even this
would still be to claim much too much. In the fields named, the traditional “mixed
sciences,” the pioneers did not have to press beyond the observable regularities, finding
it possible to reduce these to mathematical ordering without having to advance an
explanatory theory about the causal mechanisms involved. Whereas in his own work
on refraction, as he describes it in this same passage, he makes the assumption that
light “is transmitted by means of a very subtle fluid which is present in the pores of
transparent bodies.” The analogy he claims between the mixed sciences and his own
work fails at this point. His is retroductive, theirs for the most part is not. Theirs is
admittedly only approximate in application, but his explanation can turn out to be
quite false.

A few months later, Descartes tries again. In response to an objection from Jean-
Baptiste Morin, he replies that it would, indeed, be circular to prove effects by a cause
and then prove this cause by the same effects. But, he says, what he is doing is different:
he is explaining effects by a cause and then proving the cause by the effects. There is, he
insists, “a big difference between proving and explaining” (Descartes to Morin, July 13,
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1638; Descartes 1999: 75-7; AT 2:198; CSM 3:106). And, of course, he is right about
that. Explanation can without circularity be said to “prove,” but only in a weaker level
1 sense of “confirm.”

Descartes, naturally, wants something more than confirmation in this weaker sense:
he wants real proof, that is, one affording certainty. To Morin he continues:

... it is not so easy to adjust one and the same cause to many different effects if it is not
the real cause from which they result. There are often even some effects such that, by
proposing one cause from which they can be deduced clearly, this is enough to prove that
it is their true cause. I claim that all those I spoke about are of this kind.

And he adds that his “single hypothesis” about the composition of bodies has been
able, as cause, to explain a multitude of phenomena (“salt, the winds, the clouds,
snow”), and hopes that this will be enough to convince “those who are not too preju-
diced that the effects that I explain have no other causes apart from those from which
I deduced them, even if I defer providing a demonstration to some other place.” Notice
once again the persistent ambiguity. A better case can be made for claiming that his
overall success in formulating a multitude of specific explanations confirms (at level 1)
the “single hypothesis” about the composition of bodies that enabled him to carry this
out. But to what extent are the explanations proposed for each phenomenon confirmed:
the clouds, the snow, and the rest? In these earlier works, Descartes slipped easily from
one issue to the other. But this ambiguity ultimately became too obvious to be glossed
over when he turned in his new work to the profusion of specific natures his principles
purported to explain.

The Principles of Philosophy

Up to this point, Descartes had found ways of excusing the evident incompleteness of
the explanations he was offering: “I defer demonstration to another place”; “I did not
want to bring these matters too much into the open” (1:132; AT 6:42); “I have delib-
erately avoided carrying out these deductions in order to prevent certain ingenious
persons from taking the opportunity to construct, on what they believe to be my prin-
ciples, some extravagant philosophy for which I shall be blamed” (1:150; AT 6:76).
And so on. But when the long-promised summation of his work, The Principles of
Philosophy, was finally completed in 1644, this way of deflecting questions was no
longer open. Whether it was only at this point, indeed, that he realized that his ambi-
tious program could not be carried through in the deductivist terms in which it had
been conceived (Garber 1978), or whether he had come to that realization prior to
completing the Discourse, the more usual view (Olscamp 1965; Laudan 1981), it is at
any rate clear that, reluctantly and with much foot-dragging, he does make that con-
cession when opening his account of natural philosophy in Part Three of the
Principles.

Here the distinction obtrudes more and more between confirming the basic princi-
ples of his natural philosophy and confirming the detailed particle-configurations
meant to explain the properties of terrestrial bodies:
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Suppose, then, that we use only principles which we see to be utterly evident, and that all
our subsequent deductions follow by mathematical reasoning: if it turns out that the
results of such deductions agree accurately with all natural phenomena, we would seem
to be doing God an injustice if we suspected that the causal explanations discovered in this
way were false. (1:255; AT 8A:99)

This is still ambiguous. The principles are taken to be self-evident and it sounds as
though the explanatory success of the constructions he is offering is sufficient to estab-
lish the intermediate causes, the material configurations, that are part of these con-
structions. But he goes on a few paragraphs later to make it clear that this latter is not
the case. What he has established, he says, are the general features, the basic principles,
of his natural philosophy, notably that “all the bodies in the universe are composed of
one and the same matter, which is divisible into indefinitely many parts . . . which
move in different directions and have a sort of circular motion; moreover, the same
quantity of motion is always preserved.” However:

... we cannot determine by reason alone how big these pieces of matter are, or how fast
they move, or what kinds of circle they describe. Since there are countless different con-
figurations which God might have instituted here, expérience alone must teach us what
configurations he actually selected in preference to the rest. We are thus free to make any
assumption on these matters with the sole proviso that all the consequences of our assump-
tions must agree with our expérience. (1:256-7; AT 8A:100; AT 9B:124)

This is unambiguous. Already hinted at in Part Six of the Discourse, it concedes that
the extraordinary variety of configurations described in Parts Three and Four, taken
together perhaps the most dazzling example of imaginative construction in the entire
history of science, must be regarded as hypothetical, open to alternatives, to be dis-
criminated among not by appeal to basic principles but to relative fit with experience/
experiment. The form of inference here is retroduction not deduction, offering modest
confirmation at level 1 at best.

Even the briefest glance at the explanations offered for the properties of natural
bodies would show how difficult it would have been, however, to devise experiments
or observations that would discriminate between the alternatives. When explaining the
nature of the sun, for example, Descartes attributes two different sorts of motion to
particles of the first element, one rectilinear and one circular. But they expend the
greater part of their “agitation” in constantly changing shape “so that they exactly fill
all the narrow spaces through which they pass.” They are thus flexible, yet another
property. But still, the particles of this first-element matter within the sun retain enough
force to “unite for that action in which we previously showed that light consists”
(Descartes 1983: 125-6; AT 8:131).

What shape do these particles have? “Of course, they must be triangular in cross-
section because they frequently pass through those narrow triangular spaces which
are created when three globules of the second element touch.” Further, we can “con-
ceive of them as small fluted cylinders with three grooves (or channels) which are
twisted like the shell of a snail. This enables them to pass in a twisting motion through
the little spaces” (Descartes 1983: 133—4; AT 8:144-5). The number of grooves, he
argues at some length, must be exactly three. And the twist of the grooves has to be in
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opposite directions, depending on which pole of the heavens the particles approach
from. Later, the supposition that the pores “which accept the Northern particles do not
admit the Southern ones” plays a major role in his discussion of magnetism. (For other
examples of imaginative explanatory models, see, for example, the particles with “arm-
like branches” that enable bodies to cohere, or the particles with “hooks or barbs” that
explain how steel is tempered: Descartes 1983: 196, 248; AT 8:220, 282).

This small sample is enough to illustrate the near-impossibility of finding the sorts
of observations or experiments that would discriminate between elaborate models of
this sort and other equally suggestive explanatory constructions. Once again Descartes
is issuing a promissory note, but this time it is with an acknowledgment that the con-
figurations on which the explanatory burden of his science mainly rests cannot, in
practice, be arrived at by deduction from above, but can only (at best) be established
a posteriori from below.

To what extent might this qualify his reasoning as the sort of hypothetico-deductive
inference that recent philosophers of science, especially those in the positivist tradition,
have extolled? The answer must be: hardly at all. It is true that Descartes is forced in
the end to allow the hypothetical character of his discussions of the underlying struc-
tures of physical bodies; true too that he allows in a general way the role of experience
in deciding between rival explanatory alternatives. But that is where the resemblance
ends. The explanations he offers rely in the first place on the epistemic priority of clear
and distinct ideas to certify the explanatory apparatus employed: bodies reduced to
extensions and all the rest. This the exponents of HD method would never allow.

Even more significant, tight predictive links are lacking at both the levels we have
been discussing: from principles to configurations and from configurations to observed
properties. One cannot really predict from the principles alone that matter will dispose
itself into starlike bodies, any more than one could actually derive the host of magnetic
phenomena that Descartes lines up for explanation from the properties and motions of
grooved particles. All one has to go on here is imaginative suggestion which the readers
are expected to fill in for themselves.

Finally, his treatment of potentially falsifying evidence from experience can be cav-
alier (Sakelleriadis 1982). This is particularly clear in the case of the seven rules of
impact propounded in Part Two of the Principles (Descartes 1983: 64-9; AT 8:68-70).
Several of the laws appear to run contrary to our ordinary experience of impact, as a
number of Descartes’s correspondents were quick to point out. His defense was that
before one could judge whether a particular instance of impact obeyed these rules or
not, one would have to be able to calculate the effects on these bodies of the multiplic-
ity of invisible matter-particles with which they are surrounded (Descartes 1983: 69;
AT 8:70). In practice, of course, this would render the rules next to unfalsifiable. On
another issue, responding to Beeckman and Mersenne who reported observational data
flatly contradicting his account of pendulum motion, he wrote that he felt entitled to
ignore such data: “even if [Beeckman] could make thousands of experiments to find the
[pendulum acceleration] more exactly, nevertheless as long as they cannot be con-
firmed by reason . . . I do not believe that I have to take the trouble to perform them
myself” (Descartes to Mersenne, December 18, 1629; AT 1:100).

His point is that “explanation by reason” takes priority over observation in cases like
this. Unless apparently falsifying data can be derived from a rival set of mechanical
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laws, themselves supported by “reason,” they can be discounted as due to the ever-
present, uncontrollable effects of hidden mechanical agencies. There is no suggestion
here of modifying the original hypothesis or of formulating alternatives, of respecting
the challenge of apparently refuting experiments and devising new experimental strat-
egies. The authority of “reason” is final. Though hypothesis is omnipresent in the
explanations offered of the properties of physical bodies, there is little attempt to test
these explanations by drawing further consequences and checking to discover whether
or not they are verified. For all of these reasons it is clear that what he offers is not at
all what is usually meant by “hypothetico-deductive” inference.

Summing-Up

The final paragraphs of the Principles (1:285-91; AT 8A:323-9) aim to summarize
what he has achieved in natural philosophy, beginning with the claim: “There is
no phenomenon which has been overlooked in this treatise.” He recognizes that his
entire system of explanation depends on an appeal to unobservable particles and so
he presents a commonsense argument based on the growth of living things for the
existence of such particles, while being careful to distinguish his system from the
atomism of Democritus. But then: “In view of the fact that I assign determinate shapes,
sizes, and motions to the imperceptible particles of bodies just as if I had seen them,
some people may be led to ask how I know what these particles are like” (1:288; AT
8A; 325-6).

There follows a somewhat idealized account of the procedural order he has followed.
Attributing to such particles only such properties (shape, size, etc.) as would afford clear
and distinct ideas and calling on certain “best-known” principles “knowledge of which
is naturally implanted in our minds,” he supposedly deduced first how particles of dif-
ferent shapes, sizes, and motions would in fact interact “and what observable effects
would result from such interactions.” Only then, he says, did he observe just such
effects constituting the properties of observable bodies, allowing him to infer that these
properties could be explained, and indeed only be explained, by recourse to the relevant
configurations of imperceptible particles. This would, if successful, make a claim to level
3 confirmation (“seemed impossible to think of any other explanation for them”). But
the familiar ambiguity returns: does this level of confirmation relate to the specific con-
figurations proposed to explain the observed properties or only to the employment of
configurations of this sort generally?

The heading of the following paragraph would bear out the latter interpretation:
“With regard to the things which cannot be perceived by the senses, it is enough to
explain their possible nature, even though their actual nature may be different.” And
the text: “Although this method may enable us to understand how all the things in
nature could have arisen, it should not therefore be inferred that they were in fact made
that way” (1: 289; AT 1:327). To reinforce his point, he calls on an analogy that would
delight recent exponents of the underdetermination of theory by observation. Two
clocks operated by quite different mechanisms might look just the same from the
outside. One cannot infer with certainty from a clock’s outward appearance to
the mechanism inside.
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And then an echo of a theme with origins in fourteenth-century voluntarist theol-
ogy: “So the supreme craftsman of the real world could have produced all we see in
several different ways.” Once one makes an appeal to unobservable causes, it is difficult
to avoid such a conclusion, whether couched logically in terms of underdetermination
or theologically in terms of what the Creator might bring about at the unobservable
level to which one is appealing. Finally, making the best of it: “I shall think I have
achieved enough provided only that what I have written is such as to correspond accu-
rately with all the phenomena of nature. This will indeed be sufficient for application
to ordinary life.” A far cry from the confident promise of yore . . .

But all was not lost:

If people look at the many properties relating to magnetism, fire, and the fabric of the entire
world, which T have deduced in this book from just a few principles, then, even if they think
that my assumption of these principles was arbitrary and groundless, they will still perhaps
acknowledge that it would hardly have been possible for so many items to fit into a
coherent pattern if the original principles had been false. (1:290; AT 8A:328)

So, even if he has to give up on achieving certainty in regard to the specifics
of the particle configurations, settling for (problematic) level 1 confirmation only, he
can still promise “more than moral certainty,” i.e., level 3 confirmation, in regard
to the starting principles. Among those principles, some enjoy “absolute certainty”
because of their prior metaphysical foundation in the goodness of God. But others
can use further confirmation, confirmation afforded, it appears, by the explanatory
power the Principles have shown they possess. The principles he has in mind here are
evidently those based on the norm of clear and distinct ideas, primarily the reduction
of matter to geometrically tractable extension, the most controversial feature of his
system.

Though a priori elements remain, retroduction at this point has largely supplanted
deduction as the major form of confirmation, invoking explanatory power that pro-
ceeds from below rather than from above. The general principles regarding the nature
of material bodies rely on two very different sorts of confirmation: one is still the
intuitive route through God’s immutability or through clear and distinct ideas, but the
other is retroductive, through an appeal to the multiplicity of particular explanations
that these principles have enabled the author to construct. And this appeal is so per-
suasive, he suggests, as to show these principles to be the only possible explanation,
confirming them therefore at level 3. As for the multitude of particle configurations
that fill the pages of the Principles, they can only in contrast call for level 1 confirmation
at best, by appealing to the beguiling ingenuity of the accompanying explanation-
sketches.

Level 1 at best . . . This was not yet the disciplined form of explanation that would
gradually take shape in the years that followed (McMullin 2006). Boyle would only
a few years later set down ten requisites that an explanation should satisfy for it to
plausibly confirm its attendant hypothesis; it seems very likely that he had the short-
comings of Descartes’s explanations in mind. But it would take two centuries more for
exploration to begin in earnest of the microworld that Descartes had so optimistically
tried to chart. By then, confirmation of hypothetical microstructure by means of the
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explanation it offered had finally proved itself through its ability to open up in relatively
secure fashion new worlds that Descartes had pointed towards but was never able to
reach.
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Chapter 7
Descartes and Mathematics

PAOLO MANCOSU

Introduction

Descartes is one of the few geniuses in history who was able to bequeath epoch-making
contributions to philosophy and to mathematics at the same time. In addition, his
contributions to these areas are not independent but rather feed on each other. The
mutual relation of philosophy and mathematics is reflected in the interpretation of
analysis and synthesis in both mathematics and philosophy; the conception of proof;
the claim that physics is nothing but geometry; the theory of eternal truths; the concep-
tion of infinity; his ontological and epistemological views on extension and number;
the role of sense, imagination, and reason in mathematics and its relation to his account
of human nature; the transition from a mathematical paradigm of certainty to the
claim that mathematics needs to be founded on metaphysics and the role of skepticism
in this transition; the development of the method and the notion of mathesis universalis;
and the structure of the Geometry.

Rather than try to touch upon all these topics, I will focus in greater depth on the
last two: the development of method and the structure of the Geometry, because this
will give an insight into what, using Brunschwicg’s happy expression, could be called
the philosophie mathématique of Descartes, and it will help us to understand the grounds
for his foundational choices.

The impact of mathematics on Descartes’s philosophy is intimately tied to his critical
reflection on the mathematical practice of his day and to his own mature mathematical
practice. Out of a mixture of admiration for the certainty of mathematics and dissatis-
faction with the state of past and current mathematics, Descartes was led to the idea of
an “entirely new science.” Mathematics served as the model for a more general method
for arriving at certain knowledge in any field whatsoever, a method presented in the
Rules and the Discourse on Method and applied in the Geometry. The goal here will be to
follow the dialectic between philosophy and mathematics in Descartes’s thought up to
1637. This cut-off point is a natural one, as Descartes’s subsequent philosophical proj-
ects are not as closely related to issues of mathematical practice. This is not to say that
Descartes completely stopped working in mathematics after this date, but rather to
emphasize that his philosophical engagement with mathematics became less closely
tied to ongoing mathematical research and can be understood independently of it.
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Descartes’s Early Engagement With
Mathematics (up to 1623)

Although we know much about the mathematical culture of the late sixteenth and the
early seventeenth centuries, specific information about Descartes’s mathematical edu-
cation at La Fléche remains elusive. (For detailed accounts of Descartes’s scientific
career, see Shea 1991; Gaukroger 1995; Sasaki 2003.) There is evidence that he
learned his algebra from Clavius’s 1608 Algebra (AT 4:731). (On Jesuit mathematical
culture, see Romano 1999.) In the Discourse on Method (1637), Descartes says that in
his school days he “delighted in mathematics, because of the certainty and self-evidence
of its reasoning” (1:114; AT 6:7). In addition, he pointed out the relevance of mathe-
matics to his later projects:

When I was younger, my philosophical studies had included some logic, and my mathe-
matical studies some geometrical analysis and algebra. These three arts or sciences, it
seemed, ought to contribute something to my plan. (1:119; AT 6:17)

In the earlier Rules, however, Descartes expressed some dissatisfaction with arith-
metic and geometry; we will soon see why. Immediately after his departure from La
Fleche, Descartes did not seem to have pursued any mathematics. His return to math-
ematical studies seems to have been occasioned by his meeting Isaac Beeckman after
he settled in Holland in the summer of 1618. A letter to Beekman, dated March 26,
1619, is especially important for us:

I have discovered four remarkable and completely new demonstrations. The first has to do
with the famous problem of dividing an angle into any number of equal parts. The other
three have to do with three sorts of cubic equations . .. Let me be quite open with you
about my project. What I want to produce is not something like Lull’s Ars Brevis, but rather
a completely new science, which would provide a general solution of all possible problems
involving any sort of quantity, whether continuous or discrete, each according to its
nature. . .. So I hope I shall be able to demonstrate that certain problems involving con-
tinuous quantities can be solved by means of straight lines or circles only, while others
can be solved only by means of curves produced by a single motion, such as the curves
that can be drawn with the new compasses (in my view these are just as exact and geo-
metrical as those drawn with ordinary compasses), and others still can be solved only by
means of curves generated by distinct independent motions, which are surely only imag-
inary, such as the notorious quadratic curve [quadratrix]. There is, I think, no imaginable
problem which cannot be solved, at any rate by such lines as these. I am hoping to dem-
onstrate what sorts of problems can be solved exclusively in this or that way, so that almost
nothing in geometry will remain to be discovered. (3:2-3; AT 10:154-7)

Descartes actually introduced a variety of compasses (AT 10:212-48), but here I
will describe only the mesolabe compass, explaining how Descartes used it to solve one
specific cubic equation. Since this compass also plays a central role in the Geometry of
1637, I will simply provide a description using the drawing from the latter text. The
compass can be thought of as a machine which consists of several rulers linked together
(figure 7.1).
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Figure 7.1

Consider YZ to be fixed and Y to be a pivot which allows YX to rotate. Perpendicular
to YX we have a fixed ruler BC and sliding rulers DE, FG, etc. Perpendicular to Y we
have sliding rulers CD, EF, GH, and so on. In the initial position YX overlaps with YZ.
As we let YZ rotate counterclockwise, the fixed ruler BC pushes the sliding ruler CD,
which in turn pushes the sliding rulers DE, and so on. Through the opening of the
compass, the moving points B, D, F, H, and so on, describe curves. In the Geometry,
Descartes will emphasize that this device displays a kind of generation of curves by
regulated motions. In essence the compass is a device for constructing continuous
proportions. Notice that by simple properties of triangles, YB: YC=YC: YD=YD: YE
=YE:YF=YF: YG, etc. Letting YA=YB=1and YC=x, weobtain 1 : x=x:x’=x>: X’
=x’:x'=x*:x etc.

Let us now consider how one can find a solution to the cubic equation x* = x + 2,
one of the several cases treated by Descartes. The problem can be solved by using the
mesolabe compass to construct a length of size x. On account of the construction of the
compass we have

YB/YC=YC/YD = YD/YE = YE/YF

This yields
YE = (YD)*/YC = (YC)*/(YB)?

Since CE = YE — YC, using the above we get
CE =[(YC)*/(YB)*] - YC

Letting YB = 1 and YC = x, we obtain CE = x’* — x or equivalently x* = x + CE. Thus all
we need to do to solve our cubic equation is to open the compass in such a way that
CE is twice 1 and YC will give us a positive real root for the equation x*> = x + 2.
According to Descartes, the mesolabe compass is just as geometrical as the ordinary
one used to draw circles. This helps to explain why Descartes wrote to Beeckman that
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he is looking for “an entirely new science” which will treat uniformly the two major
areas in which mathematics was traditionally partitioned: arithmetic (dealing with
discrete quantities) and geometry (dealing with continuous quantities). He claims that
all such problems will be solved by the new science. In the case of geometry one will
show that certain problems can be solved by ruler and (ordinary) compass, while others
require more complex curves (generated by the new compasses), and still others require
special curves, such as the quadratrix. (In the Geometry the quadratrix will be excluded
from the realm of geometry, for reasons we will discuss fully later.) The new science
would also show that any given class of problems cannot be solved by using simpler
techniques than its complexity allows. With some modifications, Descartes carried out
much of this strikingly ambitious program in the later Geometry of 1637.

Thus, by the early 1620s, Descartes had developed an ambitious program for math-
ematics and had begun to see what tools might be needed to carry it out. But most
importantly, he began reflecting on the enterprise and distilling out of it some of his
central philosophical insights. These efforts resulted in his Rules for the Direction of the
Mind, to which we now turn.

Rules for the Direction of the Mind

Although the dating of the text of the Rules has been the subject of heated debate,
scholars agree that it was written before 1629. The Rules is an unfinished text, and
Descartes never published it. Originally it was supposed to consist of three parts each
containing twelve rules. (For detailed studies of the Rules, see Beck 1952; Marion 1975;
Sepper 1996.) Descartes begins the Rules by emphasizing the importance of focusing
not on specific sciences but rather on finding rules that can be applied to any objects of
knowledge whatever. The aim is to arrive at scientia, i.e., “certain and evident cogni-
tion.” Many scholars have pointed out that Scholastics such as Suarez characterized
scientia by means of “certainty and evidence”(Descartes 1977: 102), but these scholars
have failed to note that such Scholastics did not regard these features as sufficient to
characterize scientia. In particular, scientia must also provide the cause or the reason
why. (See, for example, Suarez 1597: 1.6.6: “knowledge is to know by causes with
evidence and certainty.”) By contrast, Descartes’s characterization of scientia does not
put any emphasis on causes, and we will see below that this has consequences for his
account of the certainty of mathematics.

In Rule 2 Descartes disqualifies probable opinion and tells us that “we should
attend only to those objects of which our mind seems capable of having certain and
indubitable cognition” (1:10; AT 10:362). Unfortunately, “among the sciences so
far discovered,” only arithmetic and geometry meet the high standards set by Descartes,
because “they alone are concerned with an object so pure and simple that they
make no assumptions that experience might render uncertain; they consist entirely
in deducing conclusions by means of rational arguments” (1:12; AT 10:364-5).
The conclusion Descartes draws is not that one should limit oneself to arithmetic and
geometry, but rather that one should concern oneself “only with objects which admit
of as much certainty as the demonstration of arithmetic and geometry” (1:13; AT
10:366).
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One of the major debates in Renaissance and seventeenth-century philosophy of
mathematics, known as the Quaestio de certitudine mathematicarum, was concerned
with the certainty of mathematics and its grounds. A tradition going back to Aristotle
had attributed this certainty to the fact that mathematics makes use of the best type
of syllogism, known as scientific syllogism. Such a syllogism is characterized, among
other things, by the fact that the middle term of the syllogism provides a causal link
between the major and the minor term. In the case of mathematics it was thought
that formal and material causes played the role of the causal link. In 1547 Alessandro
Piccolomini challenged such an account of the certainty of mathematics by claiming
that mathematics does not have scientific syllogisms. Instead, he ascribed the certainty
of mathematics to the special nature of its objects. The Jesuit Benito Pereira also
attacked mathematics for not having scientific status, on the grounds that in mathe-
matics we lack “knowledge of a thing through the cause on account of which the
thing is” (Pereira 1576: 24). This was to unleash a major debate which we do not
need to revisit here. (For an extended discussion and references, see Mancosu 1996:
ch. 1.) By defining scientia in terms of certainty and evidence without appealing to
causality, and by explaining the certainty of mathematics in terms of the purity and
simplicity of its objects, Descartes probably knew that he was taking a side in this
debate.

In Rule 3 Descartes tells us that knowledge can be gained only by clear and evident
intuition or by deduction. In passing, he makes a remark which is quite revealing of
his image of mathematical knowledge:

Even though we know other people’s demonstrations by heart, we shall never become
mathematicians if we lack the intellectual aptitude to solve any given problem. And even
though we have read all the arguments of Plato and Aristotle, we shall never become
philosophers if we are unable to make a sound judgment on matters which come up for
discussion; in this case what we would seem to have learned would not be science but
history. (1:13; AT 10:367)

Thus, to have knowledge of mathematics, it is not enough to rehearse the contents
of the mathematics that others have found. Rather, knowledge requires a special dis-
position of the mind which allows one to solve mathematical problems and thus discover
mathematical truths. One of Descartes’s major aims was to distill out of his mathemat-
ical activities certain rules that would show how to go about being such a creative
thinker about mathematics and, perhaps, about everything else that can be the object
of knowledge.

Let’s go back to intuition and deduction. Descartes defines intuition as “the concep-
tion of a clear and attentive mind, which is so easy and distinct that there can be no
room for doubt” (1:14; AT 10:368). Intuition provides us with immediate self-evidence
of certain truths:

Thus everyone can mentally intuit that he exists, that he is thinking, that a triangle is
bounded by just three lines, and a sphere by a single surface, and the like. (Ibid.)

Descartes lists non-mathematical truths as having the same self-evidence as mathe-
matical ones, suggesting that the clearness and evidence characterizing mathematics
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can be found in other domains. In the later Meditations he will go further and claim
that there are metaphysical truths that are more certain and evident that the mathe-
matical ones.

Deduction is characterized as a “continuous and uninterrupted movement of thought
in which each individual proposition is clearly intuited” (1:25; AT 10:370). Through
chains of reasoning starting from propositions known with certainty, deduction allows
us to obtain conclusions which are certain, if not always as self-evident as those pro-
vided by intuition.

We thus arrive at Rule 4 (“We need a method if we are to investigate the truth of
things”), which plays a pivotal role in the Rules, because it introduces the need for a
“method” and articulates the role played by mathematics in the constitution of the
method. In his commentary to Rule 4, Descartes chastises all those (“every chemist,
most geometers, and many philosophers”) who proceed at random in their investiga-
tions. Claiming that it would be better not to investigate anything than to do so without
method, he defines method as follows:

By “a method” I mean reliable rules which are easy to apply, and such that if one
follows them exactly, one will never take what is false to be true or fruitlessly expend
one’s mental efforts, but will gradually and constantly increase one’s knowledge [scientia]
till one arrives at a true understanding of everything within one’s capacity. (1:16;
AT 10:371-2)

The method, we could say, is “sound” and “complete.” It will never lead us to some-
thing false and it will allow us to reach every truth that is knowable by us. Descartes
claims to find traces of such method in contemporary developments in algebra and
in Greek geometrical analysis (1:17; AT:373). (On this tradition, see Panza 1997.)
However, he does not regard these disciplines as unqualified examples of epistemo-
logically accomplished sciences. Rather, arithmetic/algebra and geometry provide
especially perspicuous examples through which one can perceive the path to a different
discipline that “should contain the primary rudiments of human reason and extend to
the discovery of truths in any field whatever” (1:17; AT 10:374).

Descartes believes that the work of previous mathematical writers is unsatisfactory
on two explanatory grounds. First, although they show that certain propositions are
true they cannot say why they are true. Moreover, their demonstrations do not
show how the result could be found. However, Descartes is convinced that in
ancient times certain authors (including Pappus and Diophantus) were familiar
with “a kind of mathematics quite different from the one prevailing today” (1:18; AT
10:376), one that they hid from posterity. He views contemporary algebra, apart from
some removable defects, as in part a rediscovery of the methods of Pappus and
Diophantus.

As he reflected on mathematics, Descartes came to believe he could explain why it
includes not only arithmetic and geometry, but also areas such as astronomy, music,
mechanics, and optics. (Indeed, during Descartes’s time these sciences were normally
classified as mixed, or intermediate, mathematical sciences.) Mathematics is concerned
with “order and measure,” he claims, and there must be a mathesis universalis which
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contains the most abstract principles of all those sciences which fall under the classifi-
cation of mathematics:

I came to see that the exclusive concern of mathematics is with questions of order or
measure and that it is irrelevant whether the measure in question involves numbers,
shapes, stars, sounds, or any other object whatever. This made me realize that there must
be a general science which explains all the questions that can be raised concerning order
and measure irrespective of the subject-matter, and that this science should be termed
mathesis universalis — a venerable term with a well-established meaning — for it covers
everything that entitles these other sciences to be called branches of mathematics. (1:19;
AT 10:377-8)

Rule 4 is the only place in the Cartesian corpus where Descartes speaks of mathesis
universalis, and the issue of mathesis universalis has occupied generations of Cartesian
scholars. (Concerning scholarship on this point, see Crapulli 1969; Schuster 1980;
Sasaki 2003; Rabouin 2005.) This definition of mathematics as the science of “order
and measure” is novel with respect to the previous mathematical tradition, where
mathematics is often characterized as having quantitas as its object, and it is not clear
how to understand what a science of “order or measure” would consist in. It is fairly
obvious that general proportion theory would be included in it, as such a theory can
treat problems of measure for numbers, figures, sounds, motions, etc. It is harder to say
what problems of “order” meant for Descartes. Descartes often emphasizes the impor-
tance of classifying the complexity of problems according to their order of complexity.
(Recall the letter to Beeckman describing his program for a completely new science in
1619.) Moreover, he insists on the importance of establishing an order when investi-
gating what steps are needed for the solution of a problem. If this is what “order”
consists in, it is obvious that this component of mathesis universalis is unlike the propor-
tion theory: it is not an already developed part of mathematics and could perhaps be
seen as part of the “heuristics” of mathematics.

The need to understand better the notion of mathesis universalis has led scholars to
study the two different traditions of thought that played a role in the constitution of the
idea. The first originates from the rediscovery of Proclus in the sixteenth century (edited
in Greek in 1533 and translated into Latin in 1560), who, in his commentary to
Euclid’s Elements, describes a common science prior to all the mathematical disciplines
and seems to identify it with a higher science, almost a general ontology. The second
tradition, exemplified by Adrian van Roomen'’s Apologia pro Archimede (1597), charac-
terizes mathesis universalis as a mathematical discipline. Frustratingly, Descartes does
not explicitly indicate his sources and thus we cannot ascribe to him with certainty
knowledge of any one particular text of those that collectively made up the traditional
reflection on mathesis universalis.

We have seen how the articulation of the rules of the method in the Rules, whatever
the details of this method are, originates from a reflection on the science of mathemat-
ics. In addition, when in the later rules Descartes spells out his method in more detail,
he does so by relying on the model of algebraic analysis. We will later see an example
of how algebraic analysis works by using one of Descartes’s most mature applications
of it, the solution of Pappus’ problem in the Geometry.
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Discourse on the Method

Descartes’s first publication was Discourse on the Method of rightly conducting one’s reason
and seeking the truth in the sciences, and in addition the Optics, the Metereology and the
Geometry, which are essays in this Method, published in French in 1637. Once again, we
will pursue here only the matters more directly related to the influential role of math-
ematics in the formation of the method. In Part Two of the Discourse, Descartes remarks
that logic, the analysis of the ancients, and algebra ought to contribute something to
the method, but he criticizes syllogistic logic as ineffective when it comes to finding
truths. It is useful only in explaining those truths that have already been found. Then
he criticizes the actual state of geometry and algebra:

As to the analysis of the ancients and the algebra of the moderns, they cover only highly
abstract matters, which seem to have no use. Moreover the former is so closely tied to
the examination of figures that it cannot exercise the intellect without greatly tiring the
imagination; and the latter is so confined to certain rules and symbols that the end
result is a confused and obscure art which encumbers the mind, than a science which
cultivates it. (1:119-20; AT 6:17-18)

Despite the shortcomings of logic, analysis, and algebra, Descartes’s project was to
try to extract from them rules for the method. In Part Two of the Discourse he lists his
famous four rules:

The first was never to accept anything as true if I did not have evident knowledge of its
truth . ..

The second, to divide each of the difficulties I examined into as many parts as possible
and as many as may be required in order to resolve them better.

The third, to direct my thoughts in an orderly manner, by beginning with the simplest
and most easily known objects in order to ascend little by little, step by step, to knowledge
of the most complex, and by supposing some order even among objects that have no
natural order of precedence.

And the last, throughout to make enumerations so complete, and reviews so compre-
hensive, that I could be sure of leaving nothing out. (1:120; AT 6:18-19)

The long list of rules presented in the Rules is here summarized in four easy rules.
However, Descartes was aware that these rules would be of no practical help for
someone attempting to solve a problem. He wrote to Mersenne in February 1637 that
he had not intended to “teach the method but only to talk about it,” for the method
consists “much more in practice than in theory” (3:53; AT 1:349). The practice of the
method was embodied in the Essays published with the Discourse, and we will soon turn
to the Geometry, one of the three Essays. But first let us consider Descartes’s narration
in the Discourse of the role mathematics played in the discovery of the method.

What Descartes gives us at this point is a recounting of his thought processes that
is closely related to the narration in the Rules. Impressed by the demonstrations of
geometers, “those long chains composed of very simple and easy reasonings,” he sup-
posed that all things that can be an object of human knowledge are interconnected
in the same way. For him, the study of “certain and evident reasonings” found in
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mathematics aimed not at a detailed knowledge of the mathematical sciences but
rather at abstracting what is common to all of them:

For I saw that, despite the diversity of their objects, they agree in considering nothing but
the various relations or proportions that hold between these objects. And so I thought it
best to examine only such proportions in general. (1:120-1; AT 6:19-20)

The passage is obviously related to the topic of mathesis universalis, though the term is
not used in the Discourse. In any case, Descartes believes that these proportions, although
most easily known in geometry and algebra, could be applied to many other subjects,
mathematical and non-mathematical as well. But what he takes from the two specific
sciences of geometry and algebra is the idea of representing these proportions through
lines and designating them by the briefest possible symbols. In this way he claims to
have taken “all that is best in geometrical analysis and algebra, using the one to correct
the other” (1:121; AT 6:20). Descartes expresses then his full confidence in the rules he
has followed; he thinks they are sufficient to solve all the problems that can be posed in
algebra and geometry. Moreover, although he claims that the method can be extended
to other non-mathematical problems, he points out that this will require a previous
investigation of certain metaphysical principles upon which the principles of various
sciences depend. The problems related to this extension go well beyond the simple
problem of applying proportion theory to non-mathematical subjects.

This completes then the complex path that led from Descartes’s reflection on math-
ematics to a method for investigating truths in all subjects which admit of human
knowledge. Descartes abstracts from mathematical practice his original characteriza-
tion of mathematics; from that he distills rules which he then uses to characterize the
method. Because the method applies to both mathematical and non-mathematical
subjects, and because the rules are so general and vague, it is only by detailed examina-
tion of the Essays that we can hope to see the method at work. We thus move to the
Geometry.

The Geometry was published in 1637 as an appendix to the Discourse on Method. (For
a detailed study and further references, see Bos 2001.) It consists of three books, but I
will restrict myself to some aspects of Books I and II. In Book I, we will examine the
definition of the geometrical operations on line segments and Descartes’s solution to
Pappus’ problem. Both topics are essential for an understanding of Cartesian analysis.
As for Book II, T will only discuss the first section, in which Descartes provides a new
classification of curves and delimits the realm of geometry, which is central to the
foundation of his geometry. Indeed, delimiting the subject matter of geometry is a
central foundational problem which, just like the definition of the notion of number in
Frege, has major consequences for the philosophy of mathematics and potentially for
mathematical practice itself.

Geometry, Book I: The Algebra of Segments

The opening of Book I tells us that “Any problem in geometry can easily be reduced to
such terms that a knowledge of the lengths of certain straight lines is sufficient for its
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Figure 7.2

construction” (Descartes 1952: 297; AT 6:369). In particular, Descartes shows here
how every problem that can be constructed by ruler and compass is to be solved by
reducing all such problems to the construction of the root of a second degree equation.
The construction of equations thus plays a central role in Descartes’s account. (On the
construction of equations, see Bos 2001.) In order to show how this kind of construc-
tion works we need to explain how the arithmetical calculus is related to the operations
of geometry. Descartes provides geometrical constructions for addition, subtraction,
multiplication, division, and extraction of roots. He shows how all these operations can
be interpreted as transforming line segments into other line segments. Let a and b be
line segments. In order to exploit the resources of proportion theory, Descartes
also introduces a line segment, denoted by 1, that functions as unity. Descartes gives
the obvious interpretation of a + b and a — b (with a greater than b) as line segments.
As for a-b, a/b, and Va, they are those line segments that satisfy the following
proportions:

l:a=b:(a'b)
a/b:1=a:b
1:Va=Va=a

Consider the construction of a-b in figure 7.2.

Let AB = 1 be the unit segment. If we want to multiply the segment BD (denoted by
a) by BC (denoted by b), we join A and C and draw DE parallel to AC. Then BE=BD - BC
= a-b. This can be verified by using the similarity between the triangles ABC and DBE.
Similar constructions can be given for a/b and Va. The importance of the exercise is to
show that repeated application of these operations never leads outside the realm of
segments. From ancient geometry to Viete, it had been customary to interpret the
multiplication of two segments as giving rise to an area, and the multiplication of
three segments as giving rise to a volume. But then one could not make geometrical
sense of the multiplication of n lines for n > 3. Descartes’s construction elegantly by-
passes this problem of dimensionality.

Now Descartes is ready to show us how all ordinary problems of geometry (those
constructible by ruler and compass) can be solved. The strategy relies on three steps:
naming, equating, and constructing:
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Naming. Consider the problem already solved and give names to all the lines that seem
required for its solution.

Equating. Ignore the difference between known and unknown lines and write down the
relationships that hold between the different lines in the most natural way. This
leads to an equation (or a set of equations) in which the same quantity is expressed
in two different ways.

Constructing. Construct the equation, i.e., find its roots geometrically.

Descartes also shows that all problems that lead to a second degree equation can be
constructed by ruler and compass. (I omit here the process of construction for the roots
of a second degree equation.) He claims that this could not have been known to the
ancients, for their treatises show that they proceeded at random and without method.
Had they had a method, adds Descartes, they would have been able to solve Pappus’
problem in full generality. We will see how Descartes uses the strategy of naming,
equating, and constructing as we examine his solution to Pappus’ problem.

Geometry, Book I: Pappus’ Problem

Descartes’s claim to have gone further than any of the ancients or his contemporaries
rests in great part on his solution to Pappus’ problem. The problem had been stated by
Pappus in the Collectiones, but it was not tackled in full generality before Descartes.
What follows concerns Descartes’s version of Pappus’ problem for four lines.

The problem: given four lines in position, AB, AD, EF, GH, and four angles, o, B, v,
9, it is required to find a point C such that lines can be drawn from C to the lines AB,
AD, EF, GH making angles o, B, 7y, 9, respectively, such that the following relation is
satisfied:

CB-CF=CD-CH

Moreover, it is required to find the locus of all such points C, i.e., “to know and to
trace the curve containing all such points” (Descartes 1952: 307; AT 6:380).

Descartes selects AB and BC as principal lines, that is as the lines in terms of which
all the other lines needed for the solution are to be expressed. According to the strategy
already outlined above, he begins by naming. The segments AB and BC are denoted by
x and y, respectively. Using the information given in the problem (that the lines are
given in position), he names the other segments known to him (such as EA and AG).
Moreover, since the angles o, B, v, §, are given, he expresses information about their
sines and cosines by means of ratios between segments. For instance, the ratio AB/BR
is given to us, say as z/b, where both z and b are constants. Since AB = x we can then
express BR as bx/z. Through a chain of similar ratios Descartes manages to express CB
(=y), CD, CF, and CH in terms of the principal lines (x and y) and of the other informa-
tion provided by the statement of the problem. Next comes equating: Descartes sets the
equation CB - CF = CD - CH, which yields an equation of degree 2 in x and degree 2 in
y. Finally comes the construction of the equation; here Descartes constructs the locus
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Figure 7.3

of points required by fixing an arbitrary value for y and then finding the root associated
to the equation so parametrized. For each arbitrary value of y we can construct the
(relevant) root of the second degree equation in x which results by using the construc-
tion of roots already provided by Descartes. The locus of all points C is that obtained by
taking arbitrary values for y and constructing the corresponding values for x:

If then we should take successively an infinite number of different values for the line y, we
should obtain an infinite number of values for the line x, and therefore an infinity of dif-
ferent points, such as C, by means of which the required curve could be drawn. (Descartes
1952:313; AT 6:386)

This way of constructing a curve, point by point as it were, is known as pointwise
construction, and it will be important in the discussion of the nature of curves which
constitutes a central part of Book II.

In what follows I will turn to Book II and spell out Descartes’s positive proposal for
characterizing what is to be allowed in geometry. First, I will describe the types of con-
struction that Descartes accepts as generating geometrical curves and those that yield
mechanical curves. Then, I will try to articulate the cluster of concepts and strategies
that Descartes appeals to when rejecting the mechanical curves from the realm of
geometry.

Geometry, Book II: Descartes’s Classification of Curves

In the opening part of Book IT, Descartes approvingly recalls Pappus’ distinction between
plane, solid, and linear problems. Plane problems are those that can be constructed by
means of straight lines and circles; solid problems those that can be constructed by
using conics; and linear problems those that require more composite lines. This last
category of problems is called linear, “for lines other than those mentioned are used in
the construction, which have a varied and more intricate genesis, such as the spirals,
the quadratrices, the conchoids and the cissoids, which have many marvellous
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properties”(Pappus 1933: 38). But Descartes is “surprised . . . that they did not go
further, and distinguish between different degrees of these more complex curves,” and
he wonders “why they called the latter mechanical rather than geometrical” (Descartes
1952: 315; AT 6:388).

Descartes suggests that the ancients grouped together spirals, quadratrices, con-
choids, and cissoids because in their inquiries they encountered the spiral and the
quadratrix, curves that are merely mechanical, before the conchoid and the cissoid,
curves that Descartes considered truly geometrical. In this passage Descartes talks
about “the spiral, and the quadratrix, and similar curves, which really belong only to
mechanics, and are not among those that I think should be included here, since they
must be conceived of as described by two separate movements whose relation does not
admit of exact determination” (Descartes 1952: 316—17; AT 6:390). Descartes’s pro-
posal is that by “geometrical” should be understood what is precise and exact, and by
“mechanical” what is not so. The curves to be admitted in geometry are given by a
criterion that appeals to regulated motions.

Nevertheless, it seems very clear to me that if we make the usual assumption that geom-
etry is precise and exact, while mechanics is not; and if we think of geometry as the science
which furnishes a general knowledge of the measurements of all bodies, then we have no
more right to exclude the more complex curves than the simpler ones, provided they can
be conceived of as described by a continuous motion or by several successive motions, each
motion being completely determined by those which precede; for in this way an exact
knowledge of the magnitude of each is always obtainable. (Descartes 1952: 316; AT
6:389-90)

The geometrical curves obtained by use of the mesolabe, which we saw earlier, are
paradigmatic examples of what Descartes has in mind. A unifying feature of devices
such as the mesolabe is that the curves they generate have an algebraic equation
(Descartes 1952: 319; AT 6:392). (Whether the algebraic equation is more than a tool
in the economy of the Geometry is a hotly debated issue; see Mancosu 1996: 82.) Thus
Descartes accepts constructions by points (as in the case of Pappus’ problem) and by
regulated motions as legitimate geometrical solutions. Let me point out that I agree
with Bos that Descartes maintains (in some cases implicitly) the extensional equiva-
lence of the following three classes of curves: (1) curves generated by (uniform) point-
wise construction; (2) curves generated by regulated continuous motions; (3) curves
given by an algebraic equation.

But not all motions or all pointwise constructions are to be allowed in geometry.

Unacceptable motions

I have already quoted a passage where Descartes claims that the quadratrix and the
spiral should be excluded from geometry because they are generated by two different
motions “between which there is no relation that can be measured exactly.” Let us look
more closely at the case of the quadratrix.

The quadratrix is a curve generated by the intersection of two segments, one moving
with uniform rectilinear motion and the other with uniform circular motion. Let ABCD
be a square, and BED the quadrant of the circle with center A (see figure 7.4).
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Figure 7.4

Let AB rotate uniformly clockwise towards AD, and let BC move with uniform rec-
tilinear motion towards AD, keeping parallel to AD, in such a way that the two lines
AB and BC start moving at the same time and end their motion by coinciding with AD
at the same time. The locus of points described by the intersection of the two moving
segments is the quadratrix. Sometimes employed to trisect an angle, the quadratrix was
principally used in attempts to square the circle, although this was severely criticized
even in ancient times. Pappus approves of Sporus’ objection, according to which in
order to adjust the speed of the motions as required for the construction of the curve
one already needs to know what is sought, i.e., the quadrature of the circle. And Pappus
concludes by consigning the construction to mechanics. We will investigate below in
more detail Descartes’s own reasons for excluding the quadratrix.

Unacceptable constructions by points

In the Geometry, Descartes does not give detailed examples of unacceptable construc-
tions by points. However, he claims:

It is worthy of note that there is a great difference between this method in which the curve
is traced by finding several points upon it, and that used for the spiral and similar curves.
In the latter not any point of the required curve can be found at pleasure, but only such
points as can be determined by a process simpler than that required for the composition
of the curve. Therefore, strictly speaking, we do not find any of its points, that is, not any
one of those which are so peculiarly points of this curve that they cannot be found except
by means of it. On the other hand, there is no point on these curves which provide a solu-
tion for the proposed problem that cannot be determined by the method I have given. And
since this way of tracing a curved line by determining several of its points at random
applies only to those curves which can also be described by a regular and continuous
motion we should not reject it entirely from geometry. (Descartes 1952: 339-40; AT
6:411-12)

A pointwise construction of the sort criticized by Descartes is found in Clavius. We
have seen that Pappus agreed with Sporus that an appeal to the quadratrix in squaring
the circle begs the question. But of course, this leaves open the possibility that a more
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elementary construction of the same curve might be free from the objectionable fea-
tures of the construction by two independent motions. In antiquity this led to the
construction of the quadratrix starting from the spiral and the cylindrical helix that for
Pappus have a firmer claim to geometrical status (see Molland 1976: 27). That is not
Clavius’s way out. In Book VI of the second (and third) edition of his Commentaria in
Euclidis Elementa (Clavius 1591), Clavius presents a construction by points of the
quadratrix. (For a description of the construction and for the textual argument for its
connection to Descartes, see Gidbe 1972 and Mancosu 1996; for the quadratrix in Jesuit
mathematics, see Garibaldi 1995.) In this text Clavius claims that his construction by
points of the quadratrix, unlike that by independent motions, is geometrical. An obvious
consequence of this is that the quadrature of the circle can be effected geometrically.
However, a closer look at Clavius’s construction shows that he has only constructed a
subset of points on the curve. Moreover, the points he constructed are such that, to use
Descartes’s words, they can be “determined by a process simpler than that required for
the composition of the curve.” Thus, Descartes rejects the claim that Clavius has effected
a geometrical construction of the quadratrix (indeed, not all its points can be con-
structed uniformly) and, as we will see below, he also rejects the claim that the quadra-
ture of the circle can be effected geometrically.

Descartes, mechanical curves, and the quadrature of the circle

Clavius’s attempt to construct the quadratrix geometrically highlights an important
point I would like to raise. On what grounds can a curve be excluded from geometry?
It is not enough to point to its generation by, say, two independent motions, because
it may nonetheless be possible to generate the same curve in another “acceptable” geo-
metrical way. (Thus, curves are not “intensional” objects, i.e., different descriptions
might characterize the same curve: “moreover, one could find infinitely many different
ways of describing these same ovals” (Descartes 1952: 356; AT 6:427).) Similarly, the
fact that one might construct an equilateral triangle on a given segment by using
means that go beyond the use of ruler and compass does not mean that the generation
of an equilateral triangle on a segment cannot be done by ruler and compass alone. As
Euclid I.I shows, one can construct an equilateral triangle on any given segment by
using only ruler and compass.

In the case of Descartes the problem becomes pressing, for in order to claim that
certain curves, such as the spiral and the quadratrix, are mechanical he needs to show
that no geometrical construction can possibly generate them. In short, excluding
curves from the realm of the geometrical requires surveying all possible geometrical
constructions and showing that the curve in question cannot be constructed by any
combination of those geometrical means. But that was problematic: just as no one at
that time could carry out such proofs for unconstructibility by ruler and compass, no
one could give the kind of proof of impossibility that would be required in this case.
Thus it appeared that the exclusion of curves such as the spiral and the quadratrix from
the class of geometrical curves could only be a tentative exclusion motivated by the fact
no acceptable constructions had hitherto been found. Unless . . . unless one could find
a different criterion (or different criteria) that could allow one to recognize at least some
of the non-geometrical curves by their effects, as it were. I will claim that Descartes’s
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strategy for the classification of several curves as mechanical, including the spiral and
the quadratrix, relies on a local criterion of this kind. I call the criterion local as it does
not exclude all the mechanical curves but only some (i.e., it does not provide necessary
and sufficient conditions for the exclusion of the mechanical curves but only a sufficient
condition). In order to explain my claim I need to say something more about the curves
Descartes excludes and about the grounds he adduces for the exclusion; I will return
to my claim later.

The individual mechanical curves known to Descartes at the time of the publication
of the Geometry were very few. Indeed, in the Geometry, he explicitly mentions only the
quadratrix and the spiral as examples of mechanical curves. We have seen that they
are excluded from geometry because they are generated by two independent motions
which do not bear an exact ratio to one another and because their pointwise construc-
tions give only special points on the curve rather than all the points. There is another
curve, mentioned in the correspondence in 1629, that Descartes claimed was mechan-
ical, the cylindrical helix. This curve is important as it provides an example of yet
another type of curve construction, i.e., construction by strings.

Construction by strings

In the Geometry, Descartes discusses constructions by strings:

Nor should we reject the method in which a string or loop of thread is used to determine
the equality or difference of two or more straight lines drawn from each point of the
required curve to certain other points, or making fixed angles with certain other lines. We
have used this method in “La Dioptrique” in the discussion of the ellipse and the
hyperbola. (Descartes 1952: 340; AT 6:412)

But he continues by claiming that not all constructions by strings should be counted
as geometrical:

One cannot admit [in geometry] lines which are like strings, that is which are sometimes
straight and sometimes curved, because the proportion between straight lines and curved
lines is not known, and I also believe it cannot be known by men, so one cannot conclude
anything exact and certain from it. (Descartes 1952: 340; AT 6:412)

Descartes does not give examples in the Geometry of such non-geometrical construc-
tions, but a look at the correspondence reveals at least two. The first concerns the
construction of the cylindrical helix obtained by using a thread. The second consists in
the rectification of the circumference postulated at the outset of the Archimedean
quadrature of the circle. Let me begin with the latter. In a letter to Mersenne dated May
27, 1638 Descartes says:

You ask me if I think that a sphere which rotates on a plane describes a line equal to its
circumference, to which I simply reply yes, according to one of the maxims I have written
down, that is that whatever we conceive clearly and distinctly is true. For I conceive quite
well that the same line can be sometimes straight and sometimes curved, like astring. (AT
2:140-1)
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In my opinion, this passage constitutes quite a challenge to all those who would like
to use clearness and distinctness as the criteria which together define what can be
conceived geometrically in opposition to what can only be analyzed mechanically. (On
this, see the discussion in Jullien 1999.) What the passage indicates is that Descartes
has no problem in conceiving clearly and distinctly of a circumference equal in length
to a straight line, as in Archimedes’ quadrature of the circle, where we begin by straight-
ening the circumference; nevertheless, since the proportion between the circular and
the straight lines is unknown to us (and cannot be known, adds Descartes), this proce-
dure is not geometrical. To analyze his views more fully, let us distinguish three
theses:

A. There is no (exact) proportion between straight and curved lines.
B. The proportion between straight and curved lines cannot be known (exactly).
C. The proportion between straight and curved lines is not known (exactly).

If we replace “straight line” by “radius of a circle” and “curved line” with “circumfer-
ence of a circle,” we get these three claims relativized to a particular case:

Ar. There is no (exact) proportion between the radius and the circumference of
a circle.

Br. The proportion between the radius and the circumference of a circle cannot
be known (exactly).

Cr. The proportion between the radius and the circumference of a circle is not
known (exactly).

The three relativized claims obviously follow from the respective unrelativized claims.
Although A and B (and thus Ar and Br) are certainly different theses, I have no grounds
for claiming that Descartes really distinguished them. In any case, he refers only to B
and C. In the opinion of Bos, thesis B is the very foundation of Descartes’s distinction
between geometrical and mechanical curves:

Thus the separation between the geometrical and non-geometrical curves which was
fundamental in Descartes’ vision of geometry, rested ultimately on his conviction that
proportions between curved and straight lines cannot be found exactly. This, in fact, was
an old doctrine, going back to Aristotle. The central role of the incomparability of straight
and curved in Descartes’ geometry explains why the first rectifications of algebraic (i.e. for
Descartes geometrical) curves in the late 1650s were so revolutionary; they undermined
a cornerstone of the edifice of Descartes’ geometry. (Bos 1981: 314-15; see also, almost
verbatim, Bos 2001: 342)

I agree with Bos that Descartes believed B and C in their pure (and therefore also in
their relativized) form, but I disagree with him about how A, B, and C effectively func-
tion in the economy of the Geometry. I claim that the algebraic rectification of certain
algebraic curves in the 1650s did not undermine the foundations of Descartes’s
Geometry; indeed, no one to my knowledge claimed this to be the case at the time. A
more careful look at Descartes’s practice of exclusion of the spiral, the quadratrix, and
the like reveals that the foundation of this theoretical position is to be found in his
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explicit belief that the quadrature of the circle is impossible geometrically. It is this
belief, I claim, that allows Descartes to be definite about his claim that these curves will
never receive a geometrical construction. While the algebraic rectification of certain
algebraic curves destroys A, B, and C, it leaves untouched Ar, Br, and Cr, since the
circle, although having an algebraic equation, cannot be algebraically rectified.

Now we can return to my claim that an unacceptable construction of a curve cannot
by itself show that the curve is not geometrical because an alternative construction
might reveal that the curve is geometrical after all. However, if the existence of a curve
with certain properties, whatever its construction, allows us to resolve a problem which
(for whatever reason) we take to be impossible to solve geometrically, then we can
conclude that the curve cannot be geometrical. Thus, I claim that the quadrature of
the circle works exactly as described: Descartes holds that the quadrature of the circle
cannot be effected geometrically and that every curve which allows us to square the
circle must be mechanical (i.e., non-geometrical). I will adduce several arguments for
the claim.

Let us consider first of all the letter to Mersenne dated November 13, 1629. The
background is this. Mersenne had apparently announced a construction due to a
certain Gaudey for the division of the circle into 27, 29, and perhaps other numbers of
parts. Descartes replies that the division into 29 cannot be achieved geometrically
whereas the division into 27 can. Moreover, he added that if Mersenne sent him the
construction he would show him why it is not geometrical. Indeed, having seen the
construction he replies:

Mr. Gaudey's invention is very good and very exact in practice. However, so that you will
not think that I was mistaken when I claimed that it could not be geometric, I will tell you
that it is not the cylinder which is the cause of the effect, as you had me understand and
which plays the same role as the circle and the straight line. The effect depends on the
helix which you had not mentioned to me, which is a line that is not accepted in geometry
any more than that which is called quadratrix, since the former can be used to square the
circle and to divide the angle in all sorts of equal parts as precisely as the latter can, and
has many other uses as you will be able to see in Clavius’ commentary to Euclid’s Elements.
For although one could find an infinity of points through which the helix or the quadratrix
must pass, one cannot find geometrically any one of those points which are necessary for
the desired effect of the former as well as of the latter. Moreover, they cannot be traced
completely except by the intersection of two movements which do not depend on each
other; or better the helix by means of a thread [filet] for revolving a thread obliquely about
the cylinder it describes exactly this line; but one can square the circle with the same
thread so precisely that this will not give us anything new in geometry. This does not stop
me from admiring Mr. Gaudey's invention and I do not think that one could find a better
one for the same effect. (AT 1:70-1)

This long and dense passage brings together many of the claims I have already
anticipated. First, it shows that Descartes had detailed knowledge of the section on the
quadratrix in Clavius. Secondly, it shows that in addition to the spiral and the quadra-
trix he had also considered the cylindrical helix and had excluded it from the class of
geometrical curves. Look carefully at the argument in the text. Both curves are such
that only special points can be constructed on them. Moreover, the quadratrix is
excluded because it is generated by two independent motions and the helix because it
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is generated by a thread [filet]. But ultimately they are both excluded because they can
be used to square the circle. We see here at work the local criterion for exclusion of
some of the mechanical curves based on the quadrature of the circle.

I want to add two more arguments in favor of the claim that the quadrature of the
circle acts as a sufficient criterion for the exclusion of some of the mechanical curves.
The first consists in the observation that the three curves explicitly mentioned by
Descartes in his correspondence and his geometrical work until and including the
Geometry are the quadratrix, the spiral, and the cylindrical helix.! We know from
Iamblichus that the curves which had been used in antiquity to square the circle were
exactly the quadratrix, the spiral, and the cylindrical helix (Heath 1921, 1: 225).
Moreover, in Pappus’ Collectiones we find that a description of the quadratrix (Book IV,
XXX) is immediately followed by a construction of the cylindrical helix (Book IV,
XXXIII). Pappus motivates this construction by claiming that the description of the
quadratrix is “too mechanical.” This section aims at showing that the quadratrix can
be constructed geometrically by means of the cylindrical helix. But, for Descartes, the
force of the argument goes exactly in the opposite direction: because the cylindrical
helix gives rise to a construction of the quadratrix and the quadratrix allows us to
square the circle, the cylindrical helix cannot be geometrical.

Finally, all of my interpretation would collapse if it turned out that Descartes even
envisaged that the circle might be squared geometrically. But this was not the case.
Descartes believed that the quadrature of the circle was impossible. In a letter to
Mersenne dated March 31, 1638 he says:

For, in the first place, it is against the geometers’ style to put forward problems that they
cannot solve themselves. Moreover, some problems are impossible, like the quadrature of
the circle, etc. (AT 2:91)

Coming back then to the logical question of what rests on what. The quadrature of
the circle is equivalent (by Archimedes’ proof) to the rectification of the circumference.
Thus what Descartes appeals to when he excludes the quadratrix, the spiral, and the
cylindrical helix is the lack of an exact proportion between the radius and the circum-
ference of a circle (i.e., the aforementioned thesis Br): the circumference cannot be
algebraically rectified. This was a correct guess, as we know from Lindemann’s 1882
proof of the transcendence of 7, but an unproven one in Descartes’s time. However, this
is why the algebraic rectification of algebraic curves given in the 1650sleaves unthreat-
ened the Cartesian distinction between geometrical and mechanical curves. Only a
geometrical (i.e., algebraic) rectification of the circumference would have destroyed
Descartes’s foundational position in the Geometry.

Conclusion

I have endeavored to convey to the reader a sense of the complexity of the interaction
between philosophy and mathematics in Descartes’s thought. In the first parts of this
chapter we saw the paradigmatic role that mathematics played in the elaboration of
the method, and then we saw how certain “foundational” tenets played a role in
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shaping the structure of the Geometry and its epistemological and ontological boundar-
ies. However, such foundational views are not always spelled out by Descartes with the
clarity one would wish for, and they have to be analyzed in the context of his mathe-
matical practice and his comments on this practice. In short, for Descartes, mathemat-
ical practice and philosophical thought are deeply intertwined, and an understanding
of his thought that ignored either one of the two aspects would not be able to account
for the beauty and complexity of Descartes’s epoch-making contributions to mathemat-
ics and philosophy.
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Note

1 Apossiblefly in the ointment is the linea proportionum discussed by Descartes in the Cogitationes
Privatae (AT 10:222-3). However, I am only claiming that the criterion under discussion is
only a sufficient not a necessary condition for a curve to be mechanical. That is because in
general there will be curves, like the linea proportionum, which are mechanical but are irrel-
evant (in a sense that can be made technical) to the problem of squaring the circle.
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Chapter 8

Descartes’s Optics: Light, the Eye,
and Visual Perception

MARGARET J. OSLER

Descartes’s theories of light and vision were central components of his natural philoso-
phy, closely linked to his cosmology, physics, theory of matter, and theory of percep-
tion. He was a systematic thinker, seeking to create a new philosophy of nature, founded
on a new metaphysics. As an advocate of the new mechanical philosophy he faced
several challenges. He needed to replace traditional — usually Aristotelian — explana-
tions of natural phenomena with explanations couched in terms of matter and motion,
the ultimate terms of explanation of the mechanical philosophy. By eliminating
Aristotelian forms and real qualities from his philosophy of nature, Descartes needed
to formulate new explanations of the qualities of bodies and our perception of them.
His work on optics focused on these questions.

Background

Despite Descartes’s innovations — especially his account of the law of refraction and his
mechanical explanations of optical phenomena — his treatment of light and vision was
rooted in ancient and medieval discussions. The ancient Greek mathematicians Euclid
(fl. ca. 300 Bc), Hero of Alexandria (fl. Ap 62), and Claudius Ptolemy (fl. Ap 127-48)
approached the problem of vision geometrically. They assumed that light travels in
straight lines and that they could analyze vision by tracing the passage of light from
the object seen to the eye. This practice of applying geometry to the problem of vision
was called mixed mathematics, falling into neither the discipline of physics nor the
discipline of mathematics, as defined in Aristotle’s classification of the sciences (Osler
2002). In medieval discussions, which were organized according to an Aristotelian
classification of the sciences, geometrical optics, or ray-tracing, was considered to be
mixed mathematics (mathematics as applied to the physical world) rather than a part
of physics or natural philosophy, which dealt with the causes of phenomena. The
explanation of optical phenomena was an aspect of natural philosophy, generally asso-
ciated with theories of vision. The medieval writer who had the greatest influence on
early modern thinking about light and vision was ‘Abu ‘Ali al-Hasan ibn al-Hasan ibn
al-Haytham, who was known in the Latin West as Alhazen (965—ca. 1039). Alhazen
adopted an intromission theory, namely the theory that vision occurs when light enters
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the eye. He combined the Greek practice of ray-tracing with his theory of vision by
introducing a point-by-point analysis of object and image. Instead of considering the
object and image as wholes, he considered each point on the object and traced the path
of light from that point to the eye, thereby showing how the image is constructed point
by point within the eye. Alhazen’s ideas were promoted by two thirteenth-century
writers, the Franciscan John Pecham (ca. 1230-92) and the Polish Neoplatonist Witelo
(fl. 1250-75). Both men wrote treatises entitled Perspectiva, in which they developed
Alhazen’s theory of vision (Lindberg 1976). These ideas are particularly important in
understanding Descartes’s theories of light and vision because of their impact on
JohannesKepler(1571-1630).Kepler'sbooks, Ad Vitellionem paralipomena (A Supplement
to Witelo) (1604) and Dioptrice (1611) lay the foundations for developments in optics
during the seventeenth century. The former book featured and developed Alhazen’s
point-by-point analysis, and the latter addressed the problem of finding a mathematical
law of refraction in an attempt to explain Galileo’s telescope. Descartes was well
acquainted with these books, and they provided the starting point for his own work on
light and vision (Ribe 1997: 45).

The World and Treatise on Man (1633)

From the outset, light played an important role in Descartes’s thinking. The World, or
Treatise on Light and Treatise on Man — composed between 1629 and 1633 but not
published during his lifetime — adumbrated themes that he continued to develop in later
writings. The title of The World provides sufficient evidence that the understanding of
light was central to Descartes’s project in cosmology and natural philosophy.

Before he started to write the books, he explained, he had hoped “to include in it all
that I thought I knew concerning the nature of material things. . . . Fearing that I could
not put in my discourse all that I had in my thoughts, I undertook to do no more than
expose quite amply what I then conceived the nature of light to be” (Descartes 2001:
34-5; AT 6:41-2). But, he continued, it soon became clear that to explain every aspect
of light was almost as broad a task as explaining the nature of material things in
general.

Then I took the occasion to add something about the sun and the fixed stars, because
almost all light proceeds from them; and about the heavens, because they transmit light;
and about the planets, comets, and earth, because they reflect it; and in particular about
all the bodies on the earth, because they are either colored or transparent or luminous;
and finally about man, since he is the observer of light. (Descartes 2001: 35; AT 6:42)

Descartes’s aim in The World was to establish that the cause of light is motion.
Accomplishing this goal required formulating an explanation of qualities, a theory of
matter, laws of motion, an explanation of the heavens, and a theory of perception.

The opening chapter of The World, entitled “On the Difference between Our Sensations
and the Things that Produce Them,” makes a direct connection between Descartes’s
theory of light and the mechanical philosophy, of which he was one of the founders.
Descartes began The World by stating,
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In proposing to treat here of light, the first thing I want to make clear to you is that there
can be a difference between our sensation of light (i.e., the idea that is formed in our
imagination through the intermediary of our eyes) and what is in the objects that produce
that sensation in us (i.e., what is in the flame or in the sun that is called by the name of
“light”). (Descartes 1979: 1; AT 11:1)

The close relationship among the phenomena of light, their explanation, and the
analysis of vision is unambiguously evident in this statement. The relationship
between Descartes’s theory of light and the mechanical philosophy is equally evident.
The theory of primary and secondary qualities was a key element of the mechanical
philosophy, according to which all natural phenomena should be explained in terms
of matter and motion and secondary qualities result from the interaction between the
primary qualities and our senses. Descartes developed all these themes in The World.

Establishing that the perception of light is caused by motion was one of the central
themes of The World. To this end, he discussed the nature of matter and our perception
of its qualities, the elements and their qualities, the laws of nature, and the sun, stars,
and comets. On the basis of this philosophy of nature, he then explained how light and
its properties are caused by matter and motion. In order to make plausible the claim
that light is caused by matter in motion, Descartes began by showing that flame and
heat result from matter and motion.

T know of only two sorts of bodies in the world in which light is found; to wit, the stars and
flame or fire. And because the stars are without a doubt farther from human knowledge
than is fire or flame, I shall try first to explicate what I observe regarding flame. (Descartes
1979: 7; AT 11:7)

Observing the action of flame on wood, Descartes noted that it moves the small parts
of the wood.

Now, insofar as it does not seem possible to conceive that one body could move another
unless it itself were moving, I conclude from this that the body of the flame that acts against
the wood is composed of small parts, which move independently of one another with a
very fast and very violent motion. (Descartes 1979: 9; AT 11:8)

This motion acts on the wood to break it down into soot and ash and also generates in
us a sensation of heat, which Descartes claimed is a kind of pain.

In order to demonstrate that light, like heat, results from motions of very small
bodies, Descartes analyzed the nature of matter and the nature of motion, in essence
developing the general principles of his natural philosophy. In order to establish the
nature of the matter of light, Descartes presented his theory of the elements. He thought
that there were three elements all consisting of the same matter, but distinguished by
the size of their constituent particles. The first element is the element of fire, which
consists of the smallest particles, which move extremely swiftly and can take on any
shape whatsoever. Because Descartes denied the existence of void, he thought that
these smallest particles fill all the spaces and interstices between the larger particles of
which the other elements consist. The second element, which he claimed to be the
element of air, is also a very subtle fluid, consisting of spherical particles, “joined
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together like grains of sand or dust” (Descartes 1979: 39; AT 11:25). Although small
compared to the particles of the third element, they are large compared to the first. The
third element, the element of earth, consists of much larger particles, which “have little
or no motion that might cause them to change their position with respect to one
another” (ibid.). All of the qualities ascribed to bodies can be explained in terms of the
motion, size, shape, and arrangement of their parts. Luminous bodies, like the sun and
the stars, consist of the first element, while the Earth, comets, and planets, which do
not emit their own light, consist largely of the third element. The second element is the
medium through which light is propagated (Gaukroger 2002: 18).

In order to explain particular phenomena in terms of the motions of matter, Descartes
appealed to “the laws of nature . . . that God imposed on her” (Descartes 1979: 59; AT
11:36). Identifying nature with matter, Descartes stated that “God continues to pre-
serve it in the same way that He created it” (Descartes 1979: 59; AT 11:37). Therefore
all the changes that matter undergoes must be attributed to God. “The rules according
to which these changes take place I [Descartes] call the ‘laws of nature’” (ibid.).

Descartes’s laws of nature codify the new science of motion first presented by Galileo
Galilei (1564-1642).

The first is that each individual part of matter always continues to remain in the same
state unless collision with others forces it to change that state. (Descartes 1979: 61; AT
11:38)

I suppose as a second rule that, when one of these bodies pushes another, it cannot give
the other any other motion except by losing as much of its own at the same time: nor can
it take away from the other body’s motion unless its own is increased as much. (Descartes
1979: 65; AT 11:41)

I will add as a third rule that, when a body is moving, even if its motion most often takes
place along a curved line and . . . can never take place along any line that is not in some
way circular, nevertheless each of its individual parts tends always to continue its motion
along a straight line. And thus their action, i.e., the inclination they have to move, is dif-
ferent from their motion. (Descartes 1979: 71; AT 11:43-4)

Just as he would do later in the Principles of Philosophy, Descartes justified these laws
of nature by appealing to the immutability of God. The laws provide the groundwork
for an analysis of orbital motion and impact, the fundamental physical processes in the
mechanical world Descartes envisioned.

It may seem strange that Descartes placed the foundations for a new science of
motion in the middle of a treatise on light; but, in fact, the new physics provided the
necessary explanatory framework for his analyses of light and vision as the products
of matter in motion. Using the laws of motion to compare the motions and tendencies
of particles of the second element to those of a stone on a sling, Descartes explained
how motion is transmitted in rectilinear rays from luminescent heavenly bodies. When
these motions strike the surface of a human eye, they cause a sensation of light
(Descartes 1979: 171; AT 11:97). This light has a number of characteristic properties,
which must be accounted for by any explanation. These properties include the fact that
it extends from luminous bodies instantaneously in straight lines to any distance; that
rays of light can cross paths without interfering with each other; and that they can
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be diverted by reflection. Considering the rays of light to be composed of streams of
particles of the second element, Descartes would provide mechanical explanations of
all these phenomena. In this way, Descartes would accomplish a major task facing the
new mechanical philosophy: he would reinforce the fundamental assumption of the
mechanical philosophy that all the qualities of things can be explained in terms of
matter and motion by demonstrating how the phenomena of light and vision can be
explained in these terms.

In The World, Descartes dealt with the inanimate world. In the Treatise on Man, he
turned to the explanation of living things, particularly human physiology.

These men [those living in the imaginary world described in The World] will be composed,
as we are, of a soul and a body, and I must first separately describe for you the body;
then, also separately, the soul; and finally I must show you how these two natures
would have to be joined and united to constitute men resembling us. (Descartes 1972:
1; AT 11:119-20)

Here he anticipated the metaphysics he would develop in the Meditations. But for
now, he addressed the human body and how it could be explained in mechanical
terms.

I assume their body to be but a statue, an earthen machine formed intentionally by God
to be as much as possible like us. Thus not only does He give it externally the shapes and
colors of all the parts of our bodies; He also places inside it all the pieces required to make
it walk, eat, breathe, and imitate whichever of our own functions can be imagined
to proceed from mere matter and to depend entirely on the arrangement of our
organs. (Descartes 1972: 2—4; AT 11:120)

Among the physiological functions that Descartes explained in the Treatise on Man,
vision is paradigmatic of his account of sensation and perception.

This sense depends, in this machine [as in us] on two nerves which must doubtless be
composed of many filaments. These filaments must be as delicate and as easily movable as
possible, inasmuch as they are destined to report to the brain the divers actions of the
particles of the second element — which actions, in accordance with what has been said
earlier, will enable the soul, when united with this machine, to conceive the diverse ideas
of colors and light. (Descartes 1972:49; AT 11:151)

Descartes followed this statement about vision with a detailed description of the
structure of the eye, showing how its anatomy produces the resulting perceptions. His
account of vision supported the initial claim of The World, namely that what we per-
ceive is unlike the objects that cause our perceptions. This claim distinguishes his view
from that of the Scholastics, who argued that the form of the perceived object is somehow
conveyed to the eye by the so-called visual species that replicate the form in the human
intellect so that we have direct acquaintance with the form. Likewise, this claim distin-
guishes Descartes’s view from that of the Epicureans, who believed that vision is pro-
duced by the passage of an outer peel of the object into the human eye. Departing from
both traditional versions of direct realism, Descartes’s theory of vision — as seen as an
exemplar of the mechanical philosophy — introduced a subjective element into visual
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perception: the motions of light stimulate motions in the eye, which the soul or intellect
interprets as an image.

In discussing the production of sensations that come to us from more than one sense,
Descartes addressed one further issue central to his theory of knowledge: why our
senses, particularly vision, sometimes give us deceptive perceptions. These deceptions
— say about the distance of an object — can arise from the situation of the object, the
situation or distortion of our organs of sense, or from mistakes in judging the actual
size of an object from the points that assemble at the back of the eye. This explanation
of how the senses can deceive us reinforces a point Descartes developed in the
Meditations, namely that the intellect is indispensable to knowledge (2:57; AT 7:82-3).
Moreover, in providing this mechanical explanation of deceptive perceptions, Descartes
may have been attempting to articulate a response to the traditional skeptical argu-
ments about the senses that he used so powerfully in the Discourse on Method and the
Meditations.

Optics (1637)

Published in 1637 as one of the Essays printed with the Discourse on the Method, the
Optics is Descartes’s most thorough account of light and vision. He wrote it during the
same period that he wrote The World, in which he frequently referred to it. The Optics
contains the same assumptions and basically takes the same approach as The World
and the Treatise on Man.

The Optics contains Descartes’s most significant contributions to optics: a mechani-
cal explanation of the phenomena of light; proofs of the laws of reflection and refraction
on the basis of mechanical assumptions; and an account of the physics and physiology
of vision. His stated motive for this book is to explain the workings of the telescope,
something that no one had yet accomplished. The book opens with a statement of the
problem and concludes with two chapters explaining how the telescope works and
describing a method of grinding lenses of the appropriate curvatures. Within this frame,
he developed an elaborate theory of light and vision.

Seeking to explain the observed properties of light, Descartes elaborated three differ-
ent mechanical models — he called them comparaisons — which enabled him to explain
the phenomena of colors, the transmission of light through solid, transparent matter,
and the laws of reflection and refraction. In the first model, he compared light to a blind
man'’s stick, which enables him to perceive the various objects in his environment by
touch alone.

Consider light as nothing else, in bodies that we call luminous, than a certain movement
or action, very rapid and very lively, which passes toward our eyes through the medium
of the air and other transparent bodies, in the same manner that the movement or resis-
tance of the bodies that this blind man encounters is transmitted to his hand through the
medium of his stick. This will prevent you from finding it strange at first that this light can
extend its rays in an instant from the sun to us; for you know that the action with which
we move one of the ends of a stick must thus be transmitted in an instant to the other end,
and that it would have to go from the earth to the heavens in the same manner. (Descartes
2001: 67; AT 6:83-4)
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This model also makes it plausible to claim that the perception of colors results from
matter in motion.

[Y]ou have only to consider that the differences which a blind man notes among trees,
rocks, water, and similar things through the medium of his stick do not seem less to him
than those among red, yellow, green, and all the other colors seem to us; and that
nevertheless these differences are nothing other, in all these bodies, than the diverse
ways of moving, or of resisting the movements of, this stick. (Descartes 2001: 67-8;
AT 6:84)

The success of this mechanical analogy reinforced Descartes’s view that nothing mate-
rial passes from the object to our eyes to make us see color or form and that there is
nothing in the object similar to the sensations we have of it. As an aside, he addressed
the controversy about whether vision involves only the intromission of light into the
eye or also the emission of something from the eye that makes objects visible:

Because this action [the extromission of visual rays from the eye to the object] is nothing
other than light, we must note that it is only those who can see during the darkness
of night, such as cats, in whose eyes this action is found. (Descartes 2001: 68; AT 6:86)

In the second model he compared the rectilinear transmission of light and the
passage of light through solid, transparent matter to wine flowing through a vat full of
grapes and passing out of a hole in the bottom of the vat:

Now consider that, since there is no vacuum in Nature, as almost all the Philosophers
affirm, and since there are nevertheless many pores in all the bodies that we perceive
around us, as experiment can show quite clearly, it is necessary that these pores be filled
with some very subtle and very fluid material, extending without interruption from the
stars and planets to us. Thus, this subtle material being compared with the wine in that
vat, and the less fluid or heavier parts, of the air as well as of other transparent bodies,
being compared with the bunches of grapes which are mixed in, you will easily understand
the following: Just as the parts of this wine . . . tend to go down in a straight line through
the hole [and other holes in the bottom of the vat]... at the very instant that it is
open . . . without any of those actions being impeded by the others, nor by the resistance
of the bunches of grapes in this vat . . . in the same way, all of the parts of the subtle mate-
rial, which are touched by the side of the sun that faces us, tend in a straight line towards
our eyes at the very instant that we open them, without these parts impeding each other,
and even without their being impeded by the heavier particles of transparent bodies which
are between the two. (Descartes 2001: 69; AT 6:86-7)

In this model, he appealed directly to his theory of the elements.

In the third model Descartes used the behavior of the tennis ball to derive the known
laws of reflection and refraction, thus demonstrating how these fundamental optical
phenomena could be incorporated into a mathematized mechanical philosophy. He
based his demonstration on the three laws of motion, first articulated in The World and
later revised and refined in the Principles of Philosophy.

The law of reflection — that the angle of incidence equals the angle of reflection (the
angles measured from a line perpendicular to the reflecting surface) — had been known
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Figure 8.1

since ancient Greek times. Ptolemy was the first to publish the result, but it had prob-
ably been known long before. Descartes’s contribution was to show how the law fol-
lowed from his laws of motion when he used the model of the tennis balls for the
particles of the second element that compose rays of light. Consider a ball moving from
A to B at a constant speed (see figure 8.1). What happens when it strikes the surface
CBE, which Descartes assumed to be perfectly flat and hard?

Given the assumptions of a Galilean account of motion, it is possible to analyze the
motion AB into two components, AH and AC, moving at right angles to each other.
When the ball arrives at B, the component AH, moving in a straight line at a uniform
speed, will be unchanged; therefore, it will travel from H to F in the same amount of
time that it traveled from A to H. This conclusion follows from the first law of motion
that Descartes stated in The World: “that each individual part of matter always contin-
ues to remain in the same state unless collision with others forces it to change that
state” (Descartes 1979: 61; AT 11:38). The other component, AC, is an example of
impact, a phenomenon ruled by the second law of motion: “that, when one of these
bodies pushes another, it cannot give the other any other motion except by losing as
much of its own at the same time: nor can it take away from the other body’s motion
unless its own is increased as much” (Descartes 1979: 65; AT 11:41). Because in this
case the ball is much smaller than the ground it strikes, it bounces off the ground,
returning to its original place at the same speed but in the opposite direction. The two
new components, HF and EF, combined will place the ball at F. Now a simple geometri-
cal argument proves that the two triangles ABH and FBH are congruent. Consequently
the angles ABH (the angle of incidence) and HBF (the angle of reflection) are equal.

And so you can easily see how reflection occurs, namely, according to an angle which is
always equal to the one we call the angle of incidence, in the same way that if a ray coming
from point A, falls to point B on the surface of a flat mirror CBE, it is reflected toward F in
such a manner that the angle of reflection FBE is neither greater nor smaller than that of
the angle of incidence ABC. (Descartes 2001: 77; AT 6:96)
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With the insouciance with which mathematicians say that a difficult conclusion
follows obviously from an abbreviated line of reasoning, Descartes reduced the phenom-
enon of reflection to a problem of mechanical impact.

He approached the explanation of the law of refraction similarly. The law, in modern
notation, states sin i = n sin r, where i is the angle of incidence and r is the angle of
refraction, and n is called the index of refraction. Unlike the law of reflection, the law
of refraction had eluded investigators since antiquity. Although lenses had been used
to magnify small objects, to light fires, and to correct vision for many centuries, no one
before the seventeenth century had managed to establish a law of refraction. Kepler
tried to derive the law from an analysis of Witelo's tables of angles, but failed to come
up with an adequate result. Thomas Harriot (ca. 1560-1621) discovered the law
empirically, but his results remained unpublished until the twentieth century.
Stimulated by Galileo’s use of the telescope, Kepler tried to analyze lenses mathemati-
cally, but still failed to find a law. Around 1620, Willebrord Snel (1580-1626) dis-
covered the law empirically. Descartes’s knowledge of the law may have been based on
Snel’s work or may have been the result of his own research. His role in the discovery
is still a matter of controversy (Dijksterhuis 2000).

Descartes’s proof of the law of refraction followed the same strategy as his proof of
the law of reflection. Comparing a particle from a ray of light to a tennis ball, he asked
what would happen if the tennis ball struck and penetrated a soft surface like a cloth.
Once again, he approached the problem by breaking down the particle’s path into its
component motions.

Now given this, to know what path it must follow let us consider once more that its move-
ment differs entirely from its determination to move in one direction rather than another,
from which it follows that the quantity of these [two factors] must be examined separately.
And let us also consider that, of the two parts of which we can imagine this determination
to be composed, only the one that was causing the ball to tend from high to low can be
changed in any manner through the encounter with the cloth; and that the one that was
causing it to tend toward the right hand must always remain the same as it was, because
in no way does this cloth oppose its going in this direction. (Descartes 2001: 77-8; AT
6:96-7)

Descartes used the tennis ball striking and penetrating a cloth as a model of a ray of
light passing from air to water (see figure 8.2).

Suppose that the ball traveling from A to D strikes water at the point B. Suppose also, that
when the ball strikes the water it loses half its speed. “This ball must pass from B in a
straight line, not toward D, but toward I.” The reason for this change of direction is that
the water slows the downward component of the motion, so that EI is equal to half of HB.
But it does not affect the speed of the component BE, which is equal to the component
AH. (Descartes 2001: 78-9; AT 6:98-9)

Finally, inasmuch as the action of light follows in this respect the same laws as the move-
ment of the ball, it is necessary to say that when its rays pass obliquely from one transpar-
ent body to another which receives them more or less easily than the first, they are
deflected in such a manner that they are always less inclined to the surface of these bodies
on the side of the one that receives them most easily than on the side of the other, and that
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Figure 8.2

this [is] exactly in proportion to the ease with which the one rather than the other receives
them. (Descartes 2001: 80; AT 6:100-1)

The exact quantity of deflection of light as it passes from one medium to another
must be determined experimentally. For each medium, these measurements will provide
the constant of proportionality, or index of refraction, to use the modern phrase. If
that constant is expressed as n, then the light is refracted according to the formula
HB/AB = n EI/BI, that is, sini=n sinr, where i = ABH and r = EBI (Descartes 2001:
81-2; AT 6:100-1). As in the case of reflection, Descartes drew a direct analogy
between a mechanical model and the phenomenon of refraction in order to show
that the optical phenomenon could be derived from the first principles of his natural
philosophy.

What epistemological status did Descartes ascribe to these mechanical models?

Not having here any other occasion to speak of light than to explain how its rays enter
into the eye, and how they can be deflected by the different bodies that they encounter, I
need not undertake to explain its true nature. And I believe that it will suffice that I make
use of two or three comparisons which help to conceive it in the manner which to me
seems the most convenient to explain all those of its properties that experience acquaints
us with, and to deduce afterwards all the others which cannot be so easily observed; imitat-
ing in this the Astronomers, who, although their assumptions are almost all false or
uncertain, nevertheless because these assumptions refer to different observations which
they have made, never cease to draw many very true and well-assured conclusions
from them. (Descartes 2001: 66—7; AT 6:83)

The models Descartes constructed were no more arbitrary than those of the astron-
omers. Like the pre-Copernican astronomers who assumed that their models must be
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constructed from various combinations of uniform circular motion without claiming
physical reality for their mathematical models, Descartes assumed that his models must
be couched in terms of the fundamental laws of nature and his ultimate terms of expla-
nation, matter and motion. But Descartes believed that he could do better than the
astronomers had. He thought he could move beyond hypothetical models and actually
establish the truth of his mechanical models by a complex process of experiment and
observation (Garber 1978). Such mechanical analogies, once proven to account
adequately for the observed phenomena, could then be deduced from first principles,
or so Descartes thought.

These reasonings of ours will perhaps be included among the number of these absolutely
certain things by those who consider how they have been deduced in a continuous series
from the first and simplest principles of human knowledge. Especially if they sufficiently
understand that we can feel no external objects unless some local movement is excited by
them in our nerves; and that such movement cannot be excited by the fixed stars, very far
distant from here, unless some movement also occurs in these and in the whole intermedi-
ate heaven: for once these things have been accepted, it will scarcely seem possible for
all the rest, at least the more general things, which I have written about the World and
the Earth to be understood otherwise than as I have explained them. (Descartes 1983:
227-8; AT 8A:328-9)

Having shown — to his own satisfaction — that the properties of light can be
incorporated into his mechanical philosophy of nature, Descartes turned to the
question of vision, which he approached as a special case of the senses in general. In
the Optics, he gave a physiological account of sensation, beginning with a description
of the nerves:

In order to understand in greater detail how the mind, located in the brain, can thus
receive impressions of external objects through the mediation of the nerves, it is necessary
to distinguish three things in these nerves: these are, first, the membranes which enclose
them, and which, originating in those that enclose the brain, are like little tubes divided
in many branches, which go spreading here and there throughout the members, in the
same way as do the veins and arteries; second, their interior substance, which extends in
the form of little threads throughout the length of these tubes, from the brain whence it
originates, all the way to the extremities of the other members where it is attached, such
that we can imagine in each of these small tubes, many of these separate fibers indepen-
dent of each other; and finally the animal spirits, which are like a very subtle wind or air
which, coming from the chambers or concavities in the brain, flows away by these same
tubes throughout the muscle. . .. It is the spirits flowing through the nerves into the
muscles, and expanding them more or less — sometimes these, sometimes those, according
to the various ways that the brain distributes them — which cause the movement of all the
members. . . . It is the small threads composing the interior substance of the nerves which
are used for sensation. (Descartes 2001: 87-8; AT 6:109-10)

Sensations occur when motions are transmitted from our sense organs through the
fibers to the brain. These motions are transmitted instantaneously, “just as pulling one
of the ends of a very taut cord makes the other end move at the same instant” (Descartes
2001: 89; AT 6:11). Although these motions produce images in the brain, there is no
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reason to think that these images resemble the objects that produced the motions in all
ways.

[W]e must at least observe that there are no images that must resemble in every respect
the objects they represent — for otherwise there would be no distinction between the object
and its image — but that it is sufficient for them to resemble the objects in but a few ways,
and even that their perfection frequently depends on their not resembling them as much
as they might. For example, you can see that engravings, being made of nothing but a
little ink placed here and there on the paper, represent to us forests, towns, men, and even
battles and storms, even though among an infinity of diverse qualities which they make
us conceive in these objects, only in shape is there actually any resemblance. And even
this resemblance is a very imperfect one, seeing that, on a completely flat surface, they
represent to us bodies which are different heights and distances, and even that following
the rules of perspective, circles are often represented by ovals rather than by other circles;
andsquaresbydiamondsratherthanby othersquares; andsoforallothershapes. (Descartes
2001: 89-90; AT 6:113)

Once again, Descartes invoked the model of the blind man with his stick to make his
claim plausible.

From considering sensation in general, Descartes turned to vision. In order to under-
stand how vision takes place, he began by investigating how images are formed on the
back of the eye. Going beyond Kepler’'s explanation, which was based on an analogy
between the eye and a camera obscura (basically a pinhole camera that had been used
by artists depicting perspective), Descartes based his discussion of the images that form
on the back of the eye on the dissection of eyes — either “of a newly deceased man, or, for
want of that, of an ox or some other large animal” (Descartes 2001: 91; AT 6:115).

Following Kepler's strategy of using a point-by-point analysis of both the object and
the retinal image, Descartes traced light rays from points on the object to points on the
surface of the retina at the back of the eye (Ribe 1997: 52). The rays must pass through
several interfaces between different media within the eye, undergoing refraction at
each of these surfaces. Using the law of refraction and techniques of tracing rays,
Descartes showed how an image of the object is produced on the surface of the retina.
He claimed he could then show how this image could be transported to the interior
surface of the brain. “And from there I could again transport it right to a certain small
gland [the pineal gland] which is found about the center of these concavities, and which
is strictly speaking the seat of the common sense” (Descartes 2001:100; AT 6:129).
Derived from a tradition going back to Aristotle, the common sense was thought to be
an organ in which data from all the senses are integrated into a unitary signal which
causes conscious awareness. Descartes located the common sense in the pineal gland,
which also served as the connection between mind and body (Cottingham 1993: 38).

As an aside, he added an explanation of a phenomenon commonly accepted by early
modern natural philosophers:

I could even go still further, to show you how sometimes the picture can pass from there
through the arteries of a pregnant woman, right to some specific member of the infant
which she carries in her womb, and there forms these birthmarks which cause learned
men to marvel so. (Descartes 2001: 100; AT 6:129)
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Harking back to the opening chapter of The World and anticipating his fully devel-
oped epistemology and metaphysics of the Meditations and the Principles, Descartes
insisted on the difference between our sensations and the objects that cause them.

Now although this picture, in being so transmitted into our head, always retains some
resemblance to the objects from which it proceeds, nevertheless, as I have already shown,
we must not hold that it is by means of this resemblance that the picture causes us to
perceive the objects, as if there were yet other eyes in our brain with which we could
apprehend it; but rather, that it is the movements of which the picture is composed which,
acting immediately on our mind inasmuch as it is united to our body, are so established
by nature as to make it have such perceptions. (Descartes 2001: 101; AT 6:130)

That “there need be no resemblance between the ideas that the mind conceives and
the movements which cause these ideas” is evident from the fact that a blow to the eye
will produce sensations of flashing lights, whether the eyes are open or closed, in the
light or in the dark (Descartes 2001: 101-2; AT 6:131). He proceeded to show how all
the objects of sight — light, color, location, distance, size, and shape — result from the
geometrical properties of the eye and movements in the optic nerves. He also explained
how judging distance, shape, size, and color can be mistaken. For example, we can be
mistaken in judging the location of perceived objects “because the impressions which
come from without pass to the common sense by way of the nerves, if the position of
these nerves is constrained by some extraordinary cause, it can make us see objects in
places other than where they are” (Descartes 2001: 108; AT 6:141).

Descartes devoted the last four discourses of the Optics to an analysis of lenses. Using
the law of refraction to demonstrate the effects of lenses of various shapes on rays of
light, he showed how lenses of particular shapes could perfect vision. Part of this
analysis involved studying the shape of the human eye to explain the causes of myopia
and far-sightedness. Although lenses had been used for centuries to correct vision, no
one understood just how they worked. The choice of lenses for spectacles had been
simply a matter of trial and error. Using the law of refraction, Descartes was the first to
explain how lenses work to correct defects of vision. An important part of his explana-
tion involved determining the anaclastic curves, that is the shape of the refracting
surfaces that will focus parallel rays at a single point. Descartes worked out the calcu-
lations in the Geometry and used the results in the Optics in his discussion of lenses (Ribe
1997: 44).

He applied the same methods to explain the workings of the telescope. Arguing that
hyperbolic rather than spherical lenses would improve the function of telescopes, he
described the design for an improved version of this new technology. Grinding such
lenses, however, demanded new methods, and Descartes devoted the concluding
chapter of the Optics to the design of a new machine that could produce hyperbolic
lenses.

Meteorology (1637)

One important property of light that Descartes did not address in the Optics is color. He
addressed the production of colors as part of his explanation of the rainbow in another
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one of the Essays published with The Discourse on the Method, the Meteorology. Bearing
the same title as Aristotle’s treatise Meteorology, this essay addressed questions about
the terrestrial realm — the nature of matter, vapors, salt, weather, the rainbow, halos
around the sun, and parhelia or the appearance of multiple suns. He opened the work
with a brief repetition of his theory of matter, arguing for its merits by noting that he
no longer needed to appeal to substantial forms and real qualities, thus offering a more
parsimonious system for explaining the phenomena of the world.

The rainbow provided Descartes with a particularly dramatic example by which to
demonstrate the power of his natural philosophy.

The rainbow is such a remarkable phenomenon of nature, and its cause has been so
meticulously sought after by inquiring minds throughout the ages, that I could not choose
a more appropriate subject for demonstrati<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>