CHAPTER IV

The Defense of the Cartesisn Hyvothesis:
Catslan, Arnauld, Melebranche, Papin, (1687-1691)

Leibniz's "Brief Demonstrstion' in French translation

appesred in September 1686 in the Nouvelles de la republique

des lettres. This paper was Leibniz's first serilous appear-
ance befors the French 1iterarﬁnpublic where Carteslsniam
had 1ts most devoted adherents. His reputation in Paris
heretofore had been as a scientist and a mathematiclsen,
egstaeblished in part by hie invention of the calculatiﬁg

. machine. His attsck on the Cartesian law of motion, made

on the suthority of his scientifilc reputation, was the

. beginning of his general refutation of Descartes' phil-
osophy.2

The paper was immediately enswered by the Cartesian,

1Gottfried Wilhelm Leibniz, "Demonstration courte
d'une erreur comsidfrable de M. Descartes et de quelques
autres touchsnt une loi de la nature selon laguelle 1ils
gsoutiennent que Dieu conserve toujours dans la matigre
1a mBme quantité de mouvement, de cuol ils abusent meme
dans la méchanique™ Nouvellies de la republigue des

lettres, 5 (2686)-996-999.

EW. E. Barber, Leibniz in Frence from Arnauld to

Voltaire, A Study of French HReactions %o Leibnizianism,
1670-1760, Oxford, 1955, 32-3L.
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Abb& Catalan in a "Courte Remarque de M, 1'Abbé D, C,
ol 1'on montre & M.G.G. Leibnits le paralogisme contenu
dsns l'objection précédente", It appeared in the same

issue, September, 1686.3

Catalan takes issus with Lelbniz's ¢laim that Des-
cartes wag lead astray by %too grest s faith in his own mind
and hils followers by too great a faith in the genius of
others. He calls on the sclentist to decide whether 1t
is Descartes or Leibniz who 1s imbued with this usual
fault of great men.

He interprets Lelbniz as making the following claims:
(1) Descartes asserts that God conserves the same quantity
of motion, (2) Descartes takes as equivalent moving force

/force motrice/ and quantity of motion, /quantité du

mouvement/ (3) Several mathematicisnsg have estimated the

force of motion Zforce mouvante/ by the quantity of motion,
i{,6. the product of the body /ecorps/ by its velocity; but
these two asre different and Descarfes' rule ig false that

L

the same quantity of motion is conserved in nature.

It has been shown, writes Cptalan, that two mdving

AbbE Catalan, "Courte Remarque,” Nouvelles de 1la
republique, 8 (1686) 1000-1005.

LLCatalan, "Courte Remarque", 1000-1001. This third
noint indicates that at least one contemporary Interpreted
Leibniz ag inter-relating the two problems of the msasure
and the conservation of force, Catalan perceived thelr
independence no more than did Lelbniz.
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bodiss/mobiles/which are unequal in volume /volume/eg.
1 %o k, but egual in quantity of motion i.s. li, have
velocities proportional tc the reciprocal ratio of theilr
masses /masses/i.e. L to 1. Conseguently they traverse
Zparcourent7 in the ssme time spaces proportional to these
veloclitlies.

However Gsllileo showed thaﬁ the spaces described by
fslling bodies are in the ratio of the aquares of the times
/a = %at27. Thus in the example of Leibnlz in the "Brief
Demonstration", the body of 1 pound i%iz;g? rises to height
i in time 2 snd the body of L pounds rises %o neight 1 in
time 1. If therefore the times are uneqdal, it is not sur-
prising to find the gquentlities of motion unegual.

But, says Cstalsn, if the times are made equal by
suspending them from the same balance at disftancss recip-
rocal to thelr bulk Zgrg§§32r7, the quantities formed.by
the products of thelr masses /masges/ and distances, or

masses and velocitlies are equal.

Catalan here has lumped together three separate prob-
lems as onse; uniform.traversal 5f gspace (momentum), free
falll(zig viva) and the problem of the lever (virtual vel-
ocities). In the free fall problgm,iihe times wére sgual, the mv's
Wwould be equél only for bodies of equal weight. 1If the |

times for unequal bodles are made equal by use of a lever,

SIbid., 1002, 1003.
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the problem has been changed to 2 problem in statics where
virtual work (mds) or static force (m%%) describes the
situation. This 1s not the ssme as gquantity of motion,
mv, It shows thet Leibniz was right in supposing, as he
stated in his "Brief Demonstration” that certain Cortes-
{ans confused the measure of'force'in statics /md¥/with

the measure of "foree" in dynamlcs (mv according %o Des~

cartes, and mza sccording to Leibniz).

During this same year, 1686, Leibniz continually
sharpened his philogsophlical ideag as well asg hls arguments
agalnst Degcartes! guantity of motion in his private corres-
pondance with Antoine Aprnauld. Tn & letter of September 28,
1686, Arnauld wrote to Leibniz that he had seen the article
on Degcartes' notable error and thset some objections which
might be raised by the Certesiang had occurred to him. He
warned,

Take care lest the Cartesians should reply that it
brings nothing up acainst their positilon, bscauge

vou posglt something that they think is false--namely
that a stone in descending, gives %o ite own zelf this
greater velocity which it acquires as 1t descends., They
will say that thls scceleration comes from the corpuscles,
which, in rising, cause everything thet they find in
their way to descend and impart to them a part of the
motion which they had; and therefore there 1s no cauge
for surprise if the body B, four times the welght of A,
has more motion when it has fallen one foot, than the
body 4 when 1t has fallen four feet, because the cor-
puscles whleh have pressed on B have communlcated to

i1t a motion provortional to its mass and those ghich
have nressed uovon A, in proportion to 1ts mass.

6Antoine Apnanld, "Correspondance with Arnsuld®, in
Leibnigz, Discourse on Metaphysics, Corrsgpondance with Arnauld,
Monadnlogy, translated by George R, Montgomery Tasalle, 1957,
5. Gernardt, P.S., 2, 67, Sept. 28.
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Leibniz, in his reply to Arnauld, November 28-
December B8, 1686, gives a second example toc show that
in distributing the motlon between two bodles which come
into ccntact, regard must be had not to the guantity of
motion, ... but to the quantity of force; otherwlse we
should obtain perpetual motlon in mechanicsﬂ'.7 A hor-
_izontsl two dimensional coordinate system ig given in
which two spheres of equal size, B and C, at the origin,
are struck by a third sphere, A, of the same size traveling
along the dilagonal of the sguare formed by one quadrant,
such thst at the moment of contaét the centers of the 3
spheres are found in an isoceles right triangls. (See
disgram, p. 112).

Suppose, says Leibniz, that all the force of body A
is imparted to bodies B and C, A remaining at rest after
the contact. If A traversed the dlagonal in one second,
before the contact, then in one second aftef the contact,
B will be found at 2E, and C at 2C, the guestion bdeing
what will be the lengths 1B2B and 1C2C representing the
velocities? Now according to Leibniz, forces are propor-
tional to tﬂe heights from which bodiés woulé have to des-
cend in order to acquire their veloclitles and thease heights

are as the squares of the velocities. The sum of the squarss

‘?Leibniz, "Correaspondance with Arnauld," -op, cit.,
16L.. Gerhardt, P.3. 2, 79, 28 Nov ~ 8 Dec. Italics added.
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of the sides (i.e. the veloclties after collision) 1E2B
and }ggg_equals_the square on the hypotensusse, i.e. the
velocity 1A2A before contact. Thus there 1s asg much "force!
after ag before the contact.

Using the Cartesian messure, the gquentity of motion
ig estimated by the simple velocitiss, Beforse the contact
the velocity is 1A2A, but after the contact it is the sum
of the velocities lﬁgﬁ_and 162¢, But 1B2B plus 1C2C is
greater than 1424, Thus if quantity of motion 1§ the
measure of force, the total value would nave increased after
the contact. If on the other hnand the whole situation 1is
preversed such that bodies B and C together impart all their
motion to 4 at rest, then if the %total quantity of motion
14 to romain equal, the %total force, Ws, would be augmented,
and perpetual motion coulé be msde to result. Although in
this problem the quantities of motion are unequal before
and after the conftact, or as 1n the second part the Leib-
nizian force seems to ha#e increased, this does not mean
thét perpetual motlon would result. The %mpossibility of
perpetual motion nprinciple cannot be usged Lo demonstrate
the falsity of mv.

At the closs of.hisAreply to Arnauld, Leibniz
outlines his answer to the objection of AbbE Cagtalan which

ke puts in print early the next year.
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I find in The News of the Republic of Letters

for the monthh of September, of this year, that
comeone named Abbd D. C. of Paris, whom I do

not know, has replied to my objection. The

trouble is that he seems not sufficiently to have
thought over the difficulty. While pretending %o
contradict me vehemently he grants me more than I
wish snd he limite the Cartesian principle bto the
single case of ilsochronous powers &as he calls them,
as in the five usual forms of machinery, and this
ig ontirely sagainst Descartes! intentlon. DBesides
this, he thinks that the reason why, in the case
which I proposed, one of the bodies has guite asg
much force as the other, slthough it hss a smaller
quantity of motion, lg the result of this body's
having fallen for a longer perilod of time since it
has come from s grester height. If this made any
difference the Csartesian principls which he wishes
to defend would be ruined by that very fact. This
roason however is not valid, for the two bodiss can
descend from those differsnt heights in the same
time, according %o the inclination which is given
to the planes along which they descend; and my ob-
jection would still be entirely valid. I hope there-
fore that my objection may be examined by a Cartesian
who shalé be a Geometer and well versed in these
matters,

Here Leibnilz points out therconfusion between the
mass and velocity relationship in the five simple machines
and in fbe quantity of motion. Catelan, he =ays, tries Vo
refute him by citing only the case of isochronous powers,
thereby limiting the Carteslan orinciple to staticg. This
however savs Lelbniz is not Descartes! intention. (There
i1¢ no evidence that Descartes himself confused these two
principles by trying to extend the principle applyling %o

statics into dynamics.) Leibniz adds here that the times

8
Leibniz, "Correspondance with Arnauid", op. cit.,
168, Gerhsrdt, P.S., -4, 80, 81,
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of fall are not crucial because these times can be altersd
by use of inclined‘planes. With respect to Lelbniz's own
vig viva principle this is true. |

By the following Februsry, 1687, Leibniz had issued

a reply to Catalan in the Nopuvelles de 1s republique:

b

"Replique de M. L. & M. 1'Abbé D. C. contenué dans une
lettre Berite & l'Auteur de ces Nouvelles le 9. de Janv,
1687, touchsant ce gu'a dit M. Descartes que Dieu conserve

A 119

" sy 7
toujours dang la nsture la mgme gquantité de mouvement.

In this reply Leibniz snswers the objectilon of Abb& Cgtalan
that since the two falling bodies acquire thelr forces in
unequal times, the forces ought o be different.

If the force of a body of L pounds having a velocity

of 1 degree is transferred /transfere¥ to a body of 1 pound,

according to the Cartesians the sscond will receive a vel-
ocity of L degrees to preserve [egarder/ the same quanbity

of motien. But, argues Leibniz, thls second body should

only receive a velociﬁy of 2. And in estimating the forces
that the bodies have acquired no-one (except the AbbE D-C.)
will messure whether they have acquired these forces in %imes
long or short, equal or unequal. Time has nothing to do
with the measure of force, /i.e. Vis Xizgz. One can judge

the present steste without knowing the past. If there arse

9Leibniz, "Replique 3 M, 1'4bb& D.C." in Nouvelles
de la renublique des lettres, 9 (1687) 131-1lk.




116
two perfectly equsl and identical bodies having the same
velocity, but that of the first is scquired in s collision,
that of the second in & descent, can their forces be gaid
to be different? This would be like saying a man is

wealthier for taking more time to earn his money.lo

Purthermore one can change at will the time of deg-
cent by changing the line of inclination of fthe descent,
and in an infinite number of ways, two bodies can be made
to descend from different helghts in equal times. But a
rody descending from a certain helght acquires the same
velocity whether that descent 1s perpendicular and fasater,

or inclined and slower. Thus the distinction of tims has
nothing to do with the argument.ll

Teibniz then goes on to prove that in the example
given above, the velocity that the second body received
from the transfer of force is 2, rather than L as the Car-
tesisns would have maintained. The horizontal motlons of
the bodies can be gonvérted to ascents by use ol threads
as in a pendulum. The weights /poids/ are in the reciprocal
ratio of the heights to which they are able to rise in virtue

of the velocities which they have, and these heights are

proportional to the squares of the velocitles. If the body

10
Ibid., 133.

11
Tovid., 13L.
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receives a velocity of 2 1t can rise by means of a pendulum
or thread to & heipght of L, but if‘it receives a velocity
of li, following Descartes, then it will rise to a height
of 16 feet. Tn the latter case the effect (16 ft. times
1 1b.) would be guadruple the cause (L Ib. times 1 ft.).
One will be aeble %o establish as a law of nature, Leibniz
adds, that "there 1s a perfect eguation between the full
cauge and the complete effect.“12 Thies goes beyond saying
that effects are merely proportional to.their causes., Ffor
examble, gays Leibniz, congider Descartes' third rule of
motion, and suppoge that two bodies, B and C, each one
-~ pound, move toward each other, B with s velocity of 100
degrees snd C with a veloclity of one degree. Together their
quantity of motion will be 101. Now C with its velocity of
1 can rise to 1 foot while B can rise %o 10,000 feet. Thus
the force of the two together will be able to elevate 1

pound to 10001 feet. According to Descartes' rule after

. lEL@ibniz's "Repligue™, op. cit., 137. "C'est pourquol
jg croi qu' su liew du principe Certesian on pourrolt &tablir
uns autre 1ol de la nsture gue js tiens la plus unlverselle
et la plus inviolaole, savoir, qu'il y 2 toujours une psrfaite
eguation éntre la cauge nleine ef l'effet sntigr. Rklle ne
it pas suelement que les effets sont proporticnels aux causes,
mols de plus que chaque effet entier est equivalent 3 sa
cause..,. Mais pour faire mieux voir comment il s'en faut
servir et pourquoil Descartes et d'autres s'en sont éloignesz,
congiderons sa troisieme regle du mouvement pour servir d'
exemple..." Italics Leibniz's,
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the impsct (choe) both move together with a speed of
50 1/2-13 Multiplying this speed by two, the weight of
both bodies together, the quantity of motion 101, is re-
tained. However in this case the two pounds together can
only be rsised to the height of 2550 1/li feet or equivalently,
one pound can be raised to 5100 1/2 feet. Thug almost half
the force is lost without any reason and without being

1l

uassd elsewhers.

The resson that the Carteslan measure of force, mv,
can be proven false in this case where a collision not a
mere proportionallty, actually is involved, 1s that Deg~
cartes' third rule itself is in error. Thus although the
argument appesrs to be similsr to the preceding ones, it
ig in reallty quite different. Here Leibniz is initiating
a new line of argument on which he relies in subseguent

papers; that ergument 1s that if the rules for colliding

13pcscartest third rule states: "If /hard body/ B
and /hard body/ C sre equal in heaviness, but B moves
with slightly greater speed than C, not only do both
move to the left afterwards, but B also imparts to § half
the difference of their initial speeds.' See Appendix
I to Chapter I. '

lulf the correct rule is used in which the veloclty
ia taken as & vector and the bodies stlck together, then
the finsl speed is 19%. (mv_+ MV = 1(100) + 1(’.-1) = 99=
{m + M)Vf; EVf = 99; Ve = J—l-g"]g;)a
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bodles are shown to be false, then the principle upon

which they are based, congservation of quantity of motion,

must also be false, By compounding Descartes! errors
goncarning quantity of motion, Leibnlz 1s sesking to
gtrengthen his bwn position.

This reply to Cstalan in the Nouvelles de la

republique concluded with Leibniz's criticism of the

Recherche de la verité by WNicmlas Malsbranche (first pub-

lished in 167h).

According to Leibulz, Malebranche had presupposed
the truth of Dascartes' maxim concerning the quantity of
motion and believed that of the 7 rules of impact; l, 2, 3,
énd 5 were correct. (Leibniz states thet only rule 1 is
correct.) Furthermore Malebranche argued that in these
impacts involving hard bodies without elessticity there is
roebound or separation after the collision only when they
collide from contrary directions with velocities reciprocal -
to their magnitudeés {(grandsurs). In all other cases they
are joined topether after the collision retsining thelr

16

original quantities of motion,

To demonstrate the difficulty Leibniz proposes this

example: If body B, magnitude 2, velocity 1, and body G,

lELgi%niz, "Replique", op. cit., 138 "Co gui est aussi
peu possible que ce gue nous avons montré auparavant dans
un autre cas, oY en vertu du mbme princips Cart951an general
on pourrolt gagner le triple de la force dansg aucune raison.”

16
Ibig., 139.
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magnitude 1, velocity 2, collide from opposite directions,
they will separste with their original velocities. DBut if
one supposes the velocity or sizé of one body, say B, to
be slightly augmented, =o slightly that the former numbers
could be retained, they should move together with a vel-
ocity of L. B which arrived at the point of éollision
with a veloclity of 1, now not only does not rebound, but
continues forwsrd with a velocity of L. But it is impos-
gible that for such a small change in the former conditions
there results such a vast difference in the outcome: &ll
tendency toward $eparation ceagses, and B goss forward with
a veloclty of 3 units more then it had initially.

In a similar manner by pointing out the inequality
between cause snd effect, both Descartes' gixth rule aund
Malebranche's revision of it sre criticlzed by Leibniz.

In closing his letter, Leibniz mekes a point fund-
amentsl to hie philosophy and around which his critique of
Cartesianism is focused. There is a distinction between
force and direction; or rsthsr, he says, betwsen the absol-
ute force necessary to make an effect such as faising'a
given weight to a given helght or compressing an elagtic
body, and the force of continued advancement in a given dir-
ection, A body of mass 2 and velocity 1 and a body of mass 1
and velocity 2, can mutually hinder easch other from advsancing,
but the first can elevate a pound to only 2 feet, while the

second can elevate a pound to L feet. To resolve the para-
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dox 1t 1s necessary to admit in the body scmesthing other
than sxtension and veloecity, unless one wishes to rsfuse
to the body all power to act. It ls this powsr %o act
which 1ig, according to Leibniz, rightly to be termed
force.

April of 1687 saw in the seame journsl, the publi-
cation of & short extract of a letter of Malebranche to
AbbE Catalan.’’! Hore Malebranche admits thet what Leibniz
criticized about hig treatment of the laws of motion in

the Recherche de lg verité appears to be accurate, He

attempts to explain the cause of the incongruities while
§t11l retaining his conviction that God coﬁserves an equai
qusntity of motion in the univerce. The paradox, he clsims,
results from the fact thet in nature we do not find bodiles
which are abgolutely hard; hardness beilng possible only by
the compression of subtle matter and not at all by the absol-
ute rest of the body's parts as Descartes had claimed.t8
In answer to Lelbnig's difficuliy concerning the
problem of body B (magnitude 2, veloecity 1,) and body C
(magnitude i, velocity 2,) Malebrenche proposes that the

results of collisions are arbitrary and depend on the vol-

ition of God. If the two bodles aporosching each other,

LT
Nicholas Malebranchse, "Extrelt dtune Lettre du P.M.
a M. 1'Abb& D. C." Nouvelles de 1la republiquse des lettres,
9 (1687) Lh48-L50.

8 . )
Descartes, Principia Philosophise , Pt. 1I, principles
i, 55,
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ave joined together in the collision and finslly proceed
in the direction of B with & common velocity of L, this
has a very simple explanation. God causes a reclprocal
permmtation of velocitles at the instant of collision, 8o
that B would have a velocity of 2 and C a velecity of 1.
Then they would proceed naturally in the direction of B,
with a cormon velocity of L, the apparent contradiciion
being resclved. By this permutation a weaker body can
change the determination of a strongef body. It is exper-
1ence which bears witness to the way in which the Creator
scto. And thig reciprocal permutation, claims Malebranche,
ig a0 gimple that it 1s not gurprising to find that what
at first appeared unbellevabls should actually happen.

In his reply to Malebranche,lg July 1687, Leibniz
points ocut thst the incongruities between Descartes laws
.arewtoo great to be explained either by the hypothesis
that absolutely hard bodies are not found in nature or by
the volition of God. Regarding the first explenatlon,
perfect hardness may be conceived as infinitely prompt
elagticity and this may be treated as a case of the true
laws governing elastic bodies.

As to the second reason, Leibniz asrgues that the

19Leibniz, "Extrait d'une lettre de M. L. sur un
principe général, utile & llexplication des loix de la
nature, par la consideration de la sagesse divine;
pour servir de repliquedla reponse du R7P.M.% Nouvsllss
de 1o Republigue des lettres 10 (1687) 745-75l.. See also
Loemker, 1, C3B.503.
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more one studies nature, the more geometrical it is found
to be, and thét a cags where a'small change can produce a
large effect violates the General Principle of Order that
"ag the data are ordered, so the unknowns are ordered."

20
(datis ordinatis, etiam quaesita suni ordinate.)

In other words both Malebranche and Descartes have
viclated the law of continuity formulsted here by Leibniz
ag Tollows:

When the difference between two Instances in a
TIVEL EfBrLeg OF LhAau WHicH 1§ bresupoposed can

Fe dirainiched until 1% becomes gmaller Loan any
Tiven quantity wuatever, tne corrssponding dif-
TETence 1N wWhat 18 sought or in tnelr resullfy must
o Tecesslty also bs diminished or become Jless tnan
any Fiven guantihy whatever. Or to put 1t more
common.y, when ingtences or data approgch esach
other continuously so Stnat one at last passes over
TRto the other, it 1§ necessary for thelr conseguences
5% regults {(or Ghe LnKnown) to o S0 also.s+

The relevant application of the principle in physics
1s that rest may be conzidered as an infinitely small vel-
ocity or as en infinlte retardation. Each law of rest should
be considered as a special cage of the law for motion. Ir
the result producesla great incongruity ag in certain of
Descartes' rules of motion, then the rules must Dbe incorrect.

The outcome of this discussion with Malebranche 1s
thoat Descartes! quantity of motion 1s incorrect on two dif -
ferent grounds. In the firat place it would allow the Dro-

ductinn of a perpetuasl motion machine because the mathematical

20Nouvelles, 10, TL7.

21
Toid,., 7b7, Italics Lelbniz's,
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expression, gg; i1g incorrect. In the second place 1t
violates the law of continulty when sppllied to cases of
- the impact of bhodiss. Thus Leibniz 1s publically making
an attenmpt to undermine the Cartesian philosophy that the.
egssence of nature may be explained as matter Iin motion,
by showing that the mathematical formulatlon of thet 89X =
élanation ia incorrect. |

Of this attack, two things must be pointed out.
Both these arpgumente of Leibnlz have thelr justification
and thelr shortcoming. The difficulty with the first argu-
msnt has been indicated in the discussion of the "Brief
Demonstration.” Quantity of motion in ite correct form,
momenturn, and its related lasws form one picture of nature.
Congervation of energy and its pressuppositions are an alt-
ernate approach. To the extent which Leibniz means fhat
mv-momentum is not conserved he 1ls in error, but in the
senge thet miviis an incorrect measure of momentum, Lelibnlz
ig correct., This distinction wes Indeed perceived by Leib-

niz, as indicated above,(p. 83 ). That mgz ig 5 messurs

of a quantity fdund in nature, is again correct. Concerning
his second argument, thsi Descartes' ruleg of metion are
incorrect as they stand, he 1g Justified in his criticism,

" But the implication that the foundations of Descartes' |
description of nature (i.é. gxtended matter in motion)

are in error because the 7 rules of impact are wrong, can-

not be consilstently maintained when conservation of mowmentum,
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TV, is substituted for conservation of myvi. Lelbniz how-

evar théught of himself as substituting force, miz for

mivi, rather than mV for mivi,
Returning to the discussion initiated by the AbbE
Catalan, one finds that he replied only to that portion

of Leibniz's paper (Fsb., 1687) directed against himself.2?

He liste three different physical principles all of which
he c¢laims are trus but regarding which two things entirely
different are confounded by Leibniz.
"BP{rst, the principle of Descartes with respect to
machines:
As much force is necessary to 1lift a welght of
1 pound %o a height of L ft. as to 1ift a weight of
i pounds to a height of 1 foot. /T, at is, for the
five simples machines, fthe welight and the distance

through which 1t is wmoved are inversely proportional,
wyg1= Wofo . Thig 1g & work equation./

Second the principle of Galileo on the fall of
bodiee: The spaces traversed by heavy bodies in
their perpendiculsr fall towards the center of the
earth are_in the duplicate ratio of the times.

/s =% at?/, .

Third the principle of Descartes on the quantity

of motion: @Quantity of motion is expressed by th
product of the mass and velocity of 2 body. va?

Catalan procedes with a discussion of what he sees

ag Leibniz'e confugion., He defines the force of a body as

22 bbe'Catalan, ”Remarque sur la replique de M. L.
touchant le rrincipe méchanique de M. Descartesg, ¢ontenund
dane ltertiele IIT de ces Nouvelles, mols de Février,
1687", Nouvelles de 1la renubligue des lettres, 10, 577-590.

o _
BIbid., 579.
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its motion, or trensportation with respect to the surrounding
bodies. If one includes only the length of the space trav-
ersed in regafding the motlon, one 1s speaking of velocity.
But if one also includes the mass then quantity of motion

is defined.ﬂL

But knowing that two egual bodies have traversed
equal spaces, how does one know whether fthe motions are
equal 6r unequal? One body ﬁay have used # hour to complete
the motion, the other * hour. The sedond clearly has a
greater quantity of motion., Thue to say that two motions
are equal, the times of traversal must also be egual,

Here Catslan is talking about the momentum of egual
bodiss in equal times when they traverse a horizontal plane.
But then in a continuous argument he goes on to discugs the
"force" of unequal bodies in equal times. Here however
without stabting so explicitly he 1s reférring to the mass

" times the virtual velocity or displacement of the simple

mechines. ."Likewise when there is inequelify between the

gquantities of motion, or the forces, and ineguslity between

the bodiss, the spaces traversed can only be reciprocal to
the masses or provortional to the velocities 1f there 1is

alwaye unity or equallty of ths timea. Thus agaiﬁ romentum

»

25

ig confused with static force,

hrpia., 250-581.

25 pig., SoL.
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Cstelan continuss to confuse the two in the fol-
lowing statement: There is no difference between lifting
with equal force, the weight of 1 pound to a height of L
feet and thet of I pounds to & height of 1 foot /i.e. pro-
pogition 17.and between transporting with equsl quantities
of motion, the simple body L times the space and the guad-
ruple body the simple gpace Lproposition 37. The contra=-
diction of Leibniz, he says, is resolved if one considers
the effect in a given duration. It is tho disregard of
duration in the meaning of effect which doss not allow for

any difference in the spaces traversed, and which entirely

26

changes the question, Degcartes' rule speaks of moving
forces, i.e. quentities of motion, in equal “imes; Gglileo's
ruls compares forces applied in or motions acquired in un-
equal times and oroportional to the square roots of the
heights .27

The rebuttal of Leibniz that the times csn be equalized
by altering the line of descent of an inclined plane ls use-
leés, he ssys, becavuse on an inclined plsane, the force nec-
essary to 1lift & body is less than that necessary to 1lift

. 28
it perpendicularly to the same helght.

26
Ibid., 585-586.

2T via., 586,
8
“Spia., 586, 5867
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Here again two concepts are confused. Leibniz 1s
discusaging the fall of a weight through a vertical dis-
tancs 1mgs7, or poténtial energy, where the time 1s irrel-
evant. Catslan really means the mechanical advantage of
the inelined plane used as & gsimple machine, br force
multiplying device. Hers the effort or Newtonlan force

eded to push a body up the plane is less than that
needed to 1ift it perpenalcularly to the game vertical
height.

Caktalan cloges his remarks with a brisf pronounce-
ment that he sees no absolutely necessary cornection between
the prules of moticn of hard bodies and the fundamenbtal pro-
pogition that God always conserves sn equal quantity of
motion in ﬁattef. Thus the remarks of Lelbniz against Deg-
qaftes‘ rules of motinn cannot be applled asgainst his own
stend on guantity of motion. However he adds he would be
willing to express his opinion on these rules of motion

2
st another time. 9

_ o ‘
Leibniz's second reply %n the controversy with

,Catalén was in the main a reiteration of arguments ore -

viously evoked. Of en example in which all the force

of a body of L lbs,'velocity 1 is transferred to a second

body of 1 1lb., the veloclty received by the gecond being

2, Leibnig states that the same guantity of force is pro-

291p14,, 599. Gottfried Wilhelm Leibniz, "Reponge
& la remsrque de M. 11abb& D.C. contenue dans 1! article
1 de ces Nouvellés moig de Juln 1687 ou il nréteno aoutenir

une 1.0l de la nature avanche par M. Descart@s. Nouvelles
Ge la Yeoubligue des 1lettres, 1.1(1687), 952- 956.
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served (garder) but the same quantity of motion is not,

How this transferml of "force" is to be accomplished is

not specified br Lelibniz.

The Controversy with Denis Psapiln

Denis Papin entered the discussion on the guantity
of motion in 1689 with a new argument in support ofrthe
Cartesian hypothesis, dorived from hig theory of the cause

of gravity.Bl

He employs two principles, nne taken from Galileo,
the second from Huygens. Galileo demonstrated that falling
weights add equal velocities in squal unlits of time.

/v = at/. Huygens, claimed Papin, in providing a first
orinciple upon which to base those of Gglileo, assumed
that'"the‘power which 1s the cause of‘gravity hgs & speed
unlimited in comnsrison with the velocliy of a falling

weight."32

BOIbid. , 95L.

31Denis Papin, "De Gravitetis causa et proprietetibus
obgervationes," Acta Pruditorum (1689) 183-1885,

32Papin, "De Gravitatis causa™, 18, "Potentia quae
cravitatls causa est, celeritstem nabet infinitam prae
velocitatibus gravium cadentium..." This is a portion of
Huygens' theory of the casuse of gravitational force baged
on Descartes' hyoothesis of a subtle matter filling all space
providing for change by ohysical contact. Huygens' subtle
motter was in very rapid motlon and penstrated all paris
of mstter from every side. Huygens had attempted to work
out sn explanation of gravity as an effect of ecircular
motion o substantiate Descsrtes' vortical theory of the
motion of subtle matter.

Sge A, £, Bell, Christian Huygeng and fthe Develop-
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A weight, whether falling or at rest ig thus always
affected in the same manner by the force of gravity. Fur-
thermors, an infinitely slow motlon is not dis%inguishable
from rest by any sensible sffect. There 1g then no rsasgon
why the power which 1la the cause of gravity should not im-

print the same guantity of moftion in the second instant as

it dossg in the first instent. The curve describing the
motion is continued in the sgame uninteruptved course in

equsl quantities of time /v = at; mv = mat = Ft7.

| Trom this follows his objection to Leibnlz's estimste

of force by ws. Ihe quantiiies of motion are in the direct

ment of Seience in the Seventeenth Century, London, 1947,
161~16/. '

Panin in this paper (18L, 1585) describes an exper-
rent of Huvgens to measzure the speed of the clrculsar
motion of the subtle metter cauging gravitational force.
Tn this experiment a device wag uzed %o horizontally wo-
tate two pendulum balls hanging on thin threads. The
principle is the game as another of Huygens' experiments
described by Mach, in Ths Science of Mechanics, op. Cit.,
p. 200,

"y g closed vessel contalning water Huygens placed
small particles of sealing wax which are slightly heavier
than water and hence touch the bottom of the vegsel, If
the vessel be rotated the particles of sesling wax wili
f1ock toward the outer rim of the vecsel. If the vessel
be then suddenly brought to rest, the water will continue
to yotate while the papbticles of sealing wax which touch
the botiom and are therefore more rapidly arrested in
their movement, will now be impelled toward the axis of
the vessel. In thig process Huygens sgaw an exact replica
of gravity... Tne detalled exposition of this kinetic
theory of gravity is found in Huygens' tract Un the Cause
of Gravitation.”

The existence of a subtle matter was also hypothe-
simad to exnlain cerbain effects encountered in experiments
with & vacuum pump which Huygens performed with Penis Tapin
in 167l and described by Parin in Nouvelles Experiences du
vide (167L). See Bell, 163.
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ratio of the times of the motion /myvy/ t1= movo/to= F/.

The force of a falling body 1g thus lincreased or diminished
according as there 1g more or less time for the motion to
ocecur, |

Then from discugsing the momentum acguired by a
falling body, Pepin leaps in a continuous argumenﬁ t0o
the situation of equal times. This case would hold true
only for equal bodles falling during equal times, or in
statics.

"If the times are sgual no more or no less force
can be added or subtracied by making the spaces traversed
longer or shorter. Thus s measure of force estimated by
the spaces traversed cannot be correct.”

Papin ig arguing thet Leibniz' analysis 1s wrong
because gtetic or Newtonian force doeg not apply to Leibniz's
free fall demonstrstion, OF course thers is no reason for
its application gince Leibniz's "force" is an energy concept.

Papin c¢loses hig paper with the statement that al—'
though he has taken the part of the Cartesians in the matter
of the measure of force, he would not defend in the same way
the rules of motion.

Leibniz;s reply ("On the Cause of Gravity and a Defense
.of hig Opinion of the True Laws of Nature Agalinst the Cart-

esiang," May, 1690)33,promulgated & new demonstration which

33cottrried Wilhelm Lelbniz, "De Causa Gravitatis et
Defension sententiae sua vserig naturae legibus contra Car-
tesianog” Acta Erud. (1630) 228-239. Also in Gerhardt,
M.s., /2/, 2, 193-203.
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was 1ntended %to firmly establish ws as the measure of
forca. However it further points up the eonfusion be-
tween measure and conservation of "force". Papin's next
reply will shrewdly attack this confusion though not
clarify ite existence,

Leibniz begines by clarifying the lssue at stake,
in order he saysy %o exclude all verbal misunderstanding.
Anyone 1g at liberty to define force sag he wighes, whether
a8 guantity of motion or as motive force. The issue 1s to
decide which is conserved (conservare) whether 1% be the
product of weight Zpgg§5§7and gpeed or the product of
welgnt épogg£§7and helght, This will be decided by whether
or not perpetual motion can arise from ths acceptanée of
glther def‘inition.3LL
| Although the issue is clesrly a verbal one, as
Loeibniz sstutely points out, it cannot be decilded by the
production Qf perpetusal motion.

The example which wi;l demonstrate perpetual motion

35

is as Tollows (Fig, lj, following page).

3L1b1d,, 23L. "Sed ante omnia logomachiae sxcludena

cccasio est; erunt enim, qui sibi permissum dicent vim defin-
ire per qusntitatem motus, et duplicata corpris daty coleritate,
vim e jus duplicatem dicers; neque hanc ego libertstem culgusam

nego, queanm mihimet concedihpostulo. Sed cum controversia

nobls s8it realis, utrum scilicet motus conservetur, an vero
potium ead® quantitas virium eo sensu, prout a me accipitur,
1d est in ratione composita non ponderis et celertatis, sed

ponderig et altitudinie, per guam corpus ab sgente vim habente

attolli potest, facile de verbis fransigemus,”

350014, , 235-239,

-
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A ball & of weight l descends from the height 1AE =1 fobt,

by the inclined plane 1424 until 1t arrives in the horiz-
ontasl plane EF. There it travels from 24 to 34 with a
velocity of 1 gained in the descent. In the same horiz-
ontal plane a gocond ball, B, of one pound rests ét pocint

1B. Let all the force of ball A now be transferred to ball

B such that A rests in the horizontal place 3A, and I alone
is moved. How much speed should ball B receive so that it
has only as much force as does ball A?

The Cartesian answer according to Lelbniz will be

a gpeed of ljmyvy = L(1); mpvp = L{L). But if this is the

cagse, perpetuasl motion will arise. For body B heving weight
1, speed li, traversing from 1B fto 2B arrives at the Iincline
2B3B. It 1s then able to ascend to 3B, or the perpendlcular
height F3B = 16 feet, since the height is proportionsl to
the velocity squared. Now perpetual motion, or an effect
more powerful than ite cauvuse can arise, because B can be
msde to descend to the horizontal position LB, There by
meansg of a lever with fulcrum at C it is sble to elevate
ball A of welght L resting at 34 to a perpendicular height
of nearly l. feet, the lever arm C3B belng a little greatsr
than L. times the lever arm C3A. This is absurd:-in the
initial state A wasg at a height of 1 foot and B rested in
the horizontal plaﬁe; in the final state A 1s restored %o

a2 height of L feet, while B ageln rests in the horizontal

plans. A can easily be returned from LA to 1A and thus create
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perpetusl motion by the force of its own descent., No new
force has been contributed or absorbed by othe} agents or
patients. We concludse thérefore againgt the Cartesians that
quantity of motion should not alwsys be conserved.36 If ms ws
1s sccepted as corfect, the guantity of motion mv after the
transfer has decreased from L/(mv = U(1); ms = L)/, to 2 -
(mv = 1(2); but mg = 1(&)7}. And other cases may be contrived
in which the guentity of motion will be increased. Tnus if
the ratio of the bodies to the heights to which they are
-able to agcend, 1s used instead of gi, perpétual motion
will not arises. Expressed mathématically, the relationship,
Ax + Bz = A{x) + B(z) will allow the same ''power" always
to be preserved, where x and z and (x) and (z)reprssent
the heights to which bodies A and B are able to ascend be-
fore and after the action. But the relationship Ae + By =
A (e) + B(y) where e snd y, () and (y) are the initial and
finsl speed ,w111 not follow since 1t 1s not always possible

37

to preserve the same gquantity of motion;

36

Ibid., 237. "Itague eadem opera conclusima contra
Cartesisnos, non semper debere conservari quantitatem motus.

37Ibid., 237. "Bt generallter ¢i sit corpus A prasditum
initio celeritate &, corpus vero 5 celeritate y; at posy
actionem sit corpus A praeditum coleritate (g), corpug autem
coleritate (y). L% similiter altitudines, ad quas corpora
et B agcendere poterant, ante actionem =zint, (respective)
et z, post actionem vero (x) et (z) ajo debere sgge AX
Bz = A(x) + B(z) ut eadem servetur potentia; unde utig.
gequitur, nen ﬂgﬁper posse esse Ae * By = A(e) + B{y), sou
non pogge eandem semper gervari quantltatem motus.

+Hﬂbhﬁ
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Leibniz concedes that the speeds acquired or lost
by freely ascending or descending bodies will be as the
times, but it is the moving forces which are conserved
and these are not estimated by the speeds.

Papin, (Januarv,1691)39 easgserted First the objec-
tion drswn from the Time of ascent, saying thet the asscent
of body A, speed 1 (in the sbove example) should be through
1 unlt of time and that of body E, speed L through L units
of time. For each degrse of time and speed, each bhody will
overcome equal resistance of gravity.

lis second objection to Leibniz's perpetual motion
example 1s & cruclal one. He concedes that perpetual motion
15 abgurd end that if 1t could actually be demonstrated by
the above example the Cartesian measure of force would be
reducéd to an absurdity. DBut he deniss the posgsibllity dfi
actually $ransferring in nsture all the "power" of body A

to body E.AO

38Ibid., 237, "“At ego VIRES MOTRICES, id est egs quas
ConSBPVBHdae sunt, ostendi non esse aestimandas gradibus
celeritatis :
39 : __ .
Denis Papin, "Mechanicorum de viribus motricibus
sententia, assertsadversusg c¢l. G.G.L. objectiones," Acta
Trud, (1691), 6-13.

uOIbld., g9, "Epo autem mobtum perpstuun absurdum essge
fateor, cl., Viri demonstrationem ex supposita translatlone
esgse lepitimam; sed Hypothesls lpsius pogeibilitatem, trang-
lationis nimirum totius potentlae ex corpore A in corpus B,
pernego: menifestun aubtem est, quod si dicta tranglationin
rerum naturs nullibi et nulls ratione filerl posset, qul ab
es sperabatur motus perpetuus remanet etlam.imp0551bllis,
negue Cartesleni ad 1illud absurdam redigquntur.
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He promises publically that if any method c¢an be indlicated
by which all the moving force of the greater body can be
transferred directly to the smaller body at rest without
the occurance of a miracle, he will either concedke that
effective perpetusl motion is possible or will conceds vic-

41

tory to Leibniz.
Leibniz's final reply (Sept. ié?l)ue did not adequately

meet the objesctions of Denlis Papin., Lelbnlz claimed that

the demonstration of the physical ftransfer of fthe ftetal

force from the larger to the smaller body was not at all

difficulilt. First of all 1In the course of the experiment

the law of continuity must be assumed, so that a leap from

one value of force to another could not occur out of which

verpetual motion might arise. Secondly denying the possgib-

ility of a leap, the eguipollencs of causge snd effect must

be asgsumed. For whereas many will agree that an effect

cannot be more powerful than its czuse, some wlll argus

L1

Ivid.; 9. "Posdsm hic substitere: hactenus enim
validigsimus demonstrationibus suffults Mechanicorum sent-
entia ab adversgariorum tetls inconcussa remaneit: Dominoque
Leibn. incumbit probandum, vel guam nego trenslationem in
natura egge poglbllem; vel gattem ipsius posgaibilitatem
gegqul ex adversariorum suorum doctrina: mihnl autem sufficeret
pelam hic promitsere, qguod gi mihl indicet rationem aliquam
quo tota vis motrix, sine miraculo, ex corpore majori ftrang-
ferri cueat in corpus minus et guliescens! Hge vel motum
perpetuum sffectum, vel manusg victes dabo."

&2Gottfried Wilhelm Leibniz, "De Legibus naturae et
vers aestimatione virium motricium contra Cartesianos
responsio ad rationes s Dn., P. mese Januerii proximo in
Actis hisce p. 6 propositas,”" Acta Bpud,, (1691), L39-Li7.
Also in Gerhardt, M.S., J2/, 2, 204211,
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that the effect can be less than its cause. DBui Nature
naither decays and decrsases in perfection nor does 1t
recuperate losses or attein higher perfection by a miracle.
Further one cannot justify a decrease in "force" after a
collision by srgulng for the annihilation of the remainder
of the csuse over and above that used to obtain the effect.

Proceding under the assumption that Denis Pabin is
too sophisticated to fall into any of the above blunders,
Teibniz offers two methods of transferring all the "force"
from a larger body to a smaller one at rest, clalming theat
sdditional demonstrstions have been left with a friend in
Florence. The first method is to divide body A into L
partg, all sgual to the size of body B, the totallty refaining
the velocity of body A i.e. 1. The power of each of these
smaller bodies is then transferred successively onto body
B at rest.uB

The physical imposegibility of accomplishing this
by successive collisions 1s obvious. The first collision
will set body B in motion with the velocity of the Ifirst
small part. But thereafter body B end the second small

pert of body A will be in motion with equel velocities.

u3Ibid., i3, UEt quidem gi concedatur, posse totam
vim minoris transferri in majus sine motum sgine gulescens,
igitur 4 motum, majus B guisscente dividamus in partes
ipso B minores, totius A velocltatem retinentes, et culus
libet deinde potentiam in B transfersndo successive, tota
ipsius A majoris potentia translata erit in B quisscens.”
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Lelbtniz's ssecond method is to connect bodies g
and 3 by a sufficiently long rigid Iine. On this is
agsumed an immovable point H around which the compound
ig able to be rdtated. Point H is close enough to A
and sufficlently removed from B that when A witn its
initial force is attached it can be brought effectively
to rest. Almost all its force will then be Itranslated

L

to B at the other end, snd when A rests, B 1s unbound.

The details of this method are obscure and it is not at
all clear how such a device could by physically operated
and still fulfill the conditions of A having initial vel-
ocity 1 and B having zero velocity.

Behind Papin's challenge to Leibniz lay ths modern
idea of congervaetive systems in mechanlicsg., If the transfer
of "force" is to be accomplished as a two-body intersaction,
then moméntum would be conservsed and mechanical perpetual
motion could not% result. If, howsver, external forcesg
such ag spriﬁgs were used to transfer the force, K then Leibniz's
argument would gtill be valld for gquantity of moticn, or

momentum, would not be conserved in comprsgsing the spring.

uulbid., Ilh3, "Aliter: Aet B connectantur linea rigids
quantum satis egt longa, et in ea sumatur puntum H quod sit
tem viecinum ipgi A et tam remotum a B, ut celsritas quase
inter circulandum competit ipsi A, sit cuantum-vis parva.
Tta potegt A haeberi pro culescente, vel quasl, et tots

guasi vig ejue goluto mox nexu seu linea rigida sublata,
translata erit in B,"
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But even though momentum conservation would be violated,
perpetual motion cannot cccur because this principle
applies only to conservation of vis viva, snd here vig viva
is conserved. |
A text of Leibniz, written in 1692 was recently dis-

L5

coversd,.edited and discussed by Pierre Costabel. In
regar@ to content, this Léibniz text i1g very similar to
the two papers written agalnst fhe ideas of Dgnis Papin
but preseﬁts the argument 1n the form of logical aefini-
fions, axioms_and,propositions. The example given ig the
seme one discusgsed above and the principles upon which the
conclusions sgre based are the impogsibllity of perpetual
mechanical motion, the principls that the total cauge nust
equal the completie ezfect and that the same guantity of
n

force 1s consgerved.
Again all transfer of force is by substitution of
a body in ons state of motlion and position for a body in

another, egual to that of the first. The possibility of

ugPierre Cogtabel, Leibniz et la dynamiqué, les textsa _
de 1692, Paris, 1960. :

1A
Méﬁgstabel 98. "Definition 3: Le mouvement perpetual

macsnigue (gu' on demande en vain) est un mouvement ou les
corps se trouvent dans un 8tat violent, et agissant pour en
sortir n'tavancent pourtant point, et le tout se retrouve au
bhout de guelgue temps dans un état nen geulment autant vio-
lent que celul ou 1l'on etalt au commencement, mals encors
agu dela, pulsque outre que le premier &tat est restitus
i1 faut gue 1z machine pulqﬂe encore nroduire quelque €ffet
on ugage mécenique sanu qufen tout cela aucune cause de
dehors v contribue,"

"axiom I: La méme quantlte de la force se converve,
ou bien, l'effet entisy est Bgal & la cause totale,”
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physical transfer 1s not discussed except to say that one
can imagine certain techniques for the sesxecuifion of these
transfers. Propositions ldentical with the conclusions
in the other two papers are proved by uss of the axioms
and definitions. Proposition 5 resds: "When the forces
are e qual, the quantities of motion are not always equal

t1

and vice versa,. While this proposgition is true, the con-
ditions for the validity of proposition 9 following it are
not specified: "The game quantity of motion 1s not always

w7 e gimilarity of this 1692 paper to Leib-

conserved.
niz's 1690 paper against Papin is not mentioned by Costabel.

The paper does make one‘contribution to the develop-
ment of Leibniz‘s physical thought, as pointed out by Cost-

gbel. He uses here the terms force vive end force morte,

ordlnarilv considered by historiasns to have been introduced

1lh—

in 1695 in the essay "Specimen Dynamicam". "Ht 11 et &

propos de considérer que 1'equilibre consiste dans un simple
effort (conatus) avant le mouvement, et clest ce que J'appelle
la force morte qui a la mBme ralson a l'egard de la force

nli9

vive (qui est dans le mouvement méme ) que le point 8 1s iigne.

L7
Costabel, 103.

uaThese terms, however, were slso used in his "Hasgay de
dynamique" written about 1691. See this disertation Ch. IIL,n 87.

Costabel, loh Concerning this Costabel writes, "La
tradition attrlbue > Leibniz l'expression mdme de force vive.
M, Gugroult 1ndlque que le terme Ce "vis viva" falt son
apparition nour la oremidre fols deng le Spaclmen dynamicum
et note que Leibniz s'est plus souvent servi de l'expression
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Although Leibniz made the Tinal statement in the
discussiong with Denis Papin and although he himgelf con-
cluded that he had sstisfied gll the contrary asrguments

. . 0
of his "renowned antagonlst,”5 his case, as shown above,

wag not at aill clear cut. The argﬁment with Papin empha-
sizes tﬁe misapplication of the vrinciple of:the imposa-
sibllity of perpetual motion and the confusion between the
congervation and the wmeasure of "force." It points up the
fact that the situaticns in which momentum is and 1s not
congerved were not clearly sgpecifled. Thus the qdestionl'
wae not solely one of verbsl definitlon as tao the mathemat-
ical expression of force as d'Alembert was later %o char-
acterize the controversy. The papers exchanged betwesn
Papin and Leibniz as those between Catalan and Leibniz,
point up a.seoond major confusion 1in the controversy, that

between the messure of a force scting through a distance,

2
(fs = mv ), the measure of & force acting through a time

interval (ft = mv), and the force of statics (mdv/d%).

o
Iy

"ootentia" pour designer mva. I1 est aigé cependant de
constater cue dés 1686 l'expression de "potentia viva™
paer opposition 2 "potentia mortua" appartient au langage
leibnizien, OUn 11% en effet dans la Brevis demonstratio....
"Est autem potentia viva ad mortuam vel impetus ad conatum
ut Jinea ad punctum vel ut planum ad lineam".,...les textes
que nous venons de relever prouvent encore une fols que la
notion de foree vive, nettement congue nar opposition £ la
force morte, existe chez Leibniz des 1687 et l'isgay de
1692 temoigue que des que Leibniz a voulu traduire sn fran-
cals, i1 a employé l'expression de "force vive." Costabel,
50,51,
50

Leibniz, "De legibus Naturae," op. cit., LbLi.



Concluslon

Thus to surmarize Leibniz's position regarding
Descartes! quantity of motion: (1) He 4id not believe
that mv was the mathematical measure of "force'.

(2) He did not believe that guantifty of motion, as defined
by Degcartes, was congerved becauss a) 1f correct it

would give rise to perpetual motion allowing inéquality
between total cause and effect, and b) 1t gave rise to
false rules for the wmotion of colliding bodles. (3) He

was not objecting to Descartas"quantity of motion solely’
on the basls of Descartoes' neglect of the vectorial aspect
of the velocity, for he knew the work of Wallis, Wren, and
Huygens on the conservation of mv, and Indicated this as
sarly as 1686, Any objection of Leibniz on this point
would be correct. (l) The real crux of his cobjection to
the guantity of motion was that he was convinced that an
absolute and not a relative quantity was conserved in
nature and that mv did not meet the gualifications for

guch 2 quantity. This ié closely tisd to the philosopnical
system he was developing at the time, as has already been

indicated.
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LETIBNIZ'S ARGUMENTS AGAINST QUANTITI OP MOTION
. (Carolyn Iltis) - _
‘(Univers;ty of wisconsin) 1yl

Fig. 1
© Diagram Lelbniz's

Fig, 2 ©

- Diagram mina

4

1. Arjument in ths Acta Eruditorum,'March, 1686

Assumpilions:

(1)

(2)

A body falling Trom a certalin heirht acqulres
the same forcs necessary to 1lift it back to
its original height 1T nothing external

“interferes. (This defines [orcs as quantity

of matter times distance, or mg.)

The same quanbtity of force 1s necessaryto

ralse body A (Fig. I) having mass, m-1, to
a helight g —4 28 1is necessary Lo raise vody

- B, m =4 1o height 8 —1.

Conclus&ons. ' ;

(1)

(2)

Eody A, m =1, in Talling a distance s - 4

¥
will acquire the same force as body B, m =4,

falling 8 =1. E(QE)A Wi (mg) T
The guanitities of motion are got egual.
[(@3)5 = (L){2) =2; (mv)B (4)(1 ]

T

2, Argument in the Nouvslles de la
republigue des lettream 9:138
(February, 1687 )

Descarteas' third rule for coliiding
. bodies: "If [hard] body B and [hard]
.. body C are egual in heaviness, but

i

TR

AN

‘ ABe;ore collision:

ag(Ivlg)+ mg civtB)-(1><1>%-1(100>

7 5GG+m@B_UJu)

=101

+ (1)(10, ooo)

" B movas with slightly greater uDGGd
than ¢, not only do both move to
the lefu afterwards, but B also
lmparts to € halfl uhe differenca of
their origlnal speeds lLega,. . ;o

lv = ly@wUVBIHchq f

s

. After collision:

iVF1:1VGl+PVB| - fvc%:lﬁ{}00~l}
2 2

= 1+49 1/2 50 1/2

-Z10,000 - B dalng R

g (v ) R(508) = 101
UB+C

© Thus a 1 1b. welght would be elavated - “ﬁ+0(3 )=(2) (50 1/2).ﬂ5loo 1/2

to 10,000 feeta

';Thus a 1 lb welght would bs
elevated to 5100 1/2.




3. Argument in the Actla Eruditgfum; May, 1690

145
9 3B
‘ ‘ 1
\
: "'{'A. : \ .
Loy
i i
[ ) L il B \
1A o o ooy
QL‘ o : -
. 4 0 (-r'; o ' ol
E 24 3! 1B~ 2B U ‘

FigeZ Leibniz's diagram

A ball A of welght 4 descends from the height 1AE = 1 foot,
by the inclined Bblano 14248 until it arrives in the horizontal plane

_ EF. There 1t travels from 24 to 34 With a velocity of L galned

'in the descent. In the same horizontal plans a second ball B, weight 1,
 rasts at . point 1B. Let all the force of ball A& now be trans;erred

. to ball B, such that &4 rests in the horizontal place 34, and B

~alone is moved. How much speed should ball B receive so that

1t has only as much force as does Lall A%

‘ The Cartesiasn answer (accordiné to Le;bniz) will be a speed
of 4; m ~ 4{1}); - 3{(4}), But 1€ this is the case, perpstual
motion &i%l arise. Eor tody B having welght 1; speed 4, traversing
from 1B to 2B arrives at the incline 2B3B. It is then able to
ascend to 3B or ithe perpendicular helght F3B = 16 feet, since halght

Tﬁ-is proportional tc veloclty squared... Now perpetual motion or an

effect more poverful than Lts cause can arlse, because B can be
made to descend jo the horizontal position 4B Wwhere by moans
of a levsr with fulcrum at C it is able %o cleVRuE ball A of wasight

4 rosting at 3A to a perpendicular height of nearly 4 feet, the

laver ajmzcwa ‘belpg a 1ittle greater than 4 times the 1ever arm
C3A. This is absurd: in the initial state A was at height 1 footl

~anc. B rested in the horizontal plane; in the final state A is

restored to a height of 4 feet while B again rests in the horizontal’
plans. A van easlly be returned from 44 to 1A and thus create . s
perpetual motion by the force of its own descent., ' No new force

 hasg been contributed or absorbed by other agents or patients,
We conclude -therefore agalnst the Cartesians that guaniity of
- motion should not always ba conserved B :



