GENERAL CONCLUSIONS

The controversy over living force was determined by
philosophical icsues to the extent to which each participant
wae nredisnosed by the accepted "netursl philosophy” of his
country or his own natursl inclinmetion. Put £ar more impor
tantly, the controversy occurred because the meaning and
the limits of validlsy of the two measures of "force", mom-
entum and kinetic energy, were particularly difficult to
define with precision.

In retrosnect the main issue was the discovery of
which of the %two concepts should belused toc degcribe the
physical situations under discusslon and golve related
nroblems? A concept cen only be defined by I1te use and by
the limitaftions on i%s generslity. The controversy may be
viewed then ag the unfolding and unraveling of the defini-
tlong of mv of g&z_

Let us briefly re-examine the chronology of these
varioqs physical oroblems as thoy occurred during the conw-
troverey., Descartes had defined quantity of motlon as an
absolute guenftity, mivi, theé total value of whlich was con-
cerved in the universe. He had used thies quentity incor-
rectly to solve impact problems. As s result of this

inaccuracy, Wellis, WWren, and Huygens had correctly setb
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down the laws of impact taking infto account the sign of
the velocity, mv. Wellls and Wren gave the law for mom-
entum. Huvgens gave the lawg for dmpsct using what we
now take to bes conssrvaiion of momentum and kinetic
energy. Leibniz took issue with Descartes’ measure of
mv as Force. He thought of himself not as correcting
mivy for its sign to m§~but rsther asg correscting mivl
0 MV because mivi was not a neagure of force as he de-
fined it {(which was true) and becauss miviwas nct conserved
{which was ndt slwaye trus since inimeany of hig examples
conservation did not occur.) Leibniz also argued that
verpetual motlon would arisé if mv were the measure of
force. The fact thet a body will rise fto the same height
from which it fell if nothing external interferes is the
cstatement of vig viva conservatiomn. Thig verpetual
motion argument however does not even apply to momentun
conservation since momentum is not cdependent upon dlstance.
Leibniz mainly defined the meaning of mv2 bv cases of free
; HEAS J

f211 {or retsrded motion), but also used 1t in impact prob-
lems, U accepted the conceptual sgolutions of Wsllis, Wren,
and Huygens for these collision problems, but added, the
alrmebraic eguations to be golved simultaneously.

With the death of.Leibniz, the controversy took on

s éifferent character. The issue of congsrvation, so impor-
3 Ay

tent to Leibnizts rhilosoohy faded somewhat. The probilam
e & I} I

of wrich concent was to be the messure of force in different
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physical situations became Important. Of prime impbrtanca
wag the veldity of each measure 1n impact problems. Defendcers
of mv solved all collislons croblems by uge of congervatlon

of wmv. Tnis included ‘s Gravesande's early text on Ipe

“u

“Mothematical Elements of Nstural Philowophy ond Mazilre's

cencral sclution for both elastlc and inelastic coll!sions,

2
- 1 . . - .
Defender’s of MV | meginly Bernoulli, followed the gnlution
3 o 7

of Luypens and bLeibniz using eimultaneously, congervation of

mv {which was not recornizsd ss being identical with
the oproging side's measure of foreca) and conservation of
2

£

mv~, PRoth approaches ars correct but gach side refused

o recocnize the validity of the other. Confusion was
wrought in thig issue by those who stlll followsd Lescartss
in nof taking into account the sign of the velocity: these
ineluded Halebrenche, Yoltaire snd Hermann (cited by du-
Chftelet). further confusion was caused by comparing the
equality of mommnta and vig Elﬁﬁ.in inelagtic impact,

ec. Maclaurin, 'S Jravesande ftried to solve inslastic

e . . 2 . .

problems by a device using mv™, Inelastic impact wsg not

: o o ; 2 - .
discussed by several of tune defendsrs of mv~: Hsrnoulll
(1727) du (hAtelet, d'Alembart. Whst became of the vis
viva lost in inelestic lmpact wasg a significant drawback
for thoss holding a belief in conservatilon of living force.
Teibniz had stated that it went into the small parte of
wmatter, to be raleased st anobher tTimo. Beraoulll later

(1735 indicsted agreement. 'S Gravesande argerted that
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the force lost in coliiglion wss uvzed to flatten the other
beody and found a mathematical expression for ths lost gquan-
titv. ligmes challenged 's Gravecsnde s method showing
shat t 2 i . _

a 18 MV ia not the zame before and after an inelaszstic

- C\ 1 . . 2

collieslon. larke arpued against MV s the basgis of the
"force" not being conserved in hard inelsstic collisions
and hence not in the universe.

Secondly there wag the problem of free fall or re-

. . : 2 ‘
tarded motion., Here mvV™ wss certainly a correct definition
since it wag the measure of s body falling through snacs.

Thig argument wass clised by all defenders of mgg, However,

the proponents of mv tried to find waye of changing the prob-
lem of free fzl]l inte one of momentum, Thus the Bnglish
sxperimentalistis, Pemberton, Lesaguliers, Bames changed 1t
into s problem of inelastic lmpact with the clay ground

whers momentum holds, or a problem of the time of motion
thfough the clay, en mv problem. The french scientists,
Louville and Msiran, Deidier and Voltairs reduced it %o a
problem of uniform motion whers momentum is a valid

measure,

Considerahls confuglnn arose in thils controversy
over the relationshin of dead force to momentum. Most of
the advocates of:mv (excenting Descrrtes himself) confusad
the nroduce of fthe mass of a body and its virtusl veloclty
(mdv) with the body's momentim, its mess times 1%s actual

velocity., These men included the Carteslang,Catalan, Papin,
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and the Newtonlang, Clsrke and Desagulisrs. The Leibnizians
{Leibniz, Bernoulli, and Canus) pointed out %this confusion,
confining dead force to its use in statics. This then was
a third ocroblem.

fourthly there was the problem of bodies set in
motion by the expansion of elastic springs. 'S CGravesande
used the expansilon of springs to show that the seffort nec-
sgsary to increase the veloclty of a body by an infinitely
small degree 1sg in the ratio of the velocity that the body
already has., DBernoulli used springs zs a device to prove
that ﬁig was the measure of force. Canus reléted the force
of expanding scrings to the Torce of ascending bodies, Lou-
ville, however, in showing that myv was acqulred by bodiles
from the action of compressed springe thought he had suc-
cesgfully demonstratsad that they do not a2lso give living
force to a body. In deseribing the impulse of a force,
P, he thought he had refuted the Lsibnizian measure of
dead forces. WNeldier compsred the times of the motion of
the bodlies pushed by gprings, thus finding thelr momentum,
and thereby arguing asgsinst living force.

Finally, there was the important guestion of mv

2
as the messure of a force acting through time, versus mv

ag the measure of a8 force acting through e dilstance. This
very central lgsus wag cited by almost every partlcipant
according as it pertained to hils side of the controversy.

Although this one question was clerified by d'Alembert the
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dontroversy was not completely resolved because he did

not, at the same tilme, discuss the other places where each
reasure ig valid, eg. impact problems and the elastlc

gpring problems were not discugsed in this regard, Further-

5

more the generality of d'Alembert's solution as character-
izing two Inderendent approaches to mechanics, called the
Huygenian (ﬂza) and the Newtonian {(mv) by Mach, did not
become clesr immedilstely.

Several theoretical or vhilosophical concerns influ-
enced many of the psrticipants in their choice of positions
in the controversy, The issue of conservation of force in

'Y

& stable universe wosg of prime importsnce to Usscartes and
Leibnitz, while to Clarke and msny of the followers of New-
ton, 1t was necessary for God to periodically rensw the

force of the universe zg though "winding up his watch from
time to time." Momentum conservetion applied to botl

elastlc end Inelasstic iupact problems whersss vie viva was
congserved only in elagstic impact. The Newtonisns used this
non-conservaetion of vis viva to refute the conservetion srgu-
ment of the opposition. Tor Descartss, however, who origin-
ally had discussed conservaticn of mv, the tofsl quantity

of metion put inﬁo the universe 2t the time of creation

could not vary although the narts of matter contained more

or less of 1t at various times. Conservation for weibniz

was g0 imnortant that it obscured hils thinking on certain

physical nroblems. Further althoush he knew that vis viva
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was not consgerved in inslastic impact, he still argued
for conservatlion on the basils that 1% simply went into
the small parts of matter and wasg retsined for release
at some other time. Conssrvation was also of siguifi-
cance in Bernoulli's position which clesely followsd that
of Lelbniz in that he depended on the law of contlnulty

2
and hence on conservatlon of mv in rejscting the sexist-

ance of "hard™ bodies end the losgs of force encountered
in their collision.

The laws which hard bodies would obey in impact con-
gtituted a problem for scientlsts in this perlod sand
erasted confugion in the momentum-vis viva controversy.
Descartes' hard bodies behaved sg inelastic bodies in gome
impact nroblems snd 28 elastlc bodies in others. Hard
bodies for VWallis were eqguilvalent to inelastle bodles in
behavior, wheress for Huygens they bshaved elastically.
Later because the question of whether matter consisted of
hard bodies, elastic atoms or no atoms at all had become
an iggue the laws of impact for hard afoms were dlscussed.
MacLaurin who eccepted mv as the measure of force showed
that in the case of hard stoms colliding from oppoalits
directions there was a loss of momentum. The 172l contest
concerning hard atnms, however, did not sgk the guesgtion
whether hard bodies evisted in nature, but only the theor-
stical lews they would obey. Leibniz and Bernoulll denied

their existance on the basig of the lasw of condtinuity.
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Mairsn held that hard bodies differ from elasgiic only
in that the communication of forco i1s instentaieous instead
of successive; hard bodles continus tTo move uniformly
with lesser velocity aftsr collislon. Ofher particlpants
in the controvergy srgued that there were no atoms, tut a
plenum instead. Thus Mazidre followed Descartes in the
supposiltion that the universe was full of subtle mabtter
swirling in vortices according %o the law of centifugal
force.,

 Another relevant philosophicsl issue behind the pos-
itions chosen was whether the original source of motion or
forece was external or intermal to matter, For Descartes
motion was a state of the body moved, net sn ilnner force.
Motion was originally put into the world by God, an exfternsl
source and thersafter consgerved by him. Ior Legibniz the
rrimitive force of sgtriving forming the essence of the monad
wsg an internsl source of motion., The comrunication of
wmotion between bodies was for him merely a phencmenon., In
the real world of monsads there was no resl communicatlon
of motlon but only the pre-established unfolding of the lives
of monads.-_0r0usaz accepted Descartes! view, saving that
by nature a body l1s indifferent 40 motion or rest, motion
being a state of the body moved, Voltaire scoffed at the
poesibility of force exigting primatively in simple beings
or monads, for these can no more produce moving force than

zaros can form a numbar,
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Finally there was a predlsposition in the antsgonists
to toke a certain position depending upon what scientific
training weg populsr Iin thelr own country or depending upon
the receptlvity of their own nind to a more thsorstical or
more empirical anproach to natural phileasopohy., Thus there
is some significance to the predisposition of British
gcientists to an empirical and experimental viewpolnt, and
this, coupled with %the growing background of Newtonisnism
and 1its teaching In British colleges, csaused these scientists
to argus for nuv as s measure of force. In france Csrtesianism
wag still populsr well into the eighteenth century snd the
fact that Descartes had discussed consgervstion of mv influ-
enced French scholars such as Maziére, Louville, Mairan,
and Deidier, as well as the Swiss, Crcussz, in following
hig mathemstical formula., In Voltairse we gee the Cartegian
and dewtenisn influsences comlhined. The Leibnizian synthesis

: 2 : \ :

of force ss mv reprssenting conservetion of force as the
inner cdynamic principle of matter cauging all motion appesalsd
to Bernoulli. This also fired the mind of Madamd du ChBtelet
who hsd received training in French end Newtonlan science.
's Gravesande represents a certaln independent inquiring
mind get mainly on sexpositing the ftruth as it appeared to
him, but basing this on experimental demonstrations.

The controversy over living force was called's dis-
puta ovef words' by Leibniz, 's Gravesande, Boscovich and

dtAlembert. Twie of course is true. Thus the relationship
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betwaen momentum mv, snd dead force, mdv, was confused Dby
msny particiocants ae Leibniz hed poinfed oubt. D'Alenbert
sharply distinpuished betwesn fthesge two concepts in his
Tpreatise in '1788. 0 - 0. The crucial confuslon was
that between momentum and vig viva which were both cslled
force br all participents., As Delbniz said in his reply
to Parin anvone is free %o define forca ag he choos=es in
order to exclude 2ll verbalBlswderstanding. In 1758 &
Alembert likewise clarified the definitions of mv and 232,
2s had Bogcovieh in 1705, Mecleurin and ‘s Gravesgance
"both disbussed the force lost in an inelastic collision,
but 's Gravesande meant the liVing forces losgt in an Iin-
elastic collision while Maclaurin calculeted the momentum
"lost in s hard hody inelastic Qollision. Louvills gave a
different mathematical meaning to both dead and living force
than had Leibniz and Bernoulli, cleiming thst thelr expres-
sione were incorrsct and his correct. However Louville'ts

wag besed on my snd Bernoullil's on mva.

The controversy was wmore than verbsl dlsegresement
however. Msny srpuments rested on logical confuslon or
outrirht mathemstical errors. Thus Lelbniz tacitly agsumsd
thet g1 2 — —
het gince mv© could be shown to be the meesure of forcs
that the same nroof showed thet 1t was conserved. Maclanrin
made an arithmetical blunder in comparing the veloclties of
relative motions which seemed %o indicete inconsistencies

in the measure my~, In many collision examples (Descartes,
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"Maleobranche, Hermsnn, Mairan, Maclaurin, Voltairs) the
sign of the velocity in mv was not ftaken into consider-

i
ation. Mairasn compared the v 2 s heforse collision with

N

the mv's aftor collision obtaining results which seemed

to show ﬂﬂa to be in error.

The mein reason however thet the controversy was
more than a verbal dissgreement was that the concepts
dead force, living force and momentumnm wére not clegrly
develeoped and clarified until the mid-elghteenth century.
The controversy itgelf was fthe instrument for sharpening
those definitions.

The penersl concluslon which this study has shown
therefore 1z that tne complex meaning of the concepts
kinetic ensrgy and momentum, both taken as "force” (which
is really 2 third concept) wag the casuse of the confusion
surrounding the controversy over living ferce. The arss
and limits of apnlication of each concepi, as wall as the
reslization thet sach formed the.basls of an independent
anproacn to mechanicyg had to be penetrasted and understood
bafere the srgumente died out. Philosophical conslderstions
slthough important and influencial in initiating the con-
troversy were of secondary significance in causing 1t to

continue through the sighteenth century.



