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DANIEL GARBER

10 Descartes’ physics

Physics and its foundations were centra% to Descartes’ thoug};t. A;
though today he is probably best known for his metg?h§f51cvs of jmrtlh
and body, or for his epistemological program, in ?tr}e se\:enjtpex:leﬁ
century Descartes was at very least equally \fv'eL known t();di is
mechanistic physics and the mechanist world Qi geometrical bo ;}es
in motion which he played a large role in making acce’ptable tf)» ‘1?
contemporaries. in this essay I shall outline Desgaite:s méchalet(iiz{
philosophy in its historical context. After some brxf,r rgmarks on tl cf
immediate background to Descartes’ program for physics, and a brie
outline of the historical development of his phys}cs, we shall discuss
the foundations of Descartes’ physics, includmg. his concepts of
body and motion and his views on the laws of motion.

I. BACKGROUND

Before we can appreciate the details of Descartgs‘ phy.'sms:, we :m,lfg
appreciate something of the historical context in which it emerged
: rew. » .
ml(\iﬂist important to the background was, of.coursc,. thekArxst(?thxazx
natural philosophy that had dominated medieyfl thougutﬁvr\%rxst:;et
lian natural philosophy had come under signm‘cant attack in “1;:1
came to be known as the Renaissance.> But it s important to rﬁe_:alllge
that well into the seventeenth century, throughout Dés&lrt@a )1;::
the Aristotelian natural philosophy was \;ery n'luch-ahjze,l\m;}d r(,nad
tvely well; it was what Descartes himself studied at La F 'ec Ee, a ’
what was still studied there {and in most other sghools 1r} }lrop
and Britain} in 1650 when Descartes met his death in Swe(.ienf

The Aristotclian natural philosophy was a matter of enormous
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complexity. But briefly, what concerned Descartes most directly
his own physics is the doctrine of substandal forms s For
schoolmen, bodies were made up of prime matter and substantial
form. Matter is what every body shares, while form is what differen-
tiates bodies from one another. And $0, it is form that explains why

1Y

stones fall, and fire rises, why horses neigh and humans reason.
There are, of course, numerous different ways of understanding
what these forms were to the schoclmen.s Descartes was fond of
thinking of them as little minds attached to bodies, causing the

behavior characteristic of different sorts of substances. In the Sixt}
Replies, for example, he has the following r

fwy

emarks to0 make ab
the scholastic conception of heaviness which he was taught in his
youth:

<
ot
-

But what makes it especially clear that my idea of graviry was tak y
from the idea I had of the mind is the fact that [ thought that gravity carried
bodies rowards the centre of the earth as if it had some knowledge lcognitiol

-

of the centre within itself. For this surely could not happen without knowl-
edge, and there can be no knowledge excepr in a mind,

This natural philosophy will be one of Descartes’ MOost important
targets in his own writings on natural philosophy.

Descartes was by no means alone in opposing the philosophy of the
schools. As I noted carlier, there had been numerous attacks on the
Aristotelian natural philosophy by the time Descartes learned his
physics at school, various varieties of Platonism, Hermeticism, the
Chemical Philosophy of Paracelsus, among other movements.” But
most important to understanding Descartes was the revival of an-
cient atomism. In opposition to the Aristotelian view of the worid,
the ancient atomists, Democritus, Epicurus, Lucretius, attempted o
explain the characteristic behavior of bodies, not in terms of substan-
tial forms, but in terms of the size, shape, and motion of the smaller
bodies, atoms, that make up the grosser hodies of everyday experi-
ence, atoms which were taken to move in empty space, a void.
Atomistic thought was widely discussed in the sixteenth century, and
by the early seventeenth century it had a number of visible adherents,
including Nicholas Hill, Sebastian Basso, Francis Bacon, and Galileo
Galilei.s When all was said and done, Descartes’ physics wound up

retaining a number of crucial features of the physics he was taughtin
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school, and differing from the world of the atomists; most notably,
Descartes rejected the indivisible atoms and empty spaces that char-
acterize atomistic physics. But Descartes’ rejection of the forms and
matter of the schools, and his adoption of the mechanist program for
explaining everything in the physical world in terms of size, shape,
and motion of the corpuscles that make up bodies, is hardly conceiv-
able without the influence of atomist thought.

2. THE DEVELOPMENT OF DESCARTES’ SYSTEM

Descartes attended the Jesuit college of La Fléche, where he received
a full course in Aristotelian natural philosophy.s In addition to Aris-
totle, taught at La Fléche from a humanist perspective, Descartes
received an education in mathematics quite unusual for the Aristote-
lian tradition.*> But Descartes’ career as a natural philosopher, prop-
erly speaking, begins with his meeting with Isaac Beeckman in No-
vermnber of 1618 in the town of Breda. Descartes, then twenty-two
years old and out of school for only two vears, had been leading the
life of a soldier, apparently intending to be come a military engineer.
Beeckman, eight vears the young Descartes’ senior, was a devoted
scientific and mathematical amateur, and had been for some years;
his journals, rediscovered only in this century, show an interest in a
wide variety of scientific and mathematical subjects. The journals
also give the record of the conversations berween the two young
men. It is clear from those records that Descartes was very much
drawn into the new mechanistic and mathematical physics that
Beeckman was enthusiastically (if unsystematically] developing.
Beeckman set problems and questions for his vounger colleague, and
in his journal are the records of Descarres’ struggles over a wide
variety of questions in harmony and accoustics, physics, and mathe-
matics, all approached in a decidedly non-Aristotelian way, attempt-
ing to apply mathematics to problems in natural philosophy.* There
is little in these early writings that suggests Descartes’ own later
physics in any real derail, to be sure; indeed, there 1s every reason to
belived that the young Mr. du Peron, as Descartes styled himself at
that time, subscribed to the doctrines of atoms and the void that
Beeckman held and he, Descartes, was later to reject. But though
the actual contact lasted only a few months {Beeckman left Breda on
2 January 1619}, the effects were profound. As he wrote to Beeckman

Descartes’ physics 2
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]

on 23 April 1619, 2 few months after parting: “You are truly the only
one who roused my inactivity, who recalled from my m em(.)’rv ‘:ﬂawy
edge that had almost slipped away, and who led mvxmind wé;;évri:v
away from serious undertakings, back o S()medﬁng belttﬂr“ { T;
162-3: CSMK 4. ) o

The decade or so that followed the meeting with Beeckman

.l

very productive for Descartes. There is cvery evidence that it ‘:;;
f:hcn that he worked out his celebrated me{};od, his geometry, cmi
mportant parts of his theory of light, in particular, his’iaw of Tur&c
uon.’s From discussions in the Rules for the Direction of th Mind

[

there is also reason to believe that he was also concerned with ot

_ -1 1 Is 1 . N l
problems, like that of the narure of i
thﬁ Rudes there are also evidences of
of the mechanical philosophy that now
particular, in his doctrine of simple nature

sented the seeds of an argument that everything in

world 1s explicable in terms of size, shape, and motion. |
sections of the Rije< we 4lc X - sk
cctions of the Rules we also have a Strong suggestion ot the doctrine
of the identification of body and extension thae characterizes hi
mature thoughe. s V
But the marurc natural philosophy only begins to emerge |

It Afte 3 - 3 H
la.:z 1620s, after Descartes sets aside the composition of the &y
and turns to the construction of his fuli system of knowledee. Imp

fa | TR v oplh
tant nere 1s, of course, the now lost metaphysics of the winter of

(853

16;9\30, nwhich‘, for Descartes, was clearly connected with the foun-
dations of his science.™ But at the same rime that he was \\Jli\mg
ilpr}n the soul _emd G(?d, he was also working on the sciences :Her,‘;
selves, L?EIGI‘S from 1629 and r930 show that he was working on th
theglry' of motion, space, and body, on optics and light, on thc‘mecha—
nist egp{anation of the physical properties of bodi;s. on the exnivﬂn'r
tion of gc parucular atmospheric and clestial phendmena andr’s:r
orvuy:": I'nis work culminated in 1633 with the comnleti'on ')f‘,l;h;
W@lg‘. The World, as it comes down to us, is cwn;posed ;E n;’i;
Brmmvpaf parts, the Treatise on Light. and the Treatise on Man. ThL
i;ea‘nse on Light deals with physics proper. After a few introduct-ﬂn'
- o1 tne schooimen. He then
derives the laws those bodies would have to obey in motion mi

argues that set j ati : ft ta ¢l ;
g that set in mation and left o themselves, they would form
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the cosmos as we know it, innumerable stars around which travel
planets, and shows how features of our world like gravity and heavi-
ness would emerge in that context. In this way he explains many
features of our physical world without appeal to the substantial
forms of the schoolmen. The Treatise onn Mar, on the other hand,
deals with human biology. Imagining God to have made irom this
extended stuff a machine that resembles our bodies, Descartes
shows how much explained by the schoolmen in terms of souls can
be explained in terms of size, shape, and motion alone.

This sketch of a mechanical world was not to be published in Des-
cartes’ lifetime, though. When Descartes found out that Galileo had
been condemned in Rome in 1633, he withdrew his World from publi-
cation, and, indeed, vowed not to publish his views at all.** However,
his vow was short-lived. Though The World never did appear in Des-

cartes’ lifetime, by September or October of 1614, Descartes was at
work on a new project, and by March 1636, a new work was finished,
The work in question was a collection of three scientific treatises in
French, the Geometry, the Optics, and the Meteorology, gathered
together and published in June of 1637 with an introduction, the
Discourse on the Method. Much of the work that appears in these
writings dates from much earlier. But what is distinctive about this
work is the way in which it is presented. A central feature of the
Discourse and Essays is the lack of the full framework of physics and
metaphysics that, Descartes admitted, lay under the samples of work
that he presented. The full system was sketched out, to be sure. In
Part IV of the Discourse Descartes presented an outline of his meta-
physics, and in Part V a sketch of the physics of The World. But, as
Descartes explained in Part VI of the Discourse, the actual scientific
treatises that follow give just the results of his investigations; the
material in the Optics and Meteorology is presented hypothetically,
using plausible but undefended assumptions and madels, not because
Descartes thought that this was the best way to present a body of
material, but because in this way he could present his resules without
revealing the details of his physics that he knew would raise contro-
versy.>e The Essays contained much of interest, including the laws of
refraction, a discussion of vision, and Descartes’ important analysis
of the rainbow. But couspicuously missing was any discussion of
Copernicanism, or any account of Descartes’ doctrine of body as es-

entially extended.

Descartes’ physics 2

The reception given to the Discourse and Fsse
sufficiently encouraging, for bV e late 16308, i
embark on a proper publication of his system, set out in proper
beginning with the metaphysics and the foundations of his E
First to be completed was the Meditations, ﬁ‘; ished in the s _
1640, and published in August of 1641, Although the Mv"dzz.; it
are mainly concerned with 1netapny51cal 1ssues, thev do contain
elements of the foundations of Descartes’ physics . including the
existence of God {essential for grounding the laws Gt motion, as we
shall see), and the existence and nature of body. In January
the eve of the publication of the Meditations, Descartes confic
Mersenne:

I'may tell you, berween ourselves
\‘oundamms of my thws Bu

But more directly tmportant for the dissemination of Descartes’
views on the natural world is the publication of the Principles of
Philosophy.

Descartes began to contemplate the publication of his complete
physics as early as the aurumn of 1640, while the Meditations
circulating and he was awaiting the Ob;’ectmns that he intended 1o
publish together with his answers. Originally Descartes had planned
to publish a textbook of his philosophy in Latin, unlike The Worl
and the Discourse, together with an annotated version of the
Summa of Eustachius a Sancto Paulo, a textbook widely used in the
schools. In this way, Descartes thought, he could demonstrate the
weakness of the standard Aristorelian physics, and the Supcnorlty of
his own mechanical philosophy.2: This plan was soon set aside i
favor of a direct exposition of his own views.>» The first parts of the
incomplete work went to the printer in February 1643, and appeare
in July of 1644.2 The work proved popular enough to issue in
French version in 1647. Though Descartes himself did not do the
translation, many of the significant changes between the Latin and
French editions suggest that he took a real interest in the prepara-
tion of the new edition.

v
[

CA
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Descartes represents the project to his friend Constantijn Huygens
as if the Principles were merely a translation of The World. Refering
to some disputes he was involved with at the University of Utrecht,
Descartes writes: “Perhaps these scholastic wars will result in my
World being brought into the world. It would be out already, I think,
were it not that I want to teach it to speak Laun first. I shall call 1t
the Summa Philosophiae to make it more welcome to the scholas-
tics” {AT 1 523: CSMK 209—r10}. But the Principles is much more
than a translation of The World. Leaving aside the numerous places
in which Descartes has significantly revised and clarified his views,
the structure is altogether different. Unlike The World, the Princi-
ples begins with an account of Descartes’ first philosophy, his meta-
physics. Parts IT-1V correspond more closelv to the contents of The
World. Part I deals with the notions of body, motion, and the laws o
motion, corresponding roughly to the rather informal exposition
chapters 6 and 7 in The World. Parts Il and IV correspond roughly to

chapters 8—15 in The Worid. As in the earlier work, Descartes pre-
sents and defends a vortex theory of planetary motion, a view that is
unmistakably Copernican, despite attempts to argue that on his
view, the Earth is more truly at rest tf,an it 15 in other theories. But
in the Principles. light lacks the central organizing role that it hasin

)
ey

The World, and the Principles contains discussions of a number of
topics, including magnetism, for example, that do not appear at all
in The World. Clearly the Principles is something other than The
World with a classical education.

With the Principles we have what can be considered a canonical
presentation of Descartes’ views in physics. While the earlier works
present important insights, as do discussions of various issues in
Descartes’ correspondence, the Prnciples will be our main text in
unraveling the complexinies of Descartes’ physical world.

3. BODY AND EXTENSION

Descartes’ narural philosophy begins with his conception of body.
For Descartes, of course, extension is the essence of body or corpo-
real substance. Or, to use the technical terminology that Descartes
adopted in the Principles, extension is the principal attribute of cor-
porea? substance. For Descartes, as for many others, we know sub-

stances not directly but only through their accidents, properties,

AR
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qualities, etc. But among these, one is
so, in the Principles Descartes wriies
be known from any of its 3ttr1buu
property of any substance, which cons

and to which all others are referred”

special property is extension in body, and thought in Illi’ld 1
o thrr
notions “are referred” to this special property insofar as it is through

the notion of extension that we unde stand size, shape, motion ‘ttc.,
and it is through the notion of thought that we un derstand the

g o
particular thoughts we have, Descartes ¢l laims.»+ The notion of exten

sion is so closely bound to the notion of COYpor yweal substance
f this substa

Descartes, we cannot comprehend the notion 0
from its prmmpal atrribute. Descartes writes in the Princip

When {others] distinguish substance from ext‘cnsio;ﬁ oF 4
understand nothing by the name ‘substance,” ¢t they ‘
idea of an incorporeal <u'bs‘f‘r=cc, which they falselv atwribute cor‘pozea%
substance, and leave for extension {which, however, they call an accident}
hey plainly express in words

the true 1dea of a corporeal substance. Andsot
r minds.

something other than what they understand in .
: jes Part I art. 9>

i distinc-
Eisewhere Descartes suggests that there isonly a Loncgpfu aldisunc

3
L.
oo
g
o
o
@]
o
b=
P
["‘
(\
L
]
"3
®

tion or “distinction of reason’ \dhunhfio ratione Xpo
real substance and its principal attribute 2 In addition to the p%}h(‘;l
pal attribute of body, extension, which is inseparable rsm1 bods
Descartes recognizes what he calls modes, particular sizes, shapes
and mpotions that individual bodies can have . Although no t} ssentia
to body, the modes Descartes attribures to bodies must De unde

1oh extension; they are ways of being extended for De

54

mood throe .
o “4 .
cartes. In this way insofar as they are not modes of extension,

3

die in the mind
colors ;md tastes, heat or cold are not really in bodies butin the mt

B

that perceives them. L

[t 1$ important to recognize that while Descartes holds _
essence of body is extension, he does not understand the no 10f of an
essence in precisely the way his scholastic contemporaries did. Put
briefly, basic to scholastic metaphysics is the distinction between a

'bsrame and its accidents.»® Now, certain of those accidents aIC
espec;a.}x important, those that constitute the essence OT nattic of
that substance. A human being, for example, 15 essentially a rational
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being and an animal; take either of those away from a substance, and
it is no longer human. But nonessential accidents bear a completely
different relation to the substance; they may be lost without chang-
ing the nature of the substance. Now, some of those accidents are
the sorts of things that can only be found in human beings. Risibility
and the actual act of laughing were thought to be possible only for
something that has reason.» But many other accidents {color, size,
etc.) bear no such relation to the essence; while such accidents must
be understood as being in some substance or other, they are not
necessarily connected to the essence of the human being. In this
sense the Aristotelian framework allows for there to be accidents
which are, as it were, tacked onto substances which are otherwise
conceived of as complete. This 1s quite foreign to Descartes’ way of
thinking. For him all of the accidents in a corporeal substance must
be understood through its essence, extension; there is nothing in
body that is not comprehended through the essential property of
extension. In this way Cartesian bodies are just the objects of geome-
try made real, purely geometrical objects that exist outside of the
minds that conceive them.

Though there is every reason to believe that Descartes held the
conception of body as extension from the late 16205 on, he offers
little in the way of serious argument for the claim before 1640 or
s0.% But the gquestion is taken up in depth in the writings that
follow, mainly the Meditations (along with the Objections and Re-
plies} and the Principles of Philosophy. Basic to the argument is the
celebrated proof Descartes offers for the existence of the external
world. While there are some significant differences between the ver-
sions that Descartes gives in different places, all of the versions of
the argument turn on the fact that we are entitled to believe that our
sensory ideas of bodies derive from bodies themselves. In the version
Descartes offers in the Meditations, this claim is grounded in the
fact that we have a great inclination to believe this, and the
nondeceiving God has given us no means to correct that great incli-
nation;* in the version in the Priaciples it is grounded in the fact
that “we seem to ourselves clearly to see that its idea comes from
things placed outside of us” {Principles Part 11, art. 1}. But, Descartes
claims, the body whose existence this proves is not the body of
everyday experience;, when we examine our idea of body, we find
hat the 1dea we have of it is the idea of a geometrical object, and it is

-
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this Cartesian body whose
Descartes concludes the vers
tion as follows:

It follows that corporeal things exist. They may not al
exactly corresponds with my sensory grasp =
grasp of the senses 1s very obscure and con

clearly and distinctly und ‘rstand is in ¢} is, everything, gener:
mathemathics.

{AT VII 8o

speaking, which is included in he obiect

In this way the argument for the
serves not only to restore the world Io
of th; First Meditation; fwt si%r o

sian physics.

But, of course, this just pushes
this argument plainly
Descartes says it is, the idea of somethi ng that has geom
erties and geometrical properties alon
Descartes seems to appeal to at least thr
might be called the argument from elir
ohiective reality, and the complete C(‘ncut

While it is suggested in the wax cxample

3

he view that our ui

epends o1

argument from elimination a?peaxs Most exphcit : <
sles. In Principles Part 1T, art. 4, Descartes claims to show ""that the
nature of matter, or of body regarded in general

the fact that it is a thing that 1s hard or heavy or

vy

with any other mode of sense, but only in the fac
extended in length, 1‘rm th, -a.nd depth.” The argun
onsidering the case of hardness {durities). T)Ldert
even if we imagined bodies to recede from us when we
them, so that “we never sensed hardness,” things ’
account of that lose the nature of body.” He concludes: ”
argument it can be show t‘ at weight and color and zli of the ©

gualities of that sort that we sense in a material bo
away from it, leaving it intact. From this 1t follows the

dep Hds on one of those qualities” [Principles Part 1,

¥

ersion}).»s The argument scems to be that extension must

essence of bodv because all other accidents can be eliminated
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out thereby eliminating body, and so, without extension, there can
be no body.

Bug, interesting as this argument is, it doesn’t seem to do the job.
Descartes needs to establish that our idea of body is the idea of a
thing whose only genuine properties are geometrical, a thing that
excludes all other properties. But what the strategy in this argument
establishes is that our idea of body is the idea of a thing at least some
ot whose properties must be geometrical. From the fact that we can
conceive of a body without hardness, or color, or warmth, it does not
follow that no body is really hard, or colored or warm, any more than
it follows from the fact that we can conceive of a nonspherical body
that no body is really spherical. At best the argument from elimina-
tion establishes that the essence of body is extension in the weaker
Aristotelian sense, and not in the stronger Cartesian sense.

What 1 have called the argument from objective reality is sug-
gested most clearly in the Fifth Meditation, whose title promises an
investigation of “the essence of material things. . . .” When we exam-
ine our idea of body, Descartes claims, we find that what is distinct
in our ideas of body is “the quantity that philosophers commonly
call continuous, or the extension of its quantity, or, better, the exten-
sion of the thing quantized, extension in length, breadth, and
depth .. .” [AT VI 63: CSM II 44). His reasoning seems to be some-
thing like this. What strikes Descartes as extremely significant
about the geometrical features of our ideas of body is that we can
perform proots about those features, and demonstrate geometrical
facts that we did not know before, and that we seem not to have put
into the ideas ourselves. But, Descartes notes, “it is obvious that
whatever is true is something, and I have alveady amply demon-
strated that everything of which I am clearly aware is true” (AT VII
65: CSM T 45} Descartes seems to assume that whatever is true
must be true of somerhing. and so he concludes these geometrical
features we find in our ideas of body must, in some sense, exist. At
this stage in the argument we cannot, of course, conclude that they
exist outside the mind. And so, Descartes concludes, they exist as
objects normally exist in the mind, as objects of ideas, as objective
realities. And so, Descartes takes himself to have established, our
ideas of bodies really have the geometrical properties we are inclined
to attribute to them.

But what does this argument really show? [t certainly can be seen

to establish that ou 3
geometrical properties. But Descartes we
claim, that bodies not only have geome
9
other properties. So fa
Fifth Meditation falls short of establishi
Descartes implies it does.
Finally let us turn to what
argument, This argument: T
ment for Lut':‘ distinction between miz;d

they have geometrical praperties aione
ar 1

the Obzeci’om and Re ,,;,, sandir
hind the argument is a certain view a
'\’Vhenweexamine Qur concepts, wenote

In order 1o know if s
some abstraction of my mind, I ex:
some ﬂtﬁuv richer or more compl
abstraction of the intellece .
ing of the substance or the
abstraction.

; W Dani; D v PSS I
And so Descartes noted in the Fourth Replies, inresponse to an objec-
i easily understand the genus

Heure’ without thi 1king of a circle. . .. But we cannot understand
any specific ditferent )f the ‘circle’ wﬁhoL at the same time think-
i “AT VII 223 CSMTT r7h Following
conceptrual dtpuldmues, rom aircle to shape, we
>ly to the idea of a thing that has the appropriately

f)lds ‘no act or accident can xist
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without a substaﬂcc ‘fori
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sort themselves out into two classes, tho;eﬁ that presuppose the no-
tion of extension, and those that presuppose the notion of thought
Answering Hobbes in the Third Replies Descartes wrote:

Now, there are certain acts that we call ‘corporeal’ such as size, shape,
motion and all others that cannot be thought of apart from local extensi

and we use the term ‘body’ to refer to the substance in which they inhere.
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cannot be imagined [fingi] that one substance is the subject of shape, and
another is the subject of local motion, etc., since all of those acts agree in
the common concept [communis ratio] of extension. Next there are other
acts which we call “acts of thought’, such as understanding, willing, 1magin-
ing, sensing, ctc.: these all agree in the common concept of thought or
perception or consciousness jconscientzal, and we call the substance in
which they inherc a ‘thinking thing’, or a ‘mind’

(AT VII 176: CSM L 124137

And so, Descartes observes, again to Hobbes, "acts of thought have
no relation to corporeal acts, and thought, which is their common
concept, 1s altogether distinct from extension, which is the common
concept of the other” (AT VII 176: CSM Il 124, Thus, Descartes
concludes, the ideas we have of mmd and body do not depend upon
one another for their conception. But, as Descartes argues in the
Fourth Meditation, whatever we can clearly and distinetly conceive,
God can create. And so, things purely extended can exist without
thinking substance. The thinking thin gk are what Destartes calls

areg

<

souls, or minds, and the extended substance from which t
distinguished in this argument is what Descartes calls body, or Larpo-
real substance. Souls, or minds, contain sensation, intellection, and
ins the breadly geometrical prop-
insofar as sensory

will, but extended substance cont
erties of size, shape, and motion, and those alone;
qualities like heat and color presuppose thought and not extension,
and thus require a thinking substance in which to inhere, Descartes
claims, they belong not in extended substance but in mind and mind
alone. And insofar as it is body so conceived that, we are inclined to
believe, is the source of our sensory ideas of body, it is body so
canceived that exists in the world, Descartes concludes. The bodies

rsics are, thus, the objects of geometry made real.

4. BODY AND EXTENSION! SOME CONSEQUENCES

From the doctrine of body as extension, some extremely important
consequences follow for Descartes about the physical world, doc-
trines that concern the impossibility of atoms and the void, as well
as the falsity of the scholastic doctrine of substantial forms.

The void had been a topic much discussed for some centuries
when Descartes turned to it in his system. Aristotle had clearly
denied the possibility of a vaccum and empty space.™ This raised

n thinkers; as Etiennt

certain theological problems for Christ
Tempier, bishop o

totelian doctrines in 1277, were a vacuum .ﬂm‘ﬁmbie
could not move the world, should he d
the problems, later schoolmen continued tof

of Paris noted in his condemnation of vari

ing that there are empty spaces in the world, or that there could be,
Indeed, the very idea of an empty space, a ﬁ@thing that was
thing of a something, continued to be v i
into the seventeenth century.+ Though Desc
ways from the scholastic account of bod
saw his identification of bods
same conclusions that his teache
full and that there is no empty spa

While Hcre is every reason to baneve

v of a vz

rgumn s for that
apncals to the pri

w are found )
rincipie that every property req
argue that there can be no extension that is not Nhh £xt
substance. Dc artes writes:

5

there |

difference between Ef\,C exXtension of a space, or i
P

sion of a body. For a body's being extended in

f warrants the conclusion that i1t is a sul

e
o

&

‘-—me, sinee 1t 15 a complete
contradiction that a particular extension should belong to nothin ;
same conclusien must be drawn with respect toa s

be a vacuu

HY T

be ubcta 111t as 'W'i‘h,

And since, of course, extended substance is
the world must be full of bndy
Dcscartes offers a graphic illustration of hi

again in the Pr;’.rzcz'p]es:

It 15 no less contradictory for us to conceive a ﬂmu‘lmiﬂ wi hout a s
than it s tor us to think of . .. this extension s

extended, st

ce, as has often been said, ng

XTension ¢
And thus, if anvone were to ask what would happ

all body contamned in a vessel and to permit nothing else
of the body removed, we miust respond that the sides of the vess
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virtue of this, be mutually contiguous. For, when there is nothing between
two bodies, they must necessarily touch. And it is obviously contradictory
that they be distant, that is, that there be a distance between them but that
thar distance be a nothing, since all distance is a mode of extension, and
thus cannot exist without an extended substance,

{Principles Part TI, art. 18, Latin version}#

If the rwo sides of the vessel are separated, there must be some
distance between them, and if there is distance, then there must be
body. On the other hand, if there is no body, there can be no distance,
and if there is no distance, then the two sides must touch.

in 1‘:’I]Viﬂg the possibility of a vacuum, Descartes rejected one of
the central doctrines of the atomist tradition of Democritus, Epicu-

rus, and Lucretius. Another central atomist doctrine fares littde bet-

ter on Descartes’ conception of body. Important to the atomists was
the view that the world of bhodies is made up of indivisible and
indestructable atoms. As Epicurus wrote:

Of hodies some are composite, others the e‘“n‘f nts of which these compos-

nents are indivisible and uncha ngea able, and
non-

jite bodies are made. These &

necessarily so, if things are not all to be aestroycd

gh to endure when the composite bodics

{ being

st be

existence, but are o
are hraken up, because they possess a solid navure and are incapable of

he strong enao

anvwhere or anvhow disselved. Tt follows that the first beginnings mu

mdrvisible, corporeal entities. s

Atoms are, thus, indivisible, unchangeable bodies, the ultimate
parts into which bodics can be divided and from which they can be
constructed.

As with the void, Descartes secmis 1o have rejected atoms from the
late 16208,% and filled the universe mth a subtle matter that i3
infinitely divisibie and, 1n some circumstances, infinitely or at least
indefinitely divided.+s Descartes’ most careful argument against the

t

possibility of an atom appears, again, in the Principles. Descartes

WIILES:

We also know that there can be no atoms, that 1s, parts of matter by

nature indivisible. For if there were such things, they would necessanly

have to be extended, however small we imagine them to be, and hence we
could mour thought divide each of them mto two or more smaller ones, and
thus we could know that they are divisible. For we cannot di \1de as wthm

sught without by this very fact knowing that they are divis _And
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therefore, if we were to judge that a given thi
ment would be opposed to what we know.
that God wanted to have brought it about that some particl
be divisible into smaller parts, even then they shouldn't

g were indivisible, our judg-
even if we were o i ¢

es of mare

ability to divide it, since he certat
And thercfore, that divisibility
divisible by its nature,

Itis, then, the infinite divistbility of geometrical extension together
with divine omnipotence that undermincs atomism, Descartes ar-
gues. But such an argument, in an imporzau way
While it may work for ancient versions of atom
transcendent and omnipotent God,# it will not work again
Christian atomists among Descartes’ contemporaries, like
Gassendi, who believed in an o
ble of splitting even an atom, if he chose to do s0.#* What is at
for the atomists is natural indivi
pernautral divisibility,

But desnite th 5e signiﬁcant denarrun 5

ripotent God who was surely

isibility, not the possibi ht}r of su-

II’UE’H

\i\m, LhL world 1s made up of
ust bc c‘mucabie in terms mf si
tion. Descartes writ s !
of no other marterin corporeal tbm g5 exeept that which1

3t
division, shape, and motion in every way, which the geometers call

guantity and which they take as the object of their demos
And, [ admit,  consider nothing in it except thos
nd motions” {Principles Part I, art. 641+ And so,
escartes rejects the substantial forms of the scho

Though he often tried to hide or, at least, deemy
tion to the philosophy of the schools, s Descartes offered numercus
reasons tor rejecting substantial forms. Sometimes he suggests that
forms are to be reiected for considerations of parsimony; everything
can be explained in terms of size, shape, and moticn, and thus, there
15 o reason to posit them. Thus he writes in The World:

a7
¥
i
i

When 1

. fire] burns wood or some other such material, we can s
our own L)' s that 1t removes the small parts of the wood and separates them
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from one another, thus transforming the more subtle parts into fire, air, and
smoke, and leaving the grossest parts as cinders. Let others le.g., the philoso-
phers of the schools] imagine in this wood, if they like, the mru- of fire, the
quality of heat, and the action which burns it as separate things. But for me,
afraid of deceiving myself if T assume anything more than is needed, I am
content to conceive here only the movement of parts. {AT XI 7: CSM 83}

Elsewhere he claims not to understand what a substantial form is
supposed to be, calling it “a philosophical being unknown to me,”
and characterizing it as a chimera.s® Elsewhere still he contrasts the
fruitfulness of the mechanical philosophy with the sterility of the
scholastic philosophy. In the Letter to Vogtius Descartes remarks:
“the common philosophy which is taught in the schools and acade-
mies . . . is useless, as long experience has already shown, for no one
has ever made any good use of primary matter, substantial forms,
occult g d the like” {AT VIHIB 26).52 All of these arguments
show Descartes’ *I r opposition to the substantial forms that un-
derly the natural philosophy of the schools. But, in a way, it is his
very doctrine of bouy that most clearlv and unambiguously marks
his opposition to the philosophy of form and matter; it is no mystery
why Descartes was loath to mention his identification of body and
extension in the rather cautious Discourse and Essays. As [ noted
above, Descartes saw the Aristotelian substantial forms as imposi-
tions of mind onto matter. When we learn, through his philosophy,
that mind and body are distinct, we discover that all of the ideas we
thought we had of substantial forms and the like derive from the
ideas we have of our own munds, and that they do not in any way
pertain to body as such, whic}‘ contains extension and extension
alone.s In this way the Cartesian doctrine of the distinction be-
tween mind and body is intended not only to clarify the notion of
the mind, but also that of the body.s+

But as clear as Descartes’ arguments seem to be, as convincing as

slg

It qualities ans

1

they might have been to many of his contemporaries, and as influen

tial as they might have been on the downfall of Aristotelian natural
philosophy, there are certain deep weaknesses in the case Descartes
presents against his teachers. Though he sometimes claims not to
understand what a form is supposed to be, his mentalistic interpreta-
tion of the scholastic doctrine would seem to undermine that pose.
And while he sometimes claims that everything in physics can be

explained with only size, shape, and mot while h > 0O

the fruitfulness of his ¢wn mechanical }‘i ilosophy with ¢
schools, even his most sympathetic modern reader 5t
than a little bit of bravado in those claims. The fa
cartes’ mechanical philosophy is considerably more promise than
accomplishment, and, in the end, size, shape, and motion turned out
to be considerably less fruitful than Descartes and his mechani
contemporaries had hoped. But most importantly, there is an emnbar-
rassing hole in the argument that is supposed to lead from ti
of body as extension to the denial of substa

1

Descartea his arguments for the distinction b
and his characterization of both, we can agre
they must be tiny minds of a sort, distinet from the exte

whose behavior they are supposed to explain. But that *a?; 18

not seem to eliminate forms, so far as [ can see; the schoolman can
just continue to claim that however Descartes wants us to Conceive
of them, they are still there. To make the case, Descartes must show
not only that forms are tiny minds, but thar outside of hu

perhaps, angelic) minds, »hae are no minds at all. Dcscartcs does

address this question, though not in its full ger
tempt to show that one kind of form t!

forms that constitute the souls of animals,

here, in this special case, Descartes finallv admits to Henry More,

who pressed Descartes to admit animal so uls and much more, th
T

his arguments are just probable, and cannot establish with am -
tainly the impossibility of animal souls.«* And as go animal 12@, 30
goes the more general question of substantial forms.

MOTION
Motion is quite crucial to the Cartesian physics; all thereisinbodyis

extension, ar d the only way that bodies can be ‘mdn iduated
another for Descartes is through motion. In this way, it is motion that
determines the size and shape of individual bodies, and, thus, motion
is the central explanatory principle in Descartes’

Though it is central o his thought, Descartes resisted defi
motion through much of his career. In the Rufes, for example
cartes held guite explicitly that motion is simply not definable. Mak-

physics.
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ing fun of a standard scholastic definition of mortion, Descartes
writes:

Indeed, doesn’t it seem that anyone who says that motion, a thing well-
known to all, is the actuality of a thing in potentiality insofar as it is in
potentiality is putting forward magic words . . . ? For who understands these
words? Who doesn’t know what motion is?. . . . Therefore, we must say that
these things should never be explained by definitions of these sorts, lest we
grasp complex things in place of a simple one. Rather, each and every one of
us must intuit these things, distinguished from all other things, by the light

of his own intelligence {ingenium)]. (AT X 426-7. CSM 1 49!

This attitude is found also in the The World. and seems to continue
throughout the 1630857 But even though Descartes avoids formal
definition, it is reasonably clear what he thinks motion is. In The
World, for example, the motion we all immediately understand with-
out benefit of definition is claimed o be: “that by virtue of which
bodies pass from one place to another and successively occupy all of
the spaces in between” {AT XI g0: CSM I 94).5* Motion as Descartes
understands it is, quite simply, local motion, the change of place, the
motion of the geometers.

Behind these remarks is, again, an attack on the natural philoso-
phv of his teachers. For the schoolmen, motion is a general term thar
embraces all varieties of change. As Descartes notes in The World:
“The philosophers . .. posit many motions which they think can
take place without any body’s changing place, like those they call
matus ad formam. motus ad calorem. motus ad quantitatem [‘mo-
tion with respect to form’, ‘motion with respect to heat’. ‘motion
with respect to quantity’} and numerous others” {AT XI 39: CSM |
94). Tt 1s because of the generality of the noton of motion which
they require that the schooimen offer the very general detinition of
motion that Descartes is so fond of mocking, the definition of mo-
tion as the actuality of a thing in potentiality inscfar as it is in
potentiality. Motion conceived of in this very general way is the
process of passing from one state {actuality! into anotier state thata
body has potentially but not yet actually, from red to blue, from hot
to cold, from square to round‘ But if Descartes is right, and all body
is just extension, than all change must ultimately be grounded in
change of place. And so for the obscure and paradoxical definition of
change that the schoolmen offer us in their account of motion, Des-
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motion, the motion of the
aid of definition.

But later, while writing the Principl
temetize his thought, even the apparently

cartes substitutes the z -pparen ly clear and distinct ﬁotion of local
the o

tion of local motion comes in for more car

definition. Descartes begins the account of the notion of motion in
the Principles with a definition that is intended to capture zhe ne-
tion of motion as understood by the vul gar: "Motion . .. as com-

monly understood is nothing but the a
body passes [migrat! from one place intc
art. 24, In contrast to this, Descartes o

"o

Supp()SCG Lo capture tne true notion o

But if we consider what we should un

18 v"nrnrxh]\ Hcmj m(r rather, in 2
then in order to attribute some determinate nature to it we ¢
1

x‘anstercncfé [tz‘"zﬂ‘ a'tiof of one part of matter or ol

srhood of those bodies that imme

heu‘:g at rest, and into the neighborhood of others,

factors may ‘r‘ ave hc:n at work

0
et
et
43
&
e
o

ake reaxonably good sense of what Descar

Cﬁ*‘;itl n, and why he ch
ilgar ¢ do

The first important difference between Descartes and the vulgar

cerns the notion of activity. According to the vulgar definition

[T
o

o .
0se to define motion differe:

(4

MOLonN 18 an action, an actio, while in the proper definition it is

+

o

nsterence, a translatio = Descartes offers two different reasons for

this difference. For one, if we think of motion as an action, then we
are tmmediately led to think of rest as the ]

k of acuon, as Des-
cartes notes in connection with the vulgar definition: “Insofar as we
Commonly think that there 1s action in every motion, we think that
2 rest there is a cessation of action . . . |Principles Part 11, art.
T‘l is, Descartes thinks, 1s a mistake, one of the many prejudices «
acquire in our youth.® On the contrary, Descartes thinks, “No more
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action is required for motion than for rest” {I? inciples Part 1i, art. others, and not from one place into another si
,a t iy e place i er since . .
67, And so, Descartes argues, the action necessary to puta body at ceptiol of place differs and depends upon o

yur thought. Bu

rest lnto motion is no greater than the activity npcessavy tO Stop it stand by motion that transference which there 1 from the
rest requires as much of an active cause as motmﬂ does . But there contiguous bodies, since only one group of bodies ¢a

is another reason v.hx Descartes pxetcm transference to action. Des- 4 mobile body at a given time, we cannot attribute

cartes writes in the Principles: : mobile body at a given time, but only one.

And I say that [motion] is transference, not the force or action that transfers ; As Descartes notes on a number of occasions,

.n order to show that it is always in the mobile thing, and not in what 1s : opposites, and, he thought, the proper '
moving it, since these two things are not us ally distinguished carefully capture this fact.>s But even though it 1s

enough, and to show that fmotion is a mode of a thing am‘ not some ; to eliminate the arbitrariness in the dis

subsisting thing, in just t

e same way as shape is a mode of a thing with motion, it is not altogether clear wh
a thing at rest. H ciples Part I, art. a5

: .

shape, a a mode 1

shape, and rest is a T¢ thinks the definition has this consequence
] .

As for the “why”, though Descarres n

important for DDescartes to distinguish motion, a mode of body, : y ;
'HOJ__ its cause, that which puts the bodv in motion, which, as we : ‘1b0uff is, itis not difficult to see w h\* in thﬁ C,fo'iSlaﬂ «hy
shall later sce, is God, in the fr'en'—'-rai case in physics. ' would want there to be a genui
There is another important difference between the two definitions
worth noting. The vulgar definition is given in terms of the change T
of place, while the proper defnition talks of a body passing from onc 1ts fc‘“‘ epe“‘“ on moton” (P rinciples i

=
U‘/

rest. As I noted earlier, motion is
cartes’ pnvsms “all variation i

seishborhood, considered at rest, and into another. This difference is
5

] arbitrarv choice 5 rect frame ac it e
connected with the obvious fact that the designation of a place is Arortrary choice of a rest frame, as itison
it 15 difficult to see how

relative to an arbitrarily chosen frame of reference, and d so, itis only
4
relative to this arbitrarily chosen frame that vne can say that a body

. . . . - , CISTS 1O rahlv Hivosna o AN -
is or is not changing place. Descartes wrltes i expiananion of the ists, most notably Huygens, were able to hgms out how ¢

east, this is the way I think Descartes thought abou

vulgar definition 0 ﬁtc radically relativistic notion of motion in
think, for Descartes, if there 15 no nonarbitrary distin
the same thing can at a given time be said both to change its place and not o motion and rest, then motion isn't really real, an i if
‘ ‘ st, then n n isn't really real, and if
ts place, and so the same thing can be said be moved and not to be then it o cvimy the i PR
ts place, and 5o the sam thing ean be sud 1o be mavec a8 .ﬂ, then it cannot occupy the place hﬁ sets for it in his physics
. For example, somcone sitting i 3 doat w it is casting off from The ‘how' is a bi ’
7 The 'how’ is a bit more difficult to see. Descartes writes:

hinks that heiss ¢ if he looks hu;\ at the

OV}

m\'::vtiomess. but not i he fooks at the boat someone walking on a boat carries a warch ir hiSp

alwavys rétamns the same

uanon.

another, insofar as thev are ;r‘ined to the walkrw T

And s0, on the vulgar definition of motion as change of place, there Lim compose He
. ¢ PR - . . hinmt compose one part of matter. They also participate 1n another insofar as
is no real fact of the matte abﬂut whether or not a given body 18 in they are joined ; :
) ' 2 ) a ned to the vessel bubomg on the sea, and in ancther in as
2 motion; it all depends upon the arbitrary choice of a rest frame. they are jomed to the sea itself, and, Gnally, to anoth ‘
1 . ' - PUORLL Sha atebal, ald 1alyy, e er insofar as t
Descartes’ intention is that his proper definiton will not have this ioined to the Earth itself, if, indeed, the Earth as a w wlk moves. And all of
undesirable feature. He writes in the Principles: these motions are really in these wheels.

- e T oadded tha . o r b meichbo . el L
3 Furthermore, 1 added that the transference take nl 1CC m the neighbor- But on the proper definition, of course, this
, )

2 hood of those bodies that im mLJmu:\ touch 1t into the neighborhond of

Iy -,
body has only one immediately contiguous
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most one proper motion. As Descartes puts it: “every hody has only
one motion proper to it, since it is understood to recede from only
one [group of] contiguous and resting bodies” {Principles Part 11, art.
31). This certainly eliminates some of the arbitrariness in the notion
of motion; because a wheel of the watch is in motion with respect to
its contiguous neighborhood, we are obligated to say that it is in
motion, despite the fact that the watch as a whole is resting in the
pocket of its owner. But, of course, this isn't the whole story. There
are, of course, considerable difficulties in specifying exactly what
the contigeous neighborhood of a given body is. But that aside, there
is another obvious problem. Motion, Descartes says, is transference.
But Descartes also acknowledges in the Principles that transference
is reciprocal:

Finally, I added that the transference take place from the neighborhood not
of any contiguous bodies, but only from the neighborhood of those regarded
as being at rest. For that transference is reciprocal, and we cannot under-
stand body AB transferred from the neighborhood of body CD unless at the
same time body CD is also transferred from the neighborheod of body
AB. ... Evervthing that is real and posiuve in moving bodies, that on ac-
count UI WthD i[lL‘f are Sdld O move is ‘Azs'\r 1UULQ lﬁ thf O[hfl’ b()dlﬁs
ich, however, are only regarded as beng at rest.

iPrinciples. Part I, arts. 2y, 30!

contiguous to them, wh

And so, while therc may be a sense in which a given body has only
one proper motion, it would still seem to be an arbitrary decision
whether to say that body AB is in motion and its neighborhood CD
is at rest, or vice versa.

The doctrine of the reciprocity of transference has convinced
many that Descartes’ conceprion of motion does not allow for a
genune distincuon between motion and rest.® But I think that this
is a2 misunderstanding.

Crucial to understanding what Descartes had in mind is a ‘iftic~
known text, most itkely a marginal note he wrote in his copy of the
Principles in the mid-1640s, while the Latin editon of 1644 was
being translated into French. The relevant portion reads as follows:

Nothing is absolute in motion except the mutual separation of two moving
bodics. Moreover, that one of the bodies is said to move, and the other to be

at rest is relative, and depends on our conception, as is the case with respect
to the motion called local. Thus when T walk on the Earth, whatever is
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absolute or real and positive in that motion consists in the s :Lpara{i nofh
surface of my foot from the surface of the Earth, which is rro less in the
than in me. It was in this sense that said that Lherc i notm
positive In moticn which is not in rest.®’ ? When, howeve
and rest are contrary, | under

stood this with respect 0 a ~m’1c bod
is in contrary modes when its surface is separated from another bo
when it isnot. ... Motion and rest differ tru v and modally {modal
motion is understood the mutual separation of bodies and b by rest the lack
Inegatio] of this separation. However, when one of two b

separating mutuaily is said to move, and the other to be at
motion and rest differ only in reason (rationel.

odies which

This commentary on the sections of the Principles we have been
examining suggests that there is, *nmed asense in v.th Lhe
tion between motion and rest is purelv a b'i ary
itisin a sense correct to say both that my 10ving and the Ea] f
atrest, and that the Earthis moving while my footis atrest. But chisis
not the only way to think about motion and rest, Descartes SUEZEStS.
Motion can also be thought of as the mutual senar
its neighborhood, and in this sense, there ;

distine-

aration of a body and
is a non-arbitrary distine-

tion berween motion and rest; if a body and its neighborhood are in

£ i

mutual transference, no mere act of t‘mu( tht can change that an
them atrest. Because of the doctrine of the r p city of rransferen
whenever a body is in motion, we must say thatitsneighborhood is as
well, properly speaking; a body AB cannor separate from its neighbe
hood CD withour, at the same time, CD separating from AB. And so
Descartes notes in the Principles:

Or

If we want to atiribute
1ts altogether proper and non-relative nature fon

to motion
1IN0 Propriam, &
non ad alind relatam. naturam) we must say EhS.L when two contigu-
ous bodles are transterred, one in one direction, and the other in
another direction, and thus murually separate, there is as much mo-
tion in the one as there is in the other” | {Principles Part 1, art. 29,
This, indeed, is the main thrust of the doctrine of the rccupmut

transierence, not to introduce VELatA\rlt‘\f and undermine the d

tion between motion and rest, but to emphs

C
size that a motion prop-
erly speaking belongs equally to a body and its contiguous neighbor

hood. But this in no way undermines the kind of distinction between
motion and rest that Descartes wants to draw. If motion is understond
as the mutual separation ot a body and its neighborhood, then it is

tmpossible for a body to be both inmotion and at rest at the same time
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insofar as it is impossible for that body both to be in transference and
not in transference with respect to the same contiguous neighbor-
hood. Understood in this way, motion and rest are different and dis-
tinct modes of body.*s

Though Descartes’ proper definition of motion thus allows us to
draw a non-arbitrary distinction between motion and rest, the dis-
tinction comes at some cost, and results in a conception of motion
that is not altogether appropriate to the physics that he wants to
build on it. On the vulgar conception of motion as change of place,
notions like speed and direction are well-defined, given the choice of
a rest frame. But matters are not so clear on Descartes’ preferred
definition. As a body moves in the plenum, its neighborhood of
contiguous bodies will change from moment to moment, and with-
out a common frame of reference, it is not clear what sense can be
made of the notions of direction and speed, basic to Descartes’
mechanist physics. There is no reason to believe that Descartes saw
the problems that his definition raised. My suspicion is that it was
work in progress (as other aspects of his physics were}, an attempt to
deal with a serious problem in the foundations of his natural philoso-
phy that had not yet been fully integrated into his full system. It is
significant that when we turn o his laws of motion later in this
chapter, we shall find Descartes implicitly depending not on the
complex definition of motion that he puts forward, but on a concep-

arres

tion of motion as change of place.

6. THE LAWS OF MOTION

There is one kind of body in Descartes’ world, matenal substance
whose essence is extension, and all of whose properties are modes of
extension. But how does this substance behave? For the schoolmen,
cach kind of substance had its characteristic behavior, determined
by its substantial form; water tends to be cool, fire hot, air tends to
rise, and carth fall. Descartes, of course, cannot appeal to such char-
acteristic behaviors. For him, the characteristic behavior of body as
such, corporeal substance, is given by a series of laws of nature.
Since, as noted above, all change is grounded in local motion, these
laws of nature are, in essence, laws that govern the motion of badies.

While there are numerous indications of Descartes’ interest in the
laws of motion from his earliest writings, the first attempt to pre-

sent a coherent account of those laws is found in The Worid, Des-
cartes begins his account in chapter 7 by turning directly to God. ~
is easy to believe,” Descartes says, “that God . i imrﬁutabie
always acts in the same way” {AT X[ 38: CSM T 93} Fror :
Descartes derives three laws in the following order: B

T AT T : L
{Law A:] Each part of matter, taken by itself, always continues
same state until collision

7
lrecontrel with others forces it to cha

s0,} once it has begun to move

T qwr R Whe - [N A ; H 3
{Law B:] When a body pushes another, it cannot give it any motion without
at the same time losing as much of its own, nor can it take any of the other's

[Law C:| When a body moves, ever
[, IR A S
path . . ., nevertheless, each of its p

continue its motion in a straight line.

Hidden in the argument Descartes offers for th
another principle of some interest:

Now, these two rules follow in an obvious way trom this :

s
immutable, and acting alwavs

same effect. Thus, assuming that he had placed a ce
tions i the totality of matter from the first instant that he had created it, we

must admit that he always conse

ses in it just as much, or we would not
believe that he always acts in the same way. AT X1 43: CSM 1 g6%

This, of course, is the principle of the conservation of quantity of
motion, a principle that will play an explicit and important role in
the later development of his laws of nature.

The laws Descartes formulated in The World and the basic strat-
ilgv he use(} to prove them, by appeal 10 God, remained very much
the same throughout his career. But when, in the early 1640s Des-
cartes wrote the corresponding sections of the Principles of Philosa-

phv,

, 1

the laws took on a new and somewhat more coherent shape.
‘Promment in the account of the laws Descartes gives in the Princi-

ples is a distinction not found in the earlier World. Descartes begins:

TIqrrimy - p { £ je 3

Having taken note of the nature of mouen, it is necessary to consid
causg, which is twofold: namely, first, the universal and primary cause
cause, which | o : 1 sal and primary cause,
which is the general cause of all the motions there are in the world, and then
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the particular cause, from which it happens that individual parts of matter
acquire motion that they did not previcusly have.
{Principles Part 11, art. 36!

Descartes characterizes the “universal and primary cause” as follows:

And as far as the general cause is concerned, it seems obvious to me that it is
nothing but God himself, who created motion and rest in the beginning, and
now, through his ordinary concourse alone preserves as much motion and
rest in the whole as he placed there then. [Principles Part 11, art. 36}

Though it 1s not explicitly identified as a law, Descartes goes imme-
diately on to state a version of the same conservation principle intro-
duced earlier in The World:

Whence it follows that is most in agreement with reason for us to think that
from this fact alone, that God moved the parts of matter in different ways
which he first created them, and now conserves the whole of that matter in
the same way and with the same laws [eedemaque ratione} with which he
created them earlier, he also alwavs conserves it with the same amount of
motion. {Principies Part 11, art. 36!

After discussing the universal cause of motion, Descartes turns to
the particular causes:

And from this same immutability of God, certain rules or laws of nature can

be known, which are secondary and parricular causes of the different mo-

tions we notice in individual bodies. {Principles Part 11, ar

Descartes then introduces three laws of motion, the recognizable
successors of the laws he presented earlier in The World, though
presented in a different order. The first law corresponds closely to
law A of The World:

{Law 1:] Each and every thing, insofar as it is simple and undivided, always
remains, insofar as it can {quantum in se ¢st], in the same state, nor s it ever
. And therefore we must conclude that
whatever moves, always moves insofar as it can.

changed except by external causes. . .

{Principles Part 1, art. 37)°

The second law concerns rectilinear motion, and corresponds to law
C of The World:

{Law 2:! Each and every part of matter, regarded by itseli, never tends to
continue moving in any curved lines, but only in accordance with straight
fines. {Principles Part II, art. 39!
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The third law pertains to collision, and it1s a further development of
Law B of The World:

[Law 3:} When a moving bodv comes upon anthr if it has less force for
proceding in a srraight line than the other has to resist it, thenitis defle
in another direction, and retaining its motion, Lhans‘a OT}]‘. its dete k
tion. But if it has more, then it moves the other body with i¢, and gives the

iples Part 11 art. g0!

other as much of its motion as it itself loses. {Prin

Law 13 is then followed by a series of seven rules in which Descartes
works out the specific outcomes \ﬁ various possible cases of "i:lz‘ect
collision.”

Let us begin our discussion by consideri g Descartes’ conserva-
tion principle, as given in the Principles. When Descartes gives this
principle in The Tv\f"()r]d as I noted earlier, 1t 18 not given as a prindi
ple, but as part of the argument for the collision law, Law B. Fur

more, there isn nunnncai asiire suUgges
es what God conserves in the world mere
of motions” [AT X1 43: CSM I 96). The “w‘}? as v
mouvements,” curiously enough in the pl u'af, may be a L\DOU? aph,—
cal error, but it may indicate that what D 1

is, quire lHterally, a cerrain number of mo
such-and-such a number of bodies 1s moviz
cisely it was that God was conserving at this point, In the Principles

Nugh, Descartes is quite clear about rhe numerical measure. He

guite possible that Descartes was simply unclear about what pre-

. motion 18 nothing in moving matter but its mode, vet 1t bas a

’J‘
o
[
j
o
o

certa

and determinate quantity, which we can easily understand to

t remain always rnc same in the whole universe of things,

changes in its individual parts. And so, indeed, we might, for exam

li}"t W QCH One part 01 matter moves twice as t'l'u as JY]DEhCI 811(1 I" \)‘CHSY is

twice as large as the first, there is the same amount ut motion in the s

as in the larger. . . iples Part 1, art. 36!

What God conserves, Descartes suggesrts, is size times speed.
Irisimportant here not to read into Descartes’ conservation princi-
ple the modern notion of momentum, mass times velocity. First

-~
=S

all, Descartes and his contemporaries did not have a notion of mas

-

independent of size; in a world in which all body is made up of the

PO

o



314 THE CAMBRIDGE COMPANION TO DESCARTES

same kind of stuff, there is no sense to equal volumes {without
pores, etc.] containing different quantities of matter.”s And while
Descartes was certainly aware of the importance of considerations of
directionality,”s directionality does not enter into the conservation
principle at all. What is conserved is size times speed simpliciter, so
that when a body reflects, and changes its direction, then as iong as
there is no change in its speed, there is no change in the quantity of
MOtion. s

Descartes’ conservation principle was exteremely influential on
later physicists; a basic constraint on nature, it defined an important
way of thinking about how to de physics. Unfortunately, the law
turned out to be radically wrong. Though many Cartesians were
very resistant to admitting it, Descartes’ conservation principle led
to many absurdities. In an important series of arguments in the

e 13

16808 and 16g9os, Leibniz displaved some of the absurditie

follow from Descartes’ principle, including the fact that if the world
were governed by Descartes’ principle, one could construct a perpet-
ual motion machine.”

But right or wrong, the conservation principle is not, by itself,
sufficient for Cartesian physics. Though in the Principles it is prv
sented as a general constraint on all motion, it does not, by 1tself, tell
us how any individual bodies behave; as long as the rotal quantity of
motion in the world is conserved the conservation principle is satis-
fied, no matter how any individual body may happen to behave. ftis
in this sense, I think, that the conservation principle is taken to be
the “universal and primary” cause of motion, and must be supple-
mented with “secondary and particular causes,” a series of particu-
lar laws that, like the conservation principle, are said to follow from
the immutability of God. As given in the Principles these laws in-
clude two laws that might be called principles of persistence, laws
that mandate the persistence of certain quanrities in individual bod-
ies, motion in the case of Law 1, and the tendency to move in a
rectilinear path in the case of Law 2. But sometimes these laws may
come into conflict in different bodies; if A is moving from right to
fett, it may encounter a body B that is moving from left to right.
Laws 1 and 2 tell us that the motions of both bodies tend to persist;
Law 3 tells us how the conflicting motions in those two bodies are
reconciled with one another and in that sense, it constitutes a kKind
of pririciple of reconciliation.
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Law 1 asserts that every thing rem
changed by external causes. Mot ion
case, something that is a state of body, and, as such,

just the same way as other states of "aody. This princip
direct opposition to Aristotelian accounts of motion. On the A
telian conception of motion, a bedy in motion tends to come t

Elaborate explanations had to be given for w h} a proj
in motion after it leaves that which giv
cartes, of course, does not have ¢ cxpfain
our everyday experience of projectiles com
rule of ours. For there is no other reason

persist in motion for some time after it ieaves the

except that what is once in motion conuinues to move until i

slowed down by bodies that are
38). The Aristotelian view that
for Descartes, an absurdiry. De
motion from the general principle of the persistence of states
that: “Imotions| cease of their own pature, or ienﬂ‘ 0

this is, indeed, greatly opposed to

contrary to motion, and nothing can, from its own ne
tn‘w‘ard 118 Own C()ﬂd’&l’v or {UWA"&I{C; 1ts own dﬁSti"dCE}{
Part IT, art. 37

Two things are especially nor
unlike the >Cﬂ(>chnu} Descartes secs motion :

sn,tc to another;™ for DCb\, rtes, it is itself a state, :
persists. Second, tor Descartes it is a state that 15

opposite to that of rest. Descartes seems unafhbi
ing that motion and rest are )“pgsztes

This chservaticn, tha uon in and of itself persists, is one of the
most important insights that g SHE 1d§ the new pnvsx cs of the seven-
teenth century, Descartes did n d e

his mentor Isaac Beeckman, a

es Galileo and Gassendi, It received its canonica

saac Newton's Principles, where 1t is en snr‘ngd as the pr
1s sometimes gl\/t the credit for havin

published statement of the “correct” version of this 1mpm ant p

ciple, and he may deserve it. However, it is important to recognize

that while Descartes was certam% y an carly advocate of the princi

ple, and important in disseminating it, it s

<

as very much in the air at
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the titoe he was writing, and the version he offers, grounded as it is
in the radical distinction between motion and rest, as we have seen,
and in the immutability of God is in important ways different than
the similar principle offered by others in his century.®

In the explicit statement of Law 1, Descartes is not clear about the
motion that 1s said to persist; does it always maintain the same
direction? the same speed? This is to some extent clarified by Law 2
of the Principles, which makes clear that what persists is rectilinear
motion: “each and every part of matter, regarded by itself, never
tends to continue moving in any curved lines, but only in accor-
dance with straight lines” {Principies Part 1i, art. 39). But this law is
more than just an amplification and clarification of Law 1. The real
focus of Law 2 is an important consequence of the persistence of
rectilinear motion, the tendency of a body in curvilinear motion to

recede from the center of rotation, Consider a body rotating around a
center, for example, a stone in a sling. I we consider all of t} he causes

that detﬁnnme motmn, then the stone “tends” [tendere. tendre]
- we consider only “the force of mution it has in it”
;P.rmcm?ce Part IT1, art. 57) then, Descartes claims, it “is in action to
move,” or “is inclined to go,” or “is determined to move" or “tends”

to move in a straight line, indeed, along the tangent to the circle at

anv given point.s And, Descartes concludes: “From this it {ollows
that every body which is moved circularly tends to recede from the
center of the circle that it descrbes” {(Principles Part 1l art. 3913
This tendency to recede, what later came to be called centrifugal
force, is very important to Descartes’ program in p‘wysuq Descartes
held that the planets are carried around a central sun by a sworl of
fluid, what he called a vortex. Light, on Descartes’ view, is just the
pressure that this fluid exerts in trying to recede from the center of
rotation.®s Law 2 is central to the program insofar as it establishes
the existence of this centrifugal tendency that is light. Though, in a
sense, 1t is just a consequence of the more general Law 1, it 1s suffi-
ciently important to Descartes to get independent statement.

The third and last law in the Principles governs what happens in
impact, when two bodies have states, both of which would tend to
persist, but which cannot persist at the same tume. The question was
certainly broached in Law B of The World. There Descartes writes
that “when a body pushes another, it cannot give it any motlon
without at the same time losing as much of its own, nor can it take
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any of the other's away except if its motion is increased by just as
much” {AT X 41: CSM I g4). But aithough this bears on the guestion
of impact, it falls considerably short of a genuine law of xmpam The
law says that if one body transfers mortion to another in collision, it
must lose a corresponding amount of its own, But it does not sa
when motion is to be transfered, and when it is, exactly how much
one body gives to another. And so, from this law it is impossible to
determine the actual outcome of an actual collision. Matters
bit clearer with the impact law Descartes presents in the Princip
There Descartes divides the question into two cases, Consider body
B colliding with body C. If B has less force for proceeding than C has
force of resisting, then B is reflected, and C continues in its previous
state. But if B has more force for proceeding than C has
resisting, then B can move C, giving it as much oﬁo*i as it i
Impact, then, is regarded as a kind of contest betw
ies. If the force for proceeding in B is less ¢ h 1 the force 0* resisting
i1 C, then C wins and gcta to keep its state. If, on the other hal d,

\,\4

b

F(nce for proceeding in B is greater than the
hen B wins and gets to impose its motion on
i\lfnuugh the impact law in the Princi

vance over the parallel law in The Wor!

nsiderable
10t clear how
exactly 1t is to be appi}ed in actual circumistances; it és by no means
clear from the bare law just how force for proceeding and force o

Ry 00

resisting are to be calculated, and how much motion is to be trans-
tered from the winner to the loser of the contest, for example. But

t in the Princ m]eq Immediately foﬂowing the statement of Law 3
tand some explanitory remarks} Descartes adds seven rules of im-
pact, dealing with various possible cases in which two bodies mov-

le)

ing on the same line collide directly. {The rules are summarized in
the Appendix to this chapter.) From the rules Descartes gives we can
infer much about how he was thinking abour impact. From R1-R3,
tor example, we can conclude that when we are dealing witlﬂ two
bodies in motion, their force for proceeding and force of res
simply to be measured by their quantity of motion, that is,

times their speed. Furthermore, from R2 and R3 we can

that when a body B wins the impact contest, it Lmposes just enough
motion on C to enable B to continue in the same direction in which
it was moving, that is, just enough mortion for B and C to be able to
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move off in the same direction with the same speed. The cases in
which one body is at rest is a bit more complex. Consider R4~Ré6. It
is fair to assume, I think, that as in R1—R3, the force for proceeding
in B is measured by B’s size times its speed. But what of the force of
resisting in C? In presenting these cases, Descartes argues that
resting body resists a greater speed more than it does a smaller one,
and this in proportion to the excess of the one over the other” {Princi-
ples Part 11, art. 49}, This suggests that the force of resisting C exerts
is proportional to its own size, and the speed of the body that is
colliding with it. This has the rather strange consequence {which
Descartes fully endorsed} that a larger body at rest could never be
moved by a smaller body in motion, no matter how fast that smaller
body were to move.®

Descartes’ seven rules of impact were very Drobie'nanc for his con

found very quickl
himselfat some 1ength particularly with respectto hls anqlvsx of the
case in which one body is at rest, and in the French edition of the
Principles of 1647, these sections receive alterations more extensive
than those in any other section in the book.*® Indeed, the law of
impact and the rules that follow seem to be work 1n progress that
Descartes never really finished. Nor for that matter are they ever
applied to any real problems in Descartes’ physics. As late as 26 Febru-
ary 1649, Descartes wrote Chanut saying that “one need not” spend
much time with the rules of impact, because “they are not necessary
for understanding the rest” of the Principles [AT V 291: CSMK 369].
Later physicists quite decisively rejected Descartes’ rather crude
formulations.® But despite the obviou< problems there are with the
rules, they are very revealing of certain aspects of Descartes’ thought.
For one, the rules of impact show qu1te clearly Descartes’ distinction
between motion and rest. Consider rules Rs and R6, the case in which
two unequal bodies collide, one of which is at rest. When the larger
body is at rest, the smaller one is reflected {Rs!, but when the smaller
body is at rest, both travel off at the same speed in the same direction
{R6). These two cases clearly cannot be redescriptions of one another.
But if the distinction between motion and rest is just arbitrary, then it
should make no physical difference whether it is the smaller or larger
body that we consider at rest. But even though the rules of impact
embody the nonarbitrary distinction Descartes wants to draw be-
tween motion and rest, there is no hint in the rules of impact of the
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complex definition of motion t!
the distinction.® In the rules of impact,
presumably separate neighborhoods o

terms of which the proper motions of bodies B and ¢
common frame of reference is assumed; motion is treated aly
it were simple local motion.

»3

105t as if

7. MOTION AND FORCE

One question that the laws of in
physics is that of force. As we discussed at some length above, for
Descartes, bodies are extension and extension alonc. and contain
only the modes of extension. But

lr’nczg‘e Descartes makes expli

1w that in Law 3 of the

the force for proceed d £

Descartes holds, determines the outcome of any colliston. What
sense can be made of the claim that merely extended bodies have
such forces? In explicating Law 3, Descartes offers the followi
account of the forces to which that law appeals:

What the force each body has to act or resist consis
carefully note that the force each hod S tO act on angther or to res
action of another consists in this one thing, that each and e

in. Here we

3
nas

sery thing tends,
insofar as 1t can [guantum in se est| to remain in the same state in which it
is, in accordance with the law posited in the first place. »t Hence that which

15 joined to something else has some force to impede 1ts being separated;

that which is apart has some force for remaining separated;
rest has some force for remaining at rese, and as a conseguence has some

¢ resisting all those things which can change that; that which moves
has some force for persevering in its motion, that is, in a motion with the
same speed and roward the same direction. {Principles Part 11, art. 43

Because bodies remain in their states of rest or motion in a particular
direction w1th a particular speed, they exert forces that keep them in
their states, and resist change, Descartes claims.s But this answer
not wholly satisfactory; for it just raises the question as to how
Cartesian bodies can have the tendencies that Descartes attributes
to ther, a notion no less problematic than that of force.

A satisfactory answer to these questions leads us back to the ulu-

3
mate ground of the laws of motion, God. As noted above, Descartes
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is quite explicit in holding that it is God who grounds the {aws of
motion in the world. Descartes, along with the tradition in Chris-
tian thought, holds that God must not only create the world, but he
must also sustain the world he creates from moment to moment.s It
15 this conception of God that is explicitly introduced in justifying
the conservation principle that starts the exposition of the laws in
the Principles.

We also understand that there is perfection in God not only because he is in
himself immuztable, but also because he works in the most constant and
immutable way. Therefore, with the exception of those changes which evi-
dent experience or divine revelation render certain, and which we perceive
or believe happen without any change in the creator, we should suppose no
other changes in his works, so as not to argue for an inconstancy in him.
From this it follows that it is most in harmony with reason for us to think
that merely from the fact that God moved the parts of matter in different
ways when he first created them, and now conserves the totality of that
matter in the same way and with the same laws [eademque ratione] with
which he created them earlier, he always conserves the same amount of
motion in it. {Principles Part 11, art. 36)

Descartes similarly appeals to the divine sustenance in justitying his
“secondary and particular causes” of motion, the three laws that
follow the initial conservation principle: “From God’s immutability
we can also know certain rules or laws of nature, which are the secon-
dary and particular causes of the various motions we see in particular
bodies” {Principles Part II, art. 37]. Descartes’ reasoning is by no
means clear here, and there is wide lattitude for interpretation. But
one way or another Descartes held thatitis an immutable God whose
divine sustenance is responsible for the various laws Descartes posits,
for the conservation of quantity of motion, for the persistence of
motion, for the orderly exchange of motion in collision.

This suggests that the force Descartes appeals to in Law 3, and the
tendency a body has to persevere in its state derive from God, from
the immutable way in which he sustains the world he creates, in
particular, from the way in which he sustains the bodies in motion
in that world. In this way force is not in bodies themselves.s

The appeal to divine conservation that underlies the laws of mo-
tion in Descartes’ physics suggests strongly that in the physical
world, at least, it is God who is the primary cause of mouon; in a
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world without the substantial forms of the schoolmen to do the jo}
God steps in directly to cause bodies to behave as they characteris
cally do. This comes out nicely in an exchange that Descartes

with Henry More. Writing to Descartes on s March 1649, M
asked if “matter, whether we imagine it 10 be eternal or cres:
yesterday, left to itself, and receiving no impulse from anything el

o

would move or be at rest?” (AT V 316} Descartes’ answer appears in
August 1649 “I consider ‘matter left to itself and receiving no im

pulse from anything else’ as plainly being at rest. But it is imp

Y

by Goed, conserving the same amount of motion or

But even though God is the primary cause of motion in the phys:
cal world, it is important to recognize that God is not the only such
cause; Descartes does allow that finite minds, too, can move bodies.

That transference that [ call motio no less entey than shape s

namely, it is a mode in bady. However ¢ moving a tbody] can be

that of God conserving as much transference a5 he placed in ir at

the first moment of creation or also that of 2 created substance, like nur
mind, or something else to which [God! gave th [

body.

s| of moving 2

What is that “something else” Descartes has in mind here? Angels

n

are certainly included, as certain other passages in the More corre-

(e

spondence and elsewhere suggest.* It is not absolutely impossibl
that Descartes meant to include bodies among the finite substances
that can cause motion.” But I think that it is highly unlikelv. If
Descartes really thought that bodies could he causes of motion like
God, us, and probably angels, I suspect that he would have included
them explicitly in the answer to More; if bodies could be genuine
causes of morion, this would be too important a fact to pass unmen-
ti_oned. Furthermore, Descartes’ whole strategy for deriving the laws
of motion from the immutability of God presupposes that God is the
real cause of motion and change of motion in the inanimate world of
hodies knocking up against one another. Somewhat more difficult ro
determine is whether or not bodies can be genuine causes of the
states of sensation or imagination. Though Descartes persists in
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holding that mind can cause motion in bodies, he is somewhat more
guarded about the causal link in the opposite direction. The argu-
ment for the existence of the external world presented in the Sixth
Meditation, where bodies are said to contain the “active faculty”
that causes sensory ideas in us would suggest that bodies are the real
causes of our sensations. But later versions of the argument found in
the Latin and French versions of the Principles don't make use of the
notion of an active faculty in bodies, and seem to posit a progres-
sively weaker conception of the relation between bodies and the
sensory ideas that we have of them.ss Whale there is room for dis-
agreement, it seems to me that all of the important signs lead to the
iew that bodies {inanimate bodies, at least] have no real causal
eiﬁ cy, and lack the ability to cause either changes in motion in
other bodies, or sensations in minds.

(

With the account of the laws of motion, we complete the founda-
tions of Descartes’ program for physics. Though I shall end my ac-
count here, Descartes did not. Descartes’ program extended to the
explanation of all phenomena in the physical world, life included, all
grounded on the simple foundations he set out, extended substance,
moving in accordance with the laws of motion.»

APPENDIX: DESCARTES  IMPACT RULES
PRINCIPLES PART IT, ARTS. 46 —52

Consider bodies B and C, where v{B) and v{C] are the speeds Band C
have before impact, viBY and v(C} are their speeds after impact, and
miB} anu m{C} are their respective sizes.

Case I: B is moving from right to left, and C is moving
from left to right

Ri. If m{Bi=m(C}, and v{B}=vICJ, then after the collision, viBl'=
v{Ci' =viB)=viC}, B moves from left to right, and C moves from right
to left {i.e, B and C are reflected in opposite directions). (art. 46}

Rz, If m{B} > miC}, and v(B}=v|C}, then after the collision,
v{BI'=viCl=v{B}=viC), B and C move together from left to right {i.e.,
B continues its motion and C is reflected in the opposite direction).
lart. 471
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R3. U m{Bl=m|C}, and v{B} = v|[C}, then after the collision, B and
C move together from right to left {ie, B continues its motion and C
is reflected in the opposite direction! and v{B}] =v{Cl ={iv{Bj+ vIC}]
2}, {art. 48}

Case II: Cis at rest and B collides with i

R4. U mi{B} < mi{C}, then after the collision, C remains
rebounds (i.e., B moves off in the opposire direction) wi
fart. 49)

Rs. 1 m{B} > miC}, then after the collision, B and
gether in the direction in vh‘uﬂ B was 1 fwmg betore th
with v{B) =viC} / : i

(D

from the example using the conservation 'n'inc%pif:."
R6. If m{Bl=m|Cl, then after the Loﬂhlon C moves in the
tion B originally moved with v{C}' =|

} and B would be

flected in the opposite direction, with v

Case lII: B and C move in the same di

> v{C}

R7a. Im{B! < m({C|and “the excess of speed in B is greater
excess of size in C,” i.e., v{BI/VICl > m{C¥m(B}, shw after the c{;‘zii»
sion, B transfers to C enough motion for both to be able to move
2qually fast and in the same direction. Le,, \758\;": ICH={m[Bv(Bi+
m{CEViC
using the conservauon principle. In the French versios
drops the condition that m(B} <~ m{C|, though he keeps the condition
that v{BY/v{Cl > m\C! rr\B) | lart, w‘
R7b. I m{B} < m(C and ‘the excess of speed in B” 1s less than
“the excess of size in C,” viBI/v(C) < m{Ci/m{B}, then after the
collision, B is reflected in the opp(mte direction, remlmng al] of its
motion, and C continues moving in the same direction as before,
with v{Bj=v(B) and v{Cl=v{C)". {art, 52}
R7e. If m{B} < miCl and v{B{/v{Ci= C,, miB!, then B transfers
“one part of its motion to the other” and rebounds with the rest.
[This rule is only in the French edition. There is no example
which one can infer a formula, bur perhaps Descartes means that B

nm

m{Bl+m{C)). [The formula is inferred from the example

, Descartes

2
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would transfer half of its speed to C, so that by the conservation

principle, v{B) =v{B}/2 and v{C] =

IS

W

{3/2v(C}.] lart. 52, French version)

NOTES

For accounts of medieval natural philosophy, see, for example, Grant,
Phvsical Science in the Middle Ages; Lindberg, {ed.), Science in the
Middle Ages: Kretzmann, et al,, (eds.], The Cambridge History of Later
Medieval Philosophy, sect. VIIL

For an overview of Renaissance alternatives to Aristotelianism in natu-
ral philosophy, see, for example, Ingegno, “The new philosophy of na-
ture,” in Schmire, et al. {eds.|, The Cambridge History of Renaissance
Philosophy, pp. 236-63. It is to be emphasized that in the Renaissance
there was not one single opposition to Aristotle and Aristotelianism, but
a wide variety of quite different opposing programs.

On the persistence of Aristotelianism in the Renaissance and into the
seventeenth century, see especially Schmitt, Aristotle and the Renais-
sance. For an account of the sort of education Descartes would have
received in the Jesuit schools, see the notes to part one in Gilson, Des-
cartes: Discours de la méthode, texte et commentaire, and C. de
Rochemonteix, Un college des Jésuites. .. The Jesuit schools of the
time were supposed to follow the Jesuit Ru 1o Studiorum. a careful and
detailed curriculum that had been worked out and approved by the Soc1~
ety of Jesus for use 1n their schools. See, for example, Fit?pamck red.),
Ienatius and the Ratio Studiorum. The full text of the Ratio § irr-J um
is given in Ladislaus Lukacs, S.J., [ed.},

Ratio atque Institutio &Lmzonzm

Societatis lesu. {1586, 1591, 1599) (Monumenta Paea'agogzuz Societatis

Iesu, vol. V, Monumenta Historica Societatis lesu . .., vol. 129] {Rome:

Institutum Historicum Societatis lesu, 1986}, For a more general ac-

count of French hlgher education in the period, see Brockliss, French

Higher Education in the Seventeenth and Fighteenth Centuries.

See, tor example, A ristotle, Physics 1, ch. 7, particularly as interpreted in
Thomas, The Prin s of Nature, In practice, though, the theory

could get very complex. See, for example, Maier, On the Threshold of

Exact Science, pp. 124-42.

For St. Thomas, for example, substantial form is that which actualizes
prime matter, and matter by itself is pure potentiality; see On Being and
Essence, chap. 2. For other later thinkers, though, form and matter have
greater autonomy from one another, and more of a capacity for indepen-
dent existence. See, for e\cample, Whippel, “Essence and Existence,” in
Kretzmann, et al {eds.i, pp. 385~410, €5p. p. 410.
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1

See also AT U 667: CSMK 219; AT V 23223 CSMK 357-8. Descartes
offers a similar interpretation of Roberval, who had proposed a kind of
theory of universal gravitation; sce AT IV qo1. While I often borrow from
the excellent translations in ¢
own, for better or for worse.

See the reference cited in note 2, and Vickers (ed.), Occult ond Scientific
Mentalities in the Renaissance.

On seventeenth-century atomism, e
der Atomistik vom Mittelalter bis Newton: Kargon, Atomism in En-
gland from Hariot io Newton; Marie Boas, “The establishment of th
mechanical philosophy.”
Gassendi 1592—-1655:
Atomist: Advocate of |

M, in most cases the translarions are my

ce espuml

(‘1\

; Jones, Pierre
oy, Gassendi the
ence: and Meinel, “Early

mology, and the Insuffi-

Seventeenth-Centary Atomisoe: T
ciency of Experiment.”

Though he was later to reject the physics he had been taught, it is
interesting that when in 1638 a friend asked where he should send his
son for schooling, he recommended not the Duteh universities, where
there were many sympathetic to Descartes’ own thought, but La Fleche,
singling out the teaching of philosophy f@r special praise. See AT II ","R.
On the teaching of mathematics in the jesuit schools, see Cosentino,

1

diorum d:;l

Le matematiche nella Ratio Sty Compagnia di Gesu.” pp.
171-213; Dainville, “L’ensegnement des ma ‘r matiques dans les C i
leges Jésuites de France du XVE au XVIIE siécle,”

Rodis-Lewis, “Descartes et les mathématiques au collége,” in Grimald:

and Marion [eds.), Ze D
Galileo and his Sources: The Heritage of

iscours et sa méthode, pp. 187-211; Wallace,

Romano in Gali-

fev’s Science, pp. 136-48; and Dear, Mersenne and the Leaming

Schools, chap. 4.

surviving notes are published in de Waard (e

Beeckman’s compler ;
1c Beeckman de 1604 & 1634 the passages that

Journal tenu par Isaa
relat

cifically to Descartes can be found in AT X 41-78. Descartes’
own record of some of those conversations can be found in the notes
from Descartes’ ' Parnasus” manmcnpt as preserved by Leibniz; see AT
X 219ff and Gouhier, Les Pr
from this period that Descartes’ first completed work dates, the Compen-
dium musicee, written by Descartes as a present for Beeckman. The
Compendium can be found in AT X 88—141 and in a new, annotated

iéres Pensées de Descartes. p. 15. It 1s

edition by Frédéric de Buzon. The study of music was, of course, for
Descartes’ contemporaries, part of mixed mathematics, along with as-
tronomy and mechanics, and so this work fits neatly within the context
of the other things Descartes discussed with his menror. On the place of
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music in early seventeenth-century thought, see Dear, Mersenne and
the Learning of the Schools. chap. 6.
In one of the discussion notes Descartes presented to Beeckman, he
talks of “one atom of water junus aguae atomus]” traveling twice as fast
as “two other atoms”; see AT X 68. Furthermore, the problems Des-
cartes discussed with Beeckman include the problem of free-fall in 2
vacuum, see AT X s8—61, 75—8. While suggestive, these are not decisive.
Though Descartes used the term “atom,” it is not in a context in whic
its indivisibility or perfect hardness is at issue, 50 it isn't clear that he
seant the term in its strict technical usage. Furthermore, the {counter-
factual) discussion of motion in a vacuum is commonplace among scho-
lastic natural philosophers, all of whom would deny that there really
could be such vacua in nature.
On Descartes’ development i the 1620s, see Milhaud, Descartes sa-
vant: Rodis-Lewis, L'Oeuvre de Descartes, ch. Il For the dating and
development of the Rules see Weber, La Constitution du texte ’les
Regulae; and Schuster, “Descartes’ Mathesis universalis, 1619-28,"
Gaukroger [ed ), Descartes: Philosophy. Mathematics and Physics, pp.
4I—96.
Magnetism is discussed in Rules X, XIII, and XIV of the Rules: AT X
427, 430-1, 439: CSM 14950, 52, 57.
See particularly Rules X1 and XIV of the Rul
44-5, 3962,
The metaphysics of 1(:_7 10 is mentioned in a letter to Mersenne: 13
April 1630, AT T 144 “S\h\ 22, For an account of what 1t might have
contained, see R”Jdl&LCW’lS L'Oeuvre, ch. 1L
See, for example, AT 113, 23, 53f, 71, 106~7, 109, 11920, 127, I79.
See AT 1 270-2, 285-6; the latter is translated in CSMK 42—4.
See AT I 314, 339; the latter is translated in CSMX 50-2
passage, from a letter to Morin from September or October 1634 18 not
altogether clear, but the implication is that Descartes may be back to
work on his Optics.
See AT VI 74—77: CSM I 149-50.
See AT Il 232—3: CSMK 156 and AT HI 25960,
See AT III 2&6, 470, 4912, this last passage is translated in CSMK 205-6.
See AT IV 72-3. The book was still in the process of being printed in
May 1644; see AT IV r12-13, 122-3.
Some mention must be made of the notions of substance, duration,
order, and number, which are common to all existents and thus not
understood through either thought or extension; see Pnnupw; Part |,
art. 48. These notions appear in the Rules as the “common” simple
natures AT X 419 CSM I 445}, and in the celebrated letter to Elisabeth

s, AT X g19, 442—7: CSM1]

The former
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of 21 May 1643 asone of the g
which everything is com 1p1chsnde\1 (AT 1
they pertain to mental and material substan
seem to be comprehended through the pr‘
extension.

Descartes seems to take a somewhat dif
versation with Burman, see AT V 156,
cartes’ Conversation

ith Burman, p. 17.
6 See T’zmc ples Part 1, art. 43.

=1

“way.”
See, for examp
Essence. ¢h. 2
and 1097

¢

nce of a human being, 1
Arstotle, Topic 1022 174 The
called a proper accident, something th
but isn’t in every human always. Sc
um. p. 28. v 4

in the esse

ee the references given above 1n note 15 for
Descartes’ doctrine on the nature of bodw.

See AT VII 7g—-80: CSM 1T 55

1z It is important to note, t*mugn, that in responding
denies r‘lat the wax example is intended to establ
nature of body. See AT VIT 175: CSM H 124.
33 The French version of this article ¢
nature: “and that its nature consises ir
which has extension.” Note also the very s
t where Descartes 1s arguing thaL hf: EXLCNSIOnN constitue-
of a body is exactly the same as that constituting the
ce.”
34 discussion in the First E«Iepfz'es AT VI 120-1:
33 ctustis not to be understood as an action, but in ¢
uality, something real.
36 3 letters to Elisabeth on mind—body union and

scartes adds a third class, those that depend on the unjon
bdy, see AT HI 665—60 CSMEK 218,

Agam, “act” 1s to be understood as a technical term. The Fr
tion of this passage has an intercest
corporeal actes

sting variant; instead of savi

"

agree in the common concept of extension
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says that “they agree with one another insofar as they presuppose exten-
sion” [AT IXA 137). See also AT VII 1231, 423—4: CSM I 86, 285-6.
Aristotle’s main attack on the vacuum can be. foundinthe PhysicsIV.6—
See Grant {ed.], A Source Book in Medieval Science, p. 48. The relevant
section of the condemmnation is § 49. The objection assumes a finite
world, as both Aristotle and his medieval followers generally did.

See Grant, Much Ado about Nothing: Theories of Space and Vacuum
from the Middle Ages to the Scientific Revolution, for an account of the
history of theories of space and vacuum.

So far as I can see, there is no clear reason to believe that Descartes
seriously confronted the problem of the vacuum before the latest stages
in the composition of the Rules. There, in Rule XIV, he suggests that at
least in imagination, there is no distinction between body and extended
space. However, there is also a suggestion there that while body and
space are indistinguishable in imagination, they may be distinguishable
by reason. See AT X 442-6: CSM I 59—62. Tt secems clear that Descartes
denies the vacuum by the time he was working on The World. But it is
interesting that in ch. 4, where the topic is discussed, there are no real
arguments against the vacuum; Descartes gives only weaker consider-
ations designed to show that we cannot infer that there is empty space
trom the fact that we don’t see a body in a given place. See AT XI 16-23:
CSM I 85-8.

The French version is 5liﬁhtiy different. See also AT Vr94: CSMK 355 and
AT Va72—3: CSMK 363~3. It is by no means easy to picture exactly what
the vessel would look hkc the moment after God did the deed. Jammer
suggests that what Descartes imagines is that the vessel would simply
implode due to the pressure of the external atmosphere, though he
twrongly) claims that Descartes had no conception of atmospheric pres-
sure. See Jammer, Concepts of Space: The History of Theories of Space in
Physics, pp. 43—4. But surely this is not what Descartes imagined,
Diogenes Lacmus Lives of Eminent Philosophers X a1-2; see also
idem, X sa and Lucrenius, De rerum natura, 1 43345
For evidence of Descartes’ possible earlier atomism, see the references
cited above in note 12. Evidence on Descartes’ views in the 16208 1s

inconclusive. The earliest text [ know of in which Descartes comes out
conclusively against atoms is a letter to Mersenne,
139—40: CSMK 21-2.
See Principles Part i, arts. 33—4. Descartes does not claim that all bod-
ies are in this state, of course. He recognizes three disunct elements,
which are distinguished from one another by the size and shape of the
particles that make them up. See The World, ch. 8, and Principies Part
I, art. 52.

15 April 1630, AT L
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For other discussions of atomism, sec also AT 1l rg1—2; AT il 2132
CSMK 154-5; AT I 477: CMSK 202, AT V 273: CSMK 363.
For the ancient atomists, the gods are themselves made up of
do not have the power to split them. See, for example, Rist, Fpi
ntroduction, ch.

In his Syntagma >’u]mon vicurn, Gassendi wrote: “There is no thing

that God cannot desiroy, no thing he cannot produce.” See Upera
Omnia, vol. T, p. 308 A. For general accounts of Gassendi’s atomism
see Jones, Pierre
and Joy, Gassendi
erice, chap. 5.

See also Principles, pt. II, art. 23.

}-{n* -
attacks of the orthodox theologian, Gis
him to foliov

In advising his the

s

ws on how to deal witl
us Voétius, Descart

v his example in the Dzscuume and Essays, and simply

mention that his natural philosophy does away with the schol
forms. See AT Il ag1—2: (;5' AK 205-6. In the Meiearology, De:
deftly skirts the question. See AT VI 239, transiated in Olscamp
course on Methad, Optics. Geometry and Meteorclogy. p. 268, It
notable that in the Principles. Descartes never di

usses the 1ssue of
substanual forms, despite the fact Ehﬁt that work was \nyndﬁx :

tended as a direct answer to the scholas exthook of Eust:
this, see Descartes’ remarks to Father Ch 3r’i
of the Jesuits, to whom he sent a copy of the Latin
appeared in 1644; AT IV 141.

See AT I 364: CSMK 120; ‘\TU%FK‘!;ATIH? 2~A
T 618—49: CSMK 216. See also the French ve

- U
o

arts. 201, 203,
See also AT I 430
version of the 7

, AT III 504, 506, and the 1n

uction to the French
les: AT IXB 18—19: LSz “1 I :8x This resembles
Bacen’s critique of the Anistotelian

hilosophy as all talk and no works;
see, for example, the Preface to the Great [nstauration. in Bacon, The
New Organon and Related Writings, pp. 7-5. However, unlike Bacon,

Descartes 1s not thinking of technological success, but of explanatory
success.

This is 2 theme Descartes takes up at some length in the Sixth Replies
See AT VII 443—-4: CSM 11 298—9.

See Etienne Gilson's still classic essay, "De
substantielles au doute méthodique,” in his Erudes
pensée médiévale dans la formation du syste

des formes

eme car
The main published discussion of animal souls is in

t ¥V of the 74
course: AT VI 56—9: CSM I 139—41. The 1ssue also comes up in the
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Fourth Replies and in the Sixth Replies, as well as in the correspon-
dence. See AT Vil 230—1: CSM Il 161—2; AT VII 426: CSM 11 287-8; AT
H39~41: CSMK 9of, ATl 121; AT IV 575-6: CSMK 303—4; AT V277~
8: CSMK 365—6. For a general account of the question in Descartes and
later thinkers, see Rosenfield, From Beast-Machine to Man-Machine
Animal Soul in French Letters from Descartes to La Mettre.

See AT V 276—7: CSMK 365.

See AT X1 39: CSM Ig3—4; AT 597: CSMK 139.

This account of motion as change of place is also suggested in the Rules.
where in Rule 12 Descartes points out that the ambient surface of a body
rij with me in such a way that although the same
[surface| surrounds me, yet I am no longer in the same place” |AT X 426:
CSM I 491

Descartes’ contemporary, Henry More, was the first to claim that Des-
cartes fashioned his definition of motion in the Principles specifically to
allow himself to assert that the Earth could be regarded at rest, as he

does in Principles Part 11l arts. 28—9. See the “Preface General” to his

Collection of Se

can “be moved |{mover

veral szosophzca[ Writings. p. xi. For later discussions

of this claim, see, for example, Koyré Galilea Studies, pp. 261, 265;
escartes’ Laws of Motion,” pp. 220-34, esp. p. 277; Alton,
. Theory of Planetary Motions, prw 33, 41-2; Dugas, Mecha
3; and Wut{ah Force in New-
It is imereﬁtmg that while many clairn that
tion in the Principles specifically
0 deal with the problem of copernicanism, and thus that Descarres did
il

Seventeenth Century, pp. 17
Descartes fashioned the account of mo

not really believe thar it is correct, hardly any two commentators agree
on how precisely the definition is supposed to help. In the end, [ find the
claim highly implausible; see the discussion in ch. 6 of Garber, Des-
cartes’ Metaphysical Physics.
Interestin ly enough, only a few years earlier Descartes himself had
“the action through which the parts of . ..

yrin, 12 September 1638 AT I

defined motion as an action,
matter thangc place”; sec Descartes o

364.
See Principles Parc I, art. 26.

See 1bid. This also comes up in Descartes’ letters to More: AT V 345-6,

348,

See also AT V g403-4: CSMK 382.

See also Principles Part I, art. 13, and Part II], art. 28

See, for example in The World, ch. 6 AT XI 400 CSM I g4. Also see
Principles Part 11, arts. 27, 17, 44.

See, for example, Prender g t, “Descartes and the Relativity of Motion,”
Pp- 64—72; Koyré, Newtonian Stu ize pp. 81—2; Dugas, Mechanics in

Wl
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Seventeenth C
tary Motions, p

See Principles Part Ii, art. 30.

For a different way of drawing the disunction berween motion and rest
in Descartes, see Martial Gueroult, “The m *taphysms and physics of
force in Descartes,” in Gaukroger, {ed.}, pp. 196-229.

See also AT XI 11: CSMI 85

The text given is translated from the Latin version. In the French version

Descartes writes that things {bodies, presumably} vhan e
sion with others.” Note that the formulation in the Latin v
seem to apply to mind as well as to body. Descartes, thou
makes use of this zmhl;uum.; indeed, it seems inconsistent

of the mind as active

or Descartes’ follower, Henricus ReglLs rhough,
it is the ground of hx: account of t
broadsheet he published dectaring his views on mind, Regius
“the bond which keeps the soLi wﬁjomed with t

the immutability o

unity of mind and bod

e body is the law

of narure, according to whzch everything remai
its present state so long as it is not disturbed by anything else” (AT VIIB
344: CSM I 295} The same view can be £
physices, p. 250. Descartes rejects
AT VIIIB 357: LSVKI 303.

und in Regins’ Fundame

UO

splication of his principle; see

See Principles Part I, arts. 46—52. The seven rules are summarized in the
appendix to this cnapter

This point is especially stressed in Costabel, “Essai critique sur guel-
ques concepts de la mécanigque cartésienne,” esp. pp. 250-1.

See Principles Part 11, arts. 6ff,

For an excellent account of Descartes’ notion ¢ determimtion and his
treatment of directionality, see Gabbey, “Force and
teenth century: Descartes and Newton,” in Gaukrog

20, esp. Pp. 248~60.

feature has led to a “Cartesian” theory of mind-body interac
and the claim that mind acts on body by changing the direction of
motion of a body without changing its speed, in that way allowing

mind-body iateraction without ‘f‘miatmg the conservation prmc
For a discussion of this

laws of nature and the guestion as to \Vh"ther {L
bodies or not, see Garber, “Mind, body, and the Iz
cartes and Leibniz,” pp. 1053

Leibniz’ basic argument can be toupd in his Drscourse on Metaphyvsics
art. 17, among many other places. For a

nature in DesA

account of the argument a
Leibniz’ debates with late qwentecmncenmry Cartesians, see iltis
“Leibniz and the vis viva controversy,” pp. 21-35.
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For discussions of the impetus theory, a popular way of explaining the
continued motion of bodies among medieval natural philosophers, see,
for example, Edward Grant, Physical Science in the Middle Ages. pp.
48ff, and Maier, On the Threshold of Exact-Science. chs. 4and s

See also AT XI 40: CSM [ 94.

For a discussion of scholastic conceptions of the nature of motion, see
Maier, On the Threshold of Exact Science, ch. 1.

in 1613 Beeckman wrote in his journal the principle that “a thing once
moved never comes to rest unless impeded.” See de Waard, Journal tenu
par Isaac Beeckman de 1604 a 1634. vol. 1, p. 24, and AT X 6o. Descartes
almost certainly learned this from Beeckman; see the use he makes of it
in the solution to the problem of free-fall he sketched out for Beeckman:
AT X 78. For Galileo’s version in 1632, see, for example, Galileo, Dia-
jogue Concerning the Two Chief World Systems. pp. 20-1, 28, r47£f
Cassendi’s version can be found in his De motu impressu a motore
translato [1640), translated in Brush, The Selected Works of Pierre
Gassendi, pp. 141, 143. Newton’s principle of inertia is Law | of the
“Axioms or Laws of Mation” from Book 1 of his Mathematical Princi-
ples of Natural Philosophy {16871

See especially the insightful comparison between Descartes and Newton
by Gabbey, in Gaukroger {ed.}, pp. 287-97.

See AT X1 83, Principles Part {ll, art. 57.

See AT X1 45-6, 85; Principles Part I, art. 39; idem, Part IIf, art. 57

See also Principles Parc I, art. 55t and AT X1 44, 84f.

See the references cited bclow in note gy.

For 5 clear exposition of the basic ideas behind Descartes’ impact cor-
test model of collision, see Gabbey, i Gaukroger {ed.), pp. 245,
Strange as this consequence is, we must recognize that Descartes does
not mean to say that this is the way bodies behave 13 our world. As he
notes, the rules explicity omit any effects that might arise from the fact
irrounded with fluid. This fluid can

that the bodies in question arc su
change the outcome drastically and allow a smaller body to set a larger
rt%m‘g body into motion. See Principles Part I, art. 53, particularly the
passages added in the French version, as w'ﬁll as thp additions to the
l: rench version of Principles Part 11, art. so. For general discussions of the
force of rest, see, for example, Guuuuu, in Gaukroger {ed.}, pp. 1g7ii,
and Gabbey, in Gaukroger {ed.}, pp. 267f.

Also important is a letter Dcsuntca wrote to Claude Clerselier, 17 Febru-
ary 1645: AT IV 183~7. In response to Clerselier’s evident puzzlement
over the rules of impact in the Latin edition of the Principles, particu-
larly those that involve one body at rest, Descartes introduces new ways

90

91
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of thinking about the problem that seemn inconsistent with the simp
impact contest model in the Laun Principies. The development of Du\—

cartes’ thought on impact in the rmd-z(i405 is treated in some de
ch. 8 of Garber, Descartes” Metaphysical Pl

See especially Leibniz’s careful examination of Descartes’ rules of im-
pact in his “Critical Thoughts on the General Part of the Descartes’
Principles,” translated by Loemker, Philosophical Papers and Letters,
PP- 383—47¥2, esp. 398-403.
Descartes does mention it in |
186-7.

o Cle ier, though; se

See Principles Part I, art. 37.

1. % s
The claim that the impact-contest forces derive from law

ingenious, is not unproblematic. Leibniz, who wants to deny the Carte-
sian ontology of geometrical bodies and explicitly add force as son
thing over and above extension, makes the following remark on this

claim to the Cartesian De Volder:

You deduce inertia from the f¢ v given thing has for rem
its state, something that doesn’t ditfer from its very nature. So you ju
that the simple concept of extension suf

non. . .. But even if there is a force in

ren for this DL’LI‘ IIC-

r erving 1ts state,
force certainly cannot in any way be derived fmm 6\“\3‘131 n alone.

admit that each and every thing remains in its state v

reason for change; this is a prir

ciple of metaphysical nec

one thing to retain a state untul something changes it, which even some-

thing intrinsically indifferent o both states does, and quite anothe
thing, much more significant, for a thing not to be indiffcrent, but to
have a force and, as it were, an inclination to retain its state, and so
resist changing {Philosophical Papers, ed. Loemker, p. 5161

See, for example, Descartes’ formulation of this in the Third Meds
AT VI 45“ CSM 1l 33

responds

. When this is questioned by Gassend:,
by saying that ‘vou are disputing something which all meta-
physicians affirm as a manifest outh” (AT VII 369 CSM 11 234).
conunues by paraphrasing the account of the doctrine found in St
Thomas, Summa Theologiae 1, Q.1o4 a 1.

Desca

The issue of the ontological status of force 1n Descartes is a tangled ong,
though. For other views, see, for example, d ;
Gabbey, in Gaukroger {ed.}, pp
Descartes’ physics,” pp. 113—140
See also AT V 381; Descartes evidently missed the
time around, and More ha d to repeat it.

Guéroult, in Gaukroger {e:
234~9; and Hartfeld, “Force
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T V 347: CSMK 375, Principles Part 11, art. 40.
See, for example, Hoenen, “Descartes’s mechanicism,” in Doney {ed.},
Descartes, pp. 353-68, €sp. p. 359.
Rather than ldemi;‘ying body as the acrive cause of a sensation, 1n the
Latin Principles Descartes says, more vaguely, that “we seem to our-
selves clearly to see that its idea comes from things placed outside of us”
{Principles Part 11, art. 1, Latin version). The French is vaguer still:
seems to us that the idea we have of it forms irself in us on the occasion
of bodies from without” {Principles Part 11, art. 1, French version). It is,
by the way, important not to conclude that Descartes was an occa-
sionalist on the basis of this and other similar uses of the term “occa-
sion,” which did not seem to become a technical term until later in the
seventeenth century.

There is relatively little in the way of secondary literature on Descartes’
physics, when one gets beyond the foundations. Scott, The Scientific

Work of René Descartes, offers a summary of Descartes” main scientific

writings, but nothing more than that. For a general discussion of Des-
cartes’ science, with particular attention to its later influence, see Mouy,
Le Développement de la physique Carésienne. 1646—1712. For more
specialized studies, see the essavs collected in Milhaud, Descartes sa-
vant; and Costabel, Démarches originales de Descartes savant. For more
recent work, see the essays by Crambie, Armogathe, Pessel, Rodis-Lew:s,
and Costabel in Grimaldi and Marion (eds.l, Le Discours et sa méthode
and the essays by Costabel, Wickes and Crombie, Zarka, and Rodis-Lewis
in Méchoulan {edl, Problmatique et reception du Discours de la
méthode et des essais. On guestions relating to light and optics, see
especially Sabra, Theories of Light from Descartes to Newton, and Sha-
piro, “Light, pressure, and rectilinear propagation: Descartes’ celestial
optics and Newton's hydrostanics.” On Descartes’ vortex theory of plane-

tary motion and its later fate, see Aiton, The Vortex Theory of Planetarv
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