CHAPTER IX
Re-fExamination of Living Force in the 17L0's

In 17L0 the controversy over living forces was re-

opened by Madame du ChBtelet who in an appendix %o her

Institutions de physigue challenged Mairan's paper.l

Mairan and du Ch8telet exchanged criticisms, the publi-
catlon of which inspired comments from other writers, Vole-
taire (1741) and Abb&cDiedier (174L3). DrAlembert's firgt
edition of the Traitd de dynamigue (1703) discussed the
controversy but did not resolve the problem., OUnly after
additional contfibutions from Bescovich (1745), dig 4
Alembert {(1758) give a full statement of the difficulties
dividing the two camps.

Du Gfitelet's bodk which appesred snnonymously in Paris in
1740, although some title pages say London, 1741, was
meant as a text book for her son's use. In part an attempt
to popularize Leibniz's views, 1t was succegsful in creating
immediste interest and excitement. Du Chftelet, the mietress
of Voltaire, had in her first yeers of associstion with him

beginning in 1735, been primarily a student of Wewbtonian

1 .
Gabrielle Emelie du Ch8telet, Institutions de
* physique, Psris, 1740, Ch. 20,21,
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ohysics. In 1738, however, she resd Dernoulli's "Discours
cur les lois de la communication du movement" and was con-
verted to the*Léibnizian position, at least, in dynamics.
Then in Msreh 1739, Ssmuel Koenig, was brought to Cirey
by Maupertuls as & tutor for her and Veltalre In mathem-~
atics. By wey of Koenig she cesme under the influence of
Leibniz's philosophical views through their expression in
the idess of Christian Wolff. As a result of Keenlg's

teachings she revised her manuscript of the Insgtifutions

de Bhvsique so that although it was Newtonian in its

basic principles, it followed Leibniz on the subj@ct of
dynamics.2 |

Du Ch3tslet begins with Leibniz's distinction be-
tween dead and living force. livying force can arise from
dead force when a body ig continually subject to a series
of infinitely smell forces dr pressure s ipressions?. If a
body yieids to theée'dead forces, it conserves themn and
acguires a force which is the sum of all these accunmuiated
pressurasfj

Du Ch8telset gave two examples of the relatlonship
of dead to 1lilving force. The first example of dead force
wag that of slastlcity. She pictured a set of thres gimilisr
sections of elastic sorings (ressorts)’equallystrong and

squally tense” (See du Chitelet's figure 73, v. 327.

W. U. Barber, Lelbniz in france from irnauld to Vol-
taire. A Study in French Reactiong to Taibnizianism, 1670-
1760, Oxford, 1955, 135-1[0, 182-156. -

2Ivia., sec., 567, p. L20.
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If a body receives the force held in one of these
elastic sprinrs, a second body receiving the force held
in two similar elastic sbfings equal to the first will
acqguire two times more force. A body recelving the force
of 3 equasl and similar springs will scquire three times
the force. (See du Chfitelet's figure, 73, p. 327.)

The second example 1g analogous: the force of gravity.
Gravity presses uniformly.on heavy bodies at sach Instant
and at 2ll points of their fall. Gravity can be considered
as an infinite elastic spring NR nressing equally on body
A in the space AR and acting at all polnte between A and B.
(See du Chftelet's figufe 7L, p. 327 ). If one expresses
the nregsureona body st ézby theiline Am, that which it
receives in the second wmoment by the line sn, the followlng .
pregsure by line bp etc. up to the final position of body
A at B, one finds that the sum of the rectangle formed by

Pl

the pressures Am, an, bp etc, 1s the rectangle Ab. +he

living force acquired at B should be represented by this
rectangle since it is composed of the sum of all the pressures
recelved during the time the body moves from & to E. The
living force of body A4 srriving st point B will be fo that

of body R descending frem A to R as the rectangle Ab is to

the rectangle ég. This is the same as the ratio AB fo AR
since rectangleé of the same height sre in the same ratlo

as their bases. The forces that the bodies have raceivad

at A and R are as the lines AB and AR sgince the living
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forces sre as the number of equal elastlc springs commun-
icating by expansion thelr forces to the bodies in motlon.
Sines in a double gpace there are two times as many elastic
coils as in a single space, the number of colls are in the
retio of the spaces AB to AR. Thus the living forces of
the body descending by gravity are as thse spaceg AL to
AR,

But these Spacés are ag the squares of the velocities,
and thus the living forces of the bodies ot E and R, are as

the squares of thelr velocltles.

Du Chftelet replied to Mairan's sssertion that time
should be the common measurs 1in compariﬁg two forces, singe
the todieg in which double velocitiss produce guadruple
affectes do g0 in s double time, the forces being merely
double when equal times are considered. She gave in response
Leibniz's argument that the totael force of a body should be
messured from the time a body commences 1ts movement until
that instant in which it has exhausted a1l i1ts force., 'Time
ghould enter into the consideration of force no morse than
into the measure of riches of a wman, which are thé same

5

whether dispenssd In a day, a year, or a hundred vears. "

Foyr force to be real and not merely a mebaphysical

li"Du Chﬁteiot, sec, 567, pp. L20-L22.

SIbid., gecs, 568, 569, pp. L23-L2l.
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notion, & resistance 1g necessary by which its effects
can be goen., If a body encounters other bodies which 1%
sets in motion, or if it bends elastic springs or com-
pregses or trsnsports other mssses, then the presence of
the force ig known and can be esgtimated by fthe quantity
of the sffects it produces.

The only occasion on which time should be considered
ig when a body woves for & long fTime under uniform motion.
Then the only effect produced 1s the total space traversed
and the effect depends on the length of the time of btraversal,
But a longer or shorter time wlll never altsr Gthe capacity
of a body to remount to the height from which it fell or
to compress s certein number of elastic springs. VIf in
a longer time.a body could produce a greater effect as for
example to rige to a helght grester than that Lrom which
it fell, %hen perpetual moticn woﬁld be posgible... Thus
the force destroved is elways equal to the effect 1t pro-
duces whatever the time.”6 To overcome s resistancs of 100
it is alwavs necesgsary to have 100 degrees of force no matter

how long the time., Can a body which is stopped by hitting

3 glasgstic strips Zlames de regscorts) in the first instant,
ba said fto have the ssasme force as a boedy which in the same

tims after bitting 3 obstscles, still has unconsumed force?7

1pid., secs 570, 571, pp. L2%, Lob.

TIvta., sec. 572, p. L2b.
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In refuting Mairsn's supposition that force 1is
measured by the spaces not traversed which would be
under uniform motion, du Chftelet srgues that two con-
tradictory ideas are being used simultansously. if a
body exhausted s part of its force in closing (fermer)

3 elastic spriangs in the firsgt second of its retarded
motion, and only had enough force remaining to close

one mors in the next second, then 1t would have to take
back gsome of its force if 1t could closge 2 springs 1in the
second second of uniform motion. The result would be,

she says, that 2 + 2 = 6, A forco can never in reality
croduce an effect greater than thet which hes destroyed
it. I% is contredictory to suppose at the same time that
a force can remein the same and yet that it can produce a
portion of the effects which consume it. Thus a force can-
not be supposed at the same time to be unlform and also to
have encountered a portion of the obstacles which would
consume it.° —

Du Chftelet then gives geveral arguments ia support
of the measure of living forces as @22. Of two travelers
walking equally fset, one walks for one hour covering one
league. Lhe second traveler walks two lesgues in two hours.

The second traversed double the path of the first and,

BIbid., gec. 574, p. L32.
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"everyone sgreas’, used double the force in o doing. Sup=
posing now that a third traveler walks with a double velo-
city and covers the two leegues In only one hour., This
third man used two times ass much force as the second who
took two hours to go the two leagues. 1t 18 now evident
that this third traveler who used'double the force of the
gsecond, who in turn used double the force of fthe first,
must have used guadruple the force of the first, having
walked double the scace with double the velocity in the
same %time. Congeguently The forées which the voyegers dis-

9

pensed are as fthe squares of thelir veloclties,
The adversaries of living force, writes du Ctltelet
have alwavs claimed that they would concede the argument
1f a coge could be found in nature in which a double velo=-
city poroduces a quadruple affect in the same time In which
a sgimple veloclty produces a simple effect. Such & cese,
she claimed %o have found: A4 body A, suspended fresly in
the air, having velocity 2 and mass 1 hits at an angls of
60° {gee diagrams, Fig. 76, p.327) two bodies b gnd B sach
naving mass 2. . The body A remaius at rest effer the col-
ligion, and the bodies B and B partake all 1ts velocity be-
tween.them, each moving off with velocity one. fHach of |

these two bodiss of mass 2 and velocity 1 have a force of

2. Thus body 4 with masg 1, veloclty 2 communicated a force

9
Tbid,, sec., 575,
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of L in a sinele unit of time, precisely the cass requlred
by adversariss of llving force. "Thus the objection drawn

from the consgiderastion of time 1is refuted O

The "error" in an argument contrived by James Jurin
was also exposed by Madame du Chatelet. Jurin had supposed
a plane moving in a stralght line with a velocity of 1.

On this plane is a body of mass 1 acquiring its velocity
from the moving plane and consequently having a force of

1. Vow suppose that a spriﬁg capable of giving the body

a velocity of one is fastened to the plsne and In being
relesged, pushes the body in the same direction as the
plane., In so doing 1t communicates 1 degree of velocity
and consequently one degree of force to the body. Now aniks
Jurin, what will be the total force of the body? The total
‘force adds to 2, but the total velocity is also 2. Thus
the force of a body 1s proportional to the mass multiplied
by the simple veloclty.

The error which du Ch8%telst finds in the above
reasoning is this: Suppose for greater ease that in place
of the plane of Jurin, a boat AB moves on a river in the
direction BC, with velocity 1. (Sse Du Ch%ﬁelet’s figure 81,
p. 327 ) DBody P i1s transported on the boat acquiring thereby
the same velocity as the boat. The elastic gpring touching

the ball is supoorted at the other end by an immobile support.

10
Ihid., sec. 561,
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When releassd it pushes toward both directions, A and B,
and communicates to the body P not a veloclty of 1, but
this velocity minus a second guantity which depends on
the proportion betwoen the mass of %he voat, AL, snd the
mags of bady P. The quantity of living force ressiding in
the coiled soring, will, after ité releasé, be found in
the body and the boat taken topether. Thus Jurin's.case
is founded on the false supposition that the elastic R
will communicate %o body P transported on a movable plane,
the same Tforce that it communicated o it when the spring

wag suprorted by an immovable obgltacle at rest.ll

A final argument cited by du Chftelet was one
devieed by Jacob Hermann in support of living forces.
This argument srompted & reply and significant analysis
by Msiran.

Bsll A of mass 1 and velocity 2 collides first with
vall B at rest having mass 3, and then with ball C of mass. 1,
also at rest. It gives a degree of ite veloclty to eech,
and naving loet all ite velocity 1s reduced to rest. Tne
force of body B will be 3 on either the hypothesis of
living forces or of gquantity of motion. Likewize the force
of body C is 1, making the totel force after the collision
equal to L. On the basis of conservation of force, body A

of mass 1 and veloclty 2 must have had a force of i which

1
‘1 Ibid., sec. 50l.
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ig the sguare of the velocity multiplled by the mags. 2

In response to the objectlons snd srguments pud

forth in the Institutions de physique, de Mairsn in 17L1
wrote Mademe du Chhtelet a "Letter on the Yuestion of
Living Sorcos". 3 Hepmann's example he discarded as due
to the coincidence that 2 + 2 = 2 x 2. To avold this
sgquivocation, he assigned a veloclty of lj, ratner than 2,
to body A. On colliding with body B, it will impart to it
e veloeity of 2 giving it a force (nv) of 3 x 2 = 6. A

now is reflected in the contrary direction, comnunicafes

R

to 0 o velocity of -2 and is brought to rest. De rlairan
now recornized the error in the slgn of the veloclty of
mv. On the old bagis of computation, the total guantity
of motion, mg,'after the collision is &6 + 2 = 8, whereas
vefore the collision it is (L) (1) = h.lu Kow instead,
subtracting the negative quantity belonging to 4 after the
e¢ollision from the positive quantity belenging to B, and

congidering the collision as taking place fronm ths cormmon

center of gravity, L dsgrees of force residing Jjointly in

15

A snd B result from the collislon,

Do Mairsn points out, however, that on the doctrine

iz
Thid,, sec. 577.
De Msiran, Lettre, & Hadamesstt ecur la guestion des
foreces vives en res~onse aux objections, Farls, 1701, 1-37.
1l

"Toid., 20, 21.

15
“Ibid., pp. 25, 26, 28,



335

of living forces, the inltial force of A would Dbe (1}

2 )
()¢ = 16, This he clalms does nob squal the force after

the collision, whether it be 8 or u.lé Had he not made the
mistake of substitubting the total mv after the collision,
and had instead calculated the totai living force, he would
have discovered that they add up to 1ib6. In a reaponse to
his letter, to be discussed lster, Madame du CrBtelet,
pointe out this fact. Tn Hermenn's example also, if neg-

. . 2
ative velocitiss are employed, both mv and mv are con-

served.
Tn his letber writben in answer to Madame du Chit -
elet, de Migiran states that he has allowed his 1728 essay
to be republished in order that the nublic may Jjudge whether-
the paralogism ghe has announced is real or whether the
argument restes on golid ground. She heas, he says, dis-
covered a pretended mistske In calculstion by imterpréting
him as saying that the same force necesgsary tc 1171t Iy elastic
strips can also 11ft six, as sf he had said that 2 + 2 = 6.
Tmegine that 2 bodiss M and X which are caused O
rise verticslly by the same impulse, one (M) by a retarded
motion and the other by a uniform motion or an asgemblage
of uniform motions such thggfgt sach ingtant is equal %o

the velocity of the body M at the beginning of the

16Ibid., Ne 226
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corresﬁonding instant of its retarded moticn, It follows
that while the body M traﬁerses eg. 5 46 tolsesg in the 1st
ingtant, 3 in the sscond, snd 1 in the 3rd, that N will
traverse 6 %tolsges in the lst, b in the sccond, and 2 in the
3rd, or 12 toises in all.

In reducing retarded motion to uniform, one 1g eimoly
followiné Galileo on ths theory of movement and using the
inverse supnogitlon to his.

The three toises more, traversed by body X and nof
by M (i.e., 12-9 = 3) are due %o the rebvardations of the
primitive force of body M by gravity. Thus the primitive
force of body M i1s as the simple velocity and not as the
square of the veloclty.

Madame du ChBtelst, he claims hss misrepresented
his meening by pretending to guote him but nod including
certain words, such sa that the body "has a uniform motion
at esch instant."L!

Du Chatelet‘s "undigcoverabla” case of ons ball,
mass 1, hitting two othsré of mass 2 simultanenusly, such
thet both move away at angles of 600, thus producing a
guedruple effect in a single unit of time, de Mairan attri-
butes to the greater number of givens nscessary o producsd

trne effect, That 1=, the firgt ball rust now collide with

two balls to give the required velocity and moreover these

1
7_]:_‘0_9.:‘@‘., 1. bl 160
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must separate at a certain angle. Morsover the effects

in thie example are dve to the decomposition of forcss

in general snd concludes nothing in fevor of living forces.
Three, four, or ons hundred forces held in equiliibrium or
‘ag doad forces in the same space and having the same value
would preoduce nothing wmore.

In concluding hie letter, de Mairan again states the
grest issue dividing the two camps. The prbponents of
living force say that time 1s nothing and veloclity 1s all,
"T sav on the contrary, that the time is all and the vel-

ccity 1s nothin w18

2.
Tn her turn Madame du ChBtelet answered de Halran,
end his letter (February, 1741) together with her reply

(Mareh 17L1) were bound with her Dissertation on the Nature

and Propagation of Fire (published l?hh).lg She answers

de Mairan's charge that she has not paid sufficient atftention
to erucial phrases in his argument. This 1sg accomplished

by comparing gquotes from de Mairan's original paper and ner
naraphrase of it. She then reiterates the argument of thne

Tnatitutions de phvsigue that uniform motlon and retarded

15
Ibid., 31-37.
19 . y
- Gabrielle fmelie du ChAtelet, "Responso de Hadame lsg
Marquise du Chitelet g la lettre cue M, de Mairan, sec~ _
retaive perpetual de llacademis royale deg scilenceg, lul =
4orite le 10. ®évrier, 17hls,sur la question des Torces
vivee," Brussels, 17L1 37pp, bound with Disgertation sur

ia nature et propiacation du feu, Peris, 17Li.




338
motion csnnot be considered simultsneously. She claims
that de Mairan sayvs explicitly thet body A encountering
resistances placed on 1ts peth with a veloecity of one and
a forece of one, congumes this in reiging one elastic band

/lemes de regsort/ in the Tirst ingtant, but then recovers

21l its force snd all its velocity in order to raise 2
elassic strips in the first instant with uniform motlon.

This double situstion is not at all possible.2o

Similarly in the cagse where body £ hae a velocity
of 2 de Mairsn claims, says du Chftelet, that by unfiorm
motion and a conshent force lp resistences will be raised in
the firet instant and 2 in the second. DBut by the hyoothesis
that the same body 1s moving under retarded motlon it will
raise 3 elastic besnds with its 2 degrees of veloeity in the
first instant and.one in the second instent. It is noﬁ
nermissable, argues Madsme du Ch8telet to svpposo that at
the seme time L. resistsnces can be raised and thad they
cannot be raised., If you gay thet the body A will raise L
resistances in the first instant you cannot at the same
time argue that part of its force will be consumad in ralsing
them. 1T part of the force is consumed bLhen the 2 additional
resigtances which dé Mairan gays would be rsised in the
second ingtent, will either not be raised at all or will be

raigsed by virtue of msw force from another acent. A body

20 ,
Tpid,, 16. See de fairan's disgram, this dissertation,

Ch. VITII, p. 316.° .
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cannot at ~ne and the same time be congldersd as moving
under uniform motion snd under retarded wmoticn. This is

like suppoeing thet et one and the sgsame Time 2 and 2 ars

Iy and 6,21

The case of bodleg Thrown upward with a cgrtain
velocity or of falling bodies remounting to the same helight
from which they fell is nc more favorable than that dis-
cugged above of bodies encountering elsstic resistences.
Either the obstacles which the force of gravity pressnts
to & riging body remain and hence the body with velocity
2 rises %o height I or if they are removed end there 1ls no
force of gravity the body moves through the vold, losing
none of i1ts force and ﬁone of its vslocity. In genersl,
the effects produced by uniform motion and retarded wmotion
are dlfferent and cannoct be compared. The effect of the
firet ig only the snace ftraveraed, without obstacles en-
countered within it: that of the second consists in the
disolacement of these obstacles. In all those:ucases which
are pogsgible, the feorce of bodies should be evaluated by
the obstacles which 1%t is possible to overcome. It 1s not-

permitted to substitute for real parts actually overcome

jav)

ar consumed, imeginsry parts thet cennot be surmounted,

without supposing et ths szame %time, contradictlons,

“*Ioig., 18, 19.

227pid., 21.
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Du Chételet's snalvsig of de Mairan's attempt to
_reduce the vig vive provlems involving free fall and col-
lision tc problems of uniform motion, is exceedingly
astute., Her statement that rhysicelly poasible situations
muet be taken in the discugsion is indeed the crucisl
igssue,

The remainder of her letter to de Mairan is in
defense of the Ygreat reometer' Hermasnn agsinst de Maliran's
accusation that he had "ceonfused the double of a quantity
with its square,”

Taking the balls, A, B, £, and giving to Ball £ a
velocity L4, rather then 2, %o remove the equivecation, 1%
15 obvious that in collision this will give to Ball B,
mass 3, a velocity of 2. Thus ball B, has a force of &,
according to de Mairan. DBut szays du Chftelst, asccording
te her view the ball B has a force of 3(2)2=12.23

Ball A rebounding with veloclty 2, mass 1, thereby
nhas force li. The totsl force of A and B after collision
ig 12 + L = 16 which iz the same as thet of body A befere
collision (1)(@)2 = 16. So instead of refuiting Hermann
the new cags of de “giran confirms him.

According to de Malran's view, she says, body B,
mess 3, which obtained veloecity 2 from body. A, will have

a "force" of 6. Tnies is already wmore "force' then body &

231014., 23.
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had initially which was (1) (L) li. Furthermcre body A,

gt11l has a "rorce" of (1) (2/ 2 left for iteelf. This

I

compounds the absurdity. Du UnBtelet guestions de Mairan's
uge of the negative.sign of the momentum of body A& which
would make the total momentum after the éollisiony i.e. 6 =
2 = I, equal to that before the collision. The existence
of force ghould ﬁot'have to depend on which directlion,
whether to the lsft or to the right, the bodles sre moving.

Wnen forces are calculated by the square of fthe velociiy,
o 2l
this depnendence on direction 1s irrslevant.
The original case chosen by Hermann, she sgayg, is
neither fortuitous, nor particular, nor equivocal, as de
Mairan claims, but completely general, for it 1g a case

in which the adversaries of living force nmust agres with

o]

the proponents, depending ag it doess on the fact that unity

.

4

ig alwave squal to its square.
Voltaire who Jjoined the controversy in 174% and who
wag the snthor of the popular french oresentation of the
orinciples of Newtonlanism, was in every way opncssd to
the Leibnizian way of thinking. Hie skeptical, practical
and smoiricel anproach to science led him %o impatience
with any explanstion of the world which went bayond the

strictly maserial. The philosopghy of Lelbniz and thait of

2l
“roia. , 25, 26,

i e

e
SIbid., 27.
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hig rfollower Christian Wolff from whom Voltaire learned
Leibnizian metaphysics, left him with 1ittle respect for
Leibniz's views,

A Fpsnch trasnslation of one of Wolff's books appearing
in 1736 was Voltaire's first introduction to Leibniz. His
and MNgdame du Chftelet's associstion with Ssmuel koenig in
1739 taueht him wmors of Wolffian metapghysics snd confirmed
him in hils opposifion. Tor Voltaire the only scientific
view of the world was the Newtonian. The empirical explan-
ation cowmmon %o Emgiish thought was fer more natursl %Yo
him,

Voltaire's loyalty to Madame du ChBtelet coauged nim
to restrain his attacks on Leibniziamism. lowever, he re-
gretted her conversion and made fun of her enthuslasm for
Leibniz, 1In spite of this he geems to hsve appreciated

the merits of du ChBtelet's Institutions de physicus.

Voltaire's exposure to Lebinlz through Koenlg lead
by &

to the publication of two hooks on Newbon: Expositicn des

26

institutions ohysicues and the Metaphysique de Newton,

An article by Voltaire, presented to the Agacdemie

deg Sciences in 1?&1 and entitled '"Doubts on the Measgure

of liptive Forces and their Nature,” supported Mairan's

Fa)
1

26 L . .
See W. H. Barber, Leibniz in Fraance from Apnauld %o
Voltaire, A Studv in french feactions o Leibnizianism,

1670-1760. Oxtord, 1955, 1704-183, 191.
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viewpoint and took ilssue with Hermann and Madame du Chitelst.

In the first seciion on the msasure of force, he writes that
Sif any rcregsures Zpressign7whatever can give in one unit of
time, one unit of veloclty Lo snother body, this result

will be one unit of force. If one unit of pgressurs,X,in

one of timefﬁécun1produce only one degree of force, then

in the geme time two pressures will produce two units of
velocity or of force. "Thus in two units of time, one pres-
gure will produce what ftwo vressures could produce in one
time." The result ie "2 units of velocity or two units of
feorce. bedause 2x(t) = 2tix)." Furthermnore, "if of two
equal bodies the first makes an effect doubls that of the
gsecond in an equel time, it will have double the velocity;
if the effect is guadruple with double the velocity, thnen
the time wmust be two units." If one wished the force to
be the product of the square of the veloclty by the mass,
it would be necessary thst a body with double the veloclity
should perform s quadruple action in the same time as an
equal body having only a simple velocity. It would Dbe

necassary that the elsstic body A equal to B and having

velocity 2 should push & ball a distance of L in the same

time as B with veloclty 1 could push it a digtance of 1.

2 T » AT N T
Tspancols Volteire, "Doutes sur la mesure des force

motrices et sur leur nature, preeentés 2 1lfacademie des
seiences de Laris, en 17L1," Ceuvres comnletes, Paris,
1819-1825 28:1.20-[30. A summary of this esgay appears in
Histolre de 1'Academie Roysle des sclences (17017, nist,

TLo-1573.
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. 23
This, bowsver, 1s impossible.

When accelerated or retarded motlon is reduced %o
uniform motion these contredictions are rssolved. Volbsire
then summerizes de Mairan's argument in which a body thrown
nepward with two degress of veloelty needs two units of time
to produce an affect quadruple that of an sgual body thrown
upward with one degres of velocity. But the spaces not
traversed by these bodlies represent the contrary force
which desiroys the original force of the vodiss. Ths
force‘destroyad in body A is only double thst destroyed in
body B in two units of time since the space not traversed
by &, i.6. 2, is double that not traversed by B, i.e. 1.27

If Force is only the oroduct of a mass by 1ts velo-
city, it ie only the body 1tgelf acting or prepared to act
with thét veloeityr,

Florce 18 not, therefore, zn internal principls
/un orincive interne/ a substance which animates 1o

bodies and 1s distinguished {rom bodies =g some
philosophers have maintained fi.e. leibniz/.

“Force ig nothiing but the action of bodied in motion and
doeg not exist primitively in simple beings called monads
which these philosophers say are without extensicn and yet
congtitute extended matier.... They can no mcere produce

moving force then zeros can form a number. If force ig

2BIbid., 1L20-021.

297414, , lLe2, L23.
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only a property it 1s sublect fto varistion as are all
modes of matter. And if 1t is in the gsame rstio as the
agusntity of motion, is it not obvious that 1ts guantlty
alters if the motion avpments or diminishes?”BO

In oroving this noint, Voltesire given an interesting
incorrect sxample which strictly follﬁws Doscertez' concept
of the quantity of motion. The gquantity of motion is slways
increaged when a small slastic body collides with a larger
one at rest. TFor exsmple the elastic body & of msss 20,

in motion with velocity 11, (mv = 220) hits B at rest whose

3OIbid., 23129, See Laibniz, Corresrondance with
Avnauld, op, cit, 217, "...vou will gee whet I mean M.,
when L say thet a corporesl substance gives to 1tsell its
own moLion, or, rather, whatever there is of reality in
the motion at sach moment, that is, the derivative force,
of which it %ts the consequences; for every precsding state
of a subsftance 13 conseguence of 1tg preceding state.
It is true that a body which has no motion cannot givs
itself motinn; but I hold there are no such bodies. (Also
gtrictly epeaking bodies sre not oushed by others when
there ig contact but it is by thelr own wmotlion or by the
internal spring, which zzain is a moticon of the Iinternal
narte, BEvery cornoreal mass larpge or smell, has already
in 1%t all the fores that it will ever accuire, the contact
with other bodieg gilveg it only ths defermination, or,
better, this determination takes nlace only at the time
that the contacht does)....p.221l:"for I think rether thet
severvthing is full of animsated bodles, and in my opinion
there asre incompsrably more govls than M. Cordemoy has
atoms, Hisg atomg zre finite in number while I hold thet
the numbsr of souls, or at lesst of forms is wholly infin-
ite, end that matter being divisible without end, no
portion can be obtained so gmell that there are not in it
animsted bodies, or =zt lsast such as are endowed with
nrimetive enteleschy, end (if you will prermlt me to use the
word lifs go generally), with vitel principle, that 1s %o
sev, with cornoreal subatsnces, of all of which it may be

said in general fthat they are alive.”




3L6
mase is 200. (mv=0). A vebounds with a quantity of motion
of 180, (mv = 180) and B goes forward with mv = LOO.
(mv=L00). Thus A which originally had & force of 220, has
produced a totsl force of 530, "But on the other hand,
as evarvone apgrees, a great desl of wmotlon 1s lost 4n the
collision of inelestic bodies. Thug force in particular

. 1
narte of matter increases and decreases.”3

Thus the original invalid Csrtesgisn rationale behind
the qguantity of motion existed for some thinkers unchanged
and uanchallenged almogt 100 yesrs after 1t was first put
forth by Descartes. If Volteire had taken into sccount
the negative sign of the mv of ball A4 when rebounding,
(i,e. - 180), then the total gqusntity of motion before and
after the collision would be conserved /220 + 0 = -150 + 1,0C/.
Nor did Yoltsire understand that momentum was conserved in
Jinelastic collisions. The error in the sign of the vel-
oclity was still cruclal. |

32

St111 snother naper written by AbbE Deidier in 17h1

reflects an attempt to reduce the vig viva problem to a
momentum problem by taking as a standard for measurement
the "force'" a body would have provided if 1t were not moving

under the restraining action of gravity. .

3l1vig., LB, L29.

32018 Deidier, Nouvelle refutation de 1'hypothegses des
force vives, Paris, 1741, 1i45 pp.
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Deidisr presents a "new refutation' of Leibniz'sg
original 1686 srgument establishiug vis viva as propor-
tional to the spaces traversed in free fall. The differ-
ence in the forces of the two falling bodies, he says,
comas not from the fact that the Torces are in a different
proportion from their gimple velocities, buft from the fact
that the fofce which gravity removes from each of them in
the same time is not proportional to their "primitive force™.
What does this mean? The Torce of body A, falling frcu a
creater heicht, loseg legs in proportion thah the force of
body B in an equal time. (See diaprem, p.34B). To demon-
strate thisz, suppose that the first body descends during
two squel units of time BF and {E and has traversed the
space BIE, and thet the gecond body during the firset time,

B, hag traversad the space BFH. According to Galileo's

croportion the velocities are as the timeg BE, BF or as 2
to 1. DBut if on remounting, these bodies are not subjected
to the force of gravity, the first will traverse with a

uniform motion in the two equal units of time LI, I

'space equal to twice that of 1ts descent, i.e. fthse gpace
Q;ﬂﬁ; the double of BIE, The second body during a Tima
7B, equaling thet of its descent, will traverse the space
FHOE, or double the space FUB traversed in ite fall., Thus
the first body in the time, EF ftraverses only the space,

BINE, which is only helf fthe gnace, ZIMB, which 1% traverses

in & double time. Conseguently the tws vodies wlll traverse
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in an equal time the sgpaces HINF and PHEC which are in
the ratio of their veloclties of 2:1. But the massed
multiplied by the spaces traversed in equal tlmeg are the
measure of the forces. Thus the active forces (force
agissante, or ths force of a body in asctual motion, as

distinet from force vive, or living force which 1s propor-

tlonal to 22) of the two egual bodies considered in equal
timesg are ag 2:1, or ss the velocities when not under the
action of gravity. ﬁhat effect then does gravity have on
them? In the first unit of time it removes a degree of
velocity from the first body, and in the same time 1t

removes a dogree of velocity from the sgecond body, This
means that the second body, from which grevity has removed
a1l its velocity, loses all itse force. DBut this first,

from which gravity removes only half of 1ts velocity, loses
only half of ites force. Congsquently its force lesstis longer,
not because its forece or velocity is 1In a different ratio
than 2:1 with the sscond body, but because less force 1is
removed by gravity from the firet in the same time than
from.the second, The snaces BIHR and FHE whlch ars traversed
in ascent in the same time srs és 3:1, because the velocities
removed from each by grevity ere not proportional, the [first
hody loging less in proportion to the sscond. It lg evicent
then thet this first hody should traverse in the same tinme

a gpace which is more than double that which the second

traverses. This, however, does not diminieh the primitive
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gtrength of the forces.

Thus what is Important in the measurement of force
l1s the primitive force of a body not subject to any hindering
fereces such ag that of gravity. The messure of Torces by

2 . R ‘ , .
MV 1= not leglitimate not only because the fact that the

times are different is neglected, but becausge the velocity
removed in reterded motlon in equal times are no: Propor-
tional to the forces of the bodieSQBM

This srgument of Deidier is similsr to that of Meiran,

ven In terns

e

the main difference heing that Deidier's is o
of primitive force, whereas Mairan spoke of the uniform
moticn of a body.

Like many of the other champions of mv, Deidier Cre -

[#]
[
o}
ot
13]
joh

a refutation of Bernoglli‘s vig viva proof depen6ing
onn thie nonuniform expansicn of the slasbic gprings over a
ceriod of timse,.

In beglinning thsat refutation he first caleulates the
times during which the two bvodies are in motion. (Sce
Bernoulli's, Figure 7, Ch. VIII, p.282). Let & be the time
for ball P and T the time for ball L. Then by oroportion,

and by the gensral laws of wmechanicsg:

52T ::SGX'_»;wWW :r}jdx._ 1 = jdx ’Iljpdxl: nfdeS pdx
_ ﬁ%ﬁﬁi

BIbid., 2630,

‘Bthid.s 3,
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But §§E ls the integral of DU S ig the integral
og.

of CGj; thus‘ggg = DH, and n‘Ydy = in the same wmanner
as wag found, uu:zz::gpdx:nfpdx, we have uizi: ijdx :

n dx . Putting into the rroportion t:T:: Vadaxyn ¢ ndx:
& _ r { L

n\fﬁx § pdx the values DH, UG of fdx and n_gdx‘and hhe

ratio uiz in place of its equal \(§pdx :dnj‘pdx, we hsgve

Tl DHE x 7y CG x u. PBut by, the construction we have

DEH:CG::BD:AC and we have found BD:AC::uu.z

thus E:T::uuz:

zzutiutg. That is, the time used to reach the end of the

space DH is to the time needed to reach the end of the
space CG, ag the velocity acguired at the end DH is to the

veloeclty acguired at the end CG. 35

It follows that the motlon of the two ballstis =
uniformly accelsretad moticn, becausge thé dead force or
progesurs of the equal bells L,P is egual; in the same way
ag their welgnt is equal, the spaces traversed are between
them as the sgusres of their velocitis ALY fthis follows
from the law of Galileo; but in this law when the spaces
traversed ars equal the timss needed to traverse them are
Gdiminished and the Impressions of pravity corresponding
to these times are unegually diminished also, Since these
impresegions sre equal only when the times are, the spaces
ere goling to be augmented. Thus the force of elasticity

which acts here In place of the oregsureg of greviity and by

35

Ibid,, 43, Ll. Deidier's symbols.




which the elsstic gorings are made Lo traverss the =zpaces
sousl 5o the bodies, make unequal impressions on the bodles.
For example the firet elastic unit, M, makes a greater 1m=-
sregsion on L thsn the gecond, and the second makes more
than the third; the times corresponding to the szlackening
of sgual springs are diminished. Thus while the twelve
elastic uﬁits which act on ball L are egueal, the impressions
which they meke on this ball are diminished in the degres
that they are more distant. The same ig trus of‘the thres
elastic units acting on ball 2., From this 1% follows thasb

the impressions of the twelve uniss on ball L taken together

are less thsn the forces of these twelve units taken together
when the forcses of the twelve elagtlc units are equal.
Tnstead the improssions are diminiszhed. For the game Pesson

the imprressiong of the thrse elastic units which act on

ball P taken together are less than the forces of these
thres units. But the "active forces" of the balls L and I
~are proportional to the elastlc prassures which press them.
Thug these living forces are less than the forces of the
springs, and consequentliy they are not in the ratic of the
spaces‘or the squarcs of fthe velocitiesg. DBernoulll, he

36

says, should have perceived the error in his own rsasoning.

To ses that the forces of bodles in motion =re hsere as

361n14., Lg. L6.



353

the velocities of the game bodles, it is only necessary

to consider that the velocitles are as {EE : ¢§- or

>J3 : {3 which is as 2 : 1. The time of the ball
L is to the time of the ball P as 2 ¢ 1.

That is why, supposing that two balls coupress the
elastics with the velocities acquired at the end of the
sxpansions, the ball L will consume all its force only at
the end of two units of time in each of which 1t will lose
one unit of velocity. The ball P will lose its force at
the end of the first unit of time. %The velocity that 1t
will lose was egual to the veloclity that 1t had originally.
But the ball L will continue 1ts wmoticon after the first
time only because the velocity that 1t will have lost In
compresaing the elastics on its path 1s gmaller in propor-
tion to its total velocity. Likewlse the velocity that the
ball P will have lost in the ssme time 1sg not great in pro-
portion to its total velocity. By the contrary supposition
she velocities removed from each ball 1in the same time are
proportional %o thelr total velcocities, so the two balls
would loge all their force in the Tirst unit of time. It
follows that the forces of these balls should be as the
velocitice lost in the same time, if the velocities lost
in squal times were proportibnal to the velocities acquired.
Put the proportional portions of velocity that the balls
would loge in the same time are as the velocitles acgulred,

and not as their squares. Thus concludes Deidler, ths
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forces of these balls ars not as the squaresg of the

37

acqguired veloccitles, but as their simples veloclities,
The uvsual date cited for the conclusgion of the
controversy over the measure of force is 1703, the pub-

X . . . : 8
lication of dtAlembert’s Treatise on Dynamlcse3 The

controversy, nowever, lingered on for many years after

this date. The several reasonsg accounting for this fact
will be discussed in the "eonclusgion.' However, one im-
mediate reason is encountered on comparing the two soditions
of d'Alembert's "Freatise, the first edition of 1743 and
the excanded and revised edition of 1758, The first edition
accepts ag valid measurss of force, (4) the measure mdv for
the case of eguilibrium, /i.e. dead force/ which d'Alembert
equates with quantity of motion, ané (B} the measure myv

for the case of retarded motion wherse the "“number of ob-
stacles overcome' ig ss the square of the vsloclity. Here

force is defined as "2 term used to expreas an effect’:

(Ses coples of Preface 17L3 ed.pxi#¢-xij, DPe 355-357.)

Nevertheless as we have only the precise and distinct
idea of the word force in restricting thils Term to
exprecs an effect I believe thet the matter should

be left to each to decide for himself as he wishes.
The entire guestion cannot consist in more than a
very futile metaphysical discussion or In a dlgput

of words unworthy of gtill occupying phllosophers.

BTIbid., L7, LS.

3 s o s , , .
3% Jean d'Alembert, Traité de dynawmique, 1lst ed. , Paris,
17113 5 preface. For references to the date 17L3, see intro-
duction to this dissertation pn. 6.

39.
i

-

bid., =xxj.
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To ths sscond edition ig added a secetion in which a fthird
meaning is given to the measure of Tforce, Lere the velid
measures of force are described ag being (1) dead fores,
(2) the space %raversed up to the tobtal extlinction of
motion {mv~) ang (2) the gpace traversed uniformly in =

given fime (mv). (3ee copies of Freface, 1758 ed., pp.361-363.)
Thug the accepted gsolution %o the messure of force

problem was not clearly enunciabed until 1758, although the

usual date cited by historiens ig 1743. After an examina-

tion of the content of d'Alembert's preface to the "Trestise',

other reasons will be‘shggested as to why the controversy

did not cesse with 1ts publication.

- N e 2 - -
In his prefsce to the Traltd de dvnamigue, dfAlemberst

stated that he would only congider the motion of a body as
the traversasl of a certaln space for which 1t usges a certaln
time. He rejected thes idea of digcuseing the causegs of

motion and the inherent Forces of moving bodies ag Clscurs

and metashveical., I% was for this reacson, he =ald, that

he refused to entsr into an examinaticn of the guestion of
Living forces. The guestion of causes i1s useless to wmechanics.
Mentioning in passing the nart played by Leibniz, Dernoulli,
Maclaurin snd a lady famous for her spirit /iadame du Chfitelet/,
d1ilembert nropozed %o expose succintly the principles nec-

. 10
egzsary to resgolve the queszlon.4

10

Ibid.,, xvi, xvii.
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It ig not by the space uniformly traﬁersed by &
tody, nor the time needed to traverse 1t nor by the simple
considerstion of the abstract mass and velocify by which
force should be estimated. Forece should be estimated solely

e regfla-

s}

by the obstacles which a body encounters and by

tance it mslkes to these obstacles. The greater the obgtacles

o

T can overcome or resiet the greater is its force, provided
that by the word force ons does not mean something regiding
in the body.

One can opnose to the motlon of a body three kinds
of obstacles. First, obstacles which can completely anni-
nilste its motion, second, obstacles which have exacily
the resistance necessary to halt its motion, annihilating

nstant as in the case of eguilibrium, and third,

[=h

t for an

}_J-

obstascles which snnihilste 1ts motion 1ittle by 1little as
in the csse of retarded motion. Since the Insurmountable
obstacles annihilate sll motion they cannot serve to make
the force known. One must look for ths measure of the
fores sither in the case of (4) equilibriuﬁ or (2) in that
of retardsd motion,ul

Concerning thesge two pogsibilities for a measure,
veryone agrees that thers is equilibrium between

two bodiesg, when the products of fthelr magses by

their virbusl velocities, thst ia, the velocities

by which they ftend to move, sre sgual. Thug in the

cose of equilibrium the product of the mass by ite
velocity, or whet ig the ssme thing, the guantity

of motion, can repressnt the force. dveryone agroesd
also that Iin refarded motion the number of obstacles
overcrme is og the sguere of the veloclity. Ior example,

Ll

IThid., xix.
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a body which closes one scring with a certain
velocity can with a double veleoclty closs, all
topather or successively, not two but four
gprings gimiler to the first, nine with a triple
valocity ete,He

Thue here the force of a body is ss the producst
of the mags by the gquars of the veloclty. =hould not
then the word force mean only the effect produced in sur-

57 force should be

(=0

mounting sn obstscle or resistiug
"measured by the absolute quantity of the obstacles or
by the sum of thelr registances.” Thus we have the pre-
cise and distinet idea of the word force ag a Term to
gxpregs an ceffect,

The discussion concludes with the much guoted state-

]
i

enl that "the cuestion cannot consist in more than a corm-

"

pletely fubtile metaghysical gquestlon, or a dispute over

words unworthy of gtill occupying philosophers.ﬂﬁ3

V
=]

At this voint in the 1758 edition of the Traite de
QXEEELEEEFb ig inserted what the forward to fthat edition
dascribed as "several reflections on the guestion of living
forces”,"added to the rreliminsry discourse.” In this insert

three, rether than two, meanings of forcs are described. (zes

;

6s of nrefsce to 17573 edition,vp. 361-3%53, )

copﬁ
L2 43
Tbid‘ LI XlX—XXw - e ' _I____id-e 9 Xxj ®
L!‘l‘! - oy PRI a 2 il > 1
Jean d'Alembert, Traitd de dynamigue, 1753, ed (Faris,
1921), XXX, Thie sccond sdiltlon Wae BX uanded snd revised by
gtAlembert. The exnlanation below was added to thils editlen.

See coples of rreface, 1758 ed.

'
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The three cases sre: (1) /dead force/ where a body

has a tendency to move itselfl with a certaln veloéityj
but the tendency ig arrested by some ohstacle. (2)
Jouentity of motiqn7 in which the body actually wmoves uni-
formly with this certain velocity.  (3) /liviag forcey
where the bLody moves with a velocity which is consumed and
annihilated 1ittle by 1ittle by some causgs. The effect
rroducad in each case lg different, becauée in each the
zction of the same cause 1is differently applied. The body
in iteelf however posgesses nothing wore in one case bthan
the other., 'In the first case the eifect iz reduced To a

simple tendency which is not properly s measure since no

motion is produced. In the sscond the effect is the
space traversed uniformly in the given time and this eflect

ig onroportional teo the velocity. In the third case, the

effect ig +he space travsrsed up to the total extincllon

L5

£

ag the sguare of the veloclty.

of motion, and this elffect 1
The two parties, concluded d?Alembert; are entirely

in accord over the fundamentsl principles of equilibrium

and motion, and tbqir.solutions ars 1in rerfect ag_:'feemlént)a

Thus the guestion is a "dispute over words" and 1s Yentirely

futils for mechanics,”

Thug although the 1743 edition of d'Alembert's Treatlce

hed been cited by many suthors ag resolving the dispute, it

O,

L5Thia., xxx, italics adde
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erovided 1ittle more clerificatinon then contrassting dead
with livine forces and celling ths arpument a "dispute
over words. 1S Gravecande in 1729 hed also called it a

sute over words bub neither he nor d'Aleubert in 1743

(o2

X

141
ko]

really definsed in what way this was true. The date 1743

-~

then hag 1ittle sipnificance as & terminus for the con-

Although the 17593 edition of the Treatise actually
114 point out the valldity of both weasures of force,

dtAlombert was likewise anticipated in this insight by

Roger Boscovieh, It was Bosgcovich's De Viribus Vivis

published in Rome im 1745 which furnished the cssential

insight establishing the separate sphere of application

16

for both wmeasures of lorce. ™ Thig is a work of fifty

nages of difficult latin which deals with %two separate sub-
“acts involving living force. It shows that Boscovich pog-

[t

sessed a very complete besckground of the higtory of the
gquarrel before his own interventlon; from Leibnlz and Bern-
oulli to Voltaire, de Mairan, and du Ch8telet. He does not

cite &d'LAlembertis Treatize on Dynamics but this had bsen

is hﬁ

published only two years searl

“ﬁThe enguing digcussion very clogely follows sn excol-
lent sccount of the conbtents of the De Viribus Vivis writien
ov Pierre Costebel: "Le De Viribue Vivig ds kK, Soscovie ou
de 1a vertu des cuerelles de mobts, T Eyehives Iinternstionales
gtiiietnlire des sciencas (1961 3—12

e u .
ue Fere Cpstabel recosnizes that d'hlembertis own nars
in the controversy did not really occur until the 1758 edi-
tinn of the Treatice, However he does not specify thatb here
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He did not meet ¢ f&lembert until a visit to Paris in 1759.

id

O
o
[ia]
o

8]

[5e
wn

oestive of a general treatment of mechanics. The
reflections of Luler on the nature of forces did not take
form until 17L9-1750.

Fmploying both the ancisnt scholastic cafegories and
the new matheristical methods of his time, Boscovich was

able to show the nature of force as 1% was applied over =a

distance and through a time by means of grache, Vis Activa

for Boscovieh which was identical to Leibnig's vie mortus,

was the "instantaneous acticn’ by which the power (Egjssandé)
nasses into sction snd engenders a new veloclity. This
ingtentensous pressure ~sasses Lo a velocity not by multipli-
catinn of effects in the course of sn instant but only by

oives a sur-

[

continuous application., In the same way a line
faee not by its own multiplicetion but by 1ts continual
path following ancther line. A presgsure is cgonnected as

2 strsight line to the surface engendered, ‘he power
(puissance) passes into scfion not by multiplicatlon of
effecté but by generating a Being of two dimensions of
which geometry is the only means of rvendering 1% adequateiy.

Thueg without taking s position on the definition of

d'Alembert added the section to thse oreface concerning the
difference between a Torce sciing through a time and a force
scting over a Gistance. He indicates rather that thils was
due to dTAlembert's addition of a section generalizing the
orincinle of Jliving force added to the main body ol the
Treaticae. See Costabel, p. kL. :
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In goite of this snalysis of "force" however Bos-
covich believed that momentum was the itrue measure of

ral

force, vis viva being valid only as a method of calcul-

ation. He discussed this problewm in his lhillosophise

naturalis theoria (1758). His anslysis ieg diegcussed in

detail by Thomasg Hanking wno writes:

/Boscovichy believed he had caught the defenders

of Teibniz in en error and wrote a ratnsr confused
section nf his Thooria whare he tried to prove that
no 'forece of motion' ig contained in a movins body
by impact. The only forces sre those mutually
acting 'dead forces'! that arise when bodies collidse.
Nntting is pessed from one body 5o the next snd no
sctive force or vis viva exlists in a moving cbjesct.
He could not deny that the qguantity mVe ig conserved

in elastic collisions, but he did deny that this
guantity represented sny resl thing.”

Tndeed in his Theory of Naturel Fhilosophy, Bescovich

wrote:

_..it will ve sufficiently evident, both from what

hes already been proved as well ag from what 1s %o
follow, thet there is nowhers any sign of such

iivine forces nor is this ncecessary, For s1l the
nhenrmens of Nsture derend upon motions and egull-
Sbrium, and thus from desd forces and the velocities
induced by the action of such forces. For this

resson, in the dissertation De Viribus Vivie, which

was what led me to thig theory thirtesn years afo, g2
T ssserted that there are no living forces in Nature...

[y

fhus Boscovich while providing an insight which

theoretically helped to resgolve the vis vive coniroversy

L1

2 - . s e

Thomas Hankins ”El;’thtﬁ@ﬂuh--@g;nu\Jl"}f Attenpts to
2 y

Nesolve the Vis Viva Controversy,' igis56(19&ﬁg2e80530vich’8
ideas on 1iving force are discugsed by Hankins on pp. 291-297.

52, - . - . s
/Zﬂeger Boscovich, £ 9heory of Wetural Thilosonhy,
spang. J. M. Child from the secnnd edition (1763/,London,

1022, 293, Cuoted in Henlking, p. 292.
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d1d not cleim eqgual status for the two princlples in trestin

{7

ohiyeical problems,
Subgequent contributions to the contreversy indicated

that confusion ang discuggiong over the measure of force

1.7, T A
r noa

exighed through the remalinder oi tho

L4
3]

it

o
443

D..

ccace

not posgible fo decide when both measures of forces were
accerted as valid (sse anpendix).

An esrticle by Jsmesg Jurin in 1705 propoged an exper-
imentun cruecis to decide the ilssue dividing the bteivnizian

53

snd Cartesian cemps. Thisg experiment was simllar to the

3

one he had earlier oroposed to the iHoval Soclety and which
had been described snd analvzed by Madame du YhBtelet (sce
this digsertation, pp.3%2-333%., Jurin does not disucss Vu
Ch8teletls comments). Jdurin drew his anelysies from the
action of compregged soerings, He cstegorized two types

=1

of mechanical forcas: (1) The force of a body at resti,

cslled rressure, tensicn, or vis wmortua, ag exemplifisd by

a body lying on & tabls, henping by a rope, or supnorised

on @ spring. (2) The force of a body in moticn, this being

2 power in the body by which it can remove obstacleg In 1

way or lessgen, destroy, or overcome the force of another body
-

and which bodies in turn can alber ite own feorce. It iz

- . - . 2
whether the mesasure of this moving force i1g mv O MV~ thati

Ig in disonute.

dames Jurin, "An Inouiry inte the Jlessure of the
Fnrce of Bodies in Motiont With e Propossl of agn ZXoperimenturn
Crucis to Decid e Controversy About i%“ (17&5) Fhil,

o
o
L_
T

Trans., 13, i
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In regard 5o tue actlon of a coupressed spring

accelerating a Lody he writes:

that bodies which moved acguired an mv.
cage usging compressed

clusion thet force 1s to be messured by mv.

v..211l the force which resided in the epring
while bent, is uvow unon tne unbencding of the
gpring, communicated to the oody woved, T
agk thoerafore, what was that force, or what
rind of force weg thset which resided 1In 5
gpring, while bent snd without motion? Wag 1t
a bare oressure or g moving foree? You must

-

cknowledee it wag a vis morftuva, =& bare cressure,
and nothing more. Dulb the force communicated to
the body, and wnilcih now resides in the body in

ot

motiowr, is o vis viva, a2 moving force. Thls there-
fore is not the came forcs nor a fogﬁe of the same
kind ss resicded in. the tent soring.”

Hig crucial exceriment to decide the lgsue sihowed

by

From a

rings, Jurin drew the

Jurin himself said:

e bho’ Loth Farties spgree in the event of the
exneriments: vet as The writers on each sids have
found a wav »f deducing from those exreriments a
conclusion suitable to thelir own opinion the dis-
apreement gt1ll continues as wide as_saver to the
crest scandal of the lsarned WOT LG, 20

Tmmeanual Gedonken von der

rant,
T . Lo ae o [ am e -
der lebendigen nrifte,” Tirst published
in Immanusl Eant's Werke, Berlin, 1922,

wahren Schitrung
KSalgebere, 1746
_1—_9 1"“'1{:’)?@

narticular
general con-

Thus in 1745

Trmanual bent'e first nublished work "Gedanken von
der wahren Schitzung der lebendigen Lrifte’ of 1706 reviews
the argumente of such men sg Leibniz, Fapin, Dernoulil, Jurin,
5y - 1 W T o ] AR} Falth = E: - a3 -
Herman, Bulfinger, de lMairan and du Chitelet.- In addition

2
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it brings out certain philosophical Lgssues of interest
mainly to the evolution of kesnt's Sthought.

Concerniﬁg this work Max Jammer writes:

In his Thoughts on the Trus Hstimation of Living
Torces, bkent steers a middle course betwson the
Carteslans and the “eibnizisns in their dispute about
the true meacure ol Torce, and in hils Metanhyvazical
Foundestione of Natural Seience, writien after hils
STecriticsl poriod, Krnt aime

'nt aims at a philogonhical
Tfoundaticn of Nowtonlan ohysics, while somes of his
orecencentions 26111 exhibit & strong Influence of
Leibtniz and Wolff,

The major objective in Rant's Thovghts on the Trus
fetimation of Livinge Forcaes is of little concern

for us at present. Ly an erronecus claggification

of motions inte two kinds, one that rersisgts in the
Lody to which 1t was cormiunicated and continues indefl-
initely, and one thalt ceases with the cessation of

the external force that croduces 1%, i

nt attempts
to do justlece To both the Cagtesians and Leibnizians;
the Lelbnizian measure of mv® according to Kanb,
applies to forces producing motions of the first typs,
whereas the Cartesian wmezsure anpnliies to Torces pro-
ducing motlons of the second type. Hant accents the
Leibnizian concent of living force as essential to
matter and agrees with Leibniz's dictum: FEst aliguid
nracter extensionem, imo exbtensione prius.” And like
Bogcovieh he comes to the conclugion thrt it is
essily proved that there would be no sgpace and no
extensgion 1f subgtances hed not force whereby they
cen act oufside themselves, FYor without a force of
thls Lkind there 1g no connection, without this
connection no order snd without this order no srace.”
1t is important Lo note thet in this work, force 1is
for Lhant the most fundamental concept and basgic
further inferences., Iowever in his cpritical per
the order of these dependences 1g reversed and the
concept forge sppears at the end of fhe chain of
inferences,

tled "Remsrlks on

it

An article by Paniel Bsrnoulli snt

the Frinciple of the Congervation of Living Forces Taken in

57

Max Jammsr, Concents of force, Cembridege, Mass, 1957,

179,
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a G 1 Sense,” (1748)°% goriveq -
a CGeners BNSE, FEARS derived a general expression
for the conservatvion of mye when due %o diversity in the
pogitions of hodies, uaiform grevitation is altesred either
in respect Lo intensity cor direction. Here the living
foree can no lonser be estimated by the descent of the

center of gravifty multiplied by the mass.

“Conclusion

The controversy over living Torce in the 1740's began
with the particular issuses dividing “airan and Madame du
ChBtelet and woved on to more genoral clerifications on khe
nature and causes of the controversy 1ltself.

Du Ch#telet showed thet ths effects produced by unl-
form and by retarded motion ars differ@nt and cannot be con-
naraed. For real obstacles sctuslly overcome 1ln retarded
motion it L8 not possible to substiftute the imaginary situ-
ation of uniform motion in which these obstacles are not
surmounted. The actual physical giltuatlon at hand must Dbe
the one discuszsed.

Mairen recognized the error in the sign of the vel-
6city in mv, which due %o Descsrtes' faulty formulation of
mivy conservation had been a gtumbling block in impact . pro-

blema.

=

JBDaniel Permoulli, "Remarcues sur le orincipe de la
congervation des forces vives norig dans un sens general,™
Histoire de l'academie rovale des sciences €t bslles
letires ce Lerlin, (L7048} 356-3cl.
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Voltaire's paper added confusion to the controversy
by relitaaiing Msiran's unorthodox argument reducing retardsed
motion to unifeorm moticn and by srgulng Tor Descsrtes' con-
gsarvation of mivi.

Déidier like Mairan sttempted to reduce the vis viva
oroblem of free fall to & wmomentum problem by using the
"forece' & body would have 1f itrwere not moving under the
regtraining action of gravity., He also attenmpted to refute
Bernoulli's spring argument by calecuvlating snd comparing
the times durine which the ftwo springs expand over Gthe glven
spaces., This calculation showed the times to bs in the same
retio ag the veloclties of the bodiss, sstablilehing mv as a
measure of their "force'.

Dralembert's 1743 edition of the Treatise discussed
only dead and living Torceg, even tbough”ha called the con-

"a dispute over words". In his 1758 eodition he in-

troversy
cluded momentum in his analysie, satablishing the vallcitly
and uge of both mv and mﬂa. In this insight however he was
snticipstod by Boscovich (17L5). Yhus the idea prevalent in
the literature that d'Alembert "recsolved" the controversy
ig not borne out by & careful examination of the evidence.
Cther contributions by Jurin snd bant in the late
1700%s indicated thet confusion atill exigtsd over which guan-
tity to call the measure of force., As will be shown by the
arpendix contributions to the controversy asraduslly di£d out,
but both messures were not accevted on equal Tooting unhil

garly in the nineteenth century.



