CHAPTER I

Descartes: The Heterogeneity of Motlon end Direction

Descsrtes rightly distinguished between velocitbty
and direction and also saw that in the collision
of bodles thet state results which leagt changes
the prior conditions. But he did not rightly est-
imate this minimum change, since he changaes either
the direction alone or the velocity alone, while
the whole change must be determined by the joint
affect of both together, He failed %o ses how this
wesg pogssible, however because two such hetergeneous
thinze did not seem %o him to be capable of simul-
taneous treatment.
Leibniz, "Specimen Dynamigum"
(1695)

Typregssed in his Principia Philosophiae (16Ll) was

Descartes! belief that God, the general cause of all motion
in the Universe, preserves the same quantity of motion and
rest put into the world atb the time of creation. The
measurement of this quantity of motion, Descartes implies,
is given by the product of the quantity of matter and its
velocity, i.e. mv. The term momentum to designate this
guantity was not introduced into the scientific literaturs

until late in the seventeenth century. In the Principles

Degcartes states thet "we must reckon the quantity of

motion in two pleces of matter as equal if one moves twice

lGottfried Wilhelm Leibniz, "Specimen Dynamicum,"
(1695) Philogonhical Paners and Letters, trang. and ed.
Leroy E. Loemker, 2 vols., Chlcago, 1956, 2, 718, and
Teibnizens Mathematische Schriften, ed. C. I, Gerhardt,
Teile, 1060, /27,2, 234-2l6.
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as fast as the other, and this in turn is twice as blg as

the £i%st."® Tpe conservation of this quantity of motion,
Descartes argues, is derived from God's perfection for he
is in himself unchangesble and all his operations'are per-
formed in = pérfectly constant and unchangeablé manner.
There exists an absolute guantity of motion which for the
universe remsaing constant. If the motion in a particular
part of matter 1s decreased, then that in another part is
“incressed by a like amount. Motion, like matter, oncs
created cannot be destroyed.

It ig evident from Descartes! application of this
principle in his rules governing the collision of bodles
‘(principles }5-52), that the quantity, mv, conserves only
the absolute magnitude of the quantity of motlon of s
- body andé not its directlon, that is, veloclity ig always
treated as e positive quantity, \yl, rather than ag a
vector cuantity, i, whoge dlrection is olther positive
or negative. Thig, of course, is one aspect in which Dea-
cartes' quantity of motion differs from our modern concept
of momentum asnd which makes his law incorrect from our mod-
arn point of view, Degcartes however was definite in his
opinion thet motion and direction both could not be compre-

hended by the same law. He states '"there is a difference

2René‘Descartes, "principia Philosophise," ©Qeuvres, ed, Charle
Adam and Paul Tennery, Paris, 1905, 8, 61, principle 36.
Translation by Anscombe and Geach in Descartes, Philosophical
Wpitines, Edinburgh, London, 1954, 215.
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between motion as such and its determinate direction; it
is thus possible for the direction to change while the

. . 3
motion remsins unaltered”.

Again in Le Monde (written by 1632, but published
posthumously in 166L) he writes:
I add nothing in respect to the direction which
each psrt fof a flame/ takes; for if you consider
that the power of moving 1tself, and that which
determines the direction which the movement shall
take, are two entirely different things, one of
which might exist without the other (as I have
explained in the second discourse of the Dioptrics)

you will readlly s=es that each moves iﬂ the way
that 1s mede least difficult to it....

I do not think these are statements which weré haétily
formulated by Descartes or statements which can be brushed
off by & simple announcement that he was wrong. This dis-
tinction between motion and direction was one around which
all his laws of motion and rules for collision werse struc-
tured and was bagic to nhls understandlng of the physical
world. How then is this errcneous ides incorporated into

his physical orinciplesg?

In his Principis Philosophia@; Descartes formulated

three lawsg which govern motlon and direotion5 and by '

3Descartes, Oesuvres, 8, 65, principle 41. Contrast
Aristotle, who held that a body's natural motion is deter-
mined by the direction it must nsturally teke, i.e. the
netural place toward which i1t tends. A motion and its dir-
ection thus cennot be trested sepsrately. Eg. see Aristotls,

Physics, BK.},211a3.

LLDescartes, Oeuvres,é,?. Above translatlon Henry A.P.
Teorrey in The Philosophy of Degcartesgs in Extracta from his
Writings, New York, 1892, 212. For the statement in the
"Dioptrics" see Osuvres, 6,9 and this dissertation pp.19-21.

Descartes, Qesuvres, 8, 62-65, principles 37, 39, LO.
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means of which he intends us to understand the motions in
particulsr parts of matter, Of these three gsecondary lawa
of nature, slso based on God's immutability, the first 1s
s gtatement about motion, the second is a statement about
direction.6 and the third is a statement of how the two
operate jointly in particulsr bodles.

The first lsw is, "Every reallty so far as it 1is
simple and undivided, always remains in the same condition
g0 far ss it can snd never changes except through external
causes. "’

Concerning this law Descartes writes,

If a pilece of matter is atb rest,‘one thinks it
will never begin to move, unless impelled DLy some
cause. Now shere is equally no reason to believe
that if a body is moving its motion will ever stop,
spontaneously thst is, and apart from any obstacle.

So our conclusion mugt be: A moving body so far as
it can gpes ~onmoving.

6Gerd Buchdshl has slso called atbention to this
differsnce between Descartes' first two laws of motion:
", . .he breaks up the concept of motion into what we now
call its 'scalar' and ‘vector' components, 1l.e. veloclity
js divided into speed and directilon, pronouncemsnty con-
cerning the first and second giving him hisg 'first law'
and 'second nstural law' respectively. (Prin. ii, 37-39)".

Gerd Buchdahl, "The Relevance of Descartes' FPhil-
ogophy for Modern Philosophy of Secience," Bpitish Journal
for the History of Science, 1 (1963) 236.

7Descartes, Osuvres, 8, 62, principle 37.

Tbid. 62. That thie wotion is continued uniformly

59 made explicit in Principle L3: "What 1s moving has gome

powsr of persisting in 1ts motion- in a motion constant

ag regards veloclty and direction.”" In Le Monde the firssd

law i9 steted, "The first is, that each Tagividual particle
of matter remains always in one and the same state so long

ag contact with others does not compel it to change. veoslfl

1t be st rest in any plsce, 1t will never leave it, unlesas
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This is the well-known first portion of Descartes' state-
ment of the law of inertias. But it 1s not the complete
statement. It lacks the concept that a moving body con-
tinues In a straight line unless acted on by another body.
This portion concerning the body's direction ls conbtained
in Descartes' second law (principle 39) which is; "Any
given plece of matter considered by itself tends to go on
moving, not in sny circular path, but only in straight

9

linesg."
In his dlscussion of this law, Deacartes.gives usa

a clue as to why motion andldiraction should be consgidered

separately. He says: (see diagram p. 16)"For example, a

stone & is moving in a sling EA In a circle ABF. At the

moment when it is at the point A it has motion in a def-

inite direction, viz, in a straight line toward § where

the straight line ACG 1s a tangent to the circle. It cannot

be imagined that the stone has any definite curvilinesar

others drive i% therefrom; and if 1t has once begun to
nove, it will continue always to move with uniform energy
(avec une egale force) until others stop or retard it."
Osuvrsg,1l, 30.

Descartes, Ceuvres, 8 , 64, principle 39.

In Le Monde this law 1s given (as his third law)
ags follows: L will add for a third, thet when a body
moves, although its movement ls most frequently in.a
curved line and can never be otherwise than circulsr in
gome degree, as has been said above, nevertheless each
one of its particles in particular tends always to con=-
tinue its own motion in a straight line. And so theilr
action-~-thst is to say, thelr inclination to move--is
different from their movement". Oeuvres, 11, L3-ll.



64 . Prvcrrorom Pritosoprsir, S0
confervat, nulla hahitiratione ejus qm forte fuitp Al
ante. Ac quaravis nullus motus fiat in mﬁanu Di-
feftum tamen efl omne id quod movetur, in f",nm-{h
inftantibus que poflunt defignari dum movetur. d..
terminatum effe ad motum fuum continuandum ver.-
fus aliquam partem, fecundum lincam reflam, non
autem unquam fecundum ullam lineam curvam. Ut,

. exempli caufs, lapis

circulum ABF rota-
‘tus, eo inflanti, quo
eft in pun&o A, de-
terminatusquidemeft
-ad motum verfus ali-
quam partem, nempe
. fecundum lineam re-
G tam verfus' C, ita
{cilicet ut linea re&a
A C fit tangens cir-

T culi. Non autem fingi

poteft illum determmatum effe ad ullum’ motum'
curvum : etfi enlm prius venerit ex L ad A per li-
neam curvam, nihil tamen iftius curvitatis intelligi
potell in eo remanere dum eft in pun&o A. Hocque
etiam experientii conﬁrmatur quia fi | tunc & funda
egrediatur, non perget moveri verfus B, fed verfus
C. Ex quo fequitur, omne corpus quod circulariter
movetur, perpetud tendere ut recedat a centro cir-
culi quem deferibit. Ut ipfo mands fenfu experlmur
in lapide, dum illum funda circumagimus. Et quia
conﬁderatlone ifta in {equentibus faepe utemur, dili-

56.57,
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motion; it is true that it arrived at A from L along a

curved path, but none of this curvature can be conceived

10 :
ag Inherent in its motion at the point A, Thus he implies

that if motlon snd direction could be treated simultaneously,
a circular path might be an inherent part of a motlon, and

a stone if released could continue on a curve rather than
fly off on a stralght line. Now in the Arlsgstotellsn trad-
ition of metion, the directiocn ofla moving body was an inte-
gral part of its natural form of motlon. All natural bodiles
had within themselves a gource of their own motion, in one
or a combination of thrse nétural directions: upwards;
ﬁownwards, or in a circle. Descartes revolutidnized this
concept of motion in two ways: Motion 1s not a power in

the mover, but a state of the moved;ll snd direction is

10Descartes, Osuvres,3, 6L, principle 39. Italics
mine,

11 .
Descartes, Oeuvres, 8 , 63-SL, prineciple 25.
Norman Kemp Smith in his Studies in the Cartesian
Philosophy, London, 1902, 70, 71, 75~59, has Indicated an
inconsistency in the position Degscartes takes in his
nhysics that motion is a mode (a geometrical interpreta-
tion) and the position assumed in his metaphysics that
motion is as important a reality as matter and mind (a
dynamical interpretation).

Degcartea'! princlple 25 states: "And I say that 1t
ig the transportation and not either the force of the
action which %transports, in order to show that the motion,
is always in the mobile thing, not in that which moves
/it7 (movente); for these two do not ssem to me o be
sccurately enough distinguished., Further 1 understand 1t
iz a mode of the mobile thing andé not a substance, Just
as fipure i1s a mode of the figured thilng and repose of
thst which is at reat."
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not inherent in s body's motion. Thus circularity is not
a bart of the motion of an object moving on a eircular
path. A%t any given instant when a constralning force is
removed a body's tendency 1s to conbtinue in a straight
line. VThis 1# a2 denial of the Aristotelian theory that a
body released from an "unnstural motion™ will tend to
move in its own "natural" direction--upwards, downwards,
or in a circle,

This second law therefore corrects the erroneous
belief 1n the natural tendency of a body to move in s
circle held by most natural philosophers up to ang iﬁcluding
Gelileo by showing that for the case of circular motion
(excluding the fbrgesuthem3§lmaé)direction 1¢ not an integral
part of fthat motion. Descartesg' law 1s true for the case
of inertia, a highly abstract situation where an bbject
moving in the absence of any forces can bs treated without
conglderationg of direction. Here then Descartes was
correct in maintaining a distinction between motion and
direction. However in the case of impact; metion and dir-
ection cannot be treated separately. Deacartes did not
recognize this and dealt with themlas distinct variables
rather than taking the veloclity as a vector. The question
arises whether nhis correct formulation for the case of
inertia led him into the same but incorrect analysis for
impact?

I think the answer must be no, for he seems to hsave
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decided there was a difference between motion asnd direction
in quite another context before writing either Le Monde
(written by 1632, but published posthumously in 166l) or
the Principles of Philosophy (published 16Ll). This ref-

erence to the difference between motion and direction
sppoers in his discussion of the law of refrsction in La

Dioptrique (published in 1637 as one of the illustrative

ossays accompanying his Discours de la methode. ). But he

was aware of the law of refraction and the distlnction he
was to meintsin between motion and direction, st the time
of the compilation of Le Monde sbout 1629. Here he writes

that he had explained 1t in the second discourse of his

Diogtrics.la

The second digcourse of the Dioptrics ig directed
first to a discussion of reflection in preparation for the
derivation of the law of reflection. The motion of a light
ray striking a refiacting gurface ls better understood,
argues Degcartss, if compared to the motion of a ball,
gtruck by a ragqueb,.and hitting at an angle a surface CBE
from wﬁich it rebounds. (see figure, p. 20).13 Tt 1is
necessary to remark, he says, that the power which con-

tinues the movement of the ball ig different from that

12pescartes, Osuvres, 6, 9. See quotation from Le

Monde, p. 2 of this thesis. See also J. . Scott, The
Seientific Work of Descartes, London, 1952, 36.

1
3Descartes, Ceuvres, H, 93-98.



1415, La DIOPTRIQUEZ‘,-—& Discotns II. 0§

bien que: le'mouuement & generalement que toute

autre: forté de quantité;.efire dinifée entré. toutes les

parties deflquelles on peut-imaginer qu'elle.eft com=
pofée; & qu'on peut ayfement imaginer :que celle de

la balle qui {fe meut d’A versiB eft compofée de deux - o

" autres, | dont P'vne la fait: defcendreide la hgne AE

i0 .

L ‘droitée AB: Etenfultell eft; . PR e T v
iy

vers Ia ligne: CE &1'autre: s h"
en’ mefme temps la faiti; é(*g‘: ,
aller -de-lai. gauche: A Ciii: (j\;
vers la droite FE, en-forte +. {4

que;ces deux, iolntes en-;.:

" {emble; laiconduifent.iuf-1t 4 .-

ques a B {uiuant-la 'ligne-'-- o

ayfé a’entendre,.que la’ rencontre de la terfe ne peut

‘empefcher que - lvne de ces deux: determlnatxons &

- 'mon point Pautre en adcune facoin. Car, elle doit bien

‘jempefcher celle ‘qui faifoit defcendre 1a: balle dAF

. vers.CE; a caufe qu'elle. occupe tout: U'efpace ‘qui, eft

30

au deﬁous de’CE; mais pourquoy. empefchermt elle

l'autre,qui la- faifmt auancer:vers la main droite, vii

qu elle ne-luy eft auéunement oppofée en ce fens 1a?

. Pouritrouuer donc .iuftement vers:quel coflé cete

.23

.36

balle "doit retourner, defcrivons vn cercle du, centre
‘B, :quipafle-par Ie"‘point A, & difons .qu'en autant
. &e temps qu'elle aura 'mis a.fe:mouuoir.depuis A iuf-
© quesa B, elledoit mfalhblement retourner depuis-B
iufques.a quelque.ipoint de. la circonfer¢nce -de ce
~cercle, “d’autant que tous les:; points: quii.font aufly
' diftans de cetuy cy B quen eft A, fe trouuent.en- |
. cete; c1rconference, & que nous; fuppofons le mouue-: .

e
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which detsermines it to move more towsard one side than
toward another. This 1s true because the ball received
both its motion and its direction from the racquet and by
congidering the racquet 1% 1is éasy to gee the distincition.
The force with which the racquet pushes the ball 1s the
same no matter in what directlon the ball might be hit.
But it is the situstion of the racquet which determines
the ball, out of all the possible directions, toﬁard the

rarticular point B, Now because the moticn asnd the deter=-

mination of the ball are two different things, when the

ball hits the earth, its direction can be changed but the

force of its motion, stemming from a different csuse, will

not be altered.lu

In deriving the law of refraction he again repeats
hia conviction that the movement of the ball differs
entirely from its determination to move 1tself, so that

the two gquantities should be examined separately.

_ Descartes, Osuvres, &3 95. Italics added.
Descartes then goes on to state that the motion of the
ball and its determinstion each can be divided into all
the parts of which they are composed, so thst one can
imagine one motion and a direction which make 1t descend
from the line AF toward the line CE and & second which
mekes it go from the left line AC towards the right line
FE. When the ball meets the earth the direction of the
vertical component, but not its motion is altered, wheress
the horizontal component is not changed in any way. Then
the law of reflection is derived from the consideration
that the time of descent from A to B i1s the same as the
ascent from B up to some point on a circle gbout B with
radius AB.
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It would thus seem that a2t the bagis of Descartes!
derivation of the lawg of reflection'and refraction basad

on the false premise that light travels faster in the more

. ) there lias
denge medlumA[gig_l = vEEEEE]/’another more subtle error

sin r  Vair
which here has no effect on the true result obtained,[i.e.

gin i
an T & ] However as will be seen, when used asa a basis

for the lawg of impact that error has a definite and far-

reaching effect. It consisgts in considering the motion of

a boedy end its direciion separately, so that iIn a collision

either the bodv's motlon or its direction can be altered

without regard for the other, the result being that the

former could be conserved while the latter remains unaffected.
Descartes' erroneocus third lsw of nature, snunciated

in the FPrincipia Philosophlae together with the seven rules

of impact_derived from it, illustrates the effect of con-
gerving quantity of moticn without conserving total direction,
{that 1g, without maintaining the same direction of the

center of mass before and after collision).

When a moving body collides with another, then if
its own power of going on in a straight line is
less than the resistance of the other body, it 1s
reflscted in another direction and retains the
game amount of motlon, with only a change 1in
dirsction Zpart a/, but if its power of going on
is greaster than the resistance, it carries the
other body along with it and loses a quaantity of
metlon equal t% what 1t Imparts to the other

vody [part b/ 5

1
SDescartes, Oesuvres, 8, 65, principle 50.
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The two principles, one, the conservatlion of the
motion of the attacking body and the other the conserva-
tion of its forward direction, sct separately to determine
the effect. When the resistance of the obstacle is greater
than the gquantity of motion in the attacking body (part a),
the effect is determined by the conservation of 1ts mv,
whereas the contlinuing diresction of fthe attacking body is
not retained. But when the resistance ig less (part b),
the effect ig determined by conserving the same direction
of the attacking body while the magnitude of its mv is not
rgtained, but ig decreased in such a way that the total
quantity of moticn is conserved between the two bodles.

Descartes' seven rules (principles L6-52) governing
the sction of colliding "mard" bodies can be explained on

the basis of the third law.16 All except the first are

incorract from sn experimental viewpoint but all are con-

1
gistent within the framework of the lawg dlscussed above. 7

16The geven ruleg are glven in the appendix to this

chapter translated from the Letin text (Osuvres B8, 68-70,
Principles 46-52.) by Georgio de Santillana and Waltser: H,
Pitts in a pemphlet for use at MIT.

1?For a discussion of the background to thede seven
sbove, see R. Cgtsby Talisferro, "The VYoncept of Matter in
Descartes snd Leibniz," Notre Dame Mathemstical Lectures.
Notre Dame, 196l, 9,17. "Strangely enough in the journal
of Beeckman for Nov. 23 to Dec. 25, 1618 st a time when he
and Descartes were meeting together for the discusslon of
problems in physics and mathematics there appear seven laws
of percussion for perfectly soft bodies. [For Beeckman,/
the atoms of his theory (for he accepts them) correspond
to Descartes' perfectly hard bodies, except that for Besckman
they are perfectly soft in the sense that they do not rebound
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In sach of the seven cases, mivijis conserved; the
final direction is determined in accordarce with the third
law above, In rules 1-3 the bodles B and C move toward
each other, in rules L-6, one is st rest, in rule 7 both
move in the same direction. |

These rules together with my anélysis and mathemat-
ical expréssions for them msy be found in the aépendix to
this chapter. Descartes himself did not give mathematical
equations for his concept and application of the quantity
'of motion., The bodies are considered to be perfectiy hard,

which for Descartes means they have no moving parts.l

but move off together after impact. These laws are all
correct from the point of view of classical mechanics
(...), ané well they might be, since Beeckman assumes
the law of inertia, the conservetion of momentum (vodd,
end that the bodies are perfectly "inelastic."

18By hard (dura)body Descartes meant a body whose

parts are at resi relative %o sach other since 1t takes
force to move a particle at rest. Flulds on the othsr
hand have their parts in motion and hence separate easlly
when azn object 1s thrust into them. (Descertes, Geuvres,
8, 70, principles Sk, 55.) If the parts of bodies are at
rest with resvect to each other then there would be no
elagticity and the bodies would be absolutely hard. Bodles
of this gort are not found in nsture. Were such theoret-
ical bodles to colliide, there would be no rebound, since
there is no elasticity and they would tend to disintegrate.
TIf abgolute hardness is not meant, then the harder the
bodlies srs taken to be, the more elastiec they are. The
elastic narts obey Hooke's law, 7/x=k, the smaller distance
of ogcillation of the parts resulting in lsrger constants
and greater elasticity. But 1f x50 then no moverment 1s
involved and the parts are no longer litile springs. In
Descartes' rules for colliding bodles, the bodies B and §
rebound as if elsstic in rules 1, 2, L4, 6, Howsver in
rules 3, 5, and 7, the bodies stick together as il inelastic.

According to Wilson Scott, op. cit. 31-36 the para-
dox of Descartes' hard bodieg rebounding is partially re-
solved by recognizing that Cartesian hardness is a brittle
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The difficulty with these seven rules for colliding
bodies 1lg, as has been gald, that guantity of motlion and
direction ars not hsndledé simultaneously, Considerations
drawn from inertis and from the derivation of the law of
refraction as to how Descartes wae led to this view have
been discussed (see pp.iT7,21.). There is one further pos-
gibility which may have governed Descartes' decislon to
treat them separately. This is given by Lelbniz (1716):

Descartes recognized that souls (les ames) cannot
give force {force) to bodies because the same
quantity of force is always conserved In matter.
He believed however that the soul (1l'ame) could
change the direction of the body. But this was
because the law of nature was still unknown in
his day according to which matter conserves the
game total direction. If he had noticed this he
would have fallen on my system of pre-established
harmony,

hardness. The particles are called hard because they have
no elasticity. Yet bsing brittle they crack and may be
pulverized....The controversy on hardness arose only when
modern stomists like de Volder, Hartsoecker, Newton and
Boerhaave began challenging the Cartesian defintion of the
word hard., They insisted that s hard body should be not
only inelastic but indivisgible as well. ..sthe trio of
choc members of the British Royal Soclety (Wallis, Wren,
and Huygens) /did not/ question Descartes' definition of
hardness with the possible exception of Wallis. They were
indiffersnt to the puzzling implications of the problem,
nrobaebly becsuse they were not atomists themselvea."

Lyithelm Gottrried Leibniz, "The Monadology" (1716),
Philosophical Papers and Letters, ed. snd trans., Leroy Z.
Toemuier, 2 Vols., vnicago, 1956, 2, 1058, sec. 80. In
the essay, "On Vital Principles and Plastic Natures®™ (1705),
Teibniz makes a similar statement as follows: "Descartes
very well recognized that there is & law of nature by which-
the ssme quantity of force 1s conserved, though he made s
mistake in applying this principle by confusing quantity
of force with /quantity/ of motion; he thersfore thought it
unriecossary to give the soul the power of incressing or
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It ig reasonable that Degcartes might havs held
such a view for ﬁe had difficulty in answering the queg-
tioneg and objections concerning the interaction of the mind
and the body. Descartes' answer to the mind-body problem
lay in his theory of the pineal gland which translsted
motions of the body by way of the animal splrits to the
mind. Conversely the soul which has the characteristic
of volition, in some way must be capable of acting on the
body. But according to Norman Kemp Smith, Descartes never
fully discussed this second problem of the soul's ablility
to act on the body:
Jecondly with regard to the action of the mind
on hody in voliftion, Descartes kept consigtently
to his dualism so far as to admit thst the mind
cannot originate motion in the brain. That would
be a veritable creation of motion out of nothing

by a mere fiat of the will. It would also be in
direct conflict with Descartes' physicsl principle

diminishing the force of the body but only that of changing
its direction by changing the course of the animal spiritas.
And those Cartesians who have glven vogue to the doctrine
of occasliongl causeg hold that since the soul can have no
influence whatever upon the body, it is necesgsery for God
to change the course and direction of fthe animal spirits

in accordance with the wishes of the goul, But if this

new law of nature which I have demonstrsted had been known
in Descartes' day according to which not only the same total
force of bodies in interaction 1s congerved but also thelr
total direction, he would undoubtedly have been led to my
system of pre-established harmony, for he would have rec-
ognized that it is just as reasonsble to say thet the soul
does not change the gquantity of diresction of the body as

it is %o deny to the soul the powser of changing the gquantity
of its force, both being equslly contrary to the order of
things and the laws of nature, since both are equally in-
explicable," Loemker,2, 954,955.
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that only motion cen produce motion, and that the

sum of meoetion 1in nature 1s constant and csnnot be
added to. Yet Incomprehensible as is the action of
mind on body, thet doss not prevent Descartes from
most emphatically asserting thet 1t takes place.
'"That the mind which is incorporesl 1s capsble of
moving the body, neither genersl reasoning nor com-
parisons can teach us, yet none the less we cannoct
doubt it, since so certain and so evident experliences
mnake 1t manifest to us everygsy of our lives! (Lett.,
X,161 and Lett., IX, 132-L).

Furthermore‘it is not c¢lear thet Descartes ever held the

view attributed to him by Leibniz that the soul can change

the direction of the body, while not altering its motion.21

It is possible however, that Leibniz may have sssumed it
to be Descartes' position, if it was indeed neld by his
followers. Normen Kemp Smith writes:

Some of Descertes' successors however, Clauberg,
for instance {(cf. Corporis et Animae Conjunctis,
cap. XVI), did attempt by an analogy drawn from
the materlal world to explain ths action of mind
on body. The driver of a wagon does not move the
wagon, but only directs the motion of the horges
that pull it., So too, the mind needs not to cause
motinn in the brain but only to direct the "animal
spirits™" that zlready exist in the brain and are
continually circling about in it. This analogy
however as has often besn polnted out, is qults
misleading since %o be applicable at all to the
relation betwsen mind and body the driver of the
wagon would have to gulde the movements of the
horses of his mere wish., That the mind should
divert a mohtinn of the brain in a new directlon is
not a whit less mysterious nor legs at varilasnce
with Descartes! physical teaching that that it

‘ ZONorman Kemp Smith, Studies in the Cartesian Fhil-
osophv, London, 1902, 82,

211 have not been able to find this 1dea in Descartes!
major philosophical writings.
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should originate an entirely new motion, Leibniz
{Bgssais de Theodice, sec. 60, Gerhardt, VI, 135-6)
and slgo many modern commentators agsert that Des-
cartes himself &tried to escape the difficulty in
this way. DBut though Descartes frequently spesaks
of the motlon of the 'animal spirits' as being
merely directed (not originated) by the movements
of the vineal gland, he never so far as we are
aware, suggests thrt those movements of the pinesl
gland, which are invelved In voluntary action, can
ba explsined in a similar manner ag pgiviously BX~
i1sting and merelv guided by the mind.

From this evidence 1t seems very unlikely that Des-
cartes wag led %o the error of not conserving the same
direction of the center of mass in the impact of bodies
because of his philosophlcal position on the mind-body
problem. However having once assumed motion and directlon
o have heterogeneous cheracteristics whether unthinkingly
or from the reasons explained in the Dioptrics, 1t could
have been a logical way for him to attempt an explasnation
of the asction of the mind on the hody.

Finally a brief comment must be made about the
accusatlion sometimes made that Descartes was unconcernsed
about the experimental verification of his physical prin-
clples and thst 1f he had performed experiments he immedf
iately would have perceived the fzlsity of his rules of
collision.2

221bid., p. 82, footnote 2. Italics Kemp Smith's,

23For examples of thies view see Ernst Mach, The Science

of Mechanics, 6th ed.,, La Salle, 1960, 363: "Descartes how-
ever was infTected with gl1ll the ususl srrorsg of the philos-
opher. He places abgolute confidencse in his own ideas. He
nevar troubles to put them to experiential test. OUn the
contrary a minimum of expserience always suffices him for a
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Perhaps it i1s. more asccurste to gay that it was not
so much Descartss' lack of empirical observations {for his
wrltings contaln many observations) ss it was his convic-
tion that the environment was too vastly inter-connected
to be defined by simple mathematicsl expressgions.  Des~-
cartes looksd at the conservation of motion from the point
of view of the entire world sysfem; to study an isolathkd-
gystem of colliding bodies was in the last analysis not
possible because the necesssry perfectien could not be
found in our complex environment:
In faet no bodies in the universe can be thusg
geparated from all others and in our environment
we do not ordinarily get perfectly solid (dursa)
bodies; so 1t 1s much harder %o casiculate how the
mobtlione of bodies are changed by collisgion with
otheras. For we have to ftake into account sll the
bodises that touch a body on every side; and the

gffect of these 1is very d%fferent according as
they are =olid or fluld-. i

maximum of inferenceg."”

For a discugsion of this view see Buchdahl (1963),
op. cit,

See also Edward Jan Dijksterhuls, The Mechanization
of the World Picture, trens, C., Dikshoorn, Oxford, 1961,
415: T"/Descartes/ took a lively interest...in the empir-

ical study of nature and in technology. HHe took infin-

ite pains to have the instrument maker Ferrier grind hyper-
bollie lenseg for him; he made independent physiclogical
observatlons about the circulation of the blood,; experimented
with artificial rainbows, carried out experiments in order
to determine the specific gravity of alr, and obssrved
metercological phenomena with the greatest accuracy. /Des-
cartes, Les Yeteores,Discoursse VI, VII,, Osuvres VI,298,

312.7"

2LH')escarte«s, Qesuvres, § 70, principle -53. See also
Santillana and Pittsg, op. c¢ik., forward.
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Within the complex inter-relatlonships of the world systsm
it.is understandable that assuming the constancy snd sim-
plicity of nature's (or God's) operations the total amount
of motion could appear %o be constant., Likewlse withiﬁ
thig complex system i3 wouldlappear imposgible that among
the random fluctuating motions of bodies the same total
direction could be conserved.

| For in order fto demonstrateqﬁ?ﬁ?ﬁxfﬁsggiggégwgﬁﬁﬁig’
1s needed. This would mean total directlion is conssrved
becasuge the center of mass of the system moves in s straight
line with constant valocity‘before and after the colllision.
Thus instead of achieving his purpose of deriving simple
mathemstical exvressions from abstract princlples, Descartes
finds he cannot separate bodies from their complicated re-

lationships with other bodies %o give verification to these

gimple rules.

Conclusgion

The foregoing discussion has yielded the followling
pointe concerning Descartes' quantity of motion, m{Vj.
Descartes deparates the ideag of motion and diréction, and
his universsl law conserves the former but not the latter.
That 1s, it conserves the quantity of motion as a scalar
but not as a vector entlty. The =eparation of motion and
dirsction 1s an integral part of his sybtem of physical
laws, and seems to be a consequence of his own garly

scientific work in optics., But it also may be a reaction
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arainst the popular world view of his time which accepted
the idea of the inherent circular motion of a body. It
may not have been a consequence of hls own answer %o the
mind-body problem. These deeply intertwined reasons walch
formed hisz thought vindicate him somewhat from the standard
evaluation that his laws of colliding bodies are absurd be-
cause he did not take the trouble to check them experiment-

ally.
Appendix I

Degcartes' rules governing the action of colliding bodies,

translsted from the Latin text of the Principles of Phil-

ozophy:

(1) If the two bodiss B and C are egqual and moving
toward one another with equal speeds, but in opposite
directions, they will rebound after the collision and
sach will move in the opposite dirsction from the orig-
inal one, without change of speed. :

(2) If B is very slightly greater than C, but other-
wige everytiing is ss above, then only C will rebound,
and both will move to the left with equal speed.

(3) If B and C are aqusl in heaviness (mols), but
B moves with slightly greeter speed thsn C, not only
do both move to the left afterwards, but B also im-
parts to € half the difference of their initial speeds.
O, g., if B initially has six degrees of apeed and C
hag only four, after collision they will both move to
the left, each with five degrees of speed.

(L) If body G is initislly at rest and is a little
ereater than B in magnitude, then with whatever spead
B may move toward C, it can never move it, but will
itgelf be repelled in the opposite direction. For a
résting body resists a fast moving body nmore than a
slow one, and that in proportion to the excess of one
fast moving in magriitude over the other; and on thatb
aedount there 1 always more resistance in C than Im-
pulsion in B.



B 32

{5) If the restling body C is smaller than B, then,
however slowly B moves toward ¢, 1t will carry C with
it, after lmnarting so much of its motion to C that
both continue together with equal speed. E.G., If B
is twice as great es C, it ftransfers tc C a third part
of its speed, becsasuse that third psrt wlll move body C
at the same speed as the remaining two-thirds will
move B with itg double heaviness. And thus after B
kag collided with C, 1t moves one~third more slowly
than before; that is, it will take the sams time to
move two feet as 1t formerly took to move three fest.
In the same manner, if B 1g three times as great as C
it will iwmpart a fourth part of its moticn to it, and
go on in other casges.

(6} If the vody C at rest, i1s exactly equal in mag-
nitude to B, which moves toward it, 1t is in part re-
pelled by B and in part impels B forward; for example,
if "B moves against C with four degrees of speed, 1%
will communicate one degree to C, but be reflected
back In the oppoglte direction with the other thrse.

(7} Finslly if B and C are moving in the same
direction, but C is slower, with B following it at a
greater gspeed, so ag ultimately to collide with 1%,
and 1f C is greater than B, but B exceeds C in speed
more than C dces B in mesgnitude, then in the collision
B will ftransfer enough of 1ts motion to C so that affer-
wards B and C will move in the game direction with the
same gpeed. If, however, the excess of B over C in
gpééd 1s leds than that of C over & in magnitude, B
will be reflected in The opposgsite direction at its
original speed. These excesses may be computad as
in the following example: 1f C is twlce as grest as B,
and B moveg Jéss than twice as fast as C, B will not
impel C at all, but be reflscted in the opposite
direction., If B does move mors than twice as fast as
C it will incrsase the motion of G, Thus, if € has
only two degrees of speed and B has five, two degrees
will be "subbtracted from B, which when added %o C, pro-
duce only one degree more, since C has twice the mag-
niftude of B: 1%t 1s determined thus so that B and C
will both have three degress of velocity after their
colligion. Other ceses can be deftermined in the same
way. Nor do such caszes reo%ire proof, becausse they
are obvious in themselves.Z

25Descartes, Qeuvres, 8, 68-70, principles L6-52.
Translation from the Latin is by Georglo de Sgntillana and
Walter: H, Pitts in a pamphlet for use a2t MIT, containing
the complete text of Part II of the frinciples of Philoscophy.
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Analysig and Mathematical Expressiong for
the Rules for Colliding Bodies2b

In each of the wmeven cases, mivils conservad; the
final Qirectidn is determlned in accordance with Descértey
third law (principle 50). In rules 1-3 the bodles B and C
move toward each other; in rules'u-é one body is at rest;
in rule 7 bqth move‘in the same direction.

In rule 1, both bodles are equal 1n magnitude and
speed. Hence both have the same "power of going on" and
offer equasl resistance. DBoth rebound reteining their guan-

tities of motion.

mp {vig+ me vy = mp vl + mg \vie, where My = Mg and Vp = vg,

In rule 2, the resgistance, or bulk of B iz greater
but the speeds are e qual, so part a of law 3 applises. (See
this ch.,p. 22 ). Body C changes its directlon but retains

its velocity and 1%tz nmv,

Mpivig + meivie = Mpivig + mgivp where MB? My s ‘v% =\vh
In rule 3, both bodles sre egually heévy but B has
a greater "power of going on" because it has & greater speed.
Thus part b of Law 3 applies.and‘both move together, with

body B losing %o C part of its quantity of motion.

mpiVs + meiv = 2ngWVip - Iv.),  mp = mg, \Vie2lvlg .

6Descartés does not give equations for the collision
of bodies. The following analysis of the rules and the
equations expresgsing them are my own.
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In rule L, body C is larger than B and is at rest.

For Descartes, rest 1s the opposite of moticn and a body

reguires power te stay at rest;, just a2s 1t does té nove,
(Principles 43,447 Body C always has greater registance,
recisting a fast moving body more than a slow moving body.

Thus part g of law 3 applles and B recolls.

moivig + 0 =mgivig + 0, v = O,

In rule 5, £ at rest is smaller and has less resis-
tance. Part b of law 3 applies and B carries £ forward

giving up a quantity of moftion to C so that both continue

with equal gpeed.

Mgl + 0 = (M V) ( My 4 mg), moditg,

Rule 6 hypothesizes equal magnitudes with C at rest.
The result is a split between the effects of parts a snd b
because elther is possible. B with speed l could pusﬁ C
along giving 2 unity of speed to C (part b); or B could re-
coll without loss of speed. The actual outcome is a com-
promise, B giving one of the two units in question to C,

and retaining the other, to recoil with velocity 3.

—
L!Il'lB+O=(2+2) mp _
qu + 0 = Egé + 0 equally probable
— —
Imp + 0 = 3mp + 1lmg compromise where mp = Mg, i, =0

In Rule 7 where B and C move in the same directioen
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such that B will overtake and collide with 2 larger body
C, the results are predicted as in the sbove cases but the
excess quantities are used. If the excegs Iin magnitude 1s
greater than the excess in speed, part a of lew 3 applies
and B recolls without loss of sgpeed. But 1f the excess
in speed i1s greater than the excess in resistance then
part b applies, and motion 1ls transferred such that both

move together with egual speed.

W



